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ABSTRACT

Buffalos’ milk was modified to 3% fat, fortified with I, 2
or 3% of honey and fermented with a mixed culture of S.
thermophilus, L. delbrueckii subsp bulgaricus (Zabady
culture) and B. bifidum. The effect of honey on the viability
of the culture strains and some chemical and organoleptic
properties of the resultant fermented milk products were
investigated during 8 days of cold storage at 7°C+2. The
fresh fermented milk added with honey resulted in higher
acidity values than the control. The acidity gradually
increased during storage with slightly higher values for the
cultured product with 1 and 2 % of honey. Pronounced
gradual increase in the total volatile fatty acids (TVFA) was
found in all fermented milk during storage, moreover its
acetaldehyde content increased during the first 2 days of
storage with a gradual reduction till the end of the storage
period. Lactic acid and bifidobacterial counts gradually
increased during storage up to the fourth day of storage in all
samples then gradually decreased. However the addition of
honey increased the wviability of L. bulgaricus, S§.
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thermophilus and B. bifidum compared to the control with a
maximum count with 2 % honey for Zabady culture and 2 or
3% for bifidobacteria. Sensory evaluation of the fermented
milk showed no significant differences between the control
samples and the milk added with 1 or 2% of honey. However
the addition of 3% of honey negatively affected the flavour

and appearance of the fermented milk with no effect on body
and texture.

Key words: Yoghurt, Bifidobacteria, Probiotics, Prebiotics,
Honey.

INTRODUCTION

Zabady is the Egyptian traditional fermented milk. It
is a form of yoghurt as they made by the assistance of a
mixture of S. thermophilus and L. bulgaricus as a starter
culture. Zabady made from buffalos’ milk or its mixture with
cow’s milk however that made from buffalos’ milk
considered to be the best. Many studies demonstrated the
beneficial health  promoting  effects of Zabady
microorganisms. They were shown to reduce plasma
cholesterol and increase the antioxidant activity of different
tissues (Rao, ef al. 1981; Beena & Prasad, 1997, Kawase ef
al. 2000 and Zommara, 2002), enhance the gastrointestinal
tract health and lactose digestion (Martini et al. 1991, Chen
et al. 2000, Drouault & Corthier, 2001), stimulate the
immune system (Perdigon er al. 1994) and reduce the diet-

associated risk of carcenogenesis (Goldin, 1990 and Perdigon
et al. 1998).

During the past two decades probiotic (health
promoting) microorganisms have been increasingly included
in various types of food products, especially fermented
milks. Probiotics are live microbial food supplements, which
benefit the health of consumers by maintaining or improving
their intestinal microbial balance (Fuller, 1989). Among the
probiotics, bifidobacteria are known as “friendly” bacteria
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that begin to occupy the large intestine immediately
following birth. Many recent reports reveal both a natural
and therapeutic benefits of bifidobacteria. These benefits
include antimicrobial effect (Ogata et al. 1997, Romond et
al. 1998; Bruno and Shah, 2002), anticarcinogenic properties
(Pahwa & Mathur, 1987; Rowland et al. 1998), reduction of
serum cholesterol (Hawkins, 1993; Kheadr ef al. 2000),
synthesis of B. complex vitamins (Hawkins, 1993) and
improving lactose tolerance (Vijayendra & Gupta, 1992).
Due to their perceived health benefits bifidobacteria,
especially B. bifidum and B. longum have been increasingly
included in yoghurt and other fermented milk products in the
past two decades. Driessen and de Boer (1989) and Laroia
and Martine (1990) classified the fermented milk according
to their bacterial composition to several kinds. Yoghurt (S.
thermophilus and L. delbruckii var. bulgaricus), special
yoghurt (B. bifidum, L. acidophilus, S. thermophillus and L.
delbruckii var. bulgaricus, bifighurt (B. bifidum and S.
thermophilus), biogarde (B. bifidum, L. acidophilus, and S.
thermophilus), progurt (S. lactis subsp. diacetylactis, S.
lactis subsp. cremoris, L. acidophilus and B. bifidum),
biokys: (B. bifidum, L. acidophilus and P. acidilactici),
cultura (B. bifidum and L. acidophilus) bifidus milk ( B.
bifidum or B. longum) and acidophilus milk (L. acidophilus).

