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Abstract

The objective of this research was to study the optimum conditions for the production of soy milk by
response surface methodology. Box-Behnken Design was utilized to study three factors affecting product quality
including temperature, time and amount of carrageenan in soy milk production process. The temperature, time
and amount of carrageenan used were 80-100°C, 15-30 min and 0.00-0.08%, respectively. Quality (physical,
chemical and microbial) examination and sensory evaluation of the products were performed. Optimum points of
the responses were predicted by using a statistical program to generate the response surface plot. From the
experiments, it was found that in all conditions, total microorganisms, yeasts and molds were in the safety
standards for consumers. The optimum conditions for soy milk production were boiling at 92.47°C for 24.56 minutes
and using carrageenan with the amount of 0.041% resulting in soy milk with high protein content, viscosity acceptable
to consumers and high overall acceptability. It was also found that the values of dependent variables (protein

content and viscosity) predicted by the equation were similar to those obtained from the experiments.

Keywords: Soy milk, Response surface methodology, Carrageenan
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(Response surface methodology, RSM) Tunisuian1igf
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Snsndru duvdessionh 1:8 fewndesiiunan (Blender)
Tniligheedoslidundednidovandon nsosein
17U AurutasUuUSnavesudiazanelgtanun
(Total soluble solids, TSS) §aen1ansne ivelrles

Usinawasdfazangldviavun windu 12 asenusndg (°Brix)

2.3, nsfnwaamasfivanzanlunnannans ol
wud i

TNUNUNITNAABILUY Box-Behnken Design
(88D) Anwniladeiisinarenmunmusindndus 3 Jade
fio quugfl e wazUIumaIuuy Tunisduuudy
wides lnefiswaziBeatunounsaasssisdl Aothi
Fandosimsenlduniniiana naulddiu dulunde
Fudnugigeaslotn (uim 95 dng) ugliesin i
gl 80-100 esAnaaidea \Juian 15-30 wail uax
A5I3UUY S8y 0.00-0.08 lnuszauvasfiills Lansly
Table 1

ASUTIUIUNITNAABY (Number of treatment,

N) (Table 2) wilganaunisi 1
N = 2k(ke1) + G, (1)

e k Aednunutady way C, Ao IUIUARTINANS

(Number of central points) Tnafmuali C, 10w 3

¥
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nsnnassllivszendldiSnuiinavaues
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(Response surface methodology) NUTBYANITNARD

Taeld Statistical package (Design expert version 13)
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\ioad1a Response surface plot wagvanzfimuizay
o3 (Optimization of process variable) s3viadenty
Second-order polynomial model Liteviuneqaiivnzas
Y99AIMDUAUDY (Optimal point of the responses) Tne

i Second-order polynomial model UanIRIANNITN 2

Y = B+ BoXy + BoXo + BsXs + ByyXy? + BypXy?
+ BasXs” + BXiXy + BisX X5 + By5XXs ()

le

y ADA1AILUIAIL NT0AIF9LnA (Response
variable)

Bor Bis Bor Bss Brss Bozs Bss Bios Bus WAE Rys AID
AduUszavEntmeusng o
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2.4. TaszvigunmndnsuTiuntmEos

Anszraunnesiudundosiliiunisi
wardsdnuAINMINenNTeI I uNdMAee AlE
9ndmnass ¥nsneaes 3 61 Tagdaszsiaaumin
voune9laelHiA3 o Brookfield viscometer (Brookfield
Viscometer 1 LVDV- Il+ P, Brookfield, USA) 14 Spindle 61
ANMASI5EU 100 SaUReR Wl InesuAn Torque 7iSeuay
85-100 ld@a0g19lun19in 500 Haddans TnArdvinig
Aedtana (Browning index, B) Tagi1An L*, a* wasg
b* A¥alaeLA309 Hunter lab (ColorFlex-EZ, USA) 11

mwndeeldaunsd 3
Bl = [100*(X-0.31)]/0.172 3)

W X =@ + 1.75 L9/(5.645 L* + a* - 3.012 b¥)
Au3Sves Updiskul [9] Fiasizvinmainniuaives
fogsnuunImaes IneinAfieyaisLA3ed pH meter
a ¢ 1a < o R v A
AnTzRUsnavedviazarsilanaualagldinios
Fusnlnfwes (Hand refractometer) 3As1ziUIN
TUsAu muwmaiia Kjeldahl method (AOAC, 2000) [10]

wazUTunalludu (AOAC, 2000) [10] FLASIERANATINN
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Fanuazsi (AOAC, 2000) [10] n15UsELAUNIIR1Y INUATIUIUN 16 AL [11] T9ATLUNAIINIBUTINDIN

