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ABSTRACT. The possible hylx~holesterolemic effect of 
acidophilus milk was evaluated on 27 human subjects having 
different levels of serum cholesterol, i.e. <2.0 (group C1), 
2.0-2.2 (C2), 2.2-2.5 (C3) and >2.5 g/L (C4). The aci- 
dophilus milk was prepared by fermentation of low-fat milk 
with Lactobacillus acidophilus and was fed to each volun- 
teer at the rate of 200 mL/d for 20 d. Blood samples from 
the volunteers were collected and analyzed for lipid profile 
twice prior to, during and after feeding, keeping a gap 
of 10 d between two collections. A significant decrease 
(p < 0.05) in average total cholesterol was found in the C2 
and C3 groups, amounting to 21 and 12 %, respectively. The 
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average LDL cholesterol decreased in C2, C3 and C 4 groups 
by 0.54, 0.26 and 0.46 g/L, respectively. In the C2 group, the 
LDL/HDL and total/HDL ratio was also reduced by 1.4 
and 1.3, respectively. However, in the C1 group, the average 
total and LDL cholesterol level did not show any significant 
change but serum triacylglycerols and VLDL choleste- 
rol showed a significant (p < 0.05) increase of 0.53 and 
0.11 g/L, respectively. Regression analysis of the data re- 
vealed a square trend in most of the parameters over time 
period. Overall, the feeding had the best effect in the sub- 
jects with lipidemic status of borderline cholesterol level 
(2.0-2.2 g/L) group. 

An elevated level of blood cholesterol is known to promote arteriosclerosis and facilitate the 
occurrence of myocardial infarction and stroke (Kaplan et aL i988; Bierman I990- When the sum of 
cholesterol synthesized and that obtained from the diet exceeds the amount required for the synthesis 
of membranes,  bile salts and steroids; pathological accumulation of cholesterol in blood vessels can 
develop, resulting in obstruction of blood vessels (Lehninger 1993). 

Blood cholesterol reduction through dietary modification is preferred over drugs by physicians 
treating hyperlipemic patients, being a natural means with no side effects. Increasing evidence suggests 
that selected members  of the lactic acid bacteria, such as lactobacilli and bifidobacteria, and of other 
microorganisms (e.g. , enterococci) when consumed in sufficiently large amounts, exert prophylactic and 
therapeutic effects in humans as well as animals (Sandine et al. 1972; Mitsuoka I99I; Robinson x99I; 
Olasupo t998; Belicovti et al. t999; Laukovti et al. t999). Use of fermented milks as a dietary means to 
combat hypercholesterolemia has generated some interest stemming from the observation of 
consistently low blood cholesterol level in Masai tribesmen in spite of large intake of diet high in 
saturated fat and cholesterol (Mann and Spoerry t974). Till date, we have ample evidence that fer- 
mented milk consumption may favorably affect the lipid metabolism in animals as well as in humans 
(Gilliland et aL t985; De Rodas et aL t996; Gorbach et al. t988; Hruby et al. t992, Khedkar et al. 
t993a). While the majority of the feeding trials on animals have yielded favorable results, contradictory 
results have also been reported with feeding trials on humans by some research workers (Massey t984; 
Lin et al. t989; McNamara  et al. I989). 

The October I987 report of the National Heart, Lung  and Blood Institute's National Choles- 
terol Reduction Program (NCEP) defined the levels of serum cholesterol deemed to be desirable, toler- 
able or a serious risk factor for the development of coronary artery disease. The report classifies total 
cholesterol concentrations below 2.0 g /L  as desirable, those between 2.0 and 2.4 g / L  as borderline, and 
those greater than 2.4 g / L  as high cholesterol concentrations that should be reduced by dietary means 
or appropriate therapy. A certain level of cholesterol is desired in the body. Hence, a cholesterol low- 
ering culture may have an adverse effect in a human with already low level. It is likely that cultures may 
have a regulatory effect rather than lowering and that the influence may differ with persons with differ- 
ent levels of cholesterol. Hence, the present investigation was carried out to check the effect of feeding 
fermented milk prepared by a selected strain of L. acidophilus on lipid profile parameters in volunteers 
with a different level of baseline cholesterol. 

