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Abstract: A considerable variation is noticed between the different species studied and
even between the strains of the same species, in the assimilation of cholesterol in
synthetic media, in presence of different concentrations of bile salts and under
anaerobiosis conditions. The obtained results show that certain str&fregibcoccus
thermophilusand Lactobacillus bulgaricugesist bile salts and assimilate appreciable
cholesterol quantities in their presence. The study of associations shows that only strains
assimilating cholesterol in a pure state remain active when they are put in associations,
but there is no additional effect. However, the symbiotic effect bet®&eptococcus
thermophilusand Lactobacillus bulgaricusof yogurt, with regard to bile salts, is
confirmed. The lactic fermenters of yogurt (Y2) reduce the levels of total cholesterol,
HDL-cholesterol and LDL-cholesterol, in a well-balanced way. In all cases, the
assimilated quantity of HDL-cholesterol is lower than that of LDL-cholesterol.
Moreover, yogurt Y2 keeps a significant number of bacteria, superiof toell® ml*,

and has a good taste 10 days after its production.
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INTRODUCTION cholesterol) is preferentially assimilated by these lactic
bacteria in pure strains or in associations.
Cholesterol acts as a risk factor in different diseases
such as cardiovascular, colon cancer and hypercholestero- MATERIALS AND METHODS
lemia [21, 25]. Results in recently published works indi-
cate that the reduction of excessive levels of cholesterol inThe bacteria strains used.Streptococcus thermophi-
the blood decreases the risks of these diseases. In ldbsi (Sc.t), Lactobacillus bulgaricus (Lb.by) are used for
years, a particular accent was placed on fermented pthe making of yogurt Y1 (source: Boll-France) and
ducts with specific microorganisms to which nutritional Streptococcus thermophil2igSc.t), Lactobacillus bulga-
dietetics and therapeutics properties were attributed [2cus2 (Lb.ly) are used for the making of yogurt Y2
10, 17, 23]. (source: Laboratory of Microbiology, University HB
The purpose of this study is 3-fold: first, to searclChlef). Different combinations have been made from
yogurt bacteria capable of assimilating cholesterol ithese strains in the MRS broth.
specific synthetic media, in presence of cholesterol and
bile salts and studying the effect of the latter on the Cultures broth and growth conditions. The MRS
growth and assimilation of cholesterol; second, to obserbeoth (reference: 0881-01, Difco) is used for the lactoba-
the association effect of lactic bacteria strains on thalli and the mixed cultures; whereas, the M17 broth
growth and assimilation of cholesterol; third, to determinégeference: 150-29, Diagnostica-Merck) is used for the
which of the cholesterol fractions (HDL- and LDL- streptococci.
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Figure 1. Growth of Y2,Sc.t andLb.b, (0.0 and 0.3% of bile salts). Figure 2. Total cholesterol assimilated by YS¢.t andLb.ly, (0.0 and
0.3% of bile salts).

The culture media of different strains are freshly The technique used to determine the Dornic acidity
prepared. They are divided into 2 fractions, each of whiaonsists of introducing 10 ml of yogurt in a test tube with
is distributed in subfractions, with 2 different concentraa sterile pipette. Then we add 0.1 ml (2 drops) of
tions (0.0 and 0.3%) in bile salts (BS) (reference: 405¢henolphthalein. Titrate by using NaOH (N/9) until a pink
Merck) and a stationary concentration of cholesterol (Cgolor is obtained. The poured millilitres volume corres-
of 40.0 + 1.0 ml.t (standard cholesterol, referenceponding to Dornic degree (°D). The results are expressed
139050, Boehringer Mannheim GmbH). The growth oihn Dornic degree or in gram of lactic acid per litre.
lactic bacteria is controlled by enumeration in a 10 x 90
mm plastic dishes, and by the optical density measure-Statistical analysis of results.The statistical analysis
ment using spectrophotometry at 660 nm at different tingf results is accomplished with the help of “Anova”
intervals (0, 20, 40, 72, 90 h), in order to follow thegrogrammes. We have performed, on the one hand, an
growth’s evolution of different strains in the presence ananalysis of variance in order to show the significance of
absence of different concentrations in bile salts. our results and on the other hand, the average compari-

sons by Newman-Keuls’ test and probability (P).

