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ABSTRACT. Gross composition and nitrogen distribution of ewe milk 
obtained from three breeds (Najdi, Australian and Najdi X Australian) 
in the Central region of Saudi Arabia were studied. The average results 
of pH, acidity, fat, protein, lactose, ash, and total solids for Najdi were 
6.63 ± 0.01,0.17 ± 0.01%,5.31 ±0.55%, 4.71 ± 0.28%, 4.48 ± 0.15%, 
0.86 ± 0.02 and 15.36 ± 0.93%; for Australian were 6.64 ± 0.02, 0.16 
± 0.0 1%, 6.51 ± 0.63%, 5.60 ± 0.32, 4.65 ± 0.26, 0.87 ± 0.02% and 
17.63 ± 1.05%, and for the Najdi X Australian were 6.63 ± 0.02, 0.17 
± 001 %,5.74 ± 0.63%,5.14 ± 0.32%,4.61 ± 0.20%,0.86 ± 0.02% 
and 16.35 ± 0.85%, respectively. Moreover, the milk of Australian 
ewe contained the highest amount of protein fractions whereas the 
Najdi ewe's milk had the lowest values. However, Najdi ewes had the 
highest average daily milk yield (1.60 ± 0.21 Kg), wheres Australian 
ewes produced the lowest amount (0.91 ± 0.17 Kg). 

Results also indicated that crossing caused heterosis effect of cross 
ewes which produced better milk constituents compared to the Najdi 
ewes and better milk yield compare to the Australian ewes. In fact, 
ewe's milk was evidently appreciably richer than cow's milk in nearly 
all the constituents determined, with the notable exception of lactose. 

The total population of sheep in the world is about 1190 miIJion of which 6.1 million 
are in Saudi Arabia and 170 million are in Australia (FAOIWHO/OIE 1992). It is 
well known that sheep milk represents one of the most valuable food resources in 
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various parts of the world. In Saudi Arabia, sheep milk plays a very important role 
in the survival of the pastoral population of the country and constitutes a major 
source of food. 

The Najdi sheep constitutes the major sheep breed in the Central region of Saudi 
Arabia and is well adapted to harsh environmental conditions. It can withstand 
extreme heat and cold and can thrive on poor ranges, but its milk production is rather 
poor (Sawaya et al. 1984). On the other hand, the Australian ewes (Border Leicester 
X Merino) are excellent milkers and are widely available throughout Australia as a 
prime lamb mother. Recently, Australian (Border Leicester X Merino) ewes were 
imported into Saudi Arabia from Australia, by some co-operation, and used for 
crossing with local Najdi sires with the intention of upgrading the native breeds to 
produce an adapted sheep of higher economic value. 

The composition of milk, whether from cow and other mammals is dependent 
on factors such as breed, stage of lactation, feeding, climate, management, milking 
systems and individuality of the animals. Reviews on the subject were published by 
Ramos and Juarez (1981) and Anifantakis (1986). Although the composition of 
sheep milk was reported from various parts of the world (Ashton 1964, EI-Gazzar 
and Farag 1977, Wohlt el ai. 1981, Ramos and Juarez 1981 and Anifantakis 1986), 
there has been only two reports on the chemical composition of Najdi sheep milk 
(Sawaya el ai. 1984 and Abdel-Rahman and Mehaia 1996) and none on the chemical 
composition of sheep milk produced from Najdi X Australian crossbred and 
Australian breeds under Saudi Arabian condition. Moreover, nitrogen distribution of 
cow's milk has been the subject of extensi ve research work (Jenness and Patton 1959 
and Gordon and Kalan 1978). In contrast, data on the nitrogen distribution research 
data of ewe's milk are limited (Grappin 1986, and EI-Deeb and Hassan 1989). 

The present investigation was undertaken to study the gross composition and 
nitrogen distribution of ewe milk of three sheep breeds (Najdi, Australian and their 
Crossbred) of Saudi Arabia. 

