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Abstract

The effect of oyster extract (9 - 30%), corn flour (2 - 5%) and sugar (8 - 12%) on the
rheological properties of oyster sauce and sensory acceptance evaluation were investigated. The
rheological properties of oyster sauce with different ratios of ingredients were both Herschel Bulkley
and shear thinning behavior. The increasing ratio of corn flour increased the consistency coefficient
but decreased yield stress and flow behavior index. The rheological properties of oyster sauce
containing the oyster extract: corn flour: sugar equaled to 9.00:3.50:11.50 and 19.50:3.50:11.50 by
weight were the most similar properties to the commercial oyster sauce, and the sensory acceptance
scores of both formulations were not significantly different (p > 0.05). The effect of high pressure
processing (HPP) conditions, 2 high pressure levels (400 and 600 MPa) and 2 holding times (10 and
15 minutes), on the rheological properties and amylase activity in oyster sauce (9% oyster extract)
was evaluated. The results revealed that both pressure levels and holding times did not
significantly affect the rheological properties and amylase activity in oyster sauce. Therefore, the
pasteurization at 400 MPa for 10 minutes is sufficient for pasteurization of oyster sauce by high

pressure technology.
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Table 1 Code levels for experimental factors
Levels
Factors
-a -1 0 1 a
Oyster extract (%) 9.00 13.26 19.50 25.74 30.00
Corn flour (%) 2.00 2.61 3.50 4.39 5.00
Sugar (%) 8.00 9.42 11.50 13.58 15.00
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3.1 NSANEIENURNINNTZUEINYNVDIYDENDY
ygsunMsulsUSunaEsanavosunesy uile
F1alne waziianansewssudisuiuseaves
UTUNINITAT
RNNIANYIANUANINTEUEAINY1VD 9D E
No8UNTH laguusUSunaansannnes w1y 9
Wadifus - 30 Wosdud Tnsthwiin udlsdnalne 2
Wadifus - 5 Wesifud Tnsvwiin wazihmansty

8 wosidus - 12 Wosidud Taedhudn wuth woa
WosWIeILINGANTINN3 ALY Herschel Bulkley
wag shear thinning lagilveanagunasy 2 @ns Ao
grsniUTInuasataesuasy ulidnlne ua
thenansne 13.26:4.39:13.58 uag 19.50:5.00:11.50
Tnethwidn fnginssumsivauuu shear thinning
drugearesu1asudn 15 gas dngAnssunisiva
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2.57 - 94.83 Pa.s” MUY (115197 2)

Table 2 Yield stress, consistency coefficient and flow behavior of oyster sauce from different ratios

of oyster extract, corn flour, and sugar

Oyster extract:

o (Pa) k (Pa s") n
corn flour: sugar °
13.26:4.39:13.58 0.00*  +0.00 55.87" +0.08 0.510<%" + 0.01
13.26:2.61:13.58 2467 + 0.49 5.84% +0.81 0.55<¢f 1+ 0.03

19.50:3.50:15.00 5.64°%" + 0.55

14.34°%f 1+ 1.85 0.59%f  +0.07

19.50:2.00:11.50 1.03%® +0.18

257 +1.19 0.545%f + 0.01

30.00:3.50:11.50 3525 4 0.14

10.43>9 + 1.06 0.61°"  +0.04

H+

19.50:3.50:11.50 6.28%" + 0.65

14.56°%F + 1.43 0.57¢%" 1+ 0.02

19.50:3.50:11.50 5.24%% + 194 18.54%F + 481 0.53>%f + 0.01
25.74:4.39:13.58 1123 +259 67.24°  +6.99 0.54°%f + 0.04
25.74:4.39:9.42 11.05 =+ 1.59 51.66" +6.17 0.48%<¢ 1+ 0.02
13.26:2.61:9.42 3515 + 028 7.51%¢  +0.06 0.58°%¢" + 0.01

