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ABSTRACT

The work aimed to study the effect of whole sunflower seeds’ supplementation on the digestibility, rumen activity, blood constituents 
and body weight change, milk yield, colostrum and milk composition and kids’ growth of Zaraibi goats. Fifteen Zaraibi goats with 
average body weights of 41.04±1.19 kg and aged 4-5 years at the last two months of pregnancy were divided into three groups (5 
in each). The goats in the first group (control) were fed the basal ration (R1), which consisted of 50 % concentrate feed mixture 
(CFM) plus 50 % fresh berseem (winter ration) or plus 50 % berseem hay (summer ration) on dry matter (DM) basis. In the other 
two groups, 5 and 10 % of CFM were replaced by whole sunflower seeds for R2 and R3, respectively. Also, six digestibility trials 
were conducted to determine nutrient digestibility coefficients and nutritive values of the experimental rations during suckling 
period (winter ration) and mid-lactation period (summer ration) using Zaraibi bucks (3 in each group).
Dry matter intake (DMI) and ether extract (EE) significantly (P<0.05) increased digestibility, however, CF and NFE significantly 
(P<0.05) decreased digestibility with increasing level of sunflower seeds supplementation for winter and summer rations. However, 
the digestibility of dry matter (DM), organic matter (OM) and crude protein (CP) and the total digestible nutrients (TDN) and 
digestible crude protein (DCP) values were slightly increased by sunflower seeds supplementation (P>0.05). The pH value and 
ammonia-nitrogen (NH3-N) concentration decreased significantly (P<0.05), but total volatile fatty acids (TVFA´s) concentration 
increased significantly (P<0.05) with increasing level of sunflower seeds’ supplementation for winter and summer rations. The 
concentrations of total lipids, triglyceride and glucose increased significantly (P<0.05), whereas, the activity of asparagine 
aminotransferase (AST) and alanine aminotransferase (ALT) decreased significantly (P<0.05) with increasing level of sunflower 
seeds’ supplementation for winter and summer rations. 
Goats fed 10 % sunflower seeds supplemented diet (R3) showed the highest yield of colostrum and milk (0.95 and 1.55 kg day-1) 
followed by those fed 5 % sunflower supplemented diet (R2) (0.89 and 1.38 kg day-1), while those fed control diet (R1) had the 
lowest yield (0.73 and 1.18 kg day-1), respectively (P<0.05). Goats fed 10 % sunflower seeds supplemented diet (R3) showed the 
highest percentages of all constituents in colostrum and milk followed by those fed 5 % sunflower supplemented diet (R2), while 
those fed control diet (R1) had the lowest percentages (P<0.05). The total DMI, total feed cost, total milk yield, price of total milk 
yield and economic efficiency increased significantly (P<0.05) with increasing level of sunflower seeds supplementation. Body 
weight of kids increased gradually with the progress of suckling period. The 5 % sunflower seeds supplemented group (R2) showed 
the highest body weight of goats and their kids followed by 10 % sunflower seeds supplemented group (R3), while the control 
group (R1) had the lowest values.
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INTRODUCTION

In Egypt, goat population was about 3.2 million 
heads, of which only some thousands were Nubian 
(Zaraibi) goats, which weighed from 25-50 kg, produced 

150-300 kg milk per season and their twin rate was about 
2.5 (Galal et al., 2005). Whole high-oil sunflower seeds 
have several characteristics of a desirable supplement for 
range beef cows; these include a high lipid concentration, 
a moderate concentration of protein, and excellent storage 
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and handling characteristics. For these reasons, high-
oil sunflower seeds could be used to replace traditional 
protein supplements, which concomitantly provide 
supplemental lipid. Supplementation of beef cattle with 
sunflower seeds or feeding diets containing sunflower 
seeds has variable effects on BW and reproduction 
(Bellows et al., 2001; Alexander et al., 2002; Funston et 
al., 2002). Sunflower seed would be a good choice from a 
consumer’s point of view, as it is rich in polyunsaturated 
fatty acids and a source of linoleic acid (66 % of total 
fatty acids) which is omega 6 fatty acid (Petit, 2003). 

