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ABSTRACT  

This work aimed to investigate the effect of supplementing different form of whole linseed (or 
oil seed or meal) to lactating cow's ration on milk yield and milk composition. Sixteen multifarious 
Friesian cows 15±2.26 kg/d of milk and averaging 500±15.26 kg/body weight, were divided into four 
experimental feeding groups (4 each) for 180 days. The first group (A) used as a control, linseed meal 
group (B), whole linseed group (C) and linseed oil group (D). All experimental rations were almost 
equals in energy and protein. Results indicated that supplementation of linseed meal recorded the 
highest FCM (13.60 kg/h/d). There was no significant difference in milk composition among groups. 
Supplementation linseed oil (D) reduced the apparent digestibility of CF compared with control. The 
different form of oil seed did not influence ruminal pH but it caused significant (P<0.05) increased in 
ruminal ammonia concentrations for (C) and (D) compared with control. While, the concentration of 
ruminal volatile fatty acids was significantly (P<0.05) differ for cows feed (B) and (D) except those 
fed rations (C) compared with control diet. From the previous results, it could be concluded that 
usinglinseeds, especially meal, in lactating cow’s rations increased milk yield without adverse effects 
on cow’s health or performance.  

Thirteen functional yoghurt samples were carried out using milk samples obtained from the 4 
cows of each group. Every week of storage period, functional yoghurt samples were analyzed for fatty 
acids (FA) composition. Recoveries of fat, individual FA, and grouped FA were compute in 
functional yoghurt samples and in milk. Inclusion of whole linseed or linseed oil or linseed meal did 
not affect dry matter (DM), milk yield, and milk composition. Compared with control milk, the 3 diets 
containing whole linseed, linseed oil or linseed meal increased the proportion of C18:3, n-3 and total 
n-3 FA, in both milk and functional yoghurt It was found that functional yoghurt fat percentage was 
different among diets. 

Functional yoghurt made from milk obtained from lactating cows fed control diet (C) and 
yoghurt  made  from  milk  obtained  from lactating cows fed ration contain whole linseed (WLS) or 
linseed oil (WLO) or linseed meal (WLM). The best treatment which contains the lowest value of  
omega-6/omega-3 ratio (n-6/n-3 ratio) in yoghurt treatments found in T7 treatment (yoghurt made  
from cow milk  obtained from cows fed with WLO and inculcated with Bifidobacterium aldolescentis 
ATCC 15704 was (20.0), followed by T9 treatment ( yoghurt made  from cow milk  obtained from 
cows fed with WLS and inculcated with Bifidobacterium aldolescentis ATCC 15704,)  was (20.08) 
followed by, T2 treatment (yoghurt made  from cow milk  obtained from cows fed with WLM and 
inculcated with B. lactis Bb.12) (20.99) compared with other treatments, but the highest value of 
omega-6/omega-3 ratio (n-6/n-3 ratio) was (45.83) found in the control yoghurt (C1 yoghurt made  
from cow milk  obtained from cows fed with control diet and inculcated with yogurt culture ).  

The experiment confirmed that feeding cows with whole linseed, linseed oil or linseed meal 
represents a successful strategy for improving the fatty acids profile of functional yoghurt as dairy 
products, through an increase of omega 3 fatty acids. The experiment confirmed that feeding cows 
with whole linseed, linseed oil or linseed meal represents a successful strategy for improving the fatty 
acids profile of functional yoghurt as dairy products, through an increase of omega 3 fatty acids and 
decrease the value of omega-6/omega-3 ratio (n-6/n-3 ratio) in milk and all yoghurt treatments. 
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Introduction 
 

Traditionally, milk and milk products have formed one of the main components of human 
nutrition. The annual consumption of milk ranges from 180 down to less than 50 kg per capita in 
various societies (Haug et al., 2007). Milk fat contains low concentrations of n-3 fatty acids and high 
levels of saturated fatty acids, particularly C16:0, which has hypercholesterolemic properties 
(Kennelly, 1996). Research has shown several health benefits of n-3 fatty acids, which mammals 
cannot synthesize by themselves and thus need to consume in the diets to humans.  Health effects of 
omega-3 PUFA intake are well demonstrated for the prevention of hypertension, cardiovascular 
diseases, type 2 diabetes, rheumatoid arthritis, Crohn’s disease and cancer, as well as in improving the 
development and functioning of the brain, retina and test is (Banning 2005; Connor, 2000; 
Simopoulos et al., 1999). 

These benefits include the decrease in cancer incidence, cardiovascular diseases, hypertension, 
arthritis and improving of visual acuity (Wright et al., 1998; Ruxton et al., 2004). 
Increasing the level of α-linolenic acid, n-3 fatty acid and other polyunsaturated long-chain fatty acids 
(LC PUFA) in addition to reducing the proportion of C16:0 can be considered an attractive way to 
modify milk composition and would increase human consumption of milk and dairy products (Oba et 
al. 2009). Dietary recommendations suggest that the consumption of omega- 3 LC PUFA should be 
increased and the dietary guidelines formulated by the UK Joint Health Claims Initiative (Baldwin 
and Rice, 2004) suggest an intake of PUFA especially eicosapentaenoic acid (EPA) plus 
docosahexaenoic acid (DHA) at least 0.45 mg per person per day. These fatty acids are associated 
with reduced susceptibility to cardiovascular diseases (Breslow, 2006).      

Flaxseed (Linumus itatissimum) is one of the primary dietary sources of α-linolenic acid, which 
constitutes 180 g/kg of the total fatty acids (Mustafa, et al. 2003). Flaxseed ingestion has been linked 
to reduce risk for cardiovascular disease and has a potential role in the management of diabetes and 
hypercholesterolemia (Paschos et al. 2008; Zhang, et al. 2008). There is a market for flaxseed meal as 
animal feeding, human nutrition and poultry feed as it increases levels of omega 3 fatty acid in eggs 
(Rebolé et al. 2002). A significant increase in CLA and linolenic acid of milk and cheese can be 
achieved by flaxseed supplementation to ewe's diet (Zhang et al. 2006).  Also, feeding cows with 
whole flaxseed is as effective as rolled flaxseed at increasing absorption of linolenic acid 
concentration and its appearance in milk fat (Oba et al. 2009). 

Feeding dairy cows a ration containing whole flax seeds (linseed), flax (linseed) oil or milled, 
extruded or micronized linseed has five beneficial effects on the fat profile of cow's milk increasing 
the content of alpha-linolenic acid (ALA); increasing the content of conjugated linoleic acid (CLA); 
increasing the omega-3 ratio; decreasing the overall saturated fat content; and increasing the 
proportion of stearic acid relative to other saturated fatty acids. These enhancements to the fat profile 
of milk give consumers value-added foods with good sensory qualities and a healthier fat profile. 

Petit, (2002) adding whole linseed to the rations of dairy cows resulted in the lowest omega-
6/omega-3 ratio in milk compared with when the cows ate micronized soybeans or sunflower seeds. 
The omega-6/omega-3 ratio was highest (8.5:1) in the milk from cows fed a ration supplemented with 
Megalac, which is rich in palmitic acid (16:0), and lowest (3.5:1) in milk samples from cows fed a 
ration supplemented with whole linseed. The ratio in milk fat was lower in samples obtained from 
cows fed whole linseed (1.7:1 to 2.3:1) than in samples obtained from cows fed whole sunflower seed 
(about 8:1). Treating seeds with formaldehyde did not affect the ratio (Petit, 2003). 

Human diets rich in omega-6 fats result in a high omega-6/ omega-3 ratio. A high dietary 
omega-6/omega-3 ratio is linked with low-grade chronic inflammation that contributes to diseases 
such as alzheimer disease, cancer, coronary heart disease, metabolic syndrome, obesity, type 2 
diabetes, osteoporosis and even dry eye syndrome. Morris, (2007), found that reducing the omega-
6/omega-3 ratio helps decrease inflammatory reactions and lowers the risk of chronic disease. A 
dietary ratio between 4:1 and 10:1 is recommended. Gebauer et al. (2006) found that improving the 
ratio can be achieved by eating less omega-6 fats, eating more omega-3 fats or doing both. Buying 
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milk and meat products with a low omega-6/omega-3 ratio helps improve the dietary mix of fatty 
acids in the human diet. 

