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Tablel Coded and actual values of the independent variables used in the central composite design

Independent variables

Coded values

Actual values

Sample —p " Salt SNF _ Fat Salt SNF
X] Xz X3 Xl XZ X3
1 1 1 1 282 028 9.82
2 0 0 0 475 055 11.75
3 0 0 0 475 055 11.75
4 0 0 +1.68 475 055 8.50
5 0 -168 0 475 1 1175
6 -1 1 +1 282 028 13.68
7 1+ 1 282 082 9.82
8 168 0 0 15 055 1175
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9 +1 +1
10 +1 -1
11 0 -1.68
12 +1 -1
13 +1 +1
14 -1 +1
15 0 0
16 +1.68 0
17 0 0
18 0 0

+1 6.68 0.82 13.68
+1 6.68 0.28 13.68
0 475 0.10 11.75
-1 6.68 028 9.82
-1 6.68 0.82 9.82
+1 2.82 0.82 13.68
0 475 055 11.75
0 8 055 11.75
0 475 055 11.75
+1.68 4.75 0.55 15

The unit of actual values is percentage.
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Figure 1 Three-dimensional response level of acidity versus SNF and salt percentage on day
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Table 2 The results of variance analysis of the appearance properties of probiotic stirred yogurt
samples during storage time

Sum of Squares (SS)

Source Storage time (Day)
1 7 14 21

Model 2.97™ 0.8™ 0.43™ 0.88™
Xi 0.43" 0.02™ 0.08"™ 0.10™

X, 0.038" 0.03™ 0.06™ 0.11m™

X3 0.29" 0.02™ 0.05™ 0.00™

X1 X2 0.16™ 0.11"™ 0.05"™ 0.05™
XiX3  0.067"™ 0.11™ 0.03™ 0.03™
X2 X3 1.12" 0.06™ 0.05"™ 0.53™
Xi? 0.57"™ 0.28™ 0.09™ 0.07™
X7? 0.59™ 0.07™ 0.01" 0.02™
X5? 0.15" 0.02™ 0.01" 0.00™

Residual 2.57m

0.2™ 0.092" 0.46™

Lack of fit 1.95m

0.11™ 0.016™ 0.1m

Pure error 0.62m

0.09™ 0.08" 0.36™

Linear 4.15m

0.85™ 0.26" 0.78™
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Intraction 2.8M™ 0.58™ 0.14" 0.18™
Quadratic 1.95" 0.11™ 0.016™ 0.1m
Total 5.54nms | 0.43m 0.35"

R? 0.5363 0.7964 0.8236 0.6564

Ns shows non-significance.
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Figure 2 Three-dimensional response level of consistency versus fat and salt percentage (a),
fat and SNF percentage (b) on day 21.
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Figure 3 Three-dimensional response level of texture mouthfeel versus SNF and salt
percentage on day 7.
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Figure 4 Three-dimensional response level of taste versus fat and salt percentage on day 7.
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Figure 5 Three-dimensional response level of general acceptancy versus fat and salt
percentage (a), salt and SNF percentage (b) on day 1.
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Table 3 Criteria for optimizing process condition along with responses

Limitation Target Lower Upper Importance Solution
limit limit

Fat  Inrange 2.82 6.68 3 5.45

Salt  Inrange 0.28 0.82 3 0.28

SNF Maximize 9.82 13.68 3 13.68

Color  Inrange 3.86 4.73 3 4.50

Consistency Maximize 2.9 4.46 3 3.79

Mouthfeel Maximize 2.9 4.46 3 4.01

Taste  Inrange 3.6 4.6 3 4.14

Old and  Inrange 4.06 4.8 3 4.24
musty taste

General  Inrange 34 4.5 3 4.13
acceptancy
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Table 4 Effect of composition and time on Streptococcus thermophiles count

Streptococcus thermophiles count during storage (Log cfu/ml)

S 1
atipe Storage time (day)
14 21
Control 7.62 £0.072 7+0.1020 5+£0.06¢
Optimum 7.60+0.112 7.07 £0.16° 7.09 +0. 43°

Non-identical Latin letters indicate a significant difference (p< 0.05).
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Table 5. Effect of composition and time on Lactobacillus bulgaricus count

Lactobacillus bulgaricus count during storage (Log

Sample cfu/ml)

Storage time (day)

1 14 21

Control 7.39+0.06° 6.97+£0.09° 6.45+0.10¢
Optimum 7.77£0.13% 7.73 £0.14° 6.56+0.221¢

Non-identical Latin letters indicate a significant difference (p< 0.05).

