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ABSTRACT

This work aimed to investigate the effect of Lactobacillus spp. for their ability to produce
conjugated linoleic acid in fermented cow milk supplementing form of linseed oil to lactating cow's
ration on milk yield and milk composition, It was found that 8 multifarious Friesian cows gives
15+2.26 kg/d of milk, and averaging 500+15.26 kg/ body weight, were divided into two experimental
feeding groups (4 each) for 180 day.There was no significant difference in milk composition among
the two groups. From the results shows in table (1) it could be concluded that using (3%) linseeds oil
in lactating cow’s rations increased milk yield, milk fat yield/ day, and also increased CLA content in
milk (Average CLA contents in milk fat through the 2 diet treatments were (1.03 mg CLA /g fat) in
control; milk and 2.07 mg CLA /g fat in milk from cow fed with 3% linseed oil treatment. The effect
of Lactobacillus rhamnosus TISTR 541 or Lactobacillus plantarum NRRL B — 4496 or Lactobacillus
acidophilus TISTR 450 and yogurt cultures and storage time on conjugated linoleic acid (CLA)
content and quality of fermented cow milk products was determined. Using of Yogurt culture
(Lactobacillus bulgaricus and Streptococcus thermophilus, 1:1 ratio, YC), L. rhamnosus TISTR 541,
L. plantarum NRRL B — 4496 or L. acidophilus TISTR 450 alone or co-cultured with yogurt culture,
were inoculated at 10® cfu/ml into a milk obtained from cow fed linseed oil as the lipid source. CLA
content, microbial counts, acidity, and texture of the fermented milk products were stable during
storage at 5+2°C for 21 days. Total CLA contents ranged from 0.79 in C; (Control;) to 2.96 (mg
CLA/g lipid) in T4 treatment following 21 days of storage. L. plantarum with yogurt cultures or L.
acidophilus and yogurt cultures or L. rhamnosus and yogurt cultures had significant effect on CLA
content and texture, but affected acidity of the fermented milk products. The fermented cow milk
products produced by L. plantarum co-cultured with yogurt culture with 10® cfu/ml total inoculation
level gave a higher CLA content and desirable quality characteristics than all treatments (L.
Rhamnosus or L. acidophilus alone or co-cultured with yogurt culture). This research demonstrated
that the combination of L. rhamnosus or L. plantarum or L. acidophilus and yogurt cultures were
important factors to produce fermented cow milk products with high CLA content. The highest CLA
2.96 (mg CLA/g lipid) content was observed in fermented milk containing L. plantarum with yogurt
culture.

Key words: linseed oil conjugated linoleic acid (CLA), Cow fermented milks, L. rhamnosus, L.
plantarum, L. acidophilus, yogurt culture.

Introduction

Recently there has been a renewed interest in using linseed meal in animal rations to alter the
fatty acid composition of meat products and milk products and therefore, provide functional health
benefits for the consumer.

Over a few past decades Interest in ruminant animal rations with various fat sources has
increased (Hess et al., 2008). Initially, the primary aim of fat addition to the ruminant’s ration was to
provide concentrated energy. Presently, the increase interest in fat utilization in ruminant nutrition is
mainly a possibility to modify fatty acid composition of animal origin food products, milk and meat
(Jan et. al, 2013).Traditional varieties forms of linseed, were used in dairy cows feeding are
characterized by highly content of total fatty acids (over 50%) specially, linolenic acid C18:3(53% of
total fatty acids (FA) (Chow, 1992) P18/6 and others healthy fatty acid profile. This fatty acid
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promotes increased omega-3 fatty acids and conjugated linoleic acid (CLA) content in milk (Chilliard
et al.,2007).

Feeding dairy cows a ration contained rolled extruded linseed (meal) has beneficial effects on the
fatty acids profile of cow’s milk whereas, there was an increase in alpha-linolenic acid (ALA,
conjugated linoleic acid (CLA) and the proportion of stearic acid relative to other saturated fatty
acids, and there was decrease in the omega-6/omega-3 ratio and the overall saturated fat content.
These enhancements give consumers value-added foods with good sensory qualities and a healthier
fat profile (Diane and Essi, 2008).

Cow's milk naturally contains low amounts of omega-3 fats one cup of 2% milk contains
only 20 mg of ALA and virtually no EPA or DHA and high levels of saturated fats, particularly
palmitic acid (16:0), which raises blood cholesterol 1. Milk and milk products like cheese and ice
cream are relatively rich sources of conjugated linoleic acid (CLA). Natural cheeses, for example,
contain 2.9 to 7.1 mg CLA/g of fat, while processed cheeses average about 5 mg CLA/g of fat. Milk
contains about 5.5 mg CLA. The main CLA isomer in cow's milk is cis-9, trans-11-CLA (c9, t11-
CLA), accounting for more than 82% of the total CLA (Chin et al., 1992). They described how the
ALA and CLA content of milk can be increased, the omega-6/omega-3 ratio reduced, and the
saturated fat content decreased by supplementing the rations of dairy cows with linseed.