Incorporation of extra fats in ruminant rations in 
the form of oil seeds may only have a minor effect on 
rumen fermentation and macronutrient digestibility, but 
dry matter intake may be influenced by the type of oil 
seed (Polviset et al., 2010). High fat levels in the ration of 
ruminants inhibit ruminal fermentation and thus diminish 
the utilization of dietary fibres (Vafa et al., 2009). Fatty 
acids that are released in the rumen disturb the function 
of microbial cell membranes (Calsamiglia et al., 2007). 
The milk of small ruminants such as goats and sheep is 
of particular economic interest in certain areas of the 
world. In developing countries, the production of this 
type of milk has come to be a useful strategy to tackle the 
problem of undernutrition, especially among the infant 
population (Haenlein, 2004). 

The objective of this study was to investigate 
the effect of whole sunflower seeds supplementation on 
the digestibility, rumen activity, blood constituents and 
body weight change, milk yield, colostrum and milk 

composition, and growth of kids of Zaraibi goats.

MATERIALS  AND  METHODS

The current work was carried out at Sakha 
Experimental Farm, belonging to the Animal Production 
Research Institute (APRI), Agricultural Research Center 
in cooperation with Department of Animal Production, 
Faculty of Agriculture, Kafrelsheikh University.

Fifteen Zaraibi goats with average body weight of 
41.04±1.19 kg and aged 4-5 years at the last two months 
of pregnancy were divided into three similar groups 
(5 in each). The goats in the first group (control) were fed 
the basal ration (R1) consisting of 50 % concentrate feed 
mixture (CFM) plus 50 % fresh berseem during suckling 
period (winter ration) or plus 50 % berseem hay during 
lactation period (summer ration) on DM basis. In the 
other two groups, 5 and 10 % of CFM replaced by whole 
sunflower seeds for R2 and R3, respectively. Chemical 
composition of used feedstuffs and experimental rations 
are presented in Table (1). 

Six digestibility trials were conducted using 
Zaraibi bucks (3 in each group) to determine nutrient 
digestibility coefficients and nutritive values of the 
winter and summer rations. Animals were kept in 
separate metabolic cages for 14 days as a preliminary 
period followed by 7 days collection period. The ad 
libitum intake from tested diets was measured during 
the preliminary period and was restricted to 90 % of 

Table 1: Chemical composition of tested feedstuffs and experimental rations

	
Item	 DM %

			   Composition of DM %
			O   M	 CP	 CF	EE	NFE	A   sh
	 Concentrate feed mixture*	 89.91	 87.73	 14.42	 12.11	 3.51	 57.69	 12.27
	 Whole sunflower seeds	 90.53	 92.98	 16.67	 18.31	 21.74	 36.26	 7.02
	 Fresh berseem	 17.53	 85.79	 14.22	 26.25	 2.19	 43.13	 14.21
	 Berseem hay	 90.43	 89.16	 12.84	 27.92	 3.07	 45.33	 10.84
	 Experimental rations							     
	W inter rations							     
	 R1	 53.72	 86.76	 14.32	 19.18	 2.85	 50.41	 13.24
	 R2	 53.75	 87.02	 14.43	 19.49	 3.76	 49.34	 12.98
	 R3	 53.78	 87.29	 14.55	 19.8	 4.67	 48.27	 12.71
	S ummer rations							     
	 R1	 90.17	 88.45	 13.63	 20.02	 3.29	 51.51	 11.55
	 R2	 90.20	 88.71	 13.74	 20.33	 4.20	 50.44	 11.29
	 R3	 90.23	 88.98	 13.86	 20.64	 5.11	 49.37	 11.02

	 * CFM consisted of 25 % undecorticated cotton seed cake, 24 % wheat bran, 26 % yellow corn, 15 % rice bran, 5 % linseed cake, 

	  3 % molasses, 1 % limestone and 1 % common salt
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voluntary intake during the collection period to avoid 
any feed refusal. Animals were fed twice daily in two 
equal meals at 9 a.m. and 4 p.m. Water was made freely 
available throughout the day. The daily faeces excreted 
were collected, weighed and 10 % of the faeces were 
taken and dried for 48 hours at 65oC to determine 
dry matter excreted and composite for each animal. 
Representative samples of feedstuffs and faeces were 
analyzed to determine CP, CF, EE and ash according to 
AOAC (1995).

