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ABSTRACT

The aim of this study was to assess the straipsafiiiotic bacteria in yoghurt for their ability toroduce CLA from
free linoleic acid. The effect of process variabless investigated on increasing of CLA in probigtighurt. Two
different set of microorganism consists of L. apititus, B. lactis and traditional yoghurt starteamd in second
group L. acidophilus, B. breve was studied as b besides starter culture. Results showedithboth sets, the
highest amount of CLA was obtained by addition%fribn-fat dry milk, the addition of safflower all.4 ml/l milk)
in pH=6.0, incubation temperature of 37°C, and taration of incubation at pH=4.5. In the most sui@b
condition, the amount of CLA in probiotic yoghudrtaining B. lactis increased by 450% from an ageraf 0.04
mg/ml in non-treated yoghurt to 0.22 mg/ml fathe probiotic yoghurt containing safflower oil. Batthe case of
B. breve, the content of produced CLA was increddedbld from 0.04 to 0.4 mg/ml. Anyway, the viabibf L.
breve was less than L. acidophilus by 2 log CFU/&u. for further investigation encapsulation of Beve is
suggested to reach to a product with the high am@firCLA and enough viable cells. No significarffestence
between product and control was observed in th&irensensory test.
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INTRODUCTION

Production of conjugated linoleic acid (CLA), asuaique fatty acid, in probiotic yoghurt has manyalte
promoting beneficial properties. CLA as a sterewigp of linoleic acid (LA) is an omega-6 fatty aaidturally
present in meat from ruminants, milk fat and dairgducts such as yoghurt, butter, and cheese li§P/trans11
isomer of CLA is an active and dominant isomer iitkri75- to 90%), and its importance was approvétdrahe
discovery of its anti-carcinogenic properties ibdeatory animals [11, 24]. CLA possesses severtihdeneficial
properties including antioxidant, anticancer, ahyipertensive, anti-cholesterol and anti-diabetitivitees, as well
as adjusting the immune system.

Formation of CLA takes place in the livestock rumguring biohydrogenation by the intestinal bactefide

content of CLA in dairy products can be also imgbthrough biosynthesis by some bacteria incluthntic acid

bacteria (LAB) and bifidobacteria via converting Liicrobial production of this fatty acid can behaved also by
applying LA isomerase in the presence of a soufcefo Different methods based on gas chromatographg

spectrophotometric methods are reported for CLAd&n [4,16].
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Production of CLA has been formerly reported irfatiént products e.g. Dahi [3], cheddar cheese [2RS media
[12, 15], milk [27], non-fat probiotic yoghurt [22&nd different culture conditions and speciesl|a, 19, 21, 25,
29].

Coakley et al. [2009] reported the inhibitory effex conjugatedu-LA produced by Bifidobacterium (Bbreve
NCIMB 702258 on SW480 colon cancer cells [7].

Lee et al. [2007] investigated on the anti-obeaityivity of trans-10, cis-12 CLA-producirigctobacillusin mice
[20]. Xu et al. [2008] estimated the biohydrogeoatkinetics ofLactobacillus (L.) acidophilusn the production of
CLA from LA [28]. They elucidated the pathway frolofA to stearic acid, known as biohydrogenation. Aligh
there are plenty of research about probiotic hdadtteficial properties e.g. toxin and heavy metataval [29] and
application in food enrichment [6], anyway, tillwmpthere is no report about the evaluation of irdelent variables
on CLA production in probiotic yoghurt.

In the present study, the effect of supplementatibsafflower oil (as a rich source of LA) on CLAeld using a
mixed culture ofStreptococcus (S.) thermophilus and Lactobacillug @elbrueckii (d.) bulgaricusas well as
commercial ABY starter and probiotic bf acidophilusandB. lactiswas investigated. The impact of independent
variables was determined separately by Taguchgdegimount and time of incorporation of safflowel, time,
and temperature of incubation, and also the amotigidded non-fat dry milk on the yield of CLA ingtriotic
yoghurt were studied, and the most suitable canditor CLA production was obtained. The next pugpo$ this
study was to compare different sets of co-cultaredétermine their synergistic impact on CLA produetin
probiotic yoghurt.

