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Effect of Feeding Sesame Oil Cake on Performance, Milk and 
Cheese Quality of Anglo-Nubian Goats 

Abstract: 

This experiment was conducted to investigate the effects of feeding sesame oil cake 
(SOC) on milk and cheese quality of Anglo-Nubian goats.  Sixteen lactating (20 days-
in-milk) Anglo- Nubian goats were used in the experiment that lasted for 60 days. Goats 
were divided into 4 dietary treatment groups of 4 goats in each and the goats were dis--
tributed between the groups in a way they represent age and lactation stage. Goats were 
housed in pens of suitable size and were managed as any other commercial goat flock. 
The animals had free access to water. Straw was fed at rate of 1% of live body weight. 
Four types of dietary treatment were prepared using SOC. The first diet was the control 
and the other three diets contained: 5, 10, and 15% SOC, respectively. Animals fed twice 
daily and were milked during the feeding time. Milk yield (MY) was recorded daily and 
samples were taken for chemical analysis. Cheese was made on a monthly basis and 
samples were taken for sensory evaluation for flavor and texture. Incorporation of SOC 
in goats’ diets at levels of 10 and 15% caused an increase (P<0.05) in MY compared to 
control and 5% SOC. Feeding SOC at all levels tested had a positive effect 
(P<0.05) on goats milk fat (MF). However, the highest MF percentage was 
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detected in milk of goats fed with 15% SOC. Sesame Oil Cake had variable effects 
on milk protein (MP) where the highest MP content was from milk of goats fed with 
5% cake. Both total solids (TS) and solids non fat (SNF) were increased (P<0.05) due 
to feeding different levels of SOC compared to control. Similar trends were observed 
on cheese composition in regard to fat content where feeding SOC at different levels 
increased significantly (P<0.05) cheese fat content compared to control. Other cheese 
components such as protein and ash were not affected by SOC feeding. Sensory results 
showed that flavor of cheese from goats consuming 10 and 15% SOC (P<0.05) was 
better than cheese from the other groups. However, an opposite trend was observed re--
garding cheese texture. The cheese from goats fed the control diet had (P<0.05) a better 
texture. The results of this study indicate that SOC can be used in goats’ diets during lac--
tation season. Similarly using SOC in goats’ diets proved to be economically feasible.

امللخ�ص:
ال�سم�سم على كمية و نوعية احلليب واجلنب  بن�سب خمتلفة من ك�سبة  التغذية  اثر  للتعرف على  التجربة  اإجراء هذه  مت 
املاأخوذة من ماعز االجنلونوبي, ا�ستخدم يف هذه التجربة 16 ماعز اجنلونوبي دخلت يف فرتة احللب منذ 20 يوم حيث 
اأن التجربة ا�ستمرت ملدة 60 يوم. ق�سمت املاعز اإىل 4 جمموعات غذائية يف كل جمموعة 4 من املاعز واأ�سكنت يف حظائر 
مق�سمة ومنا�سبة من حيث االت�ساع وكذلك متت رعايتها كاأي قطيع ماعز جتاري, ح�سلت احليوانات على الق�ش واملاء 
طوال الوقت, اربعة عالئق مركزة ح�رضت با�ستخدام ك�سبة ال�سم�سم بحيث ان االوىل كانت ال�ساهد و الثالث معامالت 
10 و   ,5 الذرة  كالتايل:  الن�سب من فول ال�سويا و  لنف�ش  ال�سم�سم كبديل  االخرى كانت حتتوي على ن�سب من ك�سبة 
كميات   . الوقت  بنف�ش  حلبها  ومت  يوميا  مرتني  للتجربة  املح�رضة  بالعالئق  املاعز  وغذيت  ال�سم�سم   ك�سبة  من   15%
احلليب �سجلت يوميا بينما مت ت�سنيع اجلنب مرة �سهريا. اأظهرت نتائج الدرا�سة اأن ك�سبة ال�سم�سم اخلام التي ا�ستخدمت 
يف التجربة كانت ت�سبه من حيث الرتكيب ما هو م�ستخدم عامليا. احدث خلط ك�سبة ال�سم�سم يف عالئق املاعز بن�سب 10 
ال�سم�سم,  ك�سبة  من  )P<0.05( يف كمية احلليب مقارنة مع ال�ساهد والعليقة املخلوطة بن�سبة 5%  زيادة   و 15% 
اأعطت التغذية بك�سبة ال�سم�سم على جميع امل�ستويات نتيجة ايجابية )P<0.05( بالن�سبة لدهن احلليب حيث كانت اأعلى 
متفاوتة  تاأثريات  لها  ال�سم�سم  ك�سبة  ال�سم�سم.  ك�سبة  ن�سبة دهن من املاعز التي غذيت على عليقة خملوطة بن�سبة 15% 
ك�سبة  على بروتني احلليب حيث كانت اأعلى ن�سبة بروتني حليب من املاعز التي غذيت على عليقة خملوطة بن�سبة %5 من 
ال�سم�سم, املواد ال�سلبة الكلية واملواد ال�سلبة الالدهنية زادت  )P<0.05( مع امل�ستويات املختلفة من ك�سبة ال�سم�سم 
مقارنة مع ال�ساهد. نف�ش االجتاهات لوحظت على تركيب اجلنب خا�سة حمتوى الدهن حيث اأن التغذية بن�سب خمتلفة من 
خرى يف اجلنب مثل الربوتني  ك�سبة ال�سم�سم زادت  )P<0.05( حمتوى الدهن يف اجلنب مقارنة بال�ساهد, املحتويات االأ
والرماد مل تتاأثر بالتغذية على ك�سبة ال�سم�سم .النتائج احل�سية اأظهرت اأن مذاق اجلنب التي �سنعت من حليب املاعز التي 
خرى, بينما كان  ف�سل مقارنة مع املجموعات االأ )P<0.05( االأ كانت  ال�سم�سم  ك�سبة  من   15% 10 و  غذيت بن�سب 
االجتاه عك�سيا بالن�سبة للقوام حيث لوحظ اأن اجلنب الذي �سنع من حليب املاعز ال�ساهد كان )P<0.05( اأف�سل قوام. 
نتائج هذه التجربة ا�سارت اىل انه ميكن ا�ستخدام ك�سبة ال�سم�سم يف تغذية املاعز احللوب. يف�سل من الناحية االقت�سادية 