Rumen liquor samples were taken using stomach 
tube three hours after the morning feeding. The rumen 
liquor was filtered through double layers of cheese cloth 
into plastic bottles. The pH value and ammonia–nitrogen 
(NH3-N) concentration were determined by using 
magnesium oxide (MgO) as described by AOAC (1995) 
and total volatile fatty acids (TVFA´s) concentration was 
determined by steam distillation method as described by 
Warner (1964). The blood samples were taken from the 
jugular vein of all animals in clean tubes, left in a standing 
position for about 20-30 minutes, centrifuged at 1500 rpm 
for 10 minutes and then serum removed very quickly. 
Blood serum samples were analyzed calorimetrically 
using kits produced by El-Nasr Pharmaceutical Chemicals 
Company to determine the activity of asparagine 
aminotransferase (AST) and alanine aminotransferase 
(ALT) (Harold, 1957), triglyceride (Scheletter and 
Nussel, 1975), cholesterol (Rolschlau, 1974), total lipids 
(Henry, 1964) and glucose (Trinder, 1969).

The yield of colostrum was determined during 
the first 3 days after kidding and samples were taken for 

chemical analysis. During the suckling period (90 days), 
goats were hand-milked every two weeks twice daily at 
6 a.m. and 5 p.m. to determine average daily milk yield 
and the samples were subjected to further analysis. After 
the end of suckling period goats were mechanically 
milked twice daily up to the end of lactation (120 days) 
and average daily milk yield was recorded. Samples were 
taken from the connective evening and morning milkings 
and composite in proportion to milk yield for analysis. 
Milk samples were analyzed for fat, protein, lactose, 
solids not fat (SNF), and total solids (TS) by Milko-Scan, 
model 133B and ash by the difference.

The data were subjected to statistical analysis 
using general linear models procedure adapted by SPSS 
(2008) for user’s guide with one-way ANOVA. Duncan 
test within SPSS was done to determine the degree of 
significance between the means.

RESULTS  AND  DISCUSSION

Average DM intake, digestibility coefficients 
and nutritive values of experimental rations by goats are 
shown in Table (2). Dry matter intake (DMI) increased 
significantly (P<0.05) with increasing level of sunflower 
seeds supplementation for winter and summer rations. 
These results agree with those obtained by Polviset et al. 
(2010) who found that DM intake is influenced by oil seed 
supplementation. Data also indicated that the digestibility 
of DM, OM and CP, and the TDN and DCP values were 
slightly increased by sunflower seeds supplementation. 

Table 2: Average live body weight, DM intake, digestibility coefficients and nutritive values of winter 
	 and summer experimental rations

	 Item		W  inter rations			S   ummer rations
		  R1	 R2	 R3	 R1	 R2	 R3
	 LBW (kg)	 44.60	 45.3	 45.40	 46.30	 47.40	 46.60
	 DMI (g/day)	 1541.80c	 1614.30b	 1663.70a	 1565.70c	 1631.50b	 1707.30a

	 Digestibility coefficients %
	 DM	 70.12	 71.22	 72.15	 68.61	 68.89	 69.68
	 OM	 71.31	 72.42	 72.31	 70.57	 70.72	 71.92
	 CP	 70.11	 72.65	 73.27	 67.32	 68.95	 69.42
	 CF	 64.38a	 62.74ab	 59.81b	 65.71a	 63.21ab	 60.36b

	 EE	 68.72c	 74.92b	 78.14a	 69.69b	 71.55ab	 73.36a

	 NFE	 78.91a	 77.44ab	 76.37b	 77.05a	 76.38ab	 75.71b

	 Nutritive values %
	 TDN	 66.57	 67.26	 67.58	 67.18	 67.61	 68.89
	 DCP	 10.04	 10.48	 10.66	 9.18	 9.47	 9.62

	 a, b, c: Values in the same row with different superscripts differ significantly (P<0.05)
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Table 3: Rumen activity of goats fed winter and summer experimental rations

	 Item		W  inter rations			S   ummer rations
		  R1	 R2	 R3	 R1	 R2	 R3
	R umen activity
	 pH value						    
	 Before morning feeding	 7.18a	 7.11a	 6.81b	 7.25a	 6.95b	 6.91b