The growing interest in functional foods has contributed to an increased interest in dairy
products with increased conjugated linoleic acid (CLA) contents and added probiotic bacteria. CLAs,
a mixture of conjugated positional and geometric isomers of linoleic acid, have demonstrated unique
biological activities in invitro and animal studies, including an anticarcinogenic agent (Corl et. al.,
2001), body-fat reducer (Park et al., 1999), antiatherogenicagent (Nicolosi et al., 1997), antidiabetic
agent (Houseknecht et al., 1998), immune system modulator (Hayek et al., 1999), and body weight
protector (Chin et al., 1994). However, the health benefits associated with CLA have yet to be
definitively confirmed in human studies and other systems.

Ruminant foods, especially dairy products, are the predominant sources of CLA (Chin et al.,
1992). Fermented dairy foods generally contain higher CLA contents than nonfermented dairy
products (Shantha et al., 1995). The cis-9, trans-11 CLA isomer is an intermediate in the
biohydrogenation of linoleic acid by linoleic acid isomerase from the bacterium,
Butyrivibriofibrisolvens, in the rumen (Kepler ez al., 1966). Probiotic bacteria have also demonstrated
linoleic acid isomerase activity and the ability to form CLA (Lin ef al., 2003.)

Probiotic bacteria could actively enhance the health of consumers by improving the intestinal
microbial balance. The positive effects associated with probiotics include antitumor activity,
cholesterol reduction, protection against gastroenteritis, improvement of lactose tolerance, and
stimulation of the immune system through nonpathogenic means (Rastall et al., 2000). Lactic acid
bacteria (Lactobacilli, Streptococci, Lactococci, and Bifidobacteria) are the primary commercially
available probiotics.

Several studies have shown that lactic acid bacteria can form CLA in model systems. Lin et.
al., (1999) found that six lactic cultures (Lactobacillus acidophilus, L. delbrueckii subsp. bulgaricus,
L. delbrueckii subsp. lactis, Lactococcus lactis subsp. cremoris, Lc. lactis subsp. lactis, and
Streptococcus salivarius subsp. thermophilus) each increased CLA content by four-fold in a model
system of sterilized skim milk and free linoleic acid.

Kishino et al. (2002) reported that Propionibacterium freudenreichii subsp. freudenreichii
and P. freudenreichii subsp. shermanii produced CLA from free linoleic acid in in vitro systems.
Probiotic bacteria, including Lactobacillus rhamnosus, Propionibacterium freudenreichii subsp.
shermanii 56, P. freudenreichii subsp. shermanii 51 and P. freudenreichii subsp. freudenreichii 23,
were able to produce CLA in a skim milk model system containing 1% hydrolyzed soy oil emulsified
in nonfat dry milk (Xu et al., 2004).

Starter culture has been shown to affect the CLA content (Lin 2003; Xu et al., 2005) and
sensory attributes of fermented dairy products (Penna et al., 1997; Xu et al., 2005). In study (Xu et
al., 2005), only a small percentage of the free linoleic acid was isomerized to CLA. Thus, linoleic acid
isomerase rather than the free linoleic acid may be the limiting factor in CLA formation.
The aim of this study was to

1- Determine the CLA content of milk from cows offered diets rich in linoleic or linolenic acid. By
feeding (Linseed oil) as a different source of energy (in concentrate feed mixture) for lactating cows.
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2- Study the effect of using two different Lactobacillus spp. With or without yogurt culture for their
ability to produce conjugated Linoleic acid and study increase the amount of CLA formation in
fermented milk.

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. El-Karada Station is the experimental Station
of Animal Production Research Institute which belonging to Agriculture Research Center during
summer season 2014-2015.

Eight cows average 500+15.26 kg/body weight, were chosen and divided into two 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 % 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 feeding trial tested 180 days. During experimental trials, milk yield were
determined and its composition were estimated.

Bacteria

Traditional yogurt culture (1:1 ratio of Lactobacillus bulgaricus and Streptococcus
thermophilus; YC-180, Chr. Hansen Laboratories, Copenhagen, Denmark. Lb. rhamnosus TISTR 541
and Lactobacillus acidophilus TISTR 450 was kindly provided in freeze-dried form Thailand Institute
of Scientific and Technological Research, Bangkok, Thailand. Lactobacillus plantarum NRRL B —
4496 was obtained from the NRRL were selected for this study. Lactic acid bacteria were inoculated
into Lactobacilli MRS broth (Difco, Detroit, Mich., U.S.A.) and incubated at 37°C for 15h to reach a
concentration of 10 cfu/ml. Individual starter cultures were prepared at concentrations of 108cfu/ml.

