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ABSTRACT

INTRODUCTION

Probiotic bacteria are defined as
viable microorganisms that beneficially affec-
ted the host after ingestion to prevent and treat
specific pathogenic conditions (Kailasapathy
and Rybka, 1997 and Ziemer and Gibson,
1998). Probiotics provide several health bene-
fits, namely improving lactose digestion, redu-
cing side effects of antibiotics, preventing
intestinal infections by production of organic
acids and other antibacterial agents, balancing
of intestinal bacteria, lowering of fecal
enzymes, preventing cancers, lowering choles-
terol and improving the immune system
(Lidbeck, 1995, Spanhaak er al., 1998, and
Shah 2007). Lactobacilli, for instance L.casei,
L.acidophilus and L.gasseri, constitute a

significant proportion of probiotic lactic acid
bacterium cultures used in developed coun-
tries (Vuyst,2000). L.casei supports already
healthy immune system response, healthy
cellular function and promotion of healthy
bacteria in the intestinal tract (Spanhaak et al.,
1998, Takeshi, 2003). However, many strains
of L. casei for their potential use in new
probiotic fermented milks on the basis of their
technological performances, in vitro adhesion
capacity and intestinal transit tolerance after
administration to rats (Bertazzoni et al., 2004).
L. acidophilus has gained prominence as an
important probiotic due to its nutritional and
therapeutic value (Sellars, 1991, Salji, 1992
and Goderska et al., 2008).
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Prebiotics are non-digestible food that
beneficially affected host by selectively stimu-
lating the growth and/or activity of limited
number of bacteria in the colon (Gibson and
Roberfroid, 1995, Collins and Gibson, 1999
and Gibson 2004).

Honey is a natural syrup containing
primarily fructose (38.5%) and glucose
(31.3%) .Other sugars in honey include mal-
tose (7.2%) sucrose (1.5%) and various ofigo-
saccharides (4.2%). It also contains a variety
of organic acids, pyroglutamic and succnic
acid (0.17 to 1.17%) (NHB, 1996). Inhibitory
properties of honey against pathogens such as
Buacillus  cereus, Listeria monocytogenes,
Escherichia coli and Salmornella typhi have
been demonstrated (Molan and Russell, 1989
and Molan, 1992).Recent researches suggest
that it could be used as sweeteners and a good
cell protective agent in fermented mulk
products (Chick et al, 2001, Ustunol and
Gandhi, 2001, Mechanna et al, 2003,
Zommara et al., 2003, Varga, 2006 and Riazi
and Ziar, 2008).

Sugar cane syrup (molasses) is a by-
product of the manufacture of sugar from
sugar cane. It is produced as light molasses
(total sugar>62%) for human consumption
and dark molasses (fotal sugar>55%) used in
many food industries. Recently, molasses is
used as sugar substitute in baking industry,

Annals Of Agric. Sc., Moshtohor, Vol. 47(2), 2009

biscuits and cakes formulas (Morano, 1976
and Ef-Nagar, 1997).

Dates fruits as dibis is a good source
of vitamins "Bl"and "B2", minerals "K, Na,
Ca, Mg, Fe and Zn" and amino acids (Khalil
et al., 2002). The date production at less 10%
is processed into a products such as frozen
desserts, drink lemon beverage, flavoured
laban and ice cream (Al-Juhaimi, 2003,
Salama 2004 and Boeneka e al., 2006).

The term symbiotic is used when a
product contains both probiotics and prebio-
tics. A combination of probiotic and prebiotic
has synergistic effects promoting growth of
existing strains of beneficial bacteria in the
colon as well as improving the survival, imp-
lantation and growth of newly added pro-
biotic strains. (Ziemer and Gibson, 1998, and
Schvezenmeir and deVrese 2001).The mini-
mum therapeutic dose per day is suggested to
be 10%0 10° viable cells per 100 grams of
bioproduct (Shin et al, 2000a,and Vuyst,
2000)

Therefore, the objective of this
research was to investigate the ability of 4
lactobacilli strains to grow in skim milk
supplemented with various natural sweeteners
as carbohydrate source during 24 h incubation
time and refrigerator storage for 21 days at
4°C.