287



o S gmsp 030 Sle S 5 (gSleag

OLSer 5 Oledll ol o o 5

TN 5okt Sldlas G Lls sy Ssmsn
Slid s pddsd 5 Sleokis |y Sl as (Yeh0)
S sl sl sl s5Y ISl
R S s sds S5 L s SKY o Sldds
bl sSY Aoy Y0 N glackhle 55 L S
o Vazm! G cpal 53 Ml sl ool st
cripbdscbe] ool sSY oot 53 ol sme
Lt ool g Goled e e SO pramen )0
51 s Sledbl 5 das e 0L |y ke dd, ialS
= oo Sl ke e 5 ol a5 (S e e
Al Jgame 3 ks s slacs ,SU slad ke as
53 0T sl Jgams G pme pa &S 5L 5ok
Gras SR sy gl UoASL s Sl
ool sl [Y0] 358 el Kogmsn oY pamme
S LG SL Bl (SKSgms sl Sl
Tl Ll G ps i Jpame S
e sl b 2 Jpame ol 5 AL CFU/groy

S N P RV R P PR g { R

LAS o sl g o gy 55N

ke 5S35 g 58 S 303 OLES Laesls il LT ol
Sl Lol blize 3l s (P<o/0)) (46K Ol
sl ol iSY Soled G55 Gola e
Goo ol 5 oS5 AN Jsde (PSe/e0) Lib e
Conle Gadisad 55 v aldsben] oslenl oSY 5ol
Cr At dador o ar i b e oo DL S s 2 03 50
by s sl 55 (S ioledi Ol s
WA SNE /YA (S 000780 ) ag 505 4
JAS @sad a bgrje OF 2S5 Jsl 535 03 (Ao
— o) 5y 03 (o)) SNF o & ov/e oo2)
e Jsb o3 andeal LIS cnle s il
5 Al e LSSy Gl ol S IS
O Cenle b deslie 3 0T Sleedsy [ialS 4 e
YY) il e Oliime e slaasl L gilles s S 5,3
) DV s 3 Sl glachle s a0 [YE YT
P N FIRCINC P PP (W N WP R
Sldlas 3525 pl b5 o LOT Clled 5 dd, [2alS
Gt 4 S bag canl gols Sl

Table 6. Effect of composition and time on Lactobacillus acidophilus count

Lactobacillus acidophilus count during storage (Log

Sample cfu/ml)

Storage time (day)

1 14 21

Control 6.94+0.67" 6.87+0.13 % 4.7240.17°¢
Optimum 7.36 £0. 05* 7.26 £0.16° 6.42+0.05°

Non-identical Latin letters indicate a significant difference (p< 0.05).

Sismsn oier Sl pland b s Shs
Cwle le.hd.:jau @*bj}kj 9 (.5:’9L’ LSLA‘-;?}“:_} cgf..s)
QB AS G e a3 5l aS 5l OLis Sosms 0 (oo 500

288

6 S 4o

5 S il (S g S ol Jeol mle
ASJ\)QLiJo.LJJijJ&;ﬁjﬁaJ}wL;UﬁCMﬂLAW
S s bOT Llize 15 SNF 5 S ds s

1. Shah & Gandhi



VErEals e oYY 0)5s ATY 6,led

&lﬂl L;l‘j'b GW}C}\FM

ooled 5 o g S S Gaew cpl e L
C oSt onl & 1x @l peldsbe sl 57y
woargs Lol sl S dops Y0 sl kils
R R L
Sl Slys ol 5 LD S O3y s
Sy Sless, Saiisie IS aler ) AiSG
Sl 2 St s SV a4 Jend e
SLosa3l 5l Jols s stumax b izen 5008
SNF /YA s 0/80 ) sol= Cnle ciliss
03 st Cewlo Q):MY)AJA RS Ql}:&au.(.k.p); VYA

335 o b SSsmsn

SISl Y

)gexj)ldud)\i@&:qkj; aKg:c,Sfin;S)S

[1] Sir6, 1., Kapolna, E., Kapolna, B., & Lugasi, A.
(2008). Functional food. Product development,
marketing and consumer acceptance a review.
Appetite, 51(3), 456-467.

[2] Tamime, A.Y., & Robinson, R.K. (2007).
Yoghurt: Science and technology, (1-772). Cambride:
England.

