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Studying the improvement of emulsion and rheological
properties of mayonnaise using different types of pectin

Eng. Hanaa Alahmad®, Dr. Abdul-Aziz Abbarah?

Abstract:

This research includes adding different types of pectin
extracted from apple pomace, carrot pomace and sugar beet
pulp to improve the qualities and properties of full-fat
mayonnaise during the storage period made with a minimum
of oil while reducing the percentage of eggs. The tests were
conducted for mayounnaise every 10 days up to 40 days and
the results were analyzed and interpreted statistically using
Minitab-17. The results of the water activity gave non-
significant differences during the storage period and the color
indicators gave significant differences for the mayonnaise
samples, but all of them were acceptable. The mayonnaise
samples prepared by adding sugar beet pectin at a
concentration of 1% emulsion showed good stability and
stability 84% compared to others. And All samples showed a
viscosity higher than that of the control sample, and despite the
increased viscosity of the mayonnaise when adding apple
pectin, the mayonnaise samples containing beet pectin
maintained the stability and viscosity clearly during storage.

Keywords: Mayounnaise, Emulsions, Pectin, Emulsifying
Properties, Rheological.
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:Introduction and Literature Review daa ol 4, i)y dadial) Yol

oandl Dliay Slall cuill e e lia 4k Gl s e Hlie ikl
2133l DSy vy Ladl gl Cayady el Salls Jilsilly Jadls alelS dcand)
Gl ) (e Aatiay laie dibia Chiad daakal 4l (USFDA) 48,4891 o1l
lgilals = gansall Slpall s ga Ganlls (el Gmens JAU Gaeny JOU alla
Aanlie 468 4 S gigy S sl Joally Lmadall lyyQulls bl Jie Ll
.(Dickinson and Pation,1999) dmub j2las (e dayiiue bl yes

et (D) i Hala adly gl Fpldl) Aialsall 35 sl Capey LS
Claise (JaI) e e Sle oy 3 JSOU mllall bl eyl clail (e
Aplaal) bl ey o (e WS zlaall Gy Hliag s L) 8 el
Depree and Savage, 2001; (70-80) % 1 om cuill (s olsine Juay
19.1% 5 15% on g lias ¢(Thaiudom. and Khantarat, 2011)
Lot Cadaa Ay sl Analidl) daalgal) o VI (Kaur, 2011 and chang,2017)
(S.N.St 1401/1994 ) L35 87.5% oo J& ¥ L Jistlal) dabin b aual
O oils ALl Gl e dae e Biee e bl pasd o (Sa
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A4l o Coalescence saaly 3ylad S Ally lphadll aladll Alee el
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.(Chivero et al., 2016) &)
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ey Sha syl il faly Glas o dexiinall 45100 Glilatiual) Jods
Matsumiya and Murray, (&l 5oSall i Ji) Glpu) e Julé
OV cladeas lidiel chamsSll e ae aladind e a2l e (2016)
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Bai ) 35,3l sl fma Jie 2018; Tan et al., 2017 ; Zhang et al., 2018)
samiadl Gl (Hou ef al, 2017) ol pealls (ef al, 2017
Gl ,aY) LN s L(Porfiri ef alk, 2017) Lsall Jsb (e dajiiodl
Cui and ) gl < Jie by (Dlain) (allad Laf o€l gl (ae
.(Huang et al., 2017) Lxsall Jo 58, (Chang, 2014
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.(Yapo et al., 2007) &l J&is Cluaaal) )5l Lals
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4l of WS .(ALahmad & Abbarah, 2020) 55! pmidie yic) 3l
duail o Jpemnll el minal) o 5a€ IS8 A 4600 cilaisall b oK)
-(Khan,2014) 55 ansils a5

Chan ef) adiaa ddday Lailiad ogind) mid saiaas Al Gl IS Aty
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A< e genall Cany BTN e S o)l adiea 5)08 (35 cale IS
Sl ehal of Losee iy o(Chen ef al, ,2015) oSl ciligia b o Lall
oS o () elly aans o)hialy I 3y Guad IS Gl ae ddadiyall
.(Yang et al.,, 2015) Gllsiad) & jcivall jolall dppaUall da g5l ad) Cas
Ot pailad (e gusy Husall 35 of 2018 ale 4Dy, Chen s
gobadl e 2all Gk e Sl Glipias Gy il (e (i) b))
) J8 i B o) A e el il 08 o8 A odioal) s o
.(ALahmad & Abbarah, 2020)
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:Materials and methods Gl @iy algall ;GG