*Corresponding author. 
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M A T E R I A L S  A N D  M E T H O D S  

Selection of strains. Lactobacillus acidophilus V3, a vaginal isolate, was obtained from the cul- 
ture collection of the Dairy MicrobiolooY Department, SMC Colleye of Dairy Science, Anand, and was 
maintained in sterilized reconstituted skimmed milk by weekly transfer, q-he culture was known to have 
the ability to deconjugate bile acids, assimilate cholesterol and an antibacterial activity against some 
food-borne pathogens (Ashar and Prajapati I998). Before use in the preparation of acidophilus milk, 
the culture was activated by three daily transfers in reconstituted skimmed milk. 

Preparation ofacidophilus milk. Low-fat milk (1.6 % fat, 8.5 % SNF) of batch size of 10-20 L 
was heated to 120 ~ for 10 min, cooled, inoculated with an active culture of L. acidophilus and incu- 
bated at 37 ~ till setting. The curd was then broken, flavor and color were added, homogenized and 
packed in 200-mL aliquots in sanitized polyethylene pouches. The product was stored at 2-8  ~ till use. 

The experimental protocol. Human volunteers suspected to have hyperlipemia were initially 
screened for their blood lipid profile status. Based on two baseline readings for total serum cholesterol, 
the volunteers were grouped into four categories, viz. those having <2.0 g/L (C1), 2.0-2.2 g/L (C2), 
2.2-2.5 g/L (Ca) and > 2.5 g/L (C4). Each group contained a certain number of volunteers, totaling 27. 
The personal details and medical history of all were recorded along with their visit dates for blood col- 
lection. The volunteers were given a pouch of 200 mL acidophilic milk daily for 20 consecutive days. 
Twelve hourly fasting blood samples were collected by venipuncture six times; two times each before, 
during and after feeding acidophilic milk, keeping a gap of 10 d between the two collections. Subjects 
suffering from hyperlipemia secondary to hypertension, diabetes, hypothyroidism, etc. were also 
allowed to take their routine medicine as prescribed by the physician. However, none of the volunteers 
were taking any drugs for reducing cholesterol. Collected blood samples of all subjects were analyzed 
for lipid profile and results were recorded and analyzed. 

Analysis of serum lipid profile. Total cholesterol, HDL-cholesterol and triacylglycerols were 
estimated from serum with the help of commercial kits manufactured by M/S Bayer Diaynostics b~dia 
Ltd., Baroda (India) as per the methods suggested by them in the brochure. As far as possible, estima- 
tions were made on the day of blood collection. However, occasionally, when delay was unavoidable, 
the samples were stored at 2 -8  ~ for a maximum of 3 d prior to analysis. 

Estimation of total cholesterol. According to the enzymic method given in the kit manual, daily 
working solution was prepared by mixing equal volumes of solution 1, i.e. buffer-enzyme-chromogen, 
and reagent 2, i.e. phenol, supplied in the kit. One mL of this working reagent was added with 10 mL of 
test serum. Blank as well as standard were run every time to increase the accuracy of the assay. The 
tubes were subsequently incubated at 37 ~ in a water bath for 5 rain. Thereafter, the absorbance A was 
read on a Hitachi 220S double-beam spectrophotometer at 505 nm against reagent blank. The chole- 
sterol (Cho) content in g/L of the test sample was calculated as 

Cho = Atest/Astd • 2,  

where 2 is the cholesterol content of the standard solution. 
Serum triacylylycerols were estimated by an enzymic colorimetric method using 3,5-dichloro- 

2-hydroxybenzenesulfonic acid (DHBS). Reagent 1 (containing enzymes plus chromogen) was recon- 
stituted by addition of equal volumes of reagent 2 (buffer plus chromogen) and reagent 3 (stabilizer) in 
the required quantity. One mL of this reconstituted solution (working reagent) was taken in a test tube 
to which 10 mL of serum sample was added. Blank and standard were run during each assay. The tubes 
were kept at room temperature for 15 rain thereafter. Finally, absorbance (/1505) was measured against 
reagent blank. The triacylglycerol (TAG) content (g/L) in test serum was calculated as 

TAG = Atest/Astd • 2. 

HDL cholesterol in test serum was measured by the phosphotungstate method as given in the 
kit brochure. Precipitation step was initially carried out to remove other fractions of cholesterol from 
the serum. In this step, 200 mL of serum and 200 mL of precipitating reagent containing phospho- 
tungstic acid were taken into a centrifuge tube and the contents were centrifuged for 10 min at 
58-67 Hz. The clear supernatant thus obtained was treated as sample. The onward procedure was 
similar to the estimation of total cholesterol except that instead of 10 mL sample, 20 mL of supernatant 
was taken in 1 mL of working reagent. The content of HDL cholesterol (g/L) in the test sample was 
calculated as 

HDL = A t e s t / A s t d  �9 
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The other parameters were calculated (all in g/L) as 

VLDL = TAG/5,  
LDL = Chotot - HDL - VLDL. 