However, in order to produce the health benefits of
these microorganisms, the suggested minimum level for their
numbers in fermented milk should be about 10°- 107 viable
cells per ml or g of the final product (Kurman & Rasic, 1991
and Ishibashi & Shimamura, 1993). Despite the importance
of viability of these microorganisms, surveys have shown
poor viability of it in the market preparations (Kailasapathy
& Rybka, 1997 and Shah er al. 1997). Kneifel, et al. (1993)
reported that the viability of bifidobacteria in yoghurt
depends on the used strain, interaction between species
present, culture chemical composition of the fermentation
medium (e.g. carbohydrate source), final acidity, milk solids
content, availability of nutrients, present of growth
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promoters and inhibitors, concentration of sugars (osmotic
pressure), dissolved oxygen, level of inoculation, incubation
temperature, fermentation time and storage temperature.

The term prebiotic was introduced by Gibson and
Roberfroid (1995) as a non-digestible food ingredient that
selectively stimulating the growth and/or activity of the
probiotics in the colon. Bifidobacteria may be promoted by
the ingestion of substances such as polysacchararides,
fructooligosaccharides and inulin (Mitsuoka, 1992; Gibson,
et al. 1995; Kaplan & Hutkins, 2000 and Shin, ez al. 2000).
Honey contains various sugars and oligosaccarides, which
may enhance the lactic and acetic acids production by
yoghurt bacteria and B. bifidum (Mitsuoka, 1992; National
Honey Board, 1996; Chick, er al.,, 2001 and Ustunol &
Ganhi, 2001). When a product contains both probiotics and
prebiotics, it defined as a synbiotic product (Schrezenmeir &
De vrese, 2001). In The present study a synbiotic Zabady
was made by fermentation of buffaloes’ milk supplemented
with honey by a mixed culture of S. thermophilus, L.
bulgaricus and B. bifidum. The viability of starter culture
and some chemical and organoleptic properties of the

resultant product were investigated during cold storage for 8
days. '

MATERIALS AND METHODS

Preparation of fermented milk: A modified buffaloes’ milk
(3 %, fat and about 11.5%, TS) was used for preparing the
fermented milk products. The milk was divided into 4
portions. The control was prepared without any additives
however honey (obtained from the local market at Kafr El-
sheik city) was added in 3 levels (1, 2, 3 % w/v) to the other
3 milk portions. A mixed culture (1:1) of Zabady starter (8.
thermophilus and L. bulgaricus) and B. Bifidum were added
to milk (3%w/v), divided in small plastic cups, (50 g each)
and incubated at 40°C z 2 until complete coagulation. The
resultant milk products were stored for 8 days at 5°C and
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analyzed at zero time (after overnight cold storage) and
every other day for acidity (%), pH value, concentration of
total volatile fatty acids (TVFA) and acetaldehyde content.
Organoleptic ~ properties and  viability of starter
microorganisms during storage period were also examined.

Determination of titratable acidity (%): The titratable
acidity (%) was determined in the fermented milk samples
according to Ling (1963).

Determination of total volatile fatty acids (TVFA): TVFA in
the fermented milk products was determined by a direct
distillation method according to Kosikowski (1978), and the
results were expressed as ml 0.1N-NaOH/100g sample.

Determination of acetaldehyde: Acetaldehyde content in the
fermented milk products was estimated according to the
Conway microdiffusion semicarbazide method as described
by Less and Jago (1969). In this method acetaldehyde reacts
with semicarbazide to form semicarbazone, which has an
absorption peak at 224 nm. Three ml of 1umol semicarbazide
solution was pipetted in the inner wall of Conway
microdiffusion cell. Five grams of fermented milk were
mixed rapidly in the outer compartment, and the cell was
covered and placed in an incubator at 30°C for 90 min. The
$olution in the inner well was transferred into a cuivette to
measure absorbency at 224 nm. The concentration of
acetaldehyde was calculated using a standard curve prepared

from serial solutions of acetaldehyde ranging from 1 to 30
umol/100 ml.

