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Forages for pigs: nutritional, physiological and practical implications
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Abstract

Forage is defined as herbaceous plant material (mainly grasses, legumes, aquatic plants and leaves from bushes and trees) eaten by animals, either in fresh or preserved form. Forages are usually high in the fibrous components of plants (cell walls), and there are several analytical methods and definitions for "fiber", the most common being "crude fiber" and "neutral detergent fiber". Feeding fibrous feeds to pigs generally results in increased rate of passage of digesta through the gut, and reduced ileal and total tract nutrient digestibility, although the effect is very variable and decreases with time of adaptation to the diet and age. Feeding forages has also been shown to reduce the incidence of stomach ulcers and diarrhea in growing pigs, although the presence of anti-nutritional factors in legume leaves and cassava foliage can reduce performance. Forages can be combined with energy sources such as cassava root meal or sugar cane juice that are low in fiber and protein, and as the resulting amino acid balance is superior to that of conventional diets based on soybeans and cereals, the overall protein content of the diet can be reduced. In addition, competition with humans for these grains is eliminated. Forages can supply all of the protein and a high proportion of the vitamins and some trace minerals required by pregnant sows, and their bulkiness helps reduce hunger-related stress symptoms. There is some evidence that indigenous breeds can digest and utilize fibrous feeds more efficiently than exotics. Forages are inexpensive and can be produced on-farm, leading to increased profitability and sustainability.
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Analytical methods and definitions of fiber

"Fiber" (or "dietary fiber") has been defined as those components of plant cell walls that are resistant to the digestive enzymes of animals, later modified to include all non-starch polysaccharides (NSP) plus lignin. "Crude fiber" (CF) was for a long time the standard measure of fiber, and was determined by acid and alkali hydrolysis as part of the Weende scheme ("Proximate analysis"). However, during the analysis procedure a considerable proportion of the lignin and hemicellulose (supposedly indigestible by non-ruminants) can be dissolved and lost from the residue. What is widely considered to be more accurate measure of plant cell walls was developed by Goering and Van Soest (1970), and includes neutral detergent fiber (NDF) and acid detergent fiber (ADF). NDF includes mainly hemicellulose, cellulose and lignin and gives a reasonably good estimate of the indigestible cell-wall component of plants. However, it does not include some soluble non-starch polysaccharides and pectins. Although CF has been largely replaced by NDF it can still be useful to determine in order to compare results with those from the older literature.


	Table 1. Schematic representation of the components of dietary fiber 

	Lignin 
	Dietary carbohydrates

	Dietary fiber (Crude fibre)
	Starch + sugars

	Lignin
	Non-starch polysaccharides (NSP)
	

	Neutral detergent fiber (NDF)
	Fructans
	Pectins
	

	Acid detergent fiber (ADF)
	Hemicellulose
	
	

	ADL*
	Cellulose
	
	
	

	Lignin
	
	
	
	

	*Acid detergent lignin


Physiological effects of fibrous feeds

Development of the digestive tract

Non-starch polysaccharides have been shown to have a considerable effect on gut size and development, particularly the large intestine. For example Jørgensen et al (1996) found that growing pigs fed a high-fiber diet between 45 and 120 kg had a significantly heavier caecum and colon, and the gut contents were also heavier than in pigs fed a low-fiber diet (Table 2).


	Table 2. Effect of level of inclusion of dietary fiber on gut characteristics of growing pigs (Jørgensen et al 1996).

	
	Low-fiber diet
	High-fiber diet

	Body weight (BW), kg
	122
	129

	Contents of GI tract, g/kg BW
	29
	82

	GI tract, g/kg empty BW
	
	

	Stomach
	5.7
	7.3

	Small intestine
	15.6
	16.2

	Caecum
	1.6
	2.8

	Colon
	8.7
	17.2

	Digesta dry weight at ileum, kg/day
	0.270
	1.073


The implications of this are a significantly reduced rate of carcass weight gain, compared to live weight gain on fibrous diets, and reduced dressing percentage. Pluske et al (1998) found that carcass yield was reduced by 0.025 units for each additional gramme of fiber intake, and Len et al (unpublished data) reported that dressing % was over two percentage units lower in pigs given a high-fiber diet containing 300 g/kg NDF compared with those given a low-fiber diet (200 g/kg NDF). Another practical implication of the increased weight of the visceral organs is that they have a high rate of energy expenditure, and the gastrointestinal (GI) tract was reported to account for 25% of whole body maintenance, even though it only represents around 4% of body weight (Yen et al 1989). This finding implies that the poorer feed conversion efficiency found when high fiber diets are fed may be partly a result of increased basal heat production, as well as reduced digestibility of energy and nutrients. This increased basal heat production, in combination with increased heat of fermentation in the large intestine, may also reduce feed intake of fibrous diets if the environmental temperature is high, as is often the case in the tropics.

Effects of fibrous forages on digestibility and pig growth

The negative effects of fiber on diet digestibility and pig growth are well documented, and it is generally accepted that diets containing more than 7-10% of fiber result in decreased growth rates (Kass et al 1980). However, the mechanisms involved and the extent of the reduction in nutrient digestibility and growth performance are complex and depend on a number of factors, including for example the fiber source and composition, level of feed and processing method, and the age and breed of the pig. The mechanisms involved in the decrease in diet digestibility, in addition to the presence of the indigestible components in fibrous forages, include the shielding effect of the plant cell contents by the indigestible cell walls, and increased rates of passage of digesta as a result of its increased bulk and water-holding capacity, and also due to irritation of the gut wall mucosa by VFA produced in the hind-gut. In addition reduced feed and energy intake as a result of the presence of anti-nutritional factors, bulkiness and energy dilution, and possibly also heat stress, can also contribute to reduced daily gains.

Effects of fibrous forages on the microflora of the large intestine 

Nearly all fiber digestion takes place in the caecum and colon, where bacteria (there are no protozoa in the hind-gut of pigs) break down fermentable carbohydrates (starches, plant cell-wall polysaccharides and host mucopolysaccharides) that have escaped digestion in the stomach and small intestine to produce volatile fatty acids (VFA - mainly acetic, propionic and butyric acids), methane, hydrogen and other gases, and microbial mass (which accounts for around 55% of the faecal DM, more on fibrous diets). VFA from fiber fermentation provide from 5% to 28% of the energy requirements of the growing pig (Kass et al 1980) and the proportion will be even higher for pregnant sows given fibrous diets. However, VFA are not utilized as efficiently as the products of the breakdown of starches and sugars in the small intestine.

Introducing a high-fiber diet initially reduces the microflora of the colon, but then after a few days the number of cellulolytic bacteria increases (Varel 1987). There is also a strong influence of age, and Varel and Pond (1985) calculated that there were 6.7 times more cellulolytic bacteria in the large intestine of mature sows compared to growing pigs when fed the same high fiber diet (containing 40% alfalfa meal) for 3 months, which explains why sows can digest fibrous feeds more efficiently than growing pigs.

Fibrous feeds and gut health 

Products high in fermentable dietary fiber are receiving considerable attention in view of their potential positive effects on gut health, and therefore as possible replacements for feed antibiotics. For example, swine dysentery ceased to be a problem on farms when maize silage was fed (Prohaska and Lukacs1984), probably because of the lower gut pH and antibacterial effect of increased VFA production on the organism responsible (S.hyodysenteriae). A similar result was reported by May et al (1994) with a different bacterium (Clostridium difficile). However, Pluske et al (1998) found the opposite effect, and reported that a diet that was high in fermentable carbohydrates predisposed pigs to swine dysentery.

There is also some evidence that a high dietary fiber content can prevent the development of gastric lesions. For example, Henry (1970) showed a reduced incidence of stomach lesions when wood cellulose was added to the diet of growing pigs, although Björklund and Pettersson (1976) found the opposite effect when up to 15% of grass or lucerne (alfalfa) meal was included in pig diets.

Nutritional implications of fibrous feeds

Amino acid balance

Conventional concentrates based on cereals and soybean meal are generally imbalanced, in particular with respect to methionine + cystine and threonine. Most green forages are reasonably high in protein and contain concentrations of the essential amino acids that fairly closely match the pig's requirements. This means that if they are combined with an energy source that is extremely low in protein and fiber, such as sugar cane juice, molasses, sugar palm juice or cassava root meal, then the essential amino acid content of the overall diet will still be balanced and the protein content can be reduced by up to 30-35 % (Speer 1990).

Anti-nutritional factors in forages

Many of the green forages in the tropics that are potentially valuable sources of protein and trace nutrients contain anti-nutritional factors that can depress pig performance, such as cyanogenic glycosides, trypsin inhibitors, mimosine, goitrogens, oxalic acid, tannins and saponins. However many of these can be inactivated to a greater or lesser extent by various processing methods, such as heat treatment, sun-drying and ensiling

Effects on reproduction in sows

Early experiments with green forages suggested that, for example, providing alfalfa meal in the diets of pregnant sows resulted in improved breeding efficiency and fertility, as well as improved viability of the piglets farrowed. The increased litter size in sows given alfalfa or grass meal was found to be due to increased ovulation rate (Teague 1955) and/or pre-natal survival (Mazilis 1962). As the exact mechanisms could not be established it was concluded that green forages provided unknown factors that positively influenced ovulation rates. However, it is more likely that the control diets were deficient in vitamin A or its precursors (carotenes). This is likely to be a particular problem in hot, humid tropical environments, where deterioration of vitamin A in premixes can occur quite rapidly. Although green forages can thus play an important role in ensuring an adequate supply of vitamin A precursors there is also evidence that inclusion of some forages inhibits the absorption of minerals such as calcium, phosphorus and copper. There is also evidence that in addition to the positive effects on fertility through the supply of vitamin A precursors and possible unidentified factors, fibrous feeds as such can improve reproductive performance, as reviewed by Reese (1997) (Table 3).

	Table 3. Effect of fibrous diets supplied during gestation on the reproductive performance of sows (Reese 1997)

	
	Fibre effect
(Fibrous diet – Control diet)
	
Number of studies

	Sow traits
	
	

	Gestation weight gain, kg
	-2.7
	21

	Lactation weight loss, kg
	-1.3
	18

	Lactation feed intake, kg/day
	+0.27
	17

	Litter traits
	
	

	Number of piglets born alive
	+0.3
	24

	Number of piglets weaned
	+0.3
	24

	Average piglet birth weight, g
	-91
	24

	Average piglet weaning weight, g
	+409
	24


Fibrous feeds and sow behaviour

Feed allowances for pregnant sows are severely restricted in order to prevent over-fatness, possible problems with mastitis around farrowing and depressed appetite in lactation. The degree of restriction means that when sows are fed cereal-based concentrates the daily DM intake in gestation is usually only around 50% of ad libitum intake, which results in hunger-related stress symptoms. Feeding bulky diets high in fiber to pregnant sows has been shown to reduce stereotypic behaviour (eg. Robert et al 1997) and aggression, increase the time spent eating and chewing, and reduce feeding competition in group-housed sows.

Comparison of indigenous and exotic breeds with respect to intake and utilization of fibrous feeds

Ninh Thi Len et al (2006) found that when given high-fiber diets, dry matter and nutrient intakes were significantly higher for Mong Cai (MC) growing pigs than for Landrace x Yorkshire (LY) when expressed as a proportion of metabolic BW. The probable explanation for this is that the capacity of the gastrointestinal tract of the MC is higher than that of LY, which would be of particular importance in the case of high fiber diets. Results in a previous study also showed that an indigenous pig (Chinese Meishan) had a higher capacity of the gastrointestinal tract than an improved breed (Fevrier et al 1992).

There is considerable evidence that indigenous breeds and their crosses with exotics can also digest high-fiber diets more efficiently than exotic breeds (Kanengoni et al 2002; Ndindana et al 2002; Fevrier et al 1992). Recently, Khieu Borin et al (2005) showed that MC pigs were more efficient in digesting dietary fiber fractions than improved pigs, and Ninh Thi Len et al (2006) also found that MC growing pigs digested organic matter, energy and other dietary components more efficiently than LY. In contrast, a study carried out with an indigenous Cuban breed was unable to confirm any breed differences in terms of diet digestibility (Ly et al 1998). 

Practical implications of feeding forages

In spite of the disadvantages and problems mentioned above associated with feeding forages to growing pigs they have a number of important advantages, in that they are an inexpensive source of protein, can be grown at small-farm level, and are often by-products or co-products of multipurpose crops and trees. Feeding locally produced green forages to growing pigs and sows will in most cases significantly increase the sustainability, stability and profitability of the farming system.
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Abstract

The decreasing availability and increasing prices of petroleum-based fuels is already having an impact on availability of feed resources. Research to develop alternative sources of live stock feed thus has a high priority. It is also important that the alternative feed resources can be grown on the farm as this will: (i) directly benefit the poorer farmers, who do not have cash resources to purchase supplements from outside the farm; and (ii) be an active response to the need to localize the farming system as a defense against the decreasing availability and increasing prices of petroleum-based fuels which will drive up the costs of transport.
This review has shown that the leaves from shrubs such as cassava and mulberry, from vegetables such as sweet potato and cocoyam, together with water plants such as duckweed (Lemna spp) and water spinach (Ipomoea aquatica), can be used successfully in diets for pigs to replace at least half the protein usually supplied as soya bean and fish meals.
It is strongly recommended that future research in this area should be with basal diets that are low in protein and in cell wall constituents, as this will facilitate: (i) increasing the percentage of forage protein in the diet; and (ii) decreasing the overall protein level in the diet in accordance with the concept of the "ideal" protein.
Key words: Pigs, forages, protein, amino acids, cereal grains, tropical feeds


Feed resources in the age of declining oil supplies 

Conventional feed resources for pigs are cereal grains balanced either by soybean meal or fish meal or combinations of the two. These feed resources promise to follow the trends in fossil fuel, namely a steady increase in the gap between demand and production (Figure 1) and consequent increases in price.

[image: image2]
Figure 1: World production and demand for maize (Rameker 2004)
This is because cereal grain is increasingly being used as a source of fuel via its conversion to ethanol (Figure 2). 

[image: image3]
Figure 2: Past and future trends for conversion of maize to alcohol in USA
(Pearce Lyons and Bannerman 2001)
The sustainability of ethanol derived from biomass is presently the subject of a fierce debate between: independent scientists (Pimmental and Pazdek 2005) who calculate that it requires more energy to produce than is contained in the resulting ethanol; and government and industry representatives who argue that there is a net increase of 30% relative to the energy costs of production. Nevertheless the reality is that in all parts of the developed world and in advanced developing countries such as Brazil, China, India and Thailand, new ethanol distilleries are being constructed (Figure 3).

[image: image4]
Figure 3: Global tendencies in production of alcohol (Berg 2001)
Irrespective of the arguments over its sustainability, there is not enough feedstock (principally cereal grains, sugar cane and cassava roots) for ethanol production to completely replace oil as a transport fuel on a world basis. Thus other solutions must be found. One alternative is the decentralized production of electricity by gasification of fibrous biomass and the use of the electricity to charge the batteries in cars driven partially or wholly by electric motors. This approach has the advantage of generating much employment in rural areas through growing and processing of the biomass.

Implications of ethanol and biomass gasification for live stock production and especially pig production.

One obvious result of the increasing use of grain for alcohol production is that its availability as live stock feed will decrease while prices will increase. Thus there is a need to search for alternatives. By contrast, the promotion of gasification will create opportunities for such alternatives, in the form of crops that produce both fibre and feed. 

A secondary result of increasing fuel prices is to favor de-centralized systems of production which are less dependent on transport for the acquisition of inputs. This will also impact strongly on past trends for pig production which have resulted in large scale units (units with 1000 sows and followers are not uncommon) that are completely dependent on importing / transporting their feed supplies. Finally there are environmental issues such as the pollution involved in the disposal of excreta in such large operations and the difficulty (impossibility) of using efficiently this resource as a fertilizer to replace fossil fuel-dependent chemical fertilizers the prices of which will follow those of oil and gas.

There is therefore high priority to develop alternative feeding and management systems for pigs, as well as other live stock, which can be sustained within their own land base. Apart from the political and environmental benefits of reducing the dependence on oil, and oil-related resources such as cereal grains, there will be social benefits in that land-based farming systems will favor smaller scale units in which all the family can participate, with resultant increases in employment opportunities in rural areas.

Land-based farming systems

The questions to be addressed are:

· What alternatives exist for development of pig feeding systems, that use resources grown on the farm? 

· How should these resources be used in order to maximise the benefits in the overall farming system? 

An early hypothesis, which was proposed as the basis of a research strategy for tropical latitudes, was that sugar cane could be the basis of an integrated farming system in which the juice expressed from the stalk in a simple 3-roll press could be used as the energy source for pigs while the residual bagasse could be the feedstock for gasification to produce electricity (Preston 1989). The advantage seen in such a system was that the juice, composed solely of 100% digestible sugars, would create opportunities for using forages as the protein source, since the absence of fibre in the juice would facilitate the intake of these fibrous feeds. 

Unfortunately, the system depended on making efficient use of the bagasse as a source of energy for gasification. This was shown to be technically feasible (Preston T R and Lindgren A 1980, unpublished data) but in an era of cheap oil was not economically viable. So the hypothesis remained unproven and the proposed research on using forages as the protein source was not initiated

However, as indicated in the introductory paragraphs, the world in 2006 is very different from what it was in 1989. Not only is the need to replace oil energy with that from biomass a political issue (Bush W, State of the Union speech 2 006), but the predicted scarcity and high prices of cereal grains will make more attractive the use of alternative sources of energy for live stock. The 1989 hypothesis can now be tested under favourable economic and political conditions.

A basic feature of the original hypothesis was that in order to use efficiently the protein in forages the basic energy source should be low in fibre. There are a number of tropical feeds which satisfy this condition:

· The juice extracted from sugar cane stalks 

· The sap from the flower of the sugar palm tree (Borassus flabelius) 

· The roots from cassava, taro, giant taro, cocoyam and sweet potato 

· The fruit of banana and plantains 

· Broken rice 

When the basal diet is derived from any of the above feeds, it is possible to reduce the protein level, as when the protein is derived mainly from the supplement, the amino acid balance is better and approximates to the "ideal" protein (Wang and Fuller 1989). In this case, it has been shown that total protein levels can be reduced by 30 to 40% compared with the case of diets based on cereal grains (Figure 4). [image: image5]
Figure 4: Requirements for amino acids in sows fed a diet with an "ideal" protein (Wang and Fuller 1989) 
compared with the traditional maize-soybean diet (NRC 1988)
Experiments with high levels of protein-rich foliages

Duckweed (Lemna spp.) (Figure 5)

One of the first experiments to evaluate diets in which all of the protein was derived from forage was reported by Rodríguez and Preston (1996). They used young pigs of a local Vietnamese breed (Mong Cai) and crosses of Mong Cai with Large White, giving them free access to sugar cane juice and fresh duckweed (protein content of 35% in dry matter), which had been fertilized with biodigester effluent. Nitrogen retention increased linearly according to the proportion of duckweed in the diet (Figure 6).

	[image: image6]
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	Figure 5: Duckweed (Lemna spp)
	
	Figure 6: Relationship between N retention and proportion of duckweed consumed by Mong Cai and Mong Cai crossbred piglets offered a basal diet of sugar cane juice (Rodríguez and Preston 1996)


On-farm results confirmed the potential benefits from the use of duckweed in pig diets (Figure 7).



[image: image8]
Figure 7: Supplements of fresh duckweed increased growth rates of pigs fed rice
byproducts on farms in Central Vietnam (Du Thanh Hang 1998)
Cassava (Manihot esculenta) leaves (Figure 8)

Many studies have evaluated use of cassava leaves as partial replacement for soya bean meal and fish meals in conventional diets for pigs (see review by Bui Ngu Phuc 2001). However, the levels used rarely exceeded 15% in the diet, and the emphasis was mainly on methods of reducing the risk of cyanide toxicity from cyanogenic glucosides in the leaves. Sun-drying appeared to be more effective than ensiling in this respect (Bui Huy Phuc et al 1996).

 [image: image9]
Figure 8: Cassava (Manihot esculenta)
Despite this concern for cyanide toxicity it is relevant to note that there appear to have been no reported deaths of pigs from this cause. A possible reason that has been suggested for this lack of effect (R A Leng, personal communication) is that the enzymes responsible for the release of HCN from the cyanogenic glucosides are inactivated at the low pH in the pig stomach. 

The uncertainly relating to possible risks of HCN toxicity led Du Thanh Hang and Preston (2005) to compare processing of the fresh cassava leaves by washing, chopping and washing; and chopping, washing and wilting, and feeding them to pigs of 25 kg live weight as supplements to a basal diet of cassava roots and rice bran. The cassava leaves were readily consumed providing 38% of the dietary DM and over 70% of the dietary protein with no effect of processing method on total DM intake, which ranged from 27 to 31 g/kg live weight. Levels of HCN were reduced slightly (16%) by washing and substantially (82%) by wilting, resulting in intakes of HCN between 6.0 and 15 mg/kg live weight, levels considerably higher than the range of 1.4 to 4.4 mg/kg live weight, previously reported as safe to avoid toxicity (see Du Thanh Hang and Preston 2005). Following on from these findings, Chhay Ty and Preston (2005a,b) fed fresh cassava leaves as the only supplement to a basal diet of broken rice, comparing this treatment with fresh water spinach foliage or a 50:50 mixture (DM basis) of the two vegetative sources. Feed intakes, growth rates and DM digestibility coefficients were higher when the water spinach was the only supplement or when it was mixed with the cassava leaves, as compared with the cassava leaves alone (Figure 9).

[image: image10]
Figure 9: Growth rates of pigs (from 11 to 50 kg) fed broken rice supplemented with fresh cassava leaves (CL), water spinach (WS) or a mixture of the two (CL-WS) (Chhay Ty and Preston 2005b) 
Water spinach (Ipomoea aquatica) (Figure 10)

Water spinach grows equally well in the water or in soil. It is traditionally consumed by people in SE Asia and appears to be devoid of non-nutritional elements. Harvesting this plant from lagoons fertilized with waste water from urban centres is an important source of income for poor peoples in Vietnam, Cambodia and Laos. An important feature of water spinach is its capacity to yield high levels of biomass when fertilized with effluent from biodigesters charged with pig manure (Kean Sophea and Preston 2001).

[image: image11]
Figure 10: Water spinach (Ipomoea aquatica)
Like the mulberry plant, consumed by silkworms, it was to be expected that water spinach, consumed as a vegetable by humans, would also have high nutritive value. Research in Cambodia confirms that this is so. Basal diets of broken rice (8% protein in DM) in which water spinach provided 50% of the dry matter and 70% of the protein were highly digestible by pigs and supported higher N retention than similar diets in which cassava leaves were the supplementary protein source (Chhay Ty and Preston 2005a). Growth rates of young pigs on these diets paralleled the N retention data (Chhay Ty and Preston 2005b). 

Mulberry (Morus alba) leaves (Figure 11)

The leaves of the Mulberry bush have long been used as substrate for growth of the larvae of the silkworm. It could therefore be expected that they would have potential as a protein source for pigs. 

[image: image12]
Figure 11: Mulberry (Morus alba)
Chiev Phiny et al (2003) compared sun-dried leaves as partial or complete replacements for rice bran and fish meal in a basal diet of broken rice. Nitrogen retention appeared to be improved with increasing levels of mulberry leaf meal in the diet, when expressed as a percentage of N ingested or N digested. There were no differences in digestibility or nitrogen retention when fresh or sun-dried leaves were included at levels of 30% (DM basis) in a diet in which the energy component was wheat bran. 

Sweet potato (Ipomoea batatas) (Figure 12)

A very comprehensive study on sweet potato vines was done by Le Van An (2004). He concluded that "the best options in terms of leaf and stem production were a cutting interval of 20 days and a defoliation of 50% of the total branches. Defoliation reduced tuber production.
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Figure 12: Sweet potato (Ipomoea batata)
There appear to be considerable differences, depending on variety, in the content of crude protein and crude fibre in the dry matter of the foliage of sweet potato, the former ranging from 26.5 to 32.5 % in leaves and from 10.4 to 14.1 % in stems (Woolfe 1992; Ishida et al 2000; Le Van An 2004). For crude fibre the mean values were 11.1 and 20.7 %, respectively (Woolfe 1992). It is therefore important to separate leaves from stems when the aim is to maximize the rate of inclusion of sweet potato foliage in pig diets. According to Le Van An (2004) there are no major differences in nutritive value between fresh, sun-dried or ensiled leaves. Adding synthetic lysine (L) to a basal diet of rice by-products supplemented with sweet potato leaves (SP) increased pig growth rates to a level which did not differ from that on the positive control diet containing fish meal (FM) and which were better than on the diet supplemented with groundnut cake (GC). Daily live weight gains of pigs on the FM, GC, SP and SPL diets were 542, 464, 482 and 536 g, respectively (P<0.05). 

Giant Taro (Alocasia macrorrhiza) leaves

This plant appears to have been neglected by live stock researchers despite the fact that it is widely distributed in tropical latitudes, and possesses desirable characteristics such as high protein (24% in DM) and low content of crude fibre (15% in DM) (Gohl 1973). This author described the Giant Taro as a "herbaceous plant with large heart-shaped leavc to 1.5 m long that contain a milky juice. The wild variety has a pungent taste caused by oxalate crystals which also cause the mouth to itch. Cultivated forms do not have this property, and the leaves, stalks and black rhizome can be fed to animals". Interviews with farmers in Cambodia and Vietnam (Preston T R , unpublished data) failed to elucidate the meaning of "cultivated" as opposed to "wild" forms. Most farmers indicated that they traditionally "boiled" the leaves before feeding them to pigs as in the fresh state the leaves were not readily consumed.

New Cocoyam (Xanthosoma sagittifolium) (Figure 13)

[image: image14]
Figure 13: New cocoyam (Xanthosoma sagittifolium)
New Cocoyam, which appears to be native to South and Central America, is similar in appearance to the Giant Taro (Alocasia macrorrhiza). However, in contrast to the Giant Taro, the fresh leaves of the "New Cocoyam" were found to be highly palatable to pigs (Rodríguez et al 2006). At a level of 50% of substitution of the soybean meal protein in a sugar cane juice diet for growing pigs, the growth rates were the same as when the soybean meal provided all the protein (Figure 14).
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Figure 14: Growth curves of pigs fed a basal diet of sugar cane juice
supplemented with soybean meal or a 50: 50 mixture (equal protein basis)
of leaves of "New Cocoyam" and soybean meal
Conclusions

The greater part of the soybean meal and maize fed to pigs throughout the world originates in the USA and Brazil. As transport costs rise, driven by decreasing availability of cheap oil, this inevitably will result in increased costs to farmers that have become "addicted" to these feed resources as the basis of their pig production systems. 

Research to develop alternative sources of protein therefore has a high priority. It is also important that the alternative feed resources can be grown on the farm as this will: (i) directly benefit the poorer farmers, who do not have cash resources to purchase supplements from outside the farm; and (ii) be an active response to the need to localize the farming system as a defense against the decreasing availability and increasing prices of petroleum-based fuels which will drive up the costs of transport. 

This review has shown that the leaves from shrubs such as cassava and mulberry, from vegetables such as sweet potato and cocoyam, together with water plants such as duckweed (Lemna spp) and water spinach (Ipomoea aquatica), can be used successfully in diets for pigs to replace at least half the protein usually supplied as soybean and fish meals. 

The use of these vegetative protein sources is facilitated when they are accompanied by energy sources that are low in both fibre and protein. A low content of fibre in the energy source creates "space" in the digestive tract of the pig for fibre present in the leaves. In contrast to leaf proteins, which are mainly present as enzymes having a balanced array of essential amino acids (Table 1), the readily digestible energy in plants acts as a reserve supply of nutrients to promote germination or recovery in growth after a period of stress, such as happens in the dry season. With the exception of rice, the protein associated with the energy in cereal grains is also a store of nutrients but one in which the amino acid array is usually imbalanced (eg: the deficiency of lysine in maize). By contrast, the nutrient reserves in most tropical crops (rice being the exception), contain little or no protein (eg: the roots of cassava, tubers of sweet potato and taro, the fruit of bananas and plantains, and the stalks of sugar cane). They also are low in fibre. Thus there is potential for a natural synergism between sources of energy and protein in tropical latitudes. 

When energy sources low in protein (eg: sugar cane juice, cassava roots, sweet potato tubers or banana fruit) are combined with leaves which normally have well balanced arrays of amino acids, it is possible to reduce the overall level of protein in the diet since the amino acid array in such a combination of feeds will more closely approximate to that in the "ideal" protein (See Wang and Fuller 1989). 

Unfortunately much of the research with protein-rich forages has been with conventional energy sources (maize and rice bran). As these feeds contain fibre and are imbalanced in essential amino acids, the potential to use high levels of protein-rich foliages is compromised. It is strongly recommended that future research in this area should be with basal diets that are low in both protein and in cell wall constituents, as this will facilitate: (i) increasing the percentage of forage protein in the diet; and (ii) decreasing the overall protein level in the diet in accordance with the concept of the "ideal" protein.

There is also a need to establish more accurately the levels of nutrients in protein-rich leaves, especially the proportions of the most limiting essential amino acids. An attempt to summarize some of these data (Table 1) revealed a great deal of variation with contradictory values being reported by authors even within the same publication. Part of the problem appears to be the confusion when authors report only levels of methionine, which may or may not also include values for cystine. 

	Table 1: Major essential AA in the “ideal protein”, soybean meal and leaves of selected protein-rich leaves 

	
	Ideal protein(1)
	Soybean meal (2)
	Water spinach (3)
	Cassava leaves (4)
	Sweet potato leaves (5)
	Duck weed (7)
	New cocoyam (6)
	Mulberry
(3)

	g AA/kg N*6.25
	

	Lysine
	
	63.2
	42.7
	56-65
	39
	43
	46
	50.6

	Methionine
	
	13.5
	18-21
	16.3
	27.9
	14.3
	16.5

	Cystine
	
	
	10.3
	15-16
	5.27
	7.38
	12.6
	12.0

	Met+Cys
	
	28.3
	23.8
	33-37
	39
	35.3
	26.9
	28.6

	Threonine
	
	38.9
	39.5
	47
	51
	42
	39.5
	45.1

	As proportion of lysine = 100
	
	

	Lysine
	100
	100
	100
	100
	100
	100
	100
	100

	Met+Cys
	59
	44.8
	56
	53-57
	55
	82
	58.5
	56.4

	Threonine
	75
	61.6
	92
	76
	114
	98
	85.6
	89.1

	Composition of fresh leaves, g/kg fresh matter
	
	

	DM 
	
	
	83
	320
	161
	62
	180
	261

	Composition, g/kg DM
	
	

	Crude protein
	51.8
	267
	245
	282
	370
	248
	222

	Crude fibre
	
	31
	155
	156
	128
	77
	142
	172

	Ash
	
	62
	142
	84
	109
	16
	133
	126

	(1)Wang and Fuller 1989; (2) Martin 1990 ; (3) Phiny et al 2003; Phiny 2006, personal communication; (4) Eggum 1970; (5) Woolfe 1992; (6)Rodríguez et al 2006; (7) Le Thi Men 2006


What appears to categorise the most useful sources of leaf protein, as identified by animal trials in this review, are a relatively low level of crude fibre and a ratio of sulphur amino acids relative to lysine close to that in the ideal protein. The wide differences found in many reports for amino acid levels in cassava leaves and sweet potato leaves (the most reliable values for cassava leaves were done 36 years ago) emphasize the need for a coordinated research effort in which common samples of the most useful protein-rich leaves are distributed for analysis to several laboratories where the necessary equipment and expertise are available.
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Genetic and nutritional diversity of sweet potato (Ipomoea batatas), water spinach (Ipomoea aquatica) and water hyacinth (Echhornia crassipes) and their potential as pig feed in the Mekong Delta of Vietnam
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Abstract

The genetic diversities of some locally available plants in the Mekong Delta of Vietnam that are commonly used as feed for pigs were estimated because of the necessity to conserve and select their valuable traits, and to track the genetic variations. Furthermore, their nutritional value was determined, as they are potentially useful sources of protein and lipid for monogastric livestock.Variations in five sweet potato (Ipomoea batatas) varieties were investigated. Protein subunits were estimated by the SDS-PAGE method, and phenotype (Ho), genetic value (HEP), and the sum of the effective number of alleles (SENA) was also determined. The contents of crude protein (CP), ether extract (EE) and amino acids of each variety were analyzed. The total oil was extracted from the samples, then the fatty acid composition analysed. 
Results showed that 'Hong Dao', 'Hsinchu', 'Duong Ngoc' and 'Lang Bi' varieties of sweet potatowere diverse, while the 'Hong Ngoc' variety was a pure genotype. The CP content of the leaves ranged from 19.8-26.8% and EE from 4.8-5.8%, while the lysine content ranged from 0.48-1.07% (DM basis), and the alpha linolenic acid (ALA) ranged from 39.7-45.5% of the total lipid. Three varieties of water spinach (Ipomoea aquatica): 'HAT' which grows in the soil, 'NUOC', which floats on the water surface, and 'DONG' which is grown in the field, and three populationsof water hyacinth(Echhornia crassipes), were analysed for the values above. The water spinach varietieswere diverse in the Ho, HEP and SENA, while the 'NUOC' variety was the best in protein value in genetic diversity. The CP and EE contents of the water spinach ranged from 18.6- 29.5% and 6.9-7.2%, respectively. The lysine content ranged from 0.8-1.4 % and ALA from 45.1-47.3% of total lipid. Water hyacinth was also diverse in Ho and the SENA. Crude protein and EE contents of the water hyacinth ranged from 16.4-21.8% and 4.3-4.8%, respectively, and lysine and ALA ranged from 0.56-1.03% and 37.6-38.6%, respectively.
Key words: amino acids, conservation, fatty acids, genetic diversity, nutritional value 

Introduction

Plant varieties that have adapted well to the local environment, give high yields and are of good quality are important genetic resources that should be conserved for the future. Recently wild species and landraces have been decreasing, or have disappeared as a result of economic and agricultural development, and the nutritional usefulness and diversity of these potentially valuable resources have been neglected. Green feeds give a high production of protein-rich biomass and are ideal complements for fibre-free basal diets in pig and poultry feeding systems. They satisfy the sustainability indicator and also fill a particular niche because of their capacity to decontaminate water excessively charged with organic matter (Preston 1995).


Sweet potato (Ipomoea batatas) is among the five most important food crops in developing countries in terms of total production (Horton 1988). It originated in South America, and has been widely cultivated in Vietnam (Hoang et al. 1998). Sweet potato output expanded rapidly during the last decade in various locations, including Vietnam and other tropical countries. The central region of Vietnam, which has soils of low fertility accounts formore than 50% of the total cultivated area of the country. The Mekong Delta is the third important region for sweet potato production after the Red River Delta (Ly 2000). However, its tuber yield of 1.4 tonnes/ha is the lowest in the country, where the average yield is 6.0 tonnes/ha, which can be compared with the yield of 19 tonnes/ha in Japan (Minh 1999). Besides the roots being used for humans and animals, the vines are valued as a green feed, especially for pigs and poultry, in southern Vietnam(Lam 2003). The vines can be cut throughout the year, with subsequent harvests of 20 days, and yield of the fresh vine can be up to 1.7 tonnes/ha/harvest (Man 1994). However, selecting and crossing sweet potato varieties has not been carried out yet in the Mekong Delta, although this has been done in the North of Vietnam. 


Water spinach (Ipomoea aquatica) grows in marshy or wet, sandy soils or floats on water in many tropical regions of the world (Bruemmer and Roe 1979). The plant has creeping, hollow, water-filled stems and shiny green leaves, and big funnel-shaped flowers, 2-5cm long, and purple or white in colour. It is used as human food and animal feed throughout Southeast Asia (Gohl 1981). The fresh leaves and stems contain 20 to 31% CP in DM basis (Phuc 2000) that is well-balanced in essential amino acids, i.e. 1.3% lysine, 0.4% methionine and 1.1% threonine on a DM basis (Men et al 2002). 


Water hyacinth (Echhornia crassipes), floats on the water surface, and is a common weed in eutrophicated water bodies due to it high productivity, which is in the range of 106 to 144 tonnes of DM per hectare per year (Casabianca et al 1992). Water hyacinthhas been investigated since the 1970's (Boyd 1970) and is currently in use on a large scale for the treatment of municipal water waste in Asia (Huub and Siemen 1998). The young, light-green leaves and stems are rich in CP (18% on a DM basis) and lysine (1.2%), and were found to be soft and palatable to the pigs in the Mekong Delta (Men et al. 2002). 

Materials and methods

Varieties and populations

Five varieties of sweet potato, 'Hong Ngoc' (HNgoc), 'Hong Dao' (HDao), 'Hsinchu', 'Duong Ngoc' (DNgoc), and 'Lang Bi' (LBi) were collected in both Vinhlong and Cantho provinces. The traditional sweet potato varieties in the Mekong Delta are now propagated by cloning.


Three varieties of water spinach were studied: 'HAT', which is often seeded and grown in the soil, and has a fresh biomass yield 3 weeks after sowing of 10.4 tonnes/ha (Luyen 2003); 'NUOC', which grows by putting out creeping stems on the surface of water along river and canal banks or ponds (Dat 2002), and has a fresh biomass yield when fertilized with livestock manure of as much as 450 tonnes/ha/year (Hau 1998), and 'DONG', which is a wild plant that grows from seed in moist soil, and is abundant in the margins of the rice fields. Like Indian water spinach, 'DONG' grows densely near the periphery of low lands and spreads rapidly on moist soils (Tiwari and Chandra 1985).'HAT' was collected in the green vegetable belt and 'NUOC' along the river banks of Cantho City, while the 'DONG' variety was collected in rural fields in Tan Phu Thanh village, which is around 20km from Cantho City. 


There is no typical variety of water hyacinth. Thus, three places where water hyacinth is prevalent were selected, based on the differences in the aquatic environment, and three populations of water hyacinth were collected at each site: Campus 2 of Cantho University, where the water is almost stagnant, and in Tan Phu Thanh village, from a canal bounded by fences of bamboo, and from ditches in the gardens

Protein electrophoresis 

Thirty leaves from the different individuals of each sweet potato and water spinach variety or water hyacinth population samples were weighed to 1g. The samples were ground with liquid nitrogen, a 500 ml extraction solution (0.1M Tris-HCl pH 8.0 containing 1.5M 2-Mercaptoethanol, 0.01 M MgCl2, 18% Sucrose and 2% SDS) was added, and then incubated at room temperature overnight. Different proteins were separated on 5% stacking gel and 12% separating gel using 40 volts for stacking gel and 80 volts for separating gel. Gel was stained with 0.2M Coomassie Brilliant Blue R250 in methanol, acetic acid, and distilled water with a ratio of 44: 6: 50. The de-stained solution included acetic acid, methanol, and distilled water in a ratio of 5: 28: 67, respectively.

Genetic diversity values

Several formulae (Huh and Ohnishi 2002; Thanh et al. 2003) were used to describe genetic diversity, as follows: all the bands visible to the naked eye were scored as present (1) or absent (0). The degree of polymorphism was quantified using Shannon's index of phenotypic diversity (Ho). If the Ho is equal to zero, this means that all individuals in a population are homologous, which implies inbreeding. In general the higher the Ho value, the more the population is phenotypically diverse.


Ho=-Sfilnfi

Where fi is the frequency of phenotype i. Thus, the Ho value was compared among different populations. The diversity value (HEP) for the genetic marker was calculated from the sum of the squares of the phenotypic frequencies by the formula:


HEP=1-fi2

As is the case with the Ho value, the HEP value ranges from zero to one. The minimum value (zero) indicates that a population is completely inbred, while the maximum value (1) indicates maximum genetic diversity. 


The sum of the effective number of alleles (SENA) was calculated by determining the effective number of alleles for each locus, namely:


SENA= (1/fi2-1)

Nutritional values

Six kg of sweet potato leaves and seven kg of water plants for each variety or population were used to determine their nutritional value. The DM content was determined on six replicate samples using a two-step procedure and calculation, i.e. Total DM = Partial DM × Laboratory DM (Undersander 1993). The CP and EE content of the air-dried samples (six and ten replications, respectively) was determined according to AOAC (2000). The air-dried samples of each variety were analyzed for amino acid content, and samples of the oil extract analyzed for fatty acid content and composition. 

Statistical analysis

The data for DM, CP and EE contents were analyzed by ANOVA using the General Linear Model of Minitab Statistical Software version 13.2 (Ryan et al. 2000). Sources of variation were treatments and error. The Tukey test for paired comparisons was used to separate means when the differences were significant at the 1% or 5% levels. 


Results and discussion

Sweet potato

The electrophoretic protein profile of the 'HNgoc' variety was the same among individual leaves while the 'HDao' was diverse in protein bands. The 'Hsinchu' protein profile was slightly less stained than the 'DNgoc' and 'LBi' varieties. The average HEP values (0.34) of these varieties were low (ranging from 0.00 to 0.53), and the average SENA value was 0.63 (Table 1).

	Table 1. Genetic diversity values of the leaves of five varieties of sweet potato (Ipomoea batatas) in the Mekong Delta

	
	Varieties1)
	Average

	
	HNgoc
	HDao
	Hsinchu
	DNgoc
	LBi
	

	Polymorphic individual (%)
	0
	50.0
	90.0
	40.0
	20.0
	40.0

	Polymorphic band (%)
	0
	50.0
	75.0
	38.0
	25.0
	37.5

	Ho
	0
	2.53
	2.41
	1.61
	1.15
	1.54

	HEP
	0
	0.48
	0.53
	0.38
	0.33
	0.34

	SENA
	0
	0.92
	1.14
	0.60
	0.50
	0.63

	1‘HNgoc’ = ‘Hong Ngoc’, ‘HDao’ = ‘Hong Dao’, ‘DNgoc’ = ‘Duong Ngoc’ and ‘LBi’ = ‘Lang Bi’: common varieties in the Mekong Delta; ‘Hsinchu’ variety introduced from Taiwan. 


Sweet potato is regenerated mainly by vegetative propagation, so the genetic diversity parameters were low in HEP and SENA.In practice, creeping plants such as sweet potato are propagated by using the upper part of plant, or asexual propagation, and so all individuals in a line should be genetically pure, unless mutation occurs.


Table 2 shows the nutritive values of five varieties of sweet potato leaves. The average CP on a DM basis was highest in the 'DNgoc' variety (26.8 %), second highest in 'LBi' (22.8%), and lowest in 'HNgoc' (20.8%), 'HDao' (19.8%), and 'Hsinchu' (20.7%) (P<0.01). The EE content was highest in 'HNgoc' (5.8%), while the lowest value was in 'HDao' (4.8%) (P<0.01). However, the EE contents of the three varieties 'Hsinchu' (5.6%), 'DNgoc' (5.5%), and 'LBi' (5.7%) were very close to that of the 'HNgoc' variety. Arginine (Arg), glutamic acid (Glu), isoleucine (Ileu), leucine (Leu), lysine Lys), methionine (Met), phenylalanine (Phe) and valine (Val) contents were highest in the 'DNgoc' leaves. Glutamic acid, histidine (His) and threonine (Thr) (on DM basis) were highest in 'DNgoc' (2.56%), 'Hsinchu' (0.42%), 'DNgoc' (1.19%) and 'LBi' (1.22%), respectively. 


	Table 2. Nutritional values of sweet potato leaves (Ipomoea batatas) in the Mekong Delta

	
	Varieties
	SEM

	
	HNgoc
	HDao
	Hsinchu
	DNgoc
	LBi1)
	

	DM (Fresh basis), %
	11.0c
	9.2c
	9.5d
	8.5b
	8.1a
	0.04

	Dry matter basis

	CP
	20.8a
	19.8a
	20.7a
	26.8c
	22.8b
	0.35

	EE
	5.8c
	4.8a
	5.6b
	5.5b
	5.7bc
	0.03

	Amino acid content, % DM (relative to lysine, lysine=100)

	Arginine
	1.12
	(233)
	1.02
	(140)
	1.33
	(168)
	1.82
	(170)
	1.46
	(159)
	

	Glutamic acid
	1.34
	(279)
	1.49
	(204)
	1.54
	(195)
	2.56
	(239)
	1.90
	(207)
	

	Glycine
	1.51
	(315)
	1.00
	(137)
	1.01
	(128)
	1.33
	(124)
	1.18
	(128)
	

	Histidine
	0.22
	(46)
	0.27
	(37)
	0.42
	(53)
	0.31
	(29)
	0.32
	(35)
	

	Isoleucine
	1.07
	(223)
	0.88
	(121)
	1.04
	(132)
	1.49
	(139)
	1.23
	(134)
	

	Leucine
	1.72
	(358)
	1.48
	(203)
	1.80
	(228)
	2.56
	(239)
	2.07
	(225)
	

	Lysine
	0.48
	(100)
	0.73
	(100)
	0.79
	(100)
	1.07
	(100)
	0.92
	(100)
	

	Methionine
	0.10
	(21)
	0.14
	(19)
	0.15
	(19)
	0.53
	(50)
	0.32
	(35)
	

	Phenylalanine
	1.03
	(215)
	0.89
	(122)
	1.10
	(139)
	1.49
	(139)
	1.20
	(130)
	

	Threonine
	1.08
	(225)
	0.91
	(125)
	1.10
	(139)
	1.19
	(111)
	1.22
	(133)
	

	Valine
	1.17
	(244)
	1.02
	(140)
	1.18
	(149)
	1.68
	(157)
	1.31
	(142)
	

	Fatty acids, % lipid

	C10:0 (Capric acid) 
	1.5
	2.0
	2.7
	2.6
	2.6
	

	C12:0 (Lauric acid)
	2.4
	2.9
	3.8
	4.0
	3.8
	

	C14:0 (Myristic acid)
	0.1
	0.1
	0.2
	0.2
	0.2
	

	C16:0 (Palmitic acid)
	11.5
	15.4
	15.7
	15.7
	16.2
	

	C16:1 (Palmioleic acid)
	1.3
	2.9
	2.1
	2.3
	2.2
	

	C18:0 (Stearic acid)
	5.3
	5.5
	4.7
	4.9
	5.0
	

	C18:1 (Oleic acid)
	1.5
	1.9
	1.6
	1.7
	1.7
	

	C18:2 (Linoleic acid)
	26.4
	23.5
	23.8
	24.4
	24.3
	

	C18:3 (Linolenic acid)
	45.5
	39.7
	40.7
	41.4
	41.2
	

	C20:0 (Arachidic acid)
	1.1
	1.3
	1.0
	1.0
	0.7
	

	C22:0 (Behenic acid)
	0.3
	0.8
	0.0
	0.9
	1.0
	

	Saturated fatty acid, % total 
	22.9
	29.2
	29.8
	29.3
	29.8
	

	Unsaturated fatty acid, % total
	77.1
	70.8
	70.2
	70.7
	70.2
	

	a, b, c: Means in the same row with different letters are significantly different at p<0.01.
1) Five varieties of sweet potato


As for the amino acids patterns relative to lysine, the proportion of Arg, Glu, glycine (Gly), Ileu, Leu, Phe, Thre and Val was higher in 'HNgoc' than in the other varieties. In contrast, the proportion of histidine and methionine was highest in the 'Hsinchu' (53%) and 'DNgoc' leaves (50%), respectively. The total PUFA ranged from 70.2%(Hsinchu) to 77.1%(HNgoc). 


Of the PUFA, the proportion of ALA was highest in 'HNgoc' (59.0%), and second highest in 'DNgoc' and 'LBi' (58.6%). LA of all sweet potato varieties was 24.5% of the total of PUFA, which was about a half of the value for ALA (41.7%). Palmitic acid contributed about 14.9% of the total fatty acids. In particular, palmitic acid contributed up to 52.7% of PFA, while six PFA, including capric acid, lauric acid etc contributed less than 50%.The C18:2 and C18:3 fatty acids were the main components of PUFA, accounting for up to 93-96%of the total PUFA.

Fresh sweet potato tubers can replace 30-50% of the grain in pig diets. In addition, the young leaves of sweet potato are highly relished by livestock, are a valuable source of protein, and the foliage lasts throughout the dry season (Gohl 1981). The fresh leaves and vines generally contain 19.4 to 21.9 % CP in DM basis (Gohl 1981). The five sweet potato varieties in the Mekong Delta had CP contents that ranged from 19.8% ('HDao') to 26.8% ('DNgoc'). Thus 'DNgoc' could be a better protein source for monogastric animals than the other varieties. In particular, the Methionine content of 'DNgoc' was higher than in several soybean varieties. Moreover, the PUFA content in sweet potato leaves is very high, especially C18:3, as reported by Linh (2002). Thus, sweet potato, particularly the 'DNgoc' variety, can be considered as a good source of protein and oil for use in animal diets. The direction of the selection of sweet potato varieties, as mentioned above, should take into account not only tubers but also leaves and stems, to achieve its multiple-purpose role. In addition it is worth noting that the selection of 'DNgoc' has been done by farmers themselves, due to its high quality with respect to taste, and the quality of leaves and stems is also very good, with respect to its value as an animal feed. 

Water spinach

Total protein bands, determined by SDS-PAGE electrophoresis of the 'HAT'and 'NUOC' were almost the same (Table 3), although some individual proteins were slightly different. In addition, the values of Ho (5.87) and SENA (1.99) of the 'NUOC' were higher than those of 'HAT' and 'DONG', although the genetic marker, HEP, had almost the same values (0.62 in 'DONG' to 0.67 in 'NUOC').The genetic diversity values of 'NUOC' were the highest in Ho and SENA (Table 3).


	Table 3. Genetic diversity values of the water spinach (Ipomoea aquatica) leaves of three varieties in the Mekong Delta

	
	Varieties1)
	Average

	
	HAT
	NUOC
	DONG
	

	Polymorphic individual (%)
	35.0
	83.0
	50.0
	56.0

	Polymorphic band (%)
	33.0
	77.0
	44.0
	51.0

	Ho
	2.62
	5.87
	2.95
	3.81

	HEP
	0.65
	0.67
	0.62
	0.65

	SENA 
	1.53
	1.99
	1.64
	1.72

	1) ’HAT’: the water spinach (WS) that grows on soil, ‘NUOC’: WS floats on water, and ‘DONG’: WS grows on rural fields
a, b, c: Means in the same row with different letters are significantly different at p<0.01


The average CP of the water spinach on a DM basis was significantly (P<0.01) highest in 'HAT' (29.5%), followed by 'NUOC' (26.9%), and 'DONG' (18.6%)(Table 4). The EE content was significantly (P<0.01) higher in 'HAT' (7.2%) than in 'NUOC' (6.9%). The concentrations of Arg, Glu, His, Ileu, Leu, Lys, Met, Phe, Thr and Val (on a DM basis) were highest in 'HAT', though the Gly content was higher in 'NUOC'. The proportion of most amino acids relative to Lysine was higher in 'NUOC' than in the other varieties. PUFA in the three varieties were around 75% of total lipid, with the content of ALA acid ranging from 45.1-47.3 %.

Generally, water spinach, with its high biomass yield, gives high incomes from harvesting and selling it in local markets (Prak Kea et al 2003). Water spinach is a vegetable with a high potential to convert efficiently the nitrogen in urea into edible biomass with a high protein content (Luyen 2003). Thus, it is interesting as a source of food and/or feed protein, because the edible portion contains a proportion of CP that is comparable with alfalfa leaves (22.3% on a DM basis) (Bruemmer and Roe 1979). 