MATERIALS AND METHODS

Materials

Fresh buffalo skim milk was obtained
from Dairy Department of Faculty of Agric.
Cairo Univ. Cane sugar, molasses, honey and
date syrup (dibis) were purchased from local
market while fructose 42 % and standard
glucose were obtained from 10® Ramadan
City, National Company for Maize products,
Egypt L. gasseri B-14168 was provided by
Northem Regional Research Laboratory,
llinois USA (NRRL). L. acidophilus, L. casei
and L. bulgaricus were obtained from Chr.
Hansen's Lab., Denmark. All strains had pre-
viously been shown to posses properties
required of a probiotic microorganisms inclu-
ding bile salt tolerance, low pH value and
antagonistic activity as described by Amin ef

al. (2002). Cultures were propagated in sterile
(MRS) broth using 1% inoculum and 20 h
incubation at 37°C. The organism was trans-
ferred 3 time in MRS broth before used.

Experimental procedures.

Fresh buffalo skim milk was divided
into 7 equal portions. The first portion was
served as a control. Sucrose, fructose, glucose,
honey, molasses and dibis were added indivi-
dually at 7% (wW/v) to the rest portions. The
concentration 7% was selected according to

preliminary studies.

All portions were heated at 80°C for
10 min. and cooled to room temperature. Each
portion was divided into 4 equal parts and

YA
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moculated to contain 1.5 % L. bulgaricus, L.
gasseri, L. casei or L. acidophilus then incuba-
ted at 37°C for 24h. Samples were taken at 0,
4, 8 and 24h then diluted (1/10 w/v) with
0.2% (w/v) EDTA (pH 12.0) and turbidity
was measured at 640 nm using Unican
8625UV/Vis Spectrometer. The uninoculated
sample was diluted with 0.2% (w/~v) EDTA
and used as a blank according to Hughes and
Hoover,1995. In a separate experiment L.
bulgaricus, L. gasseri, L. casei and L. acido-
Philus were cultured at 37°C for 24h with 7%
(w/v) sucrose, fructose, glucose, honey, mola-
sses or dibis. All samples were stored at
4+1°C for 21 days.

Methods of analysis.
The pH was determined by using
digital pH meter (Inolad model 720,

Germany). The titratable acidity (TA%) was
measured in all samples according to Ling

glucose, honey, molasses and dibis were
calculated according to (Shin ef al., 2000a).

The wviability of each lactobacilli
strain was assessed at 7 days intervals by
using the pour plate with lactobacili MRS
agar. The plates were overlayed with the same
medium and incubated at 37°C for 48h accor-
ding to Vanderzant and Splittstoesser, 1992,
The colonies were counted using a Quebec
colony counter (Fisher Scientific, Pittsburg,
Pa. USA). Colony-forming units (cfu/ml)
were counted and the results expressed as their
log 1o values.

Statistical analysis was conducted
using ANOVA analysis (System User's Guide
SAS 1997).

The means (P< 0.05) were carried out
by using Duncan multiple range tests. All

(1963). Doubling time (T,) for each lacto- analysis were done in duplicate.
bacilli strain that grown in sucrose, fructose,
RESULTS AND DISCUSSION

1- Changes in pH values, titratable
acidity(TA%) and doubling time (T,)
during fermentation.

Changes in pH values of skim milk
containing 7% of each natural sweeteners and
lactobacilli strains are presented in Table (1).
The obtained results indicated that the reduc-
tion of pH value was at the rate of 46.48,
43.71 and 43.41% in case of fructose in strains
of L.bulgaricus, L. gasseri and L. casei as
compared with control and other sweeteners
after 24h fermentation time at 37°C.

In case of L. acidophilus the reduc-
tion of pH-values were not affected by the
type of swecteners. The mean pH value was
the highest in milk containing glucose with L.
acidophilus (5.81) but they were the lowest in
the presence of molasses with L. gasseri
(4.85) .

Table (2) shows the changes in the
TA% as affected by the type of sweeteners.
The supplementation of milk with sweeteners
caused a significant increase in the TA% by
all lactobacilli at all time interval as compared
with control. The variations in the TA% may
be attributed to the different metabolites of the
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used strains and the composition of the
sweeteners. These results are confirmed by
Shin er al. (2000,b) and Ustunol and Gandhi
(2001).

