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1. Forward extrusion
2. Back extrusion
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Fig 1 Universal testing machine (Instron) and its probe during back-extrusion test (A), Dimensions of sample cap

(B) showing start and end points of the test corresponding to 10 mm (62.5 % of sample initial height) penetration of

probe into the sample. Demonstrations of probe and sample before the test (C), during the test (D) and lower limit of
probe with regards to the sample cap (E).

.Mobu;'.w‘ _ Z . . . .

obw‘bﬁefjﬁbjdhéww‘nﬁubnﬁdaﬁ

Comy 5 gl ¥ ,
G Oyl 31 S te sy 5] o ol U )

55w Sl s (S5l Ssms iy plend S8 S5 Usame Gy & M mlbio 5 pole 6585 5 a3l ulis )
sl ol 5l 4 jskailan cmul edel V gt s il 0 ol oy e Lo Sy s s el (sl | S
-g}j}m’@w"(&‘;’°>u)¢‘)¥);u‘”bb}‘;&ww cbﬂ?«;ﬂ.:uY‘%qu?\ ““::J?“u:‘fi“l'icl“‘
sdalin (p0.05) (ool e M1 05051 2550 sla iy slo 33 e 3 5 gl o gl g s 10 5 g it
S S n Gl ao Sl S 0y Cogb ) AL L s Slio ¢ bl p b o3 el ol ¥ IS
e LC S iy Smisby 5 (oo W) Sl e Sl (51 YUy il 6 Wk oals LSl
s Vbl o ol o a1 (s ya Vi) i Gl el Yo se ol e Sl al ol
diiie 2338 St LS sl sV (6 8L i s Shas L lilatal g semn @ gud ,a olg oliiol o el dalons
S o3kl B g i Cusb) wndls s el s (el g ae) Sy 300 5 O o Sl
ety LS Oletily 5ol S aads (S T b s e L S
s s sla ioSls o555 Jlazm| Al o gl 5l T . .
3OS Sl slapiSls g3, d L ol Gobl o 5 40 —\-Y

o 33 g Oy ds b 3 ) s st Sl
dbul_i;‘}fd:l‘)“}j);Q)M&HJLJJL}L‘}J&&}[}

Al e Bl g pie s b e YL gy by s

risbal 55V Sy Sl s 035581 5 s 812
5= SLaS s LS sl 55Y 5 sl st
MolS b 5l oSS ik slalles 53 SIS iy 8L
L Osail bl Kile anglie . eslizad (CRDY) sl

e p<0.05 s,l> = CE.A 05 H5SSls (glals

S5 Slapm sl 4 s VL 25k sl [V1]
A 5 A8 e O e 5 ey (I Sad o)
Ll Sismsn S g5 5 35 gt Ulsie Al
21 i g3 Shes ol Yool OF o 4 5 plond ol

M.\)‘}ﬂb@?ﬁd@) 693

1. Completely Randomized Design (CRD)

VY


https://fsct.modares.ac.ir/article-7-26449-en.html

e SS9, bl s esSme SL05ss Ol 3,8 OLan 5 osl3 Olak JIsbe

Panelist Name: Date of evaluation: Score coefficient Sample code
1 Sample 1:
Color 1 2 3 4 5 > @ Sample 2:
Any non-natural and Bright white color Sample 3:
off-color
Sample 1:
Surface 1 2 3 4 5 >G> Sample 2:
Grainy and non- homogeneous and Sample 3:
homogeneous surface bright surface
Sample 1:
Texture 1 2 3 4 5 >G> Sample 2:
Loose, soft and brittle Coherent and firm Sample 3:
texture texture
Sample 1:
Mouthfeel 1 2 3 4 S >€> Sample 2:
Coarse, dry and sandy Soft, moist and Sample 3:
mouthfeel pleasant mouthfeel
Sample 1:
Taste 1 2 3 4 5 >@ Sample 2:
Sour, acidic and with Fresh cheese taste Sample 3:
any off-flavors with no off-flavors

Fig 2 Sensory evaluation form of quark cheese with description of sensorial attributes and explanation of each
attribute specifications and the relevant score coefficients

Table 1 Chemical composition of probiotic cheese (1* day) incorporating different microbial strains as
compared to those of control sample

- . . Probiotic cheese
Probiotic cheese incorporating

Control cheese L. acidophilus incorporat.ing
L. casei

Moisture (%) 68.1+0.40 ¢ 69.5£0.25 b 70.1£030 a
Dry matter (%) 31.9+0.40 a 30.5£0.30 b 2994030 c
Ash (%) 1.49+0.02 a 1.48+0.03 a 1.51+£0.05 a
Protein (%) 10.80+0.45 a 10.85+0.32 a 10.35+0.21 a

Fat (%) 7.2+035 a 691+03 a 6.82+0.2 a
pH 4.5840.04 a 4.54+0.02 a 4.5240.03 a

[ Downloaded from fsct.modares.ac.ir on 2025-08-07 ]

Data mean of triplicate measurements = SD, different letters in each row correspond to significant (p<0.05)
differences between means.

