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Abstract

With increasing consumer awareness of environmental sustainability and healthy
diets, the development of meat alternatives has received growing attention to support the
reduced consumption of animal proteins. Although plant-based meats offer promise, they
often struggle to replicate the texture and mouthfeel of conventional meat. As a result,
hybrid meat products combining animal and plant proteins offer a compelling
compromise that balances sensory appeal with sustainability.

This study investigated the application of rice protein (RP), known for its high
digestibility and low allergenicity, in chicken nuggets through various incorporation
strategies. In addition, the myofibrillar protein-to-water (MP/water) ratio was introduced
as a key indicator for evaluating texture performance.

Three RP application methods were tested in this study. First, RP was used to
replace chicken meat at 10%, 20%, and 30% levels. Results showed that as the
replacement ratio increased, product hardness and overall sensory acceptance
significantly declined, and the microstructure became looser. However, with 10%
replacement, the products maintained comparable quality to the control. To improve
texture under replacement conditions, RP underwent deamidation to enhance solubility
and functionality. Nonetheless, deamidated RP performed similarly to the unmodified
form, indicating limited improvement.

Given these constraints, RP was subsequently added as a supplementary ingredient
(5%, 10% and 15%) without altering the amounts of chicken or water. This approach
increased hardness and produced denser, though disorganized, microstructures,
demonstrating RP’s structural contribution. To determine whether these textural changes
were associated with variations in MP/water ratio due to the changes in meat and water

contents, water levels were adjusted under replacement conditions. A strong positive

v
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correlation (r = 0.931) was observed between MP/water ratio and nugget hardness,
confirming its role as a critical determinant for the nugget texture.

Overall, this study confirms the feasibility and potential of applying rice protein in
comminuted meat products such as chicken nuggets and proposes the MP/water ratio as
a reliable indicator of texture performance. Future formulation of plant-protein-based
meat products should consider not only the intrinsic functional properties of the protein
but also the impact on MP/water ratio, which may guide the optimization of texture

stability and overall product quality.

Keywords: rice protein, deamidation, chicken nuggets, hybrid meat, myofibrillar protein,

texture profile
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h Iy
RP rice protein
DRP deamidated rice protein
MP myofibrillar proteins
WHC water holding capacity
STPP sodium tripolyphosphate
CL cooking loss
SEM scanning electron micrographs
RP10 samples with 10% chicken meat substituted by rice protein
RP20 samples with 20% chicken meat substituted by rice protein
RP30 samples with 30% chicken meat substituted by rice protein
E-RP5 samples enriched with 5% additional rice protein
E-RP10 samples enriched with 10% additional rice protein
E-RP15 samples enriched with 15% additional rice protein

MP/water ratio

myofibrillar protein to water ratio

con control group
contW control group supplemented with additional water
contW+RP | control group supplemented with additional water and rice protein
con+RP control group supplemented with additional rice protein
RP20-RW1 | RP20 group with 1% reduction in its original water
supplementation.
RP20-RW3 | RP20 group with 3% reduction in its original water
supplementation.
RP20-RW5 | RP20 group with 5% reduction in its original water

supplementation.
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1. =23 %%

LR AT R R KRR R R
FPTRE R P BRERE LRAEL G €$W“°%¥%ﬁ‘f%$ﬁ“’
R A - (Henchionetal.,2014) o R o IR A LEs 2
T RGP R F A MRS e 2 P TS S B b

| £ 4R (Bohrer, 2019) -

ey FEf K3 2B FAFHERP S5 FHFARPER2Z - -
BREAENESY SR RARAR PR GBS L REY 2B BB A
$ v o SHR AR B *f?m‘ﬂ W 3w (TVP) > % ki s
B & 2 vk (Bohrer, 2019; Kyriakopoulou et al., 2021) © 2@ » fedo pt v