Microbiological analysis: One gram of fermented milk
sample was diluted with 9 ml of 0.15% of peptone water
solution and gently mixed uniformly with a vortex mixer.
Subsequent serial dilutions were prepared and viable
numbers enumerated using the pour plate technique. The
results were expressed as cfu /gm fermented milk according

630
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to Dave and Shah (1997). The counts of S. thermophilus and
L. bulgaricus were enumerated on bromocresol green whey
agar medium and incubated at 43°C for 48 hrs as described
by Yamani, er al., (1996). Two liters of 15% (w/w) re-
constituted non-fat dry milk were prepared and held at room
temperature for 30 min. The pH of the milk was lowered to
5.7 by IN hydrochloric acid, and milk was then divided
equally into four flasks and autoclaved at 121°C /15 min.
This resulted in the formation of a curd and separation of
whey” When cooled, the whey was transferred carefully
under aseptic conditions into sterile conical flasks and kept
in the refrigerator. Directly before use, 100 ml of the whey
was warmed to 45°C and mixed with 50 ml of sterile agar
solution (121°C /15 min) contained 1.5 gm yeast extract, 0.6
gm KyHPO,, 1 ml bromocresol green solution (0.2% in 50%
ethanol) and 2 gm agar. The agar solution was cooled to
45°C before mixing with whey. Bifidobacteria was
determined on a double layer of deMan, Rogosa and Sharpe
medium (MRS) according to Colins and Hull (1984).

Sensory evaluation: The sensory evaluation of Zabady was
assessed according to EI-Shibiny ef al. (1979) using the -
following points for different properties: Appearance (10
points), body & texture (30 points), and flavor (60 points).

Statistical Analysis: Data are expressed as mean + SE and
significant variations were determined by Duncan’s multiple
range test (Duncan, 1955).

RESULTS AND DISCUSSION

Changes in acidity: Table (1) shows changes of acidity
during refrigerator storage of Zabady-bifidum fermented
milk with different levels of honey. The fermented milk with
honey resulted in slightly higher acidity values at the
beginning of the analysis (fresh) than the control sample.
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This acidity elevation may be attributed to the organic acid
content of honey. Honey contains a variety of organic acids
such as acetic, butyric, citric, formic, gluconic, lactic, malic,
pyroglutamic and succinic acids, which give the product an
average pH of 3.9 (National Honey Board, 1996). The acidity
gradually increased during the 8 days of storage period in all
samples with slightly higher values for the cultured product
with 1 and 2 % of honey. Honey contains various sugars and
oligosaccharides, which may enhance the lactic and acetic
acids production by Zabady bacteria and B. bifidum (Ustunol
and Ganhi, 2001; Chick, e al., 2001 and Mitsuoka, 1992).

Changes of total volatile fatty acids (TVFA) in the cultured
milk products: The effect of storage period on total volatile
fatty acids content of the fermented milk products is shown
in table (2). The data shows pronounced gradual increase in
the total volatile fatty acids (TVFA) in all fermented milk
during eight days of cold storage. The use of honey by 2 and
3% in the preparation of Zabady-bifidum fermented milk
resulted in elevation of TVFA in the fresh products. This
effect may be attributed to the fact that bifidobacteria
fermentation is unique in that it produces 1.5 moles of acetic
acid as well as 1 mole of lactic acid as the end products of
the fermentation process of 1 mole of glucose (Tamime, ef
al., 1995). The liberation of TVFA during Zabady processing
may be responsible for their present in the fresh products. In
this respect, Rasic and Kurmann (1978), demonstrated that
the weak lipolytic action of yoghurt starter should be taken
in mined to explain the changes in fatty acid pattern and free
fatty acid in the resultant fresh yoghurt.

Changes of acetaldehyde content of the resultant cultured
milk products: As shown in table (3), addition of honey to
Zabady-bifidum fermented milk significantly increased the
acetaldehyde content in the fermented milk during the first 2
days of storage period. After 2 days of cold storage all
fermented milk samples showed a gradual reduction of its
acetaldehyde content till the end of the storage period.

632
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Table (1) Effect of storage period on acidity (%) of yoghurt-
bifidum fermented milk with different levels of honey.

Storage period | conergy R
Fresh* 0.78 £ 0.03* | 0.86+0.02> | 0.90+0.01°> | 0.90+0,03
2 086004 | 090+£004 | 093+0.03 | 0.94+0.01
4 0.94+006 | 096+£0.06 | 0.96+0.03 | 0.94+0.01
6 1.05£003" | 1.05£006° | 1.06£0.04> | 1.14+002°
8 1.11£001 | 110006 | 1.13+0.06 | 1.13+0.04
*Afler overnight cooling.