Total cholesterol analysisThe enzymatic colorimetric
method of Sera-Pak test is used: US. overt 291.121 and RESULTS AND DISCUSSION
Foteigh extensions [26].

Growth. The lactic bacteria in a pure culture and in

HDL-cholesterol analysis. The analysis of this frac- association show an important variation when growing in
tion is determined by the method Chod-PAP: referen@ synthetic broth and in presence of bile salts. The
14210, Diagnostica-Merck [12]. isolated strains 08c.t and ofLb.b,, initially sensitive or

partially sensitive to bile salts, multiply normally when

LDL-cholesterol analysis.The method of precipitation placed in association and in the presence of 0.3% of bile
by heparin (100,000 1U/I.) with citrate of sodium (0.064salts. This result shows the symbiotic effect, in relation to
mol.I"), as a stabilizer, is used: reference 14992, Diagnde bile salts, betweeBc.t andLb.b,. For the association
tica-Merck [28]. Y2, the growth increases very significantly in the absence

of the bile salts (p<0.001) and it is moderately significant

Life duration of yogurt Y2. After the making of yo- in the presence of 0,3 % of bile salts and in relation to
gurt Y2, we have observed the evolution of the Dornittme (p<0.01) (Fig. 1). The growth of the mixed culture
acidity as well as the number of living cells, by the enu®2) is superior to that dbc.t andLb.b, taken separately,
meration ofSc.$ and ofLb.b, during the storage at 4°C.  both in the absence and in the presence of 0.3% of bile

The microbiologic analysis purpose, on 10 x 90 mraalts. No action against bile salts was observed, neither by
plastic dishes, is to determine the numbeESof and of Sc.; nor byLb.b,.

Lb.b, living in yogurt. After a microscopic exam of the These results confirm the works of Pacatial. [24]
dilution 1/10G of yogurt, some successive decimahnd Dilmi-Bouras [9] showing that some straind_bfl,
solutions are achieved. Then, 1 ml of the dilution iand ofSc.} in association survive to the inhibitory action
seeded in depth in the MRS-Agar broth for the culture aff some bile salts, until a concentration of 0.25% of
Lb.b, and on the surface in the M17-Agar broth for thelesoxycholic acid. This concentration is normally super-
culture of Sc.p. The cultures are incubated for 48 h ator to that found in the human coecum (0.05-0.20%).
37°C. In the curves, the number values of viabl8imilar results with different strains, were fouimdvitro
organisms are given in lgg [4, 5] andin vivo[11, 22].
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Figure 3. HDL-cholesterol assimilated by Y&c.t andLb.b, (0.0 and Figure 4. LDL-cholesterol assimilated by Y&c.t andLb.b, (0.0 and
0.3% of bile salts). 0.3% of bile salts).

