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Abstract

The present study aimed at evaluating the effect of increasing the protein level in the diet, supplied by a mixture of 30 % fish meal and 70 % from mixture of cassava leaves meal (CLM and sweet potato vines meal (SPVM) on the performance of growing pigs. The mixture of CLM and SPVM consist 50 % CLM and 50 % SPVM as DM. Three farmers kept twenty - one crossbred pigs (MC x LW) with an average initial live weight of 20 kg that were randomly allocated into 3 treatment groups, with 3 pens and two or three pigs per pen on each farm. The three experimental diets were formulated according to the two growing phases, 20 to 50 kg (phase 1) and 50 to 90 kg (phase 2), and contained (% of DM): Low, 12 and 10 % CP; Medium, 14 and 12 % CP; High, 16 and 14 % CP in phase 1 and phase 2, respectively. There was no significant differences in final weight gain, daily live weight gain and feed conversion ratio among the experimental diet (P>0.05) but there was significant differences in feed in take among the experimental diet (P<0.05). However, final weight gains and daily live weight gain tended to increase as level of protein in the diets increased. Daily weight gain of pigs on the low protein, medium protein and high protein diets were 505.6, 543.7 and 559,5 g, respectively. Dietary protein levels of 14 % CP and 12 % CP (as DM) with the protein supplied by a mixture of 30 % fish meal and 70 % from mixture of 50 % CLM and 50 % SPVM as DM can be recommended for pigs of 20 to 50 kg and for pigs of 50 to 90 kg, respectively. A mixture of 50 % cassava leaves meal and 50 % sweet potato vine (as DM) can be used as a protein supplement for feeding pigs under village conditions. 
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Introduction 

Protein plays an important role in pig nutrition. In Vietnam pig production plays a very important role in agriculture products and population is increasing annually at a rate of about 5.12 %, with a total of 26.86 million pigs produces in 2006 (Statistical Yearbook, 2007). The majority of the pigs for slaughter are produced on small- scale farms, where the animal is mainly fed cheap local materials in order to increase profit margins. Thus, rice bran; cassava root meal and maize are mainly used as cheap energy sources by the small pig producers. There are few alternative protein supplements available, conventional feeds are the main protein supplements in the region, including soybean meal, groundnut cake and fishmeal and commercial feed but they are relatively expensive and not available in the villages. Therefore, researchers have been trying to develop cheap and locally available alternative, protein-rich feed resources, and especially those that can be produced on-farm. In Vietnam Cassava (Manihot esculenta Crantz) and Sweet potato (Iipomoea batatas L.) are the second most important food crops after rice in terms of total production. Cassava leaves can produce very high yields, especially of protein of up to 4 tonnes/ha/year (Preston, 2001). The crude protein (CP) content is 25 – 28 % in the DM (Wanapat, 2001; Nguyen Thi Hoa Ly et al, 2001, 2005), cassava leaves have been used as a protein source for monogastric animals, but high cyanide content can limit their use. Sweet potato vines have a fairly high protein content of 17 - 20 % in DM (NIAH, 2001) and there is 25.5- 29.8% CP in the DM of sweet potato leaves (Le van An, 2004), which make them a potential protein supplement for feeding pigs. Many studies have concluded that cassava leaves and sweet potato leaves can be considered as potentially valuable protein sources for pigs, and can replace fishmeal, soybean meal and groundnut cake as a protein source for pigs and resulted in higher economic benefits (Khieu Borin, Chhay Ty, Preston and Ogle 2005; Nguyen Thi Hoa Ly et al, 2002, 2005, 2006; Bui Huy Nhu Phuc et al, 2005; Dominguez et al, 1997; An, 2004; Peter et al 2001; Nguyen Thi Tinh et al 2006; Hoang Huong Giang, Le Viet Ly and Ogle, 2004). Sweet potato leaves are high in protein content compared to other protein-rich forages. The sum of amino acids in the leaves as a percentage of crude protein is high, but the level of lysine is low compared with the ideal protein for pigs (ARC, 1981). The amino acid composition of the crude protein in cassava leaves is similar to that of soybean meal (Bui Huy Nhu Phuc and Lindberg, 2000). However the sulphur-containing amino acids can be limiting (Ravindran, 1993). So that using with a mixture of cassava leaves and sweet potato vines have an amino acid balance closer to that of the “ideal” protein for pig.

This study aims to determine the effect of different protein levels derived from mixtures cassava leaves and sweet potato vines in diets on the performance and economic efficiency of growing pigs. 

Materials and methods

Preparation of cassava leaves and sweet potato vines meal

The fresh leaves of cassava were collected at the time of root harvest and sweet potato vines were harvested at 60 days after planting, with subsequent harvests at 20-day. Fresh cassava leaves or sweet potato vines were collected and spread out on concrete out-doors in the sun for 2-3 days. The dried leaves were collected and milled through a 1mm screen, the meal was kept in plastic bag and stored in a dry place and mixed with other ingredients at the time of feeding.

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 February 2007 to May 2007.