	Table 4. The nutritive values of water spinach (Ipomoea aquatica) varieties in the Mekong Delta1)

	
	Varieties2)
	Standard
Error

	
	HAT
	NUOC
	DONG1)
	

	Fresh basis, %
	

	DM
	8.4a
	8.7b
	8.5a
	0.06

	CP
	2.5c
	2.3b
	1.6a
	0.02

	EE
	0.6
	0.6
	0.6
	0.01

	Dry matter basis

	CP
	29.5c
	26.9b
	18.6 a
	0.42

	EE
	7.2b
	6.9a
	7.0ab
	0.08

	AA composition, % of DM (relative to lysine, lysine=100))

	Arginine
	2.51
	(181)
	1.73
	(190)
	1.21
	(144)
	

	Glutamic acid
	2.75
	(198)
	2.00
	(219)
	1.14
	(136)
	

	Glycine
	1.57
	(112)
	1.83
	(201)
	0.89
	(105)
	

	Histidine
	0.48
	(35)
	0.47
	(52)
	0.16
	(19)
	

	Isoleucine
	1.78
	(128)
	1.32
	(145)
	0.96
	(114)
	

	Leucine
	2.89
	(208)
	2.07
	(227)
	1.58
	(188)
	

	Lysine
	1.39
	(100)
	0.91
	(100)
	0.84
	(100)
	

	Methionine
	0.37
	(27)
	0.27
	(30)
	0.13
	(15)
	

	Phenylalanine
	1.74
	(125)
	1.20
	(132)
	0.96
	(114)
	

	Threonine
	1.63
	(117)
	1.22
	(134)
	0.97
	(115)
	

	Valine
	2.05
	(147)
	1.45
	(159)
	1.09
	(130)
	

	Fatty acids, % of lipid
	

	C14:0 (Myristic acid)
	0.2
	0.2
	0.2
	

	C16:0 (Palmitic acid)
	17.9
	18.0
	18.2
	

	C16:1 (Palmioleic acid)
	3.8
	4.1
	3.8
	

	C18:0 (Stearic acid)
	4.2
	4.0
	4.1
	

	C18:1 (Oleic acid)
	2.2
	2.4
	2.2
	

	C18:2 (Linoleic acid)
	22.3
	21.6
	22.4
	

	C18:3 (Linolenic acid)
	47.3
	45.1
	46.8
	

	C20:0 (Arachidic acid)
	1.2
	1.4
	1.4
	

	C20:1 (Eicosenoic acid)
	0.0
	0.8
	0.0
	

	C22:0 (Behenic acid) 
	0.6
	1.0
	0.6
	

	Saturated Fatty Acid, % total
	24.1
	24.8
	24.6
	

	Unsaturated Fatty Acid,% total
	75.9
	75.2
	75.4
	


Of the samples of water spinach in the study the 'DONG' variety had the lowest content of CP (18.6%), probably because it often grows in the seasonal rice fields after harvest, in the margins of the rice fields or in ditches. Thus, it grows in water with low levels of nutrients, resulting in low CP and amino acid contents. However, this variety is still a useful natural source of nutrients for animals and humans. The 'HAT' variety (29.5% CP) grows well and has a high nutritive value under good management, and although people usually eat the young shoots the remaining parts are still valuable for feeding to animals. However, to achieve such a high protein content (Table 4), 'HAT' should be fertilized and managed well, with pesticides and fertilizer applied. Therefore, this means that there can be problems of environmental pollution and residues on the vegetable, which can be harmful for humans and animals. 

The CP of the 'NUOC' (26.9%) was lower than that of the 'HAT', but all the analyzed amino acids of 'NUOC' in terms of the relative values to Lys were higher than those of the 'HAT' variety. As the 'NUOC' variety grows on the surface of canals, rivers and the lakes, it can absorb natural nutrients in the water in order to accumulate photosynthetic products. Moreover, the 'NUOC' could help to reduce water pollution, and be used to treat the waste water from the cities.

Water hyacinth

Results from protein profiles (Table 5) show that for 'WH-s', Ho had the highest value (6.26) while 'WH-c' (5.62) and 'WH-d' (4.28) had lower diversity. Although their Ho values were somewhat different, their HEP values were almost the same, with the values ranging from 0.67 in WH-d to 0.70 in 'WH-c' and 'WH-s'. The SENA in 'WH-s' (2.36) was higher than that of 'WH-c' (2.29) and WH-d (2.04). Water hyacinth is regenerated mainly by stolon propagation. Thus, the natural population values of genetic diversity parameters (Ho ranged from 4.28 to 6.26, and SENA ranged from 2.04 to 2.36, Table 5) were similar to the values of the 'NUOC' water spinach variety (Ho=5.87, SENA=1.99, Table 3). So far, there have been no efforts to select elite water hyacinth lines from the diverse populations in the Mekong Delta, particularly from water hyacinth found in the canals, which would be valuable because of its very high CP (21.8%) and higher biomass and usefulness in reducing environmental pollution. 


	Table 5. Genetic diversity values of the water hyacinth (Echhornia crassipes) leaves of three populations in the Mekong Delta

	
	Populations1)
	Average

	
	WH-s
	WH-c
	WH-d
	

	Polymorphic individual (%) 
	80.0
	80.0
	60.0
	73.0

	Polymorphic band (%)
	67.0
	50.0
	50.0
	56.0

	Ho
	6.26
	5.62
	4.28
	5.39

	HEP
	0.70
	0.70
	0.67
	0.69

	SENA 
	2.36
	2.29
	2.04
	2.23

	)WH-s: Water hyacinth (WH) found in the Cantho City area; WH-c: WH found on river and canal banks; WH-d: WH that grows in ditches around farms


The average CP of the young light green water hyacinth on a DM basis (Table 6) was significantly (P<0.01) highest in 'WH-c' (21.8 %), next highest in 'WH-d' (18.3 %), and lowest in 'WH-s' (16.4 %). The EE content was significantly (P<0.01) higher in WH-d (4.8 %) than in the other samples. The concentrations of Arg, Glu, Ileu, Leu, Lys, Met, Phe and Val on a DM basis were highest in the 'WH-c', though the contents of Gly and Thr were higher in the 'WH-d' and His in the 'WH-s'. The proportion of Arg, Gly, Ileu, Leu, Phe, Thr and Val relative to Lys was higher in 'WH-d' than in the other water hyacinth varieties. The highest content of PUFA was also ALA in water hyacinth. PUFA of the three populations of water hyacinth accounted for around 70 % of total lipid, like water spinach, and the range was 37.6 to 38.6%.

The aerial part of water hyacinth contains a range of 14.4 % to 16.4 % CP on a DM basis (Ly et al. 2002). The young, light green leaves and leaf stalks of water hyacinth sampled in ditches contain a higher level of protein (18.6% CP) on a DM basis (Men et al. 2003). The samples in the present study had a similar average content of CP (18.3%). As for absolute values of amino acid composition (% of DM), 'WH-c' was highest in Arg, Glu, Iso, Leu, Lys, Met, Phe, and Val but lower in Thr, Gly, and His (Table 6).

	Table 6. Nutritional value of water hyacinth (Echhornia crassipes) in the Mekong Delta1)

	
	Populations2)
	Standard
Error

	
	WH-s
	WH-c
	WH-d1)
	

	Fresh basis, %

	DM
	6.0b
	4.0a
	7.1c
	0.08

	CP
	1.0b
	0.9a
	1.3c
	0.02

	EE
	0.3b
	0.2a
	0.4c
	0.01

	Dry matter basis
	
	
	
	

	CP
	16.4a
	21.8c
	18.3b
	0.42

	EE
	4.4a
	4.3a
	4.8b
	0.07

	Amino acid composition, % DM　

	Arginine
	1.11
	(134)
	1.35
	(131)
	1.30
	(232)
	

	Glutamic acid
	1.54
	(184)
	1.81
	(175)
	0.44
	(79)
	

	Glycine
	0.80
	(96)
	1.01
	(97)
	1.13
	(202)
	

	Histidine
	0.34
	(41)
	0.28
	(27)
	0.32
	(57)
	

	Isoleucine
	0.87
	(105)
	1.11
	(108)
	0.88
	(157)
	

	Leucine
	1.46
	(176)
	1.80
	(175)
	1.47
	(263)
	

	Lysine
	0.83
	(100)
	1.03
	(100)
	0.56
	(100)
	

	Methionine
	0.14
	(17)
	0.36
	(35)
	0.25
	(45)
	

	Phenylalanine
	0.91
	(110)
	1.13
	(110)
	0.88
	(157)
	

	Threonine
	0.57
	(69)
	0.67
	(65)
	0.92
	(164)
	

	Valine
	0.94
	(113)
	1.21
	(117)
	1.01
	(180)
	

	Fatty acids, % of lipid

	C12:0 (Lauric acid)
	0.0
	0.2
	0.0
	

	C14:0 (Myristic acid)
	0.3
	0.2
	0.4
	

	C16:0 (Palmitic acid)
	21.4
	22.0
	21.8
	

	C16:1 (Palmioleic acid)
	3.7
	3.3
	3.7
	

	C18:0 (Stearic acid)
	1.2
	1.4
	1.2
	

	C18:1 (Oleic acid)
	2.5
	2.7
	2.6
	

	C18:2 (Linoleic acid)
	31.5
	31.1
	31.4
	

	C18:3 (Linolenic acid)
	38.6
	37.6
	38.2
	

	C20:0 (Arachidic acid)
	0.4
	0.3
	0.3
	

	C22:0 (Behenic acid)
	0.4
	0.2
	0.0
	

	Unsaturated Fatty Acids, % of total
	76.3
	75.4
	76.2
	

	Saturated Fatty Acids, % of total
	23.7
	24.6
	23.8
	

	a, b, c: Means in the same row with different letters are significantly different at p<0.01


However, based on the values relative to Lys, (Lys=100), the value of these amino acids in parentheses were not corresponding to the absolute values of amino acids. In reality, the values relative to Lys indicate the nutritive balance in each material source; thus, the most appropriately balanced value should be selected according to kind of animal for which it is intended. The oils extracted from the water hyacinth are also a rich source of PUFA, such as LA and ALA, which are generally related to the prostaglandin metabolites and can also convert into the EPA, as in other plant lipids, such as those in spinach and sweet-potato leaves (Linh 2002).

Conclusions

· The sweet potato (DNgoc), water spinach (NUOC) and water hyacinth elite lines can be recommended as good local resources for animal feeding at farm level. 

· In general the sweetpotato varieties studied had less genetic diversity than the water spinach and water hyacinth varieties. Consequently, collection and conservation of the local varieties is needed to maintain the diverse balance and allow the further selection of valuable traits. 
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Abstract

The effect of substituting a basal diet with fresh duckweed (DW) (Lemna minor), Para grass (PG) (Brachiaria mutica) and water spinach (WS)(Ipomoea aquatica) on the apparent digestibility and nitrogen retained was determined in growing pigs. Eight Baxuyen crossbred castrated male growing pigs (Ba Xuyen x Yorkshire) were used in two experiments to evaluate the total tract apparent digestibility of dry matter (DMD), crude protein (CPD), neutral detergent fiber (NDFD), acid detergent fiber (ADFD) and nitrogen retained (NR). In the first experiment, 4 pigs were offered a basal diet at 4% of body weight and the fresh forages were offered ad libitum after the pigs had consumed the basal diet. 
Total DM intake was higher for the diets with DW and WS than for the PG and basal diets (P<0.05). There were no significant differences in DMD, CPD, NDFD, ADFD among the 4 diets (P>0.05). N-retained was higher for the diet with WS compared with the other three diets (P<0.05). In the second study, 4 pigs were offered a basal diet at a level of 3% of body weight after consuming the fresh forages. The dry matter intakes of the DW, WS and PG were 11, 7 and 19% of total DM intake, respectively and total DM intake was highest for the basal diet, followed by diets WS, DW and PG (P<0.05). The digestibility of DM, CP, NDF, EE and ADF was not different among diets (P>0.05). N retained was highest for the diet with DW and lowest for PG (P<0.05). 
Of the forages evaluated, water spinach and duckweed were more palatable than Para grass and supplementing with the fresh forages did not affect total dry matter or nutrient digestibility.
Key words: Digestibility, duckweed, intake, nitrogen retained, Para grass, pigs, water spinach


Introduction

In recent years, pig producers in the Mekong delta have been faced with an imbalance between feed and animal product prices. This has resulted in reduced economic returns for smallholder farmers. Many feed factories provide concentrates for pigs that are available in both urban areas and even in more remote rural areas. This has contributed to the development of feeding systems that are expensive, and not based on locally available and cheap feed resources.

Water spinach (Ipomoea aquatica) and duckweed (Lemna minor) are water plants that have high biomass productivity and are very abundant in the Mekong Delta. They are high in protein and fairly low in fibre content, and are recognised as good protein sources for non-ruminant animals (Manh et al 2002; Ly 2002; Chhay Ty and Preston 2005).

Para grass (Briachiaria mutica) is commonly grown on waterlogged soils, and is used for feeding cattle and buffaloes. However, the ruminant population of the Mekong Delta, and particularly in the lowland areas, is now rather small. The part of the Para grass plant used for ruminants is high in neutral detergent fiber (NDF) and low in protein content. However, the young tops of Para grass contain less (65%) NDF than the lower leaves and stem, and up to 20% crude protein (CP), which pigs have no difficulty in digesting.

The aims of the study were to determine the digestibility, nitrogen utilization and intake in growing pigs of a basal diet fed restrictedly and fresh duckweed, water spinach and Para grass, offered ad-libitum. 

Materials and methods

Experimental pigs 

In Experiment 1, four crossbred (Yorkshire x Baxuyen) castrated male pigs of average initial weight of 53 kg±1 were used. In the second experiments, four crossbred (Yorkshire x Baxuyen) castrated male pigs of average initial weight of 70kg ±1 were used .The pigs were de-wormed prior to the start of the study; all pigs were housed individually in metabolism cages.

Feeds, diets and management

In Experiment 1, all pigs were fed a basal diet (BS1) containing16 % crude protein (CP), which was formulated by diluting with rice bran and broken rice a 35% CP concentrate purchased from the "CP VINA Feed Company, Thailand". The forages consisted of duckweed (DietDW1), Para grass (DietPG1) and water spinach (DietWP1) offered ad libitum. The daily allowance of BS1 was calculated at 4% of body weight. The pigs were offered the fresh forages after consuming the basal diet.

In Experiment 2, the pigs were fed a basal diet (BS2) containing14% CP, which was restricted to 25% of the daily allowance on an air dry basis, plus ad libitum fresh duckweed (DietDW2), Para grass (DietPG2) and water spinach (DietWP2). Daily allowance was calculated at 3% of body weight, in order to meet the maintenance requirement and still stimulate the pigs to eat the forages. The pigs were offered the fresh forages before being given the basal diet.

Duckweed was harvested daily from a pond at the experimental farm. Water spinach foliage, consisting of leaves and stems, was collected daily in the same area. Young tops of Para grass (30-40cm in length) were also cut daily around the experimental farm. All fresh forages were washed to remove sand and soil; the water spinach and Para grass were chopped into 5 cm lengths before feeding. Diets were provided three times per day (8:00, 14:00 and 18.00 h) and the pigs had free access to water. During the collection period, offered feeds and refusals were recorded daily. The composition of ingredients and basal diets are presented in Tables 1 and 2.

	Table 1. Formulation of the basal diets used in Experiments 1 and 2

	Ingredients, %
	Basal diet 1 
(BS1)
	Basal diet 2 (BS2)

	Rice bran
	30
	43

	Broken rice
	40
	37

	Concentrate*
	18
	-

	Fish meal
	5
	13

	Coconut meal
	5
	5

	Bone meal
	1
	1

	Oyster shell
	1
	1

	*Concentrate was purchased from the CP VINA Feed Company, Thailand, and its composition is shown in Table 2.


	Table 2. Chemical composition of feed ingredients and diets in Experiments 1 and 2 (% of DM)

	Composition, %
	Concentrate
	Basal diet 1 (BS1)
	Basal diet 2 (BS2)
	Duckweed
	Para grass
	Water spinach

	Dry matter
	88.9
	88.4
	88.4
	5.76
	15.2
	8.09

	Crude protein
	34.6
	16.9
	14.4
	31.2
	20.4
	29.6

	Ether extract
	2.79
	12.9
	8.91
	9.78
	7.45
	9.49

	Crude fibre
	2.55
	5.32
	6.50
	12.2
	28.6
	16.2

	NDF
	-
	20.5
	23.7
	37.0
	65.2
	34.9

	ADF
	-
	11.2
	12.2
	28.3
	35.7
	28.3

	Ash
	20.7
	10.4
	7.85
	19.2
	10.5
	12.9

	Ca, %
	-
	1.44
	1.49
	3.27
	0.71
	1.03

	P, %
	-
	1.15
	0.94
	1.43
	0.39
	0.59

	Carotene, mg/kg
	
	
	
	801
	133
	675

	ME, MJ/kg *
	13.32
	13.38
	13.36
	9.10
	4.50
	8.30

	* Metabolisable energy (ME, MJ/kg DM) was calculated by using the equation described by Just et al (1984) for pigs: ME = 0.0197CP+ 0.0194 EE -0.0125CF +0.0158 NFE


Experimental design and collection procedures

The pigs in each experiment were randomly assigned to the four treatments in a 4 x 4 Latin square design, with four 16-day periods, comprising 12 days of adaptation, followed by 4-day periods of quantitative collection of faeces and urine. All faeces and urine (to which was added 4% of HCl) were collected and weighed every morning for each animal before sampling, and a 200ml sample of urine was frozen and stored. Faeces of each pig were mixed daily, and a sub-sample of 200g taken. All samples were frozen at -18oC. Prior to analysis, faeces were thawed, homogenized and sub-sampled. Apparent digestibility of dry matter (DM), organic matter (OM), crude protein (CP), ether extract (EE), acid detergent fibre (ADF) and neutral detergent fibre (NDF), and nitrogen retained, were calculated.

Chemical analysis

Diets and dried faeces were ground (1 mm screen) before analysis. DM, EE, CF and ash were analysed according to standard methods (AOAC 1984). Analyses of crude protein (CP = N x 6.25) in faeces were carried out on fresh samples to avoid losing ammonia. Neutral detergent fibre (NDF) was analysed according to Robertson and Van Soest (1991), but instead of boiling for one hour, samples were incubated in an oven at 90oC overnight according to Chai and Udén (1998). Acid detergent fibre (ADF) was determined according to Goering and Van Soest (1981). Total carotene was analysed by a spectrophotometric method, using n-hexane and aluminum oxide as solvent and absorbent (AOAC 1984).

Statistical analysis

The data for each parameter were analysed as a 4 x 4 Latin square using the General Linear Model of Minitab version 13, and least square means were compared using the Tukey test.

The model used was: Yijk = µ + Pi +Sj + Ak + eijk
where Yijk is the dependent variable, µ is the overall mean; Pi is the effect of period, i = 1, 2, 3, 4; Sj is the effect of feed source, j = 1, 2, 3, 4; Ak: effect of animal, k= 1,2,3,4; and eijk represents random error.

Results and discussion

Experiment 1

The ash content in duckweed (19.2 %) was higher than in Para grass (10.5%) and water spinach (13.0%). The values confirm the conclusion of Ravindran and Blair (1992) that the limitation of aquatic plants is their high ash content. In the present study, the WS partly floated on the surface of a river, while the DW grew in a shallow pond. Duckweed is known to be rich in calcium oxalate in the form of crystal idioblasts (Ahmed et al 2003). This could be one reason why the voluntary feed DM intake of the DW was lower than that of WS (Table 3), although the high moisture content of the DW could also have been a contributing factor. 

Supplementing the basal diet with DW and WS significantly increased total dry matter (P<0.01) and crude protein intake (Table 3). Among the forages, WS was more palatable than DW and PG. The pigs consumed very little fresh PG (198g day-1), but considerable amounts of WS (1854g day-1) and DW (1215g day-1), although on a DM basis daily intakes were not so different (70, 30 and 150 g-1 day of DW, PG and WS, respectively). 

Calculated daily metabolisable energy intakes were not significantly different among treatments (P>0.05). The high palatability of fresh water spinach has been demonstrated by Chhay Ty and Preston (2005). Para grass is a hair-grass, with a lower protein content than duckweed (31% CP) and water spinach (29% CP). The NDF content of Para grass (62 %) was almost double that of duckweed and water spinach (37 and 35% of DM, respectively) and this could have contributed towards the low palatability.

	Table 3. Dry matter and metabolisable energy intake for dietary treatments (DietDW2), (DietPG2) and (DietWS2) (Experiment.1)

	
	Basal diet 1 (BS1)
	DietDW
	DietPG
	DietWS
	P
	SEM

	Intake, g day-1
	
	
	
	
	
	

	Total dry matter
	1960b
	2030a
	1990b
	2101a
	0.01
	0.01

	Forage DM
	-
	70
	30
	150
	
	

	Fresh forage
	-
	1215
	198
	1854
	
	

	ME, MJ day-1
	33
	35
	34
	36
	
	

	ab Means on the same row with subscripts that do not have a common letter differ significantly, P<0.05.
 SEM Standard error of the mean


Apparent digestibility of DM and nutrients was not influenced significantly (P>0.05) by diet, but most nutrients tended to be better digested with the inclusion of fresh forage compared to the basal diet (Table 4). Nitrogen intake was significantly (P<0.01) influenced by forage type, and was highest for the WS treatment and lowest for the basal diet. Nitrogen in urine was highest in DietPG and lowest in DietWS (P<0.01). Nitrogen retention was highest in DietWs and lowest in DietPG (P<0.01) while N-retained as a proportion of N-intake was significantly higher for the WS treatment (P<0.05) compared to the other three treatments, but differences between the basal diet, DietDW and DietPG were not significant (P>0.05).

According to Manh et al (2002), replacing the protein in a concentrate by water spinach at levels of 20 and 40% increased the digestibility of NDF and ADF, and did not reduce digestible energy, live weight gain and feed conversion ratio of growing pigs. Similar results on pigs were reported by Men et al (2005) when water spinach replaced 5% of a basal diet. 

	Table 4. Apparent digestibility and nitrogen utilisation in pigs fed diets supplemented with fresh forages (Experiment 1) 

	
	Basal diet 1 (BS1)
	DietDW
	DietPG
	DietWS
	P
	SEM

	Digestibility, g /kg
	
	
	
	
	
	

	Dry matter 
	697
	726
	711
	738
	0.29
	14.3

	Crude protein
	766
	768
	774
	780
	0.96
	23.3

	Ether extract
	702
	722
	674
	723
	0.48
	23.9

	NDF
	475
	502
	550
	528
	0.18
	35.4

	ADF
	385
	335
	353
	329
	0.44
	16.7

	N utilization, g /day
	
	
	
	
	
	

	N intake
	53.3c
	56.7b
	54.3c
	60.0a
	0.01
	0.46

	N in faeces
	8.54b
	9.39a
	8.68b
	9.60a
	0.35
	0.46

	N in urine
	12.0b
	9.84b
	14.0a
	7.14c
	0.01
	0.93

	N retention
	32.8bc
	37.5b
	31.6c
	43.3a
	0.01
	1.09

	N retention (proportion of N intake)
	0.62b
	0.66b
	0.58b
	0.72a
	0.02
	0.02

	abc Means on the same row with subscripts that do not have a common letter differ significantly, P<0.05. SEM Standard error of the mean.


Experiment 2

Total dry matter intakes of diets with inclusion of forages were reduced (P<0.05) in comparison with the basal DietBS2 (Table 5). This was due to the high water content of duckweed (94%) and water spinach (92%; Table 2), as although the pigs consumed a high amount of fresh duckweed (3540 g-1day) and water spinach (4080 g-1day), dry matter intake was very limited and amounted to only180 g-1day of duck weed and 330g-1day of water spinach (Table 5). The result of present study is in agreement with Kyriazakis and Emmans (1995), who stated that the water holding capacity (WHC) of bulky fibrous feeds is responsible for limiting feed intake. However, the nitrogen intake of DietDW2 and DietWP2 was similar to the basal DietBS2, because water spinach and duckweed are high in crude protein content. Moreover, duckweed and water spinach have a reasonably good amino acid balance and are particularly high in carotene.

	Table 5. Dry matter protein and digestible energy intake of fresh duckweed (DietDW2), Para grass (DietPG2) and water spinach (DietWS2) (Exp.2)

	
	Basal diet (BS2)
	DietDW2
	DietPG2
	DietWS2
	P
	SE

	Intake, g-1 day
	
	
	
	
	
	

	Dry matter
	2090a
	1594c
	1524c
	1740b
	0.01
	0.03

	Forage DM
	-
	184
	115
	330
	
	

	Fresh forage
	-
	3200
	755
	4080
	
	

	ME, MJ day-1
	28.43
	19.30
	19.28
	19.17
	
	

	abc Means on the same row with subscripts that do not have a common letter differ significantly, P<0.05.


The apparent digestibility of nutrients and nitrogen utilisation are shown in Table 6. Providing fresh forages did not significantly affect the digestibility of DM, CP, ether extract, NDF and ADF (P>0.05). The digestibility of DM and protein in DietWS was lower than the values reported by Chhay Ty and Preston (2005) for water spinach. Nitrogen retention was significantly different among diets (P<0.05), with highest value found in DietWP2 (30.0g day-1) and the lowest in DietPG2 (19.3g day-1). Nitrogen in faeces was lowest in the DietPG2, while nitrogen in urine was not affected by forage type (P>0.05). Nitrogen retention as a proportion of nitrogen intake was highest for DietDW2 and lowest for DietPG2 (P<0.05; Table 6), probably because of the superior amino acid balance of duckweed compared to Para grass.

	Table 6. Apparent digestibility and nitrogen utilisation in pigs fed diets supplemented with fresh duckweed (DietDW2), Para grass (DietPG2) and water spinach (DietWS2) (Experiment 2)

	Digestibility, gkg-1
	Basal diet (BS2)
	DietDW2
	DietPG2
	DietWS2
	P
	SEM

	Dry matter 
	789
	739
	746
	752
	0.66
	27.7

	Protein
	802
	797
	797
	796
	0.99
	30.4

	Ether extract
	795
	760
	814
	749
	0.96
	42.5

	NDF
	558
	513
	506
	548
	0.85
	89.7

	ADF
	432
	388
	358
	422
	0.61
	59.7

	N utilization, g day-1
	
	
	
	
	
	

	N intake
	48.2a
	41.9b
	37.5b
	48.1a
	0.01
	0.94

	N in faces
	7.32ab
	6.70b
	6.00b
	7.70a
	0.01
	0.15

	N in urine
	12.5
	7.36
	12.2
	10.4
	0.10
	1.33

	N retention
	25.9ab
	27.8a
	19.3b
	30.0a
	0.02
	1.70

	N retention (proportion of N intake)
	0.57ab
	0.67a
	0.51b
	0.62ab
	0.05
	0.03

	ab Means on the same row with subscripts that do not have a common letter differ significantly, P<0.05.



Conclusions and implications

· Using fresh forage plants for pigs is convenient and saves energy. Most of the fresh forages in the Mekong Delta have a high water content, especially the aquatic plants, and it is an advantage to present them in a succulent and palatable form. If they replace the basal diet at a high rate, the water content in the plants is an important limitation, reducing feed intake. However, these plants are high in carotene and protein content, and the nitrogen retention values in the present study showed that the protein in the duckweed and water spinach is of a good quality. 

· Supplementing with fresh forages should reduce the risk of obesity in fattening pigs and sows. 

· Total feed intakes are improved if the basal diet is offered before the fresh forages but an alternative could be to mix the basal diet with chopped fresh forages, as farmers generally do.

· Adaptation is very important and the pigs should be allowed access to fresh forages when they are still young.
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Abstract

Eighteen crossbred (local*Landrace or Duroc) castrated male pigs weighing from 11 to 14 kg were used in a 2*3 factorial arrangement to study the effect of source of supplementary protein (fresh water spinach, fresh cassava leaves or a mixture [50:50 DM basis] of the two) and DL-methionine on growth performance traits with a basal diet of broken rice. The pigs were housed in individual pens and allotted at random to the three experimental diets within three blocks based on live weight. The feeding trial lasted for 100 days from 16 November to 24 February 2005.
The pigs are up to 38% of their DM intake with no symptoms of HCN toxicity. Growth rates on all treatments increased as the pigs became heavier, but were always lower on the cassava leaf supplement compared with water spinach or the mixture of cassava leaves and water spinach. There were no differences between water spinach as the only protein supplement and the mixture of water spinach and cassava leaves. There was no effect on performance traits of the DL-methionine.
It is concluded that there appear to be synergistic positive effects from combining two sources of protein-rich leaves as supplements to a low protein basal diet for growing pigs.
Key words: cassava, growth, leaves, methionine, pigs, protein, water spinach

Introduction

Monogastric animals play an important role in agricultural activities in rural areas in Cambodia. On average, a farmer raises 2 to 5 pigs (local or crossbred). The major problem in pig production is the lack of protein because protein-rich feed resources are scarce and, if available, the prices are often prohibitive. There is therefore a need to identify feeds, which can compensate for these deficiencies.

Water spinach (Ipomoea aquatica) is a plant that grows equally well in water or in soil. It responds dramatically in biomass yield and protein content when fertilized with biodigester effluent (Kean Sophea and Preston 2003), earthworm compost (Tran Hoang Chat et al 2005) or urea (Li Thi Luyen et al 2004; Tran Hoang Chat et al 2005). In Cambodia, it is cultivated for human food and also is fed to pigs and other animals It does not appear to contain anti-nutritional compounds and has been used successfully for growing pigs as the only source of supplementary protein in a diet based on broken rice (Ly et al 2002). In that research there was a significant response in growth rate and feed conversion to supplementary DL-methionine. Prak Kea et al (2003) reported a linear increase in growth rates in pigs fed water spinach, palm oil and broken rice when up to 6% fish meal (in diet DM) replaced equivalent amounts of water spinach, which they attributed to an improved amino acid balance, especially in terms of the sulphur-rich amino acids.

Cassava (Manihot esculenta Crantz) is a widely grown crop in many tropical counties (Calpe 1992). Traditionally it is cultivated for root production, but recently attention has focused on managing it as a semi-perennial forage with repeated harvesting at 2-month intervals (Preston 2001). In this system, when the cassava is fertilized with high levels of organic manure, annual protein yields can reach 3 to 4 tonnes/ha. The protein in cassava leaves has been reported to be rich in lysine but limiting in methionine (Eggum 1970). 

Water spinach also appears to be limiting in methionine in view of the growth response when synthetic DL-methionine was added to a diet in which water spinach provided most of the protein (Ly et al 2002). Mixing two sources of leaves as sources of protein may be beneficial in view of possible complementary effects of the two arrays of amino acids.

The aim of the present experiment was to study the effect of water spinach and fresh cassava leaves, fed alone or mixed together, on growth performance of pigs fed a basal diet of broken rice, with or without a supplement of DL-methionine.

Material and methods

Location

The experiment was carried out from 16 November 2004 to 24 February 2005 in the Center for Livestock and Agriculture Development (CelAgrid-UTA Cambodia), located in Kandal village, Rolous Commune, Kandal steung district, Kandal province about 25km from Phnom Penh City, Cambodia .

Experimental animals, treatments and design

Eighteen crossbred (Local*Landrace or Local*Duroc) castrated male pigs with initial body weight from 11 to 14 kg were allocated to 6 treatments in a 2*3 factorial arrangement. The factors were: 

Methionine:

· With (M)

· Without (NM)

Protein supplement:

· Fresh cassava leaves (CL)

· Fresh water spinach (WS)

· Mixture of cassava leaves and water spinach (50: 50 DM basis) (WSCL)

The pigs were allocated into 3 blocks according to live weight and the nutritional treatments were applied at random within each block. The pigs were housed in individual pens with concrete floor and provided with feeders and drinking nipples. The pigs were vaccinated against Salmonella disease and were adapted to the feeds and the housing for a 10 day period before starting the experiment. 

Feeding and management

Broken rice is a by-product of Cambodian rice mills and was available in the local market. Premix and methionine were purchased from shops in the city. Fresh cassava leaves were harvested every day from plots in CelAgrid (Photo 1). The water spinach was purchased from traders who harvested it from lagoons receiving waste water from Phnom Penh city (Photo 2). 

	[image: image16]
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	Photo 1: Cassava plantation in CelAgrid
	Photo 2: Water spinach being harvested in the lagoon


The leaves plus stems of the water spinach and the leaves of cassava (after removing stems and petioles) were chopped into small pieces, mixed with the other ingredients of the diet (Tables 1 and 2) and fed immediately. The amounts of feeds offered were based on the broken rice being fed at the rate of 2 kg DM per 100 kg live weight (equivalent to 4 kg of DM per 100 kg live weight of the total feed), and were given in 3 meals daily (8.00, 12.00 and 17.00h).

	Table 1: Chemical characteristics of the ingredients of the diets

	
	% DM
	As % of DM
	HCN,
mg/kgDM

	
	
	N*6.25
	Ash
	OM
	

	Cassava leaves
	32.1
	23.5
	3.48
	96.5
	475

	Water spinach
	11.2
	25.6
	13.3
	86.7
	-

	Broken rice
	89.7
	7.5
	0.53
	99.5
	-

	DL-Methionine
	100
	100
	-
	-
	-


	Table 2: Composition (DM basis) and analysis of diets (M = DL-Methionine)

	
	WSM
	CLM
	WSCLM
	WS
	CL
	WSCL

	Ingredients, % DM basis
	
	
	
	
	
	

	Fresh cassava leaves
	0
	48.7
	29.2
	0
	49.0
	29.5

	Fresh water spinach
	47.7
	0
	19.5
	48.0
	0
	19.5

	Broken rice
	50.0
	50.0
	50.0
	50.0
	50.0
	50.0

	DL-Methionine
	0.3
	0.3
	0.3
	0
	0.0
	0

	Vitamins and minerals
	2.0
	1.0
	1.0
	2.0
	1.0
	1.0

	Total
	100
	100
	100
	100
	100
	100

	Analysis (% in DM except for DM which is on fresh basis)

	Dry matter
	50.3
	60.5
	56.4
	50.4
	60.6
	56.5

	Ash
	6.61
	1.96
	3.87
	6.52
	1.97
	3.89

	Organic matter
	93.4
	98.0
	96.1
	93.5
	98.0
	96.1

	Crude protein (Nx6.25)
	15.9
	15.2
	15.6
	15.8
	15.3
	15.7

	HCN, mg/kg DM
	-
	231
	139
	-
	233
	140


Data collection and analyses

The pigs were weighed every 10 days until 100 days. Individual daily weight gains were calculated by the regression of live weight on time in days. Individual feed intake and crude protein intake were recorded daily from weight of fresh material offered minus the residue collected the next morning. Feed conversion ratio was calculated from individual daily DM intake and live weight gain. Feed samples were taken every 5 days to determine DM and every 10 days for N and HCN. The DM content was determined using the microwave method of Undersander et al. (1993). Ash, N and HCN were analysed following procedures of AOAC (1990).

Statistical analysis

Data for weight gain, feed DM intake, crude protein intake and feed conversion were analysed using the general linear model (GLM) option of the ANOVA software of Minitab (2000). The sources of variation were blocks, diets, methionine, interaction diets*methionine and error.


Results and discussion

Feed intake

The intake of the water spinach (as DM) was almost twice that of the cassava leaves (84% higher) when each was given separately and resulted in an associated (since all ingredients were mixed together) greater intake of the broken rice, and thus of total DM (Table 3). Intakes of total foliage on the mixed supplement (WSCL) were slightly above the mean value for each foliage given alone. As the content of crude protein was similar in the cassava leaves and the water spinach, intakes of crude protein followed those of the DM. The foliages supplied from 38% (cassava alone) to 49% (water spinach alone) of the total DM intake and from 65 to 75%, respectively, of the crude protein intake.

Addition of methionine to the diets led to a lower intake of broken rice, a higher intake of cassava leaves and no change in water spinach intake. The overall effect was a slightly higher (6%) intake of DM as a function of live weight. Total crude protein intake was not affected by methionine supplementation but the proportion of total diet DM as forage and of total diet protein from foliage was higher with methionine supplementation. There appeared to be an interaction between methionine supplementation and the source of forage protein (Figure 1), with no effect of methionine on the proportions of protein derived from the foliage on the diets of cassava leaves and water spinach as separate supplements but a 25% increase on the mixed foliage diet supplemented with methionine..

	Table 3: Mean values (main effects) for feed intake of pigs fed broken rice supplemented with fresh cassava leaves (FC), fresh water spinach (WS) or mixture (WSFC), with (M) or without (NM) DL-methionine (from 0-100 days)

	
	M
	NM
	SEM
	Prob.
	CL
	WS
	WSCL
	SEM
	Prob.

	Intake of feed ingredients, g/d 
	
	
	
	

	BR
	462a
	516b
	6.49
	0.001
	436a
	527c
	504b
	7.95
	0.001

	CL
	191b
	162a
	3.51
	0.001
	270
	0
	258
	
	

	WS
	211
	213
	5.09
	0.90
	0
	498
	139
	
	

	Total DM intake
	
	
	
	
	
	
	
	
	

	g/d
	863
	891
	11.8
	0.07
	706a
	1025c
	901b
	14.5
	0.001

	g/kg LW
	38.5
	36.1
	0.19
	0.001
	33.2a
	39.8b
	38.9b
	0.24
	0.001

	Total crude protein
	
	
	
	
	
	
	
	
	

	g/d
	137
	136
	1.65
	0.54
	94a
	167c
	149b
	2.03
	0.001

	% in DM
	15.9
	15.3
	
	
	13.3
	16.3
	16.5
	
	

	Foliage as proportion of total intake
	
	
	
	
	
	

	DM #
	0.44
	0.40
	0.0040
	0.001
	0.38
	0.49
	0.39
	0.0050
	0.001

	Crude protein ##
	0.724a
	0.660b
	0.014
	0.002
	0.65a
	0.77b
	0.65a
	0.017
	0.001

	HCN
	
	
	
	
	
	
	
	
	

	mg/d
	89.9b
	75.8a
	2.16
	0.001
	130
	0
	123.3
	
	

	mg/kg LW
	4.02b
	3.32a
	0.07
	0.001
	6.28
	0
	4.86
	
	

	# Foliage as proportion of total DM intake ## Crude protein in foliage as proportion of total crude protein intake
ab Means within main effects within rows without common letter are different at P<0.05
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	Figure 1: Proportion of diet protein supplied by the foliages on the diets with water spinach (WS),  fresh cassava leaf  (CL) and the mixture (WSCL), with (M) and without (NM) DL-methionine


Growth and feed conversion

There were no ill-health symptoms in any of the pigs that could have been ascribed to HCN toxicity. On a live weight basis the HCN levels consumed on the CL and WSCL diets (6.28 and 4.86 mg/kg LW) were considerably higher than the maximum levels recommended by other authors, which were 1.4 (Getter and Baine 1938), 2.1 to 2.3 (Johnson and Ramond 1965), 3.5 (Tewe1992) and 4.4mg/kg LW (Butler 1973). 

There were marked differences in growth rate due to the source of supplementary protein (Table 4; Figure 2). Supplements containing water spinach supported higher growth rates compared with cassava leaves alone. Growth rates on the mixture of water spinach and cassava leaves were similar to those on water spinach alone and considerable higher than the average of cassava alone and water spinach alone. Data for feed conversion rate (Table 6 and Figure 3) showed a similar trend with the differences in favour of the mixed foliages being more marked than in the case of live weight gain. The implication from these findings is that there was a synergistic effect from combining the two sources of protein, presumably because of a superior array of essential amino acids in the mixture compared with either supplement fed alone. For all supplements, growth rates increased and feed conversion improved as the trial progressed, with consistent (over 50%) differences in favour of the diets containing water spinach. Trends for live weight at the end of each period were similar to those for growth rate (Table 5).

Supplementation with DL-methionine had no effect on growth rate or feed conversion in any of the periods of the trial (Table 4). This result was unexpected as in a similar trial with broken rice and water spinach there was a significant improvement in growth rate due to methionine supplementation (Ly et al 2002). Significant improvements in growth and feed conversion when DL-methionine was added to diets containing ensiled cassava leaves were also reported by Nguyen Thi Hoa Ly (2005). 

	Table 4: Mean values for growth rate (g/day) of pigs fed broken rice supplemented with fresh cassava leaves (CL), fresh water spinach (WS) or a mixture (WSCL), with (M) or without (NM) DL-methionine, during successive periods of the trial and overall

	Days
	M
	NM
	SEM
	Prob.
	CL
	WS
	CL-WS
	SEM
	Prob.

	0-40
	214
	236
	19.7
	0.46
	151a
	248b
	276b
	24.1
	0.01

	40-70
	341
	351
	21.5
	0.46
	242a
	377b
	420b
	26.3
	0.002

	70-100
	448
	402
	35.4
	0.37
	287a
	478b
	511b
	43.3
	0.009

	0-100
	321
	321
	19.0
	0.99
	225a
	356b
	383b
	23.3
	0.002

	ab Means within main effects within rows without common letter are different at P<0.05


	Table 5: Mean values for live weight (kg) of pigs fed broken rice supplemented with fresh cassava leaves (CL), fresh water spinach (WS) or a mixture (WSCL), during successive periods of the trial and overall

	Days
	CL
	WS
	CL-WS
	SEM
	Prob.

	0-40
	13.8
	13.4
	11.4
	1.76
	0.33

	40-70
	19.9
	23.4
	22.4
	1.74
	0.37

	70-100
	27.2a
	34.7b
	34.8b
	2.39
	0.07

	0-100
	35.8a
	49.2b
	50.2b
	29.2
	0.008

	ab Means within rows without common letter are different at P<0.05


	Table 6: Mean values for DM feed conversion of pigs fed broken rice supplemented with fresh cassava leaves (CL), fresh water spinach (WS) or a mixture (WSCL), with (M) or without (NM) DL-methionine 

	Days
	M
	NM
	SEM
	Prob.
	CL
	WS
	WSCL
	SEM
	Prob.

	0-40
	2.37
	2.43
	0.14
	0.77
	3.23a
	2.25b
	1.72c
	0.17
	0.001

	40-70 
	2.34
	2.34
	0.11
	0.97
	2.62a
	2.37a
	2.02b
	0.14
	0.03

	70-100
	2.97
	3.14
	0.17
	0.48
	3.31
	3.0
	2.79
	0.2
	0.24

	0-100
	2.83
	2.87
	0.08
	0.74
	3.15a
	2.85b
	2.56b
	0.09
	0.05

	ab Means within main effects within rows without common letter are different at P<0.05
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	Figure 2: Growth rates of the pigs during successive periods according to supplementary protein source
	Figure 3: Feed conversion rates of the pigs during successive periods according to supplementary protein source


A lower consumption of broken rice, of total DM and of crude protein (Table 6) would appear to be the reason for the lower growth performance of pigs fed only the cassava leaves as protein supplement. The intake of crude protein appeared to be the critical factor, and accounted for 92% of the variation in growth rate (Figure 4). 


According to Ravindran et al (1987), the bitter taste of the cassava leaves could negatively influence their intake by pigs. The presence of tannins in the may also have reduced intake. However, such potential effects of the non-nutritional compounds does not explain why DM intake on the mixture of water spinach and cassava leaves was the same (in fact slightly though not significantly higher) as on water spinach alone, when the expectation was that it should be midway between the values for each foliage given separately.

DM intake as a percentage of live weight over the overall period of 0-100 days for the CL diet (3.31%) was the same as was reported by Chhayty et al (2005) (3.30%) for the same feeds in a digestibility trial and similar to that reported by Du Thanh Hang (2005) (range of 2.7 to 3.3%) for crossbred pigs fed a 2:1 mixture of ensiled cassava root and rice bran and fresh cassava leaves that had been washed prior to feeding. It was higher than the values reported by Nguyen Duy Quynh Tram (2003) and Bounhong et al (2004) (2.6 and 3.11%, respectively), who used the same diet as in the present study. However, a much higher intake (4.4% of live weight) was recorded for pigs fed broken rice and cassava leaves that had been ensiled before feeding (Chhay Ty et al 2003a). It would appear that ensiling the leaves increases their palatability; however, a comparison of fresh versus ensiled leaves in the same experiment does not appear to have been made. Also, in the experiment of Chhay Ty et al (2003), 3% of dried fish was in the diet and the pigs weighed only 9 kg. Both these differences could have accounted for the higher DM intakes as a percentage of live weight. 

	[image: image21]

	Figure 4: Relationship between crude protein intake and growth rate


Conclusions

In a feeding system for growing pigs (LW range 11 to 50 kg), with broken rice as the only other ingredient restricted to 2% of LW, and with supplements of water spinach, fresh cassava leaves or a mixture (50:50 DM basis) of the two:

· Fresh cassava leaves supplied up to 40% of the DM without apparent signs of toxicity of HCN.

· Fresh water spinach was eaten in greater quantities than fresh cassava leaves, when compared on a DM basis.

· The mixture of leaves was eaten in similar amounts (of DM) as for water spinach as the only supplement.

· The growth and conversion rates were 50% better for the diets with water spinach alone, or as a mixture with fresh cassava leaves, compared with fresh cassava leaves alone.

· There appear to be synergistic positive effects from combining two sources of protein-rich leaves as supplements to a low protein basal diet.

· Performance was not affected by supplementation with DL-methionine.
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Abstract

Twenty four crossbred (Local*Landrace or Local*Duroc) castrated male pigs weighing from 16.0 to 18.4 kg were used in a 2*3 factorial arrangement to study the effect of (i) different levels of substitution of wilted cassava leaves by water spinach; and (ii) a basal diet of broken rice or a mixture (50:50) of rice bran and cassava root meal. The feeding trial lasted for 120 days from 8 August to 6 December 2005.

Higher intakes of water spinach and cassava leaves, and of total DM, were observed when the basal diet was broken rice rather than rice bran mixed with cassava root meal. Increasing the replacement of cassava leaves by water spinach from 10 to 30% resulted in increases in intake of the energy component, in the total quantity of foliage, and of total DM. Growth rates tended to be higher on the broken rice diet than on rice bran and cassava root meal; while the 30% level of water spinach was superior to the 10% level. 

The overall trend of live weight gain as a function of level of water spinach was curvilinear and positive, indicating a synergistic effect on performance from mixing increasing amounts of water spinach with fresh cassava leaves.
Key words: cassava leaves, growth, broken rice, cassava root meal, rice bran, pigs, protein, water spinach

Introduction

In a previous experiment (Chhay Ty and Preston 2005) with growing pigs fed a basal diet of broken rice, we showed that a supplement of a 50:50 mixture (DM basis) of water spinach (Ipomoea aquatica) and fresh cassava leaves supported growth rates that were 32% higher than the average of the growth rates on the two sources of foliages fed separately. 

In the present experiment the hypothesis to be tested was that lower proportions of water spinach would also have a synergistic effect on growth of pigs fed low protein basal diets.

Materials and methods

Location

The experiment was carried out from 8 August to 6 December 2005 in the Center for Livestock and Agriculture Development (CelAgrid-UTA Cambodia), located in Kandal village, Rolous Commune, Kandal Steung district, Kandal province, about 25km from Phnom Penh City, Cambodia .

Experimental animals, treatments and design

Twenty four crossbred (Local*Landrace or Local*Duroc) castrated male pigs with initial body weight from 16 to 18.4 kg were allocated to six treatments with 4 replicates per treatment in a 2*3 factorial arrangement. The factors were: 

Energy

· Broken rice 

· Cassava root meal mixed with rice bran 

Protein supplement

Proportions of water spinach (WS) and fresh cassava leaves (FCL) in ratios (DM basis) of: 

· WS 10% and FCL 90% 

· WS 20% and FCL 80% 

· WS 30% and FCL 70% 

The pigs were allocated into 2 blocks according to live weight (means for each block were 14.6 and 20.3 kg). The nutritional treatments were applied at random within each block. The pigs were housed in individual pens with concrete floors and provided with feeders and drinking nipples. The pigs were vaccinated against Salmonella disease and were adapted to the feeds and the housing for 7 days before starting the experiment. 

Feeding and management

Broken rice and rice bran are by-products of Cambodian rice mills and were available in the local area. Cassava root meal was purchased from a store in the city. Fresh cassava leaves were harvested every day from plots in CelAgrid (Photo 1) or they were purchased from a farmer near the center. The water spinach was purchased from traders who harvested it from lagoons receiving waste water from Phnom Penh city.

The leaves plus stems of the water spinach and the leaves of cassava (after removing stems and petioles) were chopped into small pieces and wilted over-night and then mixed with the other ingredients of the diet (Tables 1 and 2) before being offered in 3 meals at 8.00, 12.00 and 17.00h. The amounts of feeds offered were based on the allowance of 40 g DM per 1 kg live weight of the pigs, with the broken rice (or mixture of rice bran and cassava root meal) supplying 50% and the mixtures of leaves providing the remainder. 

	Table 1: Chemical characteristics of the ingredients of the diets

	
	DM
%
	N*6.25 
% in DM
	HCN
mg/kg DM

	Cassava leaves
	29.8
	27.1
	351

	Water spinach
	8.47
	31.1
	-

	Broken rice
	86.5
	7.90
	-

	Rice bran
	89.4
	10.8
	-

	Cassava root meal
	97.2
	3.12
	-

	Salt
	-
	-
	-


	Table 2: Composition (DM basis) and analysis of diets 

	
	WS10BR
	WS20BR
	WS30BR
	WS10RBCRM
	WS20RBCRM
	WS30RBCRM

	Ingredients, % DM basis 

	Water spinach
	10.0
	20.0
	30.0
	10.0
	20.0
	30.0

	Cassava leaves
	40.0
	30.0
	20.0
	41.0
	30.0
	20.0

	Broken rice
	49.5
	49.5
	49.5
	
	
	

	Cassava root meal
	-
	-
	-
	24.0
	25.0
	25.0

	Rice bran
	-
	-
	-
	24.5
	24.5
	24.5

	Salt
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Total
	100
	100
	100
	100
	100
	100

	Analysis

	Dry matter, %
	55.6
	53.5
	51.3
	58.3
	55.9
	54..7

	N*6.25, % in DM 
	17.8
	18.3
	18.6
	17.6
	17.8
	18.2

	HCN, mg/kg DM
	14.0
	10.5
	3.51
	14.4
	10.5
	3.51


Data collection and analyses

The pigs were weighed every 10 days during the trial which lasted 120 days. Individual feeds offered and residues were recorded daily. Samples of feeds and residues were analysed for DM, N and HCN. The DM content was determined using the micro-wave method of Undersander et al (1993). N and HCN were determined following procedures of AOAC (1990).

Statistical analysis

Data for weight gain, DM feed intake, crude protein intake, HCN intake and feed conversion rate were analysed using the general linear model (GLM) option of the ANOVA software of Minitab (2000). The sources of variation were blocks, level of water spinach, energy, interaction energy*level of water spinach and error.


Results and discussion

Feed intake

Higher intakes of water spinach and cassava leaves were observed when the basal diet was broken rice rather than rice bran mixed with cassava root meal (Table 3), with total DM intakes being higher for the former when expressed on a live weight basis. Replacing cassava leaves with water spinach resulted in increases in intake of the energy component, and in the total quantity of foliage, but a decrease in the intake of cassava leaves (Figures 1 and 2). 

	Table 3: Mean values (main effects) for feed intake of pigs fed broken rice or rice bran + cassava root meal supplemented with mixtures of fresh cassava leaves and fresh water spinach 

	
	Energy
	Level of water spinach
	Interaction

	
	BR
	RBCRM
	SEM
	Prob.
	WS10
	WS20
	WS30
	SEM
	Prob.
	Prob.

	Intake of feed ingredients, g DM/day 

	RBCRM
	0
	611
	
	
	279
	284
	352
	6.28
	
	

	BR
	586
	0
	
	
	275
	277
	327
	4.37
	
	

	CL
	310a
	288b
	4.60
	0.010
	354a
	279b
	264c
	5.64
	
	

	WS
	264a
	242b
	3.69
	0.001
	127
	248
	384
	4.53
	
	

	Foliage DM
	575
	530
	
	
	481
	528
	647
	
	
	

	Total DM 
	1160
	1140
	11
	0.200
	1036a
	1089b
	1326c
	13.9
	0.001
	0.07

	g/kg LW
	35.2a
	37.3b
	0.190
	0.001
	34.2a
	37.0b
	37.6b
	0.23
	0.001
	0.033

	N*6.25, g/d
	34.1a
	31.3b
	0.34
	0.001
	28.0a
	30.8b
	39.3c
	0.42
	0.001
	NS

	HCN
	
	
	
	
	
	
	
	
	
	

	mg/d
	124a
	115b
	1.45
	0.001
	147a
	116b
	96.6c
	1.78
	0.001
	0.001

	mg/kg LW
	3.97
	3.99
	0.04
	0.72
	4.99a
	4.10b
	2.86c
	0.05
	0.001
	0.02

	ab Means within main effects within rows without common letter are different at P<0.05


[image: image22]
Figure 1: Relative intakes of diet ingredients according to degree of
substitution of cassava leaves by water spinach
On a live weight basis the HCN levels consumed were 4.99, 4.1 and 2.86 mg/kg LW, for the water spinach 10, 20 and 30% levels, respectively. These were lower than in the earlier study (Chhayty et al 2005) and in the range reported as potentially toxic: 1.4 by Getter and Baine (1938), 2.1 to 2.3 by Johnson and Ramond (1965), 3.5 by Tewe (1992) and 4.4% of LW by Butler (1973). 