In Egypt, yoghurt or fermented milk is a very popular flavorful and healthful dairy product. Its 
production and consumption is growing continuously due to its therapeutic properties beside its high 
nutritive value (Karagul, et al. 2004). The health promoting properties of live lactic acid bacteria in 
yoghurt include protection against gastrointestinal upsets, enhanced digestion of lactose and help the 
body assimilate protein, calcium and iron (Marona and Pedrigon, 2004). The development of 
functional dairy products such as milk and yoghurt based on supplemented linseed is an interesting 
approach.  

So, the objectives of this work were to 1- use different source of energy in concentrate feed 
mixture for lactating cows, and using of Linseed meal, linseed and linseed oil were used as source of 
energy and study its effect on milk chemical composition and fatty acid profile.             
2- Evaluate milk donated from cows fed whole linseed or linseed meal or linseed oil and using them 
in manufacture of yoghurt and study its effect on their chemical composition, fatty acid profile, 
sensory evaluation and the microbiological contents. 
 
Materials and Methods 
 
Materials 
 
Milk:  

Fresh cow milk was obtained from the herd supply of the Karada station, Animal Production 
Research Institute, Agriculture Research Center, Giza, Egypt. 

This experiment was carried out at El-Karada the Experimental Station of Animal Production 
Research Institute belonging to Agriculture Research Center during summer season 2014-2015. 

 
Feeding Trial:  

Sixteen lactating dairy cows average 500±15.26 kg/body weight, were chosen and divided into 
four similar experimental feeding groups (4 in each). Animals in all of the experimental groups were 
housed under open loose system barns. The groups of animals were randomly assigned to receive four 
experimental ration containing concentrate feed  mixture which included zero%, 9% linseed meal, 6% 
linseed and 3% linseed oil as source energy supply from the previous material was represent  about 
10% from total energy of concentrate feed  mixture. All animals received concentrate feed mixture 
plus roughage with rate of 50:50 according NRC (2001).The roughage were berseem hay and straw 
with rate of 1:1 concentrate feed  mixture were offered to animals at 8.00 a.m and 3:00 p.m followed 
by berseem hay which rice straw were available all day. All experimental rations were isonitrogenous 
and isoenergetic. The feeding trial tested 90 days. During experimental trials, milk yield were 
determined and its composition were estimated. 

The composition of concentrate feed mixture used in this experiment are shown in table (1). 
 
Table 1: Ingredient of concentrate feed mixture (CFM) containing different source of energy. 

Item CFM of Experimental ration 
A B C D 

Crushed corn 40 38 35 25 
Soybean  meal 6.5 3 4 4 
Wheat brain 24 22 20 24 
Sunflower meal 23 21.9 26.5 33 
Linseed meal 0 9 0 0 
Whole linseed  0 0 6 0 
Linseed oil 0 0 0 3 
Molasses 3 3 5 7.5 
Na Cl salt 1 1 1 1 
Limestone 2 2 2 2 
Minerals mix.  0.5 0.5 0.5 0.5 

A: control.        B: CFM Containing linseed meal         C: CFM Containing linseed.            D: CFM Containing linseed oil. 
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Digestibility trial and rumen parameters: 
 

During the feeding trial feces samples were collected for three successive days via bag 
technique from each animal to determine total tract apparent nutrient digestibility using acid insoluble 
ash(AIA) technique as internal marker according to Van- Keulen and young (1977). 
 
Table 2: Chemical composition of concentrate feed mixture containing linseed as seed, meal or oil as source 

energy, barseem hay and rice straw. 

Items DM(%) 
Chemical composition DM basis (%) 

OM(%) 
CP CF EE NFE ASH 

Barseem hay 88.93 12.17 29.07 2.74 42.45 13.57 86.43 
Rice straw 92.11 4.05 39.89 1.50 41.61 12.95 87.05 
Linseed 93.04 18.29 42.16 27.30 8.55 3.7 96.30 
linseed meal 91.51 28.90 7.57 8.52 44.35 10.66 89.34 
               *Concentrate feed mixture  

A 88.02 16.11 9.87 3.04 64.11 6.96 93.04 
B 88.02 16.75 9.69 3.25 63.28 7.03 92.97 
C 88.00 16.42 10.34 4.76 61.28 7.20 92.80 
D 88.10 16.85 11.75 4.93 61.64 4.83 95.17 

A: control.  * Concentrate feed mixture of ration B, C and D containing linseed meal , linseed and linseed oil as a source of 

omega three , respectively. 

Also, ruminal fluid samples were collected at the end of the experiment using stomach tube 
before feeding then at 2 and 4 hrs after feeding. Samples of rumen content, for each animal, were 
filtered through four layers of cheesecloth, and then ruminal pH was immediately recorded using 
digital pH meter, then, samples were stored at -20oC for latter analyses. 

 
Bacteria 
 

Traditional yogurt culture (1:1 ratio of Lactobacillus bulgaricus and Streptococcus 
thermophilus; YC-180, Bifidobacterium lactis Bb. 12 and Lactobacillus casei 01 were obtained from 
Chr. Hansen Laboratories, Copenhagen, Denmark. Bifidobacterium aldolescentis ATCC 15704 was 
obtained from the Egyptian Microbial Culture Collection [EMCC] at Cairo Microbiological 
Resources Center (Cairo MIRCEN) Faculty of Agriculture, Ain Shams University were selected for 
this study. 

Cultures of lactobacilli and bifidobacteria were propagated for 24h at 37oC in modified Difco 
MRS Broth or slant medium containing 0.05% cystein -HCl (MRSC). 

  
Growth and preservation media: 
 

Cultures of lactobacilli and bifidobacteria were propagated for 24h at 37oC in modified 
lactobacilli Difco MRS Broth. Stock cultures of lactobacilli was made by mixing a pure culture that 
had been grown over night with an equal volume of 10% glycerol solution and storing at -20oC until 
experimental use (Van Den Berg et al., 1995).The microbial count of the lactic acid bacteria in the 
fermented milk samples was determined using Lactobacilli MRS agar (Difco, Detroit, Mich., U.S.A.).  
Potato dextrose agar was using for yeasts & moulds count. 
Chemicals:  Chemicals used in this study were of the analytical grade. 
 
Methods: 
 

Milk analyzed for total fat, lactose and total protein contents by near infrared analysis using a 
milkoscan (model 130 series – type 10900 FOSS electric– Denmark). 
Milk: Milk samples, control (C1), (C2), (C3) and (C4) donated from animals fed control diet or whole 
linseed, or linseed oil or linseed meal respectively. 
Chemical analysis of functional yoghurt: 
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Functional yoghurt analyzed for titratable acidity, pH values, total solids and fat contents in 
fermented milk samples were determined according to AOAC, (2012).  

The pH value was measured by using laboratory microprocessor pH meter model. Hanna HI 
852, Germany. Fat and omega 3 content of the cow milk (obtained from cows fed with ration 
supplemented with whole linseed, linseed meal or linseed oil as the lipid source) were determined 
according to the AOAC (1998). 

 
Fatty acids analysis 
 

Milk samples and functional yoghurt samples were extracted and methylated according to the 
method 996.06 of the AOAC (1998). Tritridecanoin (Sigma, Oakville, ON, Canada) was used as the 
internal standard. Individual FA was identified by comparison of gas chromatography peaks with 
known standards (GLC-463; Nu-Chek Prep Inc.). Fatty acid methyl esters were separated on an 
Agilent 6890 GLC fitted with an Agilent auto sampler (model 7683, Agilent injector, Agilent Ltd., 
Mississauga, ON, Canada) and a flame ionization detector. Agilent Chemstation Rev. B.01.03 (204) 
software was used for chromatogram integration and analysis. Samples were introduced onto a 100m 
Supelco (Oakville, ON, Canada) SP- 2560 column (part number 24056) via 1μl splitless injections. 
The temperature program was: level one, 45oC held for 4min; level two, 45-150 oC at 13.00/min 
increments, then held for       47 min; level three, 150–215oC at 4oC / min increments, then held for 35 
min. The injector temperature was set at 250 oC and the detector was set at 260oC. Column head 
pressure was set at 30 psi. A 4 mm i.d. splitless injection liner (Agilent Ltd., Mississauga, ON, 
Canada) was used for all injections. Gas flow rates were: helium (carrier) 1.1 ml/min, helium (make 
up) 25 ml/min, compressed 350 ml/min and hydrogen 35 ml/min. 

