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Table 1 Changes in the acidity (%lactic acid) of low-fat synbiotic yogurt

Day

1 7 14 21 28
reatment

Low-fat control 1.15+£0.01C 1.17+£0.01°® 1.17+£0.01°8 1.26+0.05°* 1.27+0.01%

High-fat control ~ 1.1440.01°¢ 1.16+0.01%¢ 1.204+0.01 °® 1.2240.028 1.29+0.02%*
1 1.1440.07° 1.09+0.07°8 1.16+0.08°8 1.39+0.08°* 1.4140.06°*
2 1.1240.09°° 1.1340.04°C 1.2040.05°¢ 1.3940.23%8 1.6620.04%4
3 1.13+0.03% 1.1740.05 *° 1.64+0.08 % 2.2440.05%8 2.3540.01%

Treatments include: Low-fat control: Low-fat synbiotic yogurt containing B. coagulans without green banana
flour; High-fat control: High-fat synbiotic yogurt containing B. coagulans without green banana flour; 1: Low-
fat synbiotic yogurt containing Bacillus coagulans and 1% green banana flour; 2: Low-fat synbiotic yogurt
containing B. coagulans and 2% green banana flour; 3: Low-fat synbiotic yogurt containing B. coagulans and
3% green banana flour
The same lowercase letters are not significantly different between different treatments for each day at P> 0.05.
Values of the same treatment, followed by the same uppercase letter, are not statistically different at P > 0.05.

Table 2 Changes in pH of low-fat synbiotic yogurt

Day
Treatment 1 7 14 21 28
Low-fat control 4.13+0.02 ** 4.01+0.02°8 4.02+0.03%" 3.80+0.02°C 3.75+0.05C
High-fat control 4.18+0.02 ** 4.07+£0.01*® 3.84+0.01%" 3.77+0.03%° 3.71£0.02°*F
1 4.18+0.02** 4.15+0.01%® 3.6340.01°¢ 3.41+0.02°P 3.39+0.01°P
2 4.16+0.01 3.9140.03B 3.6240.02°¢ 3.48+0.06 °° 3.42+0.02°P
3 4.18+0.03* 3.69+0.05%® 3.41+0.05% 3.1240.02°° 2.97+0.08°

Treatments include: Low-fat control: Low-fat synbiotic yogurt containing B. coagulans without green banana
flour; High-fat control: High-fat synbiotic yogurt containing B. coagulans without green banana flour; 1: Low-
fat synbiotic yogurt containing Bacillus coagulans and 1% green banana flour; 2: Low-fat synbiotic yogurt
containing B. coagulans and 2% green banana flour; 3: Low-fat synbiotic yogurt containing B. coagulans and
3% green banana flour
The same lowercase letters are not significantly different between different treatments for each day at P> 0.05.
Values of the same treatment, followed by the same uppercase letter, are not statistically different at P > 0.05.
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Fig 1 Changes in the viscosity (centipoise) of low-
fat synbiotic yogurt. The same lowercase letters are
not significantly different between different
treatments for each day at P> 0.05. Values of the
same treatment, followed by the same uppercase
letter, are not statistically different at P> 0.05.
Treatments include: Low-fat control: Low-fat
synbiotic yogurt containing B. coagulans without
green banana flour; High-fat control: High-fat
synbiotic yogurt containing B. coagulans without
green banana flour; 1: Low-fat synbiotic yogurt
containing Bacillus coagulans and 1% green
banana flour; 2: Low-fat synbiotic yogurt
containing B. coagulans and 2% green banana
flour; 3: Low-fat synbiotic yogurt containing 5.
coagulans and 3% green banana flour.
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Table 3 Changes in dry matter (%) of low-fat synbiotic yogurt samples