Growth and feed conversion

Growth rates tended to be higher on the broken rice diet than on rice bran and cassava root meal during the initial, final and overall trial period. For the periods 40 to 80, 80 to 120 and overall, the 30% level of water spinach was superior to the 10% level.

	Table 4: Mean values for initial and final live weights, and growth rates, of pigs fed broken rice or a mixture of rice bran and cassava root meal supplemented with different levels of water spinach replacing fresh cassava leaves 

	
	Energy
	Water spinach, % replacement of cassava leaves

	Days
	BR
	RBCRM
	SEM
	Prob.
	WS10
	WS20
	WS30
	SEM
	Prob.

	Growth rate, g/day
	
	
	
	
	

	0-40
	273
	225
	16.9
	0.07
	234
	229
	284
	20.8
	0.15

	40-80
	327
	293
	19.3
	0.24
	249a
	321ab
	360b
	23.8
	0.013

	80-120
	427
	341
	18.5
	0.06
	3394a
	355a
	456b
	22.6
	0.004

	0-120
	337
	290
	17.5
	0.079
	267a
	306ab
	367b
	21.4
	0.015

	Live weight, kg
	
	
	
	
	

	Initial
	17.7
	17.3
	0.69
	0.67
	18.0
	16.0
	18.4
	0.84
	0.13

	Fina1#
	58.2
	50.2
	2.3
	0.025
	49.7a
	52.6a
	60.4b
	2.9
	0.044

	ab Means within rows without common letter are different at P<0.05
# Adjusted for differences in initial weight
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	Figure 2: Growth curves of pigs fed basal diet of broken rice supplemented with different levels of water spinach (WS) 
replacing cassava leaves
	
	Figure 3: Growth curves of pigs fed basal diet of rice bran and cassava root meal supplemented with different levels of water spinach (WS) replacing cassava leaves
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	Figure 4: Growth rates of the pigs during successive 40 day periods and overall, according to supplementary level of water spinach with basal diet of broken rice

	
	Figure 5: Growth rates of the pigs during successive 40 day periods and overall, according to supplementary level of water spinach with basal diet of rice bran and cassava root meal


The overall trend of live weight gain as a function of level of water spinach was curvilinear and positive (Figures 6 and 7), indicating that the rate of increase in live weight gain by replacing cassava leaves with water spinach was more marked the higher the level of water spinach in the diet. The growth curves in Figures 2 and 3 indicate a similar trend.
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	Figure 6: Relationship between growth rate and replacement of cassava leaves by water spinach on broken rice diet
	
	Figure 7: Relationship between growth rate and replacement of cassava leaves by water spinach on diet of rice bran and cassava root meal


Feed conversion was better on the basal diet of broken rice than on the mixture of rice bran and cassava root meal and tended to improve (P=0.12 for the overall trial period) with increasing levels of water spinach (Table 5).

	Table 5: Mean values for DM feed conversion of pigs fed broken rice or a mixture of rice bran and cassava root meal supplemented with different levels of water spinach replacing fresh cassava leaves 

	
	Energy
	Level of water spinach

	Days
	BR
	RBCRM
	SEM
	Prob.
	WS10
	WS20
	WS30
	SEM
	Prob.

	0-120
	3.44
	4.06
	0.07
	0.001
	3.91
	3.70
	3.65
	0.08
	0.12

	ab Means within main effects within rows without common letter are different at P<0.05


Conclusions

· The synergistic effect on growth rate of pigs of replacing cassava leaves with water spinach, as the main protein source, was confirmed in that the relative response to substituting cassava leaves with water spinach increased as the degree of replacement was increased. 

· There were no indications of HCN toxicity on any of the diets
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Review of the nutritive value and effects of inclusion of forages in diets for pigs
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Abstract

The tropics have a huge natural potential for the production of forage plants, many of which are valuable sources of nutrients for monogastric animals. This article attempts to review the work that has focused on the chemical composition of some of the most important tropical forages, including amino acid balance, and on evaluating the effects of preservation method and the effects of including these forages on the intake, diet digestibility and performance of growing pigs and pregnant sows. The major green forages covered are cassava leaves (Manihot esculanta Crantz), groundnut foliage (Arachis hypogaea), sweet potato vines (Ipomoea batatas), leucaena leaves (Leuceana leucocephala), mungbean foliage (Phaseolus aureus), water spinach (Ipomoea aquatica Forsk), duckweed (Lemna minor) and Trichanthera leaves (Trichanhtera gigantea). 

There is some evidence that green forages generally have an acceptable amino acid profile, but that for a variety of reasons, in particular the presence of anti-nutritional factors, including them in pig diets at high levels depresses digestibility and feed intake. Sun-drying and ensiling can be good preservation methods under tropical conditions that reduce the content of some anti-nutritional factors. There are differences in response to forage inclusion in diets for growing pigs, depending amongst other things, on the material that the forages replace. However, pregnant sows can utilize high fiber diets, and green forages can be a useful ingredient in diets for sows during pregnancy, as they not only are relatively high in protein but also in vitamins and minerals, and can give good reproductive performance.
Key words: Forages, digestibility, pigs, preservation method, reproduction, sows.


Introduction

In view of the worldwide demand for additional sources of food, the exploitation of plants of low economic importance would be a step towards better resource utilization (Telek and Martin 1983). The tropical zones contain the biggest genetic diversity of species and particularly of vascular plants of interest in this context. The non-conventional forage plants are an important example of this huge natural potential (Rosales et al 1993). To be useful these plant species must be locally and readily available, cheap, and acceptable to animals. The green part of biomass is potentially the most abundant protein source (D'Mello 1995). However, the major problems, which limit the use of these plants as protein sources for monogastrics, are their low palatability and high levels of fibre, which may decrease the feed intake and availability of nutrients (Rosales et al 1993). Further, the occurrence of anti-nutritive and toxic substances (e.g. tannins, saponins, phenols, alkaloids and steroids) may also inhibit the exploitation of these materials. High water content in some plants may also be a limiting factor.

An important question is the preservation of these biomass products. The most common way of preserving feedstuffs in tropical countries is to sun-dry. However, in the rainy season it is difficult to sun-dry, and extending the drying period diminishes the nutritional quality of the product. Thus, ensiling or high temperature drying have an advantage over sun-drying in this respect (Brown and Chavalimu 1985). At present only a limited proportion of potential plant species are used because of the failure to appreciate their potential value, and also the seasonality of supply and cost of preservation. In addition, the lack of knowledge of the nutritional characteristics of the materials, the perceived reduced nutritional value, and the lack of appropriate guidelines and recommendations for their use are also constraining factors (Close 1993). 

The aims of this paper are to review studies on the chemical composition and amino acid pattern of some tropical biomass products, including leaves and vines, including the effects of preservation methods such as sun-drying and ensiling on the chemical composition, and on the nutrient digestibility and the amino acid availability at the ileal and faecal level in pigs, and to summarize data on the nutritional value of potentially useful tropical biomass products. 

Influence of biomass species on chemical composition 

The major green forages covered in this review are cassava leaves (CL; Manihot esculanta Crantz), groundnut foliage (GF; Arachis hypogaea), sweet potato vines (SP; Ipomoea batatas), leucaena leaves (LL; Leuceana leucocephala), mungbean foliage (Mb; Haseolus aureus), water spinach (WS; Ipomoea aquatica Forsk), duckweed (DW; Lemna minor) and Trichanthera leaves (Tric; Trichanthera gigantea). (Table 1).

Chemical analyses have indicated marked differences in chemical composition among plant species and varieties of plants. The content of organic matter (OM) varies from 73.6 to 92.8 % of dry matter (DM). This is the result of anatomical differences between plant species and depends on the effect of plant development as well as on the ratio of leaf/stem. The content of OM in the aquatic species is lower than that of the terrestrial species, due to their higher content of minerals (Phuc et al. 2001). Among the terrestrial plant species the leaf products are characterized by a higher crude protein (CP) content as compared with the vine products (averaging 28.2 and 21.8 % of DM, respectively), while the neutral detergent fiber (NDF) contents of the leaves are correspondingly lower (28.4 versus 33.6 % of DM, respectively). Therefore a further separation of the leaves from the structural plant elements would probably result in an upgrading of their nutritive value. 

	Table 1. Dry matter content (%) and chemical composition (% of DM) of biomass products reported in 

various  studies 



	
	Dry matter
	Crude protein
	Ether extract
	Ash
	Crude fibre
	NDF
	Source

	
	
	
	
	
	
	
	

	Cassava leaves
	-
	16.7 – 39.9
	3.8 -  10.5
	5.7 - 12.5
	4.8 – 29.0
	-
	Ravindran 1993

	  
	19.5 – 23.3
	18.5 – 32.4
	3.9 - 12.8
	7.5 - 11.1
	6.4 – 9.4
	-
	Rogers and Milner 1963

	
	26.0
	23.9 – 34.7
	11.3 – 15.6
	5.0 – 8.1
	9.7 – 16.5
	32.0 – 33.5
	Phuc et al 2000

	
	
	
	
	
	
	
	

	Duckweed
	6.0 – 8.0
	15.0 – 43.0
	4.4 - 5.4
	13.0 - 15.0
	5.0-25.0
	-
	Leng et al 1995

	
	4.0
	37.0
	5.0
	11.0
	7.5
	-
	Dudley and Culley 1978

	
	6.0
	33.2
	5.0
	19.9
	
	32.2
	Phuc et al 2001

	
	
	
	
	
	
	
	

	Indicago leaves
	-
	26.2
	2.2
	8.9
	25.5
	-
	Göhl 1981

	
	19.5
	29.3
	4.5
	9.6
	-
	18.5
	Phuc et al 2001

	
	
	
	
	
	
	
	

	Groundnut foliages
	26.9
	17.5
	2.2
	8.6
	20.1
	-
	Göhl 1999. 

	
	-
	17.5
	4.6
	9.4
	26.5
	41.9
	Phuc and Lindberg 2000

	
	24.5
	22.3
	2.3
	8.1
	-
	38.7
	Phuc et al 2001

	
	
	
	
	
	
	
	

	Leucaena  leaves
	-
	22.4 – 29.4
	3.4 - 3.8
	9.8 – 10.4
	7.3 – 12.4
	-
	D’Mello and Acavomic 1989

	
	31.2
	19.4 – 34.4
	-
	5.5 -  8.6
	-
	49.3 - 64.4
	Garcia et al 1996.

	
	25.5
	28.3 – 30.2
	5.4 - 10.7
	8.0 – 8.6
	15.7
	34.4 - 37.5
	Phuc et al 2001;  2000   2000indberg2000,Phuc et al 2001 Phuc et all., 20012000Paper I and  Paper III

	
	
	
	
	
	
	
	

	Mung  beanbeanbean foliages
	16.0
	19.4
	2.5
	16.0
	26.8
	-
	Göhl 1999

	
	17.1
	21.3
	2.4
	13.2
	-
	28.4
	Phuc et al 2001

	
	
	
	
	
	
	
	

	Sweet pot. potpopotato vines
	14.2
	18.5
	-
	12.5
	23.5 ADF
	
	Dominguez 1992

	
	15.0
	18.2
	-
	17.7
	22.3 ADF
	26.2 
	Godoy and Elliot 1981*

	
	14.2
	20.6
	2.5
	9.1
	-
	28.4
	Phuc et al 2001

	
	
	
	
	
	
	
	

	Trichanthera leaves
	20.0-26.0
	15.1 – 22.5
	
	16.7 – 19.9
	16.7 – 18.3
	29.7
	Rosales 1997

	
	-
	20.9
	4.0
	26.4
	-
	33.0
	Phuc et al 2001

	
	
	
	
	
	
	
	

	Water spin. Spinach
	8.0
	29.0
	-
	15.0
	12.0
	-
	Bruemmer and Roe 1979

	
	10.6
	26.4
	2.6
	11.2
	-
	22.9
	Phuc et al 2001

	* Cited by Dominguez 1992.





	Table 2. Chemical composition (% of DM), essential amino acid (EAA) and non-essential amino acid (NEAA) content (g per 16 g N) and gross energy (MJ/kg DM) in the biomass products† investigated 

	
	WS
	LL
	DW
	GF
	Tric
	Ind
	Mb
	CL 
	Alfalfa ‡
	Soybean‡

	Chemical composition
	
	
	
	
	
	
	
	
	

	Organic matter
	88.8
	92.0
	80.1
	91.9
	73.6
	90.4
	86.8
	92.8
	
	

	Crude protein
	26.4
	30.2
	33.2
	22.3
	20.9
	29.3
	21.3
	32.4
	18.8
	51.8

	Ether extract
	2.6
	5.4
	5.0
	2.3
	4.0
	4.5
	2.4
	6.4
	
	

	NDF
	22.9
	34.4
	32.2
	38.7
	33.0
	18.5
	28.4
	27.5
	
	

	Essential amino acids
	
	
	
	
	
	
	
	
	

	Arginine
	6.0
	5.2
	6.7
	4.8
	5.3
	6.1
	7.7
	6.3
	4.1
	7.4

	Histidine
	1.6
	2.1
	2.2
	1.9
	2.3
	2.8
	2.1
	2.2
	2.2
	2.8

	Isoleucine
	3.8
	3.8
	4.0
	3.6
	4.2
	4.5
	4.1
	4.1
	4.0
	4.6

	Leucine
	7.2
	7.3
	7.6
	6.6
	8.0
	7.5
	7.7
	8.7
	7.1
	7.8

	Lysine
	4.2
	5.0
	4.2
	3.6
	3.7
	4.1
	4.1
	5.1
	4.3
	6.3

	Methionine
	1.7
	1.2
	1.9
	1.0
	1.4
	1.8
	1.1
	1.6
	2.5 §
	3.0 §

	Phenylal.
	5.2
	5.4
	5.3
	5.2
	5.7
	6.6
	5.2
	6.3
	4.9
	5.3

	Threonine
	4.1
	3.9
	4.2
	3.7
	4.3
	4.4
	4.3
	4.4
	4.1
	4.0

	Tyrosine
	3.7
	4.0
	3.9
	3.5
	4.6
	4.6
	3.6
	4.3
	3.3
	3.8

	Valine
	5.2
	5.1
	5.6
	4.7
	5.5
	5.1
	5.4
	5.9
	5.0
	4.7

	S EAA
	42.8
	43.1
	45.5
	38.6
	44.9
	47.5
	45.4
	48.9
	41.5
	49.7

	S AA
	80.4
	78.4
	83.2
	75.8
	81.5
	85.0
	79.3
	87.8
	81.4
	98.7

	Gross energy
	18.2
	21.8
	17.8
	17.4
	18.4
	19.9
	17.1
	21.3
	
	


A large variation in the content of fibrous constituents is found among species. The content of NDF between the species varies from 18.5 to 38.7 % of DM (average 29.5 %). However, a considerable variation of crude fiber (CF) content is found between varieties of cassava leaves (CL) (i.e. 9.7 to 14.6 % of DM). The biomass products investigated in the study of Phuc et al (2001) were found to be high in CP, on average 27 % of DM (from 20.6 to 33.2 % of DM). However, on a DM basis the CP contents may change with the varieties, as in the six CL varieties studied, concentrations ranged between 24 and 35 % of DM (Phuc et al 2000), and of the biomass products studied CL are known to be characterized by a high content of CP. The chemical composition values of biomass products are similar to those of earlier studies on WS (Bruemmer and Roe 1979; Jain et al 1987), LL (D'Mello and Acamovic 1989; Rosales et al 1993; Garcia et al 1996), DW (Dudley and Culley 1978; Leng et al.1995; Journey et al 1991), GF (Göhl 1981), Mb (Göhl 1999) and other studies on CL (Eggum 1970; Ravindran 1990, 1993).

Green forages generally have an acceptable amino acid (AA) profile in comparison to e.g. alfalfa and soybean meal (Figure 1). The sum of essential AA (EAA) as percentage of CP varies between 38.6 and 48.9 %. According to Phuc et al (2000) (Table 2) the average lysine (Lys) content of the biomass products was 4.3 % of CP. An inter-species comparison revealed an inferior content of Lys in the CP of GF and Tric compared with other species. For threonine (Thr) the variation between species was limited, with an average of 4.1 % of CP. The contents of Thr in DW, Tric, Indicago, Mb, and CL were quite acceptable compared with the ideal AA pattern for pigs, while the concentration of the S-containing AA, Met and Cys (average 1.5 % of CP), would be limiting (NRC 1998). The AA composition of these forages is therefore of great importance when the feeds are used as protein sources for monogastric animal species. 

[image: image28]Figure 1.  Amino acid contents (g/16 g N) of various forage biomass products and alfalfa and soybean meal
Effect of inclusion of forage biomass on feed intake

Increased levels of protein replacement by forage biomass CP in pig diets at the expense of soybean, leads to increased fibre content of the diets. The variation of inclusion level of biomass products has to be addressed as an important factor for the acceptability of the diets by the animals. Reductions of feed intake have been noted at high levels of inclusion of forages, especially for LL, Tric, Ind and CL (Phuc et al 2001). This was partly due to the increased content of dietary fibre but also possibly to anti-nutritional factors present in the biomass products. Most soluble polyphenolics have a bitter or astringent taste (Van Soest 1994; Kumar and D'Mello 1995), which would also tend to reduce intakes. The bitter taste of LL has been attributed partly to the presence of tannins as well as saponins (D'Mello and Fraser 1981). High HCN levels in CL were also seen in the studies by Lee and Hutagalung (1972) and Mahendranathan (1971). 

Effect of inclusion of forage biomass on digestibility and N-retention

The studies of Phuc and Lindberg (2000a) have clearly demonstrated that increasing levels of inclusion of biomass products in diets for growing pigs, lowered the ileal and total tract digestibility of OM and CP (Table 3), in accordance with earlier reports (Kornegay 1978; Kennelly and Aherne 1980; Sarwat et al. 1988). Figure 2 illustrates the relationship between the dietary NDF content and dOM for rats and pigs. This can be explained by differences in chemical composition between the basal diet and the biomass products, and the depressive effect of fibrous constituents on the apparent digestibility of the non-fibrous components of the diet (Fernandez and Jørgensen 1986).

	[image: image29]
	
	[image: image30]

	Figure 2a. Relationship between organic matter digestibility (dOM, %) and dietary NDF content (% of DM) in rats
	
	Figure 2b. Relationship between organic matter digestibility (dOM, %) and dietary NDF content (% of DM) in pigs


The negative effects of dietary fibre are partly a result of a reduced transit time of the ingesta in the small intestine caused by fibrous components, limiting the time for nutrient digestion and absorption (Low 1982; Den Hartog et al 1985). The extent of the reduction in digestibility has been shown to vary with the level of fibre and the feeding level (Dierick et al 1989; Ravindran 1990). Furthermore, the rate of diffusion of solubilized nutrients towards the mucosal surface may be slowed down, and solubilized nutrients may also be adsorbed by fibrous constituents, due to water binding (Bergner 1982). In this context the observation that the process of nutrient digestion is greatly influenced by differences in the chemical and physical structures of fibrous components has to be considered (Chen et al 1982; Agarwall and Chauhan 1989). Furthermore, anti-nutritional factors in the biomass products may have interfered with the process of digestion (Makkar 1993). Tannins are known to occur in cassava leaves (Ravindran 1993; Oke 1994) as well as in Tric and LL (Rosales et al 1993), which may adversely affect dCP. In addition, part of the dietary CP disappears in the hindgut and it is reasonable to assume that this is the result of microbial fermentation and breakdown (Mason and Palmer 1973). A large variation in the disappearance of the nutrients in the hindgut demonstrates that the extent of this process differs among individual animals (Table 3). 

	Table 3. Ileal and total tract apparent digestibility coefficients of nutrients and energy in the experimental diets† (Phuc and Lindberg 2000a)

	
	Control
	Cassava leaves
	Groundnut
foliage
	Leucaena
	SEM
	P-value

	
	
	Sun-dried
	Ensiled
	
	leaves
	
	

	Ileal
	
	
	
	
	
	
	

	Organic matter
	0.84 a
	0.76 b
	0.77 b
	0.79 c
	0.77 b
	0.01
	***

	Crude protein
	0.73 a
	0.63 b
	0.64 b
	0.67 c
	0.64 b
	0.01
	***

	Crude fat
	0.57
	0.47
	0.52
	0.52
	0.56
	0.03
	

	NFE
	0.90 a
	0.85 b
	0.86 b
	0.86 b
	0.85 b
	0.01
	***

	Crude fibre 
	0.14 a
	0.23 b
	0.25 b
	0.31 c
	0.19 a
	0.02
	***

	NDF 
	0.29 a
	0. 28 a
	0.27 a
	0.39 b
	0.28 a
	0.02
	*

	ADF
	0.32 a
	0.26 b
	0.27 b
	0.35 a
	0.27 b
	0.03
	**

	Energy 
	0.84 a
	0.76 b
	0.76 b
	0.79 c
	0.75 b
	0.01
	***

	
	
	
	
	
	
	
	

	Total tract
	
	
	
	
	
	
	

	Organic matter
	0.91 a
	0.85 b
	0.87 c
	0.87 c
	0.85 b
	0.01
	***

	Crude protein
	0.83 a
	0.73 b
	0.73 b
	0.75 c
	0.70 b
	0.02
	***

	Crude fat
	0.64 a
	0.52 b
	0.55 b
	0.57 b
	0.58 b
	0.02
	**

	NFE
	0.97 a
	0.94 b
	0.94 b
	0.95 b
	0.94 b
	0.01
	***

	Crude fibre
	0.55 a
	0.52 b
	0.51 b
	0.52 b
	0.54 a
	0.02
	***

	NDF 
	0.67 a
	0.52 b
	0.52 b
	0.63 a
	0.49 b
	0.02
	***

	ADF
	0.61 a
	0.43 b
	0.46 b
	0.56 c
	0.47 b
	0.02
	***

	Energy
	0.90 a
	0.83 b 
	0.84 b 
	0.85 c 
	0.83 b 
	0.01
	**

	a,b,c,d Means with different superscripts within rows are different (P<0.05)
† Ileal flow of sugars and starch was found to be zero


Comparison of digestibility of tropical and temperate biomass products

The results of the studies of Phuc et al (2001) (Table 4) on tropical herbages show that the digestibility coefficients were lower than those of temperate herbage reported by Lindberg and Andersson (1998). For dOM a regression coefficient of -1.1 per percentage unit increase in NDF versus -0.8 was found by the latter authors. The reason for this is the differences in composition between the materials studied, in which the character of temperate and tropical biomass products play an important role. Tropical herbages mature more rapidly, and their protein content falls to very low levels, and fibre content increases with maturity. In the wet tropics the herbage available is usually fibrous but lush (i.e. high in water content), whereas in drier areas the mature herbage becomes desiccated. In both cases digestibility may be reduced. Another factor of nutritional importance is that tropical herbages have higher tensile strength than temperate plants due to their having more vascular bundles, thick-walled bundle sheaths and hence more lignin. Also the mesophyl cells are more densely packed than those in temperate forages. The consequence of this is lower digestibility of tropical compared with temperate forages. However, the difference is much less for tropical legumes compared to temperate legumes, because they are more similar anatomically (Van Soest 1994).

	Table 4. Regression equations of the crude protein digestibility (dCP) and nitrogen utilization (Nu ; N retention as a percentage of N intake) and overall on protein replacement level (x, i.e. 0, 25 or 50 %) and organic matter digestibility coefficients (dOM) of the diets and overall on dietary NDF content ( % of DM) (Phuc et al 2001)

	
	WS
	LL
	DW
	GF
	Tric
	Ind
	Mb
	CL
	Overall

	dCP
	
	
	
	
	
	
	
	
	

	Intercept
	92.5
	92.5
	93.2
	92.3
	93.0
	93.0
	92.5
	93.0
	92.1

	Slope
	-0.42
	-0.42
	-0.30
	-0.36
	-0.60
	-0.28
	-0.34
	-0.32
	-0.36

	R2
	0.98
	0.98
	0.99
	0.98
	0.96
	0.98
	0.99
	0.98
	0.80

	Nu 
	
	
	
	
	
	
	
	
	

	Intercept
	70.5
	71.0
	71.3
	70.5
	72.7
	71.2
	71.0
	71.5
	71.8

	Slope
	-0.42
	-0.52
	-0.40
	-0.50
	-0.68
	-0.62
	-0.40
	-0.30
	-0.49

	R2
	0.98
	0.98
	0.99
	0.99
	0.97
	0.98
	0.99
	0.98
	0.77

	dOM
	
	
	
	
	
	
	
	
	

	Intercept
	95.6
	95.3
	97.6
	96.6
	97
	97.0
	96.4
	96.9
	97.7

	Slope
	-0.77
	-0.80
	-0.90
	-0.94
	-1.37
	0.96
	-0.91
	-0.88
	-1.10

	R2
	0.74
	0.94
	0.87
	0.83
	0.43
	0.98
	0.57
	0.86
	0.80

	† For abbreviations see footnote Table 2 
a,b,c,d Means with different superscripts within rows are different (P<0.05)


Digestibility of different fibre constituents 

Studies with pigs have shown that part of the dietary fibre had been digested at the terminal ileum and that this slightly increased with the incorporation of biomass products in the diets (Table 3). This suggests that pigs are able to digest a substantial part of plant fibre pre-caecally, as has been documented in reports on lucerne, red clover, white clover and perennial ryegrass (Lindberg et al.1995; Andersson and Lindberg 1997a; 1997b), coastal Bermuda grass (Dierick 1989), malt culms, dark grains and wheatings (Zoiopoulos et al 1983) and wheat bran and sugar beet pulp (Graham et al 1986). Due to a solubilization of fibre in the upper gastrointestinal tract (Graham et al. 1986), the ileal digestibility of NDF is generally higher than that of crude fibre. The digestibility of ADF, containing more resistant components, could also be expected to be much lower at both the ileal and faecal level (Table 3). 

Digestibility of AA at the terminal ileum

Most AA are digested to a greater extent than the CP (Table 5). The reduction in EAA apparent ileal digestibility when biomass products are included in the diet is due to an increase in the ileal flow of AA with increasing fibre content in the diets (Phuc and Lindberg 2000b; Reverter and Lindberg 1998; Reverter et al 1999). Furthermore, an increase of endogenous AA secretions could also be expected (Boisen and Moughan 1996; Jondreville et al 2000). The magnitude of this effect will depend on the digestibility of the basal diet, the level and type of the fibre and the contribution of the fibre source to the dietary amino acid supply (Sauer et al 1980; Lenis et al 1996). In addition to fibre level and quality, the presence of tannins (Eggum and Christensen 1975; Göhl and Thomke 1976) and enzyme inhibitors (Kidder and Manner 1978) might also influence the digestibility of protein and AA. 

However, most AA are digested to a greater extent than CP, which may be due to the effect of NPN content and other factors in the products. The apparent ileal digestibilities of dietary Arg, His and Lys have been found to be highest, while that of Thr was the lowest (Phuc et al 2000b). There was a significant reduction (P<0.05) found in the apparent ileal digestibility of AA (dAA) in diets with inclusion of CL and LL compared to a control diet (Phuc et al 2000b) (Table 5).

	Table 5. Apparent ileal digestibility of crude protein and of essential and non-essential amino acids in experimental diets † (Phuc and Lindberg 2000b)

	
	Diet
	

	
	Control
	CLM
	CLE
	GF
	LLM
	SEM

	Crude protein
	0.73a
	0.63b
	0.64b
	0.72a
	0.65b
	0.01

	Essential amino acids
	
	
	
	
	

	Arginine
	0.90a
	0.80b
	0.82 b
	0.87 a
	0.78 b
	.007

	Histidine
	0.81
	0.77
	0.79
	0.80
	0.78
	.017

	Isoleucine
	0.79 a
	0.70 b
	0.69 b
	0.77 a
	0.71 b
	.007

	Leucine
	0.84 a
	0.74 b
	0.76 b
	0.82 a
	0.75 b
	.005

	Lysine
	0.85 a
	0.79 b
	0.79 b
	0.82 a
	0.77 b
	.007

	Methionine
	0.77 a
	0.70 b
	0.71 b
	0.75 a
	0.73 b
	.009

	Phenylalanine
	0.87 a
	0.76 b
	0.78 b
	0.84 a
	0.78 b
	.009

	Threonine
	0.73 a
	0.66 b
	0.68 b
	0.72 a
	0.66 b
	.011

	Tyrosine
	0.80 a
	0.75 b
	0.74 b
	0.77 a
	0.73 b
	.008

	Valine
	0.75 a
	0.67 b
	0.66 b
	0.74 a
	0.67 b
	.008

	Non-essential amino acids
	
	
	
	
	

	Alanine
	0.77 a
	0.70 b
	0.72 b
	0.76 a
	0.69 b
	.005

	Aspartic acid
	0.83 a
	0.73 b
	0.75 b
	0.81 a
	0.75 b
	.006

	Glutamic acid
	0.86 a
	0.79 b
	0.80 b
	0.83 a
	0.80 b
	.006

	Glycine
	0.78 a
	0.70 b
	0.71 b
	0.76 a
	0.69 b
	.012

	Proline
	0.82
	0.77
	0.76
	0.80
	0.77
	.023

	Serine
	0.81 a
	0.73 b
	0.75 b
	0.80 a
	0.72 b
	.008

	† CLM = cassava leaf meal; CLE = ensiled cassava leaves; GF = groundnut foliage; LLM = leucaena leaves
ab,c,d Means with different superscripts within rows are different (P<0.05)


Effect of preservation on chemical composition

In some studies sun-drying has been found to have only a small effect on the CP content compared to 60 oC oven- drying of cassava leaf meal (CLM) (Phuc et al 2001b). However, after drying at 105 oC, Maillard reactions occur and Lys content has been found to decrease, most likely due to the formation of lignin-like polymers, which also resulted in a higher fibre content (Van Soest and Mason 1991). Ensiling has been found to have only a limited effect on the content of EAA as compared with drying (Phuc et al 2001) (Table 6). The high content of lactic acid and low content of ammonia as a percentage of total N confirmed the ideal ensiling conditions (Van Soest 1994) resulting from cane molasses addition (Table 7). 

	Table 6. Chemical composition (% of DM), and essential amino acid (EAA) and non-essential amino acid (NEAA) content (g per 16 g N) in the biomass products investigated (Phuc et al 2001b)

	
	Cassava leaves
	Cassava leaves
	Sweet potato vines

	
	Batch A
	
	Batch B
	
	

	
	Sun
dried
	Dried 
60 oC
	Dried 
105 oC
	Sun
dried 
	Ensiled
	Sun
dried
	Ensiled

	Chemical composition 
	
	
	
	
	
	

	Organic matter
	92.8
	92.4
	92.8
	91.4
	92.8
	89.9
	86.6

	Crude protein
	32.4
	32.7
	32.2
	33.3
	31.7
	20.6
	20.1

	Ether extract
	6.4
	7.5
	8.2
	7.2
	8.1
	2.5
	3.3

	NDF
	27.5
	25.3
	37.6
	24.4
	24.8
	28.4
	29.2

	Essential amino acids 
	
	
	
	
	
	

	Arginine
	6.3
	6.4
	5.8
	6.5
	5.6
	6.0
	5.9

	Histidine
	2.2
	2.0
	2.0
	1.8
	1.7
	2.0
	2.2

	Isoleucine
	4.1
	4.4
	4.5
	4.2
	4.2
	4.2
	4.2

	Leucine
	8.7
	8.9
	9.1
	8.3
	8.3
	8.2
	8.0

	Lysine
	5.1
	5.1
	4.2
	5.5
	5.4
	4.8
	4.9

	Methionine
	1.6
	1.4
	1.5
	1.6
	1.4
	1.4
	1.2

	Phenylalanine
	6.3
	6.2
	6.2
	6.2
	5.6
	5.7
	5.6

	Threonine
	4.4
	4.2
	4.4
	4.1
	3.9
	4.4
	4.2

	Tyrosine
	4.3
	4.6
	4.6
	4.4
	4.4
	4.1
	3.8

	Valine
	5.9
	5.6
	5.7
	5.6
	5.3
	5.4
	5.5

	S EAA
	48.9
	48.8
	48.0
	48.2
	45.8
	46.2
	45.5

	S AA
	87.6
	87.3
	87.3
	85.5
	83.3
	84.0
	82.9


	Table 7. pH and content of organic acids (% of DM) and ammonia (g per 100g N) in ensiled cassava leaves (CLE) and ensiled sweet potato vines (SPV)

	
	CLE
	SPV

	pH
	3.8
	4.0

	Succinic acid
	0.4
	0.6

	Lactic acid
	8.5
	9.6

	Acetic acid
	1.0
	1.0

	Propionic acid
	0.2
	-

	2,3 – butane-diol
	0.1
	0.3

	Butyric acid
	0.0
	0.0

	Ethanol
	1.7
	5.3

	Ammonia
	3.5
	4.2


Anti-nutritional constituents 

Anti-nutritional factors in livestock feedstuffs are widespread. Consumption of foods containing these constituents may lower feed intake, nutrient utilization, food conversion efficiency and hence animal performance as well as economy. At high levels of dietary intake toxicity ensues and sometimes even animals will die. An acute shortage of conventional foodstuffs for the feeding of livestock in developing countries has forced planners and nutritionists to look for unconventional feed resources, wherein there is no competition with humans. These unconventional feed resources may contain anti-nutritional constituents limiting their biological value. Nevertheless, an unconventional food today could be a conventional food of the future (Makkar 1993). Some of the biomass products under investigation have been reported to contain anti-nutritional constituents such as tannins, cyanogenic glucosides and mimosine.

Tannins

Most plant leaves contain tannins, which are a diverse group of polyphenolic substances. Tannins can be defined as any phenolic compound of moderately high molecular weight containing sufficient phenolic hydroxyls and other suitable groups to effectively form strong complexes with proteins and other macromolecules (Van Soest et al 1987). According to these authors conventional classification recognises two types of tannins, (i) the condensed tannins, which are polymeric forms of flavonols, and (ii) the hydrolysable tannins which are esters of sugar and polyhydroxyphenolic acids. These compounds have adverse effects on growth and have the capability to lower the protein digestibility and amino acid availability, either by forming indigestible complexes with dietary proteins or by inactivation of proteolytic enzymes (Kumar and Singh 1984). Most soluble polyphenolics have a bitter or astringent taste (Van Soest 1994). Reduced feed intake may occur due to the slowdown in the digestion of the feed or due to low palatibility (Kumar and D'Mello 1995). Tannin contents are reported to increase with maturity and vary between cultivars (Ravindran 1993), and in cassava leaves vary from 30 to 50 g/kg DM (Ravindran 1993). LL contain tannins, with levels ranging from 12 to 44 g/kg DM (D'Mello and Acamovic 1989, Rosales et al. 1993). Tric also has been reported to contain around 50 g/kg DM tannins (Rosales et al 1993). 

Cyanogenic glucosides

The cyanogenic glucosides are toxic to animals when hydrocyanide acid (HCN) is generated (Van Soest 1994). The release of free HCN is brought about by the action of either the endogenous enzyme linamarase in damaged plant tissues or by β-glucosidases within the digestive tract of animals. Animals can detoxify cyanide via several pathways, but primarily by reaction with thiosulphate to form thiocyanate. This conversion represents a 200 fold reduction in toxicity. Thiocyanate, however, is a potent goitrogen and has been implicated in the aetiology of goitre in animals (Langer 1966; Shihombing et al 1971) and humans (Ekpechi 1973). In animals, while acute cases of cyanide toxicity usually result in sudden death, less severe cases may lead to gastrointestinal disorders and growth depression (Hill 1973). 

Since the sulphur needed for the detoxification of cyanide is obtained from dietary methionine, the presence of cyanogenic glucosides could lead to a deficiency of this essential amino acid at poor or marginal supply of methionine, resulting in reduced animal performance (Oke 1978). Bitterness associated with high cyanogenic glucoside content in cassava has been reported in a number of studies (Lee and Hutagalung 1972; Mahendranathan 1971; Sundaresan et al. 1987). Cyanide is the main anti-nutritional factor in CL that reduces the nutritional quality of the leaf meal. Generally, the cyanide content ranges from 200 to 800 mg HCN/kg fresh leaf but values as low as 80 mg/kg (Wood 1965) and as high as over 4,000 mg/kg (Ravindran and Ravindran 1988) have been reported. Per kg DM the practical range of HCN content would correspond to between 800 to 3,200 mg. The glucoside concentration in cassava leaves decreases with the age (Lutaladio 1984; Ravindran and Ravindran 1988) and nutritional status of the plant, and is increased by e.g. N-fertilization (De Bruilin 1973). The elimination of cyanogens by heating will depend on the temperature, the stage of development of plant, and the type of heat. Simple sun-drying or oven drying has been reported to eliminate almost 90 % (Phuc et al 2000), and sun-drying reduces the cyanogen content of CL more effectively than ensiling (Table 8) (Phuc et al 2000, 2001b) because of the stability of the linamarase at low pH values (Oke 1994). Despite its high content of HCN, documented cases of poisoning due to the ingestion of CL are rare (Ravindran 1993).

	Table 8. Contents of total HCN, intermediary products (cyanohydrine), free HCN and glucoside (linamarin) (mg/kg DM) of cassava leaves 

	
	Cassava leaves A
	Cassava leaves B

	
	Sun
dried
	Dried
60 oC
	Dried
105 oC
	Sun
dried
	Ensiled
dried

	Total HCN
	59
	86
	28
	255
	250

	Intermediary cyanohydrine)
	13
	47
	1
	152
	215

	Free HCN
	13
	33
	9
	62
	5

	Glucoside (Linamarin)
	33
	6
	18
	42
	30

	HCN content of ensiled cassava leaves (not dried): total HCN: 762; Cyanohydrine: 673; Free HCN: 17 and Linamarin: 73.
Hydrogen cyanide (HCN)


Mimosine

Mimosine is an alkaloid [beta-N-(3-hydroxy-4-pyridone)] found in Leucaena leucocephala (LL), a legume widely distributed in tropical areas as a fodder tree. Mimosine has been shown to be responsible for some animal disorders. Crounse et al (1962) suggested that mimosine may interfere with tyrosine metabolism by preventing iodination of tyrosine, the first step in the synthesis of thyroxine, resulting in goitre and loss of appetite. Mimosine poisoning also causes loss of hair (Jones et al 1976) and poor reproductive performance. The mimosine content of fresh LL can be decreased by heating to temperatures > 70 oC, or by addition of iron salts (i.e.ferrous sulphate) (National Academy of Sciences 1977, Meulen et al 1979; D'Mello and Acamovic 1989; Kumar and D'Mello 1995; Laswai et al 1997). The mimosine content can also be reduced by soaking in water and drying. Concentrations of mimosine in the leaf range from 10 to 25 g/kg DM, with even higher quantities of up to 145 g/kg DM in the seeds (D'Mello 1991). For a time Australian agronomists selected low mimosine strains in leucaena (Van Soest 1994). However, Brewbaker and Hutton (1979), Chen et al. (1982) and Phuc and Lindberg (2000) observed no harmful effects when including 10 % and 16 % LL in diets for growing pigs, although Wayman et al (1970) showed that diets containing 15 % LL reduced the ability of gilts to conceive and reduced average litter size and weight. 

Saponins

Saponins are glycosides containing a polycyclic aglycone moiety of either C27 steroid or C30 triterpenoid attached to the carbohydrate. They are widely distributed in the plant kingdom and have a characteristic bitter taste (Kumar and D'Mello 1995). According to Basu and Rastogi (1967) and Oakenfull (1981) LL also contain saponins which have adverse effects on monogastric animal growth and may also affect cholesterol metabolism (Oakenfull 1981; Cheeke 1976). The bitter taste of LL has been attributed partly to the presence of tannins (D'Mello and Fraser 1981) and partly to saponins.

Other anti-nutritional factors

D'Mello and Acavomic (1989) claim that other anti-nutritional factors, such as protease inhibitors and galactomannan gums, are present in biomass products and may also reduce performance. There is evidence of relative low in vitro digestion of NDF and organic matter in Indicago hirsusta (Ind) (Brown and Pitman 1991) and early references (Bailey 1906; cited by Göhl 1981) refer to suspected poisoning of stock by Ind, but these suspicions apparently have not been confirmed.

Estimations of the nutritive value of forages in pigs

The chemical composition of forage biomass products tested with pigs and their nutritive value estimated by the difference method and by the regression method are shown in Tables 9 and 10 (Phuc et al 2001a; Phuc and Lindberg 2000b). 


	Table 9. Estimated digestible energy (DE, MJ/kg DM), digestibility (%) of organic matter (dOM) and crude protein (dCP) of biomass products investigated † (Phuc et al., 2001b)

	
	WS
	LL
	DW
	GF
	Tric
	Ind
	Mb
	CL

	DE ‡
	10.8
	9.6
	8.2
	7.8
	5.1
	12.7
	8.6
	11.5

	dOM
	57
	43
	50
	50
	33
	65
	54
	59

	dCP
	51
	46
	64
	57
	34
	64
	59
	61

	†For abbreviations see footnote Table 1
‡ DE (MJ/kg DM) calculated from digestibility of dry matter and gross energy


	Table 10. Gross energy (GE, MJ per kg DM), and organic matter (OM), crude protein (CP), NDF content (% of DM) and estimated digestible energy (DE, MJ/kg DM), digestibility (%) of organic matter (dOM) and crude protein (dCP) of biomass products investigated in pigs (Phuc et al 2000a, 2001b)

	
	
	LL
	GF
	CL
	ECL

	Chemical composition
	
	
	
	
	
	

	GE
	
	21.5
	18.1
	19.2
	21.4
	-
	21.2
	-

	OM
	
	91.4
	90.6
	91.4
	91.3
	89.1
	89.5
	89.7

	CP
	
	28.3
	17.5
	33.3
	26.4
	26.0
	24.5
	27.6

	NDF
	
	37.5
	41.9
	24.4
	32.1
	33.5
	32.6
	33.5

	Digestibility
	
	
	
	
	
	
	

	DE
	
	10.9
	10.8
	11.3
	11.0
	-
	12.0
	-

	dOM
	
	53
	64
	59
	54
	51
	59
	52

	dCP
	
	42
	47
	59
	45
	44
	46
	59


The coefficients of digestibility of amino acids of some biomass products are shown in Table 11 (Phuc and Lindberg 2000b).

	Table 11. Apparent ileal digestibility of crude protein, essential and non-essential amino acids in sun-dried cassava leaves, ensiled cassava leaves, groundnut foliage and leucaena leaves

	
	Cassava leaves
	Groundnut
	Leucaena

	
	sun-dried
	ensiled
	foliage
	leaves

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Crude protein
	0.37
	0.02
	0.37
	0.03
	0.43
	0.07
	0.39
	0.05

	Essential amino acids
	
	
	
	
	
	
	

	Arginine
	0.50a
	0.07
	0.56 a
	0.05
	0.77 b
	0.04
	0.48 a
	0.03

	Histidine
	0.61 
	0.05
	0.68 
	0.03
	0.73
	0.04
	0.67
	0.05

	Isoleucine
	0.48 a
	0.02
	0.45 a
	0.04
	0.71 b
	0.05
	0.52 a
	0.05

	Leucine
	0.50 a
	0.03
	0.57 a
	0.02
	0.72 b
	0.09
	0.52 a
	0.03

	Lysine
	0.64 a
	0.04
	0.64 a
	0.04
	0.73 b
	0.06
	0.61 a
	0.07

	Methionine
	0.56 a
	0.03
	0.55 a
	0.04
	0.73 b
	0.05
	0.57 a
	0.12

	Phenylalanine
	0.55 a
	0.05
	0.52 a
	0.06
	0.68 b
	0.07
	0.55 a
	0.05

	Threonine
	0.52 a
	0.07
	0.54 a
	0.02
	0.69 b
	0.05
	0.52 a
	0.04

	Tyrosine
	0.64
	0.06
	0.61
	0.03
	0.65
	0.06
	0.60 a
	0.06

	Valine
	0.60 a
	0.05
	0.62 a
	0.03
	0.72 b
	0.04
	0.61 a
	0.03

	Non-essential amino acids
	
	
	
	
	
	

	Alanine
	0.56 a
	0.02
	0.57 a
	0.04
	0.73 b
	0.09
	0.54 a
	0.02

	Aspartic acid
	0.60 a
	0.04
	0.62 a
	0.03
	0.76 b
	0.06
	0.60 a
	0.05

	Glutamic acid
	0.55 a
	0.08
	0.53 a
	0.04
	0.67 b
	0.06
	0.57 a
	0.07

	Glycine
	0.50 a
	0.06
	0.54 a
	0.08
	0.69 b
	0.07
	0.49 a
	0.09

	Proline
	0.62 a
	0.04
	0.57 a
	0.07
	0.74 b
	0.05
	0.63 a
	0.04

	Serine
	0.62 a
	0.03
	0.61 a
	0.04
	0.78 b
	0.04
	0.64 a
	0.03

	a, b, c, d Means with different superscripts within rows are significantly different (P<0.05)


Effect of including forages in diets for growing pigs 

It is necessary to select forages suitable for pigs, and to determine the extent to which they can contribute to the supply of nutrients for different categories of animal. This presupposes knowledge of the chemical characteristics of the biomass products, and of their nutritional limitations, especially anti-nutritional factors. If these are known then combinations of locally available products may be suggested as suitable alternatives to provide an adequate supply of both energy and protein to meet the animals' nutritional requirements.

The differences in response to forages depend on the material that forages replace in the diet. For example, when CLM replaced rice bran in diets for growing pigs it gave higher daily weight gain, probably because of the slightly inferior composition of the rice bran compared with the CLM. However, an inverse effect was found when the CLM replaced a basal diet, which was of higher nutritive value than the CLM (Phuc et al 2003). This was also found in other studies on growing pigs (Fernandez and Jørgensen 1986).

A number of studies have shown that the inclusion level of CLM can be up to 12-15 %, and of ensiled cassava leaves up to 9-13% in the diet of fattening pigs without strong negative effects on growth rate.(Du Thanh Hang et al 1999; Ly 2002; Nguyen Thi Loc1997, 1999; Phuc et al 2003).

To use CLM for pigs efficiently, it is necessary to identify the diet. Up to 15 % of CLM can be used in the diet without any problem. However, the optimum level is usually from 4 to 10 %, depending on factors such as the basal diet, prices and the availability of the leaves (Table 12).

	Table 12. Effects of level of inclusion of CLM (% of DM) on the performance of growing-finishing pigs (Phuc et al 2003)

	Level of inclusion
	0 %
	4%
	8%
	12%

	Growth performance
	
	
	
	

	Initial weight
	23.1
	23.1
	23.1
	23.1

	Final weight
	84.1
	87.2
	84.7
	86.7

	Daily weight gain (g)
	545
	572
	548
	570

	Relative to control (%)
	100
	105
	100
	104

	FCR
	3.24
	3.24
	3.27
	3.33

	Relative to control (%)
	100
	100
	101
	103

	Carcass and meat quality
	
	
	
	

	No of slaughtered pigs
	2
	2
	2
	2

	Live weight (kg)
	92.0
	87.5
	93.5
	89.0

	Carcass weight
	71.3
	72.0
	73.5
	73.5

	Percentage (%)
	77.5
	82.3
	78.6
	82.6

	Back fat (mm)
	17.6
	15.5
	8.0
	7.5

	Chemical composition of meat (%)
	
	
	

	Protein
	21.9
	23.3
	22.6
	22.6

	Lipid
	5.65
	3.35
	3.7
	3.09


Effect of including forages in diets for pregnant sows

Pregnant sows can utilize high fiber diets, and so forage can be a useful feed ingredient for sows during pregnancy. It is not only high in protein but also in vitamins and minerals, and can give good reproductive performance. The limited energy requirement of pregnant sows means that sows can tolerate high fibre diets (up to 10% of fibre). An experiment where 10%, 20% and 30% of CLM replaced rice bran (Phuc 20003) showed that the number of piglets born was higher in the groups fed CLM than in the control group (Table13), and due to greater litter size, the total weaning weights per litter were higher in the CLM fed groups.

The better performance of the CLM fed groups was possibly due to the higher content of vitamins and minerals and the better amino acid profile of CLM than of rice bran. Especially beta-carotene can increase the production of uterine specific proteins which support embryo survival. It also contains a basic glycoprotein with iron-binding capacity and a group of acidic proteins with immuno-suppressive capabilities. Beta-carotene also increases the production of progesterone during the initial formation of the corpora lutea.

	Table 13. Effects of level of inclusion of CLM in the diet on the performances of pregnant sows (Phuc et al 2003)

	
	0%
	10%
	20%
	30%

	Number of sows 
	10
	9
	10
	10

	No.of piglets born/litter 
	9.9
	12.7
	11.2
	11.7

	Difference to control (pigs)
	
	+2.8
	+1.3
	+1.8

	No. of weaned pigs/litter
	8.5
	10.1
	9.2
	9.3

	Difference to control (pigs)
	
	+ 1.6
	+ 0.68
	+0.83

	Birth weight (kg/litter)
	15.5
	17.6
	16.9
	16.6

	Birth weight (kg/piglet) 
	1.6
	1.4
	1.7
	1.4

	Weaning weight/litter (kg)
	54.0
	61.6
	56.8
	61.4

	Difference to control (kg/litter)
	
	+ 7.6
	+ 2.8
	+7.4

	Weaning weight (kg/piglet) 
	6.3
	6.1
	6.2
	6.6

	Diarrhea rate (%) 
	12.4
	9.3
	11.2
	11.5

	Feed intake/day/sow (kg)
	2.3
	2.3
	2.3
	2.3

	Feed intake/day/sow in lactation (kg)
	4.9
	5.0
	5.0
	5.1


There were no indications of cyanide toxicity on any of the diets in the studies. It can be concluded that sun drying is a good processing method for eliminating the deleterious effects of HCN and to make CLM safe for animals. This result is in accordance with results reported by Phuc et al (2000; 2000a; 2001a, 2001b).


Conclusions

· Marked differences in nutritive properties have been found in tropical biomass products that are potentially useful as feed resources for pigs, especially in their content of protein. However, methionine deficiency in many tropical forages may impose nutritional limitations. 

· Fiber content is known to be an important factor determining organic matter digestibility in different forages. The importance of harvesting at an early stage of development is more critical for pigs. 

· Sun-drying and drying at 60 oC, as well as ensiling, have been found to be suitable techniques for preserving green forages under tropical conditions. 