 
Experimental procedures: 
 
Functional yoghurt manufacture: 
 

The  milk sample was divided into two groups; the first group (cow milk was obtained from 
cows fed with control diet)was used as a control (C1) while the second group of milk obtained from 
cows fed ration supplemented with 6% whole linseed (C2), 9 % linseed meal (C3) and 3%  linseed oil 
(C4). The first and group the second groups of milk samples (control C1, C2, C3 and C4) were 
standardized to about 12.0% total solids using skim milk powder, heated to 85oC for 10 min, cooled to 
42oC then inoculated with (3%) of yogurt mixed culture (Lactobacillus delbrueckii subsp. bulgaricus 
and Streptococcus salivarius sub sp. thermophilus (1:1).While the second group of milk were 
standardized to 15.0 milk solids using skim milk powder, heated to 85oC for 10 min, cooled to 42oC 
then it was divided into nine portions; the first portion of milk obtained from cows fed ration 
supplemented with 6% whole linseed (T1) was inoculated with (3%) Bifidobacterium lactis Bb.12, the 
second portion of milk obtained from cows fed ration supplemented with 9% linseed meal was 
inoculated with (3%) B. lactis Bb.12 (T2) and the third portion of milk obtained from cows fed ration 
supplemented with 6% whole linseed was inoculated with (3%) B. lactis Bb.12 (T3) the fourth portion 
of milk obtained from cows fed ration supplemented with 6% whole linseed was inoculated with (3%) 
Lactobacillus casei 01 (T4), the fifth portion of milk obtained from cows fed ration supplemented with 
9% linseed meal was inoculated with (3%) L. casei 01 (T5), the six portion of milk obtained from 
cows fed ration supplemented with 3% linseed oil was inoculated with (3%) L. casei 01 (T6), the 
seventh portion of milk obtained from cows fed ration supplemented with 6% whole linseed was 
inoculated with (3%) Bifidobacterium aldolescentis ATCC 15704 (T7), the eighth portion of milk 
obtained from cows fed ration supplemented with 9% linseed meal was inoculated with (3%) B. 
aldolescentis (T8) and the ninth portion of milk obtained from cows fed ration supplemented with 3% 
linseed oil was inoculated with (3%) B. aldolescentis (T9). 

The inoculated samples were incubated at 42oC until coagulation, and packed in plastic cups. 
All samples were stored at 5 ± 2oC for 21 days and sampled after 1, 7, 15 and 21 days for chemical 
analysis, microbiological and sensory evaluation. All experiments were carried out in triplicate. 
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Microbiological analysis of functional yoghurt: 
 

The microorganisms content of functional yoghurt samples was determined as follows: Total 
bacterial counts (TBC) were enumerated on Plate Count Agar (Oxoid, Ltd), following the pour plate 
method, incubated at 37 for 48 hrs (APHA 1992). Coliform groups were detected according to FDA 
(2002) using Violet Red bile Agar (Difco) and the plates were incubated at 32 -35oC for 24 hrs. 
Moulds and yeasts were counted on Potato Dextrose Agar media (Oxoid, Ltd) adjusted to pH 3.5 and 
incubated at 25 oC for 4-5 days according to FDA (2002). Proteolytic bacteria were counted on 
supplemented skim milk (10 %) then incubated at 32oC for 48 hrs as described by Frank et al. (1992). 
Lipolytic bacteria were enumerated on Tributyrim Agar (Oxoid, Ltd) incubated at 30oC for 48 hrs 
according to the method described by Luck (1981). Lactic acid bacteria count: Yoghurt starter 
Lactobacillus delbrueckii sup sp. bulgaricus and Streptococcus salivarius sup sp. thermophilus were 
counted anaerobically on MRS agar medium at 37oC for 48 hrs and aerobically on M 17 agar medium 
at 37oC for 48 hrs according to the method described by Dave and Shah (1996). Lactobacilli count 
was determined anaerobically using MRS agar (Difco, Detroit, Mich., U.S.A.) and Bifidobacteria 
counts was determined anaerobically using modified MRS agar supplemented with 0.05% L-Cystein 
and 0.3% lithium chloride according to Dave and Shah (1996). 
Syneresis measurement: Syneresis (%) was expressed as volume of drained whey per 100 ml sample 
Rodarte, et al. (1993). 
 
Sensory Evaluation 
 
 Sensory Analysis:  
 

Fifteen panelists from the staff members of the Dairy Science Dept., Animal Production 
Research Institute. Functional yoghurt samples were sensory evaluated fresh and during the cold 
storage period for 21 days were evaluated by panelists according to the scoring sheet outlined by 
Nelason and Trout (1956).  

All the treatments analysed when fresh and every week during storage period (for 3 weeks) at 
5oC±2oC. 

 
Statistical analysis 
  

All data collected for lactation, digestibility trials and milk and functional yoghurt were 
subjected to statistical analysis as one-way analysis of variance using SAS (1999), according the 
model. (Duncan, 1955) was used to separate means when the dietary treatment effect was significant 
(P < 0.05).  

 
Results and Discussion 
 

Table (3) shows that linseed (flaxseed) is rich in fat, protein and dietary fiber. These results 
are in agreement with those obtained by Vijaimohan et al. (2006) who reported that the chemical 
analysis of linseed average of about 30- 45% oil, includes 51-55 % α-linolenic acid, (18:3 n- 3 omega-
3 fatty acids), a precursor to eicosapentanoic acid, 20-25% protein, 20-28 % total dietary fiber, 4-8 % 
moisture and 3-4 % ash. The composition of linseeds can vary with genetics, growing environment, 
seed processing and methods of analysis. Linseeds contain substantial amounts (5-8%) of soluble 
fiber mucilaginous material and it has a high water holding capacity (Vijaimohan et al., 2006). 
Linseed is naturally low in saturated fatty acids (11.35%) and contains a moderate amount of 
monounsaturated fatty acids (21.92%) as shown in table 1. Roughly, 66.12% of the fatty acids in 
linseed oil are polyunsaturated fatty acids. 

Linseed is rich in a- linolenic acid, omega-3 fatty acids (50.51%) it contains a low amount of 
linoleic acid and omega-6 fatty acids (15.61%). Due to the high a- linolenic content, linseed has 
omega-6/omega-3 fatty acid ratio of (0.309:1). These results are in agreement with those obtained by 
Bahagat (2010) and El-Beltagi et al. (2007) who found that fatty acids analysis of the linseed of the 
cultivars grown in Egypt contained 46-50% linolenic acid whereas the mean value of linoleic acid, 

http://onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2006.00010.x/full
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oliec acid and stearic acid were 18.20, 22.0 and 3.70% respectively. Similar results were also obtained 
by Nykter et al. (2006) and Choo et al. (2007). 

 
Table 3: The chemical composition and fatty acids content of linseed. 
Items % 
Moisture content 4.68 
Ash 4.10 
Total protein 23.76 

Total carbohydrates 18.84 
Crude fiber 10.09 
Total fat 43.21 

Fatty acids (as % of total fatty of acids) 

C16:0 ( Palmtic acid) 6.738 

C16:1n-7 (Palmitoleic acid) 0.100 
C18:0 ( Stearic acid) 4.616 
C18:1n-9 (Oleic acid) 21.819 

C18:2 n-6 (Linoleic C18:3 n-3  50.509 
C18:3 n-3 (α- Linoleic acid)  50.509 
Saturated fatty acids (SFA) 11.354 
Unsaturated fatty acids (USFA) 88.036 
Mono-unsaturated fatty acids (MUFA) 21.919 
Poly-unsaturated fatty acids (PUFA) 66.117 
Total n-6 15.608 
Total n-3 50.509 
PUFA n-6/ n-3 0.309:1 

SFA / PUFA 0.129 

 
Daily milk yield and its composition: 
 

Data presented in table (4) revealed that the actual milk yield were 12.06 , 15.40 , 13.01 and 
12.76 Kg with animals fed rations A (control), B, C and D (ration containing linseed meal, linseed and 
linseed oil) respectively. The corresponding values as FCM yield were 10.61, 13.60, 11.25 and 11.38 
Kg for respective rations. 