25.74:2.61:13.58 3.92¢%" + 166

10.94°<% + 286 062" +0.12

19.50:3.50:8.00 6.40%" + 1.82 14.37°%F + 163 0.52°%f + 0.04
13.26:4.39:9.42 6.36"" +1.97 7389  +4.92 0.38*  +0.00
19.50:5.00:11.50 0.00° +0.00 9483  +321 0.46° =+ 0.08
9.00:3.50:11.50 717" +0.86 30.74°  +3.49 0.48%¢  +0.08
25.74:2.61:9.42 2.93%4 1+ 0.25 7.69%  +0.81 0.52°%f + 0.08
19.50:3.50:11.50 6.95" +0.54 19.04"  +7.71 0.52°f + 0.11
Brand A 6.72¢" +0.06 20.04" +0.08 0.43*®  +0.00
Brand B 5.15%f" + 0,01 15.82%f + 0.08 0.48% + 0.00
Brand C 4.18%f + 0.28 8.77%¢ + 0.34 0.482c<% + 0.01
Brand D 8.06  +0.34 19.25° +0.38 0.47%¢ 1+ 0.01
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*P< Mean values with different letters in each column are significantly different (p < 0.05)
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Table 3 Regression equation of yield stress, the consistency coefficient, and flow behavior index

of oyster sauce from different ratios of oyster extract, corn flour, and sugar

Rheological properties R Model Regression equations
yield stress (G ) 0.6409  Quadratic  9.35- 2.02A + 14.23B - 1.78C + 0.34AB + 0.08AC -
’ 0.41BC + 0.00A?- 2.13B% + 0.06C?
consistency coefficient (k) 0.9727 Quadratic 196.95 - 6.05A - 69.53B - 8.36C - 0.36AB + 0.37AC-
0.27BC + 0.07A? + 15.75B% + 0.09C?
flow behavior index (n) 0.8423 Quadratic  7.14 + 0.52A - 7.82B + 2.50C + 9.65E-003AB -

0.02AC - 0.05BC - 6.96E-003A2 + 0.62B2 - 0.08C2

A = oyster extract; B = corn flour; C = sugar
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Fitted Suface: Vasiabie: yield shess Fitled Surface; Variable: yield siress

Fitted Surface; Varisble: yield sirass
3 factors. 1 Blodks. 17 Runs: MS Residual=g 81443

3isctors, 1 Blods, 17 Runs, MS Residusli=8 81443 3tactors, 1 Blogn, 17 Runs. MS Residusied 81443
OV yield stress OV, yield stress

OV: yield stress

lanhna

8 10 12 14 18 18 220 2 24 26

eyster stact

Figure 1  Contour plots of the relationship between ratios of oyster extract, corn flour, sugar, and yield

stress of oyster sauce

Fitind Surface: Varisble: k
2 faciors, 1 Blocks, 17 Runs: MS Residual=48 £3308
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Fited Surace. Variaole: «
3 factom. 1 Bloos, 17 Runs: MS Residusi=49 85308
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SEassEs

oyster sxtract e fiour

Figure 2 Contour plots of the relationship between ratios of oyster extract, corn flour, sugar, and the

consistency coefficient of oyster sauce

Fitied Surtace. Varisble n Fitted Surtacs; Variable:
3 Tacton, 1 Bloas. 17 Runs, MS Residusi= 0013458 3 factons, 1 Blods, 17 Runs: MS Residuai= 0013488
ovin ov:n

Filted Sutacs; Varistie 1
2 facion, 1 Blodks, 17 Runs; MS Residual= 0013488

opstes extiact

Figure 3  Contour plots of the relationship between ratios of oyster extract, corn flour, sugar, and flow