On contrary of the present results,
Riazi and Ziar (2008) reported that lactic acid
production was not influenced by sweetener
type.

Data presented in Table (3) show the
doubling time(T,) for L. bulgaricus L. gasseri,
L. casei and L. acidophilus/gram as affected
by the different sweeteners at 4h intervals, up
to 24hs of incubation. Doubling time was used
as a measure of the efficacy of the sweeteners
in modulating growth rate. The doubling time
(Ty) of L. bulgaricus grown with different
sweeteners decreased as compared with the
control. Among the tested sweeteners sucrose,
honey and molasses were the most effective in
enhancing growth rate of L. bulgaricus after 4
and 8h fermentation as evidenced by shorter
doubling times. However, among the sweete-
ners tested honey and dibis were most
effective in enhancing growth rate of L.
gasseri whereas, it was glucose and dibis with
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grown L. acidophilus .In case of L. casei the
doubling time (T;) was markedly increased
(P<0.05) in all treatments except dibis was
similar to control.

The data in Table (3) indicate that
glucose, honey molasses and dibis are the
preferred sweeteners by lactic acid bacteria
owing to the presence of various carbohy-
drates (oligosaccharides) present in these
sweeteners. While Ustunol and Gandhi (2001)
and Mehanna et al. (2003) reported that the
honey was the preferred sweetener by bifido-
bacteria compared to sucrose, fructose and
glucose. Desai et al. (2004) observed that the
Hi-maize as, a prebiotic, stimulate the growth
of lactobacilli strains L. casei, L. paracasei,
and L.rhamnosus in RMS with doubling time
of 301min. The mean value of doubling time
(Tq) was decreased at percentage rate of 63.15,
20.21, 53.55 and 2.22% when L. bulgaricus,
L. gasseri, L. acidophilus and L.casei are
grown in the presence of molasses, dibis,
glucose and dibis respectively.

2-Changes in pH values, titratable
acidity(TA%) and viability of lactobacilli
strains in fermented skim milk during
storage at 4°C
Data presented in Fig (1) show that
the pH values of all treatments were decreased
(P<0.05). At the beginning of storage, the pH
values in fermented milk with L. bulgaricus
and L. casei ranged from 3.5- 3.91 and 3.66 -
3.88 whereas it was 3.59 - 4.93 and 4.6 - 4.91

with L. gasseri and L. acidophilus respectively.

When L. gasseri is grown in skim
milk, pH values had similar trend to L.
acidophiius which is in accordance with Zhu
and WU (2000) who reported that L. acido-
Pphilus is related to lactobacilli species such as
L. gasseri and L. johanosusi

At the end of cold storage, the lowest
pH value was recorded by L.bulgaricus in the
presence of fructose followed by L.casi in the
presence of honey. The change of pH values
in sucrose and molasses in case of L. acido-
philus were similar to control at all time
intervals.

A
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In the case of L. gasseri, the pH
values of all treatments were decreased more
than control except samples containing dibis
after 21days of refrigerator storage . Also, the
rate of pH reduction in all treatments were
higher than control for L. acidophilus.

Statistical analysis, show that the
effect of sweeteners on the mean pH ranked as
follows: molasses > control > honey > sucrose
> dibis >glucose > fructose.

Fig. (2) shows the changes of TA%
during refrigerator storage of lactobacilli
strains as affected by sweeteners type. It
revealed that TA% of control samples with L.
bulgaricus and L. casei is higher than samples
containing sweeteners, whereas it was lower
in case of L. gasseri and L. acidophilus. By
the end of storage, samples containing
molasses and dibis recorded lower TA%
values by L. gasseri and L. acidophilus than
other sweeteners and control. In the case of L.
bulgaricus the reduction in TA% was much
higher in both molasses and dibis. compared
with control and other sweeteners. In case of L.
casei the samples containing dibis, the TA%
decreased along the storage periods. These
results may due to the low temperature and
low pH which inhibit enhancing the growth of
the cultures.