Materials and Methods 

Milk Samples 

Milk samples were taken from 23 ewes per breed of the Najdi, Australian and 
Najdi X Australian breeds maintained at the University Farm. All the ewes were in 
good health, in their second season of lactation and in mid-lactation (2nd to 3rd 
month of lactation). The ewes were hand-milked at 8 a.m. on the day of sampling. 
Lambs were separated from their mothers in the evening of the day prior to the day 
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of sampling. The individual samples collected were immediately measured, 
refrigerated and transferred to the laboratory. The feeding regime was approximately 
the same for all ewes in the farm: alfalfa, wheat straw, wheat bran , grass and barley . 
Mi Ik sam pies were taken at four di fferent times (at days 60, 65, 70 and 75 
postpartum) and were analyzed in duplicate. A composite sample of cow milk from 
<l bulk tank from the University of Holstein-Friesian herd cows was also analyzed 
included for comparative purposes. 

Chemical Analysis 

Samples of milk were analyzed for total solids, fat, ash and titratable acidity 
according to procedures outlined in AOAC (1980). pH was measured with an Orion 
pH meter (Orion Research Inc ., Cambridge, MA, USA). Lactose content was 
determined by difference. Energy content was calculated according to Perrin 
( 1958a). 

Determination of Protein Fractions 

Nitrogen was determined by the standard micro-Kjeldahl method of the AOAC 
(19~O). A nitrogen conversion factor of 6.38 was used for calculation of the milk 
protein anu its various fraction s. Milk samples were fractionated for total nitrogen 
(TN). non-protein nitrogen (NPN), casein nitrogen (CN) , non-casein nitrogen (NCN) 
allLi whey protein nitrogen (WPN) by the method of Rowland ( 19385. The NPN was 
determined on the supernatant as outlined by Cerbulis and Farrell (1975). 

Data were statistically analyzed by analysis of variance using SAS computer 
progr,lms (SAS 1985 ). Standard error of the mean was derived from the error mean 
,quare term of the ANOV A. If the F test for the ewe breeds was significant (P < 
.O.'i)' <l protected least significant difference test was used to compare the means of 
the ewe breeds. 

Results and Discussion 

Gross Composition 

Means and ranges of gross composition of individual milk samples from ewe 
(Najdi. Australian and Najdi X Au stralian) breeds, with corresponding values for 
Holstein-Friesian cow milk, are given in Table I. Data obtained showed wide range 
of va riations, particularly in fat, protein and total solids contents of milk individual 
ewe ." within each breed. However, individuality is considered to be a significant 
genetically factor that affects the milk composition (.Jenness and Patton 1959). The 
Auqralian ewe's milk had the highest average content of fat, protein and total solids, 
whereas the Najdi's ewe milk had the lowest values. Results of Najdi's ewe milk 
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were comparable with those of other workers (Sawaya et al. 1984, and Abdel­
Rahman and Mehaia 1996). The corresponding values for Najdi X Australian breed 
were in between. Breed difference in fat, protein and total solids contents were 
significant at P < .05. However, the average values of acidity, pH, lactose and ash 
were similar in the milk of the three breeds. Moreover, the mean energy contents of 
Najdi , Australian and Najdi X Australian ewe milks were 937 , J 105 and 1006 Kcall 

Table 1. Gross composition and yield and standard devi ations (S.D.) of milk of Najdi, Australian 
and Najdi-Australian crossbred ewes and Holstein-Friesian cow of Saudi Arabia I 

Constitute Najdi 
Ewe 

Australian Najdi X Australian 
Mean + S.D. (range) 

Cow 

pH 6.63 ±0.01" 
(6.61 - 666) 

6.64 ±0.02" 

(6.61 - 6.67) 

6.63 ± 0.02" 

(6.61 - 6.66) 
6.64 ± 0.01" 

Acidity, % 0.17±0.01" 

(0. I 4 - 0 17) 

0.16 ± 0.01" 

(0. 13 - 0.16) 

0. 17±0.0 1" 

(0.14 - 0.18 ) 

0. 16±0.0]" 

Fat, % 5.3 1 ± 0.55e 

(4.31 - 635) 

6.51 ± 0.62" 

(560 - 8.25) 

5.74 ± 0.63 b 

(4.71 -7.51) 
3.41 ± O.J5d 

Protein. % 4.71 ±0.28e 

(4.19 - 5.67) 

5.60 ± 0.32" 

(4.8 1 - 6.81) 

5. 14 ± 0.32b 

(4.50-6.15) 

329±0.IOd 

Lactose , % 4.48 ± O. I 5b 

(4.3 0 - 4.8 1) 

4.65 ± 0.26ilb 

(4.35 - 4.95) 

