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VIABILITY OF PROBIOTIC BACTERIA IN FUNCTIONAL FER-
MENTED MILK CONTAINING HONEY
[48]

Nayra Sh. Mehanna'; M.M.E. Salem'; Wafaa M. Zaky'
and Azzat B. Abd El-Khalek'

ABSTRACT

The effect of hongy on growth and viability of the probiotic bacteria such as /-
Sfidobacterium bifidum; Lactiobacillus acidophilus and Enferococcus faecinm wiis
studied to determine whether these orgamsms were affected by honey compurcd
with control (without honey) during refrigeration. Honey was effective in enhancing
the growth rate of two probiotic strains compared with control. Logarithmic phascs
of growth for two probiotic strains were ohserved during the first 4 to 8h post inscu-
lation. Growth promotion by honey for all probiotic strains was obtained over i
range 0% (control) io 5% concentraticr: of honey as evidenced by decreascd dou-
bling time with incregsed coucentration of honey, indicating that B. bifidum and L.
acidophilus grew faster in the presence of honey compared to the controls, while the
honey has no effect o1 En. fueciwm. The resultant fermented milk was assessed for
mucrobiological analysis, acidity and organoleplic properties during 10 days of stoi-
age in refrigerator. The new type of fermented milk made with 5% honey had the
highest organcleptic scores. Fermented milk made with honey - as 2 healing agent
and probiotic bacteriz as B. bifidum and L. acidophilus, which are considered impor-
tant to the health of the gastro-intestinal tract {(GI) and its therapeutic effect may be
described as symbiotic or functional fermented milk.
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INTRODUCTION

Honey 1is a popular sweetcner
throoghout the world. From ancient

in recent years, with the advemt o
functional foods, research expanded 1o
include the health promoting aspects of

times, honey was not only used as a natu-
ral sweetener but also as a healing agent.
Consumers who use honev consider it a
heatthful product. Many health promoting
and curative propertics attributed to it are
the bases for some traditional {olk medi-
cine treatments throughout the world to-
day. .

honey. A number of studies on the phyto-
chemicals and antioxidant content of
honey and its impact on gastrointestinal
health and energy metabolism have idar.-
tified potential new roles for honev m |
dicts. Honey 1s a supersaturated sugar
solution with approximately 17 percemt
water. Fructose is the predominant sugar
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at 18.3%, followed by glucose at 31%.
Disaccharides, trisaccharides and oligo-
saccharides are present in much smaller
quantities, Besides carbohydrates, honey
contains smal! amounts of protein, (in-
cluding enzymes), vitamins and mineraig,
Heoney yields 64 calories per tablespoon.
A probiotic may also be a functional
food. but more specifically it is a live
microbial food supplement that improves
the intgstinal microbial balance in the
host organism. New and novel strains and
species have emerged and are likely to be
included in our diet. These include Lac-
tobhacillus acidophilus, Bifidobacterium
bifidum and Enferococcus faecium
(Salminen and Saxelin, 1996). The pro-
biotic bacteria used in commercial prod-
ucts today are mainly members of the
genera Lactobacillus and Bifidobacterium
(ticller, 2001). Probiotics are considered
important to the health of the gastro-
intestinal tract (GI). Clinical studies have
awsduaed beneficial effects such as im-
rnuns enhancement and anticarcinogenic-
- with presence of probiotic in the GI
Honey enhanced the growth of
sam species of Bifidobacterium (Kaji-
vard ¢ al 2002), and some species of
fucinbacillus (Shamala e al 2000).
Thus, recent research has focused on how
to eusure its presence in adequate quarnsi-
is2s through the addition of probiotics or
rzehigues in a suitable carder such as
farmaented milk. The chalienge when add-
ltig probiotic to milk is to maintain a vi-
ubic, large population during proccssin%
1l refrigerated storage, not less than 10
) in order to meet the requirement of
a “urobiotic” food (Ishibushi and Shi-
riarura, 1993). )
Theiefore, the aim of this study is to
precuce a functional fermented milk with
honey 25 a healing agert and probiotic

LUACT

bacteria, and the effect of honey on the
growth, activity and viability of probiotic
bacteria during refrigerated storage of the
resulting functional fermented milk.

MATRIAL AND METHODS
Bacterial Strains

Streptococcus thermophilus, Lactoba-
cillus delbreuckii subsp. bulgaricus, Lac-
tobacillus acidophilus and Bifidobacte-
rium bifidum were obtained from Chr.
Hansen’s Lab., Denmark. Strain of En-
terococcus faecium B-2355 was provided
by Northern Regional Research Lab,,
Iinois, USA (NRRL).

Fermented Milk Manufacture

Three batches of fermented milk were
prepared by adding 3 or 5% (w/v) of
honey (from the local market) to buf-
falo’s milk (from the herd of the Faculty
of Agriculture, Cairo University). A con-
trol of buffaio’s milk without honey was
also prepared. Samiples -were heated to
95°C /20 mun, and each sample was di-
vided into three portions, The first portion
was inoculated with 2% yoghurt starter +
5% Bifidobacterrum bifidum, the second
poriion was inoculated with 2% yoghurt
starter + 2% Lactobacillus acidophilus,
whereas the third one was inoculated with
2% starter voghurt + 2% Enterococcus

faecium. The inoculated milk sampies

were incubated at 42°C for 3 hours. The
samples were stored at refrigerator -
temperature (5°C) two replicates were
made {rom each {reatment.