The viability of L. bulgaricus after 14
days of refrigerated at 4°C in samples contai-
ning sucrose is the highest (Fig 3). By the end
of storage, the count of L. bulgaricus was
significantly decreased in all treatments except
samples containing dibis. This decrease in the
viability may be attributed to the reduction of
pH value, secretion of antimicrobial substan-
ces and accumulation of bacterial metabolites
in the culture products during cold storage
(Lankaputhra er al., 1996, Dave and Shah,
1997). Riazi and Ziar (2008} reported that
lactic acid bacteria (LAB) growth was slightly
inhibited when 10% honey was added and
yoghurt acidity was moderate.

As the storage progressed, the
viability of L. gasseri was simulated in all
treatments with different rates. These results
indicated that L. gasseri can survive well at
low temperature.
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Table (1): The pH value of skim milk containing natural sweeteners and Lactobacilli strains.

- =
FETRIE E-0N T O O T B O (A T PO I
2k s E g g ] L $ £ 8 p>
8° _‘!3 = Q ] et o =
0 6.35 6.37 6.54 630 | 622 6.13 | 6.08 | 6.28°
4 6.04 5.97 592 6.20 | 5.78 569 | 561 | 584
Lb 8 5.25 5.24 5.19 514 | 5.17 525 | 529 | 5.22°
24 3.62 3.79 3.50 369 | 3.72 390 {39137
Mean 532 5.34 5.29 525 | 5.22 519 | 522
0 6.60 6.52 6.52 653 | 640 6.04 | 620 | 643"
4 6.07 5.99 5.88 579 | 522 530 | 555 | 8.71°
Lg 8 5.58 5.58 5.36 525 | 5.11 442 | 5.11 | 528°
24 4.61 3.96 3.67 474 | 477 353 | 493 | 4.56°
Mean 5.71 5.68 5.68 557 | 5.22 485 | 545
0 6.47 6.46 6.45 635 | 6.35 627 | 6.15 | 6.35" |
4 5.96 5.76 5.94 S84 | 5384 573 | 567 | 5.82°
Le 8 5.15 5.16 5.17 497 | 5.13 525 | 5.14 | 513°
24 3.75 3.76 3.65 388 | 3.72 382 [ 383 ] 377
Mean 5.31 5.34 5.30 534 | 5.26 §27 | 513
0 6.55 6.52 6.56 6.59 | 646 636 | 628 | 64T
4 6.06 | 6.07 | 595 | 605 | 589 | 583 [ 584 [ 596
La 8 5.94 5.81 5.84 518 | 5.63 567 | 554 | 574"
24 4.79 4.79 4.87 462 | 479 465 | 491 | 4.76"
Mean 5.77 5.70 5.79 581 | 5.69 563 | 5.65
General mean 5.49 5.45 5.42 5.42 5.35 529 | 531
Different superscript (a,b,c....) at the same column and row are significantly different (P<0.05).
Lb L.bulgaricus bulgaricus Lc ' L. casei '
Lg L. gasseri La L. acidophilus

The viability of L. casei and L. acido-
Philus were almost similar. Their counts are
gradually increased in all treatments to reach
its maximum after 14 days then declined at the
end of storage period which is in accordance
with Sharaf et al,, 2003. The reduction of
viability may be due to the presence of acidic
metabolites which inhibit the growth of L.
casei and L. acidophilus (Lankaputhra, ef al.,
1996, and Liong and Shah, 2005). Dave and
Shah (1997) noticed a higher production of
hydrogen peroxide with the ABT culture in
yoghurt which caused a partial injury to the
cell of L. acidophilus.

The highest viability of L. casei and L.
acidophilus by the incorporation of molasses
were recorded at 14 days of storage. Morano,
1976, Chick et al., 2001 and Khalil er al.,
2002 suggests that both organisms have a
higher requirement for one or more compou-

nds from honey. molasses and dibis such
oligosaccharides and organic acids.

1

Statistical analysis, revealed that the
growth of lactobacilli strains supplemented
with carbohydrate sources at 7% level were
ranked as follows: L.casei > L. gasseri > L.
acidophilus > L. bulgaricus. Moreover, the
growth of lactobacilli strains was higher in
case of dibis than other sweeteners and control

samples,

Generally, numbers of all lactobacilli
strains remained more than 10° cfu/ml in all
treatments until the end of storage. These
counts are higher than 10 cfi/ml, which is the
level suggested by some authors to have
health promoting effect and good way to
overcome the reduction in the counts of
lactobacilli bacteria in the functional fermen-
ted milks. These results are in agreement with
Nighswonger ef al. (1996)and Roushdy et al.
(1996).
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It could be concluded that there is a  ponents in enhancing lactobacilli growth and
synergistic effect between carbohydrate com-  viability.