ا�ستخدام ك�سبة ال�سم�سم ب�سكل عملي, هناك حاجة اإىل اأبحاث اأخرى لتدعيم مثل هذه النتائج.
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Introduction:

More than 380000 goats are available in 
Palestine (PCBS, 2007). However, feed--
ing cost makes more than 70% of total 
production costs (Abo Omar, 2002). In 
order to reduce feeding costs, attempts 
were made to use agricultural and in--
dustrial by-products as feed ingredients 
especially for ruminants. Therefore, 
it is essential to incorporate local raw 
materials and by-products in rations of 
farm animals. Among these by-prod--
ucts is the sesame oil cake (SOC). It is 
a by-product of sesame seed pressing. 
Approximately 10000 tons of the SOC 
are produced each year (Palestinian 
Ministry of Agriculture (PMA), 1999). 
Sesame oil cake is a relatively good 
source of crude protein (CP) which can 
replace part of basic ingredients in diets 
such as soybean. The chemical com--
position of SOC varies according to 
the method of processing (mechanical 
or solvent extraction).  It has been rep-
ported that the dry matter (DM) content 
ranges from 83 to 96%. Also it has been 
reported that the CP, ash, ether extract, 
nitrogen free extract (NFE) and crude 
fiber (CF) are 23–26%, 7.5–17.5%, 
1.4–27%, 25–31% and 5–12% on DM 
basis, respectively (FAO, 1990; Abo 
Omar, 2002).  Ryu et al. (1998a) report--
ed that incorporation of SOC in calves’ 
rations had positive effects on perform--
ance. Similarly, SOC tended to improve 
feeding quality of rice straw when fed 
to steers (Ryu et al., 1998b), and fatten--
ing lambs at levels which ranged from 
5% to 20% (Abo Omar, 2002). Sesame 
oil cake, a relatively good source of 

CP, can replace dried poultry excreta in 
calves’ rations without causing harmful 
effects (Khan et al., 1998). Also, SOC 
improved dry matter intake (DMI) and 
organic matter (OM), CP, CF and ether 
extract digestibility. 
However, it is not well understood 
whether incorporation of SOC in dairy 
ruminants will have impact on compo--
sition of milk and cheese. The objec--
tives of this study were to investigate 
the effect of feeding SOC on the per--
formance of Anglo-Nubian goats, MY, 
quality and cheese characters.