	A fter morning feeding
	 3 hr	 5.91a	 5.84a	 5.69b	 5.40	 5.41	 5.52
	 6 hr	 7.13a	 6.84ab	 6.73b	 7.13a	 6.75b	 6.61b

	 Mean	 6.74a	 6.60ab	 6.41b	 6.59a	 6.37b	 6.35b

	 TVFA´s (meq/100 ml)
	 Before morning feeding	 11.95b	 12.13b	 14.73a	 9.50b	 9.57b	 13.62a

	A fter morning feeding
	 3 hr	 17.25b	 18.41ab	 19.88a	 13.19b	 14.27b	 18.43a

	 6 hr	 12.44b	 13.51ab	 15.19a	 9.95b	 10.91b	 14.72a

	 Mean	 13.86b	 14.68b	 16.60a	 10.88b	 11.58b	 15.59a

	NH 3-N (mg/100 ml)
	 Before morning feeding	 23.61a	 22.71ab	 21.83b	 20.93a	 19.68b	 19.37b

	A fter morning feeding
	 3 hr	 26.84a	 25.64ab	 24.14b	 24.31a	 23.25ab	 22.26b

	 6 hr	 22.51a	 21.93ab	 20.97b	 21.27a	 19.57b	 19.15b

	 Mean	 24.32a	 23.42ab	 22.31b	 22.17a	 20.83b	 20.26b

	 Blood serum constituents
	 Total lipids (mg/dl)	 156.76b	 317.41a	 357.72a	 224.25b	 469.85ab	 502.13a

	 Triglyceride (mg/dl)	 69.63b	 86.55ab	 100.18a	 46.50b	 71.10ab	 87.60a

	 Cholesterol (mg/dl)	 86.69a	 66.89b	 59.44b	 86.74	 83.20	 77.95
	 Glucose (mg/dl)	 58.11	 58.64	 56.70	 45.87	 53.47	 49.62
	 AST (u/ml)	 36.00	 28.89	 29.30	 46.00a	 27.38b	 31.85b

	 ALT (u/ml)	 26.61	 20.16	 22.55	 34.72a	 25.55b	 28.72ab

	 a, b: Values in the same row with different superscripts differ significantly (P<0.05)

While EE digestibility increased significantly (P<0.05), 
CF and NFE digestibilities significantly decreased 
(P<0.05) with increasing level of sunflower seeds 
supplementation for winter and summer rations. These 
results agree with those obtained by Grummer and Carroll 
(1988) and Schauff and Clark (1989) in which ruminally 
inert fat supplements were fed to the cows. Arar and Harb 
(2006) observed no significant (P<0.05) differences for 
DM, OM, ADF and NDF digestibility. Digestibility of 
CP decreased and EE digestibility increased significantly 
by adding fat to the ration. High fat levels in the ration of 
ruminants inhibit ruminal fermentation and thus diminish 
the utilization of dietary fibre (Vafa et al., 2009).

Results in Table (3) revealed that the pH value 
and NH3-N concentration decreased significantly 
(P<0.05), but TVFA´s concentration increased 
significantly (P<0.05) with increasing level of 

sunflower seeds supplementation for winter and summer 
rations. Moreover, pH value decreased, however the 
concentrations of TVFA´s and NH3-N increased from 
before feeding to 3 hours after feeding and then showed 
opposite trend at 6 hours after feeding. The incorporation 
of extra fat in ruminant rations in the form of oil seed 
may only have a minor effect on rumen fermentation and 
macronutrient digestibility but dry matter intake may be 
influenced by the type of oil seed (Polviset et al., 2010).  
Ivan et al. (2003) found that VFA concentration increased 
and ammonia-N decreased causing the decrease of pH in 
the rumen with sunflower seed supplementation.