4.6 1 ± 0.20b 

(4.31 - 4.82) 

4.90 ± 0.10" 

Ash , % 0.86 ± O.02a 
(0.76 - 0.92) 

0.87 ± 0.02a 

(0.77 - 0.94) 

0.86 ± O.02a 
(0.77 - 0.932) 

0.73 ± 0.02b 

TS2,% 15.36 ± 0.95c 

(13.56 - 16.71) 
17.63 ± 1.05" 

(15.53 - 19.68) 

16.35 ± 0.85b 

(1429 ­ 18.41) 

12.33 ± 0.21 d 

Energy , Kcai/liter 937 ± 16e 1105 ± 20a 1006 ± 24b 686 ± 10d 

Milk yield, Kg/day 1.60±0.21 " 
(1.37 - 1.82) 

0.91 ± O.17c 

(0.70 - 1.09) 

1.23 ± 0.12b 

(1.10 - 1.36) 

-

192 Samples were analyzed in duplicate for each breed of ewes. 

2TS = Total solids. 

"bedMeans in rows with unlike superscripts differ (P < .05) . 
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liter, respectively. Changes in total solids and/or fat content of milk will affect its 
energy contents. These results indicated that crossing caused heterosis effect of 
crossbred (Najdi X Australian) which produced better milk constituents compared to 
Najdi ewe's milk. 

In comparison to ewe's milk, cow' s milk contained less fat, protein, total solids 
and energy (Table I), confirming observations cited in the literature (Ashton 1964, 
Storry et al. 1983 and Anifantakis 1986). It is worth mentioning here that although 
in the ewe's and cow's milk the same constituents are involved there are significant 
differences (P < .05) in the proportion they exist in the dry matter (Table 2). These 
of course bring along differences in the nutritive value of the two kinds of milk . In 
the case of cheesemaking, it is expected from the same amount of dry matter to give 
a considerably higher yield from ewe milk, a fact of particular significance because 
this milk is used almost exclusively for cheese production in various parts of the 
world (Nunez et al. 1989). 

Table 2. Mean values of fat, protein, lactose and ash of Najdi, Austra lian and Najdi-Australian 
Crossbred ewes and Holstein-Friesian cow milks as % of total solids 

Ewe 
Constitute Najdi Australian Najdi X Australian Cow 

(%) 

Fat 34.6a 36.9a 35 . ]a 27.7a 

Protein 30.7" 31.8a 3 I Aa 26.7a 

Lactose 29. lb 26Ab 8.2b 39.7b 

Ash 5.6ab 4.9b 5.3b 5.9a 

abcdMeans in rows with unlike superscripts differ (P < .05). 

In Table 3, the chemical composition of the different ewes' milks obtained here 
are compared with those obtained from different ewe breeds, by other workers in 
various parts of the worJd (see references in Table 3). These data emphasize the 
great variability in the fat and protein contents, and consequently in the percentage 
of total solids. In fact, the fat content of milk. varies more than that any of the other 
constituents. This is due to breed differences, the milking systems, the stage of 
lactation, the nutrition plan and, in ruminants, by the quantity and physicaJ condition 
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Table 3. 	Average chemical composition of ewe milk from different breeds in various parts of the 
world (%) 

Country Breed Fat Protein Lactose Ash Total 
Solids 

Reference 

Australia Merino 8.00 4.60 4.70 0.90 18.90 Pierce (1934) 

Bulgaria Stara Zagora 
Various 

6.74 
7.14 

5.52 
6.40 

-

4.39 
-

0.96 
17 .80 
18 .89 

Velev el ut. (1984) 
Shalichev and Tanev (1967) 

Czechoslovakia Various 7.77 5.47 4.74 0.93 19 .20 Mikus (1966) 

Egypt Barki 
Ossimi 
Rahmani 
Rahmani 

5.90 
5.80 
5.80 
5.80 

5.42 
5.67 
534 
5.42 

6.66 
6.41 
6.76 

-

-

-

-

0.92 

18.13 
18.10 
17.92 
16.80 

EI-Gazzar and Farag (1977) 
EI-Gazzar and Farag (1977) 
EI-Gazzar and Farag ( 1977) 
Abou Dawood et ut. (1980) 

France Various 7.51 6.00 - - 1931 Mahieu et ut. (1977) 

