World Applied Sciences Journal 34 (9): 1190-1196, 2016
ISSN 1818-4952

© IDOSI Publications, 2016

DOLI: 10.5829/idosi.wasj.2016.34.9.184

Gum Arabic Uses as Prebiotic in Yogurt Production and Study Effects on Physical,
Chemical Properties and Survivability of Probiotic Bacteria During Cold Storage

Alaa Kareem Niamah, Shayma Thyab Gddoa Al-Sahlany and Alaa Jabbar Al-Manhel

Department of Food Science, Agriculture College, Basrah University, Basra City, 61004, Iraq

Abstract: Five different concentrations of Gum Arabic (GA) added to yogurt product by probiotic culture
starter, which contained Lactobacillus acidophilus, Bifidobacterium bifidum and Streptococcus thermophilus.
Best concentration of GA was added 1%. The chemical composition of yogurt with 1% GA was (86.97, 3.88, 3.21,
0.79 and 5.15) % for moisture, protein, fat, ash and carbohydrates respectively. After one day of fermentation,
pH values decreased to 4.52 while the total acidity was 0.91%. The WHC, STS and WD were 54%, 68% and 0
ml respectively. The cells viability of Lactobacillus acidophilus was 7.1 Log CFU/g, 7.15 Log CFU/g of
Bifidobacterium bifidum and log 7.72 Log CFU/g of Streptococcus thermophilus after fermentation. At 21 days
(the end of the storage period), the results of yogurt with 1% GA, pH values decreased to 4.05, while total
acidity increased to 1.15%. The WHC, STS and WD were 50.5%, 71% and 1.2 ml. The cells viability of starter
bacteria decreased with Bifidobacterium bifidum being affected. When GA added to the yogurt, the viability

of probiotic bacteria was increased after production.
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INTRODUCTION

Probiotic bacteria including some species of lactic
acid bacteria (LAB) and other types of bacteria as
bifidobacteria. It can grow in gut animals warm-blooded
and Production metabolic materials beneficial such as
organic acids, bacteriocins, active peptides and short-
chain fatty acids [1].

Probiotic bacteria has used in many food products
such as dairy product, meat product, pickles and
fermented vegetables. The acidity and cold storage of
products are decreasing the viability cells of probiotic
bacteria [2].

Prebiotics are substances that induce the growth or
activity of probiotic bacteria and non-digestible such as
galactooligosaccharide [3], fructooligosaccharide [4],
xylooligosaccharide, beta-glucans and inulin [5]. Gum
Arabic (GA) is one member of prebiotic group when mix
probiotic and prebiotic is symbiotic product [6].

Gum Arabic (GA), also known as acacia gum, char
goond, chaar gund, or meska, is a natural gum made of the
hardened plants juicer of various species of the acacia
tree. The acacia tree grow principally in Sudan and

Egyptian. Originally, gum Arabic was collected from
Acacia nilotica, Acacia senegal and Acacia seyal which
was named the Gum Arabic tree [7].

Gum Arabic (GA) contents variety of carbohydrates
such as rhamnose, arabinose, galactose and glucuronic
acid. The percentage of these carbohydrates differ
according to the source of GA [8].

GA uses in pharmacy, clinical, cosmetic science and
food industries as stabilizer and an emulsifier. In certain
countries in traditional of patients who suffer from chronic
kidney disease treatment [9]. It effects on cholesterol
levels in blood of rates and reduce plasma cholesterol
[10].

GA has found application in many foods, besides to
as an emulsifier and stabilizer material GA uses as anti-
oxidant, anti-microbial, anti-coagulant, anti-inflammatory
and shelf-life enhancer of food products [11]. In dairy
products, GA uses in ice cream and yogurt [12].

The aim of the present study was improved some
chemical characteristics of yogurt, the viability cells of
probiotic bacteria was maintained within the allowable
level (10%-10° CFU/g) during cold storage and symbiotic
product.
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MATERIALS AND METHODS

Chemicals: All chemicals, which have used in the study
were analytical type. The nalidixic acid, neomycin
sulphate and lithium chloride were obtained from BOH
Company, UK. The Phenolphthalein indicator, NaOH,
sorbitol, Gum Arabic (GA) from Sigma Company,
Germany.

Probiotic Starter Culture: Probiotic starter was obtained
from Chr. Hansen Middle East and Africa, UAE. It
contains Streptococcus thermophilus, Lactobacillus
acidophilus LA-5 and Bifidobacterium bifidum Bb-12
(1:1:1), which was grown in MRS broth (Hi-media, India)
at 37°C for 24 h and used as a probiotic starter in yogurt
production.