 
Table 4: Average daily actual and fat corrected fat milk (FCM) and its composition. 
Items A Control B WLS C MSL D LSO 
Av. Milk yield (Kg/head/day) 

Av. Actual Milk yield 12.06c 15.40a 13.01b 12.76b 

Av. 4% FCM yield 10.61b 13.60a 11.25b 11.38b 

Av. Milk composition and its yield  
Fat% 3.21 a 3.22 a 3.10 a 3.28 a 
Fat yield (gm/cow/day) 387 d 496 a 403 c 419 b 
Protein% 2.67 c 2.64 b 2.68 a 2.60 d 
Protein yield (gm/cow/day) 322 d 407 a 349 c 332 d 
Lactose% 4.71 c 4.72 c 4.87 a 4.74 b 
Lactose yield (gm/cow/day) 568 d 727 a 634 b 605 c 
Total solids% 11.30 a 11.27 a 11.22 b 11.28 a 
Total solids yield (gm/cow/day) 1363d 1736 a 1459 b 1439 c 
Solids not fat% 8.09 a 8.05 a 8.12 a 8.00 a 
Solids not fat yield (gm/cow/day) 976 d 1240 a 1056 b 1020 c 
a, b, c and d: Means of different letter in the same raw are significant different.                                                                                                                
A, B, C and D: Concentrate feed mixture of  ration A, B, C and D containing control ration, linseed meal, linseed and linseed 

oil, respectively. 
 
 The results showed that the milk yield either actual or corrected milk appeared to significant 

(P<0.05) higher than the adults as shown in table (4) Increasing milk yield and FCM yield with 
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animals fed ration B (containing linseed meal) might be due to increase energy content of that ration. 
There results were agreement with the finding of Depeters and Cant, (1992) and Chilliard et al., 
(2001). 

On the other hand, all component of milk composition showed no significant difference among 
different experimental rations. Fat, protein, T.S, SNF and lactose percentage and their yield were no 
significant affect by different experimental rations.  

 However somewhat higher in fat percentage was recorded with animals fed ration D 
(containing linseed oil) with animals fed ration A (Control) tended to higher of protein and T.S 
percentage. The results were in agreement with those reported by Abu Ghazalehal et al. (2007); Bu et 
al. (2007) and Chilliard, et al. (2001). 

Data presented in Table (5) showed that the highest feed cost per head per day was recorded 
with group fed ration B (29.336 LE) versus the lowest feed cost. At the same time , groups fed ration 
B gave the highest milk yield with the highest cost of milk yield (61.600 LE) while groups fed ration 
A gave the lowest milk yield with the lowest cost of milk yield (48.240 LE). So the animals fed ration 
B (containing linseed meal) showed the lowest feed cost to get one kg both actual or 4% FCM yield. 
According, animals of this group appeared to have the highest economical efficiency and grass margin 
above feed cost, being 21,100 and 1.998 respectively. The profit for kg actual milk or the 4% FCM 
yield showed the same pervious trend, recording 2.095 and 2.372 LE, respectively. Moreover, 
increasing in profit for kg milk either actual or 4% FCM yield was significantly (p<0.05) higher those 
of the others. 

Generally animals fed ration containing linseed meal had the highest milk yield, giving the 
highest net revenue with more net profit per both actual kg milk and fat corrected milk yield. 
Also, using linseed meal as source of energy in ration or linseed or linseed oil did not significantly 
affected in fed cost or gross margin above feed cost and net revenue. 
 
Table 5: Average daily feed intake as feed, milk yield, feed cost and economical efficiency with different 

experimental ration.   

Items 
Experimental ration 

A B C D ±SE 
Av. Daily feed intake as fed   (Kg/head/day) 
Concentrate feed mixture  7.285 b 7.651 a 7.574 a 7.523 a  
Berseem hay  2.433 b 2.530 a 2.496 a 2.484 b  
Wheat straw  4.698 c 4.887 a 4.828 b 4.498 a  
Av. Milk yield (Kg/head/day) 
Av. Actual Milk yield 12.06 d 15.40 a 13.01 a 12.76 c  
Av. 4% FCM yield 10.61b 13.60a 11.25b 11.38b 1.538 
Feed cost and economical efficiency  
Cost of feed intake (LE /h) 28.440 b 29.336 a 28.990 a 29.022 a  
Cost of milk yield(LE /h) 48.240 c 61.600 a 52.040 b 51.040 b  
Av. Daily feed cost   / Kg milk yield  2.358 a 1.905 c 2.228 b 2.274 b  
Av. Daily feed cost    / 4% FCM yield  2.680 a 2.157 d 2.577 b 2.550 c  
Av. Net revenue (LE /h) 19.800 c 32.264 a 23.050 b 22.018  
Economical efficiency 1.696 c 2.100 a 1.795 b 1.759 c  
Gross margin above feed cost (LE) 0.69 c 1.998 a 0.795 b 0.759 b  
Improvement in economical efficiency - 23.82 a 5.84 b 3.71 c  
Profit  /Kg milk yield   1.642b 2.095a 1.772 b 1.726 b  
Profit  /Kg 4% yield   1.866 b 2.372a 2.049 b 1.935 b  
a, b and c: Means of different letter in the same raw are significant different.    
A, B, C and D: Concentrate feed mixture of  ration A, B, C and D containing control ration, linseed meal, linseed                                           
and linseed oil, respectively. 
 

Fatty Acid Composition of Different Milk and functional yoghurt Samples 
 

Table 6 shows that milk obtained from lactating cows fed control diet (C) (without whole 
linseed or linseed oil or linseed meal) and milk obtained from lactating cows fed ration contain whole 
linseed or linseed oil or linseed meal (WLS, WLO and WLM) contained slightly lower amounts of 
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short-chain and medium- chain fatty acids (C6- C10) while C16.0 was slightly higher than both milk 
from lactating cows fed ration contain whole linseed or linseed oil or linseed meal (WLS, WLO and 
WLM). Kholif et al. (2011) found that flaxseed supplementation to a buffaloes ration can be used as a 
nutritional strategy to reduce concentrations of saturated fatty acids and increase long-chain and 
polyunsaturated fatty acids in milk compared with control samples and a significant increase in CLA 
and linolenic acid of milk can also be achieved by flaxseed supplementation to buffaloes ration as 34 
g/kg DM.  Mihaiu  et al. (2010) reported that buffalo and cow milks contains high levels of short 
chain fatty acids C10 - C14, and of steric acid and a small amount of oleic acid, which stands for 
33.5% at a cow and 24% at buffalo. Feeding flaxseed supplementation improved composition and 
nutritional properties, fatty acid profile and the CLA content of milk from cows produced during 
summer months (Caroprese et al., 2010).   
 
Table 6: Milk fatty acid composition (g/100 g FA)* in raw milk from cows fed ration contains whole linseed or 

linseed oil or meal of linseed. 
Raw milk samples 

Fatty acids 
CM CO C S C 

1.20 b 1.22 b 1.25 b 1.36a C4:0 

1.03 b 1.08 b 1.06 b 1.21a C6:0 
0.52 b 0.55 b 0.57 b 0.68a C8:0 
1.18 c 1.20b 1.25b 1.49a C10:0 
1.40b 1.45b 1.51b 1.76a C12:0 
6.87b 6.87b 6.92b 7.84a C14:0 

22.42b 22.97b 23.46b 28.97a C16:0 
0.79 b 0.82 b 0.83 b 0.91a C17:0 
1.19 c 1.25 b 1.22 b 3.72a C18:1 trans-9 
1.01c 1.06 b 1.08 b 2.93a C18:1cis-9 
0.46b 0.57 a 0.55 a 0.26c C18:2 trans-9,12 
1.15c 1.25 b 1.20 b 2.02a C18:2 cis-9,12 
1.41b 1.51a 1.45a 0.29c C 18:3 cis-6,9,12 
6.62b 6.92a 6.87a 0.54c C18:3 cis-9,12,15 

24.26b 23.46a 22.97a 1.53b CLA cis-9, trans-11 
0.18a 0.33a 0.28ab 0.12b CLA trans, trans -9,11 

24.44b 23.79b 23.25a 1.65c Total CLA 

0.03a 0.06a 0.04a 0.01b C20:5 n-3, EPA 

0.02b 0.04a 0.03a 0.02b C22:4 n-6 
0.05a 0.07a 0.06a 0.03b C22:5 n-3 
0.03a 0.06a 0.04a 0.01b C22:6 n-3, DHA 

40.00d 57.14b 50.00c 66.66a 2n-6//3n-3 
Each value represents an average of four samples,   a, b, c, d Means within a row with different superscripts are significantly 
different (p<0.05).  
C: milk from ration with no supplemented as positive control diet. 
CO:  milk from ration supplemented with 3% linseed oil.      
CS:  milk from ration supplemented with 6% whole linseed.                                                     
CM: milk from ration supplemented with 9% linseed meal   .  
2Calculated as trans-9, 12-C18:2 + cis-9, 12-C18:2+ cis-6, 9, 12-18:3 + C22:4 n-6, 3Calculated as C20:5 n-3 + C22:5 n-3 + 
C22:6 n-3.n-6= omega-6 fatty acids, n-3 = omega-3 fatty acids and CLA (conjugated linoleic acid). 