Great Britain Clun Forest 
Friesland and 
Suffolk 
Suffolk X 
Clun Forest 

6.20 

6.12 

7.80 

5.30 

5.50 

4.90 

4.70 

4.60 

4.40 

0.87 

-

0.95 

16.90 

-

18.40 

Ashton ( 1964) 

Storry el ut. (1983) 

Williams el ut. (1976) 

Greece Boutsiko 
Friesian X 
Local breeds 
Karagouniki 
Vlachiki 
Chios 

7.68 

6.04 
8.70 
905 
7.85 

6.04 

571 
6.60 
6.52 
5.47 

4.80 

5.09 
4.58 
4.69 
4.80 

093 

0.87 
0.93 
0.95 
092 

19.30 

17.59 
20.31 
20.61 
19 .08 

Voutsinas el ul. (1988) 

Anifantakis (1986) 
Anifantakis (1986) 
Anifantakis (1986) 
Anifantakis (1986) 

Hungary Bulk 7.27 6.21 4.80 0.89 - Balatoni (1964) 

Iraqi Awassi 
Karadi 

6.90 
6.40 

6.20 
5.75 

5.80 
4.30 

0.93 
0.94 

19.90 
18.60 

Nejim (1963) 
Abo-Elnaga el ut. (1985) 

Italy Various 804 6.80 - - 20.73 Nalossini (1963) 

Japan Various 5.79 5:62 4.22 0.85 - Kataoka and Nakae (1971) 

New Zealand New Zealand 
breed 10.0 680 4.10 0.91 21.90 Perrin (l958b) 

Norway Various 6.93 5.32 4.93 - 18.37 Oterholm and Rognstad 
(1982) 
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Table 3. (Coltlinud) 

Country Breed Fat Protein Lactose Ash Total 
Solids 

Reference 

Saudi Arabia Nuaimi 6 .50 5.20 4.27 0.85 17 . 10 Sawaya el al. (1984) 
Najdi 5.10 4 .90 4 .30 0 .86 16.20 Sawaya el al. (1984) 
Najdi 5.15 4.78 5.29 0 .89 16. 11 Abdel-Rahman and Mehaia 

( 1996) 
Najdi 5.3 1 4 .7 1 4.48 0.86 15 .36 This work 
Australian 6.51 5.60 4 .65 0.87 l7.63 This work 
Najdi X 
Australian 5.74 5.14 4.61 0.86 16.35 This work 

Spain Manchega 7.51 5.62 - 0.91 17 .93 Juarez el al. (1984) 

USA Dorset 12.60 5.20 4.80 0 .79 23.40 Wohlt el al. ( 198 1) 

USSR-Armenia Aragat 5.70 5.49 4.68 0 .96 16.39 Dilanian (1969) 
Balbass 5. 84 5.29 4 .69 0.96 16 .89 Dilanian (1969) 
Merino- Balbass 
Cross breeds 6.01 5.26 4.53 0.97 16.84 Dilanian (1969) 
Merino-Nazech 
Cross breeds 6.61 5.39 4.13 0.94 17 .20 Dilanian (1969) 

Yugoslavia Pramenka 7.22 5.81 4.74 0 .97 18.75 Miocinovic el at. (1 981 ) 
Ziatusha 8.09 5.89 4.61 0.99 - Miocinovic el at. (198 1) 

of the dietary roughage (Ashton 1964, Wohlt et al. 1981 and Anifantakis 1986). It is 
evident from Table 3 that the fat content of milk of Saudi ewe breeds was relatively 
Jow compared to other ewe breeds such as those from Australia (Pierce 1934), 
Bulgaria (Shalichev et al. J967), Czechoslovakia (Mikus 1956), France (Mahieu et 
al. 1977), Great Britain (Ashton 1964 and Williams et al. 1976), Greece 
(Anifantakis 1986), Italy (Nalossini J963), New Zealand (Perrin 1958b), Spain 
(Juarez et at. 1984), OSA (Wohlt et al. 1981) and Yugoslavia (Miocinovic et al. 
1981). Similarly the protein content of Saudi ewe milk was also lower than that of 
Bulgaria, France, Greece, Hungary and New Zealand ewe breeds . In Saudi Arabia, 
however, fat, protein and total solids contents of Nuaimi ewe's milk (6.50, 5.20 and 
17 .10%) were higher than those of Najdi (5.10, 4 .90 and 16.20%) and Najdi X 
Australian (5 .74, 5.14 ana 16.35%) ewe milks (Sawaya et al. 1984 and Abdel­
Rahman and Mehaia 1996), whereas the protein and lactose contents were lower 
than those of Australian ewe's milk. 
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With few exceptions, the percentages of lactose and ash obtained by various 
workers (Table 3) are in close agreement with our results. However, EI-Gazzar and 
Farag (1977) 0btained a considerably high figure for lactose. This might be due to 
the analytical procedure used . Since the composition of milk is a function of several 
factors such as breed, environment, season, stage of lactation, milk system, etc. and 
varies between fairly wide limits (Anifantakis 1986), the composition of the milk 
usually varies and depends on the combined intluence of these factors which vary 
from one country to another (Sawaya et al. 1984). 