Yogurt Product: Caw’s milk (Animals station of
Agriculture College / Basrah University) was used in
yogurt production [13]. The milk was heated at 90°C for
5 min. The heated milk was cooled to 40°C. Addition
culture starter 2% and Gum Arabic (GA) concentrations
(0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) g respectively, they were
mixed with100 ml of milk. The mixture incubated at 40°C for
6 h. After fermentation, yogurt products were refrigerated
at 4°C for 21 days.

Yogurt Tests

Chemical Composition: After one day of storage, yogurt
samples were analyzed for chemical composition by using
the methods of [14]. Moisture was determined by drying
samples in a hot air oven at 105+£2°C for until proven
weight. Total protein was analyzed by Micro-Kjeldahl
method. Ash was determined by lighting samples in the
furnace oven at 621°C for 16-20 hours. Total lipid
determination used method of [15]. Total carbohydrate
was calculated by the equation:

100 — (moisture+ lipid+ protein+ ash) %

Total Acidity and pH Value: During 21 days of cold
storage at 4°C, the yogurt samples were analyzed on 1, 7,
14 and 21 days for total acidity and pH value. Total acidity
percentage determined by titrating yogurt samples. pH
value of yogurt samples were estimated by using pH
meter (SD-300 pH, Germany) [16].

Physical Analysis: Physical analysis of yogurt samples
was determined during cold storage at 4°C forl, 7, 14 and
21 days. It was included: Water holding capacity (WHC)

of yogurt samples was determined as described [17].
The WHC percentage value was calculated by the
following equation: %WHC = 1-[W,/ W,] x 100. Where,
W,: The weight of whey after centrifugation; W,: The
weight of yogurt. Susceptibility to syneresis (STS) of
yogurt sample was determined by putting 100 ml of yogurt
sample on filter paper (Whatman No.1). After 6 hours of
emptying, the volume of whey collected in the measuring
cylinder reported by [12]. Used the following formula to
calculate the STS percentage = 1-[V1/ V2] x 100. Where:
V1: Whey volume collected; V2: Yogurt volume. Whey
drainage (WD) was removed from yogurt samples, by a
syringe during 24 hours after the test date. The amount of
whey off (in ml per 100 ml of initial yogurt sample) was
calculated as the whey drainage [18].

Microbial Tests: Microbial tests of yogurt samples were
determined during cold storage at 4°C forl, 7, 14 and 21
days. The viability cells of bacteria of yogurt samples was
measured by pour plate method [19] and used selective
culture media as M 17 for St. thermophilus, MRS-Sorbitol
agar for Lb. acidophilus and MRS-NNL agar for
B. bifidum [20, 21].

All plates were incubated at 37°C for 24-48 h in
anaerobic condition except St. thermophilus which had
incubated at 37°C for 24 hour in aerobic condition [22].

Statistical Analysis: Statistical analysis of the results was
performed using completely randomized design (CRD) and
Least significant difference (L.s.ds.) when p=0.0.5 by
SPSS (version 16). The Data of yogurt chemical
composition analyzes by standard deviations.

RESULTS AND DISCUSSION

Chemical Composition of Yogurt: Table 1 show, the
chemical composition of yogurt produced after one day of
fermentation. The percentage of components increased
after the addition of GA except moisture. Increase the
concentration of GA added increased solid components
in yogurt production. The proteins, fat, ash and
carbohydrates percentage was 3.88, 3.21, 0.79 and 5.15
respectively while the percentage of moisture was 86.97
after 1% addition of GA. The GA addition with milk led to
the high concentrations of solid materials in yogurt
produce. The GA contents 78-88% of solid materials and
essential amino acids [8, 23]. The compositions of yogurt
without GA were (87.80, 3.73, 3.18, 0.7 and 4.59) % of
moisture, proteins, fat, ash and carbohydrates
respectively.

1191



World Appl. Sci. J., 34 (9): 1190-1196, 2016

Table 1: The chemical composition of yogurt produce with GA after one day of fermentation

%

Yogurt samples Moisture Proteins Fat Ash Carbohydrates
0% gum Arabic 87.80+0.10 3.73+0.03 3.18+0.02 0.70+0.01 4.59+0.02
0.2% gum Arabic 87.62+0.08 3.76+0.01 3.18+0.02 0.72+0.00 4.71+0.03
0.4% gum Arabic 87.44+0.05 3.80+0.01 3.19+0.01 0.73+0.01 4.80+0.02
0.6% gum Arabic 87.26+0.06 3.82+0.04 3.19+0.01 0.76+0.02 4.92+0.04
0.8% gum Arabic 87.18+0.10 3.85+0.02 3.20+0.01 0.77+0.03 5.00+0.03
1% gum Arabic 86.97+0.05 3.88+0.01 3.21+0.01 0.79+0.00 5.15+0.02
SD+: Standard deviation
w0 0.2 0.4 0.6 0.8 o
1.3