Materials and Methods

Diet preparation

The experimental diets were formulated 
at the experimental site. Raw SOC was 
collected from a local sesame pressing 
factories (Nablus and Tulkarm, Pales--
tine) during the summer of 2007. The 
fresh ma terial was transported to the 
experimental site. It was spread on a 
large plastic sheet for sun-drying for 3 
days. The material was covered during 
night to avoid moisture accumulation.
The experimental diets were formu--
lated to meet NRC (1994) nutrient re--
quirements.
Four diets were formulated. Sesame oil 
cake (SOC) was added to replace simi--
lar amounts of soybean meal and corn. 
Diets used in the experiment are shown 
in table 1.
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Diet Control Group 1 Group 2 Group 3
Corn 26 23 20 17
Soybean meal 14 12 10 8
SOC 0 5 10 15
Bran 27 27 27 27
Barely 18 18 18 18
Wheat 11 11 11 11
Salt 0.7 0.7 0.7 0.7
Oil 0.6 0.6 0.6 0.6
Limestone 1.8 1.8 1.8 1.8
Di-calcium Phosphate 0.4 0.4 0.4 0.4
Premix 0.5 0.5 0.5 0.5

Calculated Chemical Analysis%
DM 90.1 90.7 91 90.6
CP 17.0 16.9 17.1 17.0
Crude Fat 2.00 2.91 4.24 5.7
CF 4.1 4.24 4.72 5.18
Cu (ppm) 8.3 9.2 10.1 11.1 
Ash 6.1 6.22 6.5 6.4
Ca 1.03 1.05 1.07 1.09
Phosphorus 0.45 0.43 0.41 0.40

Table (1). Composition and chemical analysis of the 4 experimental diets used 
in the experiment

Feeding trial

A total 16 lactating Anglo-Nubian 
goats were used in the experiment. 
Goats were housed in the farm of the 
faculty of agriculture/ An- Najah Na--
tional University, Tulkarm, Palestine. 
Goats were divided into four dietary 
treatment groups of four goats in each 
and the goats were distributed between 
the groups in a way they represent age 
and lactation stage. Goats were housed 
in pens  of suitable size (4 square me--
ters) and were managed as any com--

mercial goats flock. The animals had 
free access to straw and water. Animals 
fed twice daily (4 kg of experimental 
diet for each group/ day) at 0700 and 
1800 h and were milked during the 
feeding time. These goats had been 
20 dayspinpmilk when the first batch 
of milk had been collected. Milk yield 
(MY) of each group was weighed daily  
throughout the experiment which lasted 
for 60 days. Milk samples were taken 
for chemical analysis twice per month 
and one time per month for cheese 
processing.
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Processing of Nabulsi white cheese:

Goat milk was heated to 73°C and then 
cooled to 37°C and then the rennet (en--
zyme) was added (1drop/1kg of milk) 
to the milk and mixed well. The milk 
was set at the same temperature, (37°C) 
to coagulate for 45 minuets. Curd was 
scooped into cheese cloth and drained 
for 30 minuets and cheese was taken 
out of the cheese cloth and weighed. 
The cheese was cut into blocks (5 ´ 5 
´ 1 cm). Samples were taken for sen--
sory evaluation and chemical analysis. 
The cheese blocks were maintained in 
salt solution ( 8 %)  in separate plastic 
containers kept in the cooler at 4°C and 
sample was taken one time monthly 
for the two months. All cheese samples 
were frozen at (– 18°C) for later chemip-
cal analyses.
Chemical analysis of feed:
Feed samples were analyzed for DM, 
CP, CF, crude fat, ash, Cu, following 
procedures described in AOAC (1995) . 
The Ca and P contents were determined 
using the flame photometry instrument. 

Chemical analysis of milk and 
cheese:
Fat content of milk and cheese was 
determined by ether extract procedure 

(Ether Extract, AOAC, 1995). Protein 
content was determined by the Kjeldahl 
procedure. Total solid content of milk 
and cheese was determined by the oven 
drying method. Lactose content of milk 
was determined by the milk analyzer 
instrument based on infrared measure--
ment*.
Sensory evaluation:
Cheese samples were judged for sen--
sory quality by a panel of three trained 
judges. The sensory quality was evalu--
ated on a 15-point scale, with 10 points 
designated to flavor and five points 
to body and texture (Bodyfelt et al., 
1988).
Data analysis:
All data were analyzed by ANOVA us--
ing the linear model procedure of SAS 
(SAS, 1988) to determine the effect of 
addition of sesame oil cake to goat’s di--
ets on M C, milk yield (MY), cheese 
yield (CY) and cheese quality. Least 
significant test (LSD) test was used to 
separate the significant means.