Day
Treatment 1 7 14 21 28
Low-fat control 15.39+0.01% 14.440.01%® 12.40+0.01% 11.2140.01°P 10.38+0.01°F
High-fat control ~ 16.85+0.03°*  15.06+0.03 13.53+0.09¢ 12.55+0.03%° 10.96+0.03
1 16.48+0.01°*  15.91+0.08® 13.96:+0.04°¢ 13.0140.02%° 11.240.03
2 17.48+0.01°*  16.60+0.07°* 15.60+0.07°® 14.53+0.09°¢ 12.75+0.04°°
3 20.83+0.03°*  18.18+0.04%8 16.9640.04% 15.45+0.03%° 14.14+0.05%

Treatments include: Low-fat control: Low-fat synbiotic yogurt containing B. coagulans without green banana
flour; High-fat control: High-fat synbiotic yogurt containing B. coagulans without green banana flour; 1: Low-
fat synbiotic yogurt containing Bacillus coagulans and 1% green banana flour; 2: Low-fat synbiotic yogurt
containing B. coagulans and 2% green banana flour; 3: Low-fat synbiotic yogurt containing B. coagulans and
3% green banana flour
The same lowercase letters are not significantly different between different treatments for each day at P> 0.05.
Values of the same treatment, followed by the same uppercase letter, are not statistically different at P > 0.05.

i Jlashs bdS4ls s am oLls [Ya] o)l bl )
5Ll oy 4 sl b 210 5 O sbd S
ST S o 51 Ll e e aSE ML 4t 53
3510338 s s LS & e 5 038 (58 sk
Olsm OF SRl L S ol b 5l i e s S50

Al SRS (ls e b 4 e e
s o 48 s S 28 (YY) O Behnia
Lo ] oS Sole s e S g LS
As asie (Y+14) Ghasemi & Mahdian ales s
S5l o ge 0 kS 5 Ul WUUT Sl I ol b S
~oldoss Jals Sl s ek O (S i b
Sl ol al ) 6 58 e o | 511
35 03ls Sl Lele a3 Sy b Hl s b e s
e AU e 3l T Dl S2alS e dle ¢ [WV]
oLLSen s Azimi Mahale Lo 5 ol s JLs
ollea s Razmkhah [Y1] cul sas 2 158(YVY)
Gl sladpas (HILITT Olyse 45 W3 S 5158 (Ye))
Lt god (IS b 53 Ol 5 50 Sladils e (S
Olos 15 el Olos 5ol s w0 lg e a5 il 250l
S sl e 5 slaasd INICT 3 agr Sl oo
Lo pos o sl SVl s 3 by o il 5 oo Yl

MTast ol

YAY

(s ) (3IASIST Ol s ol ks 8- ¥

Cwbe glad ges
Ui DS Smole Sk 50l e o Sl Jols il
o303 0L ol ls ol o 03,50 & Ul 53 K3 e
Aald asgod an by pe s o Ol o e S Sl
Vol wsnd 4 by s o Olie (0 208 5 208
GALSS Ol (2B L e LSl o o 330 3,0 o
ol a8l (6 l3 gme il Lales aed 55 s o Ol
Sl (i lises sl 5 e s Ol (P<<4/00)
oolie sl sladises 5 (P<2/00) Conl azils (g,ls sns
Lald (Slaad god 2 S (5205 s s S50 251 i
0Ll 5 s Ssme 350 bl 53 Bl LU pimen il
o 53 b e S el ol $a) S
Ao S jarls pl ialS Cel 5 dsls Ao ys 0 Jlex>
S e &S Sy 4 Ol e |y e Ll
35 S5 S IS8 8 G Gla fee slaad 5 Lae i
el 5lasl 5 @sIIoT [YAT 5 8 ol @s S Laas 1
23 skl SuS,x Jds e bl csls 55 55
S i Ol Glacss - sl oopus ialS s
o sl e a3 e 5 S b s S
Lo oSk 055530 b 5 i i3S LS 5 o3k Ol



S 3 e SABpS cle )5 s Ol

smARr P 5 OLS  e

Table 4 Changes in the syneresis (%) of low-fat synbiotic yogurt samples

Day

1 7 14 21 28
Treatment

Low-fat control 8.83+0.03™ 31.97+028%C 33.53+£045®  3403+0.11*®  3745+0.31%

High-fat control 8.07+0.01°° 2450+021° 26.76+0.11°%¢ 27.97+0.22"%  30.37+0.25"
1 7.77+0.04°  14.08+0.25PC 15.58+£0.25*  20.57+033%®  2624+0.67"
2 1.17+0.08°  12.67+£0.67°C 13.92+021%  18.63+031"®  2242+0.10%
3 0.49+028%  0.70+033%  277+032° 3.07+0.31° 3.37+£0.21°