Anatlytical Procedures

Fermented milk samples were taken
peniodicaily when fresh and after 5 and
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10 days during storage period. The acid-
ity and acetaldehyde content and or-
ganoleptic propertics were evaluated.

(a) Microbiological analysis

Streptococcus  thermophilus  was
counted on MI17 (Oxoid) plates after
aerobic incubation at 37°C for 48 hrs.
Lactobacillus  acidophilus was deter-
mined on Lactobacillus selective agar
plus 0.2% oxgall (LBSO) (Gitiiland and
Walker, 1990}, Plates were incubated at
37°C for 4 davs. Enumecration of Bifido-
bacterivm bifidum was done according to
Blanchette ef al (1996) using modified
MRS agar (Oxoid) supplemented with
0.05% L-ysteine HCI (Merck, Ger-
many). Plates were incubated at 37°C for
48 hrs, in both cases the plates were incu-
bated in anaerobic environment (BBL
Gas Pak. Becton Dickinson, Cockeysville
AM, USA).

Enterococcus faecium was enumer-
ated by plating on Kanamycin azide aes-
culin agar (KAAA, Oxoid) following
overnight incubation at 37°C (Gardiner
et al 1999).

Bacterial growth

Hundred mi of each growth medium
were prepared in Erlenmeyer flasks (250
ml volume), Each flask was inoculated
with 1 mi of an active culture of the cor-
responding strain and shaken on a rotary
shaker (160 rpm) for 8 hrs at 37°C. Sam-
ples (5-ml) were periodically taken from
the growing cultures under aseptic condi-
tions to determine the bacterial growth by
measuring the O.D. at 620 nm. Using an
UV-VIS spectrophotometer {model 8452,
Hewlett-Packard).
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Growth rate and generation time were
calculated from exponential phase using
the following equation according to Shin
et al (2000):

H = Lnx-Lunxo/t-to
dt = Ln2/pu

where:p = growth rate (hr')
x0 = growth density af zero time
x = growth density after time
dt = doubling time (hr)

(b) Chemical analysis

All fermented milk samples were ex-
amined for titratable acidity (T A %6) ac-
cording to International Dairy Federa-
tion IDF (1991). Acetaldehyde content |
was determined as described by Lees and
Jago (1969).

(¢) Organoleptic evaluation

Fermented nulk products were judged
when fresh and during refrigerated stor-
age period by 10 panelists of the cxperi-
enced staff members of Dairy Science
Department, National Research Centre
for flavour (50 points), body and texture
(30 points), appearance (20 points) of the
product as a new type fermenied milk
with honey (Total score = 100). The ex-
periment was repeated in triplicates and
each analysis in duplicate and avcrage
results were recorded.

RESULTS AND DISCUSSION

Effect of Honey on Growth Rate of
Probiotic Bacteria

Data presented in Fig. (1-a,b.c) indi-
cated that the effect was dependent on the
strains type and concentration of honey in
the growth medium. Honey was effective
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Fig. 1-c: Effect of honey on the specific growth of Enterococcus feacium.
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in enhancing growth rate of probiotic
strains as compared with the control. The
highest growth was obscrved by B. bifi-
dum achieving cell density of 0.92 0D,
followed by [. acidophilus 0.621 OD.
after 8h in case of 5% honey. Logarith-
mic phase of growth for all probigtic
strains were recorded during the first 4 to
8h post inoculation. The doubling time of
each probiotic strain in the presence of
honey at concentrations 3% and 5% and
in the control (without honey) are pre-
sented in Table (1). Doubling time was
uscd as a measure of the efficacy of
loncy in modulating 140 m:a growth
rate. It is clear that growth promotion of
probiotic strains by honey was obtained
dose dependently over the range 0% to
5% as evidenced by decreased doubling
time¢ with increased concentration of
honey. The data indicated that the short-
est doubling times was 157 min for 5.
bifidum and 140 min for L. acidophilus in
miedia containing 5% honey while in the
controi was 312 and 166 min, respec-
tively. These resulis are in line with those
found by Dubey and Mistry (1998) who
found that mean generation times ranged
from 188 to 322 min for B. bifidum. In
contrary, there is no effect of honey on
doubling time when En. faecium was
grown in the presence of 5% honey
where, it was 243 and 244 in control and
with 5% honey, respectively.

These results are consistent with pre-
vious reports on the ability of FOS (fruc-
locligosaccharied) - honey contain FOS
and other oligosaccharides beside another
sweeleners - to stimulate the proliferation
of Bifidobacteria relative to other intesti-
nal microflora in vitro culture models
simulating the colon (Gibson and Wang,
1994).

Table 1. Effect of honey concentration on
doubling time of probictic bacte-
ria in the selective media.