Materials :cuayll ajsa

Ails Agpda dagpd (Bl 08 5 2l J8 e paldid) G padtd
J& (4S5 ¢ ALahmad & Abbarah, 2020) (T=75°C « t=2hpH (2.5))
oaibiad aal (1) dsaall mmasys (T=75°Ce t=4hpH (1.5))g Sl a5l
tslall st 8 aadid) il

piioall (G Gailad 1(1) Jga

aes S5ine sl Ssine aes EESE O paibiad
gyl | duSsidl | (S | Gl | oelogssV | s
— CeHsO; S ¢ 1y
49.4 | 81 | 5204 | 5.3 73.75 | 487 RR
65.9 10.2 1000 2.5 83.4 71.8 clall Ja i
27.8 36 | 5152 | 8 34 244 | emdl sl i oS,
: Sianlal) aoiaat 48y )b

ooy zladll (ans cpuadll ale ) usladl et LU sl Gl S
Apde & el Gaadl (e (Dol (Jalls csalll (aany ¢ Sully cpladall

s [oana

Dl am ¢la) ae (Depree and Savage, 2001) (335 swislall yaa
o g5t IS0 3805 A aadidy ¢(2) Jsaadl 5l il sSall Ayl Canall
& Jall Al Ailal) U Sally () i 54 (3) dsaall (B a)ly o8 WS ol
Ost ) &5 Glejull 2t Kl OIS daslse LIS 25 31 ] Zaw oala) b
o WS Jlally palaall i s chliy 2000 rpm de ) v (basic
in BAN sy el el ) Gagys alall gl (<l @l 2y (1) JSA
Glge & climl ale & iy ol Gulaie jelae 53 e o Jseanl)

16




S Sl ae o daaallelia o 2021 ale 18 aamdl 43 alaall i) daaly Ay

& @iy (50 mm sl pajedl, 55 MM Geall) @$leY) dalas 4500
Jdlailly chlaal) ey elay (1) JSal & WS 4 °C shall Ay Al
(40 =30 = 20 — 10 —0) a5l & daiaall ledll cilaiial) e dysllaal

Sisalall ciliggal Aygiall Lpuadd 1(2) Jgta

salall
O | sle | el mes | Su| amle | g | da | game | @y /M{
0 12.3 0.2 2 1 2 5 7.5 70 EYYINS
0.1 12.2 0.2 2 1 2 5 7.5 70 (1) S5
0.5 11.7 0.2 2 1 2 5 7.5 70 (2) S5
1 11.3 0.2 2 1 2 5 7.5 70 (3) S5

il gé Glal) (3d0 Saigalal) sl (1) Jdd
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:Methods of Analysis Jdaill &)k

sl Jo dddaad) cflaay)
il o0l claY) - 1
.(AOAC, 2005) G :(T.A) ylaall Liagasll -
.(Antal,2015) (3, :Water activity (Aw) (slll ddladll) Al bl -
(Konica Minolta CM-3500d Japan) ¢ slll (ulé Slea aladsnly el -
.(See et al., 2007) s
rlaiwy) Jaibad -2
Yang et al., ) 1, (ES) clsivall 45065 (EA) COaiu) bl ayli o
Afhe sl Sl UL bl e Carel) OIS DLl Gany e (2018
.(Chetana ef al., 2019) ols&ll liay il Jlas)
A glsg sl cLaay) -3
Ta-Xt plus texture Slea alasiuly ol ciluld @il :(Texture) Al —

e (Stable Micro Systems, Godalming, UK) 4S,% (. analyser
(2) JSAIL e ga WS Lhley (ge lge 3 (s Ay yaall lial)
A8,5 o Visco Easy dagilll (wld jlea aladnul 2@ (Viscosity)aa gl —
G (Spindle) Jyxe ohse Tae e adiny 53 (3) Jsall (SCHOTT)
Aoy o Gl el o (RE) i) g el (653 (A ASASU 35