Stat i s t ica l  analyses .  T h e  pooled as well as grouped data for lipid profile parameters obtained 
during the pre-feeding ( -10  and 0 d), feeding (10 and 20 d) as well as post-feeding (+10 and +20 d) 
periods were analyzed by Randomized Block Design (RBD). Individual volunteers were taken as repli- 
cates whereas the time periods were considered as treatments. The significant differences between 
treatment means for the respective parameters were tested by critical difference (CD) test. The average 
pre-feeding (baseline) values were compared with the values obtained during subsequent feeding and 
post-feeding periods. Regression analysis was also done for individual groups to statistically assess the 
trend of lipid profile parameters. Linear equation Y = a + bx  and square equation Y = a + bx  + cx 2 

were applied (Snedecor and Cochran I967). The best-fit equation was selected on the basis of sig- 
nificance of the value of the coefficient of determination (R 2) to explain the trend of test parameters 
over the test periods of time. 

RESULTS AND DISCUSSION 

Fresh acidophilus milk contained a viable count (on MRS agar, at 37 ~ after 2 d) of 3.6/ng, 
3.5 % protein, 1.6 % fat and 0.66 % titratable acidity. 

The average baseline total cholesterol was 1.7 g/L in C1, 2.1 in C2, 2.3 in C3 and 2.7 in C4 
groups (Table I). In other lipid profile parameters also large variations were observed. The average 
total cholesterol level was significantly reduced (p < 0.05) by 0.44 and 0.29 g/L in C2 and C3 groups, 
which included 7 and 9 subjects, respectively. When the treatment means of these two groups were 
tested by the least significant difference, a significant reduction was found after 20 d of stopping feeding 
in C2 group while in the C3 group it remained at par up to 20-d feeding period and subsequently 
reduced after a 10-d post-feeding period. In the C1 and C4 groups there were insignificant changes in 
the total cholesterol values over time. 

The reduction obtained in serum total cholesterol was in line with earlier studies related to 
feeding trials involving human subjects (Mann and Spoerry I974; Harrison and Peat I975; Khedkar et 

al. 1993a, b; Agerbek et  al. I995). Working with the same strain of L.  ac idoph i l u s  V3 Khedkar et al. 

(I993a) reported a significant reduction in total cholesterol (0.34 g/L) after 30 d of feeding of 200 g of 
acidophilic milk per d to 20 healthy human volunteers aged 50-60 years. In a similar trial involving 20 
healthy male volunteers aged 40-50 years, the trend of serum cholesterol level reduction was not 
clearly established (Khedkar et al. x993b). 

Lin et al. 0989) also grouped the 354 subjects of their study based on their baseline choles- 
terol levels. However, they could not find a significant change in any of the lipid profile parameters in 
the low cholesterol (< 2.0 g/L), medium cholesterol (2.0-2.2) and high cholesterol (> 2.4) populations 
during the entire study period. One of the reasons for such insignificant result may be the low dose 
(2 • 106) of viable bacteria in commercially available tablet Lactinex selected for the feeding trial. The 
type of strain also matters. 

A significant decline (p < 0.05) of 0.54 g/L was found in the LDL cholesterol level of the C2 
group, amounting to 41% reduction. In other groups, there were insignificant changes in LDL chole- 
sterol values (Table I). A gradual increase in the average serum triacylglycerols as well as VLDL chole- 
sterol was also found in the C1 group, while in other groups there were no significant changes. With 
respect to HDL cholesterol, LDL/HDL ratio and total/HDL cholesterol ratio, no significant alter- 
ations have been found in any group of volunteers at any period (Table I). 