Doubling Time imin )

Species
0 3% 5%
(Control) Honey Honcy-]
B. bifidum 312 162 157
L. acidophilus 166 152 140
Ln. faecium 245 243 244

)

Effect of Honey on Activity and Viabil- -
ity of Lactic Starter and Probiotic
Strains in Functional Fermented Milk

1. Production of acetaldehyde

Activity of B. bifidum and L. aci-
dophilus greatly enhanced when these
organisms were grown in the prssence of
honey as evidenced by acetaldehvde and
acidity {as lactic acid) production (Figs. 2
and 3). The effect of acetaldehvde pro-
duction was more pronounced. The acet-
aldehyde production was higher in the
fermented milk contaiming B. bi;i<um and
L. acidophilus as compared with £n. fae-
cium. These results are in accordance
with thosé of Salama (2002); Rusic &
Kurmann (1978) and Abo-Donia et of
(1992). They reported that adding of 7
acidophilus or bifidobacterium 1o lactic
ferment starter highly activated the pro-
duction of the acetaldehyde.

However, the results with £n ragcivm
did not confirm these results, suggest that
the effect of honey on activity of probi-
otic bacteria may be strain-specifiz,
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2. Production of acidity

Data presented in Fig. (3) show that
the acidity valucs were gradually in-
creased along the storage period in fer-
mented milk made without or with 3 and
5% honey of different types of probiotic
strains. While the fermented milk made
with En. faecium always exhibited the
lower values of acidity at any age com-
pared with other strains at the same age.
On the other hand, fermented milk made
with B. bifidum was higher in acidity val-
ues as compared with other strains.

3. Viability of probiotic bacteria

The behavior of Bifidobacterium bifi-
dum during manufacturing and refriger-
ated storage period of fermented milk
made without or with honey at 3 and 5%
honey are shown in Fig. (4). It could be
observed that the numbers of B. bifidum
were increased in all treatments reached
maximum in fermented milk made with
5%, 3% and control after 5 days of stor-
age, respectively. This could be due to the
fact that during the manufacture process

‘bacterial starter increase in number and
continue to multiply for about five days,
whilst lactose is available. From data
given in Fig. (4) we can noticed that the
decrease in population of B bifidum in
fermented milk with 3% and 5% honey
was lower than control after 10 days of
refrigerated storage period. This may be
due to the effect of honey as prebiotic or
as stimulate the growth of B. bifidum,

These results agree with Chick ef al
(2001). They reported that the honey has
varicty of oligosaccharides with low DP
(degrees of polymerization) it may be the
favored substrate as Bifidobacteria sup-
port (bifidogenic factor). Data given in

Fig. (5) indicated that the viability of 7.
acidophilus increased in numbers ull 5
days of refrigerated storage then sharply
decreased after 10 days of storage period
in fermented milk without honey, while
slightly decrease in numbers was ob-
served in L. acidophilus at the end of re-
frigerated storage period in fermcnted
milk made with 3% or 5% honey. Also,
these results could be due to the affect of
honey as a prebiotic which stimulate the
growth of L. acidephilus. Howcver,
higher acidity of fermented milk madc
with honey may be affect on population
of L. acidophilus (Gilliand and Rich,
1990). They found that the maximum
population obtained from L. acidophilus
was significantly higher when the pH .
during growth was maintained at 3.0 or
5.5 than higher Ievels of pH.

The viable count of En. faecium in the
fermented milk increased in numbers ull
5 days of storage period. The count
sharply decreased after that in all trcat-
ments. This result indicated that the
honey has not higher effect on this strain
of £n. faecium (Fig. 6).

Changes in the viable count of yogurt
starter (Lactobacillus bulgaricus and
Streptococcus thermophilus) in fermented
milk manufactured with honey during
storage are present in Figs. (4), (3) and
(6). Data indicated that the counts of L.
bulgaricus and Str. thermophilus in all
treatments increased up to 5 days and
then decreased. The results coincide with
those studied by Sharaf er af (1996) and
Mcehanna et af (2002).

These results due to the population of
viable yogurt starter increascd immedi-
ately after manufacture of yoghurt and
then decreased during storage refrigera-
tion of the product (Hamann and Marth,
1984). On the other hand, data show

Annals Agric, Sci., 48(2), 2003
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that the increased growth of Str. thermo-
philus and L bulgaricus during the 3
days of storagc followed by gradual de-
cline up till the end of the storage period.
But the count of Str. thermophifus and L.
bulgaricus in fermented milk manufac-
turcd with honey still more than that in
control. These results may be due to the
effect of nutritional components of honey
especially fructooligosaccharied {Chick
et al 2001).

Data present in Fig. (7) show that
fermented nulk adding B. bifidum and 3%
honey had lughest acceptability scored
followed by ferincnted milk adding L.
actdophilus and 3% honey.

CONCLUSIONS

From all these results, it could be con-
cluded that the counts of probiotic bacte-
ria and organoleptic scores reached to
high score during the storage period at
refrigeration. Tn addition, fermented milk
madec with honcy - as a healing agent and
probiotic bactcria and B. bifidum and I.
acidophilus, which are considered impor-
tant to the health of the gastro-intestinal
tract (GI} inay be described as symbiotic
or function food.
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