 
It could also, be seen from Table 6 that milk obtained from cows fed of ration with whole 

linseed or linseed oil or linseed meal significantly increased the total concentrations of CLA and 
omega-3 fatty acids than the milk obtained from cows fed control diet (C). These results could be due 
to the high amount of - linolenic acid (50.51%) and omega-3 fatty acids (46.51%) in the linseed as 
shown in table 1. Feeding lactating cows ration contain whole linseed or linseed oil or linseed meal 
(WLM) decreased the concentrations of saturated fatty acids and increased the concentrations of 
unsaturated fatty acids followed by (WLO) followed by (WLS) compared with the control. The n-6/n-
3 ratio (as shown in table 6) of ration supplemented linseed meal was the lowest (40.0), followed by 
ration supplemented with whole linseed (50.0) followed by ration supplemented with whole linseed 
oil (57.14) then the highest n-6/n-3 ratio in control milk (C) was (66.6), this could be due to the low 
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ratio of n-6/n-3   in linseed 0.321: 1 as shown in table 1. Proportions of CLA, omega 3 fatty acids and 
unsaturated fatty acids are a good indicator for healthy milk and fermented milk for consumers. 

Table 7 shows that functional yoghurt made from milk obtained from cows fed control diet (C) 
and yoghurt made from milk obtained from lactating cows fed ration contain whole linseed or linseed 
oil or linseed meal (WLS, WLO and WLM) contained slightly higher amounts of C18:1 trans-9 than 
both milk from lactating cows fed ration contain whole linseed or linseed oil or linseed meal (WLS, 
WLO and WLM). It could also, be seen from table 7 that all treatments of functional yoghurt made 
from milk obtained from cows fed of ration with whole linseed or linseed oil or linseed meal 
significantly increased the total concentrations of CLA and omega-3 fatty acids than the milk obtained 
from cows fed control diet (C1). These results could be due to the high amount of - linolenic acid 
(50.51%) and omega-3 fatty acids (46.51%) in the linseed as shown in table 1. 

Table 7,  also shows that functional yoghurt made from milk obtained from lactating cows fed 
control diet (C) and yoghurt made from milk obtained from lactating cows fed ration contain whole 
linseed or linseed oil or linseed meal (WLS, WLO and WLM). using Bifidobacterium aldolescentis 
ATCC 15704 in functional yoghurt made from cow milk obtained from cows fed with WLM decrease 
the value of omega-6/omega-3 ratio (n-6/n-3 ratio) in three yoghurt treatments (T7, T8 and T9) 
compared with all  treatments. The lowest value of n-6/n-3 ratio in yoghurt treatments found in T7 
treatment was (20.0), followed by T9 treatment (20.08) followed by, T2 treatment (20.99) compared 
with other treatments, but the highest value of  n-6/n-3 ratio found in the control yoghurt (C1) (45.83), 
this could be due to the low ratio of n-6/n-3 in linseed (0.321 : 1) as shown in Table 1. Proportions of 
CLA, omega 3 fatty acids and unsaturated fatty acids are a good indicator for healthy yoghurt for 
consumers. 
 
Chemical Composition of functional yoghurt 
 

Data in Table 8 indicated that functional yoghurt produced  from milk donated from cows fed 
rations supplemented with linseed oil (T1, T4 and T7) contained higher total solid and fat contents 
compared with other treatments while, protein content was not affected by treatments. These results 
are in contrary with those obtained by Zhang et al. (2006) and Dhiman et al. (1999) who found fat, 
protein and dry matter contents in cheese were not affected by dietary oil seed supplementation. Data 
present in Table (8) also shows that there are a slightly difference in chemical composition of 
functional yoghurt between all treatments. 

Table (8) also show that production of lactic acid during fermentation reduces the pH of the 
milk to the isoelectric point (pH 4.6) of casein and contributes to the formation of a stable gel network 
with minimal syneresis. In general, treatments (T4, T5 and T6) produced from milk donated from cows 
fed rations supplemented with linseed oil or linseed or with linseed meal which contains L. Casei had 
significant effect on the degree of syneresis than the other yoghurt treatments. It is due to L. Casei 
which has proteolytic ability to grow and hydrolyze milk proteins (casein). 

Data present in Table (9) shows the effect of different Bifidobacterium strains or L. Casei on 
titratable acidity and pH value of functional yoghurt samples when fresh and during storage period at 
4°C +2 for 21 days. The data indicated that acidity increased and pH values decreased with increasing 
storage period in all treatments. These results are in agreement with the finding Mehanna and Gonc 
(1988) and El-Shibiny et al. (2005). 

Also, the data showed that the rate of developing both acidity and pH value during storage were 
lower in case of functional yoghurt made with L. Casei or Bifidobacterium lactis than control. These 
results are in accordance with the finding of El-Shibiny et al. (2005). Also, the data showed that the 
pH value was decreased with (T1, T2 and T3) compared with other treatments. This decrease may be 
due to the acidic effect of fatty acids of linseed. 

Figure (1) shows the  representative chromatogram of the fatty acid content of analyzed of  
functional yoghurt made from milk obtained from lactating cows fed control diet (C) and yoghurt 
made from milk obtained from lactating cows fed ration contain whole linseed or linseed oil or 
linseed meal (WLS, WLO and WLM). 
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Table 7: Milk fatty acid composition (g/100 g FA)* in functional yoghurt made from milk obtained from cows fed ration contain whole linseed or                                                                           
linseed oil or meal of linseed. 

 

Yoghurt Treatments 1 
Fatty acids 

B. aldol L. casei. B. lactis YC 

T9 T8 T7 T6 T5 T4 T3 T2 T1 C4 C3 C2 C1  

1.25 1.19 1.22 1.25 1.19 1.22 1.25 1.19 1.22 1.25 1.19 1.22 3.24a C18:1 trans-9 

1.06 1.01 1.08 1.06 1.01 1.08 1.06 1.01 1.08 1.06 1.01 1.08 1.8a C18:1 cis-9 

2.77a 2.46a 1255a 2.77a 2.46a 2.55a 2.67a 2.44a 2.64a 2.67a 2.46a 2.27a 2.25a C18:2 trans-9, 12 

1.75b 1.53c 1.33 b 1.59 b 1.12c 1.19b 1.84 b 1.14c 1.17 b 1.23 b 1.13c 1.19 b 2.00a C18:2 cis-9, 12 

1.39a 1.42b 1.37a 1.50a 1.41b 1.38a 1.48a 1.39b 1.44a 1.50a 1.40b 1.45a 0.22a C 18:3   n-6 

6.92a 6.61b 6.85a 6.90a 6.62b 6.87a 6.92a 6.62b 6.87a 6.92a 6.62b 6.87a 0.48b C18:3  n-3 

23.4b 24.22a 22.94c 23.46b 24.26a 22.97c 23.46b 24.26a 22.96c 23.45b 24.25a 22.97a 0.82a CLA cis-9, trans-11 

0.30b 0.18c 0.26ab 0.33a 0.17c 0.25ab 0.31a 0.16c 0.28ab 0.35a 0.18b 0.28ab 0.34a CLA trans,  trans -9, 11 

23.76a 24.40a 23.20b 23.79a 24.43a 23.22c 23.77 a 24.42a 23.24b 23.80a 24.44a 23.25 b 1.16 c Total CLA2 