· Forages can be a source of benefit to pig farmers, especially if replacing a high fiber feed such as rice bran or coconut meal. Farmers have to make a decision as to what should be replaced. The determination of optimum levels of inclusion in pig diets, and also the effects of constraints such as anti-nutritional factors, need to be further investigated. 
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Abstract

An experiment was carried out at laboratory scale to determine the optimum level of molasses for ensiling taro (Colocasia esculenta) leaves. The leaves were collected from Nongveng village, near Vientiane City in Laos, and were chopped into small pieces (2 to 3 cm) and ensiled in plastic bags (capacity 2 kg) with levels of sugarcane molasses of 0, 2, 4 and 6% (dry matter [DM] basis). The mean total sugar content (°Brix) of the molasses was 77. Each molasses level was repeated five times, corresponding to ensiling periods of 0, 7, 14, 21 and 28 days. At each ensiling date samples were taken for determination of pH, DM, ammonia nitrogen (NH3-N), water extractable DM and N, and total N. Physical characteristics, such as smell and colour, were observed and recorded. 
After 7 days the colour for all treatments had changed from green to yellow-brown and was darker at higher levels of molasses. Each treatment had an acceptable smell. The pH values for all treatments were around 6 at day 0 and then quickly fell below 5, the value being dependent on ensiling time and the level of molasses (P<0.05). At day 0 the concentration of NH3-N was very low on all treatments, but from 7 days onwards the concentration had increased with the time of ensiling on all treatments ; the highest value was 5,900 mg/kg DM on the 0% level of molasses at 28 days. The ammonia-N concentration decreased as the level of molasses increased. 
A level of 4% molasses and an ensiling period of between 14 and 21 days appeared to be the most appropriate procedures for ensiling Taro leaves as determined by pH, ammonia concentration and water extractable DM and N.
Key words: ammonia, Colocasia esculenta, ensiling, leaves, nitrogen, pH, taro, water extractable DM and N


Introduction

Leaves from Taro (Colocasia esculenta Schott) are rich in vitamins and minerals. They are a good source of thiamin, riboflavin, iron, phosphorus and zinc, and a very good source of vitamin B6, vitamin C, niacin, potassium, copper and manganese. Oxalic acid may be present in the corm, however, and especially in the leaves (http://en.wikipedia.org/wiki/Taro). The leaves can be chopped and ensiled to considerably reduce undesirable substances in Taro, which thus becomes more appetising. 

Ensiling is the preservation of forage (or crop residue or by-product) of high moisture content based on a lactic acid (ideally) fermentation under anaerobic conditions (Moran 2005; McDonald et al 2002). It has been shown that ensiled fish and shrimp by- products can be preserved for several months (Levin 1994; Ly et al 2000). The silage can then be used as feed for livestock (Lien et al 1994; Borin et al 2000; Ly et al 2000; Le Duc Ngoan 2002). Recent research has shown that Golden Apple Snail flesh can be successfully preserved for at least 24 weeks by ensiling with an additive mixture of molasses and rice bran and then successfully used as feed for growing pigs (Lampheuy and Ogle 2005). 
The main function of a silage additive is to increase the nutritional value or improve fermentation (Ohio Sate University Extension 2001). Molasses is a good and cheap additive and is available in Vientiane Province. It has a high soluble carbohydrate content of about 700 g/kg DM and has been shown to increase the dry matter and lactic acid content, and to reduce the pH and ammonia levels in treated silages (McDonald et al, 2002). However, according to Ohio State University Extension (2001), molasses should not be added to wet silage (<35% dry matter) because of increased seepage losses. 

The objective of this experiment was to determine the optimum level of molasses additive for ensiling Taro leaves. 

Materials and Methods

Location

The experiment was conducted in the Laboratory of the Faculty of Agriculture, National University of Laos (NUOL), Vientiane City, Laos, from May to June 2006.

Procedure

Leaves of Taro (Colocasia esculenta) were purchased from Nongveng village, near Vientiane City (Photo 1). They were chopped into small pieces (2 to 3 cm) and ensiled in plastic bags (capacity 2 kg) with levels of sugar cane molasses of 0, 2, 4 and 6% (DM basis). The bags were sealed to prevent air contamination and then put into plastic buckets to exclude mice and prevent external mechanical damage and stored at room temperature (20-30oC). The total sugar content (°Brix) of the molasses was 77. Each molasses level was repeated five times, corresponding to ensiling periods of 0, 7, 14, 21 and 28 days.
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Photo 1: Taro (Colocasia esculenta) in Nonveng village
Measurements

Samples were taken to analyze for total and water extractable DM and N, and fermentation characteristics such as pH and NH3-N. Water soluble DM and N were determined by the methods described by Ly and Preston (1997). Physical characteristics, such as smell and colour, were observed and recorded. N was determined according to AOAC (1990) and DM by micro-wave radiation (Undersander et al 1993).

Statistical analysis

The data were analyzed using the general linear model option of Minitab (version 13) ANOVA software (MINITAB 2000). Sources of variation were treatments and error.

Results

Chemical composition of the Taro leaves and molasses

The chemical characteristics of the fresh Taro leaves and molasses are shown in Table 1.

	Table 1. Chemical characteristics of the fresh taro leaves and molasses

	
	Fresh taro leaves
	Molasses

	Dry matter, %
	16.0
	66.1

	% of DM

	Crude protein
	22.5
	0.60

	Crude fiber
	18.3
	-

	Total sugars (brix º)
	
	77.0

	Ash
	11.7
	33.4


Physical characteristics

Initially, the Taro leaf silage at 0% molasses had a green color , but for the other treatments the colour rapidly started to change from green to brown. After 7 days the color for all treatments had changed to yellow-brown, and was darker at higher levels of molasses. The color did not change further in the treatments with molasses added, but the colour of the Taro leaf silage at the 0% level changed to yellow-brown at 21 days, and became even darker at 28 days. All silages had a good smell throughout. 

Changes in chemical composition and pH with time of ensiling

The pH values for all treatments were around 6.0 at day 0 and then fell below 5.0 in all treatments after 14 days, except for the 0% molasses treatment (Figure 1; Table 2). The pH values further decreased with time of ensiling (P<0.05) and level of molasses (P<0.05). For example, at the 4% level of molasses the pH value was 4.0 at 21 days (Figure 1). The DM content of al the silages was some 6 percentage units higher than in the fresh leaves.
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Figure 1. Effect of ensiling period and level of molasses on the pH of ensiled taro leaves
At day 0 the concentration of NH3-N was very low on all treatments (Figure 2). After 7 days the concentration increased with the time of ensiling on all treatments (P<0.05); the highest value recorded was 1.3 g/kg DM on the 0% level of molasses at 28 days. The ammonia-N concentration decreased in proportion to the level of molasses (Figure 2; Table 2). 
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Figure 2. Effect of time of ensiling and level of molasses on ammonia nitrogen in ensiled taro leaves
The proportion of the DM solubilised by water extraction was not affected by ensiling time but increased with the increasing level of molasses (P<0.05) (Table 2 and 3 and Figure 3).

	Table 2. Effect of ensiling time on the chemical composition of ensiled Taro leaves 

	Parameter
	Days
	SEM
	Prob.

	
	0
	7
	14
	21
	28
	
	

	pH
	6.5
	5.8
	4.7
	4.5
	4.5
	0.17
	0.000

	DM, %
	22.0
	24.0
	20.6
	20.8
	20.9
	0.50
	0.002

	NH3-N, mg/kg DM
	236
	908
	879
	906
	1006
	54.1
	0.000

	N, %
	2.5
	2.7
	2.8
	2.8
	2.9
	0.05
	0.001

	WV-DM, %
	34.6
	36.1
	35.3
	43.6
	38.8
	2.25
	0.086

	WV-N, %
	27.9
	40.5
	38.5
	40.0
	41.0
	2.49
	0.014


	Table 3. Effect of molasses level on the chemical composition of ensiled Taro leaves

	Parameter
	Molasses, %
	SEM
	Prob.

	
	0
	2
	4
	6
	
	

	pH
	5.9
	5.4
	4.8
	4.7
	0.15
	0.000

	DM, %
	22.2
	20.6
	21.4
	22.5
	0.44
	0.037

	NH3-N, mg/kg DM
	989
	863
	689
	607
	48.4
	0.001

	N, % in DM
	2.8
	2.8
	2.7
	2.7
	0.05
	0.061

	WV-DM, %
	29.3
	30.8
	44.0
	46.6
	2.01
	0.000

	WV-N, %
	30.8
	35.2
	42.2
	42.2
	2.23
	0.008
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Figure 3. Effect of length of ensiling period and level of molasses on water-extractable DM
 in ensiled taro leaves
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Figure 4. Effect of length of ensiling period and level of molasses on water-extractable N
 in ensiled taro leaves
The proportion of the total N extracted by water increased both with length of ensiling period and the level of molasses (Tables 2 and 3 and Figure 4)., and was highest at the 4 and 6% levels (P<0.05).


Discussion
According to McDonald et al (2002), if the material to be ensiled has a relatively low DM content, it is advisable to use an additive with high dry matter content, which was the case in the present study. The higher DM content of the silage (20 to 24%) compared with the fresh leaves (16% DM) was probably the result of wilting during transport from the village and subsequent chopping at the University. The pH values for all treatments were around 6.0 initially, and then fell quite rapidly, because any oxygen trapped between the forage particles is eliminated as a result of the respiration of the plant material and the anaerobic activities of bacteria start to dominate. The plant enzymes are also active during this initial phase, provided the pH is still within the normal range for fresh material (pH 6.0-6.5) (Moran 2005). However, after 14 days the pH values had fallen to below 5.0, except in the treatment without any addition of molasses. A successful fermentation will see the number of lactic acid producing bacteria dominate under anaerobic conditions and when there is a readily-fermentable substrate such as molasses, reducing the pH to 3.5 to 4.5 (Moran 2005), as was also the case in the present study. 

During the 28 days of ensiling, there were only very slight changes in the chemical composition of the Taro leaf silage, which is in agreement with several previous studies. McDonald et al (2002) reported that losses of DM of less than 5% during ensiling are acceptable. The slight decrease in CP content was because there is normally some de-amination of amino acids that occurs during fermentation (McDonald et al 2002). Lin et al (1988) also concluded that the general nutrient values (including metabolizable energy), fatty acid composition and amino acid contents (including the proportion of essential amino acids) in silages of mixtures of sweet potato roots and maize meal did not change during ensiling. Ruiz (1982) showed that the dry matter content of sweet potato foliage silages did not change by adding roots (up to 1.2%) or urea (up to 1.6%). 

The increase in the concentration of ammonia-N during the first 7 days of ensiling are in accordance with the report of McDonald et al (2002) that proteolytic organisms (mainly Clostridia) are active while the pH is still relatively high (falling only from 6.5 to 5.8 in the first 7 days) resulting in breakdown of protein to amino acids, amines and ammonia. After 7 days there was no further increase in ammonia-N concentration. The reduction in ammonia-N due to addition of molasses was probably because the higher the concentration of molasses the faster was the reduction in the pH of the silage (see Figure 1). Part of the increase in water soluble DM due to addition of molasses can be explained by the effect of the molasses per se as most of the compounds in molasses (sugars and minerals) are water-soluble. However, at the 4 and 6% molasses levels the increase in water-extractable DM was almost 100% which implies that under these conditions (4 and 6% molasses) the ensiling process had stimulated partial breakdown of some of the components in the taro leaves. Similar effects were seen in the proportions of water-extractable N which increased by more than 50% due to the addition of the molasses. It will be interesting to determine if these changes in water-extractable DM and N are reflected in increased in vivo digestibility.


Conclusions

· A level of 4% molasses and an ensiling period of from 14 to 21 days appeared to be the most appropriate for ensiling taro leaves, as determined by pH and ammonia concentration..
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Abstract

Twelve pigs in 4 pens (3 animals in each) were used to compare two treatments in a completely random design with 2 repetitions. The treatments were soybean meal at 500 g/animal/day (control) and fresh leaves of New Cocoyam (4 kg/animal/day and 250 g/animal/day of soybean meal). The rest of the diet was sugar cane juice and a mineral supplement. The trial lasted 56 days during the growth phase from 25 to 56 kg live weight. 

There were no differences between treatments for the parameters: DM intake, weight gain and feed conversion, the values of which were within the range normally observed for this type of diet. 
The results are preliminary but they indicate the potential of fresh New Cocoyam leaves to replace up to half the soybean protein in diets based on sugar cane juice for growing pigs.
Key words: Growth, local resources, new cocoyam, pigs, protein, soybean, sugar cane juice


Introduction 

In industrialized countries to optimize pig production means to maximize weight gain with diets formulated on a least cost basis. It is generally assumed that improvements in economic performance will be associated with increased rate of animal productivity. However, in most developing countries this strategy is not appropriate because of the high costs of conventional feed ingredients (maize, soybean meal and fish meal), many of which are imported. This creates problems of balance of payments at national level and dependence on credit at the level of the producer. Attempts to produce the ingredients locally (principally maize and and soya beans) are constrained by high prices of machinery, seeds and agrochemicals, all of which usually have a content of imported components. Moreover, in most developing countries, cereal grains such as maize are utilized primarily in the human diet, which elevates the price and makes it difficult to include them in feed for animals. Another issue is that the climate and soils in tropical latitudes are not favorable for maize cultivation, which results in lower yields and higher costs of cultivation. The final point is that pig production is often not considered as a component of the farming system, but rather as a specialized activity producing only meat. . By contrast, in an integrated system, pigs are multipurpose animals producing fertilizer and energy as well as meat. 

The implication of the above analysis is that in tropical latitudes there is a need to develop feeding systems which make maximum use of plant species which are adapted to, and exploit, local ecosystems. The use of sugar cane as a replacement for cereals as the energy component of the diet, for both ruminant and monogastric live stock (Preston and Leng 1987), is an example of such a strategy. However, the application of this feeding system to pig production, initiated in Colombia in the '80s (Sarria et al 1990), was constrained by the dependence on soybean meal (usually imported) as the source of protein. 

The idea of using protein-rich foliages as a replacement for soya and fish meals in practical pig diets was first applied in Vietnam with the use of fresh duck weed (Lemna spp) as the only protein source in pig diets in which sugar cane juice provided the energy (Rodríguez and Preston 1996). The leaves from the cassava plant (Manihot esculenta), initially in sun-dried or ensiled form, were shown to have potential to replace up to 30% of the protein in diets for growing pigs based on cassava root meal (Bui Huy Nhu Phu et al 1996). Fresh foliage of water spinach (Ipomoea aquatica) gave good results as the only source of supplementary protein in diets for young growing pigs in which the energy was from broken rice (Ly 2001), and was shown to have a synergistic effect on pig growth rates when mixed with fresh cassava leaves in broken rice diets (Chhay Ty and Preston 2005). Sweet potato leaves were used successfully as a protein source in pig diets in Vietnam (Le Van An et al 2003) as were the leaves of the mulberry tree (Morus alba) (Phiny et al 2003).

Two factors facilitate the use of leaves from tropical trees and shrubs as protein sources in pig diets. The first was the demonstration that the conventional protein requirements for pigs (eg: NRC 1988) could be reduced by up to 40% (Speer 1990) when the protein in the diet had the required balance of essential and non-essential amino acids, subsequently referred to as the "ideal protein" (Wang and Fuller 1989). Leaf proteins, being composed mostly of enzymes necessary for growth of plant tissue, have an amino acid balance that resembles the "ideal" protein. Thus diets in which the protein comes exclusively (basal diet of sugar cane juice) or mainly (cassava roots and broken rice) from leaves of plants can be compounded with lower protein levels (up to 40% less) than when cereal grains such as maize or sorghum are the source of energy, as more than 50% of the protein in such diets is from the cereal component with an imbalanced array of amino acids (Speer 1990). The second factor relates to the capacity of the pig to consume and digest fibre. Leaves from trees, shrubs and crop plants are relatively high in fibre hence the advantages of using energy sources, which are low in fibre (sugar cane juice, cassava roots, sweet potato tubers, banana fruit and broken rice all fall into this category). Use of these feeds as energy sources creates "space" in the diet for protein supplements relatively high in fibre as is the case of leaves from trees, shrubs and crop plants. 

The New Cocoyam (Xanthosoma sagittifolium) is widely distributed in tropical latitudes. The leaves and roots of some of the wild varieties are reported to contain oxalate crystals which cause itchiness in the mouth. The cultivated variety is said not to have this characteristic (Göhl 1971). In Hue province in Vietnam the leaves and roots are used by farmers as animal feed (Le Duc Ngoan 2006, personal communication). In the farm where the present study was undertaken (6° 18" N, 73° 32" W, 1500 msl), the New Cocoyam produces a high yield of above-ground biomass, growing naturally in moist areas and tolerating partial shade (Lylian Rodríguez, unpublished observations). Like the plantain and banana trees (Musa spp), new leaves are produced at 2-3 week intervals, eventually dying and falling to the ground after some 15 days. 

In Colombia the root has been used traditionally to feed chickens and pigs and it is usually chopped and cooked. Some farmers use the leaves to feed chickens and fish. In the mountainous areas in Colombia the New Cocoyam is part of the farming systems and since 2003 it has been used in the TOSOLY ecological farm as part of the pig diet combined with other leaves such as cassava (Manihot esculenta Cranz), aro (Trichanthera gigantea), water spinach (Ipomoea aquatica) and whole bean foliage. The proportion of leaves in the diet was dictated mainly according to the availability of the leaves. In this period of observations, the New Cocoyam was found to be one of the most promising forages for its re-growth capacity, high yield and palatability. In the beginning, the petioles as well as the leaves were fed but since 2005 the strategy was changed with the leaves being used for the growing pigs, while the petioles were considered to be more appropriate for feeding to pregnant sows, which need lower levels of protein in the diet as well being able to deal with bulky feeds. 

Sugar cane and New Cocoyam have a high potential for forming the basis of pig production within an integrated farming system in tropical latitudes. The juice from sugar cane, which contains neither fibre nor protein, is easily expressed from the stalks and is an ideal complement for protein-rich forages such as New Cocoyam. Both are perennial plants with high biomass yield and are therefore good "sinks" for carbon. New Cocoyam grows well in association with tree crops such as cocoa, coffee and citrus, which adds another dimension to these farming systems.

The present study is the first in a series aimed to document the value of the leaves of New Cocoyam as a protein source in pig diets based on sugar cane juice. 

Material and methods 

Location 

The study was carried out in the "Finca Ecológica", TOSOLY, Morario, Guapota, Department of South Santander, Colombia (6° 18" N, 73° 32" W, 1500 msl) between July and November 2005. Air temperature ranges between 19 and 28°C in the day, falling to around 12°C during the night. Rainfall is between 2700 and 3000 mm/year. 

Treatments and design 

The two treatments were degree of substitution of soybean meal by fresh leaves of New Cocoyam as sole protein sources in diets of sugar cane juice for growing pigs:

· SB: Soybean meal 500 g/pig/day

· GT: Soybean meal 250 g/pig/day supplemented with fresh leaves of New Cocoyamat levels of 4 kg/pig/day.

There were two repetitions of each treatment, with groups of 3 animals allocated to each of 4 pens according to a completely randomized design. 

Animals

The pigs were crossbreed (Yorkshie*Landrace) and at the start were 75 days old with an average weight of 24.8±1.26 kg. They had been vaccinated previously against swine fever and were treated with Estrongol (Diethylcarbamazine citrate; VICAR Co) to eliminate internal parasites. There was a period of adaptation of 1 week before beginning the recording of data which was terminated after a total trial period of 56 days.

Feeds and management

Leaves plus petioles (Figure 1) of New Cocoyam were harvested daily from plants of different ages located in the farm or in the grounds of neighbors (Photo 1). The leaves were separated from the petioles and passed through a mechanical forage chopper before being fed immediately to the pigs in treatment GT. The soybean meal was purchased from a commercial supplier in the nearby town of Socorro. Stalks of sugar cane, grown on the farm or purchased from neighbours, was passed once through a 3-roll mill (Photo2) to separate the juice from the residual fibre (bagasse). The juice was fed immediately after extraction in quantities that the pigs were able to consume completely before the next meal. A mineral mixture (salt 33.3, rock phosphate 33.3 and magnesium limestone 33.3, parts by weight) was fed daily in quantities equivalent to 1% of the daily DM intake.
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	Photo 1: Leaves of New Cocoyam ready for chopping 
	
	Photo 2: The chopped New Cocoyam leaves were readily consumed


The supply of protein was set at a fixed level of 200 g/day, based on the extensive experience with diets of cane juice fot growing-fattening pigs, carried out by commercial farmers in the Department of Valle, Colombia during the decade of the '90s (Sarria et al 1990). The soybean meal (SB) and the mixture of soybean meal and chopped New Cocoyam leaves (NC) were given in two meals daily, at 07.00 and 13.00 hours. The cane juice was given at 10.00 and 16.00 hours. The objective of this feeding strategy was to ensure the total consumption of the protean component before offering the cane juice due to the high palatability of this ingredient. The quantities of cane juice that were fed were calculated on the basis of an expected total DM intake of 50 g per 1 kg of live weight of the pigs. As the offer level of the protein ingredients was fixed, this resulted in the cane juice supplying from 50 rising to 80% of the total diet DM during the course of the 56 days of trial. 

The pig pens, which were washed every second day, were connected to a 5 m3 plastic biodigester, which produced biogas for cooking and nutrient-rich effluent to fertilize the crops.

Measurements

The pigs were weighed at the beginning of the trial, in the morning before offering the new feed, and subsequently at 7-day intervals for a total of 8 weights in 56 days. The daily gain in live weight was determined from the linear regression of live weight (Y) on days in the trial (X). Feed offered was recorded daily. There were no refusals of any of the diet ingredients. The content of total sugars ("Brix" value) in the cane juice (assumed to be equivalent to the DM content) was measured daily with a hand refractometer. Samples of the cocoyam leaves were taken at intervals during the trial for determination of DM by micro-wave radiation (Undersander et al 1993) and nitrogen according to the "Kjeldahl" procedure (AOAC 1990). Protein was calculated as N*6.25. 

Statistical analysis 

The data (feed intake, weight gain and feed conversion) were analyzed according to the General Linear Model option of the ANOVA of the Minitab (2000) software. The sources of variation were: treatments and error. 

Results and discussion

The fresh weight of the New Cocoyam foliage (leaf plus petiole) ranged from 450 to 650 g, of which about 40% corresponded to the leaf component. The average value of DM in fresh leaf was 110 g/kg. This value and those for crude protein and crude fibre (Table 1) are similar to those (160, 220 and 100 g/kg DM, respectively) reported in Tropical Feeds (Göhl 1971) for New Cocoyam leaves in Trinidad. The levels of crude fibre and NDF in the leaves (Table 1) are lower than for most leaves presently being studied as protein supplements for pigs. High values for calcium (1.78%) and low values for phosphorus (0.64%) were also reported by Göhl (1971) and emphasize the need to provide additional sources of phosphorus when the leaves are to be fed to pigs.

	Table 1: Composition of the leaves of the New Cocoyam (g/kg DM)
	

	
	CP
	Ash
	NDF
	ADF
	CF
	Ca
	P
	K
	Mg

	Taro 
	248
	133
	255
	198
	142
	17.7
	2
	32.3
	2.2


The balance of the first-limiting essential amino acids (Table 2) in the New Cocoyam leaves is much closer to the "ideal" protein than in typical samples of soybean meal (Figure 1).

	Table 2: Composition (g/kg crude protein) of the leaves of the New Cocoyam compared with soybean meal

	
	Lysine
	Methionine
	Cystine
	Met+Cys
	Threonine

	New Cocoyam
	46.0
	27.1
	12.2
	26.9
	49.5

	Soybean
	63.2
	
	
	28.3
	38.9

	Data for taro from samples in the present experiment; Data for soybean from analyses of 900 samples in USA (Martin M 1999) 


[image: image39]
Figure 1: Levels of methionine+cystine and threonine as proportion of lysine = 1.00 
Data for New Cocoyam from samples in the present experiment;  Ideal protein from Wang
 and Fuller (1989). Data for soybean from analyses of 900 samples in USA (Martin M 1999) 

The "Brix" (approximates to the content of total sugars) of the sugar cane juice ranged from 15 to 20.5 during the trial, with an average value of 17.7 (Figure 2). 

[image: image40]
Figure 2: Brix of the cane juice (approximates to total sugars) during the experiment. The red column is the overall mean.
There were no differences between treatments in any of the recorded parameters (Table 3). The curves of growth (Figure 3) show that the gains in weight were uniform throughout the trial and parallel for the two treatments.

	Table 3: Mean values for feed intake, live weight change and feed conversion for pigs fed sugar cane juice supplemented with 500 g/d of soybean meal (SB) or 250 g/d soybean meal and 4 kg/d of fresh leaves of New Cocoyam (NC)

	
	NC
	SB
	SEM
	Prob.

	Live weight, kg
	
	
	

	Initial
	22.4
	25.9
	1.8
	

	Final
	56.4
	59.8
	3.8
	

	Daily gain
	0.524
	0.519
	0.079
	0.97

	Intake, kg/d
	
	
	

	Cane juice
	6.86
	8.22
	0.60
	0.19

	Fresh cocoyam leaves
	3.78
	0.00
	
	

	Soybean meal
	0.250
	0.472
	0.013
	

	Total DM
	1.85
	1.88
	0.180
	0.86

	Crude proteín
	0.195
	0.204
	
	

	DM conversion
	3.67
	3.76
	0.222
	0.81
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Figure 3: Growth curves of pigs fed sugar cane juice and either 500 g/day soybean meal 
or 3.8 kg/day New Cocoyam leaves and 250 g/day soybean meal
The New Cocoyam leaves contributed 50% of the protein in the NC treatment (Figure 3). There were no refusals of the New Cocoyam leaves which is a measure of their high palatability. The live weight gains of 524 and 519 g/day for the diets NC and SB were slightly lower than the average of 588 g/day recorded in 8 trials with growing pigs carried out in the Department "Valle" of Colombia (Sarria et al 1990), using comparable diets to the control (fresh cane juice ad libitum and 500 g/animal/day of soybean meal). The feed conversion data (3.67 and 3.76 kg DM/kg live weight gain) were also similar to those (3.4 and 3.8) reported by Sarria et al (1990).

[image: image42]
Figure 4: Proportions of dietary protein derived from soybean,
New Cocoyam and sugar cane juice in the two experimental diets
The intakes of protein of 195 and 204 g/animal/day in diets "NC" and "SB" are equivalent to concentrations of 10.5 and 10.9% in the DM of the diet, and approximate to the the levels recommended for this system (Preston 1995) of 200 g/day of protein and 10% crude protein in the diet DM.


A preliminary report on the use of Alocasia macrorrhiza foliage (a similar plant to New Cocoyam) for pigs (Basta 2002) indicated that it could replace 40% of the conventional "concentrate" diet of pregnant sows. However, the Alocasia macrorrhiza foliage was the leaf plus petiole which it is estimated would have an average of 15% crude protein in DM. Assuming the commercial concentrates also contained 15% crude protein in DM, then the Alocasia macrorrhiza foliage would be supplying 40% of the total protein offered, which can be compared with the 50% of the dietary protein supplied by the New Cocoyam leaves in the present study. 


Conclusions 

· The results of this preliminary study indicate that the growth performance of pigs is not affected when 3 - 4 kg/day of the fresh leaves of New Cocoyam are fed as replacement of 50% of the normal allowance of soybean meal in a diet based on fresh sugar cane juice. 
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The effects of simple processing methods of cassava leaves on HCN content, intake and performance by growing pigs
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Abstract

Cassava leaves collected from a high-yielding variety after 60 days of growth and at root harvest (180 days) were wilted for 24 hours for determination of changes in the DM and HCN content. The HCN level was reduced by 58% after 24 hours with no difference between the two sources of leaves. In a comparison of three processing methods (washing, wilting and ensiling) the HCN level in cassava leaves from a high-yielding variety was reduced by 19% by washing, 74% by wilting for 24 hours and 76% by ensiling for 21 days. Three simple methods to reduce the HCN content of cassava leaves before feeding (washing, chopping and washing; and chopping, washing and wilting) were compared in a feeding trial with 6 pigs of 25 kg mean live weight (3 Mong Cai and 3 F1 [Large White x Mong Cai]) in a double Latin square arrangement 2[3*3) with 21-day periods. The leaves were offered ad libitum in one feed trough with a mixture of ensiled cassava roots and rice bran (2:1 fresh basis) at 80% of ad libitum level in a separate trough.

The fresh cassava leaves were readily consumed, providing 38% of the dietary DM and over 70% of the dietary protein with no effect of processing method on total DM intake, which ranged from 27 to 31 g/kg live weight. Levels of HCN were reduced slightly (16%) by washing and substantially (82%) by wilting, resulting in intakes of HCN of between 6.0 and 15 mg/kg live weight, levels considerably higher than previously reported as safe to avoid toxicity (1.4 to 4.4 mg/kg live weight). There were no apparent symptoms of HCN toxicity. Twelve crossbred (Large White x Mong Cai) pigs with an average initial weight 27.2 kg ± 2.71 kg were allocated to 4 treatments in a random design with one pig per pen. Three test diets (with 0, 0.1 and 0.2% DL-methionine) contained fresh cassava leaves (20% in DM) replacing fishmeal on equal protein basis. The control diet contained 15% fish meal. After 80 days the live weight gain on the treatment with cassava leaves and 0.2% DL methionine was higher and feed conversion better, than for other levels of DL-methionine, and similar to the control. 

It is concluded that fresh cassava leaves, chopped and washed before feeding, can be included in ensiled cassava root / rice bran diets for growing pigs at levels of up to 40% of the diet DM, and as the sole source of supplementary protein. Adding 0.2% methionine to a diet with 50% cassava leaves improved the live weight gain and feed conversion ratio.
Key words: Ensiling, feed intake, fresh cassava leaves, HCN, pigs, methionine, washing, wilting


Introduction

In Vietnam, cassava has been changing its role from being solely a "food crop" to use for starch processing and as animal feed. The total annual cassava starch production in Vietnam is estimated at about 500,000 tonnes, 70% of which is for export and 30% used domestically (Hoang Kim et al 2000). 

Cassava is traditionally grown for the production of roots. However, the leaves have become increasingly important as a source of protein for monogastric and ruminant animals (Preston 2001; Wanapat 2001). According to Bui Huy Dap (1987), the average yield of cassava leaves in Vietnam is of the order of 7 to 12 tonnes/ha/year, containing from 500 to 1400 kg of crude protein. Cassava leaves are rich in protein but they are low in sulphur amino acids (Gomez et al 1985). The leaf protein is reported to be limiting in methionine and tryptophan but rich in lysine, with an overall biological value of 49 to 57% (Yves Frochlich et al 2001). By the addition of methionine, the biological value of the protein could be increased to 80% according to Roger and Milner (1963) and Eggum (1970). The advantages of supplementing cassava root diets with methionine and cystine have been demonstrated for monogastric species (Maner and Gomez 1973).


Materials and methods

Effect of chopping and wilting on HCN content

Leaves from a high-yielding cassava variety (Cao san) were collected at 09.00h. The petioles were removed, and the leaves chopped into small pieces (2-3 cm) and then spread out on a plastic sheet under a roof and allowed to wilt until 09.00h the next morning. Samples were taken for analysis immediately after collecting the leaves (09.00h) and again at 12.00h, 15.00h, 18.00h and at 09.00h the following morning.

Other samples of cassava leaves were taken after 60 days of growth and at the time of harvesting the roots after 180 days. For the 60-day growth (CL60), the leaves were collected at a point on the stem about 2/3 of the height of the plant. The leaves taken at the harvesting of the root (CL180) were from the top of the cassava plant.

Washing, wilting and ensiling to reduce HCN content

Leaves from the high-yielding cassava variety (Cao San) were collected, chopped into 2-3 cm lengths and then washed two times in a plastic basin (each time for about 5 minutes with 10 litres water per 2 kg of leaves) and analysed immediately. Leaves from the same variety were chopped and wilted overnight under a roof and then analysed immediately. Other leaves were chopped and ensiled with 5% molasses in air-tight plastic bags (10 kg capacity) for 21 days.

Feed intake of cassava leaves by growing pigs

Treatments and design

Three treatments were compared in a double 3*3 Latin square arrangement using 3 pigs of each of two breeds (Mong Cai and F1 Large White x Mong Cai):

· W: Fresh cassava leaves, washed and fed immediately 

· CW: Fresh cassava leaves, chopped into small pieces (2-3 cm) then washed prior to feeding 

· CWW: Fresh leaves, chopped, washed and wilted for 24 hours 

The basal diet was a mixture of ensiled cassava roots and rice bran (2:1 ratio on fresh basis) with an estimated crude protein content of 6.2% in DM.

Feeds and feeding system 

The cassava leaves without petioles were collected at the time of root harvesting (180 days). For the "W" treatment, they were washed two times in a plastic basin (each time for about 5 minutes with 10 litres water per 2 kg of leaves). For "CW" the leaves were chopped into small pieces (2-3 cm) and then washed as in "W". For "CWW" processing was as for "CW" followed by wilting over-night under a roof.

Whole cassava roots were purchased from a local farmer. They were washed, ground and mixed with 0.5% NaCl prior to ensiling in plastic bags under anaerobic conditions for 21 days. Rice bran was purchased from the market. Prior to feeding, the ensiled cassava root and the rice bran were mixed in a ratio of 2:1 (fresh basis).

During a 7-day adaptation period, the cassava leaves and the mixture of ensiled cassava root and rice bran were fed ad libitum in separate feed troughs to establish the expected level of intake of the ensiled cassava root and rice bran mixture.

In the subsequent experimental period of 21 days the offer level of the mixture of ensiled cassava root / rice bran was set at 80% of the intake observed during the period of adaptation, while the cassava leaves continued to be fed ad libitum, both feeds in separate feed troughs. The mixture of ensiled cassava root / rice bran was offered three times daily at 06.00, 12.00 and 18.00 h. The cassava leaves were given 4 times at 08.00, 10.00, 14.00 and 16.00 h.

Animals

The Mong Cai and F1 (Large White x Mong Cai) pigs had an average initial weight of about 23 kg. They were allocated to the three treatments in an arrangement of two Latin squares, with periods of 14 days (Table 1).

	Table 1. Allocation of diets and animals

	Periods/animals
	MC1
	MC2
	MC3
	LM1
	LM2
	LM3

	1
	CW
	W
	CWW
	CW
	W
	CWW

	2
	W
	CWW
	CW
	W
	CWW
	CW

	3
	CWW
	CW
	W
	CWW
	CW
	W


Effect of different levels of DL-methionine on the performance of growing pigs fed cassava leaves as partial replacement for fish meal

Animals and management

Twelve growing pigs housed in individual pens were allocated to four treatments. The pigs (Mong Cai X Large White) were about 80 days old with mean body weight of 27.2 ± 1.7 kg (mean ± SD). They were vaccinated against hog cholera and Pasteurellosis, and de-wormed 2 weeks before starting the experiment.

Experimental design, diets and feeding

The experiment was a completely randomized design with four treatments and three replicates. The control diet consisted of rice bran, maize, cassava root meal and ensiled cassava root supplemented with fish meal (FM). The three test diets were based on the control diet with replacement of FM by fresh cassava leaves (Table 2), and with 0, 0.1 or 0.2% DL-methionine. The basal diets were fed according to a restricted feed allowance (NRC 1988) and distributed equally into 3 meals per day at 6:00, 12:00 and 17:00 h. The cassava leaves were offered at 8:00, 10:00 and 15:00 h. The refusals were collected before offering the next meal. Drinking water was available ad libitum.

The cassava roots were ensiled with 0.5% common salt (Nguyen Thi Loc et al 1996) and stored 21 days before feeding. The leaves were from a high-yielding cassava variety that is commonly planted in central Viet Nam. The fresh leaves were chopped and wilted under a roof before feeding. The composition and analysis of the diets are in Tables 2 and 3, respectively.

	Table 2. Ingredient composition of the experimental diets (%, DM basis)

	Ingredient
	Control
	FCL*
	FCL+0.1
	FCL+0.2

	Rice bran

Maize

ECR*

CM*

Fish meal

FCL

Premix

Methionine

Soybean oil
	29.0

25.0

20.0

10.0

15.0

0

1.0

0

0
	13.4

25.0

20.0

9.7

9.0

20.0

1.0

0

1.9
	13.4

23.0

20.0

11.6

9.0

20.0

1.0

0.1

1.9
	12.0

23.0

20.0

12.9

9.0

20.0

1.0

0.2

1.9

	* FCL: Fresh cassava leaves; ECR: Ensiled cassava root; CM: Cassava root meal


	Table 3. Chemical composition of the experimental diets (% in DM except for ME and HCN)

	
	Control
	FCL
	FCL+0.1
	FCL+0.2

	Crude protein 

Lipid

Crude fiber

Ash

Ca

P

ME (MJ/kg DM)

Lysine

Methionine

Cystine

HCN (mg/kg DM)
	14.2

7.6

3.8

6.9

0.63

0.63

13.8

0.68

0.27

0.21

27.8
	14.7

7.6

5.9

6.4

0.68

0.53

14.0

0.74

0.29

0.20

97.2
	14.7

7.5

5.9

6.4

0.68

0.52

14.0

0.74

0.39

0.20

98.5
	14.6

7.3

5.8

6.3

0.68

0.51

14.0

0.73

0.48

0.19

99.4


Carcass measurements

For the evaluation of carcass traits, the pigs were starved for 24 hours and weighed prior to slaughter. The P2 back fat thickness was measured on the partitioned carcass 10 cm from the midline behind the 10th rib using a trace paper and a ruler; the loin eye area was measured at the same point. Lean percentage was calculated as the ratio of lean mass to hot carcass weight according to the following equation: Lean mass = 7.23 + (hot carcass weight, Ib x 0.437 + (loin area, In2 x 3.877) - (P2 back fat thickness, In x 18.746) (Kaufman and Epley 1996).

Chemical analyses

The feed samples were dried at 600C for 24 h and ground with a 1mm sieve prior to chemical analysis, according to standard methods (AOAC 1984) for DM, N, ether extract and ash. Amino acids were analysed according to Spackman et al (1958) on an ion-exchange column (HPLC).

Statistical analysis

Analysis of variance was performed using the general linear model (GLM) procedure of Minitab Version 14. When the F test was significant (P<0.05), the Tukey test for pair-wise comparisons with confidence levels of 95 was used to determine significant differences between treatment means.


Results and discussion

Effect of chopping and wilting on HCN content

The 58% reduction in the HCN content of the cassava leaves after wilting 24 hours in the shade (Table 4 and Figure 1) is similar to that (60%) reported by Bui Van Chinh and Le Viet Ly (1996, but much less than when wilting is under sunlight, when up to 90% reduction in HCN has been reported (Gomez and Valdivieso 1985; Ravindran et al 1987). The faster rate of drying of the leaves sampled from the 60-day growth compared with the leaves from the mature plant was not reflected in the changes in HCN content, which were similar for both sources of leaves.

	Table 4. Effect of wilting on DM and HCN content of cassava leaves sampled at the time of harvesting the roots (180 days from planting) and after 60 days of growth

	
	Time of wilting after harvest, h
	

	
	0
	3
	6
	9
	24
	SE/P

	Dry matter, %

	At root harvest #
	26.7
	28.8
	29.6
	33.8
	40.4
	0.43/0.001

	After 60 days ##
	30.2
	37.4
	50.7
	57.4
	63.9
	0.37/0.001

	HCN, mg/kg DM 

	At root harvest #
	1197
	1102
	885
	883
	626
	52.4/0.002

	After 60 days ##
	1435
	1081
	932
	814
	393
	100/0.001

	# Leaves at the top of the plant; ## Leaves from the lower part of the plant
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Figure 1: Variation in DM and HCN in cassava leaves, from mature and immature plants,
analysed immediately or after wilting 3, 6, 9 and 24 hours

Effect of washing, wilting and ensiling on HCN

The HCN content was reduced 19% by washing, and by 74-76% by ensiling or wilting (Table 5).

	Table 5. Effect of washing, wilting and ensiling on DM and HCN concentration

	
	Fresh leaves
	Washing
	Wilting
	Ensiling
	SEM
	P

	DM (%)
	24.1
	18.8
	51.6
	32.8
	1.58
	0.001

	CP (% in DM)
	27.8
	27.7
	27.5
	25.7
	0.56
	0.033

	HCN (mg/kg DM)
	1491
	1183
	373
	356
	120
	0.001

	Reduction in HCN (%)
	0
	19
	74
	76
	
	


Washing alone or washing after chopping the leaves reduced slightly (by 16 and 21%) the HCN level (Table 6); however, the pink color in the urine observed when fresh cassava leaves were fed was no longer visible when the leaves were washed prior to feeding. Wilting for 24 hours after chopping and washing reduced the HCN content by 82%.

	Table 6. Chemical composition of cassava leaves analysed immediately after collection (fresh), or after washing (W), chopping and washing (CW) or chopping, washing and wilting 24 hours (CWW)

	
	Fresh
	W
	CW
	CWW
	SE/P

	Dry matter (%)
	26.3
	19.4
	20.1
	40.2
	0.20/0.001

	HCN (mg/kg DM)
	1427
	1202
	1124
	252
	110/0.001

	% reduction
	100
	16
	21
	82
	


Intake of fresh cassava leaves 

Although there were major differences in the HCN content of the cassava leaves (Table 6) as between washing with and without chopping and 24 hour wilting, this did not appear to affect the DM intake of the ensiled cassava root / rice bran mixture nor of the cassava leaves (Table 7). The intake of cassava leaves accounted for over 30% of the total DM intake (Figure 2), resulting in intakes of HCN of 373 and 337 mg/day with washed and chopped / washed leaves, compared with 146 mg/day for the wilted leaves (Table 7). Reported toxic levels of HCN (mg/kg live weight) for pigs are 1.4 (Getter and Baine 1938), 2.1 to 2.3 (Johnson and Ramond 1965), 4.4 (Butler 1973) and 3.5 (Tewe 1995). In the present study the HCN intakes were much higher (from 6.0 to 15 mg/kg live weight), yet no signs of toxicity were observed. .

	Table 7. Mean values for DM intake (g/kg live weight) in Mong Cai and F1 pigs fed ensiled cassava root and rice bran supplemented with fresh cassava leaves after washing, chopping and washing, and chopping, washing and wilting

	
	Ensiled cassava root + rice bran
	Cassava leaves
	Total DM

	Mong Cai

	Chopped washed
	16.7
	10.0
	26.7

	Chopped washed wilted
	21.2
	10.6
	31.8

	Washed
	25.3
	9.5
	34.8

	F1 (Large White*Mong Cai)

	Chopped washed
	17.2
	9.9
	27.1

	Chopped washed wilted
	21.3
	11.4
	32.6

	Washed
	16.5
	10.3
	26.8

	Average of breeds

	Chopped washed
	16.9
	9.97
	26.9

	Chopped washed wilted
	21.2
	11.0
	32.2

	Washed
	20.9
	9.89
	30.8

	SEM
	1.71
	0.4
	1.67

	Prob.
	0.15
	0.13
	0.074
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Figure 3. Effect of processing method of the leaves on the proportions of cassava leaves and 
the ensiled cassava root/ rice bran mixture in the overall DM intake of Mong Cai and F1 pigs.

The cassava leaves contributed 37 to 39% of the diet DM and from 71 to 74% of the total protein, providing an overall level of 15% crude protein in the diet DM (Table 8). These proportions of dietary crude protein provided by fresh cassava leaves are much higher than has previously been reported in the literature (Bui Huy Nhu Phuc 2001; Ly and Rodríguez 2001). However, they are comparable with results of a recent experiment in Cambodia (Chhay Ty and Preston 2005) in which fresh cassava leaves supplied 42% of the diet DM and 70% of the protein in a basal diet of broken rice fed to growing pigs.

	Table 8. . Effect of processing method of the leaves on intake of fresh cassava leaves in growing pigs 

	
	CW
	W
	CWW
	SE/P

	Intake of cassava leaves, g/day

	Fresh
	1277
	1228
	687
	

	DM 
	248
	247
	277
	13.56/0.22

	Contribution of cassava leaves in the diet, %

	Of total DM
	38.6
	38.27
	37.3
	2.213/0.91

	Of total protein
	73.6
	71.1
	71.2
	1.933/0.59

	% crude protein in diet DM
	14.8
	14.7
	14.5
	0.493/0.91



Effect of supplementary DL-methionine in cassava based diets on the performance of growing pigs

DM and CP intakes were lower, and growth rate and feed conversion better, on the diet with 0.2% supplementary DL-methionine than on the other diets (Table 9). These results are similar to those reported by Maner and Gomez (1973).

	Table 9. Effect of supplementary DL-methionine on live weight gain (LWG) and feed conversion ratio (FCR)

	
	Control
	FCL
	FCL+0.1
	FCL+0.2
	SEM
	P

	Dry matter intake (kg/day)
	1.62
	1.62
	1.6
	1.49
	0.033
	0.012

	Crude protein intake (g/day)
	236
	236
	232
	216
	4.812
	0.008

	Initial weight (kg)
	26.9
	27.3
	28.3
	27.3
	1.13
	0.8

	Final weight (kg)
	85.1
	71.3
	77.4
	86.7
	1.495
	0.001

	LWG (kg/day)
	0.73
	0.55
	0.61
	0.74
	0.014
	0.001

	FCR (kg)
	2.81
	3.83
	3.38
	2.66
	0.138
	0.001


Back fat was reduced and lean percentage was higher on the diets with cassava leaves compared with the control (Table 10). DL-Methionine supplementation of the diets with cassava leaves led to decreases in the weights of liver and thyroid as percentage of live weight at slaughter.

	Table 10. Effect of supplementary DL-methionine on carcass traits of fattening pigs fed high levels of ensiled cassava roots and fresh (wilted) cassava leaves

	
	Control
	FCL
	FCL+0.1
	FCL+0.2
	P
	SEM

	Live weight, kg
	80.6 cd
	68.1 a
	75.3 abc
	82.5 d
	0.001
	1.32

	% carcass
	81.4
	78.7
	80.1
	81.5
	0.314
	1.11

	% liver in LW
	1.82 ab
	2.35 d
	2.13 c
	1.98 bc
	0.003
	0.066

	Loin eye area (cm2)
	28.5 b
	27.0 ab
	28.5 b
	28.5 b
	0.014
	0.288

	Back fat (cm)
	3.63 b
	2.80 a
	2.90 a
	2.93 a
	0.007
	0.131

	Lean
	24.7 c
	22.2 ab
	25.2 c
	28.2 d
	0.001
	0.924

	% Lean
	41.8 a
	46.4 b
	46.3 b
	45.7 b
	0.012
	0.815

	Carcass length, m
	87.0
	89.0
	88.0
	90.3
	0.482
	2.053

	Thyroid gland (g)
	33.9
	32.8
	34.1
	36.9
	0.253
	0.253

	Thyroid gland as % LW
	0.042 a
	0.048 ab
	0.045 ab
	0.045 ab
	0.05
	0.012

	a,b,c,d Mean values in the same row without common superscript are different at P<0.05


Conclusions

· Pigs given restricted amounts (80% of observed voluntary intake) of a 2:1 mixture of ensiled cassava roots and rice bran, and free access to fresh cassava leaves, which had been washed, chopped and washed or wilted for 24 hours, consumed similar amounts of total DM (range of 27 to 32 g DM/kg live weight). 

· Levels of HCN were reduced slightly (16%) by washing and substantially (82%) by wilting, resulting in intakes of HCN from 6.0 to 15 mg/kg live weight, levels considerably higher than previously reported as safe levels to avoid toxicity (1.4 to 4.4 mg/kg live weight). 

· The fresh cassava leaves were readily consumed, providing 38% of the dietary DM and over 70% of the dietary protein. 
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Study on the use of Alocasiamacrorrhiza(roots and leaves) in diets for crossbred growing pigs under mountainous village conditions in northern Vietnam


Pham Sy Tiep, Nguyen Van Luc, Trinh Quang Tuyen, Nguyen Manh Hung and Tran Van Tu, 

NIAH, Hanoi, Vietnam

Abstract

Alocasia macrorrhiza (Giant taro) is a locally available potential feed resource found in the mountainous areas of Northern Vietnam. Two experiments were carried out in Cho Chu village, Dinh hoa District, Thai Nguyen Province with the aim of determining the best ratio of Alocasia macrorrhiza roots and ensiled leaves in the diet for growing pigs and to determine the economical efficiency of using Alocasia macrorrhiza for pigs in household farms in the mountainous areas. Three levels of rice bran (5, 7 and10 %) with 2% molasses (DM basis) in a mixture were evaluated as additives for ensiling Alocasia macrorrhiza leaves. In a second experiment, eighteen crossbred pigs (Yorkshire x Mong Cai) with an initial body weight of 15.0 ± 1.0 kg were divided into 3 groups. In a basal (control) diet (BSD), protein was supplied by soybean meal and fishmeal, and in the other diets ensiled Alocasia macrorrhiza leaves were included as the sole protein sources at levels of 10% (EAL10) and 15% (EAL15) of the DM of the ration. 

The results show that ensiling Alocasia macrorrhiza leaves with 7% rice bran and 2% molasses reduced the calcium oxalate content by 78.8%, maintained the pH at 4.05-4.12 until the 60th day, and improved palatability, without reducing the nutritive value of the silage. Including 10% ensiled Alocasia macrorrhiza leaves (replacing fish and soybean meal) with 45% Alocasia macrorrhiza root meal in the diet for crossbred pigs had no negative effects on the performance of the pigs and gave higher benefits for the farmers. 

Key words: Alocasia macrorrhiza, Giant Taro, leaves, pigs, protein, roots, 


Introduction

It is important to make more efficient use of local feed resources and to improve the economical benefits for smallholder pig producers in the northern mountainous area of Vietnam. Alocasia macrorrhiza is a kind of wild tree growing on the slopes of hills and mountains and today it is also planted in the gardens around smallholdings. The annual yield of fresh Alocasia macrorrhiza root is on average 16 tonnes per ha. There are 3 species of Alocasia macrorrhiza found in the northern mountainous area of Vietnam:

· Wild Alocasia macrorrhiza, that usually grows in stony, mountainous areas, with very large and thick leaves. Its stems and leaves are dark green in color. This kind is always very itchy and is used only for traditional medicine. 

· "Wavy" Alocasia macrorrhiza (or the Elephant Alocasia macrorrhiza) usually grows by streams or in the wetlands. It has large and wavy leaves and its stems and leaves are green in color. This variety also causes itching, although its stems and leaves are sometimes used for feeding pigs. 

· White Alocasia macrorrhiza (or the "khoai ray") usually grows in terraced fields or is planted in the gardens around the houses. Its stems and leaves are light green in color. This variety is less itchy and its roots, stems and leaves are used for feeding pigs. 

Alocasia macrorrhiza roots are rich in starch. Gerpacio and Castillo (1998) reported the following composition of Alocasia macrorrhiza root meal: dry matter (DM) 86.0 %, crude protein (CP) 6.5 %, crude fiber (CF) 4.5 %, Ca 0.38 % and P 0.30 % (in DM).

The leaves of Alocasia macrorrhiza are rich in protein, sugars and vitamins and contain only a little calcium oxalate (Bui Van Chinh 2001). Awunnobi (2002) reported that the chemical composition of the leaves of Taro Cocoyam (Colocasia esculenta) which is similar to Alocasia was (in DM): CP: 12.6%, CF: 6.3%, Ca: 1.05% and P: 0. 31%. The nutritive value of Alocasia macrorrhiza leaves is similar to that of sweet potato vines (Gerpacio and Castillo 1998 ). However, although Alocasia macrorrhiza is a useful, cheap and locally available resource it is still seldom used because of its itching characteristic, as a result of calcium oxalate in the leaves and roots. Pham Sy Tiep et al (2004) carried out a study on the processing and use of Alocasia macrorrhiza roots for pig feed. The results showed that the calcium oxalate could be reduced by chopping, to disrupt the cellular structure of the root, and then soaking the roots in NaOH. After processing the root meal could be included at levels of up to 50% in diets for growing pigs.

The purpose of this study was to:

· Determine the best ratio of Alocasia macrorrhiza roots and ensiled leaves in the diet for growing pigs. 

· Determine the economical efficiency of using Alocasia macrorrhiza in diets for pigs in smallholdings in the mountainous areas of northern Vietnam. 

Experiment 1:Ensiling of Alocasia macrorrhiza leaves with rice bran and molasses

Materials and methods

The experiment was conducted in households in Cho Chu Village, Dinh Hoa district, Thai Nguyen province. The Alocasia macrorrhiza leaves (of White Alocasia or Khoai Ray), including the stems, were chopped into small species 2 - 3 cm in length, sun-dried for 1 -2 hours, and then mixed with 5, 7 or10 % rice bran and 2% molasses (on DM basis) (Photos 1 and 2). The ingredients were mixed thoroughly and kept in plastic bags, tied tightly to keep anaerobic conditions and stored at room temperature (25 - 35oC).
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	Photo 1: Alocasia macrorrhiza growing in mountainous areas of Northern Vietnam
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	Photo 2: Leaves and stems of Alocasia macrorrhiza


Measurements taken included calcium oxalate, DM and pH level at 0, 7, 14 and 28 days, and the chemical composition of the ensiled leaves determined before processing and at 21 days after processing (CP, ME, CF, EE, NFE, Ca and P). The chemical composition of ingredients was analyzed at the National Institute of Feed Industry, Hanoi, according to AOAC (1990) procedures.