Treatments include: Low-fat control: Low-fat synbiotic yogurt containing B. coagulans without green banana
flour; High-fat control: High-fat synbiotic yogurt containing B. coagulans without green banana flour; 1: Low-
fat synbiotic yogurt containing Bacillus coagulans and 1% green banana flour; 2: Low-fat synbiotic yogurt
containing B. coagulans and 2% green banana flour; 3: Low-fat synbiotic yogurt containing B. coagulans and
3% green banana flour
The same lowercase letters are not significantly different between different treatments for each day at P> 0.05.
Values of the same treatment, followed by the same uppercase letter, are not statistically different at P > 0.05.
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Table 5 Changes in the firmness (g) of low-fat synbiotic yogurt samples

Day 1 7 14 21 28
reatment
Low-fat control  30.81+0.59°F  36.12 +0.34" 45.84 + 0.95 53.18 = 0.63 60.96 + 0.05°*
High-fat control 53.25+0.55F 61.57+0.23 75.43+1.04°C 99.37 +0.22°® 111.08 £ 0.04"*
1 38.70 £1.03% 46.91 £0.03%° 56.01 + 0.09% 70.33 +0.029® 82.440.01%
2 55.87£0.03°F  63.74+0.01°° 76.17 + 0.08°¢ 88.75 + 0.03® 104.44 £ 0.01°*
3 96.4 +£0.03"  104.27 +0.01*° 116.7+0.08°°  129.28 +0.03"® 144.97 £ 0.01*

Treatments include: Low-fat control: Low-fat synbiotic yogurt containing B. coagulans without green banana
flour; High-fat control: High-fat synbiotic yogurt containing B. coagulans without green banana flour; 1: Low-
fat synbiotic yogurt containing Bacillus coagulans and 1% green banana flour; 2: Low-fat synbiotic yogurt
containing B. coagulans and 2% green banana flour; 3: Low-fat synbiotic yogurt containing B. coagulans and
3% green banana flour
The same lowercase letters are not significantly different between different treatments for each day at P> 0.05.
Values of the same treatment, followed by the same uppercase letter, are not statistically different at P > 0.05.
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Table 6 Changes in the adhesiveness (mJ) of synbiotic yogurt samples

Day 1 7 14 21 28
reatment
Low-fat control 0.46 +0.07°°  0.55+0"™ 0.61 +0.08%*%  0.63+0.07*®  0.66 +0.02%
High-fat control 1.16£0.05F  1.29+0.04™  1.37+0.01°°  2.13+0.03bB  2.45+0.06™
1 0.57+0.01°  0.61+£0.01°° 0.68+0.01° 0.83 + 0% 0.96 + 0.06*
2 1L11£0.09°°  127+0.01°°  1.30+0.01°¢ 1.96 + 0B 2.35+0.05"
3 2.96+0.09°  3.12+0.01° 3.15+0.01° 3.81 £ 0% 4.2 +0.05™

Treatments include: Low-fat control: Low-fat synbiotic yogurt containing B. coagulans without green banana
flour; High-fat control: High-fat synbiotic yogurt containing B. coagulans without green banana flour; 1: Low-
fat synbiotic yogurt containing Bacillus coagulans and 1% green banana flour; 2: Low-fat synbiotic yogurt
containing B. coagulans and 2% green banana flour; 3: Low-fat synbiotic yogurt containing B. coagulans and
3% green banana flour
The same lowercase letters are not significantly different between different treatments for each day at P> 0.05.
Values of the same treatment, followed by the same uppercase letter, are not statistically different at P > 0.05.
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Table 7 Changes in the cohesiveness of synbiotic yogurt samples