Results of regression analysis revealed that in some parameters either a linear or a square 
trend fitted, while in other cases no clear trend could be established (Table II). In the present analysis, 
equations exhibiting an R 2 value of more than 0.7 were selected to explain the trend. In the individuals 
having a baseline cholesterol level < 2.0 g/L (C1), a square trend of increase was observed in the aver- 
age total cholesterol value. In the individuals having a baseline cholesterol level in the range of 
2.0-2.2 g/L (C2), an initial square increase in average total cholesterol values was found during feed- 
ing, followed by a sharp decline over the post feeding periods. Group C3 showed a continuous decline. 
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Table I. Average lipid profile parameters 

Pre-feedingt Feeding Post-feeding 

Parameter Group n SEM CD* CV 
g/L 0 d 10 d 20 d + 10 d + 20 d % 

Total C 1 1.7 1.7 1.7 1.8 1.9 9 6.4 --* 10.9 

cholesterol C 2 2.1 2.1 2.1 1.8 1.6 7 10.8 31.6 14.6 

C3 2.3 2.2 2.1 2.0 2.0 9 7.4 21.3 10.3 
C 4 2.7 2.3 2.3 2.6 2.6 2 12.4 --* 7.1 

~ m  C1 1.8 1.1 1.2 1.4 1.7 9 11.6 33.6 26.2 
t r i a~ l#~ero l s  C2 1.5 1.7 1.5 1.6 1.8 7 17.2 --* 28.0 

C 3 1.9 1.7 1.8 1.6 1.9 9 17.1 --* 28.8 
C4 1.5 1.4 1.7 1.7 1.3 2 29.5 --* 27.2 

HDL C1 0.46 0.43 0.47 0.36 0.43 9 4.8 --* 33.5 
cholesterol C 2 0.46 0.43 0.55 0.46 0.51 7 4.7 --* 25.8 

C3 0.46 0.41 0.49 0.42 0.43 9 2.9 --* 19.6 

C4 0.36 0.46 0.38 0.55 0.52 2 10.4 --* 32.0 

VLDL C 1 0.23 0.23 0.24 0.29 0.34 9 2.3 6.7 26.2 

cholesterol C 2 0.31 0.34 0.30 0.31 0.36 7 3.4 --* 28.0 

C3 0.38 0.35 0.36 0.32 0.38 9 3.4 --* 28.8 

(24 0.30 0.27 0.34 0.35 0.27 2 5.9 --* 27.2 

LDL C1 0.98 1.0 1.0.2 1.1 1.1 9 7.3 --* 20.6 
cholesterol C2 1.3 1.3 1.3 1.1 0.78 7 11.7 M.2 26.9 

C3 1.5 1.4 1.3 1.3 1.2 9 7.8 --* 17.3 
C 4 2.0 1.5 1.6 1.7 1.8 2 21.7 --* 17.7 

Ratio* C1 2.1 2.4 2.2 3.1 2.6 9 0.13 --* ~ . 7  
LDL/HDL ~ 2.9 3.1 2.3 2.3 1.5 7 0.13 --* 22.3 

C3 3.3 3.5 2.6 3.1 2.9 9 0.08 --* 13.9 
C 4 5.6 3.4 4.2 3.0 3.5 2 0.30 --* 22.2 

Ratio* C1 3.6 4.0 3.7 4.9 4.4 9 0.13 --* 18.3 

ChOtot/HDL C2 4.5 4.8 3.9 4.0 3.2 7 0.11 --* 13.7 
C 3 5.1 5.4 4.4 4.9 4.8 9 0.07 --* 9.7 

C4 7.4 5.0 6.1 4.7 5.0 2 0.27 --* 15.7 

* - -  insignificant. 

*Average of two baseline estimations, i.e. 10 d before start of feeding and on day zero. 
*The original values were transformed to square root for statistical analysis. 

The average LDL/HDL cholesterol ratio showed a trend of continuous decline over the study 
period in the C2 group. In this group an insignificant square trend of initial increase followed by 
decrease was observed for the Chotot/HDL ratio. In the C3 group, a square trend with the average 
total and LDL cholesterol levels over the given test periods was detected. In the C4 group, though nei- 
ther linear nor square trend fitted with respect to total cholesterol, a square trend of decline in LDL 
cholesterol was found. 

The results indicated that feeding of acidophilic milk was beneficial in terms of reducing 
cholesterol in people having borderline (2.0-2.2 g/L, C2 group) and moderate risk (2.2-2.5 g/L, 
C3 group) in relation to the occurrence of coronary heart diseases. However, when the cholesterol level 
was normal, it did not reduce further as in C1. q-he average post-feeding value for total cholesterol of 
+ 20 d was less than the baseline in C2, C3 and C4 group individuals, whereas in C1 group it increased. 
Thus the test culture seems to have a cholesterol-regulating effect rather than lowering effect. In the 
high-risk group C4, the reduction was insignificant. One of the limitations in this group was that the 
numbers of volunteers were only two. 
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Table It. Best fitted trend equations for lipid profile parametric values 