Results and discussion

The pH decreased rapidly in all treatments during the first week and then remained stable until 60 days (Table 1; Figure 1). Increasing the level of additive decreased slightly the pH. As expected, increasing the level of rice bran (Table 2; Figure 2) increased the DM content. 

	Table 1. Effect of additive level on the pH of ensiled Alocasia macrorrhiza leaves 

	
	Days

	
	0
	7
	14
	21
	60

	RB5: M2
	6.02 a
	4.20 a
	4.15 b
	4.12 b
	4.10 b

	RB7: M2
	6.09 a
	4.12 b
	4.10 b
	4.07 b
	4.05 b

	RB10: M2
	6.05 a
	4.10 b
	4.06 b
	3.97 b
	3.42 b

	a, b, c: values within rows with differing superscript letters are different (P<0.05)


	Table 2. Effect of additive level on dry matter content (%) in ensiled Alocasia macrorrhiza leaves

	
	Days

	
	0
	7
	14
	21
	60

	RB5: M2
	31.9 a
	31.7 a
	31.9 a
	31.7 a
	31.1 a

	RB7: M2
	34.4 ab
	34.2 ab
	34.2 ab
	34.2 ab
	34.13 ab

	RB10: M2
	36.5 b
	36.0 b
	36.8 b
	36.3 b
	35.8 b

	a,b: values within row/column with differing superscript letters are different (P<0.01)
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	Figure 1. Effect of additive level on the pH of ensiled Alocasia macrorrhiza leaves
	
	Figure 2. Effect of additive level on the DM content of ensiled Alocasia macrorrhiza leaves 


The calcium oxalate content was reduced markedly by ensiling (Table 3).

	Table 3. Effect of additive level on the chemical composition (%) of ensiled Alocasia macrorrhiza leaves at 21 days

	Treatment
	Chemical composition (% in DM)
	mg/kg DM

	
	CP
	CF
	Ca
	P
	Calcium oxalate 

	At 0 day
	
	
	
	
	

	RB5: M2
	28.3 a
	7.4
	0.13
	0.45
	69.5 a

	RB7: M2
	28.7 a
	7.5
	0.12
	0.45
	67.3 a

	RB10: M2
	29.5 a 
	7.5
	0.14
	0.58
	66.9 a

	At 21 days
	
	
	
	
	

	RB5: M2
	27.1 a
	7.6
	0.11
	0.49
	18.1 b

	RB7: M2
	28.2 a
	7.2
	0.15
	0.50
	14.3 c

	RB10: M2
	28.8 a 
	7.1
	0.15
	0.54
	14.1 c

	a, b, c: values within columns with differing superscript letters are different (P<0.05).


The high concentrations of crude protein and of phosphorus and low content of calcium are valuable features in the ensiled leaves.

Treatment RB7: M2 was selected for the experimental diets in Experiment 2 as the oxalate content was lower than in RB5:M2 and the color, taste and smell were better than in RB10:M2.

Experiment 2: The effects of Alocacia macrorrhiza root meal (AM) and ensiled leaves (EAL) on the performance of fattening pigs

Materials and methods

The experiment was carried out in households in Cho Chu Village, Dinh Hoa District, Thai Nguyen Province. Eighteen crossbred pigs (Yorkshire x Mong Cai) with an initial body weight of 15.0 ± 1.0 kg were allocated to 3 farms, with 6 pigs in each. At each farm, the 6 pigs were divided into 3 groups in a completely randomized design. Two pigs (one male and one female) were kept in one pen and given the experimental diets 3 times per day. Drinking water was freely available from automatic drinkers. The three diets were based on Alocasia macrorrhiza root meal (AMR) and maize and formulated to contain150 g crude protein (CP) kg-1 DM. In the basal (control) diet (BD) protein was supplied by soybean meal and fish meal, and in the other diets ensiled Alocasia macrorrhiza leaves were included replacing some of the soybean and fish meal and maize (Tables 4 and 5). Soybean oil was added at levels of 1.0 and 1.5% to AM10 and AM15, respectively, to equalize the calculated content of metabolisable energy of the diets. A vitamin and micro-mineral mixture was added at 5g kg -1.

	Table 4. Chemical composition of the main diet ingredients

	
	AM*
	Maize
	Rice bran
	Soybean meal
	Fish meal

	Dry matter (%)
	86.5
	87.0
	86.5
	87.0
	86.0

	Crude protein (% in DM)
	8.6
	10.2
	12.0
	44.4
	53.4

	Crude fiber (% in DM)
	3.6
	1.2
	8.8
	7.30
	1.70

	Ca (% in DM)
	0.11
	0.08
	0.17
	0.29
	6.55

	P (% in DM) 
	0.19
	0.05
	1.65
	0.65
	3.97

	ME (kcal/kg)
	3150
	3282
	2553
	3316
	2966

	*: the meal was processed by soaking chopped Alocasia macrorrhiza roots in 3% NaOH solution in order to reduce calcium oxalate.


During the experimental period all the diets were given 3 times per day. Feed offered was around 4% of live weight (DM basis). AML was fed fresh and the other ingredients were cooked. . Feed consumption was recorded by the farmers every day and data collected by the researcher every week. The pigs were weighed at the start of the experiment and monthly during the 2 months of the trial. Parameters determined included daily feed intake, average daily gain, feed conversion ratio and economical efficiency. The data were analyzed using the GLM procedure in MINITAB program 11.2. Sources of variation were treatments and error.

	Table 5. Ingredient and chemical composition of the experimental diets 

	
	Control (BD)
	AML10
	AML15

	Alocasia root meal*
	45.0
	45.0
	45.0

	Ensiled alocasia leaves#
	0.0
	10.0
	15.0

	Maize
	30.0
	26.0
	20.5

	Rice bran
	6.0
	8.0
	9.0

	Fish meal
	5.0
	4.0
	4.0

	Soy bean meal
	12.0
	4.0
	3.0

	Vegetable oil
	-
	1.0
	1.5

	Vit-min premix
	0.5
	0.5
	0.5

	Salt
	0.2
	0.2
	0.2

	Lysine
	0.3
	0.3
	0.3

	Lime stone
	1.0
	1.0
	1.0

	Total (%)
	100
	100
	100

	Nutritive value 
	
	
	

	ME (kcal)
	3008
	3005
	3002

	CP (%)
	15.1
	15.1
	15.2

	Lysine (%)
	0.78
	0.70
	0.70

	Ca (%)
	0.93
	0.85
	0.74

	P (%)
	0.54
	0.48
	0.40

	Price/kg feed (VND)
	2556.0
	2261.0
	2138.0

	* Alocasia root meal: the meal was processed by soaking chopped Alocasia macrorrhiza roots in 3% NAOH solution in order to reduce calcium oxalate.
# Ensiled alocasia leaves (RB7: M2)



Results and discussion

Feed intake

The feed intake was highest for the AML10 and lowest for AML15, which suggests that the highest level of inclusion (15%) of ensiled Alocasia macrorrhiza leaves had a negative effect on palatability (Table 6).

	Table 6. Effect of different levels of ensiled Alocasia macrorrhiza leaves and root meal on the performance of growing pigs

	
	Control (BD)
	AML10
	AML15
	SEM
	P

	Feed intake, kg/day
	1.46 a 
	1.48a
	1.35b
	0.08
	0.02

	Initial weight, kg
	15.3
	15.4
	15.3
	0.89
	0.76

	Final weight, kg 
	52.6 a
	52.2a
	49.6b
	1.34
	0.04

	Duration (days)
	75
	75
	75
	
	

	Daily live weight gain, g
	497
	491
	457
	18.5
	0.11

	FCR, kg/kg gain
	2.6 
	2.5 
	2.9 
	0.08
	0.04

	Cost of feed, VND/kg
	2556
	2261
	2138
	
	

	Feed cost/kg gain, VND
	6 646 a
	6 331 b
	6 200 b
	34.5
	0.03

	a, b: values within column with differing superscript letters are significantly different (P<0.05) 
SEM: standard error of the mean.


Live weight gain, feed conversion and costs

The daily live weight gain tended to be lower, and the feed conversion poorer, on the AML15 diet compared with AML10 and the control (Table 6). These results are in agreement with Bui Huy Nhu Phuc (2000) and Le Van An (2004), who concluded that cassava leaves and sweet potato leaves can be ensiled successfully, but only used to limited extent as a protein source for pigs. In contrast, Rodriguez et al (2006) found no problems of feed intake and no reduction in growth rate of growing pigs (524 vs 529 g/day) fed fresh leaves of Xanthosoma sagittifolium replacing 50% of the soybean protein in a basal diet of sugar cane juice. Xanthosoma sagittifolium is morphologically similar to Alocasia macrorrhiza but the leaves do not appear to cause "itching" as in the case for Alocasia macrorrhiza. It is not known if this is a factor influencing the nutritive value of the leaves of these two similar species. Feed costs were lowest for the AML15 diet, indicating that if the farmers ensile Alocasia macrorrhiza leaves, they can save on feed costs and get higher economic benefits. 

Conclusions

· Ensiling Alocasia macrorrhiza leaves with 7% rice bran and 2% molasses can reduce the oxalate content by 79% (at 30 days), and maintain the pH at 4.05-4.12 until the 60th day after ensiling, without reducing the nutritive value of the silage. 

· Including 10% ensiled Alocasia macrorrhiza leaves (replacing fish and soybean meal) with 45% Alocasia macrorrhiza root meal in the diet for (Yorkshire x Mong Cai) crossbred pigs had no negative effects on performance and resulted in higher benefits for the farmers in mountainous villages in Northern Vietnam. 
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Agricultural potential and utilization of water hyacinth (Eichhornia crassipes) as forage for fattening pigs in the Mekong delta of Vietnam
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Abstract

Experiment 1 was carried out to determine the biomass production and chemical composition of water hyacinth (WH) grown in different environments. There were two factors: A, water environment, either river or pond, and factor B, regeneration method, either saplings or natural regeneration. Water environment did not affect WH yield, ether extract or ash content of the leaves. However, WH grown on pond surfaces contained more crude protein (CP) and neutral detergent fiber than that grown in the river. Conversely, CP of WH stem grown in the river was higher than that grown on a pond surface. 

Experiment 2 was conducted in order to determine the effect of using cooked fresh leaves and stems of WH as a supplement in commercial concentrate diets of fattening-finishing pigs. A feeding trial was carried out on 57-100 kg Yorkshire pigs kept in the Experimental Animal Farm of Can Tho University. Using cooked/fresh leaves/stems of WH did not statistically affect performance and feed efficiency of the fattening-finishing pigs (P>0.05). Supplementing cooked or fresh WH did not affect daily weight gain, feed efficiency or back-fat thickness of the experimental pigs. 

Key words: back-fat thickness, biomass production, chemical composition, feed intake, feed conversion, regeneration method, water hyacinth, 


Introduction

Water hyacinth (Eichhornia crassipes) is a perennial aquatic herb, which belongs to the family Pontedericeae. It is usually found floating freely on the surface of fresh water or can be anchored in mud. Using water hyacinth as a feed is one of the methods to limit the disadvantagous effects of the plant and to provide a low-cost ingredient in animal diets. Thus, water hyacinth is considered to be a plant for hunger and poverty alleviation in several developing countries. 

Studies have shown that the nutrients of water hyacinth are available to ruminants. In Southeast Asia, however, some non-ruminant animals are fed rations containing water hyacinth. In Malaysia fresh water hyacinth is cooked with rice bran, copra cake, fish meal and then mixed with copra meal as feed for pigs, ducks, and pond fish. Similar practices are much used in Indonesia, the Philippines and Thailand (National Academy of Sciences 1976). In Vietnam, studies have proved that farmers can use fresh or ensiled water hyacinth in the diets of fattening pigs (Luu Huu Manh et al 2002; Le Thi Men et al 2002; Nguyen Nhat Xuan Dung et al 2002). The effect of using the plant as a supplement in commercial concentrates for pigs, however, has not been studied. 

The objectives of the experiment were to determine the production and chemical composition of water hyacinth (WH) grown in different environments and to evaluate the effects feeding fattening pigs diets containing water hyacinth in different forms on feed intake, feed conversion ratio and daily weight gain.


Material and methods

Experiment 1: Effect of environment and regeneration method on biomass yield and chemical composition of water hyacinth

The experiment was conducted at My Hoa, in Long Xuyen City, as a completely randomized factorial design: Factor A was water environment (river or pond) and factor B regeneration method (saplings or natural regeneration). Each treatment was replicated three times. At each selected site, a 1m x 1m bamboo frame was placed to contain the growing water hyacinth plants and the biomass productivity determined when the water hyacinth tightly covered the frame (see Photos 1 and 2).
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	Photo 1.  Growing WH in the river
	
	Photo 2. Growing WH in a pond


Experiment 2: Effect of feeding cooked or fresh leaves or stems on the performance of Yorkshire fattening pigs

Experimental design

Experiment 2 was carried out at the Experimental Farm of Can Tho University, in the Mekong Delta. Twenty Yorkshire pigs at around 60kg live weight were allocated in a completely randomized design, with 5 treatments and 4 replications (individually housed pigs)

· CS: concentrate + cooked stem of WH (CS) ad libitum 

· FS: concentrate + fresh stem of WH (FS) ad libitum 

· CL: concentrate + cooked leaves of WH (CL) ad libitum 

· FL: concentrate + fresh leaves of WH (FL) ad libitum 

Feed ingredients 

The experimental pigs in all treatments were given a commercial concentrate (Table 1) and WH (Table 2) according to the proposed treatments. 

	Table 1. Nutrient composition of the concentrate

	Component
	As fed
	DM basis

	Dry matter (DM), %
	88.6
	100

	Crude Protein (CP), %
	15.3
	17.3

	Ether Extractives (EE)
	4.67
	5.27

	Ash, %
	6.40
	7.22

	Crude Fiber (CF), %
	3.33
	3.76

	NDF, %
	11.5
	12.9

	ADF, %
	4.75
	5.36

	NFE, %
	58.9
	66.4

	Ca, %
	1.89
	2.13

	P, %
	0.72
	0.81

	ME, kcal/kg DM
	
	3430


	Table 2. Nutrient composition of experimental water hyacinth

	Component
	DM
	Ash
	CF
	NDF
	ADF
	ME, kcal/kg

	FS*, as fed
	6.31
	1.64
	1.95
	3.56
	2.45
	

	FS, DM basis 
	100
	18.46
	30.9
	56.5
	38.9
	1896

	CS**, as fed
	5.08
	0.52
	0.41
	3.55
	2.34
	

	CS, DM basis
	100
	10.2
	8.11
	69.9
	46.1
	2063

	FL, as fed
	13.8
	1.73
	2.65
	6.77
	3.21
	

	FL DM basis
	100
	12.7
	19.5
	49.9
	24.6
	2647

	CL, as fed
	8.57
	0.91
	1.90
	5.01
	2.30
	

	CL, DM basis
	100
	10.64
	22.1
	58.5
	26.9
	2866

	FS, fresh stems; CS, cooked stems; FL fresh leaves; CL cooked leaves



Results and Discussion

Experiment 1

The water environment did not affect WH yield, or ether extract and ash content of the leaves (Table 3).

	Table 3. Effect of water environment and regeneration method on the productivity and chemical composition of water hyacinth

	
	River
	Pond

	Productivity 
	Sapling

(1 month)
	Regeneration

(1.5 months)
	Sapling

(1 month)
	Regeneration

(1.5 months)

	Leaves (g/m2)
	487
	317
	337
	333

	Stems (g/m2)
	657a
	367b
	397b
	332b

	Stalk (stalks/m2)
	39.7a
	70.3b
	45.0a
	80.3b

	Ash in leaves, % 
	12.4
	11.7
	11.1
	12.8

	Ash in stems, % 
	17.5a
	18.2a
	14.0b
	15.6c

	EE in leaves, % 
	5.10
	6.05
	5.00
	5.25

	EE of stems, % 
	2.17a
	4.38b
	2.84a
	2.92a

	CP in leaves, % 
	20.6a
	23.5b
	16.2c
	17.1c

	CP in stems, % 
	7.25a
	7.68b
	10.1c
	8.80c

	ADF in leaves, % 
	29.8
	27.8
	31.7
	30.9

	ADF in stems, % 
	38.5
	37.9
	40.1
	37.8

	NDF in leaves, % 
	50.1a
	50.6a
	57.5b
	65.2c

	NDF in stems, % 
	59.3ab
	54.1b
	64.5a
	64.2a

	ab Means with different letters within the same row differ significantly at the 5% level 


WH grown on a pond surface contained more crude protein (CP) and neutral detergent fiber than that grown in a river. Conversely, the CP content of WH stems grown in a river was higher than that grown on a pond surface. 

Experiment 2

Growth performance, feed conversion efficiency and carcass quality

There was no effect of treatment on the weight gain of the finishing pigs (Table 4). 

	Table 4. Effect of treatment on final live weight (LW), weight gain (WG) and average daily gain (ADG) of the pigs 

	Treatment*
	Initial LW, kg
	Final LW, kg
	WG, kg/pig
	ADG, g

	CO
	59.3
	96.3
	37.0
	755

	CS
	57.3
	97.8
	40.5
	826

	FS
	58.5
	100.5
	42.0
	857

	CL
	59.5
	94.8
	35.3
	719

	FL
	58.5
	98.0
	39.5
	806

	P-value
	
	>0.05
	>0.05
	>0.05


In treatment CL water hyacinth intakes were higher than in treatment FS (P<0.05), with intermediate intakes in treatments CS and FL . However, there was no significant difference in total feed intake or FCR among treatments (P>0.05). 

	Table 5. Effects of treatment on feed intake (FI) and feed conversion ratio (FCR) of the pigs during the experiment

	Treatment
	Concentrate intake, kg/pig
	Water hyacinth intake kg DM/pig
	Total feed intake, kg/pig
	FCR,
kg/kg

	CO
	126
	0
	126
	3.50

	CS
	121
	6.94bc
	128
	3.64

	FS
	116
	4.15c
	120
	2.99

	CL
	122
	9.46b
	132
	3.37

	FL
	119
	5.94bc
	125
	3.04

	ab Means with different letters within the same column differ significantly at the 5% level


There was no effect of feeding cooked or fresh water hyacinth leaves or stems on back-fat thickness (P>0.05) (Table 6).

	Table 6. Effect of treatment on back-fat thickness 

	Treatment
	Back-fat thickness, mm

	CO
	10.1

	CS
	10.6

	FS
	10.1

	CL
	11.4

	FL
	11.0


Conclusions and Recommendations

· Water environment did not affect the yield of water hyacinth, or ether extract and ash content of the leaves. However, water hyacinth grown on pond surfaces contained more crude protein (CP) and neutral detergent fiber than that grown in a river. Conversely, the CP content of stems grown in a river was higher than that grown on pond surfaces.

· Supplementation of cooked or fresh water hyacinth in finishing diets did not affect performance and feed efficiency, and also did not decrease the concentrate intake of the pigs. The results indicate that farmers could use water hyacinth, offered ad-libitum, as a supplement for fattening pigs.
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The use of ensiled cassava leaves for feeding pigs on-farm in central Vietnam
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Abstract

Cassava (Manihot esculenta Crantz) is the second most important food crop in Vietnam, and new high-yielding varieties, such as KM60, KM94 and KM98, and more sustainable production practices have increased the economic effectiveness of cassava production in Vietnam. 

It was found that the inclusion of rice bran or cassava root meal as additives in the ensiling process at levels 5 or 10 % produced good quality silage that could be stored for at least five months. The HCN content of the ensiled cassava leaves decreased very quickly during the first 30 days, and was only from 10.4 - 13.2 % of the initial level at 90 days after ensiling. The inclusion of 15 % (as DM) ensiled cassava leaves in diets for growing pigs improved daily live weight gains (DWG) and the feed conversion ratio (FCR) and reduced the feed cost by 25 %. Supplementation with L-lysine and DL -methionine significantly improved DWG, feed intake and FCR in diets containing ensiled cassava roots and leaves. Diet with15 % ensiled cassava leaves (DM basis) supplemented with 0.2 % Lysine, 0.1 % DL-methionine and 0.1 % lysine and 0.05 % DL-methionine in the 20-50 kg and 50 -90 kg growth stages, respectively, resulted in the highest economic efficiency and can be recommended for crossbred pigs. A second experiment was conducted on farm in Huong Van village, Huong Tra District, Thua Thien Hue province to determine the effect on performance of different levels of ensiled cassava (KM94) leaves in the diets of growing pigs. There were four experimental diets, with inclusion of ensiled cassava (KM94) leaves at 0 %,10 %, 15% and 20 % of DM. It was found that, in diets for growing pigs 10 % to 20 % (of DM) of ensiled cassava leaves could be included in the diet without affecting the animals' health or overall performance and resulting in 8.0 - 13.8 % reductions in feed cost.

In conclusion, cassava leaves can be used as a protein supplement for feeding pigs. Using ensiled cassava leaves in the diet brings more benefit to farmers in Central Vietnam. Ensiling is the best method of preserving cassava when the harvest coincides with the rainy season; the technique is simple, cheap and suitable for farm conditions in Central Vietnam.
Key words: Cassava KM94 leaves, hydrogen cyanide, ensiled cassava leaves (ECL), lysine, methionine, growing pigs, daily weight gain, feed conversion ratio, feed cost.


Introduction

In Viet Nam the agriculture is based mainly on small- scale farming systems. The characteristics of these systems are small farms, integrated crop-livestock systems, low capital input and low economic efficiency. Pig production is an important part of these farming systems, and the pig population in 2005 was 27.43 million animals. The main feeds for pigs are rice bran, maize, cassava meal and vegetables. Cassava, maize and rice bran are rich in energy but have low contents of protein and essential amino acids. The conventional protein supplements in the region are soybean meal, groundnut cake, and fishmeal, but they are relatively expensive and not always available in the villages.

Therefore smallholder pig production is mainly based on agricultural by-products. It is clear that sustainable livestock development by making better use of locally available feed resource is an urgent priority. 

Cassava (Manihot esculenta Crantz) is the second most important food crop in Vietnam after rice in terms of total production. In 2004 root production was about 5.6 million tonnes, some of which is used for animal feeding. In 2004/2005 more than 380 000ha, which is about 50 % of the total cassava area in the country, was planted with new cassava varieties, such as KM60, KM94, KM95 and KM98. New high-yielding cassava varieties usually have a high HCN content. At root harvest time, yield of fresh foliage of KM94 is about 5-9 tons/ha (Hoa Ly 2005). Cassava leaves of KM94 variety have a high crude protein concentration of between 25.0-34.7 % in DM (Phuc et al 2001; Hoa Ly et al 2005), and thus have a good potential as a protein source for animal feeding. The greatest limitation to the use of cassava leaves as animal feed is the high HCN content. The most common procedures for reducing the cyanide content are sun- drying and ensiling (Phuc et al 2001, 2005; Wanapat 2001; Khieu Borin et al 2005).

In the rainy season it is difficult to sun-dry, and so making silage is the most appropriate method to preserve cassava roots and leaves and reduce the toxicity of HCN. Fresh KM 94 cassava leaves have a very high HCN contain (1745 mg/kg DM), so it is necessary to find appropriate methods to process the leaves and so be able to use KM 94 for animal feeding. However, the protein from cassava leaves is low in the amino acids lysine and methionine. Further research on using cassava silage for feeding animals is required

The object of these experiments was to identify appropriate preservation and processing methods of cassava leaves and to evaluate the economic efficiency of using ensiled cassava leaves for pig feeding under farm conditions in Central Vietnam.

Experiment 1. Evaluation on station of the effect of time of wilting and additives on the quality of cassava leaf (KM94) silage

Processing method 

The fresh leaves of cassava KM 94 were collected at time of root harvest and spread out on the floor for wilting. The fresh leaves, and at 12 hours and 24 hours after wilting, were analysed for DM, CP and HCN content. After 24 hours wilting the leaves were separated from the stems and petioles, chopped into small pieces (2 - 3 cm), mixed with 0.5 % salt and additives (rice bran or cassava root meal at 5 or 10% levels) and sealed in plastic bags. The treatments were:

· 5CRM: Cassava leaves (KM 94 )+ 0.5 % NaCl + 5 % Cassava root meal 

· 10CRM: Cassava leaves (KM 94 )+ 0.5 % NaCl + 10 % Cassava root meal 

· 5RB: Cassava leaves (KM 94) + 0.5 % NaCl + 5 % Rice bran 

· 10RB: Cassava leaves (KM 94) + 0.5 % NaCl + 10 % Rice bran 

Silage samples were taken after 0, 30, 60 and 90 days of ensiling and analyzed for dry matter (DM), crude protein (CP) and HCN (AOAC 1984). 

Results and Discussion

The DM of fresh cassava (KM94) leaves increased significantly after wilting for 12 h or 24 h (table 1). The aim in wilting is to reduce the moisture content and HCN in cassava leaves. Pre-wilting is a very important step to reduce the moisture content of fermenting material. After wilting for 24 hours, the DM % of the cassava leaves was 37.8 %, which is suitable for ensiling. Higher levels of moisture will cause the sugar and colloidal- matter in plant liquid to be diluted, which will damage the lactic acid bacteria and cause silage to be putrid.

	Table 1. Effect of time wilting on the DM, CP and HCN concentration of KM94cassava leaves 

	
	DM 
(%)
	CP
(% DM)
	HCN
(mg/kg fresh )
	HCN
(mg/kg DM)

	Fresh Leaves 
	27.9a
	28.3
	486.a
	1745a

	After 12 h Wilting
	32. 6b
	27.3
	428b
	1313b

	After 24 h Wilting
	37.8c
	27.0
	335c
	885c

	SE
	0.274
	0.403
	6.29
	19.5

	P
	0.001
	0.16
	0.001
	0.001

	a,b,c: Mean values within columns without a common letter are different at p<0.05


The HCN content of cassava KM94 leaves decreased after wilting (Table 1). The HCN content of the fresh leaves was 1745 mg/kg DM, that was reduced 1313 mg and 885 mg/kg DM after wilting for 12 and 24 hours, respectively. The HCN content thus was about 75 -51 % of the initial level at 12 and 24 hours wilting, respectively. 

The crude protein content (Table 2) in all treatments with additives decreased significantly from 0 to 30 days of ensiling and then decreased slightly from 30 days until 90 days ensiling. Concentration of crude protein in the KM94 silage fell for all treatments by 3-5 %, probably as a result of bacterial degradation. Plant enzymes also bring about proteolysis and the production of amino acids and peptides from the protein of the original material.

	Table 2. Effect of additives and ensiling time on the CP (% in DM) of KM94 cassava leaf silage

	
	Time of ensiling, days
	SE
	P

	
	0
	30
	60
	90
	
	

	KM 94 + 5 % CRM
	24.4a
	23.1b
	22.6b
	20.9c
	0.176
	0.001

	KM 94 + 10 % CRM
	24.3a
	21.9b
	21.4b
	19.0c
	0.204
	0.001

	KM 94 + 5 % R. bran
	24.8a
	23.3b
	22.8b
	21.9c
	0.134
	0.001

	KM 94 + 10 % R. bran
	25.3a
	23.8b
	23.4b
	22.6c
	0.049
	0.001

	Average
	24.7a
	23.0b
	22.6b
	21.1b
	0.265
	0.001

	a,b,c: Mean values within rows without common letter are different at p<0.05


	Table 3. Effect of additives and ensiling time on the HCN (mg/kg DM) of KM94 cassava leaf silage

	
	Time of ensiling, days
	SE
	P

	
	0
	30
	60
	90
	
	

	KM 94 + 5 % CRM
	773a
	649b
	363c
	231d
	22
	0.001

	KM 94 + 10 % CRM
	706a
	638a
	311b
	181c
	17
	0.001

	KM 94 + 5 % R.bran
	767a
	594b
	324c
	190d
	19
	0.001

	KM 94 + 10 % R.bran
	705a
	574b
	293c
	190d
	18
	0.001

	Average
	738
	616
	323
	198
	19
	0.001

	a,b,c: Mean values within rows without a common letter are different at p<0.05


The HCN content of the ensiled leaves decreased very quickly from 0 days (after leaf wilting 24 hours) to 30 days and then further decreased until 90 days after ensiling (Table 3). The HCN content of the fresh cassava leaves was 1745 mg/kg DM, and was reduced to 885 mg/kg DM after 24 hours of wilting, when the HCN content was only about 51 % of the initial level. Then at 90 days after ensiling, the HCN content of the cassava leaves had fallen to 181- 231 mg/kg DM, only about 10.4 - 13.2 % of the initial level. 

Wilting for 24 h and then ensiling, could be a suitable alternative way of preserving KM94 cassava leaves when the harvest of cassava coincides with the rainy season. The technique is simple, cheap and suitable for farm conditions in Central Vietnam. 

Experiment 2. Ensiled cassava leaves for feeding growing pigs

Location

The two experiments were carried out on household farms in Huong van village, Huong tra District, Thua Thien Hue province .

Experiment 2.1. Effect on performance of including ensiled cassava leaves in the diet of growing pigs 

Materials and methods 

Four families in Huong van commune raised a total 16 pigs (each farmer kept 4 pigs), all crossbreeds between Mong Cai and Large White, with initial live weights of around 24 -25 kg. Two pigs on each farm were housed together and fed the control diet (a traditional diet) which contained rice bran, fermented fish, cassava meal and sweet potato vines, while the other two pigs were fed the experimental diet: 85 % control diet + 15 % ECL (ensiled cassava leaves). The experiment lasted for 90 days.

Results and discussion

The effect of using ECL in growing pig diets is shown in Table 4. Daily weight gain was higher and feed conversion ratio lower in the pigs given the ECL diet compared to the control diet (P<0.05). Feed cost was 25.62 % lower with ECL supplementation ( P<0.001). 

	Table 4. Effect of including ensiled cassava leaves in the diet on the performance of growing pigs 

	
	Control 
	15ECL *.

	Live weight, (kg)
	
	

	Initial
	24.2
	24.3

	Final
	58.6
	60.8

	Daily gain, g
	382
	405

	FCR (kg DM/kg gain)
	4.86
	4.56

	Feed cost/kg gain (VND)
	7904
	5879

	* 15 ECL: diet contained 15 % ensiled cassava leaves (as DM)


Experiment 2.2: Effect of supplementation of L-lysine and DL-methionine on the utilization of diets containing ensiled cassava leaves as protein source for pigs 

Materials and methods

Animals and experimental design and feeding

Each of three farmers was allocated 8 pigs (Mong cai x Large White) with a range in live weight from 19.6 -20.8 kg randomly distributed into four treatments (pens), with two pigs in each pen. The pigs were vaccinated against Hog cholera and Pasteurellosis, and de-wormed 2 weeks before starting the experiment. The diets were formulated according to the two growing phases: 20 -50 kg (Phase 1) and 50 -90 kg (Phase 2). The diets were fed according to a restricted allowance recommended by the National Institute of Animal Husbandry, Vietnam (NIAH 2001). The experiment lasted 90 days. The diets were distributed equally into 3 meals per day. Refusals were collected the following morning before the first meal and weighed. Drinking water was available ad-libitum. 

The four dietary treatments in Phase 1 and Phase 2 were:

Low AA: Basal (control) diet containing 3026 kcal/kg ME and 14.9 % CP, 0.7 % Lysine and 0.28 % methionine (Phase 1) and 3010 kcal/kg ME and 12.8 % CP, 0.58 % lysine and 0.24 % methionine (Phase 2) .

Medium AA: Basal diet + 0.1 % L - lysine and 0.05 % DL - methionine (Phase 1) and 0.05 % L-lysine and 0.03 DL -methionine (Phase 2).

High AA: Basal diet + 0.2 % L - lysine and 0.1 % DL - methionine (Phase 1) and 0.1 % L-lysine and 0.05 DL -methionine (Phase 2).

Very high AA: Basal diet + 0.3 % L - lysine and 0.15 % DL - methionine (Phase 1) and 0.15 % L-lysine and 0.08 % DL -methionine (Phase 2).

The control (basal) diet consisted of rice bran, maize, ensiled cassava root, fishmeal, and ensiled cassava leaves (Table 5 and 6). The basal diet was compounded to contain in Phase 1: 3026 kcal/kg ME, 14.9 % CP; 0.7 % lysine and 0.28 % methionine and in Phase 2: 3010 kcal/kg ME and 12.81 % CP, 0.58 % lysine and 0.24 % methionine (as DM).

Chemical analyses

The feedstuffs in the experimental diets were analyzed for dry matter (DM), crude protein (CP), crude fibre (CF) and HCN (AOAC 1984).

	Table 5. Chemical composition of the feed ingredients

	
	DM
 (%)
	ME *
(kcal/kg DM)
	CP in DM
( %)
	CF in DM
( %)
	Lys*
(g/kg DM)
	Met*
(g/kg DM)

	Rice bran
	86.3
	2896
	11.5
	15.6
	4.87
	2.32

	Maize meal
	84.4
	3727
	9.91
	2.84
	3.25
	2.01

	ECR **
	41.0
	2925
	3.05
	3.92
	1.1
	0.41

	ECL**
	32.8
	2290
	20.8
	12.8
	9.77
	3.76

	Fish meal
	87.5
	3520
	58.5
	-
	33.7
	10.5

	* Calculated
** Analyses at 60 days after ensiling: 
HCN content in ECR: 69.0 mg/kg DM; HCN content in ECL: 162 mg/kg DM


	Table 6. Ingredient content and chemical composition of the control diet (% of DM)

	
	20- 50 kg
	50- 90 kg

	Rice bran
	40
	35

	Maize meal
	20
	20

	Ensiled Cassava Root
	17
	25

	Ensiled Cassava Leaves
	15
	15

	Fish meal
	8
	5

	Composition ( % in DM)

	ME (kcal/kg DM)
	3026
	3010

	Crude protein
	14.9
	12.8

	Crude fibre
	9.42
	8.95

	HCN (mg/kg DM)
	36.1
	41.0

	Lysine
	0.70
	0.58

	Methionine
	0.28
	0.24


Measurements

Feed consumption was determined by weighing the mounts given and subtracting any feed remaining the following morning. The pigs were individually weighed initially, monthly and at slaughter, and daily weight gain, daily feed intake, feed conversion ratio and feed cost/kg live weigh gain calculated for each treatment. The data collected were analyzed by the General Linear Model (GLM) procedure in the ANOVA program of Minitab version 13.

Results and discussion

Final live weight, daily weight gain (DWG), feed in take (FI) and feed conversion ratio (FCR)

The effect of supplementation with L-lysine and DL-methionine in the diet on the performance of growing pigs is shown in Table 7. Final live weight and DWG were highest at the two highest levels of supplementation (High AA and Very High AA) compared to the Low - and Medium AA treatment . The feed conversion ratio was poorer in the Low AA (control) treatment compared to the other three diets. The results demonstrate that increasing the level of supplementary AA in diets of growing pigs improved daily gain and feed conversion. This is in agreement with the results of various other studies on amino acid supplementation of growing pig diets (Portela and Maner 1972; Nguyen Thi Loc 2003).

Feed cost

The data in Table 7 show that feed cost/kg gain for the " high AA" level treatment tended to be lower (P= 0.099) than for the other three treatments and was somewhat higher for the Very High AA treatment due to the high cost of the synthetic amino acids.The diet with supplementation of 0.2 % L-lysine and 0.1 % DL-Methionine , and 0.1 % L-lysine and 0.05 % DL-methionine in the growing and finishing phases, respectively, thus gave the highest economical efficiency and can be recommended for F1 (MC x LW) growing pigs when diets are used with high levels of ensiled cassava leaves. 

	Table 7. Effect of L-lysine and DL-methionine supplementation level in the diet on the growth and economic performance of crossbred growing pigs

	
	LowAA
	MediumAA
	HighAA
	Very HighAA
	SEM
	P-value

	Live weight, kg
	
	
	
	
	
	

	Initial
	20.1
	20.0
	20.8
	19.6
	0.426
	0.247

	Final
	68.8a
	72.6a
	80.3b
	74.2a
	1.522
	0.000

	Daily gain, g/day 
	537a
	584a
	660b
	604b
	17.0
	0.001

	Feed data

	DM intake (kg/day)
	1.60a
	1.59a
	1.71b
	1.64ab
	0.018
	0.001

	FCR (kg DM/kg LWG)
	2.99a
	2.73b
	2.59b
	2.72b
	0.058
	0.001

	Feed cost (VND/kg LWG)
	6482
	6269
	6193
	6692
	145.4
	0.099

	a,b Mean values within rows without a common letter are different at P < 0.05


Similar findings were reported by Nguyen Thi Loc (2003), who recommended supplementation with 0.2 % DL-methionine in diets based on ensiled cassava roots for F1 (MC x LW) fattening pigs to give improved live weight gain, feed conversion ratio and feed cost. 

Experiment 2.3. Effect of level of ensiled cassava KM94 leaves in the diet on the performance and economic efficiency of growing pigs in Central Vietnam

Materials and methods

Animals and experimental design and feeding

The experiment was carried out in three households in Huong Van village, Huong Tra District, Thua Thien Hue province from December 2004 to May 2005. Three households were selected to carry out the experiment, and raised a total of 24 crossbred pigs (MC x LW) with average initial weight of about 23 - 24 kg. Each farmer was allocated 8 pigs randomly distributed into four treatments, with 2 pigs in each pen. The trials were designed as a complete randomized block with four levels of ensiled cassava (KM94) leaves: 0, 10%, 15 % and 20 % ensiled cassava leaves (in DM) in diets. The control (basal) diet contained rice bran, maize meal, ensiled cassava roots, fishmeal and sweet potato vine, without ensiled cassava leaves. The four diets were compounded to contain: 3000 kcal/kg ME and 14 % CP, with 0.65 % L-lysine and 0.25 % DL-methionine in Phase 1 (pigs 20 -50 kg) and in Phase 2 (pigs 50 -90 kg): 3000 kcal/kg ME and 12 % CP, 0.55 % L-lysine and 0.23 % DL-methionine (as DM), respectively. A vitamin and mineral premix was added (0.5 % of DM) according to requirements given by NRC (1998).

Results and discussion

Final live weight, daily weight gain and feed conversion ratio

The data in Table 8 indicate that final live weight and daily weight gain tended to decrease as the level of ensiled cassava leaves increased. However, there were no significant differences in final live weight and daily weight gain among the experimental diets (P>0.05). Similarly, there were no significant differences in DM intake among the experimental diets. The feed conversion ratios (FCR) increased slightly at the higher levels of ensiled KM94 leaves in the diet, but the differences were not significant (P= 0.63). 

	Table 8. Effect of including ensiled cassava leaves in diet on the performance and economic efficiency of crossbred growing pigs

	
	Control
	ECL10
	ECL15
	ECL20
	SEM
	P

	Live weight, kg
	
	
	
	
	
	

	Initial
	23.2
	23.3
	23.9
	23.7
	0.52
	0.688

	Final
	75.1
	73.5
	72.0
	71.1
	2.37
	0.655

	Daily gain, g/day 
	577
	557
	534
	517
	22.7
	0.287

	Feed data

	DM intake (kg/day)
	1.57
	1.57
	1.56
	1.57
	0.04
	1.000

	FCR (kg DM/kg LWG)
	2.73
	2.86
	2.99
	3.06
	0.189
	0.632

	Feed cost (VND*/kg LWG)
	7852
	7225
	7121
	6767
	483.7
	0.472

	SE: standard error of mean; P: probability * VND: Viet Nam Dong; 1 USD = 15800 VND


Feed cost

There were no significant differences in feed cost/kg weight gain among treatments (P = 0.47). However, this parameter was lower in the ECL diets than in the control diet. The feed cost tended to decrease as levels of ensiled cassava leaves increased. Including 10%, 15 % and 20 % ensiled cassava leaves in the diet reduced the feed cost by 8.0 %, 9.3 % and 13.8 %, respectively. This indicates that including ensiled cassava leaves as a protein source for feeding pigs can reduce feed costs under small farm conditions in Central Vietnam.


Conclusions 

· Using various additives in the ensiling process of cassava KM94 leaves, it was found that the inclusion of rice bran or cassava root meal at levels 5 or 10 % produces a good quality silage that can be stored for at least five months. The HCN content of ensiled KM94 cassava leaves was only from 10.4-13.2 % of the initial level at 90 days after ensiling. 

· Using 15 % of DM inclusion of ECL in the pig diets containing 30 % ECR (as DM) as replacement for sweet potato vines and partial replacement for fish meal in diets for growing pigs did not effect the growth rate but reduced feed cost/kg gain by 26.8 %. 

· A diet containing 15 % ensiled cassava leaves with supplementation of 0.2 % L-lysine and 0.1 % DL- methionine, and 0.1 % L-lysine and 0.05 % DL-methionine, gave the highest economical efficiency and can be recommended for crossbred pigs of 20-50 kg and 50 -90 kg live weight, respectively. 

· The inclusion of 10 % to 20 % (as DM) of ensiled KM94cassava leaves in diets for growing pigs did not affect the animals' health or overall performance and resulted in a 8.0 % - 13.8 % reductions in feed cost. 

· Ensiled cassava leaves can be used as a protein supplement for feeding pigs and will bring more benefit to farmers. 
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The use and potential of supplementing village pigs with Stylosanthes guianensis in Lao PDR
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Abstract

This paper describes the feeding and management system of smallholder pig production systems in Lao PDR and discusses the main constraints of these systems. It also presents results of a survey of 30 pig producers who have started to use the forage legume Stylosanthes guiananesis CIAT 184 (Stylo) as a supplement to existing feed resources. The main benefits of including Stylo in the diet of village pigs were significant labour savings for women, and improved growth rates of growing pigs. 

Labour requirements were reduced from 195 minutes per day to 90-145 minutes per day for households that used Stylo, which benefited mainly women. The main reason for the reduction in labour was that Stylo replaced natural green feed which took a long time to collect, that it was readily available near the pig pens, and that it did not require cooking before feeding. Households reported that the average time needed to grow a piglet from weaning to sale weight of approximately 65kg was 18 months before the use of Stylo. With Stylo this period was reduced to 8.7 months representing an increase in the daily growth rate from 107 to 207 g/day. While this is still a relatively low daily growth rate, the improvement represents a very significant livelihood benefit to households.

Stylo is a broadly adapted forage legume which grows well in most situations but is only of moderate quality when compared to other legumes. Farmers are managing quality by cutting Stylo when it is still very young and thus leafy and of high quality. The adoption of Stylo demonstrates the need for high-protein supplementary feeds in village situations and the opportunity for the introduction other forage legumes. Apart from quality considerations a new legume will need to fit well into the existing farming system. CIAT has recently started a 3-year research project (funded by ACIAR from May 2006 to December 2008) to investigate the reasons for the beneficial effect of Stylo and to evaluate other legumes for use in smallholder pig production systems.
Key words: Lao PDR, pigs, production systems, Stylosanthes guianensis, Stylo


Introduction

Pig production is an important livelihood activity of smallholder upland farm households with sales of pigs often accounting for much of the cash income of poor households. The majority of pig production (>80%) is carried out by smallholder farmers with the remainder being commercial production near major population centres. Per capita pig density is highest in the northern mountainous region of Lao PDR and in the southern region in the mountainous areas along the border with Vietnam. Among the various ethnic groups pig ownership is highest among the Hmong people with 73% of households raising pigs, which compares to 64% for Khmu people and 38 % for Lao loum people (Agricultural Census 2000). Of these ethnic groups the Hmong and Khmu people are living in mountainous upland areas while the Lao loum tend to occupy valleys and lowland areas. 

The pig population in Lao PDR is estimated at 1.5-2.0 million pigs.

Several native breeds are commonly raised by smallholder farmers in village situations. These are Moo-Chid, Moo-Laat, Moo-dam and Moo Nonghaet (Vongthilath and Blacksell, 1999), which are high fat, black swaybacked Asian breeds with a mature weight of 60-120 kg. They are well adapted to scavenge part of their nutritional needs in free-range conditions but growth rates tend to be very low in extensive management conditions with pigs often taking 15 months to reach a weight of 40-50 kg (Kennard 1996).

Village pig production systems in Lao PDR

Purpose of production

Many farmers and villages have specialised to either raising sows for piglet production which are sold to other farmers or to buying piglets for fattening. The first group also tends to fatten some of the piglets they produce. The purpose of production appears to be closely related to the ethnicity of pig producers. In many instances, it is Hmong households who raise sows for piglet production which they sell to Lao loum households who tend to purchase piglets rather than produce their own. This observation was confirmed in a recent survey 30 pig producers in villages in three districts in Luangphabang and Xiengkhouang provinces by Phengsavanh and colleagues (unpublished data). They found that the majority of Hmong households raised sows for piglet production while the majority of Lao loum households purchased piglets for fattening (Figure 1). One third of Khmu households also produced piglets for sale while two thirds purchased piglets for fattening. The mean number of pigs fattened at any one time by households is 3 pigs (range 2-5). Farmers producing piglets tend to raise 1-3 sows.

[image: image53]
Figure 1: Percentage of Hmong, Khmu and Lao loum households who primarily (1)
 raise sows to produce piglets for sale, and (2) purchase piglets for fattening
Feeding and management systems

There are many ways farmers manage and feed pigs. These include

1. Free range scavenging during the day with supplementary feeding and confinement in an enclosure during night time. 

2. Confinement in an enclosure with basic housing and feed provided. 

3. Confinement in a raised pen with slatted floors and feed provided. 

There are many combinations of these basic management systems. Hmong and Khmu households often practice free range scavenging of sows and piglets during the dry season but confine them in enclosures during the wet season to prevent damage to crops. Almost all pigs for fattening are raised in pens and there is a general trend towards increased confinement. Some Lao loum villages have recently started to produce their own piglets, partly because of the fear of introducing disease epidemics and partly because of a switch to cross-bred pigs with lower fat content and higher growth rates for city markets. These producers tend to raise sows and piglets in raised pens.

The pig feeding systems are closely aligned with the cropping system and available resources. In Lao loum villages, where many farmers are growing paddy rice for sale, pig feed is based on rice bran as the main feed source which is fed together with a small amount of green feed. Green feed or vegetable matter is traditionally collected from forest margins and fallow fields and includes Colocasia esculenta, Alocasia macrorrhiza, Crassocephalum crepidioides, Crassocephalum crepidioides, paper mulberry leaves and several other herbs depending on local availability. Farmers in some Lao loum villages also feed brewery waste from making rice wine and spirits, and in some cases broken rice. In all situations the main feed ingredient is rice bran of varying quality. Many micro rice mills are not able to effectively separate rice husks from the bran, resulting in a lower-quality product with reduced protein and high fibre content. Rice bran tends to be available for most of the year except for a short period in July to September before the new rice is harvested (Table 1). 

	Table 1. Feed availability during the year in Lao loum villages

	Type of feed
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Rice bran
	y
	y
	y
	y
	y
	y
	#
	#
	#
	y
	y
	y

	Broken rice
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	Vegetables
	#
	#
	#
	#
	y
	y
	y
	y
	y
	#
	#
	#

	y = used extensively; 
# = limited availability; 
x = used by few farmers
Source: Survey of 30 producers (Phengsavanh et al unpublished data)


In Hmong and Khmu villages farmers grow less rice and thus have less rice bran available for feeding to pigs and poultry than Lao loum households. In addition to rice, households in these villages grow maize and cassava as a feed for pigs. These are not fed throughout the year but are related to availability. Cassava roots are fed during the rainy season from May to September, maize during the dry season and rice bran throughout the year as long as it is available (Table 2). Green feeds are similar to those used by Lao loum farmers but there tends to be a larger range of herbs that are used at different times of the year.

	Table 2. Feed availability during the year in Hmong and Khmu villages

	Type of feed
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Rice bran
	y
	y
	y
	y
	y
	y
	#
	#
	#
	y
	y
	y

	Cassava root
	x
	x
	x
	x
	y
	y
	y
	y
	y
	x
	x
	x

	Maize
	y
	y
	y
	y
	x
	x
	x
	y
	y
	y
	y
	y

	Vegetables
	#
	#
	#
	y
	y
	y
	y
	y
	y
	y
	y
	#

	y = used extensively; 
# = limited availability; 
x = used by few farmers
Souce: Survey of 30 producers (Phengsavanh et al unpublished data)


Constraints of village production systems

The main constraints of village pig production are disease epidemics, high piglet mortality, poor growth rates and high labour demand (Stür et al 2002). 

Disease epidemics are devastating for farmers as many if not all pigs are killed in such epidemics and these spread quickly from village to village. Epidemics are caused mainly by classical swine fever - CSF (also called hog cholera). This is a growing problem for villages that were previously free of this disease as villages are better linked to roads and markets by access tracks and minor roads. Increased linkage has many benefits for villages but one downside is the introduction of diseases not previously known in these villages. The extensive nature of piglet production in Hmong and Khmu villages allows contact between pigs and contributes to the rapid spread of CSF and other diseases in villages. Increased confinement and quarantine pens for animals entering village areas will help to minimise the spread of CSF, as will improved vaccination coverage.

High piglet mortality (30-50%) is a big problem in pig production in many upland areas. This is related to a multitude of factors including poor nutrition, lack of control of breeding, poor housing and hygiene resulting in unspecified bacterial infections and diarrhea.

Growth rate of pigs is severely limited with piglets taking 15-18 months to reach sale weight in many village situations. This is likely to be related to poor nutrition, particularly protein deficiency in the locally available feeds. In Lao loum villages, protein content of rice bran is often as low as 7-9% as it contains a high proportion of rice husks. The overall protein content in the diet in these villages is improved by the small amount of green feed given, but this is still well below the protein requirements of growing pigs. In upland villages, protein content in the diet may even be lower in situations where starchy feeds such as cassava are used without an additional protein source. Intake of fresh green material, a good source of protein and minerals, is limited by their high fibre content so the total amount of protein ingested is limited.

The last major constraint to village pig production is the increasing scarcity of naturally-available green feeds. Traditionally these feeds have been collected from fallow fields and forest margins and overuse has led to a decrease of the availability of these feeds. Women, who are often responsible for taking care of pigs in villages, have to spend more and more time (often 2-3 hours per day) to find sufficient green feed for their pigs.

Use of the forage legume Stylosanthes guianensis to supplement existing feed resources

Phengsavanh (unpublished data) and colleagues conducted a survey of 30 pig producers in 11 villages in three districts in Luangphabang and Xiengkhouang in 2005, covering a range of pig production systems, ethnic backgrounds and feeding systems. In all of these villages, farmers had grown the forage legume Stylosanthes guianensis CIAT 184 (Stylo) for at least 1-2 years and were using this legume as a green feed supplement for their pigs. Respondents for the survey were selected randomly among households growing and using Stylo. The study team conducted village meetings with farmers raising pigs to discuss the overall production system, constraints and opportunities. This was followed by individual household interviews using a semi-structured questionnaire.

Effect of Stylo on productivity of growing pigs

The information presented in Table 3 is based on feedback from respondents in the survey who estimated the initial and final sale weight of growing pigs and recalled the length of time taken from the start of the fattening period to final sale. The responses were consistent with feedback elicited during the village meetings.

The mean age and weight of piglets at the start of fattening was 4 month when piglets weighed 14-15 kg, and sale weight was estimated at 65kg. Using Stylo as a supplementary feed reduced the length of the fattening period from 18 to less than 9 months (Table 3). This effect was consistent across villages and meant that the supplementation with Stylo increased average daily gain (ADG) from 107 g per day in traditional feeding system to 207 g for pigs supplemented with Stylo. Clearly, there may be factors other than Stylo supplementation that also played a role (e.g. better management, Stylo being fed in addition to other feeds rather than as a substitute for other feeds) but the consistency and magnitude of the response shows that Stylo has had a major impact on pig productivity. The average area of Stylo grown per household was 320 m2. 