20.08 21.48b 20.00b 21.73b 21.14b 20.08b 21.38b 20.99b 21.16b 21.15b 21.14b 21.10b 45.83a 2n-6//3n-3 
Each value represents an average of four samples, a,b,c Means within a row with different superscripts are significantly different (p<0.05).    
Treatments 1:  
C1: fermented milk made from yogurt culture and normal cow milk from cows fed with control diet (control 1).      
C2:  fermented milk made from yogurt culture and cow milk from cows fed with Linseed oil (control 2).      
C3: milk made from yogurt culture and cow milk from Cows fed with Linseed meal (control 3).    
C4: milk made from yogurt culture and cow milk from cows fed with Linseed (control 4).      
T1: fermented milk made from B. lactis and cow milk from cows fed with Linseed oil.     
T2: fermented milk made from B. lactis and cow milk from cows fed with Linseed meal.        
T3: fermented milk made from B. lactis and cow milk from cows  
T4: fermented milk made from L. casei and cow milk from cows fed with Linseed oil       
T5: fermented milk made from L. casei and cow milk from cows fed with Linseed meal.  
T6: fermented milk made from L. casei and cow milk from cows fed with Linseed.  
T7: fermented milk made from B. aldolescent and cow milk from cows fed with Linseed oil.    
YC: yogurt culture.   B. lactis: Bifidobacterium lactis.  L. casei.: Lactobacillus casei.  B.aldol.: Bifidobacterium aldolescent.  2n-6= omega-6 fatty acids3             n-3 = omega-3     CLA (conjugated linoleic acid).                                                 
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http://europepmc.org/wicket/bookmarkable/uk.bl.ukpmc.web.utilities.redirect.RedirectPage?table=t5-ajas-27-7-951-6/&articles=PMC4093560
http://europepmc.org/wicket/bookmarkable/uk.bl.ukpmc.web.utilities.redirect.RedirectPage?table=t5-ajas-27-7-951-6/&articles=PMC4093560
http://europepmc.org/wicket/bookmarkable/uk.bl.ukpmc.web.utilities.redirect.RedirectPage?table=t5-ajas-27-7-951-6/&articles=PMC4093560
http://europepmc.org/wicket/bookmarkable/uk.bl.ukpmc.web.utilities.redirect.RedirectPage?table=t5-ajas-27-7-951-6/&articles=PMC4093560
http://europepmc.org/wicket/bookmarkable/uk.bl.ukpmc.web.utilities.redirect.RedirectPage?table=t5-ajas-27-7-951-6/&articles=PMC4093560
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Table 8: Effect of type of milk and different starter culture son chemical composition of functional yoghurt treatments. 
 

Degree osyneresis (%) Total protein (%) Fat (%) Total solids (%)   
21  

days 
14  

days 
7  

days 
1  

day 
21  

days 
14 

 days 
7  

days 
1  

day 
21 

 days 
14  

days 
7  

days 
1  

day 
21 

 days 
14  

days 
7  

days 
1 

 day 
 

 

15.0 b 12.0b 11.0b 7.0b 2.60a 2.61a 2.69 a 2.70  a 3.12a 3.12 a 3.11 a 3.11 a 12.2a 12.2a 12.2a 12.2a C1 

 
YC 

16.0 b 11.0b 9.0b 7.0b 2.60 a 2.60 a 2.61 a 2.69 a 3.26a 3.27a 3.28a 3.28 12.14b 12.15b 12.15b 12.1b C2O 

18.0a 14.0b 12.0 b 6.0b 2.60 a 2.68 a 2.70 a 2.72 a 3.08 a 3.09 a 3.09 a 3.10 a 12.12a 12.14a 12.14a 12.12a C3M 

19.0 a 15.0b 11.0 b 7.0 b 2.58 a 2.67 a 2.70 a 2.70 a 3.20 a 3.21a 3.22a 3.22 a 12.15a 12.2a 12.2a 12.1a C4L 

50.0a 49.0a 47.0a 14.0b 2.61a 2.64 a 2.66 a 2.69 a 3.24a 3.26a 3.26a 3.28a 12.15b 12.15b 12.14b 12.1b T1 
B. lactis 

(3%) 
23.0 a 21.0b 19.0 b 16.0b 2.60 a 2.63 a 2.65 a 2.72 a 3.12a 3.12a 3.12a 3.11a 12.13a 12.12a 12.12a 12.1a T2 
31.0a 27.0a 21.0b 14.0b 2.61 a 2.65 a 2.67 a 2.70 a 3.20 a 3.21a 3.22a 3.22 a 12.3a 12.2a 12.2a 12.1a T3 
38.0 a 29.0 b 25.0 b 18.0b 2.51b 2.57b 2.63 a 2.69 a 3.20 a  3.23a 3.26a 3.28 a  12.o5a 12.o5a 12.05a 12.1a T4 L. casei 

(3%) 39.0 a 30.0 b 26.0 b 19.0b 2.50b 2.56b 2.65 a 2.72 a 3.06b 3.07b 3.08b 3.11b 12.12a 12.14a 12.15a 12.18a T5 
40.0 a 31.0b 27.0 b 19.0b 2.50b 2.55b 2.62 a 2.70 a 3.17a 3.20a 3.21a 3.22a 12.11a 12.15a 12.14a 12.17a 6 
32.0a 26.0a 19.0b 16.0b 2.63b 2.64 a 2.65 a 2.70 a 3.25a 3.26a 3.27a 3.28a 12.19a 12.2a 12.2a 12.1a T7 

B. aldol. 
(3%) 

35.0 a 22.0 b 19.0 b 15.0b 2.60 a 2.63 a 2.64 a 2.72 a 3.13b 3.13b 3.12b 3.12b 12.18a 12.2a 12.2a 12.1a T8 

33.0a 24.0a 21.0b 14.0b 2.62 a 2.65 a 2.66 a 2.70 a 3.21 a 3.22 a 3.22 a 3.22a 12.05a 12.07a 12.08a 12.1a T9 
a Means in the same column followed by the same letter (a to c) are not significantly different (p > 0.05).      Cultures1:  YC: yogurt culture.       B. lactis:  Bifidobacterium  lactis .              
 L. casei.: Lactobacillus casei.             B. aldol.: Bifidobacterium aldolescentis.             
Treatments2:   
C1: fermented milk made from yogurt culture and normal cow milk from Cows fed with control diet (control 1).                                          
C2:  fermented milk made from yogurt culture and cow milk from cows  fed with Linseed oil (control 2).     
C3: milk made from yogurt culture and Cow milk from Cows fed with Linseed meal (control 3).      
C4: milk made from yogurt culture and Cow milk from Cows fed with Linseed (control 4).                                                                                     
T1: fermented milk made from B. lactis and Cow milk from Cows fed with Linseed oil.                                                                                                                                                           
T2: fermented milk made from B. lactis and Cow milk from Cows fed with Linseed meal.                                                                                        
T3: fermented milk made from B. lactis and Cow milk from Cows fed with Linseed.                                                                                                                          
T4: fermented milk made from L. casei and Cow milk from Cows fed with Linseed oil.                                                                                                                                                                                                              
T5: fermented milk made from L. casei and Cow milk from Cows fed with Linseed meal.                                                                                                                                
T6: fermented milk made from L. casei and Cow milk from Cows fed with Linseed.                                                                                                 
T7: fermented milk made from B. aldolescenti sand Cow milk from Cows fed with Linseed oil.                                                                                                                                                                                                                                                
T8: fermented milk made from B. aldolescenti sand Cow milk from Cows fed with Linseed meal.                                                                                                                   
T9: fermented milk made from B. aldolescenti sand Cow milk from Cows fed with Linseed. 
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Fig. 1: Representative chromatogram of the fatty acid content of analyzed yoghurt samples:  (1) 4:0. 
(2) 6:0. (3) 8:0. (4) 10:0. (5) 11:0. (6) 12:0. (7) 14:0. (8) 14:1n-11. (9) 14:1n-9. (10) 14:1n-7. 
(11) 15:0. (12) 15:1n-7. (13) 16:0. (14)16:1n-1. (15) 16:1n-9. (16) 16:1n-7. (17) 17:0. (18) 
17:1n-7. (19) 18:0. (20) 18:1t. (21) 18:1n-9. (22) 18:1n-7. (23) 18:2n-6t. (24) 18:2n-6. (25) 
18:3n-3. (26) 18:2c9t11. (27) 23:0 (internal standard). 