behavior index of oyster sauce
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NANTINNITLUAVDIOANDLUNTU UINATETAAR
VeBLNITILAZAans1e Weiansannsaeuig
stwinansatavesssufuudsdnlng (U7 3)
wuindleutistnlneiisnsdunniu dewalioos
WosuNIUNAngAnssunslviaanas sevedanes
wssuilaandu shear thinning Jﬂﬂéﬁu Fadonndos
fumsnaassiinuinansazatsutlealnefidanny
Waduannaiu S shear thinning 1nnad [19]
L‘f‘iadmnLﬁmamﬁﬁmﬁdé’%’umwﬁau%Lﬁmmﬁ@mﬁﬁ
wazneinnty dwalisioudlfivas wazidlesing
Winemulunsmunauvieliauaien (stress)
fudinuls agiliinnnsidegusne (deformation)
LaziAnnsualdinnau [20, 21] WeRansanns
AeuTdsEInsansataesuasuiuiimanse
wu eriugnsiaduansafnresunisy wagtnma
nseiiaty dwaliveavosunssudfvingfinssu
mslnauiisdy LﬁawmmiwaﬂﬁwmLﬁmam%ﬂjgﬂ
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Auudauss Fapeumeuss shear inndndautled
NBIAIINAI

INATANYIANAURUS TEWINAUUTAT
yield stress Arduusyansainumila wazandail
NOANTIUNIT LAV I ANDIUINTULATIDANDY
UNTUNWATAIDUIU 19 FI0819 WUIeENDY
UsugasTRUTamsatavesussy uilsinalna
LazuIn1ans1e 19.50:3.50:11.50 way
9.00:3.50:11.50 Inenimiin feutBnsnseuainen
TnalAgsiugeanosueTuIIN1sA ILdengoanoy
YasuR 2 gns UmedeUNTERNTUNIIUTEAM
dudavesjuslaasoly
3.2 N1SANYINTITEONSUNIIUSLANFUN VDS
Juilna

MnMsAndengnsroanesunesTilians
anAveeuneTy 9 Wesidud wag 19.5 WesiHus 1
Anwinisgausumelszamduiavesuilag me
78 9-point hedonic scale fuguslaadnwiu 50 A
HANTSNABOILARITIAITINT 4 WUTTeaNDEUIITY
w2 gos azuuuniseensudnudnunzdnng A
Auniln ndusa savd wazeuveulnesaulyl
unnssuegnaiiedidy (p > 0.05) efinnsmna
MINAFOUNSERNFUN U SEaMAUREST WA UAUY
Tun1swés wulnasanaesurssuiisianlansuas
1,700 v [22] wnlgansanaresuissuluusuim
9 Wosdud anunsaUsendasunuasaiavesunIsy
16 2.17 win Fsdmidenveanesunssugas Ui
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Table 4 Sensory evaluation scores of oyster sauces

Oyster extract: Overall
Appearance  Color Viscosity Flavor Taste
Corn flour: Sugar Likings
19.50:3.50:11.50  7.30 + 1.02 750+ 097 693+1.23 6.63+0.96 630+ 1.26 6.60 £ 1.04
9.00:3.50:11.50 753 +1.04 753+0.78 7.00+1.20 6.57+1.25 6.00+1.46 647 +1.19

3.3 nisAnwan1aziimunzaudieniswiawelsd
YENRYUNTUANAILIATAIINAUES
INNITANYINAVBINITNIELAB LT A 2
wiAlulagAnusugaseauiAn1anseuaine1vaswed
NOYUIITU (mimﬁ 5) WU YoaNDEUIITUL
NWgRnssuNIsawuy Herschel-Bulkley Taadian
AutingAnssunisinaegluyis 0.40-0.48 denndes
funisnaassiinuiiansazatoutat1alue 5
Wosliud nouwayndIn1sHiuAuiuiinginssu
NsialUU shear thinning [23] dlefansanved
mamﬂiuﬁwmmaliaﬁﬁwL%ﬂiuiaﬁmmﬁuqq
Wisuisuiugeanesunssuiinnawslsdeean
Lou WUt geaesusTTinawelsiemalulad
mmﬁuga 400 way 600 MPa WWunan 10 uay 15
Wit T vield stress Anduuszavdsanuniin was