[3] Davoodi, H., Esmaeili, S., & Mortazavian, A.M.
(2013). Effects of milk and milk products
consumption on cancer: A review. Comprehensive
Reviews in Food Science and Food Safety, 12(3),
249-264.

[4] Hassan, A., & Amjad, 1. (2010). Nutritional
Evaluation of yoghurt prepared by different starter
cultures and their physiochemical analysis during
storage. African Journal of Biotechnology, 9(20),
2913-2917.

[5] Tamime, A.Y., & Deeth, H.C. )1980). Yogurt:

technology and biochemistry. Journal of Food
Protection, 43(12), 939-977.
[6] Gilliland, S. E. (1979). Beneficial inter-

relationships between certain microorganisms and

289

WV SNF O S d8/V0 ) S 5 L sladsal
(1o, VYW SNF (/AT Sl VW ) 5 (Ao s
) S 5Ll 5 dsl 5 50 1 sl o 2
Sas #/V0 )5 (s, V1/VO SNF /00 S A
YV ey o by skl op zeS (dsys V0 SNFE /00
EIVO o o b slad gl g 53 A5 S S
YL as s s\ W BV Ve SNF s s s VA G
temlis 3| Jool ol L WLy da 3550 i S
Oy e S5 g S 3ls Ol baesls .Sl
Gy Solspme Fl St b Bl S5 olugSS
SIS ssb a sl S s ST slag SL aoles
V) S Oley e 3 g W50 5 JES 4gal 3
sl st ol sl
Sl sl SY 5 pldse eSS s ]
@ sl b sl ySY 6 SG Soled Gomen
soled 53 Rals s sdalie anaal Sl cle
dslin 53 J RS @ sad 5> Ssas 5 ST slags S
$gad oyl 3 el (a1l s a4 WIS e g A 5ed

cL’.a -A

BH Lo D

humans: Candidate microorganisms for use as dietary
adjuncts. Journal of Food Protection, 42(2), 164—167.

[7] Akalin, A.S., Fenderya, S., & Akbulut, N. (2004).
Viability and activity of bifidobacteria in yoghurt
containing fructooligosaccharide during refrigerated
storage. International Journal of Food Science and
Technology, 39(6), 613-621.

[8] Nyanzi, R., Jooste, P.J., & Buys, E.M., (2021).
Invited review: Probiotic yogurt quality criteria,
regulatory framework, clinical evidence, and
analytical aspects. Journal of Dairy Science, /04(1),
1-19.

[9] Shah, N. (2017). Yogurt in Health and Disease
Prevention. United Kingdom: London.

[10] Hekmat, S., & Reid, G., (2006). Sensory
properties of probiotic yogurt is comparable to
standard yogurt. Nutrition research, 26(4), 163-166.

[11] Heller, K.J. (2001). Probiotic bacteria in
fermented foods: Product characteristics and starter
organisms. American Journal of Clinical Nutrition,
73(2), 374S-9S.



o S gmsp 030 Sle S 5 (gSleag

OLSer 5 Oledll ol o o 5

[12] Iran National Standard Organisiattion. (2006).
Milk and milk products-Determination of titrable
acidity and value pH- Test method. 2852. First
edition. In Persian.

[13] Iran National Standard Organisiattion. (2008).
Yogurt- Specifications and test methods. 695. 4th
Revision. In Persian.

[14] Iran National Standard Organisiattion. (1970).
Determination of solid-non-fat of milk. 637. First
edition. In Persian.

[15] Iran National Standard Organisiattion. (2005).
Yogurt- Enumeration of characteristic
microorganisms- Colony count technique at 37 C.
7714. First edition. In Persian.

[16] Iran National Standard Organisiattion. (2008).
Milk products- Enumeration of presumptive
lactobacillus acidophilus on a selective medium-
Colony-count technique at 37 C. 9616. First edition.
In Persian.

[17] International standard. (2009). Milk and milk
products-sensory analysis-recommended methods for
sensory evaluation. First edition. Iso 22935-2. In
Persian.

[18] Salaun F., Mietton B., & Gaucheron F. (2005).
Buffering capacity of dairy products. International
Dairy Journal, 15(2). 95-109.

[19] Lee, W. J. A., & Lucey, J. A. (2010). Formation
and physical properties of yogurt. Asian-Aust. Journal
of Animal Science, 23(9), 1127 — 1136.