Uszamduia lagldnismaaeuduuuy BIB linaasudy WUUNAABY 9-point-Hedonic scale

Table 1 Variables and levels of variables used in the production of soy milk

Level
Independent variable Code
-1 0 +1
Temperature X4 80 90 100
Carrageenan Xy 0.00 0.04 0.08
Time X3 15 22.5 30

Table 2 Total treatment of Box-Behnken Design (BBD) and RSM analysis

Treatment Code
X, X, X,

(Temperature) (Carrageenan) (Time)
1 80 (-1) 0.00 (-1) 15 (-1)
2 100 (+1) 0.00 (-1) 15 (-1)
3 80 (-1) 0.08 (+1) 30 (+1)
4 100 (+1) 0.08 (+1) 30 (+1)
5 90 (0) 0.00 (-1) 15 (-1)
6 90 (0) 0.00 (-1) 15 (-1)
7 90 (0) 0.08 (+1) 30 (+1)
8 90 (0) 0.08 (+1) 30 (+1)
9 80 (-1) 0.04 (0) 22.5(0)
10 80 (-1) 0.04 (0) 22.5(0)
11 100 (+1) 0.04 (0) 22.5(0)
12 100 (+1) 0.04 (0) 22.5(0)
13 90 (0) 0.04 (0) 22.5(0)
14 90 (0) 0.04 (0) 22.5(0)
15 90 (0) 0.04 (0) 22.5(0)

3. NANT5IWUAZDAUTIINANITIVY Tssinsindiiaa (B) armuwiln uage1 pH wiau
3.1, MARTziRuARAAATIuNAWED 16.44, 6.00 cPs uaw 6.73 Awd1du fUsInouToRauvEs
thundumdesivienldande 2.2 Addlaiunis SuduluyuTunadfigedia 3.00 x 10° CFU/g luvaz il

palsimusou dusinulusiu luiu Sevay 4.40 uaz 3.83 USunabanuaystiesni 10 CFU/g fauanslu Table 3
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Table 3 Physicochemical characteristics of unboiled soy milk

Physicochemical characteristics

Quantity

Protein (%)

Fat (%)

Browning index (BI)
Viscosity (cPs)
Acidity (pH)

Total viable count (CFU/g)

Total yeast and mold (CFU/¢)

4.40
3.51
16.44
6.00
6.73

3.00 x 10°
<10

ag1lsAnnuiialyaudeutuudiwded

a =

gaungiuaziafiuandsiunuinlirnuamdawandly
Table 4 wuiuudundesiiniunislianudoudilusiu
wazluiuegludg Sevag 3.22-3.91 uax 0.12-3.27 lag
Tnanisnaaeslndifesiuauideves Tang [12] Fald
Anwauifimaaiimenmrssiuudavdondundes
5ateWuglauwn KB10-23#1681, KB10-5#1137, KB10-
25#1235, KB09-5(2) #15 wag 534545 Tnoudiudndn
widedluthiiflgunad 4 osmiwaidea uszesina 18
Flua ildaziatiudaidande iilglduafuiinlu
$nsndn 1 de 9 MelA3mAauudies nTeeuannIN
fuundandesilgamnd 100 ssrigaia w1y 5 i
wuirluthuudaviesanduniosis 5 aneiug &
Usunalusiuuazlufuedeeglutis Sevay 3.55-3.96
waz 2.09-2.14 Tngtwmidnden auadu venaini
WUI1 Akkarachaneeyakorn et al. [13] vinnsvnasslng
widamdedlud Wnldavifah aandredrfoudd
gaundl 80 aareadoa utu 20 undl iedudanis
Wemveseuledanoniiiua (Lipoxysenase) annthudiu
waufuilusasidan 1 o 10 (Famdes 1 Alanduseti
10 30%) n3osusnnin duthuudamdesiigumgd 100
semwald w15 Wit wieurinunaenian tiuuda
widesilefiusunalusiuarluiuededonas 3.83 uaz
1.73 9nnsvaaestudnadu Usunadusiv wazlodudils
Lﬂulﬂmmﬂizmﬂmmgmwémﬁmeﬁﬁgmuﬁaq Yhund
iAo atfufl 529 WA, 2558 (N 529/2558) Sarmunly
dhundmdediviinalusiy wazlusulitesndn Sevay
2 uay 1 Tngvhuin auddiu [14]
wonaniannsiseadiinuindleldniudey