-

A8 3)ha dape ue30 87 b
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:statistical analysis  Jlaay!) Juail)
plaiuly o) Jseasll & Al w8l e ey il JSI @) Se 36 e)) &
maliyy aladinly Jleasyl Gl gl ol Ghai) + laal) Tl
xic (One Way ANOVA) aals slaily gulall Jalas aasdin) ¢ua Minitab ~17
oSkl aal FISHER i) (gyal WS ccullansial) G 43)laall (p<0.05 ) ded

LAY dsag

:Results and Discussion 4.adlially gliil

 pigalall i dpiliasS gy 5ll) clid) gilii —1
Auagenl) Gl 5 il il (TLA) splaall dmganll il (4) Jsaal
Depree and Savage, ) cilaiwdll 4y e S b 4 W jaglll
S 585 oSy Amseal) e i o S g o @) s 2001
OES Ll Cilimall il b Amsanll casfy Cum Cadla JS& Auagaal) e
&\AE)\} :\_iw é))ﬂ dng u.");ﬂ\ & L;}.i} GM\ :\,)Las c\.ﬁi g),_\S)E BJQ)’;
Lo 81 cilS Ll W) sl dmsaall (f (e atpl) log ciaseall dad 6 il
20 2% 8 A% 7 e il dmseall ol 3df 521 (Stefanow, 1989) eas
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e Ansaall ad Caglis (<2, =5, 4) “Coball Gl xie Gdll e o
(0-24 = 0.254) o liall J21) (mes (b
Sl Gl (TLA) syleall Aiagandl 3 cianll 586 :(4) Jsas

(as2) CxAL YA (T.A) 3plaal) Laganl) clial)
40 30 20 10 0

0.254+0.23" | 0.250+0.20"% | 0.2460.17% | 0.24420.1°° | 0.240+0.01° B
0.25120.17°%° | 0.249+0.15"%" | 0.247+0.31%° | 0.243+0°% 0.240+0.12° Co.1%
0.249+0.32°% | 0.247+0.10"%° | 0.247+0.11%° | 0.246+0.03%° | 0.243+0.4*®™ Co.s%
0.252+0.30% | 0.252+0.04* | 0.2500.40" | 0.250+0.05" | 0.248+0.16"* | ¢ 1.0%
0.247+0.17% | 0.247+0.30"* | 0.245+0.11%° | 0.243+0.31° | 0.240+0.30> Ay 1%
0.249+0.50°" | 0.247+0.40*% | 0.247+ 0.10® | (.246+0.24° | 0.243+0.0025°™ Ay 59,
0.25120.10% | 0.25120.02% | 0.250£0.20*" | 0.24920.13% | 0.248:0.01" | A .
0.246+0.01% | 0.245:0.01% | 0.24320.10° | 0.242:0.20° | 0.240:0.01° | g ..
0.249+0.01%% | 0.247+0.06*® | 0.247+0.02%° | 0.246+1.10%° | 0.243+0.17"%% So.5%
0.252+0.50% | 0.252£0.01" | 0.2500.03" | 0.250£0.01°%° | 0.248+0.04" Si.0%

b Al 5,8l o) Jsis ((n=3) @l Gl sl bl o Jeaall 8 ded JS
Dbl b A spmall Conll Ll 5% dysine s die gpine (3 sms ol dsanl
5% dysina (siue Yo (goina (358 3sa e J5 aalgl)
Sl Ll diyee ad ol clial L8l Al <5 (5) Jsaadl cpy
agdladll o1 5 ¢ (Antal,2015) L] adull 81 jeall i 3 3,230
Siglly 0.93 & <y % (77-79) Ao (gsing ) gl i solall 43

« (Chirife et al., 1989)

0.95 el 4idlad %(37-41) sl (misie

Cligal) af Cngliis (S 585 5aly) ae Al Aladll (aladsl il i
Peressini ef ) zlu ¢ Jal il cilky (0.918- 0.927) gl P
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& e JHy % (0.96- 0.97) o sl Llladll o8 caly G2 (a4,1998
id lS5le Ly dala) xie (0.958-0.998) (Worrasinchai et al.,2006
SIS ) Caliadl) il b Lgiad e Lo e Al Adladl) culailag ¢ i)
LopAE DA e ey IS8 cuzmiail Al il die a0l