Day 1 7 14 21 28
reatment

Low-fat control ~ 0.22 + 0.03%® 0.27 + 0.04°F 037+0.07 0.38+0.01% 0.42 +0.03%%

High-fat control ~ 0.41 £0.01°*  0.46+0.02°°  0.56+0.02°°  0.61+0.01"® 0.73 +£0.02°*
1 0.23 +0.02% 0.26 + 0.02° 0.35+0.01C 0.39+0.01® 0.45+0.03%*
2 0.37+0.01 0.46 +0.01°° 0.52 +£0.01°¢ 0.57+£0.01°® 0.69 +0.01"
3 1.10+0.01*° 1.19+0.01% 1.21+0.01 1.33+0.01%® 1.42+£0.01%

Treatments include: Low-fat control: Low-fat synbiotic yogurt containing B. coagulans without green banana
flour; High-fat control: High-fat synbiotic yogurt containing B. coagulans without green banana flour; 1: Low-
fat synbiotic yogurt containing Bacillus coagulans and 1% green banana flour; 2: Low-fat synbiotic yogurt
containing B. coagulans and 2% green banana flour; 3: Low-fat synbiotic yogurt containing B. coagulans and
3% green banana flour
The same lowercase letters are not significantly different between different treatments for each day at P> 0.05.
Values of the same treatment, followed by the same uppercase letter, are not statistically different at P > 0.05.
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Table 8 Changes in the lightness (L*) of low-fat synobiotic yogurt samples during refrigeration

Day
Treatment 1 7 14 21 28
Low-fat control 97.28 £0.02°"  94.00+£3.21°®  90.67 £ 1.53°C  88.67+0.58°  89.67 + 1.317
High-fat control ~ 85.33 £5.51%*®  86.00+4.58"  84.67+6.43®  82.33+2.08%C  84.67+2.52%®

1 93.17+£2.62°*  92.67+621™  9033+£2.32®  86.73+3.15°°  87.33+£3.31°
2 91.27+£2.78*  89.67+221%"  86.97+3.16"®  85.67+1.53"F  86.67+1.58"®
3 89.20 +3.618 91.00+2.73%A 87.67+22°8 8396+ 1.83%  81.33+0.78%

Treatments include: Low-fat control: Low-fat synbiotic yogurt containing B. coagulans without green banana
flour; High-fat control: High-fat synbiotic yogurt containing B. coagulans without green banana flour; 1: Low-
fat synbiotic yogurt containing Bacillus coagulans and 1% green banana flour; 2: Low-fat synbiotic yogurt
containing B. coagulans and 2% green banana flour; 3: Low-fat synbiotic yogurt containing B. coagulans and
3% green banana flour
The same lowercase letters are not significantly different between different treatments for each day at P> 0.05.
Values of the same treatment, followed by the same uppercase letter, are not statistically different at P > 0.05.
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Table 9 Changes in the redness parameter (a*) of low-fat synobiotic yogurt samples during

refrigeration
Day 1 7 14 21 28
reatment

Low-fat control ~ 5.37 +0.48%" 5.23 +0.58%8 5.08 +0.38% 479 +0.40™ 4.53 +0.58™
I:Lf:rgalt 533+043"  517+0.58®  5.07+0.58C  4.83+058°  4.50+0.51%
1 5.42 +0.78* 5.32 +0.65% 5.03 +£0.58% 4.81+0.71%P 4.50 + 0.42°
2 5.45+0.53* 5.27+0.51%8 5.09 +0.58% 4.87 +0.58%P 4.57+0.58%¢
3 5.26+0.27* 5.13+0.71%8 5.07 £0.61% 4.80+0.23%P 4.55 + 0.49°F