 
 

Table 9: Effect of type of milk and different starter cultures on titratable acidity and corresponding PH during 
the cold storage period of functional yoghurt treatments.     

a Means in the same column followed by the same letter (a to c) are not significantly different (p >0.05).                                                                                  
 Cultures1:  YC: yogurt culture. B. lactis:  Bifidobacterium  lactis.. L. casei.: Lactobacillus casei.  B. aldol.:Bifidobacterium 
aldolescentis.                                                                                                                                                                                    
 Treatments2: See table 8 for details. 
 

 
 
 
 
 

pH Acidity (g lactic acid/100g) 
 
Treatments2 

 
Culture1 21 

Day 
14 

Day 
7                                      

Day 
1                                 

Day 
21                      

Day 
14 

Day 
7                              

Day 
1 

Day 
4.40c 4.50a 4.56a 4.64a 0.90a 0.87a 0.85a 0.8a C1 

 
YC 

4.37c 4.39b 4.57a 4.70a 0.82a 0.86 a 0.84b 0.79b C2O 

4.35c 4.40a 4.60a 4.69a 0.89a 0.87a 0.85b 0.80b C3M 

4.36c 4.38b 4.53a 4.68a 0.90a 0.86a 0.84b 0.8b C4s 

3.58c 3.71 b 4.07 b 4.99a 1.12a 0.92a 0.89b 0.85b T1 
B. lactis  
(3%) 3.57c 3.70 b 4.36 b 4.97a 1.11a 0.90a 0.88b 0.85b T2 

3.56c 3.71 b 4.37 b 4.98a 1.10a 0.90a 0.87b 0.85b T3 
3.75c 3.80b 4.06b 5.09 a 0.89a 0.86a 0.80 b 0.83b T4 L. casei 

(3%) 
 

3.70c 3.80b 4.09b 5.09 a 0.90a 0.87a 0.83 b 0.84b T5 

3.68c 3.78b 4.04b 5.08a 0.91a 0.88a 0.85b 0.82b T6 
3.75c 4.06b 4.10b 4.90a 1.14 a 0.93 a 0.84b 0.82b T7 

B. aldol.  
(3%) 

3.74c 4.05b 4.10b 4.80a 1.14 a 0.93 a 0.85b 0.80b T8 
3.73c 4.03b 4.09b 4.80a 1.13 a 0.95 a 0.86b 0.81b T9 
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Microbial analysis of functional yoghurt 
 
Total Bacterial Count 

 
The changes occurred in the mean log count of total bacteria count are illustrated in table (10) 

and indicated that control yoghurt C1 treatment contained less count than that in the other treatments 
(C2, C3, C4, T1, T2, T3, T4, T5, T6T7, T8, and T9). Similar results were obtained by Bahagat (2010), who 
found that the increasing flaxseed content ration from 3 to 7% increased the total bacteria count of 
Kareish cheese significantly compared to control samples. While, prolonging coldstorage decreased 
the total counts significantly. This could be due to the presence of PUFA in linseed which promoted 
the growth of lactic acid bacteria (KankaanpÎÎ et al. 2001). 
 
Detection of Moulds, Yeasts and Coliforms 
 

Moulds and yeasts were appeared after nine days in the control and after 15 days in both 
various lactic acid bacteria have the proteolysis ability. So, data presented in table (10), showed that 
the mean log of proteolysis bacteria did not change significantly among all treatments and the control 
treatments, either in fresh samples or during cold storage period. The presence of proteolysis’ bacteria 
in yoghurt could be due to the presence of starter culture of Streptococcus thermophilus and L. casei 
which has proteolytic ability to grow and hydrolyze milk proteins (casein). S. thermophilus contains 
two unique peptidases, oligopeptidase and aminopeptidase PepS, which have multiple functions in 
bacterial growth (Fernandez et al. 1999). 

 
Detection of Proteolysis Bacteria 
 

Various lactic acid bacteria have the proteolysis ability S. thermophilus or  L. casei. So, data 
presented in table (10), showed that the mean log of proteolysis bacteria change significantly among 
all treatments and the control in (T4, T5 and T6) treatments (C1, C2, C3 and C4), either in fresh samples 
or during cold storage period. The presence of proteolysis’ bacteria in the control treatments (C1, C2, 
C3 and C4) of functional yoghurt significantly increased could be due to the presence of starter culture 
of Streptococcus thermophilus, also the presence of proteolysis’ bacteria L. casein treatments (T4, T5 
and T6) which has proteolytic ability to grow and hydrolyze milk proteins (casein). Fernandez et al. 
(1999) found that S. thermophilus contains two unique peptidases, oligopeptidase and aminopeptidase 
PepS, which have multiple functions in bacterial growth. 
 
Detection of Lipolytic Bacteria 
 

Lipolytic bacteria were not detected in all intreatments either when fresh or during the cold 
storage period. This may be due to the absence of the lipolytic activity of the presence starter cultures 
bacteria. 
 
The Viability of Lactobacilli counts 
 

Table (10) shows the viability of Lactobacillus bulgaricas which presence in control treatments 
(C1, C2, C3 and C4) and also the presence of L. casei in treatments (T4, T5 and T6) in fresh sample (1 
day) and during cold storage for 21 days. The mean log count of Lactobacillus bulgaricus in control 
treatments (C1, C2, C3 and C4) was  increased after 7days till 14 days by 0.5 and 0.1 log compared 
with control treatments (C1, C2, C3 and C4). Dhiman, et al. (1999) who found that fat, protein and dry 
matter contents in cheese were not affected by dietary oilseed supplementation. pH value was 
decreased with (T4, T5 and T6) treatments compared with other treatments. This decrease may be due 
to the acidic effect of fatty acids in cow ,s milk obtained from cows fed rations contain was increased 
of linseed, linseed meal or linseed oil. 

Viability of Lactobacilli counts (table 10) in (T4, T5 and T6) treatments by 1.0 log after 7 days to 
21 days compared with control sample C1, but viability of Lactobacilli counts in the other control 
treatments C2, C3 and C4) was also  increased. These results could be due to the using of cow ,s milk 
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Table 10: Viability of Lactobacilli, total bacterial counts, Moulds and yeasts, Bifidobacterium counts and proteolysis bacteria counts (log cfu/g) in functional yoghurt using 

different starter cultures during the cold storage period. 
 
Culture1 

 
 

Treatments 2 
Storage periods (days) 

1 d 7 d 14 d 21 d 
Lact T.C M&Y Bif prt Lact T.C M&Y Bif Prt Lact T.C M&Y Bif prt Lact T.C M&Y Bif. Prt 

YC 
 

C1 7.0a 7.5a N.D - 9.5 a 6.1b 7.7a N.D - 6.5 6.2b 7.4a 1 - 7.0a 6.6b 6.6b 1 - 6.0b 
C2 7.9a 8.8a N.D - 9.4 a 6.9b 8.2a N.D - 7.0a 6.7a 7.7a 1 - 8.1a 7.0a 7.8a 1 - 7.0a 
C3 7.7a 8.4a N.D - 9.3 a 6.8b 7.8a N.D - 7.9a 6.3b 7.2a 1 - 8.3a 6.4b 7.3a 1 - 7.2a 

C4 7.8a 8.7a N.D - 9.2 a 6.5b 7.9a N.D - 8.5a 6.5a 7.3a 1 - 8.4a 6.7a 6.7b 1 - 7.3a 

B. lactis  
(3%) 

T1 - 8.6a N.D 8.3a 7.7c - 8.0a N.D 7.3b 8.6a - 8.0a 1 8.3a 8.2a - 7.6b 1 8.0a 7.1a 

T2 - 8.4a N.D 8.3a 7.8c - 8.1a N.D 7.0a 8.2a - 8.0a N.D 6.1b 8.1a - 7.3a 1 7.9a 7.1a 
T3 - 8.2a N.D 8.3a 7.9c - 8.0a N.D 7.2a 8.4a - 8.2a N.D 6.2b 8.3a - 7.5a 1 8.0a 7.0a 

L. casei 
(3%) 

 

T4 7.8a 7.8a N.D - 8.1b 7.9a 8.2a N.D - 8.1a 7.6a 7.7a N.D - 8.5a 6.5a 7.2a 1 - 7.5a 