bo

BREFAMS 6 a2z 2 ggd 5 g gl &8 BEY < B (Ismail et
al.,2020) - ]yt > 2 & ¢ % % (hybrid meat products) #AR % ‘f\éﬁ AR SR T
RS2 BB REP F ARSI LR > TN RO RE S R - T
FERZBIE BRRE TR o RA R EA R I FRIRT & € %E FL TP
o mEREFAES D REAETER o
F o L EF R FEMETLERE > - FLES 2 EF L0 LR
(Zhao etal., 2020) » #k @ » HEde 3ov B b Bod AR fREBEMA, R 0 4 ) T akE
FLAR VA RER WEDTE v g2 o1 22 (Chandleretal., 2022) o F]p >
FErsh s TR REep WS? A& i 2 Rl > 348 2 BB
R ER RS o B R P R L LTy
HAESTF S22 RFBH DA RDASEUSTE FRLR -

doi:10.6342/NTU202503827



2. ¥ 39 (rice protein)

‘kf& (Oryza sativa L) 2 23 E€ & PP itdh 2 - > A B A G AL ME
A% 54 23k 90% (Amagliani et al., 2017) » & 3f (milled rice) & f&5F 5iE2 ",f
fezk (hull) ~ £ (ricebran) % %25 (embryo) & #7iF g - H ¥ it G b 70%
(endosperm) % # AUk C &4 > @ Fd FL B9 5 5.8% ~ 7.7% (Van Hoed et al.,
2006; Hoogenkamp et al., 2017; Fukagawa and Ziska, 2019) - & X 3\ v (rice protein,
RP) iz faiip ™ » @ B35 B it & (protein digestibility) ~ ™ 3R a7+
(hypoallergenic) % 24+ chg £ M > R E A G R4 1B P L5 BLR" § &
(Amagliani et al., 2017) °

1 3k 39 2 B4

211 AE BB~ 2 5 AR

KAEE 2B LR B FF 2 - > BILAEALE 100 BRFO 23k =
EFRAEEY 769 e, HeY o Lk w4 230 E 0 90% (Hoogenkamp et
al., 2017; FS Pocketbook, 2019) o #& (¥ 3 T R fehi & 1 & » & A & & T 3o
foX B2 6 100 27 > 5 23T a0 1.67 % (Hoogenkamp etal., 2017) o #& 5
A RHFREEETF AR R E DL TEFERN B0 HE R LR (Redfern et
al,,2012) o pt ¢k 5 K Fv 2 B KB B4 1 FARY PR A o ol B Bk S K
s Fenh 1R AY > SL RHEEREEK > X BE LT G e TR F
(Shih, 2003; Fabianetal.,2011) o 4p v $= e {2 36 > 5 Jv F] 5 RRPEF 5 ~ 42
FARM AL REDEAE > L BRERETT &AMk F kiR (Fabian
etal., 2011) o
212 2aFeang A E

Wystzu sk HERi- &4 7 &5 76.8% ~ 86.56% » F—v Tt b6 5
5.8% ~ 7.7% (Paraman et al., 2006; Ghanghas et al., 2022) o B& 2R f% 3} e 3-0 }fr 7 &
5 T%~9% - L H A} AEARAME S EF S £ LG F A R
i (essential amino acid, EAA) ¢ e Bixfs (cystine) % ¥ £iP%fk (methionine)
MR BIES Y ¥ ALy - DR - et (lysine) (Kumar Singh et al.,
2016) « FIt > ik Fv A WHAEARY K o B L RARBI T o R B &

- fAEF AW EdF F kR (Zhao etal, 2020) -

2
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2.1.3 Migarit

i g FFE G Mrgnz 2 F RS R - i ik ROk
(Eggumetal., 1993; Daietal.,2023) o 8@ > {84 v » 7 f— £ 3L 8 > H4od0 0 -
0V g 5lACEAF o HY 0 2 B kv WA L EATARZL - (Amagliani etal.,
2017; Zhao et al., 2020) » g+t 2. F » 3 F-v FJH MiFaclt > = 52 % B v @E{—‘ﬁ £
FRER TN F9 AREFRAORPF S FHTERLG R E LAY
£ 3 # %% (Zhaoetal, 2020) -
22 FFvw 2 2