Stislall il (aW) Lald) Alladl) 3 el 56 2(5) Jsas

(ps9) CriAE DA (aw) Lslal) Adladl) Cligad)
40 30 20 10 0

0.923+0.001% 0.925£0.23" 0.9290. 1% 0.93+0.2%° 0.932:0.21" B
0.922+0.006" 0.922+0.17% 0.92440.01% 0.926+0.82*° | 0.928+0.01* Co.1%
0.02020.001" 0.920+0.11°° 0.922+0.23* 0.923+0.17° | 0.924+0.14™ Co.s%
0.91820.004™ 0.919+ 0.15 0.919+0.01* 0.920+0.1" 0.920+0.0" Cy.0%
0.922+0.002"° 0.923+0.07*° | 0.925+ 0.0016* | 0.925+0.01*° | 0.9270.15" Ap.1%
0.920+0.006™ | 0.920+0.008" 0.922+0.004* 0.922+0.2% 0.923+0.04" Ay 5o
0.91840.006" |  0.918+0.06" 0.918£0.03* | 0.91920.02* | 0.919+0.17" A 0%
0.922+0.007"° 0.923+0.01%° 0.925+.017%° 0.926+0.17% | 0.928+0.24" So0.1%
0.9210.06*° 0.922+0.1*° 0.922+0.02*%° 0.923£0.02* | 0.92420.01" So.5%
0.918+0.013* | 0.919:0.01"° | 0.920£0.06"° | 0.921:0.71°* | 0.921x0.41* S1.0%

b A 5l Cpal) Jxis o(n=3) laall A leall hogid) Jio Jeall g ded S
Dhall b A spaall Conl) Wl 5% digins sl die e (3 3y o sl dpeall

5% dysina (siue Yo (gsina (358 3sa o J5 aalgl)

Cyell Gua iaall P gl Gl 8 ol 48 (9, 8, 7, 6) Jshall (ps

Thaiudom and ) ge gl »3a cuilys . cpaill AL, b7 & (mless) mitul

G Gluall G Oelll a8 8 dygiaa 358 la LDy (Khantarat, 2011

oo Sl cul€y (79.4_ 89.12) L* yisall gslandl G calys ¢ iyl L)
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(Siwatt et al,2011) miul dglias (Chetana ef al, 2019) i
opaall Ul cumasily S5 Bal) ae Sl Adla) die gl A Cuaidily
b Al 5LV Gas (-2.92 | 1.32) op Allas o5 @% el L) L
O Bal) ae OES Ala) e @ 854 s ¢ ladl) e Ju At
dala) ae b' dnall (minil Gua(8.73_13.51) allaw i b* sl
2S5 Wl J8 0 ) Gliad) Gaslell Glue caly L S5 30k, A
Cilaef Cun oAl 330 DA (10.52) opll il Jlaia b s e (1.0%)
Glie & il oG clie @b ol jes b ded Sl 2l G ale

(9) dsaall b mmse s LS sl i

sl il (L) 0l o i (b 0l 56 £(6) does

(ps) CiAT J3A (L) sdisa clial)
40 30 20 10 0
84.81+0.2°%° | 85.31+0.17%° | 87.34+1.0™ | 88.14+0.912"%° | 89.12+1.0% B

83.97+0.04%° | 84.42+0.06%° 86+2.0°° 86.32+0.5715%® | 87.31+0.17°¢™ c
0.1%

82.77+0.16%¢ | 84.08+0.00° | 85.01+0.015°° | 85.43£1.14°°% | 86.17+0.57°2 C
0.5%

82.56+0.80% | 84.14+0.62°%° | 84.81+0.05°™ 85.06+0.36™ 85.94=+ 0.63°" C
1.0%

81.34+0.42°% | 82.26+1.325% 83.4+1.0%% 85.04+0.17% 86.48+0.555° A
0.1%
80.54+0.61% | 82.83+0.9% 83.9+0.1°%° 85.79+1.0°P2 85.9+0.1°P2 Ao s
. 0
79.4+0.727° | 81.7+0.557 | 82.14+0.02 83.31+0.1%° 84.7+0.03°2 A, oo
. 0