Growth and preservation media:

Cultures of lactobacilli were propagated for 24h at 37°C 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 -20°C 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 and moulds count.

Chemicals:
Chemicals used in this study were of the analytical grade.
Methods:
Milk analysis, (total solids, solid not fat, protein, fat, Lactose) was determined using
milkoscan (model 130 series — type 10900 FOSS electric — Denmark).
Viscosity and Syneresis Measurement:
The apparent viscosity was determined by using a RVDVII + Brookfield viscometer (Brook

field Engineering Labs Inc., Stoughton, MA) in a 100 ml fermented milk products at room
temperature (25 °C). Samples were stirred for 20 second before measurement. All viscosity values
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were measured at 10 rpm with spindle #5 Gassem AM, and Frank FJ. (1991). Readings were
converted to centipoise units. Syneresis (%) was expressed as volume of drained whey per 100 ml
sample Rodarte et al., (1993).

Physico-chemical analysis of fermented milk:

Titratable acidity, pH values, total solids and fat contents in fermented milk samples were
determined according to AOAC, (2012). Acetaldehyde was estimated as mentioned by Lees and Jago
(1969). The pH value was measured by using laboratory microprocessor pH meter model. Hanna HI
852.

Lipid analysis in milk

Milk samples containing no preservative were analyzed for fatty acid composition, including
CLA content. To determine fatty acid composition in milk, milk fat was extracted by boiling in a
detergent solution as described by Hurley et al., (1987), weighed, capped under argon gas, and stored
if needed at —20°C until further analysis. Fat samples were analyzed for fatty acids in a gas
chromatograph as described by Dhiman et al., (1999). Relative yield of CLA was calculated by
multiplying the fat yield with CLA concentration of the respective week on an individual cow basis.

Lipid analysis in fermented milk

Lipids were extracted from fermented milk products using a modified Bligh and Dyer
chloroform-methanol extraction method (Lin et. al., 1995). Lipids were hydrolyzed with 1 N NaOH in
methanol, followed by methylation of the fatty acids at room temperature with boron trifluoride (Xu
et al. (2004). Heptadecanoic acid (C17:0, Sigma Chemical Co., St. Louis, Mo., U.S.A.) was added to
the lipid extracts as an internal standard. Gas chromatography (GC) and GC-mass spectrometry were
used for the quantitation and confirmation of the identification of the fatty acid methyl esters (Xu et
al. (2004). The fatty acid methyl esters samples were analyzed for CLA content in fermented milk.

Microbiological analysis

Yeasts & moulds were determined according to Blanchette ef al. (1996). Lactobacilli count was
determined using MRS agar according to De Man et al. (1960).

Viscosity and syneresis measurement

Apparent viscosity was determined by using a RVDVII + Brookfield viscometer (Brookfield
Engineering Labs Inc., Stoughton, Mass., U.S.A.) in a 100-ml fermented milk product at room
temperature (25 °C). Samples were stirred for 20 s before measurement. All viscosity values were
measured at 10 rpm with spindle #5, (Gassem and Frank 1991). Readings were converted to
centipoise units. Syneresis (%) was expressed as volume of drained whey per 100 ml sample Rodarte
et al. (1993).

Organoleptic properties 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 4 weeks) at 5°C£2°C.

Statistical analysis
The study was designed as a two-way factorial experiment with bacterial treatment, and
storage time as the main factors. Each treatment was replicated three times. The experimental data

was analyzed using Duncan multiple range test (SAS version 8.2, Cary, N.C., USA, 2004) with a
significance level of 0.
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Experimental procedures:
Fermented cow milk Preparation:

Eight treatments of fermented cow milk was manufactured from two kinds of cow's milk
obtained from cows fed control diet or diet contain 3% linseed oil as a lipid source (containing 8%
(w/v) milk solids non-fat (MSNF) and 3.28% (w/v) fat, the milk solids-not-fat content was adjusted to
12% (w/w) through the addition of nonfat dry milk), 3.28% (w/v) fat. The cow's milk heat treated at
90°C for 10 min then cooled to 42°C before inoculation. The first cow's milk was served as control;
(cow milk was obtained from cows fed with control diet) of yogurt by using 3% of yogurt mixed
culture with S. thermophilus and L. bulgaricus. The cow's milk (which was obtained from cows fed
Linseed oil) was divided to seven portions. The first portion was served as control, was inoculated
with 3% of yogurt mixed culture (S. thermophilus and L. bulgaricus), the second portion was
inoculated with 3% L. rhamnosus TISTR 541 alone, the third portion was inoculated with 1.5% of L.
rhamnosus TISTR 541 and 1.5% of yogurt starter culture (1:1). The fourth portion was inoculated
with 3% of L. plantarum NRRL B — 4496 alone and the fifth portion was inoculated with 1.5% of L.
plantarum NRRL B — 4496 and 1.5% of yogurt starter culture (1:1), the sixth portion was inoculated
with 3% L. acidophilus TISTR 450 alone and the seventh portion was inoculated with 1.5%
L. acidophilus TISTR 450 and 1.5% of yogurt starter culture (1:1). All cultures were inoculated at
approximately 1 x 10® ¢fu /g into 3 kg milk. Once inoculated, the yoghurts were incubated at 40°C,
The Fermented cow milks were then stored at 5+2°C for 21 days. Viable lactobacilli in the Fermented
cow milks were enumerated weekly using MRS agar. Cow milk with yogurt starter culture added was
used as control. The fermented milk samples were analysed for Physico-chemical analysis,
microbiological analysis and organoletic properties during storage period.

Results and Discussion
Daily milk yield and its composition:

Data presented in table (1) revealed that the actual milk yield was 12.06 and 12.76 Kg with
animals fed rations A (control diet) and B (3% Linseed oil), respectively. The corresponding values as
FCM yield were 10.61 and 11.38 Kg for respective rations.

The results showed that the milk yield either actual or corrected milk appeared to significant
(P<0.05) higher than the control milk as shown in table (1) Increasing milk yield and FCM yield with
animals fed ration B (3% Linseed oil) might be due to increase energy content of that ration.

On the other hand, all component of milk composition showed no significant difference
among different experimental rations. 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 B (containing linseed oil)
with animals fed ration A 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).

Table (1) shows that unsaturated fatty acids composition in milk, fatty acids (C18:2) was
higher (2.5%) in milk from cows were fed a control diet than milk obtained from cows were fed a
diets containing linseed oil (2.1%) but fatty acids C18:0 was higher (12%) in milk from cows were
fed a diets containing linseed oil than milk obtained from cows were fed a control diet (8.7%), also
fatty acids C18:3 was higher (0.79%) in milk from cows were fed a diets containing linseed oil than
milk obtained from cows were fed a control diet (0.6%).

Table (1) also shows that the conjugated linoleic acid (CLA yield g/d) was higher in milk
fat (0.87 g/d and in milk obtained from cows fed with linseed oil than CLA yield in milk obtained
from cows fed with a control diet (0.4 g/d), Average CLA contents in milk fat in week 25 of the
experimental time through the 2 diet treatments were (1.03 mg CLA /g fat) in control milk and (2.07
mg CLA /g fat) in milk from cows fed 3 % linseed oil treatments, respectively.
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Diets rich in linoleic or linolenic acid can increase CLA content of milk when dietary oil is
accessible to the rumen microorganisms. There results were agreement with the finding of Chin et al.
(1992). They described how the ALA and CLA content of milk can be increased, the omega-6/omega-
3 ratio reduced, and the saturated fat content decreased by supplementing the rations of dairy cows
with linseed.

Table 1: Average daily actual and fat corrected fat milk (FCM) and milk yield, milk composition, and milk fatty
acid composition of cows fed control or linseed meal diets rich in linoleic and linolenic acid.

Items | A | B
Av. Milk yield (Kg/head/day)

Av. Actual Milk yield 12.06° 12.76°
Av. 4% FCM yield 10.61° 11.38°
Av. Milk composition and its yield

Fat% 321°¢ 3.28*
Fat yield (gm/cow/day) 387¢ 419°
Protein% 2.67°¢ 2.60¢
Protein yield (gm/cow/day) 322°¢ 332°¢
Lactose% 4.71°¢ 4.74"
Lactose yield (gm/cow/day 568 °¢ 605"
Total solids% 11.30% 11.28°
Total solids yield (gm/cow/day) 1363° 1439°¢
Solids not fat% 8.09° 8.00°
solids not fat yield (gm CLA yield mg/d /cow/day) 976 ¢ 1020°¢
CLA mg/g fat 1.03¢ 2.07%
CLA yield g/d 0.4¢ 0.87*
Milk fatty acid, % of total fatty acids reported

C16:0 39.8¢ 36.3°
C18:0 8.7 12.0°
C18:2 2.5° 2.1°
C18:3 0.60° 0.79°
a, b and c: Means of different letter in the same raw are significant different.

FCM yield: were 10.61and 11.38 Kg for respective rations. A: 4 Cows were fed a control diet

B: 4 Cows were fed a diets containing linseed oil at 10% of diet. CLA mg/g fat: conjugated linoleic acid content in
milk milligram /g fat.