33 2 Sl Ssms i Sbaised 3 4l g 05l sSSI 0L Sy §bagei pH O s -1

(pH=4.52-4.54) 5 oL SUIpH jlais oL SU 4 s s S g S5 s o PH s T s

GG Obes Usb 55 sl A PH Sl 55 5 J S <5

L}_LAAQJLE (J)\)'))) oLl .,L”J}.':' o)'uj:'u‘:)b,.blby dl.:..: \)

Golal Bl 3l sl opl bl sy (PH=4.58) J 25 4 505
D 3 e
RSy U | W L W W WP ST b oSS sl 5

Sl S s e s o PH sles (6,106 0L

Lo, PH 5 el 5 2 5 a5 pH - (p<0.05) 551

Sde 3l (PHZ4.6) ols s 636 ands 5 0T liie alis

AR}


https://fsct.modares.ac.ir/article-7-26449-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-07 ]

\Y“\/\ O‘i")j)é g\-\ 692 g/\-\u)w

Sladlas 53 254 b 5 555 e 4 bsy e il O
sl bl W5 6 by o sl iy Oy SY5b
e Jle Lhdil oo s snd 5 5850 Ao o x gl
oals [N ] el SV sl W5 4 by o pH 28 s
ol SO g oo ) e (B PH lis s o
A, LS L 6,8 e s 4 S 6l us 2
aadllas 53 [YV] cnl (g3l o s 5o sl 5oy S
oS laddo Lol e i3 S5 5 SIS iy 2l
Sl e sy bas Slisusy o pH S e )15 f’féy
o G e [YY] s Soml IS @500 4 e
53 s slad s PH 2alS Cels 555V Sl 40 SIS
5SSV el 55N e pH 2als s 25155
S Ol ol e A Ol 3T slade
SIS iy 53 Sl Al 5 SV il olie S s S
S GO OLa3 0Ll 53 J S 4 ged 0 S S
o s g 55N e Rl L bl s (Rl s s

LYF] 55 eSS O3 b s

5.0
4.9
4.8
4.7 aA

4.6 iL aA aA aA

pH

E
,_|.|

,_|_|

bB
4.4

4.3
4.2
4.1
4.0

pH

ahA

Synd 33 4 S LC i pH @ )eK Y 555 i
VE a5 5 ansy pl 23l R Ll pxe sk 4 LA 5 J S
5 IS Wsad e VE 5V Glads, o A oMLﬁ.ﬁV_Aé)\.,Léil
LC s bl a5 (s 4ls pre ool pH o Bl 51 LA
iy K3 el 53 4 Sl $ 5 PH s e 55k &
J,28 5 LA LC glaassal o o S VY 555, 05
2552 (p<0.05) Sls poe sls ol 5 Lo PH o 208 g1l
- =xe b PH (1SS 0l sl iy gla el wan 3
Sl 5 LS ol 5wl tals (p<0.05) sk
- ged 3 3y U S Wgel 5l i ea OF s LA 5l 22, LC
e AV B (eSS sl o oe J xS s LA sl
spoy alS I LC &sad ys bl s ab=S pH s (640
LA & s LC Gsad «Sgms  Sbbts g o 3 2l
o PH i fals Cel il g iy Al )5 U5

A
Bl s s i oMl sl b S el Jelse 5 pH
Sl sty ce 5 e 5l Cleb el 5l Koo
0553 B PH rals sy o 0dvs b o3 oledipe

aB
bC ac
bC

cD

Ctrl LC LA Ctrl LC

Day 1 Day 7

LA

Ctrl LC LA Ctrl LC LA

Day 14 Day 21

Fig 3 Variations of pH in control cheese (ctrl), probiotic cheese incorporating L. casei (LC) and probiotic cheese
incorporating L. acidophilus (LA) during storage times. Data are mean of triplicate measurements (n=3). Error bars
indicate SD values. Different small letters correspond to different samples at each time intervals, and different
capital letters correspond to each sample at different storage days indicate significant (p<0.05) difference between

means.
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Table 2 Variations of maximum stress (G.), Young’s modulus and energy parameters in back-extrusion
test for probiotic quark cheese samples compared to control at each storage interval.