85.32+0.92" | 86.01:1.06" | 86.45£0.05"° 87.03+0.33"% 88.0+0.23°%¢ S
0.1%

82.89+0.26%° 84.24+0.02° | 85.22+0.01%%°* 86.5+0.5%¢%® 87.89+0.01% S
0.5%

82.02+0.47°%° 83.07+0.29™ 84.47+0.03°"° 85.7+1.127°™® 86.69+0.455°P2 S
1.0%
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@ Al 5l GaY) Jus o(n=3) @ledl Ghal) = oleal) haugial i Jsaall b dad OS
Dbl 8 Aahad) sysall Coal) Ll (5% D siee de gpime 3 s e sl e

5% Asina (g5 dic G5na (5908 sy e Jaaslgll

Sl il (87) sl ad ydne b oAl 535 2(7) Jss

(ps) A P& (a7) sdipa

Gliad)
40 30 20 10 0

-2.29+0.22% -1.6320.41" | -1.32+0.02% -0.9420.36%° 0.52+0.12"% B
-1.91+0.14"* -1.53+0.56™ | -1.21+0.11"*° -0.75+0.01% 0.71+0.01% CO.I%
-1.7220.02" | -1.49+0.21% | -0.83+0.52"%° | -0.51%0.17"% 0.92+0.2" CO_ 5%
-1.65+0.21° -1.32+1.76™ | -0.760.67* —0.42+0.29"° 1.23+0.017% CI.O%
-1.60+0.56™ -1.23+0.31™ | -1.01+0.14"*° | -0.61+0.09°™ 0.94+0.43" A0.1%
-1.5240.49% | -1.03+0.02%¢ | -0.92+0.26"% | -0.54+0.47%% 1.12+1.01° AO_ 5%
—1.17£0.23% | -0.93:0.0"" | -0.70+0.39" | -0.30£0.21%° | 1.32+0.34" A 0%
-1.57+1.01% -1.51x0.1°%% | -1.21£0.45"% | -0.92+0.417® 0.62+0.11° So.l%
-1.34+0.92% -1.2940.19% | -1.01+0.24** -0.81+0.505™ 0.84+1.18% SO.S%
-1.2420.16% | -1.18+0.14% | -0.95£0.01*% | -0.71+0.10°% 0.96+0.14° S 1.0%

b BB 30 Cal1 Jsy ((023) @ladl Ghat! £ el Tial Jia Juall b ded S
bl b ddiaal) 3yl Gyl Wl 5% dygine (ssine de (syme (33 dpns e aalsdl dsenll

5% dysina (siue Yo (gima (358 3sa o J5 aalgl)

Sislall Sl (b7) o5l o8 5450 8 R EG £(8) Ison

(as) A A (b7) Jdisa AL
40 30 20 10 0
10.21+0.03% | 10.64+0.05% | 11.1320.0°° | 12.7120.015*° | 13.02+0.09°® B

10.42+0.04% | 11.09+0.027 | 11.45+0.02°° | 11.84+0.01%° | 12.36 +0.03"
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11.2120.05
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Co.5%

11.10£0.03°® | 11.560.001" 11.86+0.01% 12.32£0.026" 12.87+ 0.01° C1 0%
8.73+0.1" | 9.14%0.017 | 9.87x0.017° | 10.29£0.42%° | 10.9420.0™ Ao.1%
898:0.13% [ 922:0.03° [ 10.0:026% | 10.58:0.20% [ 11.12:0.07% | o,
9.36+0.19% | 9.96+0.42" | 10.42+0.0265° | 11.46+0.07%° | 12.31+0.03" A 0%
11.0220.28% 11.2120.07° 11.69+0.0175 12.34+0.56™ 12.90+0.017°% SO‘I%
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11.46:0.09™ | 12.010.08" | 12.3320.017"° | 12.69£0.03" 13.51£0.01 Si.0%