Previous works [13, 8] show that certain lactic bacteriao action towards the bile salts has been noticed neither
strains are very resistant, some less so, resistant dndSc.t nor byLb.b,.
others are sensitive to acidity and bile salts; whereasThis action towards cholesterol is confirmed even after
others [20, 13] affirm thatb. acidophilusstrains can be many subculturing and two successive fermentations. We
developed only in the presence of bile salts. notice that during the second fermentation, and in the
This variation in the obtained results is probably due teresence of 40.0 £ 1.0 mg/l of choleste&x,, Lb.b, and
the use of ferment strains, for these are very importavi always stay active and assimilate cholesterol
variations between different species and even betweguantities nearly similar to the first one in presence of bile
strains of the same species in the resistance to acidity aadts. Therefore, the criterion of cholesterol assimilation
bile salts. by Sc.t, Lb.l, and Y2 always remains valid and cannot be
lost during subculturing and successive fermentation.
Assimilated Cholesterol These results confirm the work of Dilmi-Bouras, [9]
with other strains ot.b. bulgaricusand of Sc. thermo-
Total cholesterol. The different strains in isolated philus (Boll-France). Similar results [10] show thib.
culture and in association were placed in the presence dbalgaricus and of Sc. thermophilugBoll-France) dimi-
known quantity of cholesterol (40.0 + 1.0 mg/l), and aftenish cholesterolemia of hypercholesterolemic rabbits.
incubation in variable time, the analysis of cholesterol restowever, others [15, 16, 25] have found that yogurt fer-
is realised by the enzymatic method. ments have no effect on the reduction of blood cholesterol
An important variation is noticed between the differenievel. Also, Kleblinget al.[17] and Desreumaux [7] have
tested species and even between the strains of the samokerecorded any reduction of total cholesterol level in
species in the assimilation of cholesterol in synthetiman, and De Roos and Katan [6] have concluded that
broth in the presence of different concentration of bilaypocholesterolemic action of probiotic is not completely
salts and under anaerobiosis. The associatiGes (+ elucidated. This difference in results is due to experimen-
Lb.ly) assimilate different amounts of cholesterol in théal subjects and to different strains of ferment used.
presence of 0.3% of bile salts and after 90 h of incubation.
These quantities of assimilated cholesterol are as follows:HDL and LDL-cholesterol. This analysis was carried
Y1: 18.0%, Y2: 21.0%. Y2 association seems to have theit to show which fraction of cholesterol is preferentially
most important action towards cholesterol, in the presenassimilated by yogurt ferments and in which proportion.
of 0.3% of bile salts, and it has been kept as an examflee quantities of different fractions of cholesterol assimi-
with these isolated strains. lated by the different strains and their associations are
Sc.p does not assimilate cholesterol in 20 h and vemyifferent. Sc.t and Lb.b, in isolated cultures assimilate
little between 40-90 hours in the absence of the bile saltsv quantities of HDL-cholesterol (Fig. 3) and high
(Fig. 2); whereas the assimilation of cholesterolSmyt  quantities of LDL-cholesterol (Fig. 4). This action is very
increases significantly according to time and thénportant wherSc.t andLb.b, are in presence of 0.3% of
concentration in bile salts (p<0.001), in order to attaihile salts. The association Y2 of these 2 ferments seems to
nearly 25% in 90 h and in presence of 0.3% of bile saltgive satisfactory and balanced results; it assimilates
In other respectd,b.b, assimilates important quantities of17.20% of HDL-cholesterol and 29.70% of LDL-chole-
cholesterol which augment significantly according to timsterol in presence of 0.3% of bile salts.
and concentration in bile salts (p<0.001). Y2 reacts in the This mixed culture (Y2) assimilates almost the sum of
same way ad.b.b, and assimilates more than 21% oMHDL-cholesterol from the 2 strains taken separately. But
cholesterol during 90 h and 0.3% of bile salts. Moreovefor LDL-cholesterol, the assimilated quantity represents
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Figure 5. Growth of Y2,Sc.t andLb.b; in relation to time at 4°C. Figure 6. Dornic acidity evolution of Y2 in relation of time at 4°C.