	Table 3. Productivity of growing pigs supplemented with traditional green feeds or Stylo

	
	Traditional green feeds (no stylo)
	Supplemented with fresh Stylo
	SE

	Duration of production cycle, months
	18.0
	8.7
	0.95

	Initial Weight, kg
	14.0
	15.0
	0.4

	Final Weight, kg
	65.3
	65.1
	3.2

	Calculated ADG, g/day
	107
	207
	12.2


Effect of Stylo on labour requirements for feeding

Collecting naturally-occurring green feeds is a very time consuming activity which is mostly carried out by women. Without access to Stylo, the average time needed to collect natural green feed, cook and feed to pigs was 195 minutes (Figure 2). This was reduced to 90 minutes for households which had enough Stylo to replace all of the natural green feed. Those with a limited supply of Stylo saved only 50 minutes per day as they still had to go and collect natural green feeds on some days. 

Households that were able to fully replace natural green feeds with Stylo and fed basal diets that do not require cooking (e.g. rice bran and brewery waste) had a further saving of time as they no longer needed to cook feed at all as Stylo does not require cooking. In contrast, most naturally-occurring green feeds need to be cooked before feeding which takes time and fuel for cooking. 

[image: image54]
Figure 2. Time needed for collection, preparation and feeding of pigs
Clearly, using Stylo saved households considerable amounts of time and this was the initial reason for farmers to adopt Stylo for pigs. Productivity gains were only noticed subsequently by farmers who used Stylo consistently.


Conclusions

· The magnitude of the growth response to Stylo was surprising but was reported consistently by farmers in the survey and by other farmers growing Stylo. The most likely reason is a severe protein deficiency in traditional diets. Although Stylo is not one of the most nutritious legumes it has been adopted widely. Clearly, the initial factor for adoption was labour saving and productivity gains were secondary. Now many farmers are managing Stylo to maximise protein and minimise fibre content by cutting Stylo frequently. Some farmers report cutting Stylo every 12-14 days during the rainy season, which would result in material that is very high in protein and low in fibre, but sacrifices yield. 

· Further increases in animal productivity are likely if the protein content of the diet can be increased. As intake of fresh green feeds is limited to approximately 10% of total intake (most likely because of high fibre content) other avenues need to be explored that increase protein levels in the diet.

· One option is to find forage legumes with higher nutritive value (more protein and less fibre). This will be relatively easy as there are many highly nutritious legumes; however, finding legumes that fit into the farming systems as well as Stylo and that are as well-adapted to a broad range of situations will be a challenge. CIAT has recently started a 3-year project "Forage legumes for supplementing village pigs in Lao PDR" which is funded by ACIAR and explores the reasons for the growth response to Stylo and searches for alternative legumes. 

· Another option is to process Stylo (and other legumes) into dried and ground leaf meal. Farmer feedback indicates that pigs may be able to eat up to 30% of dried and ground Stylo leaf meal which would improve protein ingestion by pigs to much higher levels than is possible with fresh leaf material.

· The use of Stylo as a supplement to traditional feeds has great potential for resource-poor smallholder farmers in the uplands of Lao PDR. Legumes can be grown on farm, save labour and increase productivity of pigs.
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Digestibility and nitrogen balance in growing pigs fed a diet of sugar cane juice and fresh leaves of New Cocoyam (Xanthosoma sagittifolium) as partial or complete replacement for soybean protein
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Abstract

The four treatments applied to 4 growing pigs in a 4*4 Latin square arrangement were levels of fresh leaves of New Cocoyam (NC) equivalent to 0, 30, 60 and 100% substitution of the protein from soybean meal in a basal diet of fresh sugar cane juice. The pigs were crossbred castrated males (Yorkshire*Landrace*Piertran) with initial weight of 13.4±0.54 kg. They were maintained in metabolism cages made from wood and bamboo. Experimental periods were of 14 days with collection of faeces and urine during the last 5 days of each period. 

There were significant effects of N intake on DM intake, urine N excretion, and N retention. Adjusting the data for these variables by covariance for differences in N intake changed markedly the treatment effects on DM intake and N retention. After adjustment, DM intake was highest for NC100 and lowest for NC0, while N retention was similar on all diets.
Key words: N balance, New Cocoyam, pigs, sugar cane juice, Xanthosoma sagittifolium

Introduction

This paper on the nutritive value for pigs of leaves of New Cocoyam is a contribution to a collaborative program (see http://mekarn.org/proprf/content.htm) aimed to develop locally available protein sources that promise to be viable alternatives to soybean and fish meals in diets for pigs. Foliages from cassava (Bui Huy Nhu Phuc 2006) and water spinach (Chha Ty and Preston 2006a,b) have been researched in considerable detail. Attention is now being given to members of the Genus Colocasia (Rodríguez et al 2006; Pham Sy Tiep et al 2006), which are widely distributed in tropical latitudes, often as wild or uncultivated plants. 

Taxonomy of the Genus Colocasia

The New Cocoyam (also referred to as "Giant Taro") is a member of the family of Araceae, of which there are one hundred genera and more than fifteen-hundred species. Their preferred habitats are in tropical or subtropical environments which are moist and shady. Some are terrestrial plants while others are vines, creepers, or climbers. Many species of the Araceae are also epiphytes. The major edible species are classified in two tribes and five genera: Lasioideae (Cyrtospermaand Amorphophallus); and Colocasiodeae (Alocasia, Colocasia, and Xanthosoma). Taro (Colocasia esculenta [L.] Schott) is considered as a single polymorphic specie. 

Taxonomic classification: Xanthosoma saggitifolium Schott:

Type: Fanerogamas
Sub-type: Angiospermae
Phylum or division: Mangnoliophyta
Class: Liliopsida (Monocotyledonous)
Order: Arum
Family: Araceae
Genus: Alocasia, Colocasia and Xanthosoma
Species: Xanthosoma saggitifolium

Origin and Geographic Distribution

Colocasia is widely distributed in the Indo-Malayan region (India and Bangladesh), Asia, Pacific islands, Egypt and the Mediterranea, Africa, Caribbean and America.Xanthosoma is native to South and Central America. 

"New Cocoyam" (Xanthosoma sagittifolium) can be identified by the presence of a corm (see Figures 1a and 1c) which is absent in "Old Cocoyam" (Colocasia esculenta) (Figures 1b and 1d). 
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	Figure 1a. New Cocoyam or Giant Taro (Xanthosoma sagittifolium)
	
	Figure 1b: Old Cocoyam or Taro 
(Colocasia esculenta)
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	Figure 1c. New Cocoyam or Giant Taro (Xanthosoma sagittifolium)
	
	Figure 1d: Old cocoyam or Taro
(Colocasia esculenta)


Materials and Methods

Location

The study was carried out in the "Finca Ecológica", TOSOLY, Morario, Guapota, Department of South Santander, Colombia (6° 18" N, 73° 32" W, 1500 msl) between February and May 2006. Air temperature ranges between 19 and 28°C in the day, falling to around 12°C during the night. Rainfall is between 2700 and 3000 mm/year.

Treatments and design

The four treatments applied to 4 growing pigs in a 4*4 Latin square arrangement were levels of fresh leaves of New Cocoyam equivalent to 0, 30, 60 and 100% substitution of the protein from soybean meal in a basal diet of fresh sugar cane juice. The pigs were crossbred castrated males (Yorkshire*Landrace*Piertran) with initial weight of 13.4±0.54 kg. They were maintained in metabolism cages made from wood and bamboo. Experimental periods were of 14 days with collection of faeces and urine during the last 5 days of each period.

Diets

Leaves plus petioles of New Cocoyam were harvested daily from plants of similar ages located in the farm. The leaves were separated from the petioles and passed first through a mechanical forage chopper, then liquidized with equal parts of fresh sugar cane juice in a kitchen blender. Soybean meal, or soybean and blended leaves, or blended leaves alone, were given as the first meal at 7.00am. After all the soybean and/or blended leaves/cane juice was consumed the remainder of the cane juice was given. The same procedure was repeated at 15.00h. The proportions of cane juice, soybean meal and leaves, and the amounts offered, were adjusted daily to maintain a crude protein content of 10% in the diet DM and no refusals. The soybean meal was purchased from a commercial supplier in the nearby town of Socorro. Stalks of sugar cane, grown on the farm, were passed once through a 3-roll mill to separate the juice from the residual fibre (bagasse). A mineral mixture (salt 33.3, rock phosphate 33.3 and magnesium limestone 33.3, parts by weight) was fed daily in quantities equivalent to 1% of the daily DM intake.

Results and discussion

There were slight differences between the planned levels of substitution of soybean protein by the protein from cocoyam leaves (Table 1), with lower than intended levels for the intermediate treatments NC30 and NC60.

	Table 1. Proportions (%) of the protein supplement provided by cocoyam leaves and soybean meal; planned and recorded in the experiment

	
	NC0
	NC30
	NC60
	NC100

	Planned
	0
	30
	60
	100

	Recorded
	0
	25
	53
	100


Total intake of N was highest on the diet with 0 and 25% substitution of soybean protein by cocoyam leaves (Table 2) and was lowest with 100% protein substitution by cocoyam leaves. In part these differences reflected errors in calculation of the offer levels of diet ingredients since the assumed percentage of protein in the soybean (50% in DM, based on the value guaranteed by the vendor) was found to be less than the analysed percentage, determined on composite samples at the end of the experiment (53.2% in DM). Thus the diets with the highest percentage of soybean meal also had higher than intended levels of nitrogen.

There were significant effects of N intake on DM intake, urine N excretion, and N retention. Adjusting the data for these variables by covariance for differences in N intake changed markedly the treatment effects on DM intake and N retention. After adjustment, DM intake was highest for NC100 and lowest for NC0, while N retention was similar on all diets (Table 2).
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Implications

The high DM intakes (>5% of LW) with fresh cocoyam leaves providing 47% of the total DM intake were because:

· The sugars are rapidly digested? 

· The fine particle size of the leaves (after blending of leaves with the sugar cane juice + minerals)? 

· The low fibre content of the leaves? 

The limiting nutritional factor in fresh cocoyam leaves is the relatively low digestibility of the protein (61 versus 81% for soybean). The apparent advantage of the leaves is a higher biological value compared with soybean.
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Abstract

The effects on the reproductive performance of Mong Cai (MC) and Yorkshire (Y) sows of three levels of foliage in the diets in gestation and lactation were evaluated. Dietary treatments 0L, 50L and 100L corresponded to replacement of 0, 50 and 100%, respectively, of the soybean meal in gestation and lactation diets by a foliage mixture consisting of equal parts of water spinach, cassava leaves and sweet potato leaves on a dry matter (DM) basis.

DM and nutrient intakes were not affected by treatment in gestation. Litter size at birth was not influenced by dietary treatment, but mean piglet live weight and total litter live weight (LW) at birth were significantly lower (P<0.05) in treatment 100L for Y sows. Treatment 100L resulted in significantly lower mean piglet and total litter weaning weight for both MC and Y sows, but the differences between 0L and 50L were not significant. Sow feed consumption to produce 1 kg of piglet at weaning was higher in treatment 100L than in 0L and 50L, although feed cost per kg of piglet was lower. Sow LW losses during the lactation period, and weaning to service interval, were higher for treatment 100L for both MC and Y sows. The differences for all other parameters measured between 50L and 0L were small and non-significant. 

It is concluded that the optimum level of replacement of soybean meal by a mixture of foliages in pregnancy and lactation diets is 50% for both MC and Y sows. MC sows appear to be better adapted to high levels of foliages in the diet than Y sows. 
Keywords: Cassava leaves, Mong Cai sows, piglet performance, reproduction, sweet potato foliage, water spinach, Yorkshire sows.

Introduction

In Vietnam around 285,000 ha are used for growing sweet potato, nearly 300,000 ha for cassava and about 250,000 ha for water spinach (Lich Le Ba 1996; Nga Lam Quanget al 2000). Biomass yield of sweet potato is high (50 tonnes of foliage and 30 tonnes of roots/year (Hoang Vu Tuyen et al 1993; Cach Nguyen Thi1997), and Vietnam's hot and humid tropical climate provides very good conditions for plant growth all year round. The crude protein (CP) content in the leaf is between 26 and 33% of DM, and in the stem 10 to 14% (Woolfe 1992; Ishida et al 2000). In cassava leaves, the DM content is 25 - 26% and CP content 27% in DM. Water spinach contains 10 - 11 % DM and around 21% CP in DM. Therefore, sweet potato leaves, cassava leaves and water spinach are potentially valuable as protein sources for pigs, and can be harvested several times throughout the year (Dahnia et al 1981; Hong Vu Tuyen et al 2003; Le Van An 2004). 

Vietnam has about one million Mong Cai (MC) sows (50% of the total sow population), concentrated in Northern and Central Vietnam (Lich Le Ba 1996). However, recently Yorkshire (Y) pigs have been imported in order to improve pork quality. 

Traditional feeding of MC sows in Central Vietnam is based on large amounts of vegetables, such as sweet potato leaves, water spinach, and fresh cassava foliage, and as energy sources inexpensive materials such as rice bran and cassava root meal. The prices of these feeds are currently: rice bran, 2200 VND/ kg; cassava root meal, 1500 VND/ kg; maize 2500 VND/ kg; broken rice 2800 - 3000 VND/ kg and soybean meal 10 000 VND/ kg. Sweet potato leaves, water spinach and fresh cassava foliage are grown in gardens or in nearby fields through the year. These forages are very useful as feeds for MC sows, because the sows do not become so fat during pregnancy, and the milk production is higher. They also provide vitamins and minerals, and Duncan et al (1960) reported that the positive effect of vitamin and mineral levels on sow reproductive performance is more important than high protein levels. 

Men Le Thi et al. (2000) and Duyet Hoang Nghia et al (2003, 2004) showed that the most suitable proportion of sweet potato leaves in the diet of MC sows is from 30 to 40 % (in DM) in pregnancy, and 20 to 30 % in lactation. However, little research has been done on the use of mixtures of leaves for feeding MC sows as replacement for conventional protein sources. In view of the rapidly increasing price of soybean meal, it is important to find alternative protein sources, and the objective of the study was to evaluate the effect of these on sow reproduction. 

Material and methods

Experimental design: 

Two factors were tested, breed and protein source:

Breed:

Nine local MC sows and nine Yorkshire (Y) sows were used in the experiment, and were followed for one complete reproductive cycle.

Protein source: 

Soybean meal and a mixture of water spinach, cassava leaves and sweet potato leaves were compared as protein supplements.

Three dietary treatments were compared: 

· 0L: 100% of dietary protein supplied by soybean meal (no green foliage supplied). 

· 50L: 50% of the protein was supplied by soybean meal and 50 % by a mixture of water spinach, cassava leaves and sweet potato leaves (equal parts of each foliage on DM basis) 

· 100L: 100% of the protein was supplied by water spinach, cassava leaves and sweet potato leaves (equal parts of each foliage on DM basis). 

The experimental model is shown in Table 1.

	Table 1. Experimental model and feed allowances

	
	0L
	50L
	100L

	Number of MC sows
	3
	3
	3

	Number of Y sows
	3
	3
	3

	CP from soybean meal (%)
	100
	50
	0

	CP from mixture of foliages (%) 
	0
	50
	100

	CP in the diet DM (%)
	13.0
	13.0
	13.0

	Daily feed allowance, kg DM /day
	
	
	

	First 3 months of pregnancy, MC sows
	1.5
	1.5
	1.5

	Last 3 weeks of pregnancy, MC sows
	1.7
	1.7
	1.7

	First 3 months of pregnancy, Y sows
	2.0
	2.0
	2.0

	Last 3 weeks of pregnancy Y sows
	2.5
	2.5
	2.5

	Lactation period (both MC and Y sows)
	Ad-lib
	Ad-lib
	Ad-lib


Growing and processing of the foliages and experimental diets: 

Sweet potato, water spinach and cassava plants were purchased from local farmers, and were harvested by taking some of the leaves from cassava and sweet potato plants grown for root production. Water spinach is grown in the low-lying areas of the farms and both leaves and stems were harvested. The foliages were chopped into 0.5 -1 cm lengths and mixed in the ratio of 1:1:1 (DM basis) (8, 10 and 4 parts by weight, respectively, on fresh matter basis) and then fed the following day. Before feeding, the foliages and concentrate meals were weighed and mixed according to treatment, and the rations were fed 2 or 3 times per day. The chemical composition of the dietary ingredients and experimental diets is shown in Tables 2 and 3.

	Table 2. Chemical composition of the dietary ingredients (in DM except for DM which is on as fed basis)

	
	
	On DM basis
	VND / kg

	
	DM (%)
	CP (%)
	Lysine (g/kg)
	Kcal ME
	

	Rice bran
	87.8
	11.6
	6.38
	2901
	2200

	Cassava root meal
	87.4
	3.3
	1.65
	3670
	1500

	Soybean meal
	88.5
	41.8
	27.90
	3800
	11300

	Sweet potato leaves
	13.4
	17.8
	8.06
	2261
	2250

	Water spinach
	10.6
	19.8
	9.34
	2547
	2830

	Cassava leaves
	25.7
	25.6
	13.6
	2820
	2330


	Table 3. CP, ME and price of experimental diets

	Diet
	CP 
(g/kg DM)
	ME
(kcal/kg DM)
	Fresh wt (kg) of 1 kg DM
	Price/kg DM (VND)

	0L 
	133
	3 225
	1.14
	3 194

	50L
	133
	3 125
	7.29
	2 671

	100L
	133
	2 947
	6.75
	2 131


Animals: 

Nine MC and nine Y sows in parities 3 to 5 were selected from Tien Phong farm. Initial live weights were 80 - 90 kg for the MC sows, and 180- 200 kg for the Y sows. Within breed they were allocated at random to the three diets. All sows were mated by AI with semen from the same Y boar and were kept in individual pens with concrete floors. The sows were fed the experimental diets three weeks after mating.

The amount of feed (DM basis) was the same within breed and treatment (Table 1). In the lactation period the sows were fed increasing amounts up to five days after farrowing, and from then onwards feed was offered ad libitum. 

Stastistical analysis: 

Data were treated by analysis of variance (ANOVA) using the General Linear Model (GLM) of the MINITAB (2000) software. Sources of variation were diet, breed, interaction diet x breed and error


Results and discussion

Daily allowances were restricted during pregnancy, and there were no feed refusals. The foliage mixture made up 25% of the DM of diet 50L and 40% of the DM of diet 100L. In lactation, neither of the breeds was able to consume the planned amount of dry matter on the forage diets (Figure 1) which was only about 80% of the planned amount for the 100L diets. There was an indication that the Mong Cai sows were able to consume more than the Yorkshire sows on the all-forage supplements.
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Figure 1: Amounts of DM consumed during lactation expressed
as a fraction of the 0L diet = 1

	Table 4. Effect of breed and foliages on sow performance in pregnancy (kg) 

	
	MC
	Y

	
	0L
	50L
	100L
	0L
	50L
	100L

	Live weights of sows
	
	

	At mating
	80.3±1.2
	85.0± 2.0
	83.3± 1.8
	183± 4.6
	184± 2.7
	188 ± 1.8

	At farrowing 
	96.0± 1.0
	98.7± 1.2
	94.7± 2.3
	208± 5.0
	205± 2.7
	210± 46

	At weaning 
	83.0±1.2
	82.3±0.3
	78.0±2.1
	174±3.5
	170±0.9
	165±2.9

	Change in pregnancy
	15.7±0.3
	13.7±0.3
	11.3±0.9
	25.3±1.2
	21.3± 0.3
	22.3± 2.9

	Litter data
	
	
	

	Size at birth 
	10.7±0.3
	11.0± 0.6
	10.3±0.3
	10.3±0.3
	10.7± 0.3
	10.3± 0.3

	Weight at birth 
	6.8± 0.15
	6.7± 0.29
	6.1± 0.22
	13.2± 0.3a
	13.2± 0.43a
	11.4± 0.7b

	a,b Means within row and breed with different superscripts are different at P<0.05


Live weight at mating and farrowing, live weight gain during pregnancy, and litter size and weight at birth did not differ among treatments (Table 4), and were within normal ranges for the two breeds. Litter birth weight from MC sows was not affected by diet, but for the Y sows litter live weight at birth was lower in treatment 100L (P<0.05), probably as a result of the lower DM intakes of the sows on the high foliage diet. 

Total litter weight at 21 days of age did not differ between treatments 0L and 50L, in both MC and Y sows, but was lower on the 100L diet (Table 5). Litter size at weaning was not affected by diet in both MC and Y sows. Feed conversion ratio (kg feed/ kg piglet) was better for treatments 0L and 50L compared with 100L and for both MC and Y sows. The cost of producing 1 kg of piglets live weight was lower in treatments 50L and 100L, than in treatment 0L for both MC and Y sows. 

	Table 5. Effect of breed and foliages on sow and piglet performance in lactation 

	
	MC
	Y

	
	0L
	50L
	100L
	0L
	50L
	100L

	Litter data
	
	
	
	

	Weight 21 days, kg
	28.3± 0.8a
	27.5± 0.8a
	23.7±0.9b
	46.7±1.1a
	43.0±1.15a
	36.3±0.88b

	Piglets weaned
	10.0±0.57
	10.0± 0.27
	9.0± 0.00
	9.3± 0.33
	9.0± 0.58
	9.0± 0.0

	Weaning weight, kg 
	80.0±3.5a
	77.9±3.4a
	63.0±1.1b
	92.6± 1.4a
	88.1±4.9a
	78.9±0.08b

	Feed consumed, kg
	344±11.4
	338±5.6
	320±4.0
	428±1.0
	427±4.7
	409±1.9

	FCR, kg /kg#
	4.3±0.07a
	4.4±0.08a
	5.1±0.11b
	4.6± 0.06a
	4.8± 0.15a
	5.5±0.12b

	FCR, VND / kg
	13 628a
	11 723b
	10 804b
	14 787a
	12 908b
	11 787b

	Sow data
	
	
	
	

	Days to service
	8.0±0.6a
	9.0±0.6a
	9.7±0.9b
	14.3±1.2a
	16.3±1.2a
	22.7±0.9b

	Loss in lactation, kg 
	13.0±0.6a
	16.3±2.3b
	16.7±0.3b
	34.3±1.8a
	34.7± 0.3a
	45.0±1.7b

	Loss in lactation, %
	13.5±0.6a
	16.5±0.7a
	17.6±0.3b
	16.4±0.6a
	16.9±0.6a
	21.3± 0.5b

	a,b Means within row and breed with different superscripts are different at P<0.05
#Feed consumed by sow and litter/litter weight at weaning


Live weight losses during lactation were higher in treatment 100L than in 0L and 50L and were more marked in Y than in MC sows. As a result of the greater live weight in lactation, the mean number of days to re-mating of the sows was higher in treatment 100L than in treatments 0L and 50L, with the effect being more marked for Y than for MC sows. The relationship between live weight loss during lactation and days from weaning to mating (Figure 2), and the marked differences between breeds for these parameters (Figures 3 and 4), indicates that the Y sows were less able to adapt to the all-foliage supplement than the MC sows. 
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Figure 2: Relationship between loss in live weight during lactation and 
days from weaning to mating (dark blue dots are the Y sows)
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	Figure 3: Mean values for percentage weight loss during lactation for Mong Cai and Yorkshire sows
	Figure 4: Mean values for days from weaning to mating percentage for Mong Cai and Yorkshire sows



Conclusions

· A mixture of foliages (sweet potato leaves, water spinach and cassava leaves) can replace 50% of a conventional protein supplement for both MC and Y sows without affecting piglet performance or sow reproduction, and resulting in lower feed costs per kg of piglet weight gain. 

· Using these locally produced by-products will increase the sustainability of the system. 

· Replacing 100% of the soybean meal by a foliage mixture increases live weight losses of the sows and the interval from oestrus to mating, and reduces piglet weight gains to weaning. 

· Mong Cai sows are better adapted to high levels of foliage in the diet than Yorkshire sows. 
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Abstract

This study was undertaken to determine if Large White and Mong Cai pigs that were familiar with duckweed would readily accept another green feed. The feed chosen for the test was the fresh leaf of Leucaena leucocephala. The experiment showed that all pigs that were familiar with duckweed started eating the new, unfamiliar feed immediately on the first occasion it was offered to them. The naive control animals totally rejected the new feed to which they were exposed. 

It is concluded that, at least under specific conditions, familiarity with a certain feedstuff can be generalized to another feedstuff.
Key words: Generalization, Duckweed, Leucaena leucocephala, Feed acceptance, Pigs, Pre-conditioning


Introduction

Cheap feed supplements may be used in order to improve animal production during the dry season in tropical countries. However, unfamiliar new feeds, such as agricultural by-products, are often not readily accepted, and instead are initially rejected by the animals. There are practical ways to adapt livestock to new feeds, thus promoting feed intake. Our research with small ruminants and pigs has demonstrated some effective techniques, such as the use of additives with a familiar odour or flavour (Tien et al 1999; Tien and Ha 2000), the training of animals to ingest novel feeds in their early lives while they are with their mothers or other experienced animals (Lobato et al 1980, Tien and Ha 2000), the offering of new feeds to mothers during the gestation period in order to imprint their offspring to readily accept the new feeds (Tien et al, unpublished data) or making use of goat bipedal stance behaviour (Malechek and Provenza 1981; Tien and Beynen unpublished data). 

The present study was designed to test if experience with a certain type of feed affects the acceptance of another novel, but comparable feedstuff. More specifically, the question addressed was whether pigs that had been exposed to duckweed until one month before testing would show a more rapid intake of another green feed, Leucaena leucocephala, during acceptance testing. 
Materials and methods

Experimental preparation

The test was conducted at the Pig Breeding Station of Quang Nam Province, Vietnam. Six exotic Large White and six native Mong Cai pigs were randomly allocated to two groups: with ("experienced") or without ("naive") experience with duckweed. The pigs had been used in a previous experiment on in utero learning. All pigs were fed the diet commonly used at the Pig Breeding Station. Three months before the tests the "experienced" pigs were also offered duckweed: 500 g per day for the Large White and 300 g for the Mong Cai genotype. The "naïve" pigs did not receive duckweed. Thus, there were four experimental groups each consisting of three animals: experienced Large White, naïve Large White, experienced Mong Cai and naïve Mong Cai. At the time of testing the pigs were aged about 6 months and had not been fed duckweed for a period of one month. The test periods lasted 5 days for the Large White pigs and 11 days for the Mong Cai pigs. The duration of the test period was based on maximum intake of the test feed. During the tests both experienced and naive pigs were offered Leucaena leucocephala.

Testing procedures

Before the tests with the new feed, Leucaena leucocephala, all pigs were exposed to the testing environment and routine for 3 days. All animals were adapted to the testing facilities and during adaptation were fed sweet potato leaves only. They had no contact with either duckweed or Leucaena leucocephala.. 

The test was carried out each day for each individual pig and lasted 40 minutes, and was divided into four periods of 10 minutes each. Individual intakes for each period, and the total intake for the 40 minute period were calculated immediately after the test had finished. After each time interval, the feeder was removed and another feeder with the same size and color was immediately put in place. The test feed was offered ad libitum throughout. 

After an overnight fast in the holding pen, all pigs were offered fresh leaves of Leucaena leucocephala and individual intake was sequentially measured for each 10 minute period over the 40 minute test period. The new feed was placed on a woven bamboo feeder and amounted to 300 g for the Large White pigs and 150 g for the Mong Cai. The feeders were thoroughly cleaned, rinsed and air-dried after each 40 minute test, after which the pigs were allowed access to their normal diet.


Results

Table 1 shows the mean intake of Leucaena leucocephala by the Large White and Mong Cai pigs in the "experienced" groups over 5 and 11 days of testing, respectively. Both groups of experienced pigs showed interest in the supplement from day 1 and started to ingest the feed on that day without any signs of feed neophobia. The experienced Large White pigs ate more Leucaena leucocephala than did the Mong Cai pigs. During the test, the naïve animals of each genotype did not eat any feed. 

	Table 1. Intake (g / animal) of Leucaena leucocephala during a daily 40-minute test with Large White and Mong Cai pigs previously exposed to duckweed. Results are means for three pigs

	
	0-10 min
	10-20 min
	20-30 min
	30-40 min
	0- 40 min

	Large White
Day
 1

2

3

4

5
	224

138

147

227

191
	156

203

159

266

148
	116

48

178

191

95
	4

69

141

213

57
	501

460

693

901

495

	Mong Cai 
Day
 1

2

3

4

5

6

7

8

9

10

11
	27

20

23

31

53

21

53

55

12

8

43
	19

9

6

33

22

42

53

35

15

43

34
	6

8

39

31

18

36

9

5

23

42

25
	4

7

23

9

11

14

3

2

14

3

25
	57

46

93

105

104

114

119

98

65

96

128


The intake of animals in both experienced groups decreased from the first interval (0-10 minutes) to last interval (30-40 minutes) and, in general, had a lowest intake in the final period. It would appear that offering Leucaena Leucocephala in a 40-minute test period was sufficiently long for the pigs to ingest an appreciable amount of the supplement.


Discussion

According to Preston (2000) it is important to facilitate the introduction of new, locally available feed resources to partially replace expensive commercial feeds. However, feed neophobia occurs when a new supplement is given to animals (Tien and Ha 1998; Tien et al 1999, Tien 2000; Tien 2001). The fact that the naïve Large White and Mong Cai pigs in this experiment rejected the supplement of Leucaena leucocephala supports the concept of feed neophobia. 

In a previous study (Tien et al unpublished data) it was demonstrated that if during pregnancy a sow was given a new feed in the form of duckweed, its offspring would quickly accept this new feed in the post-weaning period. It was hypothesized that such pre-conditioning may be generalized to another new feed. This was confirmed by the fact that the experienced pigs familiar with duckweed quickly accepted the comparable, but new feed, given in the form of Leucaena leucocephala. The mean intake of the Large White pigs reached the highest value on day 4, and that of the Mong Cai pigs was highest on day 11. The naive pigs did not eat the new feed at all, whereas the experienced pigs accepted it on the first day of exposure. It is suggested that the pre-conditioning with duckweed had generalized to the new feed, i.e. Leucaena leucocephala. The present finding may be considered to be the first evidence for a generalization of feed acceptance, but this needs further study in pigs and also in other kinds of livestock.

The use of trees such as Leucaena leucocephala in mixed farming systems in Vietnam is appropriate, as these trees are good for the environment, while their foliage and shrubs may serve as feed for ruminants (Devendra and Burns 1983; Shelton et al 1994). A study carried out in Vietnam by Nhan (2000) indicated that Leucaena leucocephala foliage, which is rich in protein, can be used as the basal diet for goats. However, there are no data showing that it can be used as a supplementary feed for monogastric animals. 

Because naive livestock may reject the new feed for quite a long period, both the farmers and Vietnamese researchers may be led to believe that the legume foliage is not suitable as animal feed (Tien 2001). However, the recommendation derived from this study is that Leucaena leucocephala can serve as supplementary feed for pigs and that its acceptance can be improved by pre-feeding of the pigs with duckweed.
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Abstract

Rabbits are hind gut fermentors that, because of their high surface to body weight ratio, have a relatively high maintenance energy requirement. Rabbits given concentrate based diets (energy dense) need to consume 5% or more but with forage alone this is increased to over 8% of body weight on a dry matter basis.

Rabbits efficiently utilise fibrous feed by courtesy of their feeding and digestive strategies. They are highly selective when given forage, free choice and in quantity. Their digestive strategies include initial enzymic digestion in acidic followed by alkaline medium of the stomach and small intestines respectively, followed by fermentation of feed residues in the caecum large intestines. 

The rabbit has the ability, through specialised musculature of the large intestine, to direct slowly fermented fibrous feed into the colon for excretion in the hard faeces. The same mechanism separates small particles (more digestible fiber) and soluble components of digesta leaving the ileum into the caecum where it remains in a buffered medium supporting bacterial growth. The rabbit quickly "sieves" indigestible or slowly fermentable fibers which would slow its feed intake were it to enter the caecum. Hard faeces are produced some 4 hours after a meal. 

The caecum is relatively large and the products of fermentation are similar to the products in foregut fermentors such as the ruminant- that is volatile fatty acids (VFA) and microbial cells. A number of reasons are put forward for the microbial growth being highly efficient in the caecum of rabbits on forage-based diets yielding a higher ratio of cells to VFA than may occur in fermentation in the forestomach of ruminants. Considerable VFA are apparently absorbed by the rabbit but the availability of the essential amino acids of microbial protein depends on the subsequent consumption of soft faeces or caecotropes. 
Caecotropes are formed from the contents of the caecum as they pass through the large intestine and colon of the rabbit. The feed residues and culture medium are voided from the caecum about 8hours after a meal. The digesta with its microbes are formed into pellets by dehydration and coated with a mucous membrane as they pass along the colon. These soft pellets or caecotropes are retrieved as they pass from the anus and are swallowed by the animal without disrupting their membranes; they are also buffered towards a neutral pH . These pellets enter the acidic stomach and reside in the fundus portion for several hours. The membrane and the buffered contents maintain the pellet contents at close to neutrality. They finally disintegrate with increasing feed intake and the contents are then subject to gastric and intestinal digestion.
The concept is floated here to explain why the process of caectrophy may be a highly efficient strategy to utilise microbial cells produced in the hind gut. Recent studies have indicated the involvement of a group of enzymes termed lysozymes in the degradation of bacterial cells. Many secretions of the body contain lysozymes, but it appears that foregut fermentors such as ruminants have evolved lysozymes produced in the abomasum as part of their digestive strategies. There is also evidence that rabbits have also evolved a similar mechanism, but in this case the lysozyme is secreted by the colon wall as the membrane is secreted onto the soft pellet.

Lysozymesare a group of enzymes that specifically digest the mucopolysaccharide, peptidoglycan of bacterial cell walls. The peptidoglycan envelop appear to slow the potential digestion of bacterial cells and the short small intestine of the rabbit may limit efficiency of digestion of caecal microbes. It is hypothesised here that lysozyme is involved in the digestion of bacteria in the caecotropes in the stomach.
To enhance the digestion of bacteria it is also hypothesised that bacteriophage action is also involved in lysis of bacteria in both the stomach of the rabbit and the abomasum of the ruminant.

The efficient use of forage based diets, and capacity to breed with multiple offspring, demarcates a special role for the forage-fed rabbit when oil prices rationalise the use of grain for intensive animal production 
Key words: bacteria, bacteriophage, caecotrophy, feeding strategy, fermentation, forages, lysozymes,peptidoglycan, rabbits, Yatp


Introduction

Rabbits are herbivores and are classified as hindgut (caecum and colon) fermentors. In nature they are highly selective feeders and they can efficiently digest a wide range of simple and complex carbohydrates by curtsey of their digestive strategy. The rabbit has an efficient monogastric mode of digestion that is followed by fermentation of 'selected' cellulose feed and endogenous materials in the caecum through the action of a resident bacterial ecosystem comprised primarily of Bacteroidesspp

Because of a small body size [large surface area to weight] the rabbit has a high metabolic rate and therefore a relatively high maintenance energy requirement particularly when compared to ruminants and equines. Forage intake in the former is constrained by rate of comminuting feed to small particles in the rumen: The horse on the other hand compensates for low digestibility of forage by eating more feed and passing this through the gut rapidly; sacrificing digestibility to meet energy demand. The pig is limited in its use of forage by the slow movement of cellulosic materials through the large intestine which feed back to limit intake.

On concentrate diets, feed intake in the rabbit has to be in excess of 5% of live weight per day (Irlbeckel 2001) and as high as 8-10% of live weight per day on forage based diets (Pok Samkol et al 2006b) to ensure nutrient availabilities are above maintenance. These levels of intake are achieved through a special adaptation of digestive processes that allows the rabbit to efficiently digest non-fibrous carbohydrates, but quickly exclude from its digestive tract the relatively indigestible fiber in a diet and at the same time preserve digestion of readily fermented fiber [polysaccharides] in the caecum.

The rabbit caecum is very large, compared with the rest of the gut (Stevens and Hume 1995) and forms a spiral that fills the abdominal cavity (see Figure 1). 
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Figure 1: The digestive tract of the rabbit

The caecum has a capacity 10 times that of the stomach, and occupies about 40% of the gastrointestinal tract in concentrate fed rabbit but this may be greater in forage fed animal (Jenkins 1999. Rabbits utilize a mechanism to expel slowly fermented fiber from the gastrointestinal tract, whilst retaining readily fermented materials and endogenous nitrogenous components of the digesta leaving the ileum. Consumption of soft faeces [caecotropes] produced from the materials that pass through the caecal cycle also compensates for low or poor-quality protein in a diet by recycling, via fermentation in the caecum, endogenous protein secretions and sloughed epithelial cells from the small intestine (Carabano and Piquer 1998).

The specialized digestive strategies of rabbits

Feed undergoes enzymatic digestion in both the stomach and small intestine as the digesta moves through the tract. The small intestine in the rabbit is relatively short so only readily digestible materials are extracted such as sugars, soluble protein and particulate starch. Adult rabbits appear to have little capacity to digest fat in the small intestine and lipase activity is restricted to the caecum (Marounek et al 1995). High amounts of fat in a diet may therefore limit cellulose fermentation in the caecum as shown for the forestomach of ruminants (see Devendra and Lewis 1974). Fat deposition on fiber,increasing its density, may also be a factor in allowing the separation of the course fibers away from the caecum, and their subsequent excretion as components of the hard faeces.

When digesta from the ileum enters the large intestine, muscular contractions facilitate the separation of slowly digestible fiber from other materials including non fiber fractions (eg: protein and soluble carbohydrates) and small fibrous components. A series of strong peristaltic contractions move fibrous particles through the colon towards the anus and anti peristaltic waves move liquid and small particles back into the caecum. In this way the rabbit separates and concentrates digesta fractions which are readily degradable for preferential fermentation in the caecum ( Lebas et al 1997; Carabano and Piquer 1998); particle size and fluid density aid separation (Cheeke 1994). The relatively indigestible fiber components that separate out are voided quickly as hard faeces (Figure 2) about 4 h after consumption of a meal (Cheeke 1994).


PRIVATE "TYPE=PICT;ALT=Text Box: "[image: image65]

Figure 2: Caecotropes (left of picture) from the fundus compartment of the abomasum and hard faeces (right of picture)
Fermentation of the materials that are directed into the caecum, proceeds for some further 4 hours. During this time, contractions of the caecum move the lumen digesta contents towards the blind sac and back and at the same time mixes the contents. Fermentation of solubles and fibrous materials is likely to be efficient in terms of microbial growth since the residence time of digesta is only 4h compared with retention times of feed in the rumen often greater then 12h. 

Small discrete digesta samples are periodically forced by muscular contractions into the large intestines where some moisture is absorbed along with some [most?] VFA (Stevens and Hume 1995). As the digesta from the caecum is propelled towards the anus it forms into pellets which are coated with a mucous membrane secreted by the cells of the colon wall to become caecotropes. The caecotrope is voided from the body approximately 8 hours after consumption of a meal (Cheeke 1994). The rabbit recognizes the caecotrope to be voided and consumes it directly from the anus. This practice of consuming caecotropes is called coprophagia, or caecotrophy. Under natural or grazing conditions, caecotrophy usuallyoccurs during the day and feeding is restricted to the night time. Hard faeces and soft faeces are excreted in a circadian rhythmic pattern (Carabano and Piquer 1998; Lebas et al 1997). If a rabbit is equipped with a collar preventing caecotrophy, the digestion of the diet is significantly reduced and growth rates are often decreased by some 50% (Figures 3a and b). 
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Figure 3a: Effect of access or not to caecotropes on the growth rate of rabbits fed water spinach with or without supplementation with rice bran (ChievPhiny and Lampheuy 2006).
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Figure 3b.Food intake and weight gain in New Zealand White rabbits fed a 
concentrate pellet (Stephens 1977)
When allowed to select their diet, rabbits will select the least lignified, succulent plant parts or the plant parts that are most nutrients dense and highest in sugar. This feeding strategy allows the animal to meet the dietary requirements for their high metabolic rate (Cheeke 1994). Rabbits eliminate relatively indigestible fiber as quickly as possible from their gastrointestinal tract.In many situations this would be the most lignified fibrous materials.

Rabbits have high feed intake and fast feed transit time, which enable them to consume forages and meet nutritional requirements (see Pok Samkol et al 2006b; Carabano and Piquer1998). Understanding the digestive physiology of the rabbit and how dietary components affect microbial growth efficiency in the caecum is a key to proper feeding management.

Caecum microbes and utilization of fiber by the rabbit

When compared with other herbivores, digestion of structural components of plants such as alfalfa in mixed concentrate based diets for rabbits is relatively low (14% for alfalfa hay in rabbits compared with 44% in cattle, 41% in horses, and 22% in pigs) (McNitt et al 1996). The actual crude fiber component of most forages fed to rabbits in industrialized countries is only 20 to 25% (McNitt et al 1996), depending on forage source and its maturity. Other non fiber fractions of forage such as protein, and soluble carbohydrates are easily digested by rabbits. In concentrate-fed rabbits supplemented with forages such as lucerne the dietary fiber is structural and often closely associated with lignin and has a critical role in maintaining gut health, stimulating gut motility (insoluble fiber only), reducing fur chewing, and preventing enteritis (McNitt et al 1996; Brooks 1997). Concentrate based diets with less than 20 to 25% fiber result in reduced gut motility, reduced caecotrope formation, prolonged retention time in the hindgut, and often enteritis and diarrhea (Cheeke 1994; Jenkins 1999).

In the forage-fed rabbit the diet is a mixture of soluble sugars, protein and fiber that may be relatively un-lignified or highly lignified according to source. For instance the rabbit fed water spinach or tree leaves consumes little lignified fiber. In these diets it is the soluble components and readily fermented structural carbohydrates that provide the energy and protein requirements .On the other hand when fed grasses or tall growing legumes the fiber can be highly lignified as it supports the upright growth of the plant.

Composition of the hard feces and the caecotrope is influenced by the diet. If dietary fiber concentration increases, the fiber composition of the faecal pellets also increases. Fiber fermentation in concentrate-fed rabbits does not seem to be enhanced by coprophagia (as cited by Cheeke 1994) but it is clearly influenced when rabbits receive only forage as the basis of the diets (ChievPhiny and Lampheuy 2006). 

Stoichiometry of fermentation in the rabbit's caecum and the forestomach of ruminants

Fermentation in the caecum results in an increase in microbial biomass and the production of volatile fatty acids [VFA] in a similar way as occurs in the foregut fermentation of ruminants. However there are potentially significant differences in the efficiency of net microbial growth in the rabbit caecum as compared with the ruminant forestomach in both the forage and concentrate fed animal

In rabbits fed a traditional alfalfa/maize diet, acetate is the primary volatile fatty acid (VFA) produced by microbes, with more butyrate than propionate being formed. Microbes in the rabbit's caecum produce more VFA on starch-based diets than on forage diets (Cheeke 1994), which may be linked with the efficiency of microbial growth rather then differences in total dry matter digestion by fermentation. Stevens and Hume (1995) indicate that VFA provide a major energy source in the rabbit colon. 

Utilization of Protein

The traditional view point 

Even though amino acids from bacterial protein may be available via coprophagia (especially lysine, sulfur amino acids, and threonine; Carabano and Piquer 1998), research has shown that microbial protein plays only a minor role in meeting a rabbit's protein and amino acid needs on diets based on concentrates (McNitt et al 1996). The majority of microbial protein utilized by the animal is digested in the colon (Stevens and Hume 1995), presumably once the caecotrope disintegrates and its contents are released in the stomach. Caecotropes, however, contain approximately 28% crude protein (Stevens and Hume 1995) which may indicate they are approximately 50% bacterial cells as bacterial cells from the rumen are 50-60% crude protein. The low apparent utilization of microbial protein may be caused by the diet. Recent studies with rabbits on forage-based diets indicate that prevention of caecotrope consumption has big effects on growth of rabbits, which is not in line with the concept that they supply little extra nutrients as VFA and essential amino acids of microbial origin. .

Rabbits can digest 75 to 85% of lucerne protein, whereas pigs digest less than 50% (McNitt et al 1996).Urea is recycled by the rabbit large intestine in a manner similar to that occurring in the rumen (Stevens and Hume 1995) and urease levels are highest in the caecum (Marounek et al 1995). Urea is converted to ammonia in the gut, and if the content of carbohydrate is low, the ammonia may be absorbed and this could result in toxicity. When an animal is fed a low-energy diet, caecotrope ingestion is maximized (Jenkins 1999). Low levels of dietary protein fed to rabbits increase caecotrope consumption and high levels of protein decrease consumption, which seems to be a protein sparing mechanism (Cheeke 1994). Coprophagia has been found to increase protein digestibility (50 vs 75 to 80% for alfalfa) of forages in rabbits

An alternative view point of forage utilization in the forage fed rabbit

In any fermentative system VFA production and microbial growth are linked; the energy for microbial growth is provided by ATP produced when carbohydrate and protein are degraded to VFA. The microbial polymers or building blocks for microbial cells are synthesized from the intermediates of glycolysis and VFA formation (Preston and Leng 1987). Y-atp (Bauchop and Elsden 1960)is a useful description of the efficiency of microbial growth. It is defined as the g dry cells produced in fermentation per mole of ATP available in the conversion of organic matter to VFA

Brief outline of the relationship between Yatp and the cells available for digestion

In the rumen Yatp is much reduced by the long retention time of feed particles together with a high maintenance requirement of the microbes. In addition a considerable amount of lysis of microbes occurs from the action of lytic phage, autolysis and predation by the protozoa (Wells and Russell 1996; Klieve and Swain 1993; Leng and Nolan 1984). Predation of protozoa can be significant (Bird and Leng 1984) often decreasing the net availability of microbial protein by 25-35% (Bird and Leng 1984) but, in addition, protozoa have a high maintenance energy requirement (use ATP for maintenance rather then growth) and are retained in the rumen for longer periods than indicated by rumen turnover time (Weller and Pilgrim 1974). Most measurements for Yatp in the rumen suggest a value of 8-14 g cells/mole of ATP generated in fermentation, whereas the theoretical Yatp should be about 26 g cells per mole of ATP. The Yatp for fermentation in the caecum of rabbits, to my knowledge has not been measured, but there are a number of indications that many of the inefficiencies in the rumen do not apply to the rabbit's caecal environment . These include i) the absence of protozoa; ii) the absence of slowly fermented fiber which has been rejected through the sieving mechanism in the large intestine; iii) the short turnover time of the caecum's contents; iv) the removal of anti bacterial components in the upper digestive tract; v) the enrichment of the medium by secretions from the small intestine including secreted proteins such as enzymes, mucous secretions and sloughed cells of intestinal origin; and vi) the small number of bacterial species which will much reduce inter-species feeding. 

With these advantages it is feasible that the end products of fermentation in the rabbit caecum will be richer in cells and therefore in protein (bacteria are 50-60% protein) than is the case for rumen fermentation. This potentially rich source of essential amino acids is then made available to the rabbit through coprophagia. This idea is supported by the very high protein content of the caecotrope (28% CP in DM see Stevens and Hume(1995)and 47% in DM in rabbits fed water spinach leaves or stems as the sole diet (Pok Samkol et al (2006a).

A high efficiency of microbial growth depends to a major extent on a rapid turnover of caecal contents in rabbits reducing bacterial lysis and bacterial maintenance energy requirements. In the pig given high fiber diets the bacterial protein from the large intestine is unavailable to the animal and fermentation is a source of energy substrates in the form of VFA. A slow turnover of the contents of the large intestine is therefore beneficial if the pig is on a high fiber diet as lysis of cells and fermentation of bacterial proteins allows more VFA absorption (Marouneket al 2002)As shown by Dierick et al (1990) the bacterial growth efficiency in the pigs hind gut is less then half that in the rumen (13.6 g bacterial N excreted in the faeces per kg of organic matter apparently fermented compared to 30 g N/kg organic matter fermented in the rumen). The latter is approximately a third of the theoretical efficiency of anaerobic bacterial growth.

The sieving and rejection of fibrous feed from entry into the caecum may have further implications for bacterial growth efficiency in the caecum. As the largest, intact, fibrous components in digesta entering the large intestine are likely to be the most lignified, the "sieving" action in the caecum/colon may remove these preferentially and decrease the lignin content of organic matter in the caecum relative to that in fiber in the diet or in the hard faeces. The significance of this is that the release of phenolic compounds from lignin has been shown to suppress bacterial growth in the rumen (see Bornemanet al 1986) and reduce digestibility of both starch and cellulose. For example whole oats and oat hulls with high lignin content often have a much lower digestibility then varieties that have low lignin content (see Black 2001: Rowe and Crosbie 1998). Thus a physiological mechanism excluding lignin from the caecum could potentially improve the efficiency of bacterial growth.

The caecotrope which is taken from the anus directly and swallowed remains in the stomach for some hours. The tough membrane remains intact for at least six hours after ingestion. When swallowed the caecotropes pass to the fundus portion of the stomach (Griffiths and Davis 1963). The membranes around the pellet and a buffering solution in the pellet control pH and fermentation seems to proceed even though the rest of the stomach is acid Cheeke (1994) has suggested that the VFA production is not significant but the permeability of epithelial cells to VFA is high and so the VFA are probably mostly absorbed from the caecum, large intestine and colon and at high efficiencies of growth are in much lower proportions in the end products [cells and VFA]. The purpose of the caecotrope appears to be to allow a prolongation of fermentation activity while the caecotrope is resident in the stomach. When feeding commences and these disintegrate they make available bacterial cells and micronutrient to be used in intestinal digestion. 

Is there another reason for the residence of the caecotrope in the stomach? The movement of digesta materials through the stomach- small intestine is quick and the small intestine is short suggesting that digestion of bacterial cells which are enclosed in a highly resistant membrane envelop of peptidoglycan, may be too slow allow significant significant digestion.

The possibility is floated here that caecotrophy may allow an efficient use of bacterial cellular materials. In the process of formation of the caecotrope and its retention in the stomach, activation of temperate phage to its lytic phase in bacterial cells causes bacteria to lyse improving the digestibility of bacterial protein in the stomach and small intestine. Protein may also be partially digested by enzymes released during lysis.

In ruminants lysozyme produced in the abomasum assists in the degradation of the ruminants major essential amino acid supply - the microbes produced in the rumen. Lysozymes are a group of enzymes [muramidases] that hydrolyses beta-1,4-links between N-acetyl-muramic acid and N-acetyl-D-glucosamine in the peptidoglycan of bacterial cell walls .The enzyme is found in tears, saliva, white blood cells and macrophages where it may have a defense role against invasive organisms. A group of lysozymes appear to have a digestive role in the true stomach (abomasum) of ruminants and colobine monkeys and also copraphagic animals. These enzymes degrade the mucopolysaccharide cell walls of bacteria passing from the rumen, allowing the cell contents to be digested by other stomach and intestinal enzymes (Dobson et al 1984; Stewart et al 1987; Irwin and Wilson 1989). The stomach form of lysozyme is endowed with special physiochemical properties that allow it to function in an acidic and protease-rich environment.

In the rabbit, lysozyme produced in the non-sacculated colon is secreted circadially into the colonic lumen in association with the production of caecotropes that are destained for ingestion (Camara and Prieur 1984). Because of the mucous coating of the caecotrope, the lysozymes are concentrated in the caecotrope. Thus from the time the digesta leaves the caecum and forms a caecotrope and is then excreted and swallowed, to the time it disintegrates in the stomach there is a considerable opportunity for lysozyme to degrade the bacterial cell peptidoglycan. However, the lysozymes appear to have narrow and acidic pH optima (Ito et al 1994), and therefore they are more active in the low pH of the stomach. The action of lysozyme could be considerably enhanced if phage-initiated disruption of the bacterial cell membrane occurred prior to, following or coinciding with the change in pH as the caecotrope disintegrates in the stomach 

Another interesting fact is that bacteriophages also contain lysozymes which appear to have a pH optima close to neutral. Phages infect cells by attaching to the cell via a base plate and forcing their tail tube into the cell membrane puncturing the outer membrane. Contractions of the sheath progresses enlarging the pore in the membrane until the lysozyme domains reach the peptidoglycan layer which they digest (see for more detail Kanamaru et al 2002). The possibility exists that bacteriophage activity is stimulated in the close to neutral caecotrope prior to the onset of colonic lysozyme activity when activated by the acid environment of the stomach,

Large numbers of temperate and lytic phage are associated with rumen organisms (Orpin and Mann 1974: Klieve and Swain 1993). We have no knowledge of their presence in caecal fluid organisms but it appears logical that the phages are present in these organisms since the major bacteria present in caecal contents [Bacteriodes species] are known to be infected with phage in the rumen (Keller and Traub 1974).