Table (2): The titratable acidity (TA%)of skim milk containing natural sweeteners and
lactobacxlh trams

E.lfe T 3 g g z 8 “ =
BZp | £ | £ | £ | B | E| & | 8|8
PR o & & 5 = S | z
0 0.235"% | 0.240"%
4 03657 | 03807 | 03802 | 0375"7 | 03957 | 0360°% | 04057 | 0.380"
b 8 0.580%% | 0.570%° | 0445 | 05207 | 0.505%" | 0458" | 0470™" | 0.506°
24 1187 | 1.095"® | 0930° | 1.01*" | 1.130"® | 1.060"*° | 1.030*° | 1.063"
Mean | 0591 | 0.570" | 0.498™ | 0.537™ | 0573% | 0.544" | 0.605

0 0225%% | 0233%% | 0180° | 0182° | 0195 | 0264”7 | 0365"7 | 0.234°

SO

4 03352 | 0310™ | 0360%% | 0411%% | 0410°% | 0.510%7 | 0.540°" | 0.411’
Lg 8 0410%% | 04007 | 0.510°" | 0420%Y | 0470" | 0.613" | 0675% | 0.499°
24 | 0564°% | 07157 | 0540°7 | 063" | 0.6 | 0.687% | 0720" | 0.640°

—

Mean | 0383™ | 0414° | 0307 | 0.410™ | 0426™ | 0518 | 0.575™

w-z a-u VL

0 0.225 0.222 0.240 0250%” | 0260"" | 0310%Y | 03359 | 0.263°

O-Z

4 0372Y% | 0365 | 0360 L0.374“'Z 04052 | 04907 | 04937 | 0.408
Le 8 0.700°° | 06307 | 0573 | 0.570% | 0.550%% | 0570°2 | 0.600"" | 0.642°
24 120 | 0980 | 1.00*° ! 0.940°® | 100" | 1.120* | 0.960°7 | 1.028"

Mean | 0.623™ | 0548 | 0.543™ | 0.533" | 0.550™ | 0.622° | 05977

Z XYZ

0 0.220"* | 0.220 022077 | 0230%% | 02407 | 0260"% | 0.260"7 | 0.235°

4 03452 | 03267 | 0546 | 0330%7 | 040057 | 0487%Y | 0535°7 | 0.424'

La 8 0370%% | 0530%% | 0.566"* | 0.547°% | 04107 | 0.630™ | 0.610™ | 0523°

|
024072 | 0245"% | 0263"% | 0320 | 0330°° ncv

24 | 0450 | 063" | 0595 | 0566 | 0.666° | 0.820°" | 0.680°F | 0.629"