the average of the quantities assimilated by the 2 fermestnfirms other previous works, showing that the
in the isolated state. These results show clearly tldevelopment ofSc. thermophiluss rapidly affected by
moderate action dBc.p, Lb.b, and their association (Y2) the pH low [1, 11] andLb. bulgaricusevaluates slowly at
on HDL-cholesterol level, since the assimilated level of°C [1]. Another writer has already shown that in yogurt
the latter remains always inferior to total cholesterol levdérmentation the bacterium multiplication is very rapid
or LDL-cholesterol. The same findings have been noteahd the number of microorganisms go beyond. hl™
with different strains,in vitro [9] and in vivo [10]. [19] and after the thirtieth day at 6°C there remain finally
However, Tamaét al.[27] have not noticed any variation 10° cells . mI*. This variation in the found result is due to
of sanguine HDL-cholesterol level of rats after thehe difference of the used strains in yogurt fabrication.
consumption of the fermented milk. In an other wayGenerally, yogurt's life duration is nearly 3 weeks,
some researchers [7, 14, 17] have found that addibgcause after this period there is yeast proliferation and
probiotics to the diet does not diminish LDL-cholesteroinould [18].
level; however, it diminishes LDL/HDL ratio. The results However, Dornic acidity increases progressively with
are different for Y1 which assimilates a low quantity ofime, to attain 160°D at the end of the sixteenth day (Fig.
HDL-cholesterol (6.2%) and a large amount of LDL-6). This effect of acid production is connected to the
cholesterol (28.0%). The assimilated quantities of LDLstimulating action of.b.b, onSc.$.
cholesterol is very high and represents nearly 5 times theThus, it is important to know at what time of yogurt life
assimilated of HDL-cholesterol quantity. In this case, thee are situated, in order to evaluate and use it in a
equilibrium will be disrupted. According to bibliographicjudicious way. According to the obtained results, this
data, LDL-cholesterol is 3 times higher than HDL-yogurt can be used as a “health” product, and more
cholesterol. For all strains and associations used, theeferably in the 10 days following its production, mainly
statistic analysis shows that the assimilation of HDLfor 2 reasons: average Dornic acidity (90-130°D) giving
cholesterol and LDL-cholesterol in relation to time isoft yogurts with a good taste and cells humbellnb,
significant until incubation time of 40 h (p<0.01), butand ofSc.t (more than 1dcells . mt).
beyond this period of time, the values remain nearly the
same; therefore, there are no significant differences CONCLUSION
(p>0.05). The results will be very interestingS€.t and
Lb.b, are used by individuals facing problems of The isolated strains dbc. thermophilusand those of
hypercholesterolemia. Lb. bulgaricus initially sensitive or little sensitive to bile
salts, normally multiply when they are placed in
Duration of life of yogurt Y2. During this study, we association with and in the presence of a high bile salts
have followed the evolution (growth and Dornic acidity)concentration (0.3%). This result shows the symbiosis
of refrigerated yogurt Y2 in function of time. Figure 5effect, in the presence of bile salts, between streptococcus
shows that the number of living bacteria increases so thatd Lactobacillus used for the production of yogurts. The
to achieve 3.7 x focells mi* of Sc.p and 6.0 x 1Bcells  action, in the presence of 0.3% of bile saltsSofp, of
ml™? of Lb.b, at the end of the second day. After the fourthb.b, and that of Y2 on the cholesterol seems to be very
day, we notice a rapid diminution of bacteria which attaimteresting. These 2 strains and their association reduce
less than 2.0 x Taells . mI* by the end of the eighteenth cholesterol total level, of HDL cholesterol and LDL
day. It seems to us that it is more reasonable to attributieolesterol, in a balanced way. In all cases, the
this diminution of viability, on the one hand, to theassimilated quantity of HDL cholesterol is inferior to that
sensitivity ofSc.t to the low pH, and on the other handpf LDL cholesterol. However, no action has been noticed
to the sensitivity ofLb.b, to cold weather. This result towards bile salts, neither I§c.t nor byLb.b,. Thus, to
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preserve the “health” aspect of yogurt Y2 and to profit 11.Dilmi-Bouras A, Sadoun D: Survie des ferments du yaourt dans le

; ; ; e digestif du lapirLe Lait2002a,82(2), 97-103.
from its lactic flora, it seems reasonable to consume tﬁg’lleraeger B, Ziegenhorn J. Wahiefeld AW: Improved method for

product in the 10 days that follow its production, & dat@e quantitation of serum HDL-cholestér6lin Chem1982,28 (Abstr.
from which germs’ number has the tendency to regress. 126), 1574.

Finally, these different observations need to be pursued13. Gillland SE, Nelson CR, Maxwel C: Assimilation of cholesterol

; ; ; e Lacidophilus Appl Environ Microbiol1985,49, 377-381.
n V.IVO StUdI.es on_human model the qut sensitive (tﬁé( 14. Guggenbiihl N: Yaourt et cholestetékalth Food2002,54, 1.
subject at risks), in order to better define the potential 15 jaspers DA, Massey LK, Luedecke LO: Effect of consuming

activity of the existing strains of lactic bacteria on thgogurts prepared, with three strains on human serum lipoproteins.
diminution of sanguine cholesterol level. Food Scil984,49, 1178-1181. o
16. Kiyosowa HC: Effect of skim milk and yogurt on serum lipids
Ack led and development of sudanophilic lesions in cholesterol-fed rafit]
Cknowledgements Clin Nutr 1984,40, 479-484.

. . . . . 17.Klebling G, Schneider J, Jahrels G: Long-term consumption of
This work was financially supported by University H.B. rmented dairy products over six months increases HDL cholesterol.