As an aside to the rabbit, and pertinent to the ruminant, itappears possible that rumen organisms entering the abomasum would be killed by the acid environment, and for the bacterial cell envelope of peptidoglycan to remain intact, temperate phage would quickly multiply and become lytic phage and assist the lysozymes of the acid abomasum to complete the disruption of the bacterial cells and enhance the process of their digestion. It thus seems that similar systems to degrade bacteria have evolved in both foregut and hind gut fermentors via caecotrophy in the latter.

In summary, in the rabbit the lysozyme that is produce by the colon cell wall but conserved in the caecotrope may play a major role in facilitating the digestion of bacteria in the stomach and small intestine. Elucidating the potential role of phages as aides to bacterial cell digestion needs considerable research.

Efficient fermentation (high cell yield relative to VFA production in the caecum) and efficient digestion of bacterial cells by combined action of lysozyme, potentially lytic phage and gastric and intestinal enzymes, may account for a very superior mode of both conserving and utilizing essential amino acids by the rabbit.

The interplay between lytic phage and lysozyme may be more complex as recent studies have indicated that bovine abomasum lysozyme may not be active against gram negative bacteria which have lower concentrations and less complex layers of peptidoglycan then gram positive bacteria. In addition some gram positive bacteria appear to be resistant to abomasum lysozyme (Dominguez-Bello et al 2004). Bacteroides species are gram negative and the population of bacteria in the rumen is normally largely gram negative but this can vary considerably. In vitro digestion of bacteria from the rumen with pepsin- pancreatic indicated that gram negative bacteria were 92% digestible whereas gram positive bacteria were 39%.(Wallace 1983). The implications for digestion of bacteria produced in the caecum and consumed in caecotropes is not clear.

Utilization of starch

High-starch diets are often incompletely digested in the rabbit small intestine due to rapid transit times (McNitt et al 1996). Incomplete digestion of starch prior to the large intestine results in the availability of starch for microbial fermentation (Stevens and Hume 1995). Excess starch in the gut results in an extremely rapid fermentation with possible spilling of energy leading to low Yatp. For example, Oba and Allen (2003) showed that, as the rate of starch digestion increased, the Yatp was reduced from 60g of microbial N/kg starch digested to approximately 30 g microbial N/ kg starch digested (see Figure 4). 
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Figure 4.Relationship between rate of starch digestion in the rumen of cows and microbial efficiency.

Closed circle denotes high moisture maize in high starch diets; closed triangle denotes dry ground maize 
in high starch diets; open circle denotes high moisture maize in low starch diets; and open triangle denotes 
dry ground maize in low starch diets (after Oba and Allen 2003)
The rapid digestion of starch could thus lead to a much lower microbial cell yield in starch fermentation in the caecum of concentrate-fed as compared to forage-fed rabbits. If toxin-producing microbes (primarily Clostridium spiroforme) are in residence, high levels of starch may lead to enteritis and possible death (McNitt et al1996; Jenkins 1999). Grains processed too finely can lead to rapid bacterial fermentation of the starch and cause enterotoxaemia. Rabbits were never meant to be fed high starch diets; and on high forage diets, with little complex structural carbohydrates, their feeding strategies, combined with their digestive strategies, could be much more of an advantage than when fed diets based on lignified forage, cereal grains and protein meals. 

Implications

The use of maize-alfalfa diets for feeding rabbits is an expensive option, that has developed because of the economic advantages of industrial production systems in countries with high labour costs, such as the USA and in the EU. Such feeding systems are designed along similar lines as for other monogastric animals and may remove the significant advantage of the rabbit - the ability to utilize caecotrophy as a tool to optimize essential amino acid availability. The feeding of high-starch diets to rabbits may lead to reduced microbial growth efficiency in the caecum leading to insignificant improvements in protein nutrition via caecotrophy. In contrast, on high-forage diets this process has much more significance if, as suggested in this review, microbial growth in the caecum is highly efficient.

Feeding a traditional alfalfa and maize diet to rabbits is not likely to be desirable nor economic in the future as resource depletion and competition for grain for feed, food and feedstock, forces up the price of grain (Preston 2006). Ultimately, efficient feeding of rabbits should be based on locally available forages of high nutritional value, such as herbs and tree leaves and specialized high yielding crops such as water spinach. The moderate protein content of such feeds can then be enhanced by the rabbit's evolved digestive strategy for using forages. This feeding strategy maintains healthy microbial digestion in the caecum and optimizes the potential advantages of rabbits over other herbivores. When combined with their capacity to produce multiple offspring at 6 week intervals, rabbits have a tremendous capacity to produce animal protein for human consumption without competing for fossil fuel costly feed.

The potential feed sources for rabbits are widely available in most tropical countries in Asia. However, any feeding system should recognize that the time of supplying feed should not disturb the potential circadian rhythm of caecotrope production. Considerable research is needed with fiber based diets to find the optimum pattern of offering feed that will enhance the production and utilization of caecotropes by the animal. Furthermore, the supply of small amounts of starch-based feed as a single meal early in the day [a common practice in many tropical countries] may interrupt the residence time of caecotropes in the stomach and may also cause disruption of the fermentative efficiency in the caecum, particularly if the feed contains appreciable enzyme-resistant starch mainly amylose.
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Abstract

Two experiments were done with crossbred rabbits (Local x New Zealand White) (range of live weight from 1600 to 1800 g), fed either stems or leaves of water spinach as sole diets. In the first study, observations were made of time spent eating, times spent consuming caecotropes and voiding faeces. In the second experiment the effect on feed intake of depriving the rabbits of having access to the caecotropes was monitored. The third experiment examined the composition of stomach contents of 2 rabbits on each diet slaughtered at 4 hour intervals over a 24 hour period.

The rabbits consumed feed throughout the 24 hours. However, the consumption of caecotropes was mainly during the day while faeces were voided only at night time. There were no differences between the two diets in the diurnal pattern of eating, consuming caecotropes or voiding of faeces. However, total DM intake was higher when leaves were fed compared with feeding only the stems. The composition of the stomach contents, which included the caecotropes, mirrored those of the diet with higher protein and lower crude fiber contents when the diet was water spinach leaves compared with stems. There were marked diurnal trends in the composition of the stomach contents during the 24 hours for the rabbits fed water spinach stems, with maximum values at midnight for DM and crude protein and minimum values for crude fiber. These trends were less marked on the diet of water spinach leaves

It was concluded that feeding water spinach leaves rather than stems resulted in a lower production of caecotropes. It is suggested that the lower level of caecotrophs consumed on the leaves only diet may have reduced overall supply of protein and B vitamins (from caecal microbes). .Lower levels of caecal-produced nutrients of microbial origin could explain the poorer growth performance of rabbits observed in earlier trials when high offer levels of the water spinach led to increased selection of leaves at the expense of the stems.
Key words: Caecotropes, diurnal patters of behaviour, faeces, leaves, rabbits, stems, water spinach


Introduction

Water spinach (Ipomoea aquatica) is a valuable feed resource for rabbits, apparently providing adequate protein and energy and other essential nutrients for growth. It also provides sufficient water (Hongthong Phimmasan et al 2004; Pok Samkol et al 2006a). When used to replace grass in a diet, in which 50% of the DM came from concentrates, rates of growth and feed conversion of rabbits were improved by more than 25% (Tran Hoang Chat et al. 2005). Pok Samkol et al (2006b) showed that increasing the proportion of stem to leaf and thus the fiber content in a water spinach diet improved live weight gain and feed conversion. This was possibly mediated by stimulation of feed intake since DM intake was increased by 50% when rabbits had access to other sources of high-fiber feeds (grass and rice straw) in addition to water spinach (Pok Samkol, Unpublished data). The present experiment was aimed at investigating the interaction of dietary fiber and growth rate, through further study of caecotropes produced and the content of the stomach in rabbits given either high fiber "stem" or low fiber "leaves" of water spinach.

Hypotheses

It was hypothesized that:

· Offering the stems (high fiber) and leaves (low fiber) of water spinach as separate feeds will influence the composition of the caecotropes and the pattern of recycling and thus help to explain the differences in growth rate of rabbits fed varying proportions of leaves and stems as the sole diet. 


Materials and methods

Three experiments were conducted at the Center for Livestock and Agriculture Development (CelAgrid-UTA Cambodia) located in Pratheat village, Rolous commune, Kandal Stroeung district, Kandal province, Cambodia which is 26 km from Phnom Penh city. 

Experiment 1: Observations of time spent eating and defecating of rabbits fed either stems or leaves of water spinach

Experimental design and treatments

Four crossbred (Local x New Zealand White) rabbits with average live weight of 1625 ± 119 g were allocated to two treatments:

· WST: Stems of water spinach

· WSL: Leaves of water spinach

The design was a randomized block arrangement with two replications of each treatment. The diets were fed ad libitum (about 120% of recorded intakes). The rabbits were housed in individual cages constructed from wood and wire mesh. The dimensions of the cages were: width 0.5 m, length 0.7 m and height 0.5 m. 

Feeding and management

Water spinach was bought from traders near the lake of Cheung Ek, Phnom Penh City. The foliage was separated into stems and leaves and the proportions recorded. The feeds were offered in a trough, three times per day in the morning at 7:00 am, at 12:00 and at 4:00 pm. Water was not supplied as earlier observations (Miech Phalla, personal communication) indicated that rabbits were able to satisfy their needs for water from that contained in the water spinach which has about 90% of moisture.

Data collection

Feed intake was recorded from weights of fresh materials offered minus residue taken the next morning. Observations were started at 7:00 am by two people to record minutes spent eating, in consumption of caecotropes and excretion of faeces. Samples of feeds offered and refused were analysed for DM, 

Experiment 2: Quantities of feed DM ingested, caecotropes produced and faeces excreted by rabbits fed water spinach stems or leaves 

Experimental design and treatments

Four crossbred (Local x New Zealand White) rabbits with average live weight of 1813 ± 136 g were allocated to the same treatments, housing and feeding method as in Experiment 1. Plastic collars were out around the necks (Photo 1) to prevent the rabbits consuming the caecotropes. 
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Photo 1: Rabbit fitted with plastic collar to prevent consumption of caecotropes


Data collection

Feed intake and production of caecotropes and faeces were recorded every hour. Caecotropes were not fed back to the rabbits. The measurements were started at 8:00 am by two people. Samples of feed offered and refused and of caecotropes and faeces were taken for analysis of DM.

Statistical analysis

This was the same as in Experiment 1.

Experiment 3: Composition of stomach contents in rabbits fed leaves or stems of water spinach.

Experimental design and treatments

24 crossbred (Local x New Zealand White) rabbits with average live weight of 1811 ± 301 g were allocated to the same treatments as in Experiment 1. Housing and feeding arrangements were the same as in Experiment 1. 

Data collection

Feed intake was recorded from 7.00 am until the time of slaughter, which began at 12:00 am with 2 animals being slaughtered every 4 hours. Samples of feed offered and refused, of caecotropes and faeces and of stomach contents, were taken for analysis of DM. N, ash and crude fiber.

Chemical and statistical analyses in the three experiments

Chemical analyses

Chemical analyses of samples for for ash, N, and crude fiber were by the methods proposed by AOAC (1990). DM content was determined using the micro-wave method of Undersander et al (1993).

Statistical analysis

The data were analysed using the GLM option of the Minitab (version 13.31, 2000) ANOVA software. The sources of variation were treatments and error.


Results and discussion

Chemical composition of feed

Water spinach leaves had higher contents of dry matter, crude protein and organic matter and much less crude fiber than the stems (Table 1). 

	Table 1: Chemical composition of feed (% in dry matter except for DM which is on fresh basis)

	
	Dry matter
	Crude protein
	Ash
	Organic matter
	Crude fiber

	Water spinach

	Stems
	6.74
	15.6
	18.2
	81.8
	17.2

	Leaves
	14.0
	31.9
	10.8
	89.2
	8.58

	Crude protein is N*6.25


Diurnal activities

Eating took place throughout the 24 hours (Figure 1), but intake of caecotropes was mainly during the day (7.00 to 17.00 hours; Figure 2), while faeces were voided only at night (Figure 3). These observations are different to those of Lebas et al (1997) who reported that caecotropes are produced in the night time and the faeces during the day. However, McNitt et al (1996) indicated that caecotropes may also be produced by rabbits in the day time. Differences in environmental temperatures between temperate and tropical latitudes may have been the reason for the observed differences.

	[image: image70]

	
Figure 1: Time spent by rabbits in eating when offered either leaves or stems of water spinach.
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	Figure 2: Time spent by rabbits eating the caecotropes when offered either leaves or stems of water spinach.
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Figure 3: Time spent by rabbits voiding faeces when offered either leaves or stems of water spinach.


The pattern of DM intake expressed as quantities consumed (Figure 4) was similar to the observations for times spent eating (Figure 1), indicating that the rate of eating was more or less continuous during the 24-hour period of measurement. However, there were major differences in the pattern of production of caecotropes (Figures 2 and 5), which were consistent for leaves and stems and took place during the day in rabbits used in experiment 1 but was irregular in rabbits used in experiment 2, with peaks of production during both day and night and no consistent pattern for the two diets. In experiment 2, the rabbits were fitted with plastic collars to prevent them consuming the caecotropes, which were not fed back to the rabbits. The pattern of production of faeces also differed between the two experiments, with similar quantities being produced during the night as during the day in experiment 2 (Figure 6), whereas, in experiment 1, faeces were produced only during the day (Figure 3).

Providing rabbits with water spinach stems rather than leaves resulted in a slightly greater production of caecotropes. However, as well as having more fiber, the stems also have less protein and Cheeke (1994) indicated that the lower the crude protein concentration in the diet the greater is the consumption of the caecotropes.
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Figure 4: Diurnal pattern of DM intake of rabbits offered stems or leaves of water spinach.
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Figure 5: Diurnal pattern of production of caecotropes by rabbits offered stems or leaves of water spinach.
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Figure 6: Diurnal pattern of production of hard faces by rabbits offered stems or leaves of water spinach.


The amounts of caecotropes produced on the water spinach diets in this study were similar to the results of Colin and Lebas (1995), lower than reported for Paprika meal and Olive leaves (Garcia et al 2000), but higher than for diets of alfalfa hay, citrus pulp, beet pulp and rice hulls (Fragaet al 1990) (Figure 7).
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Figure 7: Production of caecotropes by rabbits given either stems or leaves
of water spinach in Experiment 2 compared with literature values.


Effect of diet and of access to caecotropes on DM intake

There were no apparent differences between the two diets (leaves or stems of water spinach) in the diurnal pattern of eating, consumption pattern of caecotropes or voiding of hard faeces by rabbits. However, total DM intake was higher when leaves were fed compared with feeding only the stems, in rabbits in both experiments 1 and 2 (Figure 8). Although not strictly comparable, as the observations relate to two separate experiments with different rabbits, there was a clear indication of lower DM intake when the rabbits were prevented from consuming the caecotropes (Experiment 2), which is contrary to the findings of Chiv Phiny and Lampheuy Kaensombath (2006) that DM intake was the same when rabbits fed water spinach had, or did not have, access to the caecotropes. However, growth rates in the latter experiment were considerably less for rabbits deprived of the caecotropes. It would appear that the physical disruption of the normal pattern of behaviour (by fitting the plastic collars) affected the physiological processes of digestion, even though the basal diet was highly digestible (80.5%; Pok Samkol et al 2006a). This result is similar to that reported by Irlbeck (2001) who also used a diet of high digestibility.
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	Figure 8: Dry matter intake by rabbits offered leaves or stems of water spinach with access
to caecotropes (Experiment 1) and without access to caecotropes (Experiment 2)


Composition of caecotropes, faeces and stomach contents

The composition of the stomach contents, which included the caecotropes, mirrored those of the diet with higher protein and lower crude fiber contents when the diet was water spinach leaves compared with stems (Table 2 and Figures 9, 10 and 11). The dry matter content of caecotropes on the two diets was similar, but crude protein was higher and crude fiber lower for the diet of water spinach leaves (Table 2). The contents of dry matter and crude protein in the faeces was higher for the diet of water spinach leaves than for stems. The chemical composition of both caecotropes and faeces was similar to the result of Chiv Phiny and Lampheuy Kaensombath (2006). Irlbeck (2001) indicated that as dietary fiber concentration increased the fiber composition of the faeces also increased. 

	Table 2: Chemical composition (% in DM except for DM which is on fresh basis) of caecotropes and faeces in rabbits fed water spinach stems and leaves compared with stomach contents (which includes caecotropes).

	
	Dry matter
	Crude protein
	Ash
	Organic matter
	Crude fiber

	Water spinach stems

	Stomach contents#
	12.3
	33.8
	10.1
	89.9
	18.1

	Caecotropes ##
	29.3
	42.6
	12.8
	87.2
	9.66

	Faeces ##
	70.7
	38.4
	14.5
	85.5
	28.0

	Water spinach leaves

	Stomach contents#
	9.60
	48.6
	11.3
	88.7
	7.15

	Caecotropes ##
	30.9
	47.7
	9.21
	90.8
	6.15

	Faeces ##
	63.8
	43.5
	11.9
	88.1
	12.3

	# This experiment; ## Pok Samkol Unpublished data


There were marked diurnal trends in the composition of the stomach contents during the 24 hours for the rabbits fed water spinach stems, with maximum values at midnight for DM and crude protein (Figures 9 and 10) and minimum values for crude fiber (Figure 11). These trends were less marked on the diet of water spinach leaves. 
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Figure 9: Dry matter percentage in the stomach contents of rabbits slaughtered at 4 h intervals 
starting at midday having had free access to leaves or stems of water spinach.
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	Figure 10: Crude protein in the stomach contents of rabbits slaughtered at 4 h intervals 
starting at midday having had free access to leaves or stems of water spinach.
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Figure 11: Crude fiber in the stomach contents of rabbits slaughtered at 4 h intervals 
starting at midday having had free access to leaves or stems of water spinach.


Stomach contents as percentage of live weight (DM basis) tended to be higher when the rabbits were fed water spinach stems compared with the leaves (Figure 12). The present finding was much lower than the 2.44% reported by Fraga et al (1990) for rabbits fed a diet in which the fiber was from alfalfa hay. The difference can probably be explained on the basis of the higher fiber content of the alfalfa hay compared with water spinach 
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	Figure 12 : Stomach contents as % of live weight in rabbits fed either stems or leaves of water spinach.



Conclusions

· Feeding rabbits sole diets of water spinach leaves compared to only stems resulted in a lower production of caecotropes. 

· The enrichment of nutrients by microbial action in the caecum and their availability after consumption could be the explanation for the greater growth performance observed in earlier trials when restricted offer levels of the water spinach led to increased consumption of stems relative to leaves. It can be speculated that under such conditions the caecal microbes were producing higher amounts of essential amino acids or growth factors such as B vitamins. 
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Abstract

In the Mekong Delta water spinach (Ipomoea aquatica) stems are used for making pickles for human consumption, while the leaves (WSL) are normally discarded. This study was carried out to evaluate WSL as a potential feed for rabbits. Two experiments were carried out in the experimental farm of Cantho University to evaluate the effects of offering WSL at levels of 25 (WSL25), 50 (WSL50) and 75% (WSL75) of the intakes of a control diet (WSL0) (DM basis). Both experiments were complete randomized designs with four treatments, three replicates and two female rabbits per experimental unit. The first trial (Expt.1) was done on growing crossbred rabbits at 8 weeks of age to evaluate feed utilization, growth rate and economic returns. In the second experiment (Expt. 2) feed digestibility and nitrogen retention was determined in twelve week old rabbits. 

In Expt.1, the dry matter (DM) intake was highest (P<0.001) on the diet with para grass only (WSL0). Crude protein (CP) intake was significantly higher (P<0.01) in the WSL50 and WSL75 diets. Organic matte (OM), NDF and ADF intakes significantly decreased (P<0.01) with increasing levels of WSL in the diet. The highest daily gain was found in WSL75 (P<0.01). Lower feed cost and higher income per rabbit, resulting in higher net benefit, were found for the WSL50 and WSL75 diets. In Expt. 2 the apparent digestibility (%) of DM was significantly higher (P<0.05) in all the diets that included WSL compared with WSL0, with the highest value in the WSL75 diet. The nitrogen retention tended to increase with increasing levels of WSL (P>0.05), and the highest value was found in the WSL75 diet. 

It is concluded that the inclusion of WSL at levels of 50 and 75% in para grass based diets gave better daily gains and economic returns. 
Key words: Digestibility, economic return, growing rabbits, para grass, water spinach, weight gain. 


Introduction

In recent years, rabbit production in Vietnam has developed rapidly to meet an increased demand for fresh meat for human consumption to replace the shortfall in supplies of meat of chickens and ducks as a result of Avian Influenza. The rabbit (Orytotagus cuniculus) is a non-ruminant, plant eating animal that has the ability to consume many kinds of natural grasses, vegetables, leaves from trees, fruits and by-products from kitchens or markets. It is also a meat-producing animal which is especially well adapted to utilization of protein-rich foliages due to the nature of its digestive system in which enzymatic digestion precedes microbial fermentation in the caecum.

Water spinach (Ipomoea aquatica) is a vegetable with high potential to efficiently convert nitrogen from biodigester effluent into edible biomass with a high protein content (Sophea and Preston 2001). It is a valuable forage resource for rabbits, according to the reports of Phimmasan et al (2004) and Chat et al. (2005). In The Mekong Delta, water spinach is widely used as a human food, particularly the stems, which are pickled for home consumption. This results in large amounts of water spinach leaves (WSL), which are cheap and high in protein being available for animals. Para grass (Brachiaria mutica) has a high fibre content, and the correct combination between WSL and para grass could be ideal for feeding rabbits. However, optimum levels of WSL in roughage-based diets have not yet been determined.

This study aims to determine the optimum level of water spinach leaves as replacement for para grass in the diet on the feed utilization, growth rate and economic benefits of growing crossbred rabbits.


Materials and methods

Experiment 1. Effect of different levels of water spinach leaf supplementation on the growth rate and economic benefits of growing crossbred rabbits

Animals and experimental design

The experiment was conducted at the Experimental Farm of Cantho University, Vietnam. Twenty-four crossbred female rabbits at two months of age were arranged in a complete randomized design with 4 treatments and 3 replications. Two females were housed in a wire mesh and wood cage, as an experimental unit. The dietary treatments were water spinach leaf supplementation to the diets at levels of 0 (WSL0), 25 (WSL25), 50 (WSL50) and 75% (WSL75) (DM basis), while para grass was fed ad libitum. The diets were adjusted every week by increasing the allowance by 5% (DM basis). Paddy rice was supplied at the same level of 30g per day per rabbit for all treatments to provide energy. The experimental period lasted 8 weeks.

Feeds, feeding and management

Para grass was collected daily in the areas surrounding Cantho University. WSL were bought from farmers who plant and sell only WS stems for human consumption. The animals were fed three times a day at 8:00h, 15:00h and 19:00h. Para grass was offered ad libitum for all dietary treatments, and WSL was given at levels of zero (WSL0; control diet), 25 (WSL25), 50 (WSL50) and 75% (WSL75) of the amount of the control diet consumed, and adjusted daily. Paddy rice was supplied once per day at 11:00h with the amount of 30g / rabbit / day. Fresh water was available at all times. The refusals and spillage were collected and weighed daily in the morning to calculate the feed intake. The animals were vaccinated to prevent some diseases, especially rabbit hemorrhagic diarrhea and parasite diseases.

Measurements

The feeds and refusals were taken for analyses of DM, OM, CP, EE, NDF, ADF, and Ash following the procedures of AOAC (1990) and Van Soest et al (1991). At the beginning of the experiment two rabbits per experimental unit were weighed individually and thereafter weekly. Daily feed intakes, growth rate, and feed conversion ratios were measured and calculated. An economic analysis was also done for each treatment.


Experiment 2. Effect of different levels of water spinach leaf supplementation on nutrient digestibility and nitrogen retention

Animals and experimental design

The experimental design was similar to Experiment. 1, except that 12-week old rabbits were used. One week was allowed for adaptation and then faeces and urine were collected for 6 days. Feeds and refusals were measured daily. Dry matter, CP, EE, NDF and ADF digestibilities were calculated according Mc Donald (2002). 

Statistical analysis

The data from both experiments were analyzed by analysis of variance using the ANOVA of General Linear Model of Minitab Reference Manual Release 13.20 (Minitab, 2000). Economic analyses were done using current prices in Vietnamese Dong (VND) to compare net incomes and feeds cost in the different treatments.


Results and discussion

Experiment 1: Feeding trial

Feed characteristics

WSL was considerably higher in crude protein compared to para grass and paddy rice, while NDF and ADF contents of para grass were higher than those of WSL (Table 1). Therefore increasing the supply of WSL increased the overall protein content of the diet. The DM content of WSL used in our experiment was slightly lower, and CP content higher than the values reported by Hue and Preston (2006) and Samkol et al. (2006), possibly due to different ecological conditions, for example with respect to nutrient concentrations in the water.

	Table 1. Chemical composition of feed ingredients (% in DM, except for DM which is on fresh basis)

	Ingredient
	DM
	OM
	CP
	EE
	NDF
	ADF
	Ash

	Para grass
	16.6
	87.6
	12.9
	6.00
	76.7
	36.9
	12.4

	Water spinach leaves
	10.8
	90.6
	36.3
	7.60
	40.2
	24.2
	9.40

	Paddy rice
	87.1
	95.6
	6.74
	1.40
	25.1
	13.8
	4.40


Feed and nutrient intakes

Daily intake of para grass (PG) decreased significantly as the WSL supply increased (Table 2). However, the total DM intake in rabbits fed PG only (control diet, WSL0) was significantly higher (P< 0.001) than for those fed the diets that included WSL, possibly due to the low DM content in WSL, although total DM intake was unaffected by the inclusion level of WSL in the offered feed, and was similar for WSL25, WSL50 and WSL75. The DM intakes were higher than the values of 49.7- 74.6g DM/day and 65-75.5g DM /day reported in previous studies in which rabbits were fed water spinach-based diets (Hue and Preston, 2006 and Samkol et al., 2006, respectively). CP intake was least on the PG only (WSL0) and WSL25 diets, and increased with increasing WSL intakes, being highest on the WSL75 diet, as a result of high CP content in WSL. The CP intakes in the current study are considerably higher than those reported by Phimmasan et al. (2004) (8.8 - 11.3g/day). The intakes of OM, NDF, ADF and ME in the WSL supplemented diets were lower than those in the control diet.

	Table 2. Effect of level of offer of water spinach leaves (WSL) on feed and nutrient intakes (DM basis) of growing rabbits 

	
	WSL0
	WSL25
	WSL50
	WSL75
	SE/P*

	Daily intake, g / rabbit
	
	
	
	
	

	Para grass (PG)
	73.8a
	37.3b
	28.9bc
	19.6c
	2.41/0.001

	Water spinach leaves 
	0.00
	11.2a
	19.2b
	30.3c
	1.29/0.001

	Paddy rice
	26.1
	26.1
	26.1
	26.1
	

	Dry matter
	99.9a
	74.6b
	80.8b
	76.0b
	1.58/0.001

	Organic matter
	89.6a
	67.8b
	73.5b
	69.6b
	1.39/0.001

	Crude protein
	11.3a
	10.6a
	13.9b
	15.3c
	0.24/0.001

	NDF
	63.2a
	39.6b
	40.5b
	33.8c
	1.17/0.001

	ADF
	30.8a
	20.1b
	21.0b
	18.2b
	0.56/0.001

	* WSL0: no WSL supplemented, WSL25, WSL50 and WSL75: WSL supplemented at levels of 25, 50, 75% of the amount of the control diet consumed, respectively 
Means with different letters within the same row are significantly different at the 5% level.


Growth rate, feed conversion ratio and economic analysis

Significantly higher final live weight and daily gains were found for rabbits in the WSL50 and WSL75 treatments as compared to those fed PG only and 25% WSL, with the highest values for rabbits supplemented with 75% WSL (Table 3). The difference was probably due to the higher CP intakes from WSL, as intakes of DM were higher for the WSL0 treatment. The performance results in the present study are similar to those in a study by Ha et al. (1996), who reported that the weight gains of pure New Zealand rabbits fed grasses, concentrate and legume leaves were 15.5g and 20.6g per day. The performance of the rabbits supplemented with WSL in this study were also within the range reported by Samkol et al. (2006), and were slightly lower than those found by Phimmasan et al. (2004) and Hue and Preston (2006). Feed conversion ratio was poorest for animals fed PG alone (WSL0), and improved (P<0.01) with inclusion level of WSL, as a result of better daily gain and lower DM intakes compared to the control treatment. Feed conversion ratios were acceptable and similar to the values of 4.9 - 6.0, and 7.0, reported by Akinfala et al. (2003) and Suc et al. (2000), respectively.

	Table 3. Effect of level of offer of water spinach leaves (WSL) on live weight and daily gains of growing rabbits 

	Item
	WSL0
	WSL25
	WSL50
	WSL75
	SE/P*

	Initial weight (g)
	870
	800
	892
	788
	57.4/0.53

	Final weight (g)
	1,508ab
	1,432a
	1,738ab
	1,820b
	77.4/0.03

	Daily gain (g / day)
	13.0a
	12.9a
	17.3b
	19.0b
	0.60/0.01

	FCR (kg feed DM / kg gain)
	7.67a
	5.85b
	4.71c
	4.03c
	0.15/0.01

	Feed cost (VND/rabbit)
	20,826
	17,596
	17,152
	18,333
	

	Income (VND / rabbit)
	45,255
	42,945
	52,125
	54,600
	

	Difference (VND / rabbit)
	24,429
	25,349
	34,973
	36,267
	

	* WSL0: no WSL supplemented, WSL25, WSL50 and WSL75: WSL supplemented at levels of 25, 50, 75% of the amount of the control diet consumed 
Means with different letters within the same row are significantly different at the 5% level.


The economic analysis showed that the cost of feed decreased with increasing levels of WSL. Furthermore, due to the increased growth rates with increasing supply of WSL the net benefits (feed costs minus income) were highest for the WSL50 and WSL75 treatments.

Experiment 2: Digestibility trial

The chemical composition of the feedstuffs used (Table 4) was similar to those in Experiment 1, except for a slightly lower CP content of the WSL. Feed intakes ranged from 67 to 88g DM / day, and tended to be lower for the diets including WSL, although the differences were not significant.

	Table 4. Chemical composition of diet ingredients (% in DM except for DM which is on fresh basis) 

	
	DM
	OM
	CP
	EE
	NDF
	ADF
	Ash

	Para grass
	16.6
	88.5
	11.7
	5.62
	67.8
	35.7
	11.5

	Water spinach leaves
	10.7
	90.3
	32.2
	6.41
	40.2
	24.2
	9.7

	Paddy rice
	87.1
	96.8
	6.69
	3.37
	25.1
	15.4
	3.2

	DM: dry matter, OM: organic matter, CP: crude protein, EE: ether extract, NDF: neutral detergent fiber, ADF: acid detergent fiber


The apparent DM digestibility coefficients were significantly higher (P<0.05) in the diets with inclusion of WSL than that in the control diet (Table 5). However, no significant difference in CP digestibility was found among the treatments. Digestibility of OM and EE was lower in the control diet (WSL0) than in the diets with WSL (P<0.05). The probable explanation is the high fibre content in PG, and Gidenne et al (1998) and Perez et al (1996) stated that a high level of fibre in the diet leads to a decrease of retention time and an increase of caecotrope production because of increasing bacterial fibrolytic activity, which in turn results in a reduction of diet digestibility (De Blas et al 1999). The DM and NDF digestibilities are similar to those in a study with rabbits reported by Samkol et al. (2006) in which water spinach based diets had a DM digestibility of 73.5 -78.3% and NDF a digestibility of 48.2- 56.3%. However, the CP digestibility values in the present study are superior to the values of 59.9 -70.9% reported by Pok Samkol et al (2006). Our results are also in agreement with the lower digestibility indices of DM, CP and CF that were found in diets including high fibre supplements (Hue and Preston 2006). 

	Table 5. Effect of level of offer of water spinach leaves (WSL) on digestibility of nutrients and nitrogen retention

	Item
	WSL0
	WSL25
	WSL50
	WSL75
	SE/P

	Feed intake (g DM/day)
	88.0
	67.0
	73.5
	74.5
	12.1/0.18

	Apparent digestibility (%)
	
	
	
	
	

	DM
	62.7a
	70.5b
	71.7b
	73.0b
	2.29/0.05

	OM
	62.4a
	70.1b
	74.9bc
	76.0c
	1.14/0.001

	CP
	82.0
	84.5
	83.5
	83.0
	2.24/0.90

	EE
	72.7a
	78.5b
	80.0b
	81.0b
	0.86/0.01

	NDF
	42.7
	52.0
	53.3
	57.5
	4.53/0.25

	ADF
	33.0
	40.0
	46.7
	51.1
	3.76/0.08

	Nitrogen balance (g/kgW0.75)
	
	
	
	
	

	Nitrogen intake
	1.21a
	1.28a
	1.48b
	1.60b
	0.04/0.001

	Nitrogen retention
	0.76
	0.84
	0.88
	1.07
	0.09/0.15

	Means with different letters within the same row are significantly different at the 5% level. 


Both the nitrogen intake and nitrogen retention increased corresponding with increasing levels of WSL in the diet, but differences were significant only for the nitrogen intake (P<0.001). The values in the present study are in a similar range to those reported by Thu and Dong (2005), and superior to those of Samkol et al (2006). 


Conclusions and implications

· Water spinach leaves have a high nutritive value for rabbits, as confirmed by high protein content and the improved apparent digestibility of most nutrients in the diets including water spinach leaves. 

· Increasing levels of water spinach leaves in the diets of growing crossbred rabbits increases feed utilization and growth rate. 

· Levels of from 50 to 75% of water spinach leaves supplemented to para grass diets give higher economic benefits for small-holder farmers. 

· Comprehensive studies on water spinach leaves as a supplement for rabbits are necessary. 
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Abstract

An experiment was conducted in the experimental farm of Cantho University to evaluate the effects of different dietary protein levels on the reproductive performance of crossbred rabbits in three parities. The experiment had a complete randomized design, with four treatments, three replicates and one female rabbit per experimental unit. The diets included para grass, supplemented with different amounts of water spinach (Ipomoea aquatica) leaves and concentrate in order to provide 28 (28CP), 31 (31CP), 34 (34CP) and 37 (37CP) g crude protein (CP) per rabbit per day, respectively. 

In three litters the results indicate that intakes of dry matter (DM) and CP significantly increased (p<0.03) with increasing the levels of CP in the diet, with the highest values for the 37CP diet. Higher litter sizes at birth were found for rabbits fed higher CP levels, with the highest on the 37CP diet (P<0.05), and litter size at weaning had a similar tendency. Mean weights at birth were only slightly different among treatments, and mean weights at weaning in litters 1 and 2 were highest on the 34CP and 37CP diets. Weight gains in pregnancy were highest on 37CP (P<0.05) and milk yields increased (P<0.01) with increasing CP level in the diet, with the highest values on 37CP. A comparison between the three parities showed that litter size at birth and weaning and milk yield were better in the second litter, and significantly higher weight gains in pregnancy were found in the first litter. 

It was concluded that a daily intake of 37g CP per day resulted in optimum reproductive performance of female crossbred rabbits.
Key words: Crossbred rabbits, birth weight, dietary protein, milk yield, litter size, para grass, water spinach, weaning weight. 


Introduction

Rabbit meat production has increased considerably in Vietnam recent years in order to meet the increasing demand for human food from animal products, and to replace poultry meat, which has declined in importance as a result of Avian Influenza. Rabbit meat is also increasingly popular due to the fact that it is very nutritious, lean and low in fat and cholesterol. However, breeding rabbit stocks are still limited, so it is not possible for farmers to buy weaned rabbits for their production systems. Moreover, most studies have focused on feeding and diet digestibility of growing rabbits rather than of reproductive does. Improving the nutrition of breeding females is of primary importance for increasing the productivity of domestic rabbit farming. In particular determining the optimal level of protein supply for breeding rabbits is the key to making the best of the rabbit's production potential and has a direct relationship to the income of the rabbit keeper (Ren et al. 2003). According to Lebas (1986) does require diets with levels of protein ranging from 17 to 18% in pregnancy and lactation. 

Several kinds of locally available protein-rich forages are found in the Mekong Delta, and water spinach (Ipomoea aquatica) leaves (WSL) have been shown to be a very good source of plant protein for rabbits (Dong 2006), and provides adequate levels of protein and other nutrients essential for rabbits. Para grass is a good fibre source for rabbits and contains around 30% crude fibre (CF) (Trang 2006). The hypothesis of this study is that reproductive performance of crossbred does fed basal diets of para grass will be improved as the level of protein supplied is increased through supplementation with WSL and concentrate pellets. The objectives of the study are therefore to evaluate the effect of different levels of protein on the reproductive performance of crossbred rabbit does.


Materials and methods

Animals and experimental design

The trial was carried out at the Experimental farm of Cantho University in Cantho City. Twelve crossbred rabbit does at five months of age were arranged in a complete randomized design, with 4 treatments and 3 replications. One animal was housed individually per wire mesh and wood cage, as an experimental unit. The dietary treatments included para grass ad libitum supplemented with 300g fresh WSL and with concentrate levels of 29, 46, 63 and 80g to give in total 28, 31, 34 and 37g CP per doe per day, corresponding with the 29CP, 31CP, 34CP and 37CP treatments, respectively. 

Feeds, feeding and management

Para grass was collected daily in the areas surrounding Cantho University. Water spinach leaves were bought from farmers who plant and sell WS stems for human consumption, with the WSL available as a by-product. Concentrate was bought at a local feed store on one occasion during the experiment. The animals were fed three times a day, at 8:00, 15:00 and 19:00h. Para grass was offered ad libitum, while 300g WSL per day was given to all does. Concentrate pellets were offered at levels of 29, 46, 63 and 80g/ doe/ day to give a total of crude protein supply of 28, 31, 34 and 37g per female per day. The WSL and pellets were adjusted weekly by increasing allowances by 5, 10 and 15% in the second, third and fourth week of pregnancy, respectively. During the lactation period allowances were increased by 10% in the first week, 30% in the second and third week, and 40% in the fourth week. All animals had access to fresh water at all times. 

The does were kept individually in separate cages, and only one buck was used for mating. The breeding service was done at two weeks after birth. The new-born animals were weaned at the 30th day. Refusals and spillage were collected and weighed daily in the morning to calculate feed intake. Weights of rabbits at birth and weaning, and daily milk yields were measured. The does were weighed weekly from mating to parturition and their weight gains calculated during pregnancy. Before entering experiment all does were vaccinated to prevent some diseases, especially rabbit Hemorrhagic diarrhea and also parasite diseases. 

Measurements

Reproduction criteria were recorded in 3 litters. Feeds and refusals were taken for analyses of DM, OM, CP, NDF and ADF following the procedure of AOAC (1990) and Van Soest et al (1991). The measurement taken included: daily feed and nutrient intakes for each litter, litter size at birth and weaning, weight gain of does in pregnant period and daily milk yield recorded by weighing the kits before and after suckling.

Statistical analysis

The data were analyzed by analysis of variance using the ANOVA of General linear model of Minitab Reference Manual Release 13.20 (Minitab, 2000). For the comparison of the reproduction criteria between the litters the paired T test of Minitab Reference Manual was also used. 


Results and discussion

Feed characteristics

Characteristics of feeds used in the trial are presented in Table 1.

	Table 1. Chemical composition of feeds (% DM basis except for DM which is on fresh basis)

	Feed
	DM
	OM
	CP
	EE
	CF
	NFE
	NDF
	Ash

	Para grass
	18.7
	88.7
	13.7
	6.00
	23.1
	45.9
	59.2
	11.3

	Water spinach leaves
	12.0
	89.0
	31.8
	7.61
	8.90
	40.7
	40.2
	11.0

	Concentrate
	87.0
	91.1
	20.0
	5.20
	5.00
	50.9
	-
	8.06

	DM: dry matter, OM: organic matter, CP: crude protein, EE: ether extract, CF: crude fiber, NDF: neutral detergent fiber, 


The para grass (PG) contained higher DM, but lower CP concentrations as compared to water spinach leaves (WSL). The concentrate pellets had higher DM and moderate CP contents compared to other feeds. Supplementation of both WSL and pellets to para grass diets increased the protein content in the diets. The CP content of the WSL used in our experiment was similar to values reported by Hongthong Phimmmasan et al (2004) and Pok Samkol et al (2006).

Feed and nutrient utilization and reproduction

Daily DM intakes of the does increased with daily CP intakes, with the significantly highest value (P< 0.01) recorded for animals given the highest amount of CP (37CP) (Table 2, 3 and 4). These results are similar to those reported by Nicodemus (1999), which ranged from 134 to 174g per day. For all three litters, litter size at birth significantly improved with increasing CP intake (P=0.02), while the mean rabbit weight at birth was not significantly different among treatments, probably because of the negative relationship between mean litter size and mean birth weight. The number of live rabbits at birth and at weaning in all three litters significantly increased with increasing amounts of CP supplied, with the highest number on the 37CP diet. The mean litter size at birth was similar to the values cited by Arrington and Kelly (1976) (6-8 kits/litter), Mai (2005) (3-8 kits/litter) and Lebas et al (1986) (7-9 kits/litter). However, the results reported by Ren et al (2003), working with Rex rabbits, showed lower litter size at weaning and survival rate (3.0-6.1 and from 63.3 to 76.1%, respectively) than values obtained in the present study. 

	Table 2. Effect of protein supply on feed and nutrient intakes and reproductive performance of does, first litter 

	
	g CP/ rabbit /day*

	
	28CP
	31CP
	34CP
	37CP
	SE/P

	DM intake (g/rabbit/day)
	138a
	153a
	167ab
	189b
	7.15/0.01

	CP intake (g/rabbit/day)
	28.0a
	31.2ab
	34.2bc
	38.3c
	0.92/0.01

	Litter size at birth (rabbit) 
	6.00a
	6.67ab
	7.00b
	9.00c
	0.16/0.01

	Weight of litter at birth (g)
	345
	358
	315
	400
	20.3/0.11

	Mean weight at birth (g / rabbit)
	49.9
	53.9
	48.6
	44.4
	2.05/0.08

	Number of live rabbits at birth 
	6.00a
	6.67a
	7.00a
	8.67b
	0.23/0.01

	Number of live rabbits at weaning
	5.33a
	6.00ab
	6.67ab
	7.67b
	0.41/0.02

	Weight of litter at weaning (g)
	1,933a
	2,352ab
	2,795ab
	3,135b
	232/0.04

	Mean weight at weaning (g/rabbit)
	368
	392
	416
	408
	25.5/0.59

	* Amounts of 28, 31, 34 and 37g CP / day, respectively. Means with different letters within the same row are significantly different at the 5% level. 


	Table 3. Effect of protein supply on feed and nutrient intakes and reproductive performance of does, second litter 

	
	g CP/ rabbit/day*

	
	28CP
	31CP
	34CP
	37CP
	SE/P

	DM intake (g/rabbit/day)
	140a
	156ab
	163ab
	183b
	8.16/0.03

	CP intake (g/rabbit/day)
	27.7a
	31.1ab
	33.4bc
	37.0c
	0.95/0.01

	Litter size at birth 
	6.33a
	6.67a
	7.33ab
	9.33b
	0.53/0.02

	Weight of litter at birth (g)
	328a
	328a
	315a
	413b
	19.1/0.03

	Mean weight at birth (g / rabbit)
	53.9
	49.5
	42.9
	44.2
	4.09/0.28

	Number of live rabbits at birth 
	6.33
	6.67
	7.33
	8.67
	0.53/0.06

	Number of live rabbits at weaning
	5.67
	6.33
	7.00
	7.67
	0.50/0.09

	Weight of litter at weaning (g)
	2,137
	2,278
	2,619
	2,917
	215/0.14

	Mean weight at weaning (g/rabbit)
	378
	376
	384
	390
	12.3/0.86

	* Amounts of 28, 31, 34 and 37g CP / day, respectively. Means with different letters within the same row are significantly different at the 5% level. 


	Table 4. Effect of protein supply on feed and nutrient intakes and reproductive performance of does, third litter 

	
	g, CP/ rabbit/day*

	
	28CP
	31CP
	34CP
	37CP
	SE/P

	DM intake (g/rabbit/day)
	132a
	146ab
	151b
	169c
	3.76/0.01

	CP intake (g/rabbit/day)
	28.9a
	31.9b
	33.7b
	37.2c
	0.52/0.01

	Litter size at birth 
	5.33a
	6.67a
	7.00ab
	9.00b
	0.47/0.01

	Weight of litter at birth (g)
	298
	298
	357
	437
	42.9/0.15

	Mean weight at birth (g / rabbit)
	55.0
	44.2
	50.8
	48.5
	3.94/0.34

	Number of live rabbits at birth 
	5.33
	6.00
	7.00
	8.33
	0.69/0.06

	Number of alive rabbit at weaning
	5.33
	5.67
	6.67
	6.67
	0.60/0.34

	Weight of litter at weaning (g)
	2,065
	2,022
	2,261
	2,245
	319/0.93

	Mean weight at weaning (g/rabbit)
	386
	385
	340
	336
	21.9/0.27

	* Amounts of 28, 31, 34 and 37g CP / day, respectively.
Means with different letters within the same row are significantly different at the 5% level


Duration of pregnancy was similar between treatments for all three litters (table 5). Daily weight gain of the does during pregnancy was influenced by the supply of CP, and was lowest on the 28CP diet and highest on the 37CP diet, the difference being significant in the first and the third litters (P=0.02 and P=0.04, respectively). Daily milk production was strongly affected by protein intake (Figure 1), and was lowest for the animals fed 28g CP (mean for 3 litters of 67.7 g /day), then significantly improved with increasing CP amount in the diet, and the highest milk yield (P<0.01) was for the 37CP diet (mean for 3 litters of 101 g /day). Daily milk yield recorded in our study is considerably higher than the values of 45.2-53.5g reported by Ren et al. (2003).

	Table 5. Effect of protein supply on daily weight gain and milk production of does, litters 1-3

	
	
	g CP/ rabbit/day*

	
	
	28CP
	31CP
	34CP
	37CP
	SE/P

	1st litter 
	Pregnancy duration, d
	30.7
	29.0
	29.3
	30.0
	0.62/0.31

	
	Weight gain in pregnancy, g/d 
	11.5a
	14.7ab
	14.3ab
	18.3b
	1.04/0.02

	
	Milk yield, g/d
	59.3a
	61.3ab
	88.7bc
	107c
	5.58/0.01

	
2nd litter 
	Pregnancy duration, d
	30.7
	29.7
	30.0
	30.0
	0.55/0.65

	
	Weight gain in pregnancy, g/d 
	11.5
	11.0
	12.3
	14.0
	0.67/0.67

	
	Milk yield, g/d
	80.3a
	92.0a
	86.7a
	128b
	7.07/0.01

	
3rd litter 
	Pregnancy duration, d
	30.3
	30.7
	29.7
	30.3
	0.53/0.61

	
	Weight gain in pregnancy, g/d 
	11.6a
	11.7ab
	12.7ab
	13.7b
	0.48/0.04

	
	Milk yield, g/d
	63.5a
	75.5a
	86.1ab
	102b
	6.34/0.01

	* Means with different letters within the same row are significantly different at the 5% level.
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Figure 1: Effect of protein supply on milk yield of the does during three successive lactations

A comparison of the reproductive criteria of the does among the three litters is presented in Table 6. There was no significant difference in litter size at birth between the three litters, while number of weaned rabbits was significantly higher in the second litter than in the third. Mean weight at birth and at weaning was not statistically different among litters (P>0.05). Does had the highest daily weight gain during pregnancy in the first litter as they were immature, and would not have attained mature body size and weight. Daily milk yield was significantly higher in the second litter than in the other litters (P<0.05). 

	Table 6. Comparison of reproductive performance among the three litters

	
	Litter number

	
	1st
	2nd
	3rd

	Litter size at birth (rabbits)
	7.27
	7.54
	7.00

	Litter size at weaning (rabbits)
	6.42ab
	6.67b
	6.01a

	Mean weight at birth (g / rabbit)
	48.2
	46.2
	49.6

	Mean weight at weaning (g / rabbit)
	396
	382
	362

	Daily weight gain of does in pregnancy (g)
	15.0a
	12.3b
	12.6b

	Daily milk yield (g)
	79.1a
	96.7b
	83.8a

	abMeans with different letters within the same row are significantly different at the 5% level. 


Figures 1 and 2 illustrate that in the three litters the increasing protein supply had positive linear effects on the litter size at birth (R2=0.95) and daily milk yield of does (R2=0.93). There was also a close relationship between milk production and litter weight of the kits at weaning (Figure 4) (R2= 0.92). Thu (2004) reported that the CP requirement for breeding does was from 35-40g per day for the improved breeds, which is in agreement with the findings of the present study for crossbreed does. 

[image: image83.png]Nokits at bith

s y=023¢-233
] 81x-705
8 = 110 Ri=083
7 £
6 B
% &0
s g
4
3 50+

140

B El Ed Ed
Protein sueply (giday)

B £ 3 Ed
Protein sueply (giday)




	Figure 2: Effect of protein supply on litter size at birth 
	
	Figure 3: Effect of protein supply on milk yield 
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Figure 4. Relationship between daily milk yield of does and weight of litter at weaning
Conclusions and implications 

· Water spinach leaf is a good source of protein, with high acceptability and palatability for breeding rabbit does

· Does given a diet that supplied 37g crude protein per day had better reproductive performance and economic returns than those given 28-34 g CP per day.

· Studies of a wider range of crude protein supply for crossbred breeding does than in the present study should be carried out. 
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Abstract

Twelve young rabbits with average live weight of 713 g were allocated to four treatments in a 2*2 factorial arrangement with three replications in a randomized block design. The treatments were water spinach with: access to caecotropes; plus rice bran and with access to caecotropes; without access to caecotropes (a plastic collar around the neck to prevent access to the anus); plus rice bran without access to caecotropes. .
The water spinach offered had a a similar (about 50% of each) proportion of leaves and stems, while the refusals were much higher in stems, reflecting selection for the leaf component in the foliage consumed. Daily DM intakes of water spinach and rice bran were not affected by the rabbits having access or not to caecotropes. Supplementation with rice bran led to decreased intake of water spinach but an increase in total DM intake. The growth rate was reduced by almost 50% when the rabbits were denied access to their caecotropes. There were no apparent advantages in supplementing the water spinach with rice bran. Feed conversion rates tended to be better when the rabbits had access to caecotropes. Caecotropes had lower contents of DM and crude fibre but almost 50% higher content of crude protein.

It is concluded that fresh water spinach can be given as the sole feed for growing rabbits; that there appears to be no advantage in supplementing it with rice bran; and that the practice of caecotrophy confers important nutritional benefits. 
Key words: Caecotrophy, growth, feed intake, rabbits, water spinach.


Introduction

In tropical countries such as Laos, Vietnam and Cambodia, most farmers keep livestock for their main source of income. Rabbit production is a relatively new development in the region, which nevertheless promises to play an increasing role in view of the economic risks posed by the spread of bird flu (Benigno et al 2005). . In industrial countries, diets for rabbits are usually made from cereal grains and alfalfa prepared as pellets (Lebas et al 1997); however, in developing countries such feeds are expensive and there is a need to develop alternatives which make greater use of local resources. There are some recent reports concerning the use of tropical foliage as a supplementary source of protein for this specie (Akinfala et al 2003; Sarwatt et al 2003). However, more important developments are those described by Hongthong Phimmasan et al (2004) and Samkol et al (2006) in which water spinach - a local forage source - was used as the sole diet of growing rabbits, supporting growth rates of 15 to 20 g/day.