¥ Reh TR R fERA S A A R Bl L EA BB B SR
12 f%% F=v  (prolamin) ~ -KA 2 ¢ -9 (albumin) ~ B3 2 3% -9 (globulin)
YLE R RL B AR R P B9 (glutelin) o T P A W B SF B9 B 3% ~ 6% -~
5%~10% ~ 7%~17% ~ 75%~81% (Amaglianietal.,2017) » # ¥ 23 4 &
FRF0 Fen 80% 0 59 A ¢ i B2 Fn FAS L LBEH 9 A ER
el 4 %)% (Hoogenkamp et al., 2017) -
2.2.1 v 3w

Bokd BRI R 0 b K B9 69 4%~ 6% (Baxteretal., 2010) o H 4
ikd q-dl e o 2 807 g garst (disulfidebonds) > Flit 7 € F] A4

2 2ma A2 KRB (Landers et al, 1994) < £ % » 0 Fd ¥ 5 Lhyend s T i
(surface charge) - ¥ f-k @ 2) % {8 ¥ 93 % (Landersetal., 1994) o d 4k £ gEanst

LIHEFF RIPE G DT o0 R0 By RSB AR I R
(isoelectric point, PI) 5 4.1 &+ £ ¥ 5 10~200kDa (Hamada, 1997) o p* ¢k »
hrRipi e b ov v § 7 ARRL ~ Eoept (histidine) 2§ fA % F R L T
£ 4 By & E (Guoetal,2006) - @ 0 v hov cFIT A FlfeA S &
P e e peen3 B 3 974 # (Ghanghas et al., 2022) ©
222 3k 30

HEo ZEAMEY b R 6%~13%’1:§;‘§%?ﬁvﬁ:‘%;& (Hamada,
1997) - Bgdpi & d gl gfpes > 2 40 % 3 # LTk  FIEBERPHR
% (Adebiyietal.,2009)° f i+ FHt v Fho HETHGE 43 v 79~ F £
# & 5 16~130kDa(Amaglianietal.,2017) - @ fiezApile =t > 3 Fv § 7 7 &
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iaefi g1 L oBeiefe (cysteine) 0 e BiRAL 7 4P $H9 4 (Ellepola et al., 2006) o - ¢t >
d 3w HRARRES pH frdp+ % AR &7 P41 52T ¢ AN 7 st iy 4
14 (Ellepola et al., 2006) °
223 #3v

Hho AN F0 P FEEFERMEMEEL DY > B AK I i 66%~T78%
(Takaiwa et al., 1999) - H %
1983) » Hgfpi &d BATHLRRABY Siplex > 2 75 « EavRRAp
e fip"efs (glutamine) ~ 5 #<f& (proline) > izt RI4A% 5 R > @ v F Ao+ A
Bk > HRAFER T '8 (Hamada, 1997) © #3-v » 7 3 L %t (cysteine) »
FohA G A s o - R H E RS B2 22 (Paraman et al,
2007) « AR H @ Fh AT B0 R A LT RN A MEE T TR
AR R FAFEL SRR Uk (Lietal,2022) o gt ¢h > H ok righs
FEEMEAE LS R I FRaug g s 8- K| H B2 5 (Hamada,
1997)e sF & i P FlZ > v E A Bk BAgLBE e i g T 7% &1
B H AP M ]\,A“Qc‘ z;u zl,\,,gm 247 f_g,gt‘r‘} 30t é,rr,;ﬁé 1 ¢ R * 73&4 °
224 R Bv

e 30 25K 50 ¢ 28 & a o F A R 9 2%~7% (Takaiwaetal.,

+ {é_;pg % 30 ~35kDa # 19 ~ 25 kDa (Zhao et al.,

1999) o 3 £ 4 ik iid fRHEE - 3 Bk T AN 60 ~ 80% & B o B %
?L” Bl 6031 65 i &2 38427 & 10~13 §- 16kDa (Kubotaetal.,2010) -