Results and Discussion
Composition of SOC
Table (2) shows the chemical composi--
tion of raw SOC.  Composition values 
are in agreement with previous research 
(Abo Omar, 2002; Ryu et al., 1998b). 

Table (2):  Chemical composition analysis of SOC.

Nutrient %
DM 95.7
CP 22.7

NDF 45.0
ADF 33.0

Crude Fat 26.9

Nutrient %

NFE 31.0
Ash 7.50
Ca 0.60

Phosphorus 0.10
Cu (ppm) 33.0
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Milk yield and composition
The results obtained from this experi--
ment indicated that goats fed with high 
levels of SOC (Groups 2 and 3) pro--

duced higher (P<0.05) yield of milk 
compared with goats in the other two 
groups (Table 3).

 Control Group 1 Group 2 Group 3 LSD
M Y , kg 7.4b 7.3b 7.6a 7.7a 0.1559
Fat % 4.3c 4.8b 5.1a 5.1a 0.1455
Protein % 3.68b 3.74a 3.67b 3.69ab 0.0658
Lactose% 4.83 4.89 4.82 4.84 0.1095
TS % 13.59b 14.48a 14.39a 14.40a 0.2754
SNF % 9.26b 9.67a 9.24a 9.29a 0.1729
Ash% 0.73 0.74 0.73 0.74 0.0151

abc Rows of different superscripts are significantly different (P<0.05).

Table (3). Milk yield and milk composition from goats fed different levels of 
SOC.

Milk fat percentage was higher 
(P<0.05) in milks of goats fed with 10 
and 15 % SOC compared to the control 
goats. However, milk of goats fed the 
two high levels had more (P<0.05) fat 
compared to milk of goats fed the low--
est level of SOC (Table 3).
These results are in agreement with 
previous research where feeding SOC 
increased milk fat for ewes (Zhang et 
al., 2006; Horton et al., 1992; Casals et 
al., 1999) and goats (Baldi et al., 1992; 
Mir et al., 1999) fed supplemental fats.
 However, these results were not consist--
ent with  results of Kitessa et al.(2003) 
where oil seeds had no or negative ef--
fects on ewes milk fat and of cows milk 
fat (Mustafa et al., 2003; Sarrazin et 
al., 2004). The NRC (2001) showed 
that factors affecting milk fat percent--
age are fat supplementation including 
level and type of fat, forage source, and 
other ingredients in the diet. Results of 

this study showed that feeding SOC to 
lactating goats up to 15% had a posi--
tive effect on milk fat percentage. As 
a result of higher milk fat percentage, 
milk from goats fed SOC contained 
more (P<0.05) TS and solids non fat 
compared to control group (Zhang et 
al., 2006; Casals et al., 1999). 
Milk protein was not affected by di--
etary treatments (Table 3). This result 
is in agreement with previous studies 
(Mir et al., 1999; Kitessa et al., 2003; 
Zhang et al., 2006). Similar trends were 
observed in cow milk (Mustafa et al., 
2003). However results of the current 
study are inconsistent with those of 
Casals et al. (1999) where a negative 
effect was found on milk protein per--
centages of ewes. Oilseed supplemen--
tation also caused significant reduction 
in milk protein percentage in dairy 
cows (Khorasani et al., 1991; Dhiman 
et al., 1995). This reduction might be 
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attributed to a lack of increase in amino 
acids available to the mammary gland 
for protein syntheses as MY increases 
during fat supplementation (Wu and 
Huber, 1994; Zhang et al., 2006). The 
lack of response of milk protein to 
oilseed addition might be related to the 
short term supplementation.
Sesame oil cake increased (P<0.05)  the 
content of TS and solids non fat (SNF) 
compared to control group but had no 
effects on other milk fractions as ash 
content. These results are in agreement 
with previous research (Khorasani et 
al., 1991).

Cheese yield and composition

Cheese yield and composition are 
shown in Table 4. Cheese making ef--
ficiency was not affected by dietary 
treatments. The yield of cheese was the 
same in all treatments.