o w

AdrtngAnssunsivialiuansnsiusenditeddgy

Do €

(p > 0.05) wsidlA yield stress wazAdNUTEANS
Aunilntesnitgoanesuissuiiniawelsdsae
mnuSeustnaiitdudity (p < 0.05) eililosannis
naRelstveanesuasumenIusay 85°C W1
18 w1l lwamsvlundatnlnainnisiaily
Wiy wazwass dsalimeainrusnumunsiva
1 398len yield stress uavAdudszaviorunia
wnnn lusasfigeanesurssuiiniaaslsdsie
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walulaganuiugalasuanufeuluginiswioy
woai 85 °C 1ina 10 Uit fatfunisiinmaniluedy
919vedslianysal veaielian yield stress uag
AnduUsyansaumiintiosnin

othgeanesurssuiinaaelsdaaey
walulaganuduganazaigaiusoulfne
Aanssuveseuledesluaa wuin nswnaaelsd
YOANOHUNITUTA 2 33 fARanssuvesoulesl
ozlutagluunndrsiuegaiiduddgy (p > 0.05)
aghslsinulafiauisefinuinruduninni 400
MPa danalinisisaufisevesoulesiosluaa
anas LﬁaqmﬂmmﬁuqadqNﬁiﬁLﬁﬂﬂﬁLﬁﬁ&JuLLﬂaﬂ
configuration 983lUsAU YINlAUIIALTY (active
site) vouaulwsinanesa [6, 24] wulwalliaiunsa
TuvhuAsenfuasdeiuld dewalfanssunes
ulydesluadanas

goanosusuiiniaaelsdnsnalulad
ANUAUGIEdINaRRALTRNIeNSELEINYN uaghanT Ty
voueulmiovluaaliunndiafy uonanddad
Aanssuveneulviesluaalndifusiuseanes
wasuitmaslsdaanudou fufuaniiziine
Weslunsmnaslsdvoanesunssumemalulad
AYINAES Aofiszupusiy 400 MPa Wunan 10
U9l
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Table 5 Rheological properties and amylase activity of high pressure processing and heat oyster

Sauce

Oyster sauce g, (Pa) k (Pa sn) n"™ Amylase activity ™
(umol/mL)

Heat 7.17° + 0.86 30.74° + 3.49 0.48 + 0.07 371 +0.15

400 MPa 10 min 5.01° + 0.06 12.13% £ 0.96 0.40 + 0.00 394 + 0.31

400 MPa 15 min 4.75% + 0.88 12.51 £ 0.03 0.42 + 0.01 3.81 £0.02

600 MPa 10 min 4.93%* + 0.55 1247% £ 1.72 0.42 £ 0.00 3.55 + 0.09

600 MPa 15 min 5.13% + 0.40 10.72% £ 1.35 0.42 £+ 0.00 3.65 + 0.00

"< Mean values with different letters in each column are significantly different (p < 0.05)

"™ Mean values with different letters in each column are not significantly different (p > 0.05)

4. #3UNaN13IY
91NN15ANBINATRIUTNIEITANANDE
wesy wildalne uasihmansiesyiusneg de
ANUANIINTZUEINYIVOILOANDYUNTU WU
SRTNAIUVDIEIUNELINAIINAUSDAT vield stress
FuuszAvsenuvile wasduiingfngsunisiva Tag
wiladrinmdamasion yield stress dulszansau
wiln wazdydnginssunislravesweanosuasy
unnansatavesusskasimanse e
Vanaudlsirlneanniu deraliiduyszansany
Mﬁmsuawamaﬂmaiuqﬁu A1 yield stress way
FetingAnssumslvaveswoavioswisana ¥od
vzasmwimqmﬁﬁﬁmwmmanmiaﬁmmauwm
wifsdlne wazthmansie wiadu 9.00:3.50:
11.50 waz 19.50:3.50:11.50lnenimidn fautfina
NIELaEINYlNAALNUYDENDIUNTUNIINITAILN
fign waglifuazuuunisseniumsseamandal
wanenatuegedifeddey (p > 0.05) wWiewdunis
Usgndndunulunisndn Jadenvoaesunssuid
YSunuasanavesunesy 9 wWes@ud wndnwn
anmsfivingaudiensmanslsdsomealulad
ANURUEY nuInsrnaelsdmemalulagaiy
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