H <& A a a =i ' o P
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Anuviln wag pH oglutig 23.28-26.35, 5.48-60.2 cPs
Wag 6.7-6.94 muaiy uasnaaeuneUszamdudaly
ATLULAINYBUTIN BElute 5-8.2 Azuuu (3Aniay 1 -
youun) lnswuinduudundeslunismaassillien
Tusiuganinnismaaeswas Suphamityotin [15] sisiiena
AININAUUANAINYDITNTNARLAE SR 1dIUNA Lag
Anwitladeiiinadenunmvesunsyfivifidunauves
daundos Woun gaumgdl an wazmududuveoules]
wud1 WlusAufesar 1.59 luvasiliusunlusiu
In&iAns Ao Sovaw 1.14 uonainiwuitnnmsfnwadsd
1A pH wazApuntdaianulndiAssiuauideves
Bai et al. [16] GalfiFnunnmnmuomanssiuniimdesi
fanuasiilu@ensi Wi pH wagaumineglugag
641734 Uag 16.5-26.4 cPs uonaninuinhuudamdes
73 15 Amaasdiuuingdunisiavun 1.48x10° -
4x10° CFU/g uazlinudimnaBaduazsiluynamaasg
Fsaenndeafunismaasaves Rattanachak et al. [17] 41
IiAnwUinaiimanzauvesgasilaa (Sucralose) uay
Uanednnendalundafusivndy neldiudigas
AuAu (Huintaglasa) wagtdudsfaasidnisuds
iwﬁ’ufnma@ﬂiﬂaa Soway 0.08, 0.17 way 0.33 wWuin
wam i fiesuaediienta Yovay 5 Jugnsil

¥ a

uslaalinisweusuuinian a1nuuidiansaenanaly

v
a (%

§

AaTziUTunuiunIgnmun Baduarsn laensiany
Usumgdunisianun 6 x 10° laladdefiogie 1
fiadans uwazlinunsiasyvosdaduazslundndasiii

& a v ¢ o
Wy ulumudseniaunsgrundnduangusuise

u
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Yrunfndns atuil 529 wW.e. 2558 (UNY 529/2558) @4
MruANURNInsg U duudiwdessniaasslsd

E]

v

a a6 o
9

AoefiUTuaRAuvIEvianua (Total viable count) laiAu
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1x10* CFU/g wazUiuadadiiazs deetiosndn 100

Talatisedleg1e 1 Hadans [14] fedu F9919na17%en

vrunduniesimisulaainnnanitzniimaaesly

v
=]

MmATeesslifinuvaendeluduadursdsutisantiei
Angadlaainnisinsigideyanislusunsy Design

q

Expert 13

Table 4 Chemical and physical characteristics and sensory score of soy milk treatments

" z

—~ T B c =2

—_ ° X Q
5 8 2 $ 2 8, T
g < S S S v 2 g 9
£ £ < = 2 I E et o > U o
© v + ‘@ o & € TS g o
0 ) i S - @ s O L)

= & 2 ® € = 3

> U O ] o

> O |9 I

(@)
1 3.39+0.19 0.59+0.79 23.92+0.01 7.09+0.00 6.83+0.00 ND 3.21x10° 6.00+1.00
2 3.54+0.29 0.48+0.29 25.08+0.05 8.35+0.30 6.87+0.01 ND 2.00x10° 6.60+1.20
3 3.36+0.59 0.12+0.77 25.07+0.04 53.71+0.29 6.80+0.00 ND 4.00x10° 5.20+0.99
4 3.71+0.34 0.95+0.99 24.81+0.39 55.80+0.22 6.75+0.00 ND 1.48x10° 5.00+0.98
5 3.51+0.51 1.39+0.64 23.28+0.19 5.48+0.12 6.74+0.00 ND 4.00x10° 6.25+0.99
6 3.77+0.20 2.53+0.89 23.55+0.08 6.65+0.21 6.81+0.01 ND 2.10x10° 6.80+1.00
7 3.61+0.39 1.76+0.53 23.98+0.00 58.20+0.23 6.80+0.00 ND 2.48x10° 5.40+1.09
8 3.77+0.49 0.89+0.49 24.82+0.00 60.20+0.43 6.79+0.00 ND 3.04x10° 5.20+1.10
9 3.22+0.44 2.24+0.75 23.79+0.02 15.10+0.33 6.94+0.01 ND 3.48x10° 6.80+0.99
10 3.52+0.05 3.27+0.68 24.49+0.04 13.10+0.05 6.86+0.00 ND 2.58x10° 7.00+0.98
11 3.67+0.16 1.93+0.96 24.46+0.05 11.40+0.08 6.80+0.00 ND 3.89x10° 6.20+0.99
12 3.86+0.09 1.38+0.27 26.35+0.00 12.60+0.32 6.78+0.00 ND 2.98x10° 6.80+1.11
13 3.84+0.00 2.33+0.93 24.53+0.03 22.90+0.45 6.78+0.00 ND 3.76x10° 8.20+1.02
14 3.87+0.08 2.29+0.68 24.94+0.09 22.30+0.29 6.70+0.01 ND 3.85x10° 8.00+0.98
15 3.91+0.37 2.29+0.19 25.35+0.09 23.50+0.59 6.73+0.00 ND 3.89x10° 7.80+1.07