Water spinach (Ipomoea aquatica) is a vegetable that is consumed by people and animals; it has a short growth period, is resistant to common insect pests and can be cultivated either in dry or flooded soils. Moreover, it has been found that water spinach has a high potential to convert nitrogen from biodigester effluent into edible biomass with high protein content (Kean Sophea and Preston 2001). Water spinach has the potential to play an important role for farmers and animasl in rural areas, because it is easy to plant and has a very high yield of biomass, which is rich in protein. The crude protein content in the leaves and stems can be as high as 32 and 18 % in dry basis, respectively (Ly Thi Luyen and Preston 2004). 

McNitt et al (1996) fed rabbits with different feed sources, which were either balanced concentrate feeds, or green and dry forage, and measured the nutrients in the faeces and caecotropes. The major difference in composition was in the DM content (lower in caecotropes) and crude protein (much higher in the caecotropes) (Proto 1980).

The following experiment was designed to study the effects on growth and feed conversion of depriving rabbits of access to the caecotropes, when they were fed a diet based on fresh water spinach.

Hypothesis

The hypothesis to be tested was that rabbits would have a lower feed intake and lower growth rate when they were prevented from consuming the caecotropes, and that growth rate would be improved when when the basal diet of water spinach was supplemented with rice bran.


Materials and methods

Location

This experiment was conducted in the Livestock Research Center, Nam Xuang, over the period 17 September to 17 October 2005. 

Experimental design and treatments

Twelve young rabbits with average live weight of 713g were allocated to four treatments in a 2*2 factorial arrangement with three replications in a randomized block design (see Table1). The rabbits were confined in individual cages constructed from wood and iron net. The treatments were:

· Y-WS : Water spinach with access to caecotropes 

· Y-WSRB : Water spinach and rice bran separately with access to caecotropes 

· N-WS: Water spinach without access to caecotropes 

· N-WSRB : Water spinach and rice bran separately without access to caecotropes 

	Table 1: Layout of experiment

	Block
	I
	II
	III

	Cages
	Y-WS
	N-WS
	Y-WSRB
	Y-WS
	N-WS
	N-WSRB

	
	N-WSRB
	Y-WSRB
	N-WSRB
	N-WS
	Y-WS
	Y-WSRB


Feeding and management

Water spinach was harvested from plots in the research centre, cutting the stems about 1 cm above soil level, in order to facilitate the re-growth. The leaves combined with the stems of the water spinach were hung as a bunch at the side of the cage (Photo 1). The rice bran was bought from neighbouring farmers. It was put in a small feeder, made from wood and was tied to the individual cage wall.
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Photo 1: Rabbits with or without access to caecotropes (by fitting a plastic collar around the neck) 

The two kind of feed were offered to the rabbits two times a day, beginning in the morning at 6:00 am. Observations was made, mainly at midday (12:00 m) and in the evening (4:30 pm), in order to ensure the permanent availability of water spinach and rice bran. The proportions of leaves and stems (fresh basis) in the water spinach were recorded daily in the foliage that was offered and refused. Water was not provided. 

Animal housing

The cages were made from wood and iron net with dimensions of length 0.5m, width 0.5m and height 0.7m. There were holes in the cage floor of approximately 1cm2 (See Photo1).
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Photo 2: Rabbits in the individual cages
Measurements

Faeces were collected and weighed daily. About 10% of the daily amount was kept frozen in plastic bags until analysis at the end of every four days. Water spinach offered and refused was recorded every day, and separated into leaves and stems. Samples of each plant component, offered and refused, and fresh faeces were analysed for DM, N and crude fibre. Analyses were done on fresh material after grinding in a coffee grinder. 

The rabbits were weighed at 5 day intervals before offering fresh feed in the morning. 

Chemical analyses

Chemical analyses of the diets, refusals, faeces and caecotropes were undertaken following the methods of AOAC (1990) for ash, N and crude fibre. DM was determined using the micro-wave radiation method of Undersander et al (1993). Water extractable DM and N were determined by the methods described by Ly and Preston (2001).

Statistical analysis

The data were subjected to analysis of variance using the General Linear Model (GLM) option of the MINITAB software (Release 13.31, 2000). Sources of variation were: blocks, access (or not) to caecotropes, rice bran, interaction caecotropes*rice bran and error.


Results and discussion

Feed characteristics

DM and N contents were higher and crude fibre lower in leaves compared with the stems of the water spinach (Table 2). The low N content and high fibre of the rice bran probably reflected contamination with rice husks. The water spinach offered had a a similar proportion of leaves and stems, while the refusals were much higher in stems, reflecting selection for the leaf component in the foliage consumed (Table 3; Figure 1). The degree of selection for leaves was greater when the rabbits had no access to caecotropes as opposed to having access, and when they were supplemented with rice bran.

	Table 2: Feed characteristics (% in dry basis, except for DM which is on fresh basis)

	
	DM
	N*6.25
	Ash
	Crude fibre

	Rice bran
	87.3
	8.45
	10.0
	26.6

	Water spinach
	
	
	
	

	Leaves
	12.9
	24.6
	11.2
	14.2

	Stem
	8.43
	9.91
	14.4
	20.3


	Table 3 . Mean values for leaf fraction in water spinach, according to the rabbits having access or not to caecotropes and supplementation with rice bran

	
	Caecotropes
	Rice bran
	

	Leaf fraction (DM basis)
	No 
	Yes
	Prob.
	No
	Yes
	Prob
	SEM

	Offered
	0.499
	0.499
	
	0.499
	0.499
	0.499
	0.0039

	Refused 
	0.131
	0.181
	0.001
	0.152
	0.160
	0.131
	0.0086

	Consumed
	0.648
	0.621
	0.014
	0.611
	0.658
	0.001
	0.0078
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Figure 1: DM intake of water spinach and rice bran of rabbits with and without 
access to caecotropes
Feed intake

Daily DM intake of water spinach and rice bran was not affected by the rabbits having access or not to caecotropes (Table 4 and Figure 1). However, supplementation with rice bran led to decreased intake of water spinach but an increase in total DM intake.

	Table 4. Mean values for DM intake of feeds, according to the rabbits having access or not to caecotropes and supplementation with rice bran

	
	caecotropes
	Rice bran
	

	
	No 
	Yes
	Prob.
	No 
	Yes
	Prob.
	SEM

	Water spinach
	54.9
	55.3
	0.74
	62.6
	47.7
	0.001
	0.91

	Rice bran
	10.2
	10.7
	
	0.0
	20.9
	
	

	Total
	65.1
	66.1
	0.53
	62.6
	68.6
	0.001
	1.1


Growth and feed conversion

The growth rate was reduced by almost 50% when the rabbits were denied access to their caecotropes (Table 5 and Figure 2). There were no apparent advantages in supplementing the water spinach with rice bran. Feed conversion rates tended to be better (P=0.02) when the rabbits had access to caecotropes (Table 5).

	Table 5. Mean values for changes in live weight and in DM feed conversion of rabbits fed water spinach with access or not to caecotropes and supplementation or not with rice bran 

	
	Caecotropes
	
	Rice bran
	
	

	
	No 
	Yes
	Prob 
	No 
	Yes
	Prob.
	SEM

	Live weight, g
	
	
	
	
	
	
	

	Initial 
	877
	765
	
	867
	775
	
	49

	Final
	1187
	1323
	
	1293
	1217
	
	44

	Daily gain
	11.1
	21.4
	0.001
	16.3
	16.2
	0.94
	1.04

	DM conversion
	5.53
	3.86
	0.2
	4.93
	4.46
	0.4
	0.82
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Figure 2: Effect of access or not to caecotropes on the growth rate of rabbits
fed water spinach with or without supplementation with rice bran
Faecal characteristics

There were major differences in the composition of the faeces with increases in DM, N and crude fibre content when the rabbits were deprived of access to their caecotropes (Table 6). Supplementation with rice bran led to increases in DM content and ash content but no effect on crude fibre content.

	Table 6. Mean values for composition of faeces of rabbits fed water spinach with access or not to caecotropes and supplementation or not with rice bran 

	
	Caecotropes
	Rice bran
	

	
	No
	Yes
	Prob.
	No
	Yes
	Prob.
	SEM

	DM, %
	52.8
	44.1
	0.001
	43.5
	53.4
	0.001
	0.72

	As % of DM

	N
	3.33
	2.84
	0.001
	3.51
	2.67
	0.001
	0.06

	Crude fibre
	35.6
	33.2
	0.001
	34.0
	34.9
	0.31
	0.62

	Ash
	14.1
	13.8
	0.19
	13.4
	14.6
	0.001
	0.16


A comparison of composition of caecotropes and faeces was made using the data for rabbits denied access to the caecotropes (Table 7 and Figure 3). Caecotropes had lower contents of DM and crude fibre but almost 50% higher content of crude protein. These findings are similar to those reported by Proto (1980).

	Table 7. Composition of caecotropes and faeces from rabbits not allowed to consume the caecotropes (DM is % on fresh basis; the rest as % of DM)

	
	Faeces
	Caecotropes
	SEM
	Prob.

	DM
	53.2
	27.6
	0.671
	0.001

	Crude fibre
	35.2
	20.1
	0.370
	0.001

	Crude protein
	21.0
	27.9
	0.523
	0.001

	Ash
	14.2
	13.1
	0.135
	0.001

	N in DM
	3.36
	4.47
	0.084
	0.001
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Figure 3. Comparison of caecotropes and faeces from rabbits
fitted with collars to prevent consumption of the caecotropes
Conclusions

· Depriving growing rabbits of access to caecotropes did not affect DM intake; led to 50% poorer growth rate and feed conversion; and stimulated slightly the selection of leaf of water spinach rather than stem 

· Supplementing fresh water spinach with rice bran appeared to confer no benefits in terms of rate of growth and feed conversion in growing rabbits

· The caecotropes from rabbits fed water spinach, with or without rice bran, were much richer in nutrients than the faeces.
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Effect of Guinea grass on feed intake, digestibility and growth performance of rabbits fed a molasses block and either water spinach (Ipomoea aquatica) or sweet potato (Ipomoea batatas L) vines
Doan Thi Gang, Khuc Thi Hue, Dinh Van Binh and Nguyen Thi Mui
Goat and Rabbit Research Centre, 
Sontay, Hatay province
Abstract

In the first experiment, thirty six weaned New Zealand White rabbits at 30 days of age, and with body weights ranging from 0.7 to 1.0 kg, were randomly allocated to 6 treatments, according to a 3*2 factorial arrangement. The factors were: Foliages (Water spinach, Sweet potato vines, mixture of Water spinach and Sweet potato vines) and Source of additional fibre: (access or not to Guinea grass).  In addition all rabbits were offered a molasses block at 5% of live weight, consisting of: 15% soybean meal, 25% cassava root meal, 20% rice bran, 5% minerals and 35% molasses. The second experiment was a study of the digestibility of the same diets used in experiment 1.

Giving the rabbits access to Guinea grass resulted in significant increases in total DM intake and growth rate but decreases in the apparent digestibility of DM and crude protein.

Key words: Digestibility, fibre, growth, Guinea grass, rabbits, Sweet potato vines, Water spinach 

Introduction 

Rabbits are raised almost in almost all developing countries, and contribute to improving the nutrition and the economy of smallholder families, both as a source of animal protein, as well as a source of extra income through the sale of animals. They can be fed different kind of grasses, tree leaves, fruits (bananas), roots and tubers (eg: cassava and sweet-potatoes), and by-products f(eg. rice bran). In particular they find vegetables such as sweet potato vines and water spinach very palatable. 

Water spinach has a high biomass yield, and a short growth period and is resistant to common insect pests. It can grow both in soil and in water and produces high yield of biomass when fertilized with biodigester effluent (Kean Sophea and Preston 2001). 
People and animals use it traditionally in tropical regions for consumption. Results from a study in Laos showed that rabbits gained 18 g / day when fed only on fresh water spinach (Hongthong Phimmmasan et al 2004). 

Sweet potato (Impomoea batatas L) can be planted for tuber or forage production, dependent on purpose and season; it can be planted once and cut throughout the year with subsequent harvests every days (Le Van An et al 2003).

Earlier research with water spinach as the basal diet of rabbits indicated that the fibre content may be too low for it's efficient utilization as the sole diet (Samkol et al 2006).

This study aimed to evaluate ways to improve the utilization of water spinach and sweet potato vine for growing rabbits.
 

Materials and methods

Two experiments were conducted at the Goat and Rabbit Research Centre, Sontay, Hatay Province, North Vietnam, in 2005-2006.
Experiment 1: Effect of a supplementary fibre source (Guinea grass) on growth of rabbits fed water spinach or sweet potato vines or a mixture of the two foliages
Treatments and design
Thirty six weaned New Zealand White rabbits at 30 days of age, and with body weights ranging from 0.7-1.0 kg, were placed in individual cages and randomly allocated to 6 treatments, according to a 3*2 factorial arrangement. The factors were:

Foliages:

Water spinach, Sweet potato vines, mixture of Water spinach and Sweet potato vines

Source of additional fibre:

Guinea grass or no Guinea grass

Individual treatments were:

WS:  

Water spinach

WSGG: 
Water spinach and guinea grass 

SP:

Sweet potato vines

SPGG: 
Sweet potato vines and guinea grass

WSSP: 
Water spinach and sweet potato vines, hanging 

WSSPGG: 
Water spinach  and sweet potato vines, and guinea grass 

In addition all rabbits were offered a molasses block at 5% of live weight, consisting of: 15% soybean meal, 25% cassava root meal, 20% rice bran, 5% minerals and 35% molasses. 
Water spinach and sweet potato vines were harvested and chopped into 20-30 cm lengths before being put in the rack located in the roof of the cage. Feeds were offered 3 times per day at 08.00, 14.00 and 20.00h, and refusals were measured daily.  The samples of offer and refusal of sweet potato vine and water spinach were taken daily, pooled weekly and analyzed for DM and crude protein (AOAC 1990), NDF and ADF (Van Soest et al 1991).

Measurements
Live weight was recorded every 7 days, and feed intake, feed conversion ratio and feed cost per kg live weight gain were calculated.
Statistical analysis

The data were analyzed by ANOVA using the General Linear Model (GLM) software of Minitab (Version release 13.31) (Minitab 2000). Sources of variation were:  Source of foliage, guinea  grass, interaction foliage*guinea grass and error.

Experiment 2: Effect of a supplementary fibre source (Guinea grass) on digestibility in rabbits fed water spinach or sweet potato vines or a mixture of the two 

Design and treatments
Six weaned New Zealand White rabbits at 30 days of age were given the 6 treatments described in experiment 1, according to a 6*6 Latin Square arrangement (Table 1). The rabbits were kept in individual metal metabolism cages, allowing the collection of faeces.  Experimental periods were of 14 days with collection of faeces during the last 7 days.
	Table 1.  Experimental design

	Animal /Period
	1
	2
	3
	4
	5
	6

	Period 1
	WS
	WSGG
	SP
	SPGG
	WSSP
	WSSPGG

	Period 2
	WSSPGG
	WS
	WSGG
	SP
	SPGG
	WSSP

	Period 3
	WSSP
	WSSPGG
	WS
	WSGG
	SP
	SPGG

	Period 4
	SPGG
	WSSP
	WSSPGG
	WS
	WSGG
	SP

	Period 5
	SP
	SPGG
	WSSP
	WSSPGG
	WS
	WSGG

	Period 6
	WSGG
	SP
	SPGG
	WSSP
	WSSPGG
	WS


Feeding system

The feeding procedure was similar to that in Experiment 1. In addition, the faeces were collected daily and put in a freezer until analysed for DM and crude protein. All rabbits were weighed for two consecutive days at the beginning and the end of each 7-day collection period.

Statistical analysis

The data were analyzed by ANOVA using the General Linear Model (GLM) software of Minitab (Version release 13.31) (Minitab 2000). Sources of variation were: Animals, diets, periods and error.

Results and discussion
Chemical composition

The water spinach and sweet potato vines had more than twice as much protein and less than half the cell wall components compared with the Guinea grass (Table 2).
	Table 2: Composition of the feeds used in experiments 1 and 2

	
	
	As % of DM

	
	DM (%)
	CP
	NDF
	ADF 

	Water Spinach
	13.9
	23.2
	35.6
	22.9

	Sweet Potato
	12.5
	26.2
	31.0
	22.7

	Guinea grass
	20.5
	9.4
	66.3
	45.1

	Soybean meal
	90.2
	39.1
	14.7
	7.2

	Rice bran
	90.1
	11.1
	7.4
	2.2

	Cassava root meal
	874
	3.34
	-
	-

	Molasses
	67.6
	1.62
	-
	-

	Molasses block*
	83.8
	13.9
	-
	-

	: Soybean meal 15 %; rice bran 20%; cassava root meal 25 %; molasse 35 %; mineral  5%.


*
	Table 3. Effect of treatment on the intake of the dietary components

	
	WS
	WSGG
	SP
	SPGG
	WSSP
	WSSPGG
	SEM

	Feed offered, g DM/day
	150
	190
	140
	191
	161
	193
	1.89

	Feed intake, g DM/day
	
	
	
	
	
	
	

	   Water Spinach 
	48.0
	36.1
	
	
	33.0
	24.3
	0.38

	   Sweet Potato 
	
	
	44.3
	26.8
	23.6
	15.7
	0.40

	   Guinea grass 
	
	40.2
	
	43.9
	
	33.6
	0.68

	   Molasses block 
	74.3
	73.5
	67.2
	76.3
	68.1
	73.8
	1.18

	Total 
	122
	149
	112
	148
	125
	147
	1.68

	Crude Protein
	20.5
	21.8
	23.9
	24.8
	25.4
	25.3
	0.26


Feed intake, growth and digestibility
Giving the rabbits access to Guinea grass resulted in significant increases in total DM intake and growth rate  (Tables 3 and 4; Figures 1 and 2) but decreases in the apparent digestibility of DM and crude protein (Table 5 and Figure 3). 
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Figure 1: Effect of access to Guinea grass on feed intake of growing rabbits

	Table 4. :Mean values for growth rate of rabbits fed a molasses block and either Sweet potato vines, Water spinach or a mixture of the two foliages, and access or not to Guinea grass on

	
	WS
	WSGG
	SP
	SPGG
	WSSP
	WSSPGG
	SEM

	Live weight, g
	
	
	
	
	
	
	

	    Initial
	980
	940
	925
	970
	930
	950
	0.04

	    Final
	2700
	2890
	2530
	2900
	2760
	3060
	0.06

	Daily gain, g
	21.9
	26.4
	21.1
	26.7
	23.1
	27.2
	1.11

	DM feed conversion
	10.7
	8.23
	7.68
	7.26
	6.21
	7.03
	0.52
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Figure 2:  Effect of access to Guinea grass on growth rate of rabbits fed a molasses block and either Sweet potato vines, Water spinach or a mixture of the two foliages
	Table 5. Mean values for digestibility coefficients in rabbits fed a molasses block and either Sweet potato vines, Water spinach or a mixture of the two foliages, with or without access to Guinea grass

	
	WS
	WSGG
	SP
	SPGG
	WSSP
	WSSPGG

	Intake, g/day
	
	
	
	
	
	

	    DM
	119
	138
	121
	129
	123
	124

	    Crude protein
	20.1
	202
	25.4
	22.3
	24.9
	21.9

	Digestibility, %
	
	
	
	
	
	

	    DM
	86.1
	79.3
	84.5
	71.3
	84.9
	77.1

	    Crude protein
	84.7
	75.6
	85.1
	73.3
	85.7
	77.5
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Figure 3   Effect of access to Guinea grass on digestibility in rabbits fed a molasses block
 and either Sweet potato vines, Water spinach or a mixture of the two foliages

The findings of these two experiments emphasise the important role played by fibre in the digestive processes in the rabbit as outlined by Leng (2006). The Guinea grass played this role in the present experiment. However, the positive effects of the Guinea grass on intake and growth rate were offset by the reduced DM and crude protein digestibility. Future research should aim to identify sources of fibre which are both highly digestible and at the same time support the process of caecotrophy, which gives an important comparative advantage to rabbits compared with most other herbivores (Leng 2006).

Conclusions 

· When rabbits were fed a basal diet of concentrates (15% soybean meal, 25% cassava root meal, 20% rice bran, 5% minerals and 35% molasses) and highly digestible foliages (water spinach and / or sweet potato vines) there were beneficial effects on growth rate when they also had access to Guinea grass, even although this resulted in a decrease in digestibility of the overall diet. 
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Effect of level of effluent from plastic biodigesters loaded with pig manure on the growth of mulberry (Morus alba) trees
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Abstract

An agronomy trial to evaluate the effect of level of effluent from plastic biodigesters loaded with pig manure on the growth of mulberry (Morus alba) trees was conducted for one year (25 August 2004 to 25 August 2005) during both the dry and rainy seasons in the ecological farm of CelAgrid-UTA Cambodia, which is located in Kandal village, near to Phnom Penh, the capital of Cambodia. The trial included six treatments with four replications, divided into 4 blocks according to Complete Randomized Block Design. The effluent application levels were 0, 100, 250, 400, 550 and 700kg N / ha / year. Effluent was applied every 7days. Mulberry foliage was harvested (cutting height 60 cm above ground level) after 3 months and again at 2 month intervals. The foliage was separated into stem and leaf + petiole and analyzed for dry matter (DM) and nitrogen (N).

Dry matter biomass yield of mulberry foliage, and crude protein content of leaves increased linearly with the amount of effluent N applied.

Key words: Biodigester, effluent, manure, mulberry, biomass, fertilizer


Introduction

Mulberry is a traditional feed for silk worms and is reported to have a high edible biomass yield of 12 to 15 tonnes DM/ha/year, with a cutting interval of about 9 to10 weeks. The leaves have a high protein content (18 to 25% CP in DM) and high in vivo DM digestibility (75 to 85%). It thus has a high potential as a protein-rich forage supplement for ruminant production (Nguyen Xuan Ba et al. 2004). Mulberry plants grow very well in the rainy season, especially when fertilizer is applied. However, fertilizer use for mulberry production is very low in Cambodia because of the high cost of chemical fertilizer. Biodigester effluent is one option to be investigated in order to develop better crop growing practices. The advantages of passing manure through a biodigester are many and include gas production for cooking, improved health through elimination of pathogens and no loss of plant nutrients in the process (Bui Xuan An et al 1997). 

A study was therefore carried out to compare the effect of different levels of effluent from a plastic biodigester charged with pig manure on biomass yield and composition of mulberry foliage. The objective of the trial was to determine the optimum level of effluent from a low-cost plastic biodigester with respect to the yield and composition of mulberry foliage.


Materials and methods

Location

The research was carried out at the ecological farm of CelAgrid-UTA Cambodia, located in Kandal village, Ro Lous commune, Khandal Steung district, Khandal Province. The center is about 25 km from Phnom Penh City. Previously the field had been used for monoculture rice production.

Experimental period

Soil and plot preparation, and preparation and transplanting of the mulberry seedlings was carried out from March to July 2004. The agronomy trial lasted from 25 August 2004 to 25 August 2005.

Plot size

Twenty four plots were prepared with a total area of 918 m2. Each plot had an area of 38.25 m2 (8.5m x 4.5m) and there were153 seedlings per plot (see Photo 1 and 2). 
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	Photo 1: Plot preparation before transplantation
	
	Photo 2: Mulberry trees 2 months after transplanting


Design and treatments

Six (6) levels of effluent (0, 100, 250, 400, 550 and 700 kg of N/ha per year) were used in a production function design, with application rates made according the N content of the effluent from a low cost plastic biodigester linked to a pig pen. The 6 treatments had 4 replications divided into 4 blocks according to a Complete Randomized Block Design (Table 1). Planting distances of the cuttings were 60 cm and 50 cm between plants and rows, respectively.

The treatments consisted of six levels of fertilizer application with effluent from two low cost plastic biodigesters charged with pig manure:

· EFF0 : No application of effluent 

· EFF100 : 100kg N of effluent applied per hectare 

· EFF250 : 250kg N of effluent applied per hectare 

· EFF400 : 400kg N of effluent applied per hectare 

· EFF550 : 550kg N of effluent applied per hectare 

· EFF700 : 700kg N of effluent applied per hectare 

	Table 1: Layout of experimental mulberry plots

	Block
	
	Treatments
	
	

	I
	EFF550
	EFF400
	EFF100
	EFF0
	EFF700
	EFF250

	II
	EFF400
	EFF100
	EFF0
	EFF700
	EFF250
	EFF550

	III
	EFF100
	EFF0
	EFF700
	EFF250
	EFF550
	EFF400

	IV
	EFF0
	EFF700
	EFF250
	EFF550
	EFF400
	EFF100


The biodigesters

Two plastic biodigesters were constructed. The diameter of the plastic polyethylene tube was 100 cm and the length 10 m. Each biodigester was linked with pig pens. The total volume of each biodigester was 7 860 litres with the liquid phase occupying 5 890 litres. Each biodigester discharged into an effluent tank of approximately 1 000 litres capacity. Pig manure was put into the biodigesters through washing the pens 2 times per day.

Fertilizer application

During the dry season (December through May) the plots were irrigated by water pumped from underground sources . Effluent was pumped from the effluent tank and stored in 6 earthenware jars (about 500 litres capacity) close to the mulberry plots (Photo 3, 4) and was applied at weekly intervals in amounts adjusted according to the results of the N analysis .
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Photo 3: Storage container for the effluent
	
	Photo 4: Applying the effluent


Harvesting

The mulberry plants were harvested by cutting the entire plant at 60 cm above soil level. The first time of harvesting was 4 months after planting, and subsequently at 2 month intervals. During harvesting, the biomass of mulberry foliage of each treatment was weighed and then separated into leaves and stems. The harvesting period lasted about 3 days.

Data collection 

Samples of soil were taken from each plot before planting and after each harvest. Samples of effluent were analyzed for N before application to the mulberry plots. Before determining biomass yield, the proportions of leaves, stems and petioles were measured and samples from all treatments taken for analysis.

Measurements

The entire harvested plant (stems, petioles and leaves) was weighed after each harvest. DM was determined by using a microwave oven (Undersander et al 1993). The ratio of leaf and petiole to stem was calculated and approximately 100g of each plant fraction (stem, leaf and petiole) for each treatment was retained for analysis. Samples from replicates were analyzed for N and Ash (AOAC 1990) and also for water soluble dry matter (WVDM) and water soluble nitrogen (WVN). In each treatment and replicate plot a soil sample of 0.5 kg was taken at approximately 30cm depth and was kept for analysis of pH, N, DM and Ash.

Statistical analysis

The data were analyzed using the General Linear Model option of Minitab (version 13.31) ANOVA software. The sources of variation were level of effluent, harvest (1st, 2nd, 3rd, 4th and 5th) and error.


Results and discussion

Composition of effluent

Data on the composition of the biodigester effluent (Table 2) are similar to those reported by Bui Phan Thu Hang (2003).

	Table 2: Composition of biodigester effluent from pig manure

	Parameter
	Mean value

	pH
	6.59

	DM, %
	3.52

	N, mg/litre
	430

	NH3-N, mg/litre
	392


Effect of effluent on biomass yield and composition of mulberry leaves 

Mean values for biomass yields of mulberry foliage in fresh and dry matter for individual treatments are given in Table 3 and 4. Main effects are compared in Table 5 and 6 and illustrated graphically in Figures 1, 2, 3 and 4. 

	Table 3: Effect of different levels of effluent application on the biomass yield of fresh mulberry foliage 

	Treatment
	0
	100
	250
	400
	550
	700
	SE
	P

	kg/plot
	
	
	
	
	
	
	
	

	Whole plant
	9.67
	16.4
	18.4
	22.7
	25.9
	29.3
	2.84
	0.000

	Leaf
	6.36
	10.1
	11.9
	14.4
	16.5
	18.6
	1.95
	0.000

	Stem
	3.31
	6.32
	6.58
	8.28
	9.38
	10.8
	1.10
	0.002

	kg/m2
	
	
	
	
	
	
	
	

	Whole plant
	0.25
	0.43
	0.48
	0.59
	0.68
	0.77
	0.07
	0.000

	Leaf
	0.17
	0.26
	0.31
	0.38
	0.43
	0.49
	0.05
	0.000

	Stem
	0.09
	0.17
	0.17
	0.22
	0.25
	0.28
	0.03
	0.002

	Tonnes/ha
	
	
	
	
	
	
	
	

	Whole plant
	2.53
	4.29
	4.82
	5.93
	6.76
	7.67
	0.74
	0.000

	Leaf
	1.66
	2.64
	3.10
	3.76
	4.31
	4.86
	0.51
	0.000

	Stem
	0.87
	1.65
	1.72
	2.17
	2.45
	2.81
	0.29
	0.002


	Table 4: Effect of level of effluent on biomass yield (DM) of mulberry foliage 

	Treatment
	0
	100
	250
	400
	550
	700
	SE
	P

	kg/plot
	
	
	
	
	
	
	
	

	Whole plant
	3.6
	5.8
	6.3
	7.7
	8.5
	9.0
	0.86
	0.000

	Leaf
	2.0
	2.9
	3.5
	4.2
	4.5
	4.9
	0.48
	0.000

	Stem
	1.4
	2.7
	2.7
	3.2
	3.6
	3.8
	0.43
	0.002

	kg/m2
	
	
	
	
	
	
	
	

	Whole plant
	0.09
	0.15
	0.17
	0.20
	0.22
	0.23
	0.02
	0.000

	Leaf
	0.05
	0.08
	0.09
	0.11
	0.12
	0.13
	0.01
	0.000

	Stem
	0.04
	0.07
	0.07
	0.08
	0.09
	0.10
	0.01
	0.002

	Tonnes/ha
	
	
	
	
	
	
	
	

	Whole plant
	0.89
	1.47
	1.60
	1.93
	2.11
	2.27
	0.21
	0.000

	Leaf
	0.51
	0.77
	0.90
	1.09
	1.17
	1.27
	0.12
	0.000

	Stem
	0.38
	0.70
	0.70
	0.84
	0.94
	1.00
	0.11
	0.002


Effects of biodigester effluent on the chemical composition of mulberry foliage are shown in Table 6.

	Table 5: Effect of level of effluent on biomass yield (DM) of mulberry foliage 

	Treatment
	0
	100
	250
	400
	550
	700
	SE
	P

	kg/plot
	
	
	
	
	
	
	
	

	Whole plant
	3.6
	5.8
	6.3
	7.7
	8.5
	9.0
	0.86
	0.000

	Leaf
	2.0
	2.9
	3.5
	4.2
	4.5
	4.9
	0.48
	0.000

	Stem
	1.4
	2.7
	2.7
	3.2
	3.6
	3.8
	0.43
	0.002

	kg/m2
	
	
	
	
	
	
	
	

	Whole plant
	0.09
	0.15
	0.17
	0.20
	0.22
	0.23
	0.02
	0.000

	Leaf
	0.05
	0.08
	0.09
	0.11
	0.12
	0.13
	0.01
	0.000

	Stem
	0.04
	0.07
	0.07
	0.08
	0.09
	0.10
	0.01
	0.002

	Tonnes/ha
	
	
	
	
	
	
	
	

	Whole plant
	0.89
	1.47
	1.60
	1.93
	2.11
	2.27
	0.21
	0.000

	Leaf
	0.51
	0.77
	0.90
	1.09
	1.17
	1.27
	0.12
	0.000

	Stem
	0.38
	0.70
	0.70
	0.84
	0.94
	1.00
	0.11
	0.002


Biomass yields of the whole plant and the component leaves and stems increased linearly with level of effluent N (Figure 1). 
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Figure 1: Biomass yield response to fertilizer effluent
Crude protein increased in the leaves, but was unchanged in the stems, in response to effluent N application (Table 6 and Figure 2). Conversely DM content increased in stems but was unchanged in leaves in response to effluent N (Figure 3). 

	Table 6: Effect of level of effluent on the composition of mulberry foliage 

	
	0
	100
	250
	400
	550
	700
	SE
	Prob

	DM,%
	
	
	
	
	
	
	
	

	Whole plant
	37.1
	35.7
	34.5
	34.8
	32.8
	31.1
	0.53
	0.000

	Leaf
	30.6
	29.4
	29.1
	30.1
	27.4
	27.3
	0.48
	0.000

	Stem
	43.5
	42.0
	39.9
	39.5
	38.2
	34.9
	1.00
	0.000

	Crude protein, % in DM

	Whole plant
	10.8
	12.1
	11.9
	12.4
	11.6
	12.7
	0.57
	0.216

	Leaf
	16.5
	18.7
	18.2
	20.1
	18.9
	20.9
	0.75
	0.002

	Stem
	7.50
	8.73
	9.69
	8.34
	7.81
	8.65
	0.58
	0.127
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Figure 2: Trends in crude protein of leaves and stems in response to fertilizer effluent
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Figure 3: Trends in DM of leaves and stems in response to fertilizer effluent
The trends for total biomass yield are similar to those of Ramos et al (Web page; no date) who applied swine lagoon effluent to mulberry plants, although the actual yields were much lower inour study. Biodigester effluent from pig manure thus has been shown to be an effective nutrient source and can replace commercial fertilizer. Goat manure applied to mulberry in Costa Rica increased DM yield linearly (Benavides et al 1994) and yield was higher when N was applied in the form of manure in comparison with fertilizer (Takahashi and Kronka 1968).

The crude protein contents of mulberry leaves was significantly different among treatments (P<0.01), and ranged from16.5 % (EFF0) to 20.9 % (EFF700) of DM, values that are higher than those (15.0 - 15.3 %CP, DM basis) reported by Singh and Makar (2000). The positive effect of fertilizer level on the CP content in mulberry leaves was confirmed by Rodríguez et al (1994). 


Conclusions 

· Dry matter biomass yield of mulberry foliage, and crude protein content of leaves increased linearly with the amount of effluent N applied 
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Effect of increasing area of cassava (Manihot esculenta Crantz) relative to Flemingia (Flemingia macrophylla) on biomass yield, soil fertility and soil erosion
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Abstract

An experiment was carried out at the Goat and Rabbit Research Center, Sontay, Hatay, Vietnam, from February 2003 to November 2004 to measure effects on biomass yield, soil fertility and soil erosion in response to increasing ratio of rows of cassava rows to rows of the leguminous shrub Flemingia macrophylla in an inter-cropping system. Two rows of Flemingia were associated with 1, 2, 3, 4 and 5 rows of cassava. Flemingia was planted first and cassava 14 days later. Fertilizer was applied in the form of organic manure (from mixed cattle and buffalo excreta) before planting at the rate of 2 kg/m2 fresh weight in the first year and the same amount again in March the second year. No other fertilizers were applied during the experimental period. The first harvest was made when the cassava reached 100 cm in height and subsequent harvests of the re-growth from 56 to 75 days. All the foliages were removed at 30 cm above ground level. 

Biomass yield of cassava and Flemingia in an inter-cropping system was improved by increasing the number of cassava rows relative to cassava in the first year, but decreased slightly in the second year. The maximum biomass yield was obtained in the system with 2 rows of cassava and two rows of Flemingia. The crude protein contentof the cassava foliage deceased as the area of cassava rlative to Flemingia increased. Soil fertility over a 24 month period increased in the plots with the highest ratio of Flemingia and decreased as the ratio of cassava to Flemingia was increased. Protein content in the cassava foliage decreased linearly with decreased in soil fertility. Soil erosion was high in all plots in the first year and was directly related to the relatve area planted with Flemingia. In the second year soil eroson was much less and was inversely related to the proportion of Flemingia n the inter-cropping system.

It is concluded that the optimum ratio of Cassava to Flemingia, in terms of biomass yield and maintenance of soil fertility, is two rows of each planted alternately.
Keywords: Biomass, bio-test, cassava, Flemingia, foliage, inter-cropping, soil fertility, soil erosion

Introduction

Cassava or tapioca (Manihot esculenta, Crantz) is an annual root crop grown widely in tropical and sub-tropical areas. It is a cash crop cultivated by smallholder farmers within the existing farming systems in many countries. Cassava can also be cultivated in combined forage/root systems with two or more harvests of the foliage prior to letting the root develop to maturity (Wanapat et al 1997). More recently, efforts have been concentrated on managing cassava as a perennial forage crop with repeated harvesting at 2 to 3 months intervals (Preston et al 2000; San Thy and Preston 2000). However, cassava is an exploitive crop when grown in monoculture and repeated planting in the same soil leads to loss of soil fertility and erosion (Binh et al 1998; Polthanee et al 2001; Nguyen Phuc Tien et al 2003).

Recent research has focused on ways to maintain yield and soil fertility by recycling of manure and biodigester effluent (Preston 2001) or the association with shrub legumes such as Gliricidia sepium and Desmanthus virgatum (Preston et al 2000), Flemingia macrophylla (Ngo Tien Dzung et al 2003; Nguyen Phuc Tien et al 2003) and cow pea (Polthanee et al 2001).

Flemingia macrophylla is a leguminous shrub with high biomass yields that grows well in acid soils (Binh et a 1998). Flemingia can improve soil fertility though return to the soil of organic matter from fallen dead leaves and by nitrogen fixation (Binh et al 1998; Andersson 2002). The wooden stems can also be used as fuel (Binh et al 1998). The foliage of Flemingia is relatively high in crude protein (about 17% in dry matter) but it can only replace about 15% of the diet of growing goats because of low palatability and low digestibility (Binh et al1998; Mui et al 2002).

Recent research indicates that planting Flemingia and cassava in alternate double rows is better than alternate single rows in terms of total biomass yield, maintenance of soil fertility and reduced soil erosion, and that both these associations are superior to growing of cassava in monoculture (Ngo Tien Dzung 2003).

The objective of the present study was to compare biomass yield, soil fertility and soil erosion in differrent systems of inter-cropping between cassava and Flemingia. The hypotheses to be tested were:

· Biomass yield in an inter-cropping system of cassava and Flemingia will be improved by increasing the number of cassava rows from 2 to 3, 4 or 5 rows, for every 2 rows of Flemingia. 

· Soil fertility will be maintained even with the highest ratio of cassava in the association. 


Material and methods 

Location and climate

The experiment was carried out from February 2003 to December 2005 on sloping land at 105o25' E and 21o06' N, 220m above sea level in the Bavi region, Hatay province, North Vietnam. The soil characteristics and composition at the experimental site were: pHKCl 4.24, organic matter (OM) 4.64%, Ntotal: 0.17%, K2Ototal 0.48% and P2O5 total 0.052%. In general, the soil is acid with low fertility and the OM has been reduced by erosion. Drought occurs frequently in the area.

The climate in the area is tropical- monsoon, with a wet season between April and November and dry season from December to March. Annual rainfall was 1874mm in 2003 and 1756mm in 2004 with a mean daily temperature from 19.7 to 31.5oC.

Treatments and experimental design

There were five treatments:

2FM-1CF: Two rows of Flemingia associated with 1 row of cassava

2FM-2CF: Two rows of Flemingia associated with 2 rows of cassava

2FM-3CF: Two rows of Flemingia associated with 3 rows of cassava

2FM-4CF: Two rows of Flemingia associated with 4 rows of cassava

2FM-5CF: Two rows of Flemingia associated with 5 rows of cassava

The plots were each 10*20m (200 m2) arranged as a randomized complete block design with 4 replications on 5000 m2 of sloping land. 

Crop establishment, management and measurements

Planting

The Flemingia was planted with 50 cm between the two rows and 5 cm between seeds. The cassava was planted with 50 cm between rows and 15 cm between stem cuttings (length of stem cutting was 20 to 25 cm). The cassava was planted first followed 14 days later by the Flemingia. Organic manure (from pigs, cattle and buffalo) was applied before planting and after 6 months of planting at the rate of 2 kg/m2. No other fertilizer was applied during the experimental period, which lasted for 2 years. Manure application was the same in all plots.

Harvesting

The first harvest was made when the cassava or Flemingia reached 100 cm in height (about 3 months after planting), all the foliage being removed at 30 cm above ground level. The same pattern was followed for the re-growth (about every 75 days). In each plot, 5 randomized sub-plots (4*4 m = 16m2) were chosen to estimate biomass yield, which was calculated as an average of the 5 sub-plots. The sub-plots were chosen without a zone around them. The roots from the cassava were harvested at the end of the two years of the experiment. 

Measurements

Samples of foliage (Flemingia and cassava) and of cassava roots were taken from each of the 5 sub-plots and mixed prior to analysis for dry matter (DM) and nitrogen (N). 

Soil sampling and biological test of soil fertility:

Biological test for soil fertility and soil analysis

At the beginning, and at 6-month intervals, samples of soil were taken from the plots for biological test of soil fertility (Mui et al 1996; Boonchan Chantaprasarn and Preston 2004) and for soil analysis. The soil samples were taken from each of the 5 sub-plots which were then bulked for each treatment/replicate. The growth periods of the maize in the biological test were 35 days in the summer season and 42 days in the winter season. 

Soil erosion
At the lower limit of each plot, a canal system was established following the contour. The canals were 60 cm deep, 60 cm wide and 10 m long, and were lined by plastic sheet to catch the soil that was washed away. The soil loss was weighed after each rainfall according to the procedure described by Hudson (1981).

Chemical analysis

The samples of the foliages, and the cassava roots, were analysed according to AOAC (1990) for DM and crude protein. Samples of soil were analysed for pHKCl (KCl 0.1M), OM, N, P and K, according to AOAC (1990).

Statistical analysis

The data were analysed statistically using the GLM procedure of the Minitab Software, version 13.1 (Minitab 2000). The treatment means which showed significant differences at the probability level of P<0.05 were compared with each other using Tukey's pair-wise comparison procedure (Minitab 2000). The model used in the analysis was:

Yij = µ + Ti +Bj + (TB)ij + eij 

Where: Yij is dependent variable, µ the overall mean, Ti: treatment (i= 1,...5), Bj: block (j = 1; …4), (TB)ij: interaction between treatment and block and eij the experimental error 


Results and discussion

Chemical composition of cassava and Flemingia foliages

There were contrasting results for composition of Flemingia and cassava foliage in the two years (Table 1).

	Table 1: Mean values for content of DM and crude protein (CP) in the foliage of cassava and Flemingia in each of the two years

	
	Flemingia 
	Cassava 

	
	DM, g/kg
	CP, g/kg DM
	DM, g/kg
	CP, g/kg DM

	Year 2003
	
	
	
	

	2FM-1CF
	250a
	148
	239
	171

	2FM-2CF
	249a
	154
	242
	165

	2FM-3CF
	240ab
	164
	246
	161

	2FM-4CF
	223ab
	172
	252
	160

	2FM-5CF
	212b
	175
	253
	159

	SE mean
	6.0
	4.5
	7.2
	3.7

	Year 2004
	
	
	
	

	2FM-1CF
	237a
	177a
	226
	186

	2FM-2CF
	246ab
	177a
	231
	186

	2FM-3CF
	250ab
	174a
	242
	179

	2FM-4CF
	256b
	163b
	252
	175

	2FM-5CF
	256b
	163b
	258
	173

	SE mean
	3.9
	2.1
	6.7
	3.4

	a, b Means within columns within years, without common superscripts differ at P<0.05


As the ratio of cassava to Flemingia increased, there were increases in crude protein and decreases in DM content of the Flemingia foliage in the first year (2004) while the opposite trends were observed in the second year (Figures 1 and 2). By contrast, the DM content of cassava foliage increased and the crude protein decreased in both years as the ratio of cassava to Flemingia was increased (Figures 3 and 4). 
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	Figure 1: Effect of treatment (rows of cassava relative to 2 rows of Flemingia) on DM content of foliage of Flemingia in each of the two years
	
	Figure 2: Effect of treatment (rows of cassava relative to 2 rows of Flemingia) on CP content of foliage of Flemingia in each of the two years
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	Figure 3: Effect of treatment (rows of cassava relative to 2 rows of Flemingia) on DM content of foliage of cassava in each of the two years
	
	Figure 4: Effect of treatment (rows of cassava relative to 2 rows of Flemingia) on CP content of foliage of cassava in each of the two years


Biomass yield 

In the first year, biomass yield of Flemingia was low but increased in the second year (Table 2; Figures 5 and 6). In both years the maximum yield of biomass DM and crude protein was recorded for the treatment of 2 rows Flemingia; 2 rows cassava (Figures 7 and 8). In the second year, yield of DM and crude protein decreased linearly as the ratio of cassava to Flemingia increased (Figures 7 and 8). In the optimum treatment (2 rows Flemingia: 2 rows cassava) total biomass yield was higher in the second year. A similar finding was reported by Nguyen Phuc Tien et al (2003).

	Table 2: Mean values for yield (tonnes/ha) of DM and crude protein in foliages of cassava and Flemingia in each of the two years

	
	2FM-1CF
	2FM-2CF
	2FM-3CF
	2FM-4CF
	2FM-5CF
	SEM/P

	Year 2003
	
	
	
	
	
	

	DM
	8.14a
	10.31b
	11.03c
	11.16cd
	11.72d
	0.15/

	Flemingia 
	3.50a
	3.40a
	2.85b
	2.21c
	1.67d
	0.075/

	Cassava 
	4.63a
	6.91b
	8.18c
	8.95d
	10.06e
	0.113/

	Crude protein
	1.31a
	1.66b
	1.78c
	1.81cd
	1.89d
	0.025

	Flemingia 
	0.52a
	0.52a
	0.47b
	0.38c
	0.29d
	0.012

	Cassava 
	0.79a
	1.14b
	1.31c
	1.43d
	1.60e
	0.018

	Year 2004
	
	
	
	
	
	

	DM
	11.32a
	11.99b
	11.06a
	10.15c
	10.00c
	0.164

	Flemingia 
	7.62a
	6.72b
	5.30c
	4.12d
	3.43e
	0.115

	Cassava 
	3.69a
	5.26b
	5.76c
	6.03c
	6.56d
	0.090

	Crude protein
	2.04a
	2.17b
	1.95a
	1.72c
	1.69c
	0.029

	Flemingia 
	1.34a
	1.18b
	0.92c
	0.67d
	0.56e
	0.019

	Cassava 
	0.69a
	0.98b
	1.03b
	1.05b
	1.13c
	0.016

	Two years
	
	
	
	
	
	

	DM 
	19.46a
	22.31b
	22.10b
	21.32b
	21.72b
	0.308

	Crude protein 
	3.35a
	3.83b
	3.73bc
	3.54ac
	3.58c
	0.052

	a bc Means within rows, within years, without common superscripts differ at P<0.05
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	Figure 5: Effect of treatment (rows of cassava relative to 2 rows of Flemingia) on DM yield of foliage of Flemingia and cassava in 2003
	
	Figure 6: Effect of treatment (rows of cassava relative to 2 rows of Flemingia) on DM yield of foliage of Flemingia and cassava in 2004
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	Figure 7: Effect of treatment (rows of cassava relative to 2 rows of Flemingia) on DM yield of foliage (combined Flemingia and cassava) in 2003, 2004 and for both years
	
	Figure 8: Effect of treatment (rows of cassava relative to 2 rows of Flemingia) on crude protein yield of foliage (combined Flemingia and cassava) in 2003, 2004 and both years


Soil fertility

Soil fertility as measured by the maize "bio-test" increased with time over 24 months for treatments 2FM:1CF and 2FM:2CF but declined for the treatments with 4 or 5 rows of cassava per 2 rows of Flemingia (Table 3 and Figure 9). Other measures of soil fertility (organic matter and N content) also showed a linear decline as the ratio of cassava to Flemingia increased (Figures 10 and 11).

	Table 3: Least square means for weight of root and green biomass of maize plants grown in soil from the experimental plots (g/pot)

	
	2 FM-1CF
	2FM-2CF
	2FM-3CF
	2FM-4CF
	2FM-5CF
	SE

	Beginning
	32.8
	34.7
	33.7
	32.9
	33.2
	2.20

	6 months
	36.5
	35.1
	34.9
	33.4
	33.6
	1.50

	12 months
	37.25a
	36.81a
	34.0ab
	31.7b
	29.6b
	1.32

	18 months
	39.9a
	37.1ab
	33.9b
	30.7b
	30.6b
	1.56

	24 months
	40.1a
	38.1a
	34.8ab
	31.6b
	28.7b
	1.47

	a, b Means within rows without common superscript differ at P<0.05
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Figure 9: Changes in soil fertility with time according to ratio of Flemingia to cassava
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The protein content of the cassava foliage was positively related with soil fertility (Figure 12). 

[image: image112]
Figure 12: Relationship between relative soil fertility (according to maize biotest)
and crude protein content of foliage of cassava (end year 2004)

In the first year, soil erosion varied inversely with the ratio of Flemingia to cassava as growth of the Flemingia was slower than that of the cassava leading to reduced soil cover in plots with highest proportion of Flemingia (Table 4 and Figure 13). The opposite effect was observed in the second year when soil loss was lower in all plots compared with the first year and increased linearly as the proportion of cassava in the plots increased. 

	Table 4: Least square means for parameters of soil fertility 

	
	2FM-1CF
	2FM-2CF
	2FM-3CF
	2FM-4CF
	2FM-5CF
	SE

	Beginning
	
	
	
	
	
	

	pHKCl
	4.30
	4.26
	4.22
	4.30
	4.24
	0.032

	OM, %
	4.69
	4.10
	4.76
	4.39
	4.75
	0.259

	N %
	0.16
	0.17
	0.165
	0.155
	0.162
	0.015

	P2O5, %
	0.055
	0.041
	0.051
	0.036
	0.090
	0.015

	K2O, %
	0.58
	0.47
	0.45
	0.40
	0.48
	0.039

	After 2 years
	
	
	
	
	
	

	pHKCl
	4.37
	4.22
	4.28
	4.30
	4.28
	0.05

	OM, %
	5.10
	4.42
	4.56
	4.21
	4.08
	0.121

	N %
	0.24
	0.187
	0.15
	0.142
	0.132
	0.015

	P2O5, %
	0.105
	0.081
	0.104
	0.078
	0.085
	0.007

	K2O, %
	0.63
	0.515
	0.565
	0.30
	0.28
	0.055

	Beginning compared to after 2 years

	pHKCl
	NS
	NS
	NS
	NS
	NS
	

	OM, %
	*
	*
	NS
	NS
	*
	

	N %
	*
	NS
	NS
	NS
	**
	

	P2O5, %
	**
	**
	**
	NS
	NS
	

	K2O, %
	NS
	NS
	*
	*
	*
	

	Soil erosion (tonnes/ha)#

	Year 1
	50.0
	46.7
	43.0
	42.4
	39.1
	2.25

	Year 2
	12.8a
	18.7a
	22.1ab
	23.9b
	29.5b
	2.25

	2 years
	63.2
	65.4
	65.1
	66.3
	68.7
	6.7

	a, b Means within rows without common superscript differ at P<0.05
# The slope of the plots ranged from 17.3 to 17.7%
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Figure 13: Soil erosion in plots with varying ratios of Flemingia to cassava in the two years
Soil cover is an important factor in control of erosion by water through interception and absorbing the kinetic energy in the rain. The soil cover reduces the direct impact of the rain drops and prevents the surface from becoming sealed as well as preserving the soil structure. Andersson (2002) compared plots with monoculture of cassava or Flemingia and reported that in the second year, soil loss in the former was 34 tonnes compared with only 5.4 tonnes/ha for the Flemingia. Nguyen Phuc Tien et al (2003) also found that soil fertility was maintained over two years in plots inter-cropped with Flemingia and cassava in equal proportions.

Conclusions

· Biomass yield of cassava and Flemingia in an inter-cropping system was improved by increasing the number of cassava rows relative to cassava in the first year, but decreased slightly in the second year. The maximum biomass yield was obtained in the system with 2 rows of cassava and two rows of Flemingia. 

· The crude protein contentof the cassava foliage deceased as the area of cassava rlative to Flemingia increased. 

· Soil fertility over a 24 month period increased in the plots with the highest ratio of Flemingia and decreased as the ratio of cassava to Flemingia was increased. 

· Protein content in the cassava foliage decreased linearly with decreased in soil fertility. 

· Soil erosion was high in all plots in the first year and was directly related to the relatve area planted with Flemingia. In the second year soil eroson was much less and was inversely related to the proporton of Flemingia in the inter-cropping system. 

· The optmum ratio of Cassava to Flemingia, in terms of biomass yield and maintenance of soil fertility, is two rows of each planted alternately. 
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