Data are means for 3 replicates.
*"Means within a row with different superscripts are significantly different (p<0.05).

Table (2) Effect of storage period on total volatile fatty acids
(ml 0.IN NaOH/100g) of yoghurt-bifidum fermented milk with
different levels of honey.

Storage period Honey
(day) Control 1% 2% 3%
Fresh* 4.17+0.10° | 4.17+£0.08° | 4272013® | 457017
2 49310.12° | 4733009 | 435012 | 462+0.18®
4 508018 | 488:004° | 47532007 | 4.92:0.04%
6 630+026" | 507+007° | 575025 | 5.8040.04°
8 648025 | 5624014 |583+0.19% | 6.37+0.26°
*After overnight cooling.

Data are mcans for 3 replicatces.

**°Mcans within a row with different superscript are significantly different at (p<0.05).
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El-Shibiny, ef al.,(1979b) mentioned that the acetaldehyde content
increases with advancing cold storage period. On the other hand,
Rasic and Kurman (1978) demonstrated that the rate of
acetaldehyde production is highly dependent on the acidity level
during yoghurt processing. Its formation begins at pH 5, and
rapidly increased by decreasing the pH values to 4.4- 4.3,
thereafter, it increases very slowly and stabilizes at pH of about 4.0.
In the present study, the reduction of acetaldehyde content in the
fermented milk products may be due to the transformation of this
component to other components by oxidation or by the action of
microorganisms. Also, it may be attributed to the reduction of the
bacterial count in the fermented milk by time as mentioned above.

Viability of lactic acid bacteria and bifidobacteria during
cold storage: The recorded data in table (4) shows the log
bacterial count of lactic acid bacteria during cold storage of
Zabady-bifidum fermented milk manufactured with different
levels of honey. The obtained results demonstrated a
continual increase in lactic acid bacterial count during
storage up to the fourth day in all samples. Addition of
honey increased the viability of lactic acid bacteria in the
cultured milk products, mainly, L. bulgaricus and S.
thermophilus. The maximum bacterial counts were found
with 2 % honey in the cultured milk products. Table (4) also
shows that the bacterial count decreased by increasing the
storage period at refrigerator. This decrease in viability may
be attributed to the reduction of pH value, secretion of
antimicrobial substances and accumulation of bacterial
metabolites in the cultured products during cold storage. The
decrease of Zabady bacterial count during storage was
demonstrated by Hamann and Marth (1984) and Kehagias
and Dalls (1984). They reported that the numbers S.
thermophilus and L. bulgaricus decreased during storage of
yoghurt at low temperature. Also, honey was found to
increase the viability of different lactic acid bacteria
including Zabady culture, Chick, ef al. (2001).
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Table (3) Effect of storage period on acetaldehyde content

(umol/  100g) of yoghurt-bifidum fermented milk with
different levels of honey.

Storage period Honey
(da_v) QM 1% 2(% 3%
Fresh* 53.6+552" | 85.7+1.76" | 88.2+3.75" | 97.5+3.82°
2 68.7+538" | 86.5+2.10° | 95.7+3.09° | 99.6+5.42°
4 545+445 | 549+093 | 658+293 | 629+556
6 40.7+250" | 54.1:154" | 63.9+1384° | 61.0+2.62%
8 3924404 | 4414268 | 39.6+344 | 427+1.93
*Afler overnight cooling.

Data are means for 3 replicates.

*"Means within a row without unlike superscripts are significantly different (p<0.05).

Table (4) Effect of storage period on lactic acid bacterial count

(log cfu/g) of yoghurt-bifidum fermented milk with different
levels of honey.

smr:ﬁ:yp)m " Control 1% H;;: > 3%
Fresh* 912+003" | 9.37£0.02° | 9.95 +0.18° | 987+0.19
2 104+0.04° | 108+013° [ 106+0.13® | 10.8+0.13°
4 108+0.15 | 109+0.13 | 108+0.14 | 10.9£0.17
6 10.0£0.13* | 104+£0.04® | 103+0.10® { 10.4+0.03
8 965+0.16 | 9.65+020 |9.78+011 | 9.85+0.13
*After overnight cooling,

Data are means for 3 replicates.