Mean | 0346 0426 | 0484" | 0413” | 04307 | 0549 | 0521

General mean 0.346 0 426" 0 484“1 0 413 0 430 0 549 0 521

Dxﬁ'erent superscript (A,B, C ., &b, c) at the same c.olumn and row are sngmﬁcantly dxﬁ’erent
(P<0.05).
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Table (3): Doubling time (T,) of lactobacilli strains as affected by the natural sweeteners.
| g
Swte;;c;ner é E Lb Lg Le La Mean
4 261.77°% | 114.48%Y 48.93Y 1185587 | 135.94"
Control 8 277.76%% | 14717V 1 7550V 171.57% | 166.37°®
24 441.08%P | 201.915% | 183.89°7Q | 42635 | 33581"™
Mean 326.87" 182.614" 102.78 238.58%
4 8198 | 240.19%° | 126.70Y | 126557 | 145.12™
Sucrose 8 92.13%Y | 34557°F | 110.02™Y | 19274V | 185.94%F
24 210317 | 42573%P | 242.79°N | 345.89°F 306.18°
Mean | 128.14" 337.16° 162.62% | 221.73*
4 155.11MY | 233487 | 136.687Y | 13946°Y | 166.18%¢
Fructose 8 184.04"Y | 2572359 | 218.657% | i,.vEX | 208.48%
24 347.56°F 600.50* | 333.657°Y | 203.25"Y 401.13°
Mean | 228.90% | 363.65° | 22966™ | 18254 |
4 131.42%Y | 35155°F | 174.15%% | 63.31%Y 177.50*#
Glucose 8 436.16°" | 37066 | 18157V | 100.71™Y 296.04°
24 605.12% | 42059 | 304.60% | 170.84"* | 374.67"
Mean 422.58* 377.45% | 220.11%* 110.80"
4 103.61™" | 11246™Y | 173.03%* | 33631"F | 180.99™
Honey 8 168.38"Y | 13923%Y | 23433"R | 36969 | 225,61
24 203.88"Y | 269.71"M | 272.89%% | 454.88%C 300.34°
Mean | 155.56% 173.80* 155.56™ 386.96"
4 5831 147.60%Y | 130.31%Y 83.81VY 105.01"
Molasses 8 101.23™ | 18678 | 218.65"° 1221397 | 155.82°®
| 24 201.78" 483.13" 307.83%% | 292.72% 321.36°
Mean | 120,44 272.50° 226.26°* | 166.22°%
4 147.16%Y | 60.82%" 55.71%Y 110.62™Y 93,58'
Dibis 8 159.21MY | 114.54%Y | 7506%% | 140737 | 122.4™
24 257.55%° | 261.74%Y | 189.51"Y | 204.88" 228.29°
Mean | 187.78%¢ 14570 100.46 151.90™
General mean 224,33" 264.70° 180.75° 208.39"

Different superscript (A,B,C..., a,b,c) at the same column and row are significantly different

(P<0.05)..

k3
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B ldays 87 days B 14 days @21 days l

L L
]
i

Control Sucrose  Fructose  Glucose Honey  Molasses Dibis
Sweetener ty pe

[_ B ldays B 7 days & 14 days B 21 days

Control Sucrose Fructose Glucose Honey Molasses Dibis

| sweetener type

Fig. (1): The pH values for probiotic lactobacilli strains in skim milk containing some
natural sweeteners.
(a) L. bulgaricus (b) L.gasseri

A
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Fig. (1): Continued
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{c) L.casei . {d) L.acidophilus
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| Idays & 7 days B 14 days E2ldays | |
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Titratable acidity (TA%)

ﬂ -
Control  Sucrose Fructose Glucose  Honey  Molasses Dibis
| Swestener type
A L L DL P U Rl h Cie
. : g
M Idays g 7days ® 14days & 21days l |
1
i |
| z
| s
'
1 Ui

Titratable acidity (TA%)

Control ~ Sucrose Fructose Glucose  Honey Molasses  Dibis

Sweetener type
Fig (2): Titratable acidity (TA%) of probiotic lactobacilli strains in skim milk containing
some sweeteners,
(a) L. bulgaricus (b) L. gasseri

A
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Fig. (2): Continued
c

Lc

Ea) |
B 7 days B 14 days 2] days |

& ldays :

Titratable acidity (TA%)

Control ~ Sucrose Fructose Glucose Honey Molasses  Dibis

Sweetener type

Titratable acidity (TA%)

Control  Sucrose Fructose Glucose Honey Molasses  Dibis

Sweetener type

(¢) L.casei - " (d) Lacidophilus
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| & 1 days @ Tdays B 15da l4days @ 2ldays

14 2 = : By

Logl(} CFU/ml

L |
1
Control Sucrose  Fructose — Glucose Honey  Molasses Dhbis |

Sweetener type
i _t_}_ g ;
Lg o
| & 1 days & 7days W54 14das O Elda}fET

Logl0CFU¥ml

Control  Sucrose  Fructose  Glucose  Honey  Molasses Dibis

i Sweetener type !

Fig. (3): Viability of 4 probiotic lactobacilli strains in skim milk containing some natural
sweeteners,
(a) L.bulgaricus (b) L.gasseri

A



The Effect Of Some Natural Sweeteners On The Growth & Viability..... Fo. 89

Fig. (3): Continued
&
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Sweetener type

(¢) L. casei (d) L.acidophilus
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