&b Al 5yl Canl) Juig (n=3) (@l Qi laal) bugdl Bia Jeaall 8 ded S
Dhadl A spsall Coal) W 5% disias i e sy ()8 35my lo algl dpaall

5% Aysina (siue Ne (gima (358 2sa o JS aslgl)

Sl @lisd (AE) o5l 4 sl laie & o3al) 56:(9) s

(as2) CAL YA (AE) sl 2 idll )ika cilil)
40 30 20 10 0
5.86+0.17" | 4.98+0.12 | 3.18+0.05" | 1.78+0.01" | 0.00+0.00" B

6.25¢0.2% | 5.47+0.26™ | 3.840.34™ | 3.200.03"" | 1.09:0.23" | ¢
7.16+0.29% | 5.71%0.21° | 4.53+0.107 | 3.89£0.04°> | 2.99+0.5 Co 5
717£0.36% | 5.5040.34% | 4.64£0.47° | 4.2240.2% | 3.26:0.7° | G, 0o

Ce Bd Cc Bb Ca
9.13+0.12°° | 8.07+0.14* | 6.70+0.11°° | 5.03+0.1 3.38:1.01% | A

7+0.11% | 7.5120.21% | 6.2£0.26™ | 4.26£0.07% | 3.78x1.01°
9.7+0 510 6.2+0.26 6+0.0 3.781.0 Ay 5o,
10.520.39" | 8.15+0.39™ | 7.5420.25% | 6.07+0.4™ | 4.5420.65° | A o
4.77:0.27° | 4.130.47™ | 3.76+0.31* | 2.62+0.1% | 1.13%0.43"™ So.1u

Fd Ge Ge FGb Ga
6.72+0.347 | 5.37£0.31%° | 4.30.5 3.00£0.3 1.270.01% | g
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7.47+0.12%° | 6.3620.17 | 4.92+0.25%° | 3.64+0.21°% | 2.51+0.17™

S1.0%

b Al 5,8l o) Juis ((n=3) @l Gl sl bl o Jeaall 8 ded JS
Dbl Adhsd) sysall Cal) Wl 5% Lisine ssias de gsine (38 3 e aalgl el

5% Aygima (s5uue de (s5ie (358 2gay e JT aslll
Coyelal ol P gl Aty Claay) Ll zm (10) Jsall g
Alia (K ol din <l gl S Gl & Clatiul (ailad 2l Judl
Culss ooyl Pl sl GG L) Gladll Gupldl Gl dyea 358
(1.0~ 0.5- 0.1) % 38l jansil) (458 Lal) Caliaal) uisalall hlipal 2L
S L sl e (84.74- 80.64 —80.25 ) %rwadll (a (40) asd b
75-) % ol 05 Ll Caliaall caliall 45U caalyy (eaid] cals cilial)
74.41- 75.8-76.40) % &l 05 el Giliaall cilinally ¢ (76.4-77.14
o seall 3l ol ) udis (sl e (0.1 =0.5 —1) % SN (
il sk ae pabaa¥l o 5 A Sl s Ll ()
Dbl 3ian 4l OOl Eaall cl@ll Gpud G ((leroux,2003)
Glealsl) & clatiall Aliia B Laie CueS Al JShedl PA e Glilatisl)
Chen ) CDlaiu) JalaS Copail) e 5oldl) s oyl o ciis celally sl
O of Ll cua (Vriesmann ef al.,2012) ae G815y 1385 .(ef a,2018
AL Al Gl cluaaally aSlsdll G e ddlide AibaS pailiad 4l i)