EXPERIMENTAL SECTION

Sample Preparation

One litre of non-fat dry milk (10% dry matter) waepared and pasteurised at 90°C for 30 minutdsr &boling a
magnetic stirrer for 15 minutes. to 35°C, 50 g &YA 1 starter was added to the milk and mixed by FElarter
culture was inoculated at 0.4% v/v to the milk,Emlly (recommended by Danish Christian Hanseh @oofile

of pH changes was obtained for all trials by sangpin 30 minutes interval. At this stage, 0.1% Isafér oil was

added to the inoculated milk. Following the incudat for 1 and/or 2 h and achieving the right phk samples
were cooled down in ice water and transferred éor#tfrigerator adjusted at 0°C to stop the badtadtvities and
maintaining the pH at a constant value. Finallg ¥ield of CLA in the produced probiotic yoghurt svaneasured
[21, 23].

Considering the experimental design, eight triath whree replicates were performed to determieeyibld of CLA

in each probiotic sample just after production dadng one-week storage. The amounts of yoghurnfat-fat dry
matter, pH, acidity (as lactic acid), probiotic co@nd sensory evaluation of the final product waetermined in
both probiotic sets. Extraction and purification @®fA were performed according to the method rembiig Lin

[21-23].

Microbial analysis

Two sets of inoculation were prepared

S. thermophilus, L. d. bulgaricus, L. acidophituslB. lactis;
S. thermophilus, L. d. bulgaricus, L. acidophitursiB. breve.

MRS- bile agar medium was used for selective aalint of each of the two probiotic species. Incubratt 37°C
for 72 h in aerobic condition resulted in the growef L. acidophilus while B. lactisgrew in anaerobic condition
[5,10].

Statistical methods and experimental design

Experimental design was done by applying Taguclthowas shown in Table 1. For eight variables ia tevels,
the design of experiments with eight trials and teplicates was performed. The data analysis was dsing the
Qualitek-4 software according to Taguchi methoder€fore, the effect of each variable and the bestition to
get the maximum yield was achieved.

Data are expressed as means + SEM. Analyses wemmed using the statistical software SPSS (verdid.0,

SPSS). Differences between the means were evaluaied 1-way ANOVA, and differences among the treatt
means were assessed using Tukey's test when vesiamere unequal. The results of sensorial evaluatiere
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analysed by a non-parametric Kolmogorov-Smirnou tesng the SPSS software (ver. 19). Differencesewe
considered significant at P<0.05.

Table 1. An L8 Taguchi array for evaluation of effet of 5 process variables (in two levels) on CLA duction in probiotic yoghurt

Skim milk  Time of oil Temperature Added oil End of incubation

Trial Number (Yowiw) addition (°C) (%viv) at pH
1 2 At first 37 0 4.5
2 2 At first 40 14 5
3 2 At pH 6 37 14 5
4 2 At pH 6 40 0 4.5
5 4 At first 37 0 5
6 4 At first 40 14 4.5
7 4 At pH 6 37 14 4.5
8 4 At pH 6 40 0 5

Sensory evaluation

Sensory evaluation was conducted by 9 trained jsamdb compare probiotic yogurt with and without ACby

ranking test. The samples and control were predesgparately to panelists, then they were askedro quality
parameters e.g. off-flavor, saltiness, sourness,wiscosity, mouth feel and texture smoothnessyelsas opacity,

aroma intensity stringiness, and overall acceptfittel6].
RESULTS AND DISCUSSION

The results of this study showed that by incorporabf non-fat dry milk to the raw milk, CLA yieldhay be
increased. The addition of 2% v/v non-fat dry milsults in a significant increase of CLA (Figure flae to the
role of proton donation of proteins in non-fat dnjlk during the oxidation mechanism and formatidrfree LA
[22, 23]. However, the addition of non-fat dry milk to 4% v/v did not cause any more significactéase in the
CLA vyield. Figure 1b shows that incubation temperatof 37°C results in more increase in CLA vyiefd i
comparison to 40°C. During the production procesprobiotic yoghurt, increasing the incubation temgture is
more favorable for the growth af d. bulgaricusas a strong acid producer. Thus, accumulatiomatfd acid has
adverse effects on CLA yield.
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Figure 1. The effect of (a) skim milk incorporation (b) time of Safflower oil addition, on CLA produdion in probiotic yoghurt
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The addition of 0.14% safflower oil as a rich s@uof LA leads to more production of CLA. Suitabil@é for oil
addition was obtained when pH reached to 6 andtegsin a relatively higher yield of CLA (Figures 2nd 2b).
Other investigators have also reported a correldiEtween the amount of available LA and CLA yig@ld].
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Figure 2. The effect of (a) incubation temperature(b) amount of safflower oil addition on CLA produdion in probiotic yoghurt
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FIGURE 3. The effect of incubation time on CLA prodiction in probiotic yoghurt