**Means within a row without unlike superscripts are significantly different (p<0.05).
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Data in table (5) shows the log bacterial count of
bifidobacteria in Zabady-bifidum fermented milk with
different levels of honey during cold storage for 8 days.
Addition of honey to the fermented milk significantly
increased the viability of B. bifidum bacteria. However, the
addition of 2 and 3% of honey to the milk were more
effective than the addition of 1% throughout the storage
period. All fermented milk samples showed a gradual
increase in the viability of bifidobacteria up to 4 days of
cold storage and declined till the end of the storage period.
These results are in consistent with the results reported by
Chick, er al. (2001), they obtained higher cell numbers of
bifidobacteria when grown in skim milk supplemented with
honey. The growth promoting effect of honey may be
attributed to its content of oligosaccharides. It is reported
that honey has approximately 4-5 % of its composition of
various oligosaccharides (National Honey Board, 1996).
Ustunol and Gandhi (2001), reported that honey appears to
be the preferred sweetener by bifidobacteria. Fructose and
oligosaccharides present in honey may be the primary
components  contributing to enhanced growth, acid
production and viability of these microorganisms. Honey and
oligofructose or inulin reported to have a supporting effect
and increased the viability of bifidobacteria and yoghurt
cultures (Chick, ef al., 2001; and Gibson, e al., 1995). Other
. studies demonstrated the growth promotion effect of yoghurt
bacteria on bifidobacteria. :Shah and Lankaputhra (1997),
found that yoghurt with ruptured or whole starter cells
promoted the viability of bdifidobacteria. Dave and Shah
(1997), and Ishibashi and Shimamura, (1993), demonstrated
the promotion effect of bifidobacterial growth by yoghurt
starter. This promoting effect may be explained by the
reduction of pH and oxygen contents in the cultured products

that enhances the growth of the acid tolerant-anaerobic
bifidobacterial strains.

The influence of honey on the organoleptic properties of
Zabady-bifidum fermented milk: The scores given for the
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Table (5) Effect of storage period on bifidobacterial count (log
cfu/g) of yoghurt-bifidum fermented milk with dlﬂ'erent levels

of honey.

Storage period Honey

(day) Control 1% 2% 3%
Fresh* 8.05+0.24° | 9.170.10° [ 9.22+0.16" | 9.53+0.18°
2 9.18+0.11° | 935+0.10° | 980+0.12° | 993+0.13°
© 4 9401006 | 948003 | 994+0.17° | 9.92+0.06°
6 924+0.03" | 9.44+0.01° | 9.46+0.06° | 9.50+0.03"
8 8.60+0.18° | 9.1440.16® | 9.35+0.14° | 9.30+0.15°

*After overnight cooling.

Data are means for 3 replicates.
*®Means within a row without unlike superscripts are significantly different (7<0.05).

Table (6) Effect of honey on the organoleptic properties
of fresh* yoghurt-bifidum fermented milk with different
levels of honey.

Control Honey
Propertics
& Scores
(1)) Q) 1% 2% 3%
Flavour 568+ 552+ 56.7+ 538+ 43.7
(60) 0.76° 0.64" 0.71° 1.33* 217
Body &Texture | 26.1+ 279+ 264+ 26.7+ 260+
- (30) 1.01 0.66 046 047 0.50
Appearance 917+ 878+ 9.28+ 9.11+ 767+
(10) 0.24° 017 '0.25 0.31" 0.41°
921+ 919+ 923+ 89.6+ 773+
Total (100) 146 | 106 | o5 172 | 201
* Afier overnight cooling.
Data arc means for 3 replicates.

**Means within a row with unlike superscripts are significantly different (p<0.05).
Control (1): fermented milk made by yoghurt starier only,

Control (2): fermented milk made by a mixed culture of yoghurt starier and B.
bifidum,
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organoleptic properties of fresh Zabady and Zabady-bifidum milk
with different levels of honey (1, 2, 3%) are shown in Table (6). No
significant sensory differences were found between the control
samples and the cultured milk added with 1 or 2% of honey. .
However the addition of 3% of honey resulted in lowered scores
for flavour and appearance with no effect on body and texture of
the resultant product. In conclusion, the obtained results may
recommend the use of honey by 1 or 2% for fortification milk for
the production of Zabady or Zabady-bifidum fermented milk in
order to enhance the viability of the bacterial cultures and increase
its nutritional value without affecting its sensory properties.
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