[

1.2

£

g 1.1

o

s 1

£ 0.9

2

2 08

=

3

0.6

14 21

Storage days

Fig. 1: Total acidity percentage values of yogurt with GA concentrations (0, 0.2, 0.4, 0.6, 0.8 and 1%) after fermentation

and storage days
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Fig. 2: pH values of yogurt with GA concentrations (0, 0.2, 0.4, 0.6, 0.8 and 1%) after fermentation and storage days

Total Acidity Percentage and pH Value of Yogurt: The
total acidity percentage and pH value of yogurt without
GA concentrations were 4.72 and 0.81 % respectively after
fermentation. Low acidity in control yogurt caused by the
weak growth of probiotic bacteria in the milk and lactose
hydrolyze. The fermentation time for acid production
should be increased [24]. In other samples of yogurt
produce, the percentage of total acidity increased and the
pH value decreased when increasing the concentration of
added GA. The GA contains variety carbohydrates which
probiotic bacteria can fermentation [25] and GA as a

natural prebiotic [26]. After fermentation, the total acidity
and pH value were 0.85, 0.86, 0.89, 0.90, 0.91% and 4.6, 4.6,
4.55,4.53, 4.52 for 0.2, 0.4, 0.6, 0.8, 1.0 % GA added,
respectively (Fig.l1 and Fig.2). The pH values further
decreased during storage time. While percentage of total
acidity increased during storage for yogurt samples
without and within GA concentrations. Total acidity
percentage of 1.02, 1.09, 1.09, 1.1, 1.11, 1.15 and namely pH
4.44, 43, 4.28, 4.25, 4.11, 4.05 for the different GA
concentrations 0.0, 0.2, 0.4, 0.6, 0.8, 1.0 % respectively,
after 21 days of storage (Fig. 1 and Fig. 2).
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Table 2: The % WHC, % STS and WD values of yogurt with GA concentrations (0, 0.2, 0.4, 0.6, 0.8 and 1%) after fermentation and storage days

% WHC* % STS* WD* (ml)

Yogurt samples 1 7 14 21 7 14 21 1 7 14 21

0% gum Arabic 40.02¢ 38.08° 35.33°  31.00° 84.00° 88.00" 91.00°  92.00° 1.60¢  2.80°  3.50° 5.20¢
0.2% gum Arabic 43.10¢ 40.00¢ 39.05¢  37.55¢ 82.00° 85.00¢ 87.00¢  90.00° 1.00¢ 1.90®  2.80¢ 4.70¢
0.4% gum Arabic 44.00¢ 42.80¢  40.20¢  38.61¢ 78.00¢ 80.00¢ 81.00°  83.00¢ 1.00¢ 1.50*  2.50¢ 4.30¢
0.6% gum Arabic 47.20¢ 45.90¢ 44.00°  42.50¢ 75.00c 77.00¢ 79.00°  80.00¢ 0.50° 1.30°  2.40° 4.00¢
0.8% gum Arabic 50.11° 49.00°  48.03°  46.30° 71.00° 74.00° 75.00°  77.00° 0.00*  0.60*  1.40° 2.00°
1% gum Arabic 54.00° 53.11° 52.01*  50.50° 68.00* 69.00* 70.00*  71.00° 0.00*  0.30*  1.00* 1.20*

WHC: water holding capacity, STS: susceptibility to syneresis, WD: Whey drainage, ® : p= 0.05,

Physical Analysis of Yogurt: The WHC percentage of a
protein gel is one of the important parameter in
yogurt production. It is related to STS percentage and
WD. This is due to instability and parcel of the proteins
gel. The WHC percentage of yoghurt samples increased
and susceptibility of yogurt samples to The STS
percentage and WD decreased with increasing GA
content. After fermentation, the WHC percentage of
yogurt with added GA (43.10-54.00) % was significantly
(P < 0.05) than that of yogurt without GA while STS and
WD values of yogurt with added GA (82.00- 68.00) % and
(1.0-0.0) ml respectively (Table 2). In during storage time,
the WHC percentage of yogurt samples was decreased
and STS percentage and WD were increased (Table 2).
The results were agreed with many of studies [12, 17, 27].