% -0 7 F BB vt b engk il ek M R4 (arginine) ~ H ¥efL ~ {5 %f4 (alanine)>
ek feehi Bt i 1 R0 Fagn-k i (Hibinoetal., 1989) o gt #b » H 2 5

E‘A*

\“;'

Bl 33~150kDa > @i & F° & 105kDa> &7 H 7 i 2 St B 540
(Hamada, 1997) = 28 @ > B2 3F-v 49V > 503 v GFURAR Z ERM > P B2 8
HmAeRk o im0 2R E 75 (Hamada, 1997) -
23 F 30 241 A

B F Sy Rt Bt H S N A S L R R T R
AR 2 Bk AR A A T B A e B Y 3 R R Lk
T aeth 2 menbl 4> F] 5 45 g R R G e Bed BB R Y 2 AT 4 Bd
Frz4p3 e 58— H gk Fv 51012 (emulsifying) ~ 5532 (gelling) ~ -k

4
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1+ (water-holding capacity) % >i&m B8 Ko 1 44 (Grossmannetal., 2019)-
gevh s “f TAfRR 0 B9 Tk s R Y g RPERRASDTEECR
(Yangetal.,2023a) o F]yt > &2 F Foo 3 2R > v F e 8 A ? Sy
A - Bl A S5 (Lietal, 2009) o

23.1 AR

v %‘rm/p & {#ﬂ v %‘ru—u’ifﬁwﬁﬂ BRI Bikayk s 0 A R P
At e B R0 A Fed FEa A2 Baps iv% (Gaoetal, 2024) o 39 B
B EAR TN BB AS I BERRF N B e RAR e B9 TR
EgERES N A AT ER L pH B R CBER R EPEER &AL
F5 (Grossmann et al., 2019) o Zsf F=d ¢ o F b Box g G FIEEAESHE B
RTER 2 BT R EERMA B PEE Y /T 1 (Zhaoetal, 1983) -
2311 B F0 FiAER DR
23.1.1.1 pH &

0 FezfER L pH B E §%% pH %% 39 TR T EF > v
FenZTim s B ERAeFFH LT 4 (electrostatic force) it 7 » % 5 B &)
MUK B fARFIN A oA E 3 o f pH BB E T B 9 Fa AT
THROETESARR A TT I B R oy AR BEA TR E AL

#% % 32 A (Grossmann et al., 2019) -
3.

&
2

=H
é\

4

23.1.1.2 &
RELF by TR ERALBELS BT iFr > SRR TN -
FE R BER o EFAEAT A § 54239 TR (denature) > @ # R AT

Ao i@ *F 4% f2 R (Pelegrine and Gasparetto, 2005) °

B30 B3 fRR DPBFIT A 2 BT (salting-out) 2 B3 (salting-in)
RN DA I AR RSN . %‘r'? ’*m]\A\,);‘a,,M
Mo Fevk s 4 o BRF0 FREDSFRPMERApF > BB EY P 3§
BB T EFD TLA0FRTABPIT ¥ >RSI R AT RIS R Fod
BadE o dok 0 89 & 805 f2 A (Murakami et al., 2017) e
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23.1.1.4 - 53 45

CEBALEEY To i FRAF o ®E R éééfﬁlm“‘t&fi:ﬁ&# ’
ML R0 FenIm i e S R R RTHE R A MY B RS R
BZR* 2 H DA v grRia s Jiv e deie 4 (Hamada, 1994) - § 2 i3 45 =
;@ 424 s 2R B F & (Hamada, 1994 ; Avilés-Gaxiola et al., 2018) - 2 ¢ » 3
fie?% i (deamidation) - Hdp Bl tdgtix 2T o MG FP 2 A R eI A R
Vet (asparagine) £ ffpiefiE it S ¥ f T X ™ % kfL (aspartic acid) £2 #5%
e R R R (S 0 SR (Fl-) R A I RERRY S
fRgp s —COO™ > jEm 2 3 Ao Zj R~ HREMEDs B Mg H ki3
1+ (Hamada, 1994) - 4 72§ 87 » b 2 B 8 3t ¢ 54 A 0L Glen3 P 4 iR