ND = not detected;

Total microorganisms, yeasts and molds are in the safety standards for consumers.

Pnmsnaaeesel Wnamsiesziauannoy
Aauanslu Table 5 uazaunis Second-order polynomial
fifien p < 0.05 1¢ud TUsfiu arunia uazazuuu
ANureUTIY Insamsaaiisaunisiiuguuuuiiuans
ANNFNTUSTENINgUNE USinamsnduug wazlan

Tunrsauiunaandesresevazlusiu Aunie way
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ATLUUAINYDUSIN AIuansluaunisn 4,58y 6

ANNAIAU

Protein = -14.29 + 0.34 (X)) + 0.39 (X,) + 0.14 (Xy)
+ 0.13 (XX, - 0.000319 (X;X5) - 0.165778 (XXs) -
0.001820 (X,? - 87.74419 (X,?) - 0.002012 (X2 (4)
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Viscosity = -252.07 + 4.90 (X,) - 270.50 (X,) +
3.97 (X;) + 051 (X;Xy) + 0.01 (X,X5) + 3.12 (X,Xs) -
0.028 (X,%) + 9883.53 (X,2) - 0.11 (X,) (5)

Overall acceptability = -38.7 + 0.83 (X,) + 134.02 (X,)
+ 058 (Xy) - 0.050 (XX,) +0.001(X,X) - 1.08 (X,X,) -
0.004 (X,2) - 95530 (X,2) - 0.01 (X, )
Wana

Lagaun1s  Second-order polynomial

P PRY)

WUty dAYNISEDR faaun1sh 7, 8 uaz 9

Protein = -14.29 + 0.34(X) + 0.14(Xy) -
0.001820(X,%) )

Viscosity = -252.07 - 270.50(X,) + 9883.53(X,2)  (8)
Overall acceptability = -38.7 - 955.30 (X,?) -
0.01 (X59) ©

Tawaunisdl 7, 8 uar 9 fien Lack of Fit i1y
0.0994, 0.0046 way 0.0965 Mua1dy A1 R? 1Ay
0.9304, 0.9615 waw 0.9162 AUEFU Haislie pvalue
WU 0.0199, 0.0047 uag 0.0305 AEIFU FeiArsngd
0.05 Vlwaunsildfianuunnaimisada (Sienificant)
wanzasdmsunsldiiiesuenruduiusvestadesing
Fsloun gaumgilunisdy Usunaansnduuu uazanly

AL

Table 5 Analysis of variance of response variables

Response variable R? p-value Lack of Fit
Protein* (%) 0.9304 0.0199 0.0995
Fat (%) 0.8328 0.1374 0.0010
Bl 0.7032 0.3996 0.1892
Viscosity* (cPs) 0.9615 0.0049 0.0047
Acidity (pH) 0.7190 0.3649 0.3218
Total viable count (CFU/g) 0.6655 0.4820 0.0042
Overall acceptability* (score) 0.9162 0.0305 0.0965

* = Significant (p < 0.05)
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Figure 1 Response surface plots of temperature (X,), carrageenan (X,) and boiling time (X5)

for protein content (A), viscosity (B) and overall acceptability score (C)
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Figure 1 Response surface plots of temperature (X,), carrageenan (X,) and boiling time (X5)

for protein content (A), viscosity (B) and overall acceptability score (C) (continued)
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