Young’s modulus

Omax (kPa) (kPa) Energy (kPa)

mean SD mean SD mean SD

Ctrl 118.18 b 476 58.96 b 0.56 46.89 b 0.58

Day 1 LC 147.62 a 6.00 7822 a 4.50 61.62 a 522
LA 83.74 ¢ 7.00 51.90 ¢ 1.58 3122 ¢ 243

Ctrl 20541b 12.32 105.55b 4.80 80.74 b 2.99

Day 7 LC 22698 a 8.00 114.86 a 8.87 88.24 a 2.59
LA 211.57b 9.00 102.45b 6.26 78.67b 424

Ctrl 176.65 a 2.05 9444 a 6.89 7640 a 3.21

Day 14 LC 16597 b 8.00 90.66 a 6.80 70.00 b 5.20
LA 150.00 b 993 84.50 b 7.30 69.20 b 5.20

Ctrl 151.32b 7.00 77.88 b 5.50 74.59 a 3.20

Day 21 LC 16597 a 8.00 90.66 a 7.20 75.00 a 4.50
LA 14733 b 643 80.20 b 2.70 63.20b 6.24

Data mean of triplicate measurements + SD, different letters in each column for each storage interval correspond to
significant (p<0.05) differences between means.
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Table 3 Variations of maximum stress (), Young’s modulus and energy parameters in back-extrusion
test for probiotic quark cheese samples compared to control at different storage times.

Young’s modulus

Omax (kPa) (kPa) Energy (kPa)

mean SD mean SD mean SD

Day 1 118.18 D 476 5896 D 0.56 46.89 C 0.58

Ctrl Day 7 20541 A 12.32 10555 A 4.80 80.74 A 2.99
Day 14 176.65 B 2.05 9444 B 6.89 7640 B 3.21

Day 21 151.32C 7.00 77.88 C 5.50 74.59 B 3.20

Day 1 147.62 C 6.00 7822 C 4.50 61.62 C 522

LC Day 7 22698 A 8.00 114.86 A 8.87 88.24 A 2.59
Day 14 16597 B 8.00 90.66 B 6.80 70.00 B 5.20

Day 21 16597 B 8.00 90.66 B 7.20 75.00 B 4.50

Day 1 83.74 C 7.00 5190 C 1.58 3122 C 243

LA Day 7 211.57 A 9.00 10245 A 6.26 78.67 A 424
Day 14 150.00 A 9.93 8450 B 7.30 69.20 B 5.20

Day 21 14733 B 643 80.20 B 2.70 6320 B 6.24

Data mean of triplicate measurements = SD, different letters for each sample in each column for different storage
times (1 to 21 days) correspond to significant (p<0.05) differences between means.
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Application of back extrusion in rheological evaluation of quark
cheese: effect of probiotic strain type and storage time on sensorial
and textural characteristics
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Back extrusion testing was used to evaluate the rheological properties of probiotic quark cheese. Effect of
probiotic strain type including L.acidophilus (LA) and L.casei (LC) was studied on sensory and textural
characteristics of quark cheese upon storage time. Results showed that LC quark cheese had firmer and
harder texture (higher .., Young’s modulus) compared to that of LA sample in all storage days.
Increasing storage time to 7 days, led to a significant (p<<0.05) increase in the firmness of all samples.
After 7 days, the firmness and hardness decreased again. There was no significant difference between LC
and LA samples in terms of firmness from 14 to 21 days of storage. Sensorial results showed that there
was no significant difference in sensory attributes of all samples in day 1. By increasing storage time
differences in sensory properties appeared and LC sample obtained higher sensory scores compared to LA
cheese. For all samples increasing storage time led to significant decrease in all sensory properties except
for surface color and appearance. Especially between 14 and 21 days interval the greatest decrease in
sensory scores occurred. The results of this study revealed probiotic quark cheese can be kept unchanged
in terms of sensory properties for 14 days. Quark cheese supplemented with L.casei provided better
sensory and textural properties compared to those of L.acidophilus.

Keywords: Quark, Cheese, Probiotic, Texture, Sensory properties, Rheology
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