S ARVERL 0 i & AB 173 iRl 55 1 3 i #1- (Hamada, 1994) o

H"/OH" HO
OH D —— OH + NH,*

(6]

L~ Asparagine L~ Aspartic Acid
H/OH
—_—
OH HO OH + NH,"
Glutamine Glutamic Acid

C o R AR R e

Fig. 1. Deamidation reaction formula of rice protein (Adapted from Yang et al., 2023b)

232 kit
Bk P By PR TR AR R R E S (Y T @R g B8k
k4 25+ (Hermansson, 1979) o if K & B 5 -9 %‘rtt?z Rt Y ondE & F) 3
Flat gL RBPFEFDFTE ~ v &~ T2 41 #42 (De Brier et al., 2015) -
PSR A S? 0 Bk RE hkd T A ke i A Sk
= (Gupta et al,, 2008) = -kt & X 3| F=v F e bv Fe-keh

y&-
)
F_‘-

I 2 . BY e Fa g FRITF SR Fenpldae ol
(Hermansson, 1979) o -k A B ¥ > 4ozp Afodefl - it fg 2k a3 2,3 2 42> 3 3
Fokie 4 (Zayas, 1997) o gt ¢ 5 Fev FenifoRB G HARRE B2 AR 0 F] 505 R

BRBds Fafq{o3eawak?d s @ L F 8 RARER KA+ ¥ RS
6
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RXN
haay

4 B FERIEY > B F kit 4 (Guptaet al, 2008) o -k s B8 dev

Fiaqp>? a3 35 blder 3 ki Fra g Lia-ké mird

a

e
BN
Rt
A
4

fe e A BTR A @ R g A SR ¢ G SR kA e S
8 8 (Zayas, 1997) ¢ Bv 2 okl 281 ~3.02 /g o S e
FHEFTE DGk > BERAEF R B4 (Zhaoetal,2012) -
233 AWM

o F@B M A b Ux T o o T+l @R FESAE w1
g ) E z R i 4 (Amtfieldetal, 1990) - B ¢ 5 GEHA) & b 42 F)
%2 - % §@f 39 F kA& (critical protein concentration, CPC) » % 3-v F k& i3
SRR &S R LA B4 (Clarketal, 2002) o Ap Rt b 42 v o 4
o B FERYL A RN AT FTERIER (9 5~15%) A &)= &%
(Arntfieldetal., 1990) o ©5f F=d 5 6] » H 3 & & A v B3 F R LIS B r
K ERAZBER M A UFIHRER 24 gy £ 9 A FHEY R
s F AR A RS B 3 R R - - ’Eiﬁﬁrﬁ_ﬁé'}?kﬁii\l
BHUE Y B ERIL TR E R R RRE G G pten L B
B IEE et a4 (Utsumi et al., 1981; Takaiwa et al., 1999)

3. w1 p Q&

v p % & (processed meatproducts) & p HE A A& Rl SHI@ i B R
e 2 Bl S8l e @& 5 4o f % v F L B IH S (Bessada et al., 2019;
Kyriakopoulou et al., 2021) o iz & & & f 8 &2 a0 (23 & X v 8 §-v
(myofibrillar proteins, MP) 2 &% 4|+ ~ F-0 B & 52 £ 47 @2 8 (Ismail et al,,
2020) o PR G F-G BESBMBE BB IET > S B BEGRH o @A p
BB F AR ok g € 2 12 (Bohrer, 2019) ¢
31 o Fv 2 B

el W 2 SRR R S o e SR B g Gy
¥ e n R -9 (myofibrillar proteins) ~ 5 K & 3—v  (sarcoplasmic protein) -
B #-¢ (stroma protein) (Tornberg, 2005) o »“/ 4 ‘& F-v 3 B3 42 39 (salt-
soluble proteins, SSP) » X } "t Fv B e 55%~60% c H ¢ 5 iR gk e B