Three households were selected to carry out the on farm experiment and raised a total 21 crossbred pigs (Ming cay and Large White breeds) with average initial live weights of about 19 -20   kg. One farmer kept 9 pigs were allocated randomly by sex in to three groups, with each group consisting 3 pigs (2 males and 1 female) and two other farmer kept 6 pigs allocated at random to three pens, with 2 pigs (1 males and 1 female) per pen.  The pigs were vaccinated against hog cholera and Pasteurellosis and de-wormed 2 weeks before stating the experiment. The diets were formulated according to the two the growing phases of animals, 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 (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. Drinking water was available ad libitum.

The trials were designed as a complete randomized block with 3 levels different CP% the three diets in phase 1 and phase 2, respectively of the three treatments were:

· Treat 1 (Low CP): 12 % CP and 10 % CP 

· Treat 2 (Medium CP): 14 % CP and 12 % CP 

· Treat 3 (high CP): 16 % CP and 14 % CP     

The protein supplements was a mixture of 30 % fishmeal and 70 % mixture from DCL and DSPV, which mixture DCL and DSPV consist of 50 % DCL + 50 % DSPV in DM (Table 1).

Table 1. Design of experiment

	Parameter
	Low CP 
	Medium CP
	High CP

	No. of pigs
	7
	7
	7

	Initial LW (kg)
	19.8 ( 0.41
	20.1 ( 0.28
	19.7 ( 0.43

	CP from protein source (%)

- Fish meal (%)

-  Mix  CLM+  SPVM (%)
	100

30

70
	100

30

70
	100

30

70

	Days of Exp.
	90 
	90
	90


 Mix  DCL+ DSPV : consist of 50 % DCL + 50 % DSPV in DM

The chemical composition of the feed ingredients was shown in table 2. Three diets were compounded to have (in DM) around 13 MJ ME for both phases

Table 2. Chemical composition of the feed ingredients (as DM)

	Ingredients
	ME*
 (MJ/kg)
	CP

 (%)
	EE 

(%)
	CF 

(%)
	NDF

(%)
	OM

(%)
	Lys

(g/kg)
	Met 

(g/kg)
	 HCN

(mg/kg)

	Rice bran
	12.05
	12.4
	13.3
	9.7
	18.2
	90.9
	6.25
	2.83
	

	Yellow corn
	14.97
	10.1
	4.1
	2.7
	4.5
	98.1
	3.11
	1.93
	

	CRM
	14.78
	3.3
	2.1
	3.52
	5.2
	98.1
	1.35
	0.03
	15

	 CLM
	10.54
	28.0
	6.5
	 14.5
	32.3
	92.5
	12.2
	5.20
	125

	SPVM
	9.46
	22.8
	5.3
	16.0
	35.9
	87
	9.07
	4.66
	

	Fish meal
	13.26
	48.7
	13
	2.63
	-
	68.0
	23.5
	8.88
	


* Calculated

Table 3a.  Ingredient content and chemical composition (% DM basis) of the experimental diets at phase 1 (pigs:  20 -50 kg)

	Ingredients
	Low 
	Medium
	High

	Rice bran
	30
	32.5
	31.5

	Yellow corn
	30
	30
	30

	CR M
	23.5
	15
	9

	 CLM
	6.5
	9
	12

	SPVM
	6.5
	9
	12

	Fish meal
	3
	4
	5

	Premix
	0.5
	0.5
	0.5

	Chemical  composition (%, kg of DM)

	ME (MJ/ kg)
	13.27
	12.95
	12.68

	CP (%)
	12
	14
	16

	EE (%)
	6.9
	7.4
	7.7

	CF (%)
	6.6
	7.3
	8.0

	NDF (%)
	12.5
	14.2
	15.7

	OM (%)
	93.4
	92.6
	91.8

	Lys (g/kg)
	5.21
	6.02
	6.75

	Met (g/kg)
	2.34
	2.75
	3.1

	HCN (mg/kg)
	12
	13.5
	`16.4`


Table 3b.  Ingredient content and chemical composition (% DM basis) of the experimental diets at phase 2 (pigs:  50 - 90 kg)

	Ingredients
	Low 
	Medium
	High

	Rice bran
	29
	30
	32.5

	Yellow corn
	30
	30
	30

	CR M
	30.5
	23.5
	15

	 CLM
	4
	6.5
	9

	SPVM
	4
	6.5
	9

	Fish meal
	2
	3
	4

	Premix
	0.5
	0.5
	0.5

	Chemical composition (%, kg of DM)

	ME (MJ/ kg)
	13.6
	13.27
	12.95

	CP (%)
	10
	12
	14

	EE (%)
	6.3
	6.9
	7.4

	CF (%)
	5.9
	6.6
	7.3

	NDF (%)
	10.9
	12.5
	14.2

	OM (%)
	94.4
	93.4
	92.6

	Lys (g/kg)
	4.34
	5.21
	6.02

	Met (g/kg)
	1.92
	2.34
	2.75

	HCN (mg/kg)
	9.6
	12
	13.5


Chemical analyses

The feedstuffs in experimental diets were analyzed for dry mater (DM), crude protein (CP), ether extract (EE), crude fibre (CF) NDF and HCN (by AOAC, 1990). The analyses were done in the NIAH laboratories. Amino acids were analyzed according to Spackman et al. (1958) on an ion-exchange column using an HPLC. Amino acids were analyzed in the National Institute of Animal Husbandry (NIAH) laboratories ( Ha Noi).