.(Rahbari ef al.,2014) ilss A8 ~il s

Sl el Alilly CaY) bl & gpaall 586 :(10) Jsea

(Asg) CiA3N J3A (E.S) 4alay Llas
40 30 20 10 0 Blaiuy) | clial)
(E.A)
42.85+0.017 | 52,38+0.09%° | 66.66x0.01" | 88.09+0.027° | 92.85+0.3" | 84+0.10% B
75+0.9°° 79.54+0.147™ | 84.09+0.2%° | 88.63+0.15™ | 93.18+0.1°® | 88+0.15F Co "
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76.49+0.55% | 82.0320.6™ | 89.25+1.18% | 90.90+0.13%° | 93.34+0.01°® | 90.2+0.1¢ Co.5%
TIATELAS | 82.60:0.28% | 89.43:0.28% [ 92.30:021% | 95.65:0.0% | 922017 [ ¢
74.4120.1% | 79.660.137 | 83.724¢0.22% | 88.37+0.1 | 93.02+0.1** | 86 +0.15° Ag.1%
75.840.7°%% | 80.45:0.3% | 85.05:2.355% | 89.650.25° | 94.25:1.2°® | 87+0.23° Ay 5%
76.40+0.8°* | 80.89+0.95% | 87.64+0.15°° | 94.13+0.17°° | 94.38+0.18%® | 89+0.01% A 0%
80.25:1.0% | 83.87+0.42%" | 88.17:0.28° | 94.621.42% | 95.690.71% | 93:0.4* | g 0.1%
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5% Aysina (siue Ne (gima (358 2sa o JS aslgl)

sl (Viscosity) day3lls (Texture) alsall zils (12,11) galsaall cuw
e Aslall iliall Ajliay amaall ol b L) A5l saadl gl
sl e Diglall aa) Cus coaldll A e e Lgiliay paliiuall (i€
) g Lging o (ASal 4l Aadisn yoe) (Thixotropic) g 5iswSill
Sl S IS sl S Ll iy ¢l Ao yuad Al 3581 (el dicy
gl s ol st ) I (ool Gl (Sl 585 2 LalS 0y S5
gLy Lo @iy a5 (i€ 8Ll ol SLasls ¢ lppall 45llE mid U,
el A5l (pad a5 ey Saislall Agsesall pailiadll saa) a5 dag 3l
lel) Giliadl) il o JaadUs ((Nikzade ef al, 2012; liu et al,2007)
IS Ly Ling3) e calaila (0.1%) «(0-5%) «(1%) 585 usdll G
Ll i€ ale Gyelaly (opanll sae LA (a1 Glial) ae 45)lie ol
vie Ll oSy lisal il il caly L p3all 08K Slie e el alsis dag))
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(1.

32, 1.5, ) N sl 0o cilie W (1.92, 2.27, 2.32) N sl 4l
oA 3ae (PA Lal due 8 Gl da gl Cuadas) Lan 1.8

Suislall el (Texture) aldll & ciaill sae 586 :(11) Jsas

(p3) Co3s 5 ()it <
40 30 20 10 0

0.92+0.61™ | 1.36+1.4% | 1.6420.45™ | 1.8:0.21™ | 2.16+1.2" B
1.3240.5%° | 1.5120.8™ | 1.71%0.1°° | 2.0320.17%° | 2.24+0.1" Co.1%
52027 1.7840.15 | 1.98+0.2F | 2.3420.387 | 2.7+0.27% Co.sn
1.81.425% | 2.0620.1°¢ | 2.49+1.1°° | 2.87+0.02> | 3.1x0.33% Ci.0%
1.92+41.2°° | 2.2+0.01°° | 2.83+0.2%° | 3.3+0.41%® 3.8+0.6°° Ao.1%
2.27+0.01%° | 2.69+0.13% | 3.21+0.39%° | 3.65+0.25%° | 4.1+0.11% A 59
2.32+1.9%° | 2.85+0.28" | 3.61+0.34" | 4.01+1.1" | 4.42+0.14" A 0%
1.2640.52%° | 1.50+0.36™ | 1.84+0.29%° | 2.1120.5%° | 2.54+0.4%° So.1%
201 | 208000% | 235:2.31F [ 27420217 [ 29:00% | g
2472017 | 265004 [ 27120.12% | 321:0.117 | 3.52:029" | g

& Akl 5l (o) Jug ((n=3) el GhaV) £ Sleal) laugid)l Jis Jsaall 3 ded S
Dhadl 8 Aabad) spsall Capal) Ll 5% Gigine ssiee die (ssime 38 dsas lo aalll 3sesl)
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40 30 20 10 0
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6800+752% 720063 8250+254% | 10200+152%° | 14098+98.2°> Co.s%
9350+75.3% | 9500+155.85> | 10080335.2% | 12000£231"°% | 15200£154° [ ¢
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