doi:10.6342/NTU202503827



d 9t F-9  (myosin) E2Auds v (actin) B fEA & Fod B o ip Feo FREF
ded po B e 2SR T (Asgharetal,, 1985)
3.1.1 PV o
U RD F VTR Y 0 43% 0 H AT R 4 470kDa i AR B s
fheni & & 42 (Asgharetal., 1985) o iR EH ¢ > VR Fd A & vl
BRSO BT BE AT R R T S § R TR T TR 4 RVUR G
Ak (Chenetal,2018) o A m ffif ER G2 > Fd HE AL g b
Iy BFLAEEMEILE ARz ek 24 (Astihar et al., 1984;
Smith et al., 1988) -
3.1.2 »eds Fev
s e K 8 CRER ARG 91 20% 0 B ASE L 43kDas gy 2 R
AR g (Keever, 2012) o« g2 pF » 3 RO %ﬁrﬂiﬁfqﬁ )
n B Bl R AT R R ¢ BB e WAL 4 7 dev
FF-0 0 i BRI R AR T T o R B A T e p R
¥ = F . (Astihar et al., 1984) -
3.1.3 #»%} ]\}n
Hmﬂlﬁ}é Hb R H e 30%~34% 0 okiatEERe > ARPER I 2 REF
B e BN ]\3\‘“ LR EAEARY (T 2 AR AR Y BEF o e et 1 EARY A
BHE AT Tk s P p Wk R R Bl %"v’fi“"jf\'}é ¢S A
TORAERg R VA G0 FUE R R - KR EER M A SR F 41 (Tornberg, 2005) -
3.1.4 FF F-d
AR 98839 FZ 25 10%~15% 2 &4 %R 39 (collagen) ~
Ak -0 (reticulin) fri{t F-0 (elastin) #13 = » ¥ AR R L~ dp X B 0 1@
Baselp l&? e w2l e 3d Tk o
3.2 B84
#% (gelation) 7= 3 & kg AU v pieBiEARY R 2 B2
BT o AR D] pH E~3F R RE A ZEIZF R &m i
i o~ 2K (Tornberg, 2005) o Mt it 2 A2 & L Z FFE > f
F 30~50°C pF > v dew P > T FpnoR T A RE & F R

N

)

§+(ﬂ}

]
8
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B 1 50°C o G FRFBARA 2 QB (cross-linking) 0 iF bR A fE €02 MR R
é:—f§ (Astihar et al., 1984; Smith et al., 1988) - £ % > # 60 ~ 65°C pF » = B e 7%
f‘%ﬁﬂj = (Keever, 2012 ; Chenetal.,2018) (Bl= ) ° s &% éﬁmﬁ T HiAe
PREOTE SFERETE T £ &2 25 (Astihar et al,, 1984; Smith et al., 1988) -

Native Protein - Denaturation - Polymerization Gelation

30-50°C 30-50°C >50°C 60-65°C

Bl= ~ 39 FRYPTLE -
Fig. 2. Schematic diagram of protein gelation (Adapted from Sullivan et al., 2009)

33 BEP R E AT BROFR

UR G Ren PR S S TR B 245 pH B~ 43 % A (ionic
strength) ~ 4c #40% 2 27 Fv ?ﬁ/}%ii % (Sunetal,2011) iz F1F ¢ B v oo
gl s 2 2 IR A BRAM R A BN RS A ST -
331 pH &

o FaRmAat g aa R pH ERF > &a PRSI0 Y
A4 o F pH BRTVCRAE IV HET Y (pI S53) B Fv 2 F iR
TAEMR O ERFPY FRE O REBIERT ELE MM, 4 (Asghar et al,,
1985)« #km > . pH 6 PFo 3Rk dv &3 B G eanBF Eua 4 0 )3 duig
Bt s £ & RE PR (Asgharetal., 1985)< gt b > pH Ji_ 5.5 3§
vl 9.0 BF o MR R EBIT F > o BB 0 pH Vo EACRA 2 R4