CLA yield g/d: conjugated linoleic acid yield gram /day (CLA) concentration in milk fat.

Chemical composition of fermented milk:

Total solids and fat content were slightly decreased in all treatments throughout the storage
period (Table 2). Tamime and Deeth (1980) explained this effect to lactose fermentation as well as
protein and fat hydrolysis with the formation of volatile substances. Furthermore these values of total
solids and fat contents were different among the treatments as a result of using different types of milk.
Data revealed also that the type of starter culture had no obvious effect on the total solids and fat
content of all treatments.

The general trend of pH values of all treatments during storage were oppositely to the
corresponding values of acidity. The production of lactic acid by all bacterial treatments during
incubation resulted in pH of the fermented milk ranging from 4.70 to 4.34.

Acetaldehyde content of all treatments were increased up to the first week of storage then
decreased after that. This decrease is presumably due to not only to the numerous lactic acid
producing microorganisms to utilize acetaldehyde (Bills & Day, 1966) but also, could be attributed to
the volatile effect of acetaldehyde. Similar findings were reported by Bills et al. (1972) and
Magdoub et al. (1992). Fermented cow milk with yohgurt culture and L. plantarum (T4 treatment)
had relatively higher values in Acetaldehyde content during the storage period than the other ones.
The highest value of Acetaldehyde content was found in (T4) treatment and the lowest value of
Acetaldehyde content was to control; (C;). Acetaldehyde level also changed according to the type of
culture during storage period of fermented milk, where it was higher in (T4), (T3), (T5), (T2), (T1)
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treatments and then (T2) tre In general it is worth to note that type of diet of cow milk used had
affected the T.S, fat, acidity, pH and acetaldehyde contents of all treatments. Moreover the type of
starter was also affected the acidity and acetaldehyde contents of treatments along the storage period.
atment after one week of storage, respectively.

Table 2: Effect of bacterial cultures, and storage period on the chemical composition of fermented milk
treatments during storage for 3 weeks.

Treatments

L. YCHL. YCHL. L. YCTL'

Storage YC 7 A (1:1) L. pl. L (1:1) i acid.

Ttems period rah. | rah. (1: pl. (1: acid. (1:1)

(weeks) cow''s cow''s
milk milk (T1) (T2) (T3) (T4) (TS) (T46)
(€D (CO)

0 11.31¢ 11.30¢ | 11.304| 11.31¢ 11.314] 11.31¢ | 11.30¢ 11.314

Total solids 1 11.33° 11.31¢ 11.32¢ 11.32¢ 11.32¢ | 11.32¢ | 11.32¢ 11.32¢
% 2 11.33° 11.32° | 11.33°| 11.33° 11.33° | 11.32¢ | 11.32° 11.33%
3 11.35° 11.33> | 11.35° 11.34° 11.33% | 11.34* | 11.33® 11.34°

0 3.10¢ 3.28P 3.28" 3.28P 3.28" 3.28P 3.28P 3.28"

Fat % 1 3.11¢ 3.28P 3.28" 3.28P 3.28" 3.28P 3.28P 3.28°
2 3.12¢ 3.29% 3.28" 3.28P 3.28" 3.29° 3.29° 3.2°

3 3.12 3.29% 3.29% 3.29% 3.29* 3.29¢ 3.29¢ 3.29%

0 4.64° 4.7* 4.7* 4.7* 4.7* 4.7% 4.56° 4.6*

pH value 1 4.61° 4.61° 4.61* 4.65* 4.64* 4.65° 4.51° 4.58*
2 4.53° 4.39* 4.60° 4.60° 4.44* 4.54° 4.43° 4.52¢

3 4.40° 4.37* 4.36* 4.36* 4.30° 4.37° 4.34° 4.35°

Acetaldehyde 0 15.51d 14.50e | 17.20° | 17.50° 17.37* | 18.28* | 17.30° 17.53°
content 1 19.62¢ 17.40f | 21.75° | 21.82° | 21.89* | 21.96* | 20.85° | 21.62°
(M mol / 2 13.43¢ 13.41d | 14.61° | 14.38° 14.95* | 15.97* | 14.71° 14.98°
100ml) 3 13.25¢ 12.21c | 1437°| 14.29b | 15.77a| 14.80a | 14.38b | 14.49b

a Means in the same column followed by the same letter (a to c¢) are not significantly different (p > 0.05).

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).

T1: fermented milk made from L. rahmnosus and Cow milk from Cows fed with Linseed oil.

T2: fermented milk made from yogurt culture+ L. rahmnosus and Cow milk from Cows fed with Linseed oil.

T3: fermented milk made from L. plantarum and Cow milk from Cows fed with Linseed oil.