[20] Aziznia, S., Khosrowshahi, A., Madadlou, 4., &
Rahimi, J. (2008). Whey protein concentrates and
gam tragacanth as fat replacers in non-fat yogurt:
Chemical, physical and microstructural properties.
Journal of Dairy Science, 91(7), 2545-2552.

[21] Senaka ranadheera, C., Evans, C.A., Adams,
M.C., & Baines, S.K. (2012). Probiotic viability and
physicochemical and sensory properties of plain and
stirred fruit yogurts made from goat’s milk. Food
Chemistry, 135(3), 1411-1418.

[22] Dave, R.I., & Shah, N.P. (1997a). Effect of
cysteine on the viability of yoghurt and probiotic
bacteria in yoghurts made with commercial starter
cultures. International Dairy Journal, 7(8-9), 537-
545.

[23] Dave, R. 1., & Shah, N. P. (1997b). Viability of
yoghurt and probiotic bacteria in yoghurts made from
commercial starter cultures. International Dairy
Journal, 7(1), 31-41.

[24] Vinderola, C. G., Costa, G. A., Regenhardt, S., &
Reinheimer, J. A. (2002). Influence of compounds
associated with fermented dairy products on the

290

growth of lactic acid starter and probiotic bacteria.
International Dairy Journal, 12(7), 579-58.

[25] Song, M., Park, W. S., Yoo, J., Han, G., Kim, B.,
Seong, P., Oh, M., Kim, K., & Jam, J. (2017).
Characteristics of Kwark cheese supplemented with
Bifidobacterium longum KACC 91563. Korean
Journal for Food Science of Animal Resources, 37 (5),
773-779.

[26] Boylston, T.D., Vinderola, C.G., Ghoddusi, H.B.
& Reinheimer, J.A. (2004). Incorporation of
bifidobacteria into cheeses: Challenges and rewards.
International Dairy Journal, 14(5), 375-387.



JEST No. 162, Vol. 22, August 2025 ABSTRACT

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran)

Scientific Research

Optimization of composition of probiotic stirred yogurt containing
lactobacillus acidophilus LAS5 by response surface methodology

Maryam Pirayesh Eslamian', Javad Hesari?*, Mahnaz Manafi Dizaj yekan3

1-MSc Student, Department of Food Science and Technology, Faculty of Agriculture, University of Tabriz,

Tabriz, Iran.

2- Professor, Department of Food Science and Technology, Faculty of Agriculture, University of Tabriz, Tabriz,

Iran

3-Assitant Professor, Department of Food Science and Technology, Khoy Branch, Islamic Azad University,

Khoy, Iran.
ARTICLE INFO ABSTRACT
Response surface methodology was applied to investigate the effect of three
. . . independent variables, including fat (8, 6.68, 4.75,2.82, 1.5%), salt (1, 0.82,
Article History: 0.55, 0.28, 0.10%) and solids-non-fat (SNF) (15, 13.68, 11.75, 9.82, 8.50%)
Received:2024/12/9 on the probiotic stirred yogurt. The results of organoleptic evaluation showed

Accepted:2025/1/21

Keywords:

Stirred Yogurt,
Functional,
Probiotic,
Response surface.

10.22034/FSCT.22.162.278.

*Corresponding Author E-

jhesari@tabrizu.ac.ir

that samples with composition of4.75% fat, 1% salt, 11.75% SNF and 6.68%
fat, 0.82% salt, 13.68% SNF obtained the highest score at the first day and
samples with composition of 8 fat, 0.55 salt, 11.75% SNF and 4.75 fat, 0.55
salt, 15% SNF had the lowest score on the 21st day. According to the results
of sensory evaluation, probiotic yogurt with composition of 5.45 fat, 0.28
salt, 13.68% SNF was selected as optimum sample and compared to
commercial stirred yogurt (1.4 fat, 0 salt, 10% SNF) as control sample with
respect to microbial characteristics. Statistical analysis showed that the
percentage of fat, SNF and salt had no significant effect on pH of samples,
but the SNF and salt and their interaction had a significant (p<0.05) effect on
acidity. The results of microbial analysis showed that composition, storage
time and interaction of them had a significant (p<0.01) effect on bacterial
and probiotic count. Decreasing in the number of starter and probiotic
bacteria in the control sample was due to an increase in the acidity. Finally,
5.45 fat, 0.28 salt and 13.68% SNF is introduced as the best probiotic stirred
yogurt formulation.
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