Ea 1 WHEEp YEOFe o g (O Neilletal, 1993)
332 3+ B A

P B ARAWEICRAATS BRI NER FF 0 H PR TR
BB a B4 o ka st BB EH-F EE WA ¥ g 4 (NaCl) fr= Bai
fa4p (sodium tripolyphosphate, STPP) A3 v 4 Fev T3[R @M A, P R E

9

doi:10.6342/NTU202503827



& ¢4 ¢ (Xiong and Brekke, 1991) © 5 £ » NaCl i@ # % 2% ~3% 2 kAR EE (9
0.34M 2 051M) F3vRh 48 dv i%ﬁiﬁil&i’ﬂ e e W’J%Eﬂ ' R g GBI g
A S s P IR T g v 4@“‘3;‘«3‘.‘;':4{#" o ko R BEEREYA) S (Xiong
and Brekke, 1991) o g b » g3 55 & 0% it 2 BB F RBPMB S RICTEET 55
B (4 025MNaCl) ¢ 2 2 ‘ol ® 3253 G el F 2 g T3+ %k (4 0.6
MNaCl) R]ifi¢ 3o F{ % i DR L %A% { 2t (Hermansson, 1979) - £ —“Ff .
SWPiﬁﬁ%ﬁ”ﬁm&%L—’%%ﬁgmﬁﬁﬁﬁﬁé«Wﬂﬂﬁ%ﬁ
(Mg>) > =R dd hip BR B -k 4 > i2a s Y- KA 0 iE B
PP R R T A g Frdl R TR EITY o @ 5% S R4T (Tornberg, 2005) -
333 So R B2 b g
PRGN Bed R A L P B RS e B F i e i e BUR

B FT e R TR s LB PR R DR g AR
B S A e B 0 P D Flak v R E o FEAT B I S50°C
P e R et A LB TR b S e % (Keever, 2012 ; Chenetal., 2018 )
B F BB RET] 60~65C R R HGUR A S @ WEHTH

a

{ & i'f‘? M 2738 4 (Keever, 2012 ; Chenetal., 2018)- H ¢ » 82 & 60~70°C 2
B @ e @) R e S RO R R PRI PR AIET FonH R R
3-v 1% 5 B (Ishioroshietal., 1979) - ",% TAEGR R i L BEOCR R
B0 RS BB BREF TR D TAF RS DERE 2 BHER
P
FEST R RRG FEASE CAURBER T I AR B
pIRea g8 N
334 39 FER

B0 FEARAHEFERY DXL £ P o Ferry (1948) & 41| Wit
Jk B (minimal gelation concentration) 32 3% > #F, Ng Y FERMATE - R EpF

B A (399 ¥ MRz AR L (Camouetal, 1989) 0 F 2+ i

FEA SRz MR - T 1 KA S R TRl B TR R
A R R R R S5% ~ 15% hded TORAR A AL A uR SR B
5 R 0.5% g UERTY A2 R B0} (Amtfield etal., 1990) o 3 F 2
FL 37y Fins e o5 £ 401G Moy 5 &m0 T30

10
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A3 £ % 500kDa(Clark etal., 2002) » F' B B 5+ 54 39 » Gldo% B 3v ¢ cht

of

7k #v (glycinin) » H &+ & ¥ 5 340 ~ 375 kDa (Utsumi et al., 1981) o "% 5% 3% R £2
AR FEF F0 FkAR a3 4@ &2 (Ishioroshi etal., 1979)° i 4r & Fgp % #
B F0 FIRRICA% #&F 2 8% P B R M ¥ H 4 (O Neilletal, 1993) - 42
Binkd FRRN BE R Tard B s 8 L KRBT REL &0
ARG R R B R R R E M o d gt Fod FIRR S ATl WETE
Ml dEFlE 2 - o
3&5&@@%&
tp WA o ¥ g3 2 39 (non-muscle proteins, NM

proteins) ¥ & 4 & 4; Téciﬁa P AR 2 B s ek gfﬁ%ib‘_ @ NM
Fod et 0 TR FE N FREICR B E F0 B L DA o Ziegler ¥ 4 (1990)