Rate of change 
Parameter Group Trend Constant 

pattern a b 1 b 2 

Coefficient of 
determination 

R 2 
Significancet 

Total cholesterol C1 Q 172 -4.6 1.6 
C2 Q 194 19.3 -5.1 
C3 Q 25 -17.7 1.7 

Triacylglycerols C1 Q 131 -19.8 5.6 

VLDL cholesterol C1 Q 25 -3.2 1.0 

LDL cholesterol C1 Q 96 2.7 0.14 
C2 Q 117 19.4 -5.4 
C3 Q 163 -12.6 1.0 
C 4 Q 240 -53.6 8.4 

0.93 
0.94 
0.99 + 

0.98 + 

0.99 + 

0.84 
0.99 + 
0.91 
0.81 

Ratio LDL/HDL C2 L 3.5 -0.4 - 0.83 + 

Ratio Chotot/HDL C 2 L 4.5 0.17 -0.08 0.83 - 

"tAt 5 % level; + significant, - insignificant. 

The average reduct ion in total  cholesterol  of 21 and 12 % in the C2 and C3 groups,  respec-  
tively, during the study is very promising and reasonably  comparab le  to that  obta ined  by cholesterol  
reduct ion  drugs. Drugs  like Simvastat in and Lovastat in that inhibit  cholesterol  synthesis a re  able to 
reduce the total  cholesterol  by lowering the p lasma L D L  levels by 3 0 - 5 0  % (Brown and Golds te in  
x99I). However ,  in addi t ion to many harmful  side effects, these drugs are  not available locally and their  
cost is also prohibi t ive for middle-class  subjects. 

"l-he average decrease  in the LDL-choles te ro l  level of  C2, Ca and C4 groups during the study 
is a positive indicat ion of a hypocholes tero lemic  effect of  L. acidophilus. The L D L / H D L  and 
C h o t o t / H D L  rat ios  a re  indicative of  the risk of  developing coronary  hear t  diseases. In  the C2 group, 
a decl ine was observed  in both  cases, again indicating a favorable effect in persons  having a borde r l ine  
b lood  cholesterol  level. 

Max imum changes in the lipid profile pa ramete r s  were  observed  during the pos t - feeding peri-  
ods of + 10 and + 20 d. This indicated that the effect of feeding acidophil ic  milk was gradual .  This may 
be due to a gradual  es tabl ishment  of cul ture organisms in the gut. However ,  this needs  to be  conf i rmed 
by taking more  observat ions  during the post - feeding periods.  Also  the feeding had a max imum effect 
on serum total  and L D L  cholesterol  values, whereas  the average H D L  cholesterol  level r ema ined  
almost  unchanged in all the four groups. 

Help rendered in planning the investigation and selecting the patients by Dr. J.D. Lakhani (Department of Medicine), 
Dr. S. Trivedi (Department of Microbiology) and Dr. M. Shah (Department of Pathology of PS Medical College, Karamsad) is 
thankfully acknowledged. 

REFERENCES 

ASHAR M.N., PRAJAPAT1 J.B.: Bile tolerance, bile deconjugation and cholesterol reducing properties of dietary lactobacilli. 
Indian ZMicrobiol. 38, 145-148 (1997). 

AGERBEK M., GERDES L.U., RICHELSEN B.: Hypocholesterolemic effect of a new fermented milk product in healthy middle- 
aged men. Eur.J.Clin.Nutr. 49, 346-352 (1995). 

BELICOVA A., KRAJ~OVI~: J., DOBIAS J., EBRINGER L.: Antimutagenicity of milk fermented byEnterococcusfcecium. Folia Micro- 
biol. 44, 513-518 (1999). 

BJERMAN E.L.: Atherosclerosis and other forms of arteriosclerosis, pp. 993-1001 in J.D. Wilson, E. Braunwald, K.J. Issel- 
bacher, R.G. Peterdoff, J.B.Martin, A.S. Fauci, ILK. Root (Eds): Harrison's Principles of Internal Medicine. McGraw- 
Hill Inc., New York 1991. 



268 M.N. ASHAR and J.B. PRAJAPATI Vol. 45 

BROWN M.S., GOLDSTEIN J.L.: The hyperlipoproteinemias and other disorders of lipid metabolism, pp 1816-1825 1001 in 
J.D. Wilson, E. Braunwald, K.J. Isselbacher, R.G. Peterdorf, J.B.Martin, A.S. Fauci, R.K. Root (Eds): Harrison's 
Pn'nciples of Internal Medicine. McGraw-Hill Inc., New York 1991. 