Blood serum constituents as affected by feeding 
sunflower seeds are shown in Table (3). Blood is an 
index for several metabolic processes of the body. The 
concentrations of total lipids, triglyceride and glucose 
increased significantly (P<0.05), however the activity of 
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AST and ALT decreased with increasing level of sunflower 
seeds supplementation for winter (P>0.05) and summer 
rations (P<0.05). The values of serum constituents 
obtained here are within the normal ranges. The decreased 
AST and ALT activity reflect normal liver function of 
goats fed the sunflower seeds supplemented rations. 
These results agree with those obtained by Gonthier et 
al. (2005) who reported that oil seeds supplementation 
increased the concentrations of cholesterol and/or non-
esterifies fatty acids (NEFA) in bovine blood. In addition, 
the feeding of supplemental fat has given variable results 
when used to improve productivity in domestic ruminant 
management (Funston, 2004). 

The yield and composition of colostrum of goats 
fed experimental rations is presented in Table (4). The 
yield of colostrum and the contents of fat, protein, lactose, 
solids not fat and total solids increased significantly 
(P<0.05) with sunflower seeds supplementation, as the 
10 % sunflower seeds supplementation (R3) showed 
the highest contents followed by 5 % sunflower seeds 
supplementation (R2), while the control diet (R1) had the 
lowest contents (P<0.05). These results are in accordance 
with those obtained by Bee (2000) who found that 
addition of 2 % sunflower oil enriched in linoleic acid in 
food dose in the period of pregnancy and lactation affect 
on the fatty acids composition of colostrums. 

Table 4: Yield and composition of colostrum and milk of goats fed experimental rations

	 Item		  Colostrum			   Milk
		  R1	 R2	 R3	 R1	 R2	 R3
	 Yield (kg/day)	 0.73b	 0.89a	 0.95a	 1.18c	 1.38b	 1.55a

	 Composition %						    
	 Fat	 4.91c	 5.15b	 5.48a	 3.07b	 3.49ab	 3.87a

	 Protein	 9.12c	 9.69b	 10.31a	 3.57b	 3.69b	 3.98a

	 Lactose	 4.43b	 4.53b	 4.76a	 2.71c	 3.06b	 3.31a

	 SNF	 14.34c	 15.02b	 15.88a	 7.00b	 7.51ab	 8.05a

	 TS	 19.25c	 20.17b	 21.36a	 10.07c	 11.00b	 11.92a

	 Ash	 0.79	 0.80	 0.80	 0.72b	 0.76a	 0.76a
	 a, b, c: Values in the same row with different superscripts differ significantly (P<0.05)

The average daily milk yield of goats fed 
experimental rations are shown in Table (4). Average 
daily milk yield increased significantly (P<0.05) 
with sunflower seeds supplementation. The 10 % 
supplemented sunflower seeds diet (R3) revealed the 
highest mean of milk yield being 1.55 kg day-1 followed 
by 5 % supplemented sunflower seeds diet (R2) being 
1.38 kg day-1, while control diet (R1) had the lowest 
yield being 1.18 kg day-1 (P<0.05). Sunflower seeds 
supplementation increased the mean of daily milk yield 
by 16.95 and 31.36 % for R2 and R3 groups compared with 
R1, respectively. These results agree with those obtained 
by Schroeder et al. (2004) who found that milk and 4 % 
fat-corrected milk production of cows were increased by 
0.97 and 1.05 kg/cow per day with fat supplementation. 
Mele et al. (2006) reported that the inclusion of soybean 
oil in the diet resulted in a significant increase of both 
daily milk yield and fat corrected milk of ewes (P<0.01). 
Strusinska et al. (2006) stated that the mean daily milk 
yield recorded increase in fat-protein supplemented 
cows by 10.3 % and FCM yield increased by 15.5 % 

than in the control group.
The milk composition of goats fed experimental 

rations during the lactation period is presented in Table 
(4). Goats fed 10 % sunflower seeds supplemented 
diet (R3) showed the highest percentages of all milk 
constituents followed by those fed 5 % sunflower 
supplemented diet (R2), while those fed control diet (R1) 
had the lowest percentages (P<0.05). These results agree 
with those obtained by Schroeder et al. (2004) who found 
that milk fat concentration was increased by 5.1 % with 
saturated fat supplementation when compared to control 
groups. Junior et al. (2010) reported that the utilization of 
fat sources in diets changes milk composition of lactating 
cows. 