The GA uses in dairy products as stabilizer material.
It have two basic functions in yogurt as the binding of
water and improvement in texture. The stabilizer reduces
water yogurt production. High GA
concentrations in yogurt led to WHC percentage
increased and STS percentage, WD decreased after
fermentation and during 21 days of storage.

in  matrix

Viability of Bacteria Starter in Yogurt: The viability of
Lactobacillus acidophilus LA-5 cells was Log 6.88 CFU/
g after one day of fermentation and the numbers of viable
cells decreased to Log 5.11 CFU/ g under storage
conditions at 4°C for 21 days. GA addition to yogurt
increased the cells viability of Lb. acidophilus after
fermentation time compared to the yogurt control without
GA., which was 6.96, 7.02, 7.03, 7.06, 7.10 Log CFU/ g for
0.2,0.4,0.6,0.8, 1.0 % GA, respectively (Fig. 3). After 21
days of storage time, the viability of Lb. acidophilus LA-5
was 6.00, 6.24, 6.3, 6.39, 6.54 Log CFU/ g for 0.2, 0.4, 0.6,
0.8, 1.0 % GA, respectively (Fig. 3).

After one day of fermentation, the viability of
Bifidobacterium bifidum Bb-12 cells in yogurt production

was 6.20, 6.86, 6.95,7.01, 7.03, 7.15 Log CFU/ g for 0.0, 0.2,
0.4, 0.6, 0.8, 1.0 % GA, respectively. The storage
decreased the viability of B. bifidum cells but has no
effect on the viability of Lb. acidophilus. The viability of
B. bifidum Bb-12 was 4.81, 5.45, 5.66, 5.81, 5.80, 5.95 Log
CFU/ g for 0.0, 0.2, 0.4, 0.6, 0.8, 1.0 % GA, respectively
after storage time (Fig. 4). GA one of the most important
substances that act as prebiotic for Bifidobacteria and
Lactobacilli [28]. It consists 97% of carbohydrates, which
are often composed L-arabinose, D-galactose and
Rhamnose units [29]. Lb. acidophilus LA-5 can ferment
this carbohydrate as carbon source [30]. While B. bifidum
Bb-12 cannot ferment it [31].

Figure 5 indicates the absence of a significant
impact on viability of Streptococcus thermophilus in
yogurt production within GA concentrations or yogurt
without GA. The cells viability of St. thermophilus was
7.74,7.73,7.72,7.71,7.73,7.72 Log CFU/ g for 0.0, 0.2, 0.4,
0.6, 0.8, 1.0 % GA, respectively after one day of
fermentation. The viability of St thermophilus was
slightly decreased during storage to values of 7.39, 7.39,
7.42,7.51, 7.44, 7.49 Log CFU/ g for the respective GA
concentrations (0.0, 0.2, 0.4, 0.6, 0.8, 1.0) % GA,
respectively after 21 days.

The loss of probiotic bacteria viability in yogurt
production was attributed to low temperature and acidity
during storage time [32, 33]. Prebiotic substances such as
transgalactooligosaccharides, polydextrose,
galactooligosaccharides, banana psyllium, wheat dextrin,
whole grain wheat, acacia gum and whole grain corn
significantly improved the cells viability of probiotic
bacteria in dairy products [34]. The mix of probiotic
bacteria with prebiotic give synbiotic product. In general,
the cell numbers of probiotic bacteria in yogurt
production containing GA concentrations are among the
numbers allowed by FAO/WHO protocols that were
reported to be 10%-10° CFU/g.
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Fig. 3: Viability of Lactobacillus acidophilus LA-5 in yogurt with GA concentrations (0.0, 0.2, 0.4, 0.6, 0.8, 1.0%) after
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Fig. 4: Viability of Bifidobacterium bifidum Bb-12 in yogurt with GA concentrations (0.0, 0.2, 0.4, 0.6, 0.8, 1.0%) after
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Fig. 5: Viability of Streptococcus thermophilus in yogurt with GA concentrations (0.0, 0.2, 0.4, 0.6, 0.8, 1.0%) after
fermentation and storage days

CONCLUSIONS industries. It uses in dairy products as stabilizer and It do

as prebiotic when added it in milk fermentation products.

The study revealed that yogurt product with GA Add 1% GA to yogurt product led to improve the
added as prebiotic. GA has variety of properties and used nutritional value through increasing the percentage of
in many fields such as medical, pharmaceutical and food total solids, protein, fat and carbohydrates. Physical
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properties of yogurt improved to increase WHC and
decreasing STS, WD. GA added to yoghurt maintained
survivability of Lactobacillus acidophilus LA-5 and
Streptococcus thermopilus during storage time while the
viability of Bifidobacterium bifidum Bb-12 decreased.
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