T4: fermented milk made from yogurt culture+ L. plantarum and Cow milk from Cows fed with Linseed oil.

T5: fermented milk made from L. acidophilus and Cow milk from Cows fed with Linseed oil.

T6: fermented milk made from yogurt culture+ L. acidophilus and Cow milk from Cows fed with Linseed oil.

YC. : Yoghurt culture. L. rah: Lactobacillus rahmonosis. L. pl: Lactobacillus plantarum. L. acid.:
Lactobacillus acidophilus .

Bacterial viability of fermented cow milk products

The microbial counts of all fermented cow milk products increased significantly during
incubation at 40°C and storage for 21 days at 5+2 °C, resulting in microbial counts of 1.84x 108 to
1.650 x 10°cfu/ml (Table 3). Since a majority of the health benefits associated with probiotic bacteria
depend on cell viability, it is important to maintain high levels of viable bacteria in probiotic foods.
The bacterial counts should exceed the suggested minimum count (10’cfu/ml), which is recommended
to affect the gut environment and provide health benefits (Vinderola and Reinheimer 1999). All
fermented milk samples had high viable lactic acid bacteria counts (>10® cfu/ml) at the end of the 21
days storage period.

Type of culture had an obvious correlation with the counts of organisms during storage.
Generally, it was concluded that the viability of strains after the storage period was sufficient to yield
numbers of beneficial organisms that were higher than the accepted threshold (10%fu /g) for a
probiotic effect (Sammona& Robinson, 1994 and Gomes & Malcata, 1998).
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Table 3: Effect of bacterial cultures, and storage period on microbial counts of fermented cow milk products.

| .
Culture Inolcelﬂzflon Storage period Lactobacilli counts Molds & Yeasts counts
cfu/ml (weeks) (logl0 cfu/ml) (log10 cfu/ml)
0 8.472 ND
YC (3%) C1
( A)) 108 1 9.10a ND
2 9.052 1b
3 8.71% 2474
0 8.47% ND
o,
YC (3%) C2 | 910° D
2 9.05% 1b
3 8.74% 2.30°
0 8.66% ND
L. rah. (3%) (T1) 108 1 9.142 ND
2 8.91% 1b
3 8.972 1b
0 8.16° ND
YC+L.(;§})1. (1:1) 08 1 2 240 ND
2 8.46* 1b
3 8.11° 1.52
0 8.16° ND
L. pl. (3%) (T3) 108 1 8.56° ND
2 8.522 ND
3 8.31% 1t
0 7.16° ND
YC+L. pl. (1:1) (T4) 108 1 8.81° ND
2 8.96* 1t
3 8.76° 132
0 8.14° ND
L. acid.. (3%) (T5) 108 1 8.47° ND
2 8.372 ND
3 8.30 1.5
0 7.65° ND
YC+L. (c;fg;l.. (1:1) 08 1 200° D
2 8.97° 1.0°
3 8.712 1.3

a Means in the same column followed by the same letter (a to c) are not significantly different (p > 0.05).

ND: not detected

Culture': See table 2 for details.

Table (4) shows that titratable acidity of all treatments was also increased as the storage
period progressed. This result was in agreement with Shah (2000) who found that L. delbrueckii ssp.
bulgaricus produces lactic acid during fermentation and refrigerated storage. The highest value was
noticed for fermented cow milk with L. rahmnosus (T1) whereas the lowest one was for fermented
cow milk with yogurt culture and L. plantarum (1:1) (T4). The values of acidity were relatively higher
in (T1) treatment than in the other treatments along the storage period. Also, type of cow's diets milk
markedly affected these values.

The acidity of fermented cow milk products has a significant impact on the flavor of the
titratable acidities of the fermented milk products in this study were below the titratable acidity at
which unpleasant acid tastes are detected.
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Yogurt cultures, L. rhamnosus, L. acidophilus and plantarum belong to the genus
Lactobacillus, which produce lactic acid as its major product by the fermentation of hexoses. The
production of lactic acid by all bacterial treatments during incubation resulted titratable acidities
ranging from 0.56 to 1.15 g lactic acid/100 g fermented milk.

Table (4) 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, bacterial culture treatments had no significant effect on the
viscosity or degree of syneresis of the fermented milk products. Table (4) also shows that the lower
viscosity for the L. rahmnosus treatments is attributed to the higher pH and the incomplete acid
precipitation of the casein. The results of this study were agreement with research of (Xu ez al., 2005).

Table 4: Effect of bacterial cultures, and storage period on titratable acidity, syneresis and viscosity in
fermented cow- s milk products.