T fA NM 3d v Ry mRH Y TR BRI R AT
A, ¥ 33 L 03] (soluble filler)
NM 3o 7203 s i et R i OB MR ? o Jhd B4 fpdbR o R
A EREE - ?1,?“ 124 % (surimi) £ 5 F-0 kg (WPC) R & ks
bl R R Ee o %%‘é’t"‘%m Fe e RSP W ARR R FU e RR
R AR ERA -
B. ;343 LA (particulate filler) :
NM Fv MR R A4 C R dr B pesd » 1 BIT5H2HE L iR
BT RRRA G B A R 0 R AR e R I A R

El

C. #4F & 23 43 (complex-forming) :

NM F-v @ovhighiaied 224 285 23 08% o blded g~ proRiE* 2 Fe

R R D) S E LR RS AP P 2R Rd SRS R ik

e 2% L3 o

D. £ & & #3] (copolymerized network)

BETEET ONM v BvRA AT SR e - B AYRL > g

ﬁaiNMﬁﬁ%i%ﬁmﬁﬁﬁ}ﬁ$&ﬁ?ﬁ$€&%ﬁﬁ%§ﬁ’ﬂﬁﬁ
5OARIESIET

11
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E. 3 % 3 %#3 (interpenetrating networks) :

NM gt dd L p A2 Bl A FRET 3T (% o frie
25 Y R

BR ARG RS BRPPERS R R bl § AR

R GRRE o TE A *&%ﬁ%ﬁﬁéo
ploek o 24y Lanier (1991) z BLEE > 28 UR Few 4 Vo BUEFE RS (T
(water competition effect) &- # B2 E9 B 2w HHA,+ > £ 2 F NM Fv
A S

Fops A5 A B T AL RRA LA g R TR B RS R 20

PEBRP A o F LA G 0 IR Fd TS IEH AT

T

!

7

(= f#_\g”i 3k *’h’%‘l’J\

EiEn Bl e @I A TS SRR A B WE R Bl B
FI o i EERSEY NM v o F Rt AR BT HESE BN AR
C

B2~ 250k Gov BooR g Gon oG Y 2 T B A G R -

Fig. 3. Possible spatial partitioning models of non-muscle proteins (NM) in myofibrillar
protein (MP) gel systems. (A) Soluble filler, (B) Particulate filler, (C) Complex-forming,
(D) Copolymerized network, (E) Interpenetrating networks. (Adapted from Lanier, 1991)

12
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3.4 I

el p BRBUEESET R T A Le A 4F (1) FHE 5 (whole
muscle) B Rdeitp SARHE 4oR LR (2) REp & (comminuted) o E A
AR AL R T PR doBpB ~ F FE S (3) B E & (emulsified) B &

AT DR AR E R TR B Y R B A SRR R B R T 1

-

(4) ¥ P-4 (extracts) - 4cp 7~ p # F2LF LSS (Cobosetal.,2015) < H ¢
FEEF g2 g FopEot it 3k 15 XA EIRT RS P s
g3 H L SR e T T A il e B AT Y o FARTTR
ek W 3 A &
B BK LB ded A5 - o FIH QA AR AR E & Hoh
VA I ) M JF’f € (Sharima-Abdullah et al., 2018; Baéza, 2020) - “§ ¥ 4 &
GRS S AR RS REHE el AR B R L
T RD > FP > FELE A AR @i (Badza, 2020) o FBL B 5 0
1950 # i*d RobertBaker # L B2 HIF k1 - AL WG T &5 £ aggp
4ol A 5 (Barbut,2012)c 2@ »SEH. B T i~ 27k B2 B FEE F A 1979 &
B8 § F ¥, (McNuggets) & 1 » S -H L L« 4 F 1 F L > @ FpH T Va2
>3E# 3 (Barbut, 2012) °
341 HH.2 0