It was found that the best time for terminationirafubation is at pH 4.5 in which probiotic bacteaig survived,
suitable flavour and aroma are maintained in yoglamd undesirable effects of lactic acid producgdLb d.
bulgaricusare inhibited (Figure 3a). These results are ireegent with those reported by Kim and Liu [2002].
Moreover, application of safflower oil and mixedltaues of probiotic bacteria. acidophilusandB. lactic along
with traditional yoghurt starterS. thermophilusindL. d. bulgaricuscaused an increase in CLA yield. Organoleptic
evaluation of probiotic yoghurt containing safflaweil versus blank probiotic yoghurt showed no figant
difference in total acceptance. Therefore, the tamdiof 0.14% safflower oil had no undesirable effen the
organoleptic properties of yoghurt (Table 2).
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TABLE 2. Ranking test among control and probiotic yoghurtt containing CLA F

Sensory parameters

Sample Smoothness  Viscosity Aroma Flavor& off- Sourness Saltiness Mouthfeel Total
flavor acceptance
CLA, Control> Control> CLA>
control NSt NS CLA CLA> control CLA NSt control NSt

T Condition of production: 0.2% v/v non-fat dry kniincubation at 37°C, the addition of 1.4 ml/Ifkafer oil at pH 6, and termination of
incubation at pH 4.5. The amount of CLA in prolmgtoghurt containing B. breve and control was 11.@>8 and 7.1x10-3% of total fat,
respectively
T The sensory evaluation was conducted after Ichstorage
* Not significant (p<0.05)

According to the research results, the best camdtio get maximum yield of CLA in yoghurt prodactiare the
addition of 0.2% v/v non-fat dry milk, and inculmtiat 37°C, the addition of 1.4 ml/I safflower ail pH 6, and
termination of incubation at pH 4.5. The CLA conteanthe extracted fat from 2.5 ml of yoghurt (aftdissolving
in 5 ml of solvent) was increased. In fact, the immasn amount of CLA in produced probiotic yoghurttainingB.

lactis, B. breveand blank yoghurt was 9.23x10-3, 11.44 x10-3A0d@%10-3% of total fat, respectively.

The growth curve (Figure 4) of two set of probistignd their ability to produce CLA was obtained rotime
(Figure 5). The maximum cell count was achieved&h for both inocula, and maximum conversion affwer
oil to CLA was at 24 and 28 h, for B. lactis andtBeve, respectively (Figures 4 and 5). Productib@LA was
growth-associated and at the late stationary pbfisacterial growth.

The concentration of CLA increased following ab@4th incubation with a corresponding decrease linviability
(Figure 1). It seems that, in the late stationdrgge, oil was further converted to CLA. The reasolnA conversion

to CLA is unclear, but it has been suggested thah ssomerization reaction may function as a déiation
mechanism in bacteria [15].

10 ¢

log cfwml

2 12 22 32 42 52 62

time (h)

Figure 4. The growth of two sets of probiotic in yghurt over time in the presence of 4% skim milk 1.%6 v/v sunflower oil added at pH=6
and 37°C

Effect of non-fat dry milk

Addition of 2% non- fat dry milk caused an increaseCLA yield; however, by adding 4% non-fat drylkpino
significant change in CLA yield was observed. Nah-firy milk acts as a source of hydrogen donatat an
isomerization will increase at the first stage im-bydrogenation. So LA will be converted to CLA7[2
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Figure 5. Conjugated linoleic acid (CLA) productionof probiotic in yoghurt over time in the presenceof 4% skim milk 1.4% v/v
sunflower oil added at pH=6 and 37°C

Effect of time of safflower oil addition

The results of this study revealed that additiosafflower oil was suitable for CLA production afte pH of 6 was
reached (Figure 2a). It is to be noted that groeftihacteria in yoghurt container is a kind of batehture, and
production organic acid is related to the growttbaéterial cells. Yoghurt acidity has a reversedincorrelation in
the normal range of milk pH down to 4.5. TableseBndnstrate the pH change in the yoghurt samplesicomg 2
and 4% (w/w) of non-fat dry milk during two diffareincubation temperatures. This result indicatesignificant
different between yoghurt containing different amibaf non-fat dry milk in both temperatures (P>Q.05 seems
that kinetics of lowering pH is proportional to kiic of bacterial growth [5]. On the other handy-hidrogenation
process needs energy, which is less availabledrcells [17]. According to the results of this stuahd the pH
variations in probiotic yoghurt, the amount of puodd CLA was higher at the final stage of the ldgaric growth
phase. Kim and Liu [2002] reported that additiorsohflower oil to 2.5% fat milk, which was fermedtby lactic
starters such as traditional yoghurt starter 1@r&tutes prior to termination of incubation, resdlte an increase of

CLA vyield in these products. They also showed thathighest CLA was produced during the bacteoigatithmic
growth phase.