Table I also shows the mean daily milk yield for each ewe breed when the milk 
samples were taken. Variations of yields are considerable within each breed but 
between breeds differences in milk daily yield were significant at P < .05. Najdi 
ewes had the highest average daily milk yild (1.60 ± 0.21· Kg), while Australian 
ewes produced the lowest amount (0.91 ±0.17 Kg) . Najdi ewes daily milk yield is in 
agreement with the values recently reported by Abdel-Rahman and Mehaia (1996), 
1.55-1 .72 Kg. 

Nitrogen Distribution in Milk 

The data presented in Table 4 show the nitrogen distribution in milks of Najdi, 
Australian and Crossbred ewes and Holstein-Friesian cow. Whereas Table 5 
summarizes the average distribution of the various nitrogen fractions as % of total 
nitrogen (TN). Distinctive breed differences exist in the nitrogen content of ewe 
milks (Table 4). Milk from Najdi ewes had the lowest content of TN, PN, CN, NCN 
and WPN, whereas the milk from the Australian breed had the highest. Breed 
differences in TN, PN and CN contents were significant at P < .05. Moreover, within 
each breed a considerable variation exists in the nitrogen content of milk . Similar 
observations were reported in milk of cow breeds (Cerbulis and Farrell 1975). 

The NPN content of ewe milk is less variable among breds, but the range within 
a given breed is considerable (Table 4). The NPN fraction accounts for only 6.5, 5.8 
and 6.1 % of the total nitrogen in milk of Najdi, Australian and Najdi X Australian 
bred, respectively (Table 5). These results were relatively lower than that reported 
for Egyptian Rahmani ewes (8.1 %) as reported by El-Deeb and Hassan (1989), and 
were slightly higher than that reported for Lacaunce ewes (4.6%) in France (Grappin 
1986). However, the average value of NPN content for cow milk was considerably 
lower compared to that of ewe milk breeds (Table 4), and accounts for only 5.2% of 
the TN (Table 5). These value are in agreement with other workers (Cerbulis and 
Farrell 1975, Grappin 1986 and Saidi and Warthesen 1993). 

With respect to the casein nitrogen content of ewe milk breeds (Table 4), the 
Australian breed had the highest content and the Najdi's the lowest; whereas the 
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Table 4. Nitrogen distribution and standard deviations in milks of Najdi , Australian and Najdi X 
Australian crossbred ewes and Holstein-Friesian cow of Saudi Arabia (mgNIl 00 ml) 1 

Component2 Najdi 
Ewe 

Australian Najdi X Australian 
Mean + S.D. (range) 

Cow 

TN 

NPN 

PN 

CN 

NCN 

WPN 

738 ± 43e 

(657 - 889) 

48 ± 3.2" 

(40-56) 

690 ± 25e 

(617 - 825) 

580 ± 21 e 

(520 - 680) 

158 ± 16a 

(142 - 195) 

110 ± 9" 

(96 - 126) 

878 ± 49a 806±47b 

(754 - 1067) (705 - 964) 

5 I ± 3.5" 49±3.la 

(42 - 59) (42 - 56) 

827 ± 41" 757 ± 45b 

(720 ­ 1000) (658-910) 

703 ± 35a 637 ± 31b 

(602 - 841) (561 - 770) 

175 ± 18a 169 ± 12a 

(lSI - 210) (1 65 - 195) 

124 ± 13a 120± 14" 