Acidity (g lactic degree of Viscosity
acid/100g) syneresis (%) (centipoise)
Culture' | Sample [ 7 14 21 1 7 14 | 21 1 21

7 Day 14 Day

Day | Day | Day | Day | Day | Day | Day | Day Day Day

Cl 0.8* | 0.85* | 0.87* | 0.9* 6a 10a | 12a | 15° | 225000* | 225000® | 224000* | 223000*

YC C2 0.7¢ | 0.74* | 0.76 2| 0.82% | 6a 10a | 12a | 16% | 226000* | 226000* | 225000* | 2240002

L(';;;l' T1 1112 | 1,128 | 1.132 | 1.15% | 15 | 19° | 21° | 232 | 237000 | 237000* | 236000 | 235000?
0

L. rah.

+ YC T2 0.56° | 0.66° 0.76°| 0.86°| 12 | 15° | 19® | 212 | 57300 | 57300 | 57200° | 57100
(1:1)

L. pl.

(3%) T3 0.61° | 0.66° 0.69° | 0.78° | 442 | 47% | 49* | 50° | 224000% | 224000° | 223000% | 222000*
0

YC+L.
pl. T4 0.83% | 0.84* | 0.87* | 0.88* | 16® | 19® | 21® | 232 | 227000* | 227000® | 226000* | 225000*

(1:1)

L.
acid. T5 0.60° | 0.64% 0.67° | 0.75° | 442 | 45% | 47% | 49* | 234000% | 234000° | 221000* | 220000*

(3%)

YC+L.
acid. T6 0.80* | 0.82% | 0.85* | 0.86* | 15® | 18°% | 20° | 223 | 226000% | 226000® | 225000% | 224000*

(1:1)

a Means in the same column followed by the same letter (a to c) are not significantly different (p > 0.05).
Culture!: See table 2 for details.

Table (5) shows that yogurt culture, L. rhamnosus, L. acidophilus and L. plantarum belong to
the genus Lactobacillus, which produces lactic acid as its major product by the fermentation of
hexoses. The production of lactic acid by all bacterial treatments during incubation resulted in pH of
the fermented milk products ranging from 5.90 to 4.17 during incubation at 40°C for 3.5 hour of
incubation time with pH and titratable acidity inversely related.

Table (6) shows that using of L. plantarum as a co-cultured with yogurt culture (T4) or L.
plantarum alone in fermented cow's milk was more effective in the formation of CLA than using L.
rahmnosus alone or L. acidophilus used alone or as a co-culture with yogurt culture. This was
agreement with (Xu et al., 2005).

Results in Table (6) show that the highest value of CLA content was noticed for fermented
cow milk with yogurt culture and L. plantarum (T4 treatment) followed by (T4, T1, T5, T3, T6, T2
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and C, treatments respectively) whereas the lowest one was for fermented cow milk cultured with
yogurt culture alone (C; treatment as a control; it was made from milk from cows fed a control diet).
The type of culture markedly affected the values of CLA content. There was significant different of
CLA content during storage period for all fermented cow milk treatments. Total CLA contents ranged
from 0.79 in C; to 2.96 (mg CLA/g fat) in T4 treatment following 21 days of storage.

Table 5: Effect of bacterial cultures on pH in fermented cow milk Products during incubation time at 40°C.
Sample Culturel pH lh | pH 2h | pH 25h | pH  3h 3?15&h
Cl YC (3%) 6.1 5.2¢ 4.8 4.77* 4.70*
CM YC (3%) 6.2 5.6° 4.9 4.81* 4.17
(T1) L. rah. 3%) 6.2 5.2¢ 4.8 4.77* 4.70*
(T2) L. ra(}i': 1+) Ye 6.1° 5.18 4.6° 4.76° 4,68
(T3) L. pl. (3%) 6.10° 5.2¢ 4.8 4.77* 4.74*
(T4) Y(iﬁl--Ll.)pl. 5.9 4.8 4.77* 4.74* 431
(T5) L. aci(i. (3%) 6.10° 5.3? 4.7 4.70* 4.72%
(T6) YCtIL,'IE)‘Cid' 6.0° 4.9° 4.75° 473 433

a Means in the same column followed by the same letter (a to c¢) are not significantly different (p > 0.05).
h: hour Culture': See table 2 for details.

Table 6: Effect of bacterial cultures on concentration of CLA (mg /g fat) produced in fermented cow milk

Products.
Sample Culture' CLA (mg /g fat)

1 Day 7 Day 14 Day 21 Day
Cl1 YC (3%) 1.03¢ 091¢ 0.88¢ 0.794
C2 YC (3%) 2.07° 2.61° 2.55b 2.46b
(T1) L. rah. (3%) 2.07° 2.72% 2.70° 2.68°¢
(T2) L. rah. + YC (1:1) 2.07° 2.64b 2.61° 2.56b
(T3) L. pl. (3%) 2.07° 2.68% 2.46% 2.43°¢
(T4) YC+L. pl. (1:1) 2.07° 2.96* 2.79% 2.65%
(TS) L. acid. (3%) 2.07° 2.70% 2.45% 1.40°¢
(T6) YC+L. acid. (1:1) 2.07° 2.66° 2.67* 2.63%

a Means in the same column followed by the same letter (a to c) are not significantly different (p > 0.05).
CLA: (mg /g fat): conjugated linoleic acid(mg/g fat). Culturel: See table 2 for details.