Effect of incubation temperature

Formation of CLA in the produced probiotic yoghwas higher when the incubation temperature was 3&C
compared to 40°C. By increasing the incubation tenaure L. d. bulgaricushad a better condition for growth, so
its higher activity and acid production led to gwgpression of probiotic bacteria in the mixed yotjistarter. Kim
and Liu [2002] also reported a decreased CLA yikid to acid formation and lowering of pH to 4.6.

TABLE 3. pH changes in the yoghurt samples containg 2 and 4% (w/w) of non-fat dry milk during two different incubation

temperatures
Incubation pH ian Incubation pH ian
Time () 37ec 40cc M) 370c 40°c
2% (w/w) of non-fat dry 4% (w/w) of non-fat dry
milk milk
0 660 666 O 6.65 6.58
30 6.49 644 30 6.47 6.42
60 6.37 6.28 60 6.34 6.20
90 6.19 6.14 90 6.20 6.14
120 588 576 120 6.02 6.00
150 570 5.66 150 5.74 5.63
180 533 5.20 180 536 5.30
210 5.06 5.00 210 5.06 5.03
240 483 478 240 487 4.80
270 461 458 270 462 452

Effect of safflower oil addition

The addition of 0.14% v/v safflower oil increasdéa tCLA yield (Figure 2b). Lin et al. also reportdtht by the
addition of 0.1% v/v of LA to the milk used for ylagrt production, the CLA yield increased from 0612095
mg/g of non- fat yoghurt [22], [23]. Aghajani [2012so showed that addition of 0.1% v/v of sunflowed to the

milk used for the production of plain yoghurt bynmmon yoghurt starter resulted in an increase in @leAd from
4.5 to 7.0 mg/g [2].
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Effect of termination time of incubation

As mentioned before, Figure 3a shows that ternonatif incubation at pH 4.5 resulted in more accatioh of
CLA in probiotic yoghurt. At this stage, probiotiacteria are survived and favourable taste and aama formed
in the yoghurt while the distractive effect of hilgletic acid produced bly. d. bulgaricuds prevented. Kim and Liu
[2002] also reported that increasing the amouriaaiic acid in the fermented 2.5% milk by lactiarsérs caused
reduction of pH and CLA yield [17].