Chlef and by the Ministry of Scientific Research. Code OF . j ciin Nutr2002 56, 843-849.

project: F 0201/02/03. 18. Laccroix C, Lachance O: Effect of various humefactants and Aw
on proteolysis yeast and mold growth and shelf-like during cold storage
of yogurt.Can Ins Food Sci Technoll®80,23, 101-108.
REFERENCES 19.Loones A: Modification de la composition du lait durant la
fermentation du yoghourtln: Les lait fermentés. Actualités de la
1. Accolas JPLes levains thermophiles: propriétés et comportementecherche Libbey Eurotext, Paris 1989.
en technologie laitiereCongrés International: Microbiologie alimentaire  20. Nielsen JW, Gilliland SE: Variations in cholesterol assimilation
1979, 11 Octabre. by individual strains ofL. acidophilus and L. casei from human
2. Bertazoni Minelli E, Benini A, Marzotto M, Hendriks H, SbarbatiintestinesJ Dairy Sci1985,68(Suppl. 1) 83.
A, Dellaglio F:Preliminary screening of health-promoting properties of 21.Noh DO, Gilliland SE: Influence of bile on B-galactosidase
new lactobacillus strain: in vitro and in vivelEALFO Abstracts 2001, activity of component species of yogurt starter cultude®airy Sci
Italy. 1994,77, 3532-3537.
3. Bouillanne C, Desmazeaud MJ: Classement de souches de L.22.0ozeer N, Goupil-Feuillerat N, Alpert CA, Van de Guchte M,
bulgaricus selon quelques caractéres utilisés en fabrication du yoghoériba J, Mengaud J, Corthier Gactobacillus caseis able to survive
Sci Aliments1981,1, 7-17. and initiate protein synthesis during its transit in the digestive tract of
4. Brashears MM, Gilliland SHnfluences of pH during growth on human flora-associated micéppl Environ Microbiol 2002, 68(7),
removal of cholesterol from MRS broth by Lb. casei and Lb. acid®570-3574.
philus 5. OSU, Research Report 1997. 23. Oyetayo VO, Adetuyi FC, Akinyosoye FA: Safety and protective
5. Brashears MM, Gilliland SE, Buck LM: Bile salt deconjugationeffect of Lactobacillus acidophilusand Lactobacillus caseiused as
and cholesterol removal from media bgctobacillus caseid Dairy Sci  probiotic agenin vitro. Afr J BiotechnoR003,2(11), 448-452.
1998,81, 2103-2110. 24.Pacini N, Ferrari A, Canzi E, Bianchi-Salvatory B: Microflore
6. De Roos NM, Katan MB: Effect of probiotic bacteria on diarrhealntestinal et son action sur les transformations biliaires chez les souris
lipid metabolism, and carcinogenesfm J Clin Nutr2000, 71, 405- alimentées avec du yoghourait 1979,589-590 615-624.
411. 25. Paniangvait P, King AJ, Jones AD, Germain BG: Cholesterol
7. Desreumaux P: Evidence-based review concerning probiotics @sides in foods of animal origid. Food Scil995,60, 1159-1175.
therapy for IBD in humangiealth Nutr Flora2003,12, 12. 26. Siedel J, Hagel EO, Ziegenhorn J, Wahlefeld AW: Reagent for
8. Dilmi-Bouras A:Assimilation du Cholestérol par les Bactériesthe enzymatic determination serum total cholesterol with improved
Lactiques These de Magister, INA El-Harrach 1991, 143p. lipolytic efficiency. Clin Chem1983,29, 1075-1080.
9. Dilmi-Bouras A: Survie de Streptococcus thermophilus et de 27.Tamai Y, Yoshmitsu N, Watanabe Y, Kuwabara Y, Nagai S:
Lactobacillus bulgaricus et leur action sur le métabolisme du cholesté&ffect of milk fermented by culturing with various lactic acid bacteria

rol. These de Doctorat d’Etat, INA El-Harrach Alger 2002, 110p. and a yeast on serum cholesterol level in htSerment Bioend 996,
10. Dilmi-Bouras A, Sadoun D: Effet du yaourtSireptococcus 81(2) 181-182.
thermophiluset Lactobacillus delbrueckispp.bulgaricussur le choles- 28. Wieland H, Crermer P, Siedel D: Specific preparation of LDL in

térol sanguin chez le lapiMed Nutr2002b,38(1), 24-32. complex with Heparin at pH 5.1€lin Chem1983,29 (Abstr. 86) 1172.