( 108 - 145) (105 - 140) 

5l6±7.0d 

27 ± l.3 b 

489 ± 5.40d 

403.5 ± 4.5d 

I J2.5 ± 4.lb 

85.5 ± 3.5b 

192 Samples were analyzed in duplicate for each breed of ewes. 
2TN =Total nitrogen, NPN =non-protein nitrogen, PN =protein nitrogen, CN =casein nitrogen, 

NCN =Non-casein nitrogen, WPN =whey protein nitrogen. 
alJedMeans in rows with unlike superscripts differ (P < .05). 

value of Najdi X Australian breed was in between . Breed differences in casein 
content were significant at P < .05 . Casein is the principle protein component of 
mi Ik , as well as the principle protein component of cheese; hence, the yield of 
cheese depends mainly on the amount of casein in milk. The percentage of total 
nitrogen of milk as casein, also called the casein number, characterizes the suitability 
of milk for cheese production. The average casein numbers for Najdi, Australian and 
Najdi X Australian ewe milks were 78.6, 80.1 and 79.0, respectively (Table 5). 
These values are in agreement with those of other workers (Grappin 1986). Whereas 
the values are lower than that reported by El-Deeb and Hassan (1989) for Rahmani 
ewe's milk (83.2) in Egypt, and are higher than that of Manchege ewe's milk (75.5) 
in Spain (Juarez et at. 1984). Casein number of cow milk (78.2) was relatively lower 
than that of ewe milk (Table 5). Cerbulis and Farrell (1975) reported that the average 
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casein number for cow milk was 77.9 and varies between 64.3 to 83.7. For the 
cheese industry, however, ewe milk would be best suited for manufacturing of 
certain types of cheeses for which cow milk might not be the best suitable. 

Table 5. Average distribution of the various nitrogen fractions in milks of Najdi, Australian and 
Najdi X Australian Crossbred ewes and Holstein-Friesian cow of Saudi Arabia (N% of 
TN) 

Component I Najdi 
Ewe 

Australian Najdi X Australian Cow 

NPN 

PN 

CN 

NCN 

WPN 

6.5" 

93.Sb 

78.6ab 

21.4" 

14.9b 

S.8b 6 .pb 

94.2a 93.9ab 

80.1" 79.Qab 

19.9b 21.0a 

14.lb 14.9b 

S.2c 

94.8" 

78.2b 

21.8" 

16.6" 

I NPN = Non-protein nitrogen , PN =protein nitrogen, CN =casein nitrogen =casein number, 

NCN = Non-casein nitrogen, WPN =whey protein nitrogen. 
abcdMeans in rows with unlike superscripts differ (P < .05). 

The whey protein nitrogen (WPN) content in milk of the three ewe breeds were 
relatively similar, and were considerably higher than that of cow milk (Table 4). 
However, the WPN accounts for only 14.9, 14.1 and 14.9% of the TN in milk of 
Najdi, Australian and Najdi X Australian ewes, respectively . These results were 
considerably higher than that reported for Egyptian Rahmani ewes, 8.7% (EI-Deeb 
and Hassan 1989), but were relatively lower than that reported for French Laraunce 
ewes, 16.7% (Juarez et al. 1984). On the other hand, the average WPN percentage of 
total nitrogen in cow milk (16.6%) was higher than that in ewe milk (14.7%). 
Cerbulis and Farrell (1975) reported that the average WPN in cow milk was 17.2% 
of the total milk nitrogen and Grappin (1986) reported that the average value was 
17%. Breed differences in average non-casein nitrogen (NCN) content, which equal 
to the NPN plus WPN contents, were not significant. 
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Conclusions 

From the foregoing results it could be concluded that Australian ewe's milk 
contained the highest amount of fat, protein fractions, total solids and energy, the 
Najdi's contained the lowest amount, whereas, the values of the Cross-bred ewes 
were in between. However, Najdi ewes had the highest average daily milk yield, 
while Australian ewes produced the lowest amount and the value of the Cross-bred 
ewes was in between. This implies that crossing caused heterosis effect of Cross­
bred ewes which produced better milk constituents compared to that of the Najdi 
breed and better milk yield compare to that of the Australian ewes. However, more 
research is needed to explore factors that influence milk composition and yield of the 
three ewe breeds, under Saudi Arabian conditions. 
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