DE RODAS B.Z., GILLILAND S.E., MAXWELL C.V.: Hypocholesterolemic action of Lactobacillus acidophilus ATCC 43121 and 
calcium in swine with hypercholesterolemia induced by diet. J.Dairy Sci. 79, 2121-2128 (1996). 

GILLILAND S.E., NELSON C.IL, MAXWELL C.: Assimilation of  cholesterol by Lactobacillus acidophilus. AppLEnviron.Microbiol. 
49, 377-381 (1985). 

GORBACH S.L., VAPAATALO n., SAMINEN S.: Studies of Lactobacillus GG in humans. Internat. Symp. Intestinal Microecology, 
Alghero; cited from Internat.Dairy Fed.Bull. no. 255, 8-10 (1988). 

HARmSOrq V.C., PEAT G.: Serum cholesterol and bowel flora in the newborn. Amerd.Clin.Nutr. 28, 1351-1355 (1975). 
HRUBY S., ~PEIANA V., SCHLEMMEROV.~: The significance of  the consumption of specifically fermented dairy products for the 

composition of the intestinal microflora and for serum cholesterol values. ~eskoslov.Hy 9. 37, 109-114 (1992). 
KAPLA~ A., SZABO L.L., OPHELM K.E.: Clinical Chemistry: Interpretation and Techniques, 3rd ed., pp. 298-318. Lea and Febiger, 

Philadelphia 1988. 
KHEDg.AR C.D., GAR(3E ILD., MArZrRI J.M., KULKARIql S.A., KatEDKAR G.D.: Effect of feeding acidophilus milk on serum chole- 

sterol in human volunteers of 50-60 years. J.Dairyin9, Foods & Home Sci. 12, 33-38 (1993a). 
KHEDr, AR C.D., GARGE R.D., MAr, rml J.M., KHEDg.AR G.D.: Effect of feeding acidophilus milk on serum cholesterol in human 

subjects of 40-50 years. Indian J.Dairy Sci. 46, 577-580 (1993b). 
LAUKOVA A., CZIKKOVA S., BURDOVA O.: Anti-staphylococcal effect of enterocin in Sunar | and yogurt. Folia Microbiol. 44, 

707-711 (1999). 
LEHNINGERA.L., NELSON D.L., Cox M.M.: Principles of Biochemistry, 2nd ed. Worth Publishers, New York 1993. 
LIN S.Y., AYRES, J.W., WINKER JR.W., SANDINE W.E.: Lactobacillus effects on cholesterol: in vitro and in vivo results. ZDairy 

Sci. 72, 2885-2899 (1989). 
MANN G.V., SPOERRV A.: Studies of a surfactant and cholesteremia in the Masai. Amer.J.Clin.Nutr. 27, 464-469 (1974). 
MASSE'," L.K.: Effect of changing milk and yoghurt consumption on human nutrient intake and serum lipoproteins. J.Dairy Sci. 

67, 255-262 (1984). 
MCrqAMARA D.J., LOWELL A.E., S^BB J.E.: Effect of yoghurt intake on plasma lipid and lipoprotein levels in normolipidemic 

males.Atherosclerosis 79, 167-171 (1989). 
MrrSUOKA T.: Beneficial microbial aspects (probiotics), pp. 1226-1237 in Proc. XXlllrd Internat. Dairy Congress, Montreal, 

Vol. 2 (1990). International Dairy Federation, Brussels (Belgium) 1991. 
OLASUPO N.A.: Inhibition of Listeria monocytogenes by plantaricin NA, an antibacterial substance from Lactobacillus planta- 

rum. Folia Microbiol. 43, 151-155 (1998). 
ROBINSON R.K.: Microorganisms of fermented milks, pp. 23-42 in R.K. Robinson (Ed.): Therapeutic Properties of Fermented 

Milks. Elsevier Applied Science, London, 1991. 
SANDINE W.E., MURALIDHARA K.S., ELLIKER P.R., ENGLAND D.C.: Lactic acid bacteria in food and health: a review with special 

reference to enteropathogenic Eschen'chia coli as well as certain enteric disease and their treatment with antibiotics 
and lactobacilli. J.Milk Food Technol. 35, 691-702 (1972). 

SNEDECOR G.W., COCHRAN W.G.: Statistical Methods, 6th ed. Oxford and IBH Publ. Co., New Delhi 1967. 