Treatments include: Low-fat control: Low-fat synbiotic yogurt containing B. coagulans without green banana
flour; High-fat control: High-fat synbiotic yogurt containing B. coagulans without green banana flour; 1: Low-
fat synbiotic yogurt containing Bacillus coagulans and 1% green banana flour; 2: Low-fat synbiotic yogurt
containing B. coagulans and 2% green banana flour; 3: Low-fat synbiotic yogurt containing B. coagulans and
3% green banana flour
The same lowercase letters are not significantly different between different treatments for each day at P> 0.05.
Values of the same treatment, followed by the same uppercase letter, are not statistically different at P > 0.05.
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Table 10 Changes in the yellowness parameter (b*) of low-fat synobiotic yogurt samples during

refrigeration
Day 1 7 14 21 28
reatment
Low-fat control  8.68 £0.94F  9.73+0.69° 11.67+0.52% 1427+0.73®  16.63 +£0.54%*
High-fat control ~ 9.33 +£0.58°®  10.17+0.55"® 14.67+0.68"°  15.67+0.58"®  18.33 +0.45"*
1 9.63+0.93  11.67+£045° 13.14+0.58C  14.97+035%  17.30+0.42%
2 10.09+1.00  11.49+0.76"® 14.83+0.92°°  15.60+0.41°®  18.13 +0.58"*
3 11.72£0.95  12.65+0.53"°  16.71+£0.89°C  18.33+0.35®  20.23+0.61**

Treatments include: Low-fat control: Low-fat synbiotic yogurt containing B. coagulans without green banana
flour; High-fat control: High-fat synbiotic yogurt containing B. coagulans without green banana flour; 1: Low-
fat synbiotic yogurt containing Bacillus coagulans and 1% green banana flour; 2: Low-fat synbiotic yogurt
containing B. coagulans and 2% green banana flour; 3: Low-fat synbiotic yogurt containing B. coagulans and
3% green banana flour
The same lowercase letters are not significantly different between different treatments for each day at P> 0.05.
Values of the same treatment, followed by the same uppercase letter, are not statistically different at P> 0.05
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Table 11 Results of general acceptance of low-fat synobiotic yogurt samples

Day
Treatment 1 7 14 21 28
Low-fat control 2.53+0.65%  240+051°® 2.60+051"  2.67+049"  2.02+0.49%
High-fat control 4.13+£0.35"  4.13+035"  433+£049"  4.13+0.52*  3.85+0.41"°
1 4.07+0.46™  440+051*  4.09+043°  3.88+034" 3.57+035°
2 423+0.52** 4.67+049"  427+035  4.03+046™  3.90+0.49*
3 22040414 25+30.52°* 253+£0.52% 2.60+0.51"  2.40+0.51%®

Treatments include: Low-fat control: Low-fat synbiotic yogurt containing B. coagulans without green banana
flour; High-fat control: High-fat synbiotic yogurt containing B. coagulans without green banana flour; 1: Low-
fat synbiotic yogurt containing Bacillus coagulans and 1% green banana flour; 2: Low-fat synbiotic yogurt
containing B. coagulans and 2% green banana flour; 3: Low-fat synbiotic yogurt containing B. coagulans and
3% green banana flour
The same lowercase letters are not significantly different between different treatments for each day at P> 0.05.
Values of the same treatment, followed by the same uppercase letter, are not statistically different at P > 0.05.
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This study was performed to evaluate the effect of using green banana flour as a fat
substitute on the physicochemical, texture and sensory properties of low-calorie
synbiotic yogurt. For this purpose, different amounts of green banana flour were
added to yogurt in concentrations of 1, 2 and 3%. Also, Bacillus coagulans powder
at a concentration of 10° CFU / g was used. In this study, pH, texture, apparent
viscosity, color and sensory evaluation were determined and compared with two
samples of low fat control and high fat control yogurt. The results of this study
showed that the replacement of green banana flour significantly reduced the pH and
syneresis of yogurt samples compared to the low-fat control sample. Firmness and
apparent viscosity increased significantly with increasing green banana flour;
meanwhile, the sample containing 2% green banana flour was similar to the high fat
control sample. Also, sensory evaluation results showed that the most favorable
results were for samples containing 1 and 2% green banana flour. Therefore, it can
be concluded that 2% green banana flour due to its favorable physicochemical
properties and the creation of acceptable texture and taste can be used as a fat
substitute for the preparation of low-calorie synbiotic yogurt.

yay