Sensory evaluation

Data revealed that the fermented milk samples made from cow's milk from cows fed with
Linseed oil (T4 treatment) had the highest total sensory score throughout the storage compared to the
other treatments. This is attributed to the difference in chemical composition and total solids of used
milks. While, the lower total sensory score were given to the fermented milk (T3 treatment contain L.
plantarum culture alone) when fresh and throughout the storage period. No foreign or undesirable
flavour was detected in all treatments.

However, the body and texture of the fermented milk treatments made from cow's milk with L.
plantarum culture alone (T3 treatment) had the lowest scores compared to all other treatments along
the storage. Also, no acid flavor (below pH 4.3) was noticed in all treatments during storage. The
flovour of fermented milk made with L. plantarum as a co culture with yogurt culture (T4 treatment)
was to some extent less pronounced as yoghurt culture fermented milk. Most judgers found pleasant
flovour of fermented milk made with L. plantarum as a co culture yogurt culture and L. acidophilus
with yogurt culture (T6 treatment) as compared with other fermented milk treatments and it had a
good texture. On the other hand no effect on the appearance of the product.
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Table 7: Effect of type of milk and starter culture on sensory evaluation of fermented milk during storage for 21

days.
Treatments!
L | Yo rah | | YCLPL |1 gcia YC;L'
Yoghurt culture | rap. a1 | ol @:1) (% | (0
Items Stor'agde
€1r10 '
(sveeks) kas cow 's
milk | (TI) (T2) (T3) (T4) (T5) (T6)
(Cl) (CZ)
0 44 440 43 44° 42° 440 42° 44°
Flavour 1 43 35% | 38b 41° 380 390 38° 40°
(45) 2 390 30° 340 387 350 36° 330 387
3 38 290 330 374 340 350 320 374
Body 0 28° 27 27 28° 27° 29° 27 28°
&Textur 1 25 25° 26° 27 27 27 26° 26"
e 2 230 23° 25° 25 240 25° 24 240
(30) 3 228 228 23b 242 23b 24b 23b 232
0 9° g g 9 g 9 g g
Acidity 1 8* 7? 8? 8? 8? 9? 8* 7?
(10) 2 78 6 6 72 6° 78 6* 6°
3 6 50 50 6 50 6 4 50
0 14 14 14 14 13 14° 13 13
Appeara 1 13 13 12° 13 12° 13° e 12°
(nlcse) 2 11° 10° e 12¢ 1’ 12° 10° e
3 10° 10° 10° 1° 10° 11° 9 10°
0 950 932 920 952 82° 96° 912 932
Total 1 89° 80 88° 897 67¢ 897 83 85
(100) 2 80° 69° 76° 827 61° 76° 730 79%
3 76 66° 71¢ 780 61° 720 68° 750

a Means in the same column followed by the same letter (a to c) are not significantly different (p > 0.05). Treatments': See table 2 for
details.

Conclusions

The incorporation of probiotic bacteria into dairy products to provide nutritional benefits
represents challenging opportunities for the food industry. Inoculation of the yogurt culture with or
without L. rhamnosus or L. acidophilus or L. plantarum did not significantly affect the microbial
counts of the fermented milk products but L. plantarum as a co culture with yoghurt culture (T4) or L.
plantarum culture alone (T3) was significantly affect CLA content of the fermented milk products. It
was found that using L. plantarum as a co culture with yoghurt culture (T4) had the highest CLA
content (2.96 mg/g fat) than the other treatments. However, all treatments resulted in microbial counts
greater than the recommended 107 c¢fu /ml needed to affect the gut environment and provide health
benefits. So it was concluded that L. plantarum or L. rhamnosus or L. acidophilus culture combination
with yoghurt culture was important to Produce fermented cow milk products with enhanced CLA
concentration and good quality comparable to the control. The success of new functional foods will
not only depend on the enhanced nutritional value, but also desirable sensory quality of the product to
meet consumers’ demands.
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	a Means in the same column followed by the same letter (a to c) are not significantly different (p > 0.05).               

	ND:  not detected                         Culture1: See table 2 for details.
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	a Means in the same column followed by the same letter (a to c) are not significantly different (p > 0.05).   Treatments1: See table 2 for details.