Aneja & Murthi [1990] studied the production of CLiA a fermented product called Dahi and found aifigant
increase in CLA content from 5.5 to 26.5 mg/g ia fht [3]. Lin et al [1995] showed that incorpoaattiof non-fat
dry milk accelerates the isomerization reactiothimfirst step of bio-hydrogenation and resultthim conversion of
LA to CLA [21]. Also increasing the temperature fro70°C to 85°C caused higher yield of CLA productia
cheddar cheese. Jiang & Fonden [1998] studied théuption of CLA by various lactobacillus bacteimaMRS
media in which 25 pg/mL of CLA was added [15]. Kand Liu [2002] studied the production of CLA in kit
by 14 species of LAB [17]. They reported that CLdrrhation was related to the enzymatic conversiomAf
however, it was interrupted after bacterial growthmilk and reduction of pH due to inactivation isbmerase
Shantha, et al. [1992] investigated the paramedffective on the formation of CLA in milk producf®7]. They
reported that incorporation of whey proteins and-rfat dry milk increases the content of this faitid in cheese
and non-fat yoghurt. Lin et al. [2003] also invgated the influence of LA and oligosaccharides tatdion the
CLA yield in non-fat probiotic yoghurt containing Acidophilus. The results showed that CLA yieldr@ased from
0.71 to 2.95 pg/g of non-fat yoghurt containing%.df LA. Gorissen, et al. [2010] conducted scregnifi 36
different Bifidobacteriumstrains for the ability of biotransformation of &&A (0.5 mg ml-1) in MRS broth [12].
Strains belonging td&ifidobacteriumSp. showed different yields of CLA production viagy from 19.5 to 53.5%.
The CLA isomers produced were further identifiedhwhg+-HPLC. LA was mainly converted into t9t11-Clakd
c9t11-CLA. A rapid method for identifying bacteriahich convert free LA to CLA based on spectrophutric
detection of CLA, has been reported [4], which daailitate high-throughput screening of bacterisblates.
Kishino [2002] selected L. plantarum AKU 1009a gsotential strain for CLA production from LA [19Under the
best conditions of fermentation, 33% molar yiel@%d w/v) was achieved in 108 h. The produced CLA walasut
half of the total FA, and contains a mixture of t@bA isomers, cis-9, trans-11 (or trans-9, cis-b&jadecadienoic
acid and trans-9, trans-11-octadecadienoic acidkl@g et al. [2009] reported the inhibittory effettconjugated-
LA produced byB. breveNCIMB 702258 on SW480 colon cancer cells. Thesced#re cultured in the presence of
the extracted fermented oil (10-5@/ml) for 5 days. The results showed a four fifdduction of cells at a
concentration of 18QM, (P<0.001), compared with a reduction of the only éth o-LA (P<0.01). Abd El-Salam
et al. [2010] conducted a screening experimenst@ins of potentially probiotitactobacillus, Propionibacteria,
Leuconostoc, Lactococcus, Enterococcasd Pediococcusto examine their ability to convert LA to CLA in
medium containing 0.0-1% lipolysis oil [1leuconostoenesenteroidesubsp.mesenteroideandL. lactis subsp.
lactis biovar deacetylateggave maximum dienes in a medium containing 0.6 @B&o lipolysis oil, respectively.
Lee et al. [2007] showed that trans-10, cis-12-GirAducingLactobacilluscan be applied for obesity treatment in
mice [20]. Park et al. [2009] optimised culture ditions to improve CLA production bg. breveLMC 520 [26]. A
maximal yield of CLA (up to 90% conversion) was a@bed after 24 h incubation in culture medium cuoritey 1
mM LA at pH 5.5 under anaerobic condition. Ogawaakt[2005] showed that castor oil, as a rich seunt
ricinoleic acid acts as a substrate for CLA prottucby LAB [19]. Xu et al. [2008] estimated the Higdrogenation
kinetics ofL. acidophiluson the production of CLA from LA and describedipaay of bio-hydrogenation [28]. Till
now, there is no report about the evaluation oépehdent variables on CLA production in probiotighurt.

The amount of LA available for CLA production inettcolon depends on ingested amount and efficacy of
absorption in the small intestine, but usually mepandicated that an amount of ~20 mg LA per dagyrbe
excreted in human gastrointestinal tract [9]. Bgests that following by probiotics colonizationhaman colon, the
substrate is available for microbial productiorCafA.

CONCLUSION

The results of the present study demonstrateduef a rich source of LA such as safflower olhjck contains
more than 77% LA, in the presence of yoghurt LABrt&trs along with two probiotic bacteria (elg.acidophilus
and B. lactic or B. brevé increased CLA vyield in the produced probiotic og. Between two sets of
microorganism, inoculation containing B. breve,sesiincreased production yield in comparB ttactis while the
survival of probiotics reduces 2 log phases.

It was also concluded that the best conditiongfomoting the amount of CLA in probiotic yoghureahe addition

of 2% v/v non-fat dry milk, incubation at 37°C, tlaeldition of 1.4x10-3% v/v of safflower oil at pH énd
termination of incubation when pH 4.5 is obtained.
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The amount of CLA in probiotic yoghurt containiBg lactisincreased by 450% (from 0.04 to 0.22 mg/ml), lout i
the case oB. brevethe content of produced CLA was increased 10ffaioh 0.04 to 0.4 mg/ml.

Sensory evaluation of probiotic yoghurt containgadflower oil showed no significant difference asnpared to
the blank probiotic yoghurt. These results proad®vel opportunity to develop foods with anti-dbeactivity.

By consideration of the numerous health benefit<CbA, it can be investigated whether the anti-aawgenic
properties of some probiotics are linked to théillity of CLA production. Also, because of the mabgneficial
health effects of CLA, the ability of new mutantlcdctobacillusand Bifidobacterium To synthesise CLA can be
considered as a novel probiotic trait. Furthermtre,encapsulation of bifidobacteria in any edfilla or capsules
is recommended to increase cell viability. The igbilo synthesise CLA may offer novel opportunitits the
development of health-promoting functional foodghwhe benefits of enriched CLA and probiotic leaiz. Also,
use of different extracts as an antioxidant inydb&verages is recommended to enrich with conjdgateleic acid
as well as masking any undesirable taste of sowtgEgtic dairy products.
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