 Control Group 1 Group 2 Group 3 LSD
CY , kg 24.4 24.3 24.4 24.5 0.1222
DM % 48.1 47.2 49.5 51.2 4.0679
Fat % 16.2c 19.7b 20.9b 23.5a 2.7889
Protein % 11.9 12.0 11.9 12.1 1.3444
Ash% 1.56 1.52 1.53 1.60 0.1345

abc Rows of different superscripts are significantly different (P<0.05). 

Table (4). Cheese yield and Cheese composition from goats fed different levels 
of SOC. 

Cheese DM, protein and ash were not 
affected by dietary treatments and av--
eraged 49.0, 11.9 and 1.55%, respec--
tively. Our results are consistent with 
Dhiman et al. (1999) and Zhang et al. 
(2006) where no difference was found 
in the composition of cheese between 
oilseeds diets and control diet. How--
ever, feeding SOC increased cheese fat 
content compared to the control diet. 
The two highest levels of SOC had 
more (P<0.05) increase in cheese fat 
compared to the lowest level (Table 4). 
The high level of fat in milk may ex--
plain the significant increase in cheese 

fat. Our results in regard to cheese fat 
content are in contrast to other reports 
(Zhang et al., 2006).

Sensory analysis

The results of sensory analysis are 
shown in Table 5.  These results were 
based on a scale of 10 for the flavor and 
a five point scale for texture.
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Control Group 1 Group 2 Group 3 LSD
Flavor 6.17b 6.33b 7.66a 8.5a 1.8976
Texture 4.16a 3.8b 3.66b 3.66b 1.5698

ab Rows of different superscripts are significantly different (P<0.05).

Table (5). Results of sensory analysis

Feeding SOC at the levels of 10 and 15% 
in goats diets produced more (P<0.05) 
accepted flavor of cheese compared 
to the control and the low SOC level. 
Similar findings were observed by 
previous research (Eknaes and Skeie, 
2006). Flavor of milk from goats fed 
with high roughage levels was superior 
compared to milk from goat fed with 
high concentrate levels as in the current 
experiment (Eknaes and Skeie, 2006).  
However, the texture of cheese was bet--
ter (P<0.05) from goats fed the control 
diet compared to cheese from goats fed 
SOC at  a different level. 
The fresh cheese of goats fed 15% 
SOC was rated highly acceptable with 
a mean flavor score of 8.5 (out of 10). 
Cheese from goats fed 10% of SOC 
came in the second place. The main de--
fect was found to be “acid” or “lack of 
flavor”. A “goaty” flavor was identified 
in cheese as a characteristic sensory 
attribute of goat cheese in most of the 
cheeses. The main defect was identi fied 
as “pasty”. Zeng and Escobar (1995) re--
ported a similar total organoleptic score 
of 12.55 in a similar soft cheese using 
Alpine goat milk. The pasty texture was 
observed in our experiment as level of 
SOC increased in diets. A  similar trend 
was observed as other research when 
feeding oil seeds (Zeng and Escobar, 
1995).

Cost of feeding and milk yield

The cost per kg diet is shown in Table 
(6). The highest cost of diet was ob--
served in goats fed the control diet. Cost 
of diet was reduced through groups 
from 1 to 3. This can be explained by 
the differences in prices of these diets. 
The reported figures from this experip-
ment show the economic feasibility of 
feeding such type of ingredients and 
saving that can be achieved. A net of  
the 0.22 NIS/kg can be saved when usp-
ing 15% SOC in group 3 compared to 
control. Numerically, about 220 NIS 
can be saved/ton diet. Increase in milk 
yield can be observed through groups 
from 1 to 3.and this means that the in--
come from milk will be increased as 
shown in Table (6).
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Parameter Control Group 1 Group 2 Group 3
Number of goats 4 4 4 4
Duration of the experi--
ment, day 

60 60 60 60

Daily feed intake, kg/
goat

1 1 1 1

Cost of kg diet, NIS. 1.8 1.78 1.65 1.58
Cost of total feed intake/ 
goat, NIS

108.0 106.8 99.0 94.8

Average daily milk yield, 
kg

1.85 1.83 1.90 1.92

Price of goat milk, kg, 
NIS

3.5 3.5 3.5 3.5

Price of daily milk yield/
goat, NIS

6.47 6.41 6.65 6.72

Price of total milk yield/
goat, NIS

388.8 384.6 399.0 403.2

Table (6). Economic impacts of the feeding trial and milk yield
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