Feed intake presented in Table (5) revealed that 
the amount of concentrate feed intake was nearly the 
same for the different groups, while the amounts of fresh 
berseem and berseem hay intake increased with increasing 
level of sunflower seeds supplementation. Moreover, the 
total DM intake, total feed cost, total milk yield, price 
of total milk yield and economic efficiency increased 
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significantly (P<0.05) with increasing level of sunflower 
seeds supplementation. Economic efficiency expressed as 
the ratio between the price of total milk yield and the cost 
of total feed intake increased by 9.21 and 15.79 % for 

Table 5: Feed intake and economic efficiency of goats fed experimental rations

	 Item		  Experimental rations
		  R1	 R2	 R3
	 Concentrate feed mixture			 
		  Intake (kg/head)	 183.07	 181.71	 178.60
		  Price (€)	 43.08	 42.76	 42.02
	 Sunflower seeds			 
		  Intake (kg/head)	 -	 9.50	 19.71
		  Price (€)	 -	 3.35	 6.96
	 Fresh berseem			 
		  Intake (kg/head)	 532.99	 558.05	 575.13
		  Price (€)	 7.52	 7.88	 8.12
	 Berseem hay			 
		  Intake (kg/head)	 75.46	 82.00	 85.81
		  Price (€)	 7.10	 7.72	 8.08
	 Total DM intake (kg/head)	 326.27b	 343.95ab	 356.84a

	 Total feed cost (€)	 57.70b	 61.70ab	 65.18a

	 Total milk yield (kg/head)	 247.80c	 289.80b	 325.50a

	 Price of milk yield (€)	 87.46c	 102.28b	 114.88a

	 Economic efficiency	 1.52b	 1.66ab	 1.76a

	 a, b, c: Values in the same row with different superscripts differ significantly (P<0.05).
	 Price of one kg in LE were 2 for concentrate feed mixture, 3 for sunflower seeds, 0.12 for fresh berseem, 0.80 for berseem hay and 3 	
	 for milk according to prices 2010

Fig. 1: Body weight change of goats fed experimental rations

R2 and R3 compared to R1, respectively. These results 
agree with those obtained by Omer (1999) and El-Diahy 
(2004) who found that fat supplementation of Friesian 
calves and cows improved economic efficiency.
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Fig. 2: Body weight of kids suckled goats fed experimental rations

Results of body weight change during the different 
physiological stages of goats as affected by sunflower 
seeds supplementation are presented in Fig. (1). Body 
weight increased gradually with the progress of pregnancy 
for the different groups. The group supplemented with 
5 % sunflower seeds (R2) showed significantly (P<0.05) 
higher body weight at 15 days pre-kidding and kidding 
compared with both control (R1) and 10 % sunflower 
seeds (R3) groups. Moreover, there were inconstant 
changes in body weight during the suckling and lactation 
period. The 5 % sunflower seeds supplemented group 
(R2) revealed significantly (P<0.05) the highest body 
weight followed by 10 % sunflower seeds supplemented 
group (R3), while the control group (R1) had the lowest 
body weight. The reason for improvement of body weight 
may be due to increasing energy status and adequate 
time to recover body condition (Thomas and Williams, 
1996). During the physiological stress of milk production 
particularly during the peak of lactation, goats tended 
to have no increase or may have loss of body weight 
(Dapoza et al., 1999 and Olsson et al., 1999). Zambom et 
al. (2003) revealed 15-20 % decrease in body weight of 
ewes after lambing. 

Results in Fig. (2) showed that body weight of 
kids increased gradually with the progress of suckling 
period for the different groups. The 5 % sunflower seeds 
supplemented group (R2) showed the highest body weight 
followed by 10 % sunflower seeds supplemented group 
(R3), while the control group (R1) had the lowest values. 
The body weight at weaning increased by 17.07 and 
10.54 % for R2 and R3 compared with R1, respectively. 
This could be related to the higher feeding values and 
energetic efficiency (Ruvuna et al., 1992).

From these results it could be concluded that 
sunflower seeds supplementation improved ether extract 
digestibility and rumen fermentation and liver function 
and increased body weight of goats. Goats fed diet 
supplemented with 10 % sunflower seeds showed the 
highest milk yield, colostrum and milk constituents and 

economic efficiency, while goats fed diet supplemented 
with 5 % sunflower seeds revealed the highest body 
weight at weaning and daily gain for their kids.
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