Data collection

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 weight gain calculated for each treatment.

Data collected were analyzed by ANOVA using the General Linear Model (GLM) of Minitab Statistical Software Version 14 (2004).  Tukey pair-wise comparison were used to determine differences between treatment mean at P< 0.05.

Results and discussion 

Chemical composition of the diets

The chemical composition of the dietary ingredients is described in Table 2.  For three treatment of experiment, rice bran, yellow corn and cassava root meal were used as basal ingredients. The remainder of the CP was provide from protein source by a mixture 30 % fish meal and 70 % mixture of cassava leaves meal (CLM) and sweet potato vines meal (SPVM).  Three diets formulated different levels CP: low (12 - 10 % CP), medium (14 - 12 % CP) and high (16 - 14  % CP) for growing and finishing periods, respectively (Table 3a, 3b). The crude fibre (CF) and neutral detergent fiber (NDF) of the diet content high protein was higher than that in low and medium protein diets. The lysine and methionine content of high protein diet was the highest among treatments. 

Final live weigh, daily weight gain, feed in take n and feed conversion ratio
There was no significant differences in final weight gain, daily live weight gain and feed conversion ratio among the experimental diet (P>0.05, Table 4) but there was significant differences in feed in take among the experimental diet (P<0.05, Table 4). However, final weight gains and daily live weight gain tended to increase as level of protein in the diets increased. Daily weight gain of pigs on the low protein, medium protein and high protein diets were 505.6, 543.7 and 559,5 g, respectively (figure 1). The final weight gain and daily live weight gain of pigs fed high protein level were higher than the pigs fed on low and medium protein levels.  Compared the low protein diet 12- 10 % CP), using levels medium protein (14- 12 % CP) and high protein (16-14 % CP) the daily weight gain of pigs increased by 7.5 and 10.7 %, respectively.  Early report Devendra C and Clyde Parris E C (1970) concluded that there were statistically significant differences in daily live-weight gain and feed conversion efficiency between pigs fed a diet containing 16 % CP and those receiving 18 % CP.  

Table 4: Effect of different level protein on the performance of F1 pigs

	Parameter
	Low

CP
	Medium CP
	High 

CP
	SE
	P

	Number of pigs
	7
	7
	7
	
	

	Initial weight, kg
	19.79
	20.14
	19.71
	0.38
	0.699

	Final weight, kg
	65.29
	69.07
	70.07
	2.64
	0.419

	Daily live weight gain, g
	505.6
	543.7
	559.5
	28.41
	0.404

	Feed in take, kg DM/day
	1.68a
	1.72ab
	1.75b
	0.012
	0.002

	FCR, kg DM/kg gain 
	3.35
	3.21
	3.20
	0.154
	0.753

	Feed cost VND/kg gain
	11432
	11176
	11406
	540
	0.934


In present study, increased level protein has significant increased feed in take of pigs (P= 0.002). Feed conversion ratio of the low, medium and high CP diets were 3.35, 3.21 and 3.2 kg feed/kg gain, respectively (P= 0.753, Table 4).
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Figure 1: Effect of increasing level of CP in diet on the growth rate of growing pigs

Feed cost

The data in table 4 indicated that there was no significant among the experimental diets (P=0.934). The feed cost/ kg gain for the medium protein diet (14- 12 % CP) was lower than for the low and high protein diets (Figure 2).
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Figure 2: Effect of increasing level of CP in diet on feed cost of growing pigs

 In a study previous (Ly et al, 2003) found that the feet cost/ kg gain for the medium protein treatment (14- 12 % CP) were lower than for the high (16-14 % CP) and very high protein (18-16 % CP) levels when using of a mixture of 30 % fish meal and 70 % sweet potato leaf meal as protein source in diet. These authors concluded that dietary levels of 14 % and 12 % CP (as DM) can be recommended for crossbred pigs of 20 to 50 kg and 50 to 90 kg, respectively. Nguyen Kim Duong and Le Dinh Phung ( 2000) conclude that increasing the crude protein level in diets from 12 to 17 % resulted in higher feed expenditure, but did not have a significant effect on meat quality in the carcass. An early research Devendra C et al (1970) reported that no differences in response were found to diets containing 12 and 13 % crude protein. 

Conclusions

· Dietary levels of 14 % and 12 % CP (as DM) can be recommended for crossbred pigs of 20 to 50 kg and 50 to 90 kg, respectively.

· A mixture of 50 % cassava leaves meal and 50 % sweet potato vine (as DM) can be used as a protein supplement for feeding pigs under village conditions.

· Cassava and sweet potato based pig production systems play an important role in the economies of small farmers in Central Vietnam. 
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