T5 7. 7a 7. 7a N.D - 8.2b 7. 8a 8. 1a N.D - 8.2a 7. 4a 7.6a 1 - 8.6a 6.4a 7.0a 1 - 7.6a 
T6 7.9a 7.9a N.D - 8.3b 8.0a 8.2a N.D - 8.3a 7.5a 7.8a 1 - 8.7a 6.5a 7.0a 1 - 7.7a 

B. aldol.  
(3%) 

T7 - 7.6a N.D 6.5a 8.8a - 8.8a N.D 6.1a 8.4a - 8.8a 1 6.2a 7.5a - 7.1a 1 6.3a 6.5b 
T8 - 7.4a N.D 6.3a 8.5b - 8.4a N.D 6.1a 8.5a - 8.6a N.D 6.3a 7.6a - 7.0a 1 6.4a 6.6b 
T9 - 7.5a N.D 6.4a 8.6a - 8.5a N.D 6.2a 8.6a - 8.7a N.D 6.6a 7.8a - 6.9a 1 6.1a 6.7b 

 a Means in the same column followed by the same letter (a to c) are not significantly different (p > 0.05) .  
Lact : Lactobacilli counts,        T.C: total bacterial counts,            M&Y: Moulds and yeasts,        bif: Bifidobacterium  counts (log  cfu/g).   prt. : protolytic bacterial counts.   
Cultures1: YC: yogurt culture.         B. lactis: Bifidobacterium  lactis.         L. casei. : Lactobacillus casei .            B. aldol. : Bifidobacterium  aldolescentis .                                                                                   
cggh Treatments 2: See table 8 for details.                                                                                                                                                                                                                                                                                                                                                    
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obtained from cows fed rations contained linseed or linseed meal or linseed oil which known to 
increase concentrations of polyunsaturated fatty acid (PUFA) as reported by Kennelly (1996). 
William et al. (1947), who found several cultures of lactic acid bacteria, requires oleic acid, linoleic 
acid, or a combined source of these materials for growth. Both lactic acid bacteria counts were 
decreased in the end of the storage period. Ringo et al. (1998) reported that dietary lipid influences the 
gastrointestinal microbiology and especially the population level of lactic acid bacteria. According to 
KankaanpÎÎ et al. (2001), higher concentrations of PUFA inhibited the growth and mucus adhesion of 
selected lactobacilli, whilst growth and mucus adhesion of the lactobacillus casei Shirota was 
promoted by low concentrations of α-linolenic acid and arachidonic acid. When lactobacilli were 
cultured in MRS broth supplemented with various free polyunsaturated fatty acids (PUFA), the 
incorporation of a given PUFA into bacterial fatty acids was clearly observed. Moreover, PUFA 
supplementation also resulted in PUFA-dependent changes in the proportions of other fatty acids. 
Kankaanpaa et al. (2004) demonstrated that free PUFA in the growth medium induces changes in 
bacterial fatty acids in relation to the regulation of the degree of fatty acid unsaturation, cyclization, 
and proportions of CLA and PUFA containing 20 to 22 carbons. 

 
Sensory Evaluation of functional Yoghurt 
 

The total acceptability score of functional yoghurt prepared from milk sample donated from 
cows fed rations supplemented with linseeds or linseeds meal or linseeds oil and even all sensory 
items (table 11) were the highest followed by the (C3) control. While, yoghurt prepared from the B. 
lactis Bb. 12 caused highest total acceptability. The same result was obtained with the sensory 
evaluation of milk samples (table 11). 

Data present in table (11) shows the effect of different Bifidobacterium strains on organoleptic 
properties of yoghurt when fresh and during storage period at 5°C +2 for 21 days. The obtained data 
showed that flavor of all the treatments affected by the type of Bifidobacterium strains used. Flavour 
of control and yoghurt made with B. Lactis Bb. 12 gained the highest score when fresh compared with 
the other treatments. 

Body and texture of control and T1, T2 and T3 treatments were the highest when fresh, but body 
and texture of all treatments decreased with increasing storage period. 

Highest appearance score recorded when B. lactis Bb. 12 strain used in yoghurt when fresh and 
during storage period. Appearance tended to decrease with storage. Total score of yoghurt made with 
B. lactis Bb. 12 and score of all treatments decreased with increasing storage period. 
 
Conclusion 
 

Using of cow's milk obtained from lactating cows fed rations contained linseed or linseed meal 
or linseed oil which known to increase concentrations of polyunsaturated fatty acid (PUFA), this can 
be used as a nutritional strategy to reduce concentrations of saturated fatty acids and increase 
concentrations of CLA and n-3 (omega 3) fatty acids also increase the acceptability of milk and 
yoghurt. Using Bifidobacterium lactis Bb.12 culture in functional yoghurt increased the CLA content 
in functional yoghurt treatments (T6, T5 and T6) compared with the other treatments but using 
Bifidobacterium aldolescentis ATCC 15704 in functional yoghurt made from cow milk obtained from 
cows fed with WLM decrease the value of omega-6/omega-3 ratio (n-6/n-3 ratio) in three yoghurt 
treatments (T7, T8 and T9) compared with all control treatments. 

 Further studies are  required to improve the acceptability of dairy products (after linseed 
supplementation to lactating cows rations) such as adding fruits, chocolate or different kinds of flavor 
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Table 11: Effect of type of milk and starter cultures on sensory evaluation of functional yoghurt during cold storage for 21 days.  
  

Items 
 

Storage period 
(weeks) 

Treatments1 
Yoghurt culture B. lactis (3%)    L. casei (3%)    B. aldol (3%)    

 (C1)  (C2) (C3)  C4) (T1) (T2) (T3) (T4) (T5) (T6) (T7) (T8) (T9) 

Flavour                    
(45) 

0 43a 44a 44a 44a 44a 43b 43a 42b 40b 41b 42a 41a 43a 
1 41a 43a 42a 43a 43a 41a 40a 39b 38b 38b 40a 39a 40a 
2 37b 38a 38b 39a 39b 38b 38b 36b 35c 36b 39a 37b 38a 
3 36c 37b 37a 38a 38a 37b 37b 36b 33c 32c 35b 34b 35b 

Body &Texture         
(30) 

0 27a 29a 28a 29a 29a 28a 30a 29a 30a 27b 27b 28a 27b 
1 27b 28b 27b 26b 28a 27b 29a 27c 28b 27b 26b 26b 26b 
2 25c 27b 25c 26b 27b 27b 28b 26b 24c 25c 25c 25c 25c 
3 24c 25c 24c 25c 26b 25c 26b 25c 23c 24c 23c 23c 23c 

Acidity                       
(10) 

0 9a 9a 9a 9a 10a 9a 9a 8a 9a 8a 9a 8a 8a 
1 8a 8a 8a 9a 9a 9a 8a 8a 8a 7a 7a 7a 7a 
2 7b 7b 6b 8a 8a 8a 7b 7a 6b 6b 6b 6b 6b 
3 6b 5c 5c 6b 7b 6b 6b 6b 5c 5c 5c 6b 6b 

Appearance           (15) 

0 14a 14a 14a 15a 14a 14a 13b 14b 13a 14a 14a 14a 13a 
1 13a 13a 13a 13a 12b 13a 12b 13b 11b 13a 13a 13a 12a 

2 11a 10a 11a 10a 11a 12a 11b 12b 10a 11a 10a 11a 11a 

3 10c 10c 10c 10c 10c 11b 10c 11b 9c 10c 10c 10c 10c 

Total                      
(100) 

0 93a 96a 95a 97a 97a 94a 93a 92a 92a 90a 93a 90a 92a 
1 89a 92a 89a 91a 93a 94a 85b 86 a 87a 85b 86a 84a 86a 

2 81a 82b 79b 85b 85b 85b 86b 80b 75b 78b 80b 79b 79b 

3 76b 77b 76b 80b 81b 79b 79b 77b 70c 71c 73c 73c 73b 
  a Means in the same column followed by the same letter (a to c) are not significantly different (p > 0.05).                                                                                     
  B. lactis: Bifidobacterium lactis.                  L. casei. : Lactobacillus  casei.      B. aldol.: Bifidobacterium aldolescentis.                                                               
  Treatments2: See table 7 for details. 
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