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SUMMARY

In the present study, Fifteen selected probiotic
strains of lactic acid bacteria as (lactobacillus,
Streptococcus and Bifidobacterium spp) were ex-
amined for their ability to remove cholesterol (T-
Ch) and triglycerides (TG) from laboratory media
during their growth. All selected strains could re-
move T-Ch and triglycerides (TG) on different
media as MRS-THIO broth media GM-THIO
growth media except 2 strains only. A combina-
tion between the probiotic strains used was car-
ried out to select the proper mixture in removing
lipids. Derived yoghurt from the best mixture was
analysed for T-Ch and TG under the manufacture
conditions proved the ability of chosen mixture in

removing lipids.

The study extended to evaluate, the effect of yo-

ghurt manufactured by probiotic strains (1%
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starter ) on the lipid profile through experimental
hyperlipidemic rats (rats fed on 1% cholesterol
and 0.5% of cholic acid dissolved in 20% coco-
nut oil ration for 45 days). The hyperlipidemic
rats were subdivided into four groups; G1, fed
on rotion free probiotics served - as (-) ve control
group, G2, 3, 4 fed on ration containing different
groups of strains from probiotics, L.acidophillus
N10, Str.cremoris F 99 and Bif.ther-bifidum99 (B
group); L.acidophillus N10, L. bulgaricus N5 and
Str.thermophillus S1 (H group) ;' L.acidophillus
N10, Str.cremoris F50, L.bulgaricus N5 and Bif-
longum K69 (E group). The data showed that all
the tested groups have similar significant reduc-
tion in seum T-Ch, LDL-Ch and TG as well as
significant increase in the level of HDL-Ch . All
the tested yoghurt showed significant reduction in
serum total fatty acids (TFA). The most reduction
effecton fatty acids were obtained by the group H

which could restore the ratio of unsaturated fatty



acids / saturated ones to become near to the con-
trol value. It is worth mentioning that the biologi-
cal studies confirmed with the aorta tissues his-

tobiology.
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INTRODUCTION

A high level of serum total cholesterol in general-
ly considered to be a risk factor for coronary
heart disease and atherosclerosis (Moore, 1996
and Yamamoto et al., 1999). Reducing the level
cholesterol causing decreases in incidence and
mortality of ischemic heart disease and athero-
sclerosis (Mabuchi, 1999 and Suzan 2003). As
such, much attention has been drowning to differ-
ent dietary ways of reducing the serum total cho-
lesterol level. Many studies has been performed
in experimental animals to elucidate the effect of
fermented dairy products on serum cholesterol
especially with selected strain of lactic acids bac-
teria (8$1-Onge et al., 2000). Yoghurt is indicated
as the best diet for balancing and preserving the
biological functions of the gut. All these biologi-
cal effects of yoghurt are of great importance for
the normalization of the autochthonous flora and
the consequent increase of the bodyis natural de-
fence against infections diseases and putrefactive
(Biachi-

salvadori, 1986) probiotics are live microbial sup-

and fermentative processes

plements, which beneficially affect the host by
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improving its intestinal microbial balance (Fuil-
er,1992 and Tiina Mattila, et.al 2003). The thera- .
beutic value of lactobacills acidophilus has been
stablished for many diseases and disorders of the
digestive tract (Danielson, et.al,1989). Probiotic
bacteria produce B-galactosidase which is benefi-
cial for people with lactose intolerance. The nor- |
mal yoghurt cultures, lactobacillus, delbrueckii
ssp. bulgaricus and streptococcus thermophilus,
produce B-galactosidase in yoghurt but these bac-
teria cannot servive and grow in the intestinal
tract due to their low bile salt tolerance. In con-
trast, probiotic bacteria such as Lb. acidophilus
and Bifidobacterium bifidum can survive and
grow in the intestinal tract and produce B-
galactosidase in the presence of bile salt (Noh &
G‘ill'iland 1993). In addition, the used of certain
Lactic acid bacteria to assimilate cholesterol invi-
tro (Gilliland and Kim,1984; Lin et.al.,1985; Gil-
liland & walker,1990, Sanders Ellen., 1993, and
Pereira, 2002) or to lower blood cholesterol in-
vivo (Danielson et.al., 1989 and Portugal et.al.,
2006) Thus,encapsulated probiotic bacteria can be
used in many fermented dairy products such as
Yoghurt, Cheese, Cream and frozen dairy desserts
(Wunwisa et.al 2003) . Numerous studies, howev-
er, have demonstrated that Lactobacillus acidoph-
ilus, Bifidobacteria bifidum, and Lactobacillus
bulgaricus bacteria lower cholesterol in a signifi-
cant fashion. ( Sanders Ellen 1993, Taranto et.al;
1998, Pigeon et.al; 2002, Kimoto et al; 2002, and
Tiina Mattila et.al., 2003).



MATERIALS AND METHODS

A-In vitro:-

Probiotic strains:

L. acidophillus N10, L. bulgaricus N5, L.casei
B20, Bifidobacterium spp420, L. helveticus H42,
obtained from Danisco cultor Niebull GmbH.,
C12, Str.
CremorisF50, L. delbrueckii spp 12 obtained

Str.thermophllus R, L.plantarium

from American type culture collection (Rock-
ville, MD.USA) while L. acidophillus N10, Bif.
Longum K69, Bif.therm-bifidum 9, Bif.spp 815,
Str. thermophillus S1, Str. thermophillus S2 were
obtained from Agricultural Research Service- pe-

oria, illinois Midwest Area.

Skim Milk Powder: DIFCO 500 g - Casein solu-
ble: NOURESHARK Co. Egypt-

Chlesterol Powder: PROLABO 250 g- MRS
broth and GM17 broth Media from OXIOD Co.-
cholic acid, and coconut oil from sigma Co.
USA.

Powderd Milk 500 g from MERK Co. Germany

Maintenance of probiotic strains: were adopted
according to ( Taranto, et al, 1998; Kimoto, et al,
2002 and Pigeon, et.al, 2002)

Analysis of cholestrol and triglycerides in
broth medium :
{Rudel and Morris, 1973 and Kimoto, et al 2002)

Yoghurt processing: according to (Abde] Twab
1967)

were performed according to
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B- In vivo:-

Animals:

A total number of 40 male albino rats weighing
(120430 g B.wt) were used. The animals were
brought from our breeding center of NODCAR
and kept under strictly hygienic conditions. They
were put on a stander basal diet and allowed free

access to drinking water.

Experimental Technique:-

Induction of hyperlipidemia:

Hyperlipidemia in rats was done according to the

method of Grone et.al 1989) by feeding the ani-

mal high fat (20% coconut oil)/ cholestercl (1%)

for 2 month. The high fat diet contained cholic

acid (0.5%) to enhance the central absorption of

lipids. The occurrence of hyperlipidemia was de-

termined by measuring of lipid profile for the ani-

mals.

hyperlipidemic rats were classified into five equal

groups each comprise 6 rats and treated for 2

weeks by 3 different starter of strains as follow:

1. Positive control group{ (+)ve C}.

2. starter (B) = SB treated group (1 x107cfu/mV/
rat/day).= yoghurt B

. starter (H) = SH treated group (1 x107cfu/ml/
rat/day).= yogurt H

. starter (E) = SE treated group (1 x107cfu/ml/
rat/day).= yoghurt E

At the end of the treatment schedule, blood sam-
ples were taken from each rat and they were sac-

rificed, aorta tissues were removed and subjected



to histopathological examinations as described by
Bancroft and Stevens (1977).

Separated serum were processed for the bio-
chemical analysis, T-Ch, HDL-Ch, TG were
done according to the method of commercial
available kits LDL-Ch was caiculated by the for-
mula of Friedwald, et al (1972) total fatty acids
was determined by GC chromatography accord-
ing the method of Xu, et al., (1993).

Statistical analysis were done using the means
of each group and compared for significant dif-

ferences using Student's t-test.

RESULTS

A-in vitro study:-

Results in table (1)} showed that, the highest
strains of lactic acid bacteria for removal choles-
terol (T-ch) and triglycerids (TG) were 20% of
(T-ch } and 19.2% of (TG) for L.bulgaricus N3,
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19.6% of (T-ch ) and 19% of (TG) for
Bif Longum K69, 19.4% of (T-ch) and 20% of
(TG ) for L.acidophillus N10, 18.9% of (T-ch)
and 16.2% of (TG) for Str.thermophillus S1,
15.3% of (T-ch) and 15% of ( TG) for L.casei
B20, 12.5% of (T-ch) and 13.6 % of (TG) for
Bif.therm-bifidum 9 and 12.5% of (Tch) and 13%
of (TG) for L.helveticus H42 compared with an-
other strains which removed (T-ch) and (TG )
smallar than that by above mentioned strains . On
the other hand, there are no effect of L.plantaium
Ci2 and Bif.Spp 815 on cholesterol and triglyce-

rides.

Results in table {2) revealed that, the best reduc-
tion of (T-ch) and (TG) were group B which
gaves 20.3% pg/ml of (T-ch) reduction and
25.2% Ug/ml of (TG) reduction, while group H
gaves 19.8% pg/ml of (T-ch ) and 18.0% pg/ml of
(TG ) reduction and group E gaves 18.8% ug/ml
(T-ch ) and 16.8 pg/ml of (TG) reduction com-

pared with blank resp.



Table (1) Effect of probiotic strains on cholesterol (T-ch ) and Triglycerides
(TG) in broth media after 24 h of incubation period.

Strains of L.A.B 10’ 10° 10°
cfu i cfu c.fu
T-ch TG T-ch TG T-ch TG
Removal % pg/ml
1- L.acidophillus N11 | 10.5 10.0 9.3 9.2 84 8.0
2- L.casei B20 15.3 15.0 15.2 14.0 142 14.3
3- L.acidophillus N10 | 194 20.0 16.3 18.2 16.0 18.0
4- L.bulgaricus N5 20.0 192 1196 18.4 17.3 17.0
5- L.plantarium C12 0.0 1.2 0.0 1.0 0.0 0.0
6- L. helveticus H42 12.5 13.0 123 12.5 12.0 11.0
7- Str. Thermophllus R { 3.9 2.5 32 2.2 2.0 0.0
8- Str. CremorisF50 5.6 4.4 5.0 4.0 4.8 3.2
9- Bifidobacterium spp | 8.2 6.0 8.0 6.0 7.3 5.8
10- Bif, Longum K69 19.6 19.0 19.2 18.5 19.0 18.2
11- Bif therm-bifidum 9 | 12.5 13.6 12.0 12.2 11.3 12.0
12- Bif.spp 815 0.0 0.0 1.0 0.0 0.0 6.0
13- Str. thermophillus S1 | 18.9 16.2 18.6 16.0 18.0 15.0
14- Str. thermophillos S2 | 2.6 8.6 22 8.0 2.0 7.1
15- L. delbrueckii sppl2 { 4.6 3.2 3.6 2.9 3.2 2.0

The mechnism by which lactic acid bacteria to
remove cholesterol from laboratory media has
been studied and reported by (Klaver & Van der
Meer 1993 and Kimoto, et al., 2002) that choles-
teroi removal by some lactobacilli is only due to
a disruption of the cholesterol micelles caused

by the deconjugation and precipitation of choles-
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terol with the free bile salts as the pH of the me-
dia dropped by acid production duting the
growth. These results are agreement with numer-
ous studies (Gilliland et al., 1984, Lin et al.,1989,
Gilliland &Walker, 1990, Fuller, 1992, Gopal, et
al., 1996, Kimoto, et al., 2002 and Pigeon, et al.,
2002).



Table(2) Effect of some suggested probiotic strains ( starter yoghurt) on

cholesterol and triglycerides in yoghurt after 24 h of incubation.

Suggested group Removal % pg/ml
Or (Yoghurt ) (T-ch) (TG)

A 1.5 1.0
B * 20.3 25.2
C 13.1 12.2
D 1.5 5.2
E * 18.8 16.8
F 3.2 2.1
G 6.2 4.1
H * 19.5 18.0
I 2.1 2.2
J 1.2 3.1
Blank 0.0 0.0

* Starters were inoculated by 1%

* Blank= normal starter of lactic acid bacteria
*Starter B= L.acidophilius N10, Str.cremoris F 99 and Bif ther-bifidum99
*Starter E= L.acidophillus N10, Str.cremoris F50, L.bulgaricus N5 and

Bif-longum K69

*Starter H= L.acidophillus N10, L.bulgaricus N5 and Str.thermophillusS1

B-in vivo study:-

Biochemical results:

As depicted in table (3) and fig.(1), oral adminis-
tration of high fat diet containing cholesterol and
cholic acid caused a significant increase (P<0.05)
of total serum cholesterol, LDL-Ch, and TG as

well as a significant reduction (P<0.05) in the
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level of serum HDL-Ch. Furthermore a marked
increase (P<0.05) in the level of serum TFA,
SFA & UFA were recorded in (+}ve C group,
while the ratio of UFA/ SFA was significantly
(P<0.05) decreased (40%) in respect to the value

recorded in (-)ve C group.



Table(3) &Fig(1):Effect of hyperlipidemic induction oh the level of serum lipid
profile (mg/dL) and fatty acids (mg/dL) for 45 days.

Parameter (-ve C Q)_w. C % Change between
Before After treatment (-)ve C & (+)ve
treatment(B) (A) C(B)
T-Ch 75.17+1.19 115,50 +4,51* 109.67 + 6.03* 54%

TG 101.50 + 3.96 166.67 £ 6,17* 158,50 + 6.71* 64%
LDL-Ch 22,17+ 1.19 59.17 % 3.39f 55.76 +£2.90* 167%
HDL-Ch 32.67 + 247 23.67 + 1.43* 24.33 + 1.33* {-)28%

TFA 295.83 £ 7.50 522.00 & 27.58* 513.67£29.35* 76%

SFA 125.00 +4.09 287.33 4 19.08* 279.17x11.14* 130%

UFA 170.83 + 9.68 234.67+17.40* 228.67+7.44* 37%

Ratio of UFA/SFA 1,37 +544 0.82 + 17,44 0.82 + 9.44 {-)40%

Data are expressed as mean values of 6 rats + SE
Significance difference from (-) ve Control group: *P<0.05.
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To evaluate the treatment effect of the tested
starters, the data recorded in table (4) and Fig.
(2), showed that all animals treated with the test-
ed strains experienced similar significant reduc-
tion (P<0.05) in serum T-Ch, LDL-Ch and TG as
well as significant increment (P<0.05) in the lev-
el of HDL-Ch in parallel to the values of (+)ve C
group. Furthermore the level of serum TFA, SFA
& UFA were decreased significantly (P<0.05) re-
garding to the value of (+)ve C group. The data
also showed that rats treated with group (H) have
the more pronounced effect in reducing the level
of TFA in respect to the values of other tested
starters. In addition the ratio of UFA/SFA was in-
creased significantly (P<0.05) in group of rats
treated only with group (H) in parallel to values

of (+)ve C group .

Histopathological study:

Group of rats kept as control:

The normal histological structure of the aorta
formed of tunica intima, tunica media and outer

tunica adventitia were recorded in (Fig a)
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Group of experimental hyperlipidemic rats:

Haemorrhage was detected in the perivascular
tissue { Fig. bl ), with oedema in the tunica ad-
ventitia, vacuolation in the cells of the media and
desquamation in the endothelium of the tunica in-

tima ( Fig. b2 ).

Group of hyperlipidemic rats treated by H
group of probiotics :

The tunice intima and media were intact and the
normal histological structure of tunica adventitia

were recordes in { Fig. C ).

Group of hyperlipidemic rats treated by B
group of probiotics :

Some of the endothelial cells lining the tunica in-
tima were desquamated while other showed

swelling ( Fig. D).

Group of hyperlipidemic rats treated by E
group of probiotics:

There was diffuse desquamation in the endothe-
lial cells lining the tunica intima while the tunica

media had vacuolation ( Fig. E ).



Table(4) &Fig(2): The effect of different treatments on the levels of serum lipid profile
and fatty acids(mg/dL) against hyperlipidmip rats after 15 days from treatment.

Paramter {(+)ve C B H E
T-Ch 109.67 + 6.03 88.50 + 2.54* 89.17 + 1.51* 94.67 £ 3.35°
TG 158.50 £ 6.71 124,67 & 8.89* 125,50 + 7.18* 121.00 £ 4.55*
LDL-Ch 55.76 £ 2.90 349+ 1.24* 35.24 £ 0.70* 40.47 £ 1.68"
HDL-Ch 24.33+ 1.33 28.67 + 2.17* 28.83 + 1.94* 30.00 £ 3.16*
TFA 513.67429.35 | 43517+18.19* | 373.33£18.53* | 397.67 £17.61"
SFA 179.17x11.14 | 243.674 11.46* | 183.33+10.73* 213.00 £ 9.03*
UFA 228.67+7.44 191.50 + 8.96* 190.00 + 4.58* 184.67 £ 7.33*
Ratio of UFA/SFA | 0824844 0.79 £10.22 1.04 £ 7.00* 0.87+6.44
Data are expressed as mean values of 6 rats + SE
Significance difference from (+)ve Control group: *P<0.05.
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Fig (a): Aorta of rat in control group showing the
histological structure of the tunica intima (I), me-
dia (M) and adventitia (A). H& E X160.

Fig. (bL.): Aorta of hyperlipidemic rat showing
perivascular

Haemorrhages (H). H&E X 40

Fig. (b2): Aorta of hyperlipidernic rat showing
vacuolation in the cell of Tunica media ( arrow )
and desquamation of the endotheliun of the
endotheliun of tunica intima ( double arrow ).
H&E X160

Fig. (C): Aorta of hyperlipidemic rat by Starter
H showing intact lining endothelium of the tunica
intima ( arrow) and normal structure of aorta.
H&E X160

Fig. (D) : Aorta of hyperlipidemic rat treated by
Starter B showing desquamation of the endothe-
lial cells lining the intima ( D ) with swelling in
other (S)H & E X160

Fig. (E) : Aocrta of hyperlipidemic rat treated by
Starter E showing desquamation of the endothe-
lial cells lining the intima ( arrow ) with vacuola-
tioninthe media( V). H&E X 160.

DISCUSSION

The elevated levels of T-ch, TG, LDH-ch as well
as the decreasing level of HDL-ch beside the his-
topathological changes in aorta tissues recorded
in the results indicated the strong correlation be-
tween hypercholesterol-emia and incident of ath-

erosclerosis (Stary et al., 1992).
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The result of present study demonstrated that, as
compared to different ten selected starters for
lowering T-h and TG, three chosen group of
probiotics for yoghurt as (B,H, and E) were more
effective in improving serum lipid in expcrifnen-
tal hyperholesterolemic rats. In comparison with
the control, all the data obtained from the 3 se-
lected starters experienced some what similar sig-
nificant reduction in the levels of serum lipid pa-

rameters.

The results indicated that 3 fermented milk as
(yoghurt} were Jowered serum total cholesterol
concentrations in rats agree with data from others
studies involving various milk product containing
selected strains of lactic acid bacteria (Akalin
etal., 1997 and Beena & Prasad, 1997). Reduction
of T-ch, TG were observed with selected strain
including probiotic bacteria (L.acidophilus,
L.bulgaricus, Str. Cremoris, Str.thermophillus,
Bifidobacterum longum, and Bif.ther-bifidum)
decrease in T-ch, LDL-ch with a simultaneous in-
crease in HDL~ch. The observation in this study
agree with the finding of Taranto et al., (1998)
and Hashimoto et al., (1999).

The mechanisms of serum lipid improvement
have been suggested from invitro and invivo
studies. In vitro experiments demonstrated that
intestinal lactic acid bacteria have the capaéity to
assimilate and bind cholesterol as well as bile ac-

ids with the bacterial cells (Hosono & Tono-oca



1995 and Kimoto et al., 2002). From these re-
sults, it is conceivable that serum total cholesterol
is reduced by inhibiting absorption in the intes-
tine as a result of the assimilating and binding of
cholesterol as well as bile acids by the lactic ac-
ids bacteria. On other hand serum lipid improve-
ment seen to be related to the hydrolyase activity
of the bile salts of the bacterial cells that deconju-
gate about half the bile of the conjugated bile
salts that are excreted into the small intestine
which would increase the fecal excretion of de-
conjugated bile salts. To maintain bile salts ho-
meostasis, the bile acid have to be newly synthe-
sized in the liver thus increasing the demand for
cholesterol as precursor for bile acids and this
Ieading to lower the level of cholesterol concen-
tration (Taranto et al., 1998 and Pereira & Gib-
son., 2002). Surviving passage through gastroin-
testinal tract is believed to be important for
proboitics strains as L.acidophilus, L. bulgaricus,
Str. Cremoris, Str. thermophillus, Bifidobacterum
longum, and Bif ther-bifidum may be due to bind
with cholesterol and bile acids as well as by sup-
pressing bile acid resorption by deconjugation.
(Salminen and vonWright, 1993 and Xiao et al.,
2003).

The significant reduction of serum total fatty ac-
ids observed in this study with the 3 selected
starters, showed that group H (Syp) had the most
powerful reduction in order that Sy >Sg> Sp.
Only Sy could restore ratio of UFA/SFA by in-
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Vcreasing the level of UFA and decreasing the lev-

el of SFA in corresponding to the values record-

ed in control group.

It was reported by the study of Kimoto et al.,
(2002) that some bacteria can remove cholesterol
from media both by binding cholesterol to dead
cells on the cell surface and by uptake of choles-
terol into the living cells. As it was known that,
the lipid of the gram positive bacteria found pre-
dominately in the membrane, suggesting that
cholesterol was incorporated into the cellular
membrane of the bacteria and may have altered
the fatty acids composition. The author reported
an increase in the level of UFA and decrease in
the level of SFA. These result were in good keep-
ing with the present study that showed an in-
crease in the ratio of UFA/SFA of serum of rats
administrated group H suggesting that the in-
creasing of UFA on the surface of probiotic
strains bacteria may reflect an increase in the ser-

um UFA of rats fed on group H.

The association between nutrition and hyperlipi-
demia or the production of premature atheroscler-
osis is mainly due to the effect of nutrients on
serum lipids, lipoprotein (LDL-Ch, HDL-Ch)
that are considered the common risks of athero-
sclerosis. So cholesterol and saturated fatty acids
intake, strongly negatively affected plasma total
cholesterol and LDL-Ch while mono and poly

unsaturated fatty acids are generally regarded as



beneficial (Haban, 2000 and Suzan, 2003). Thus
nutrition with group H was considered the best
nutriment as it is not only decrease the level of

serum cholesterol but also increase the level of
UFA.

In connection with histopathological changes, the
moderate protective effect on aortic atherosclero-
sis associated with the 3 selected yoghurt made
by above mentioed groups (B, H, and E) and
treatment specially with group SH, is secondary
to their attenuation of induced hypercholesterole-

mia and reflects their hypocholesterolemic effect.

CONCLUSIONS

The present study demonstrated that, as com-
pared with of some probiotic strains traditional
yogurt fermented with ordinary lactic acid bacte-
ria, as L.acidophilus, Str. Cremoris, Bifidobacter-
um longum, and Bif.ther-bifidum were effective
in improving serum lipid in rats which possess a
high tolerance to gastric and bile acids and show
assimilating and binding of cholesterol, a strong
bile salt hydrolase activity, strong survive pas-
sage through the gastrointestinal tract. Also it
considered benefit nutriment as it provide diet
rich in UFA and finally their potent ability to re-
gain the normal architecture of aorta tissues of
hypercholesterolemic rats to be as observed in
normal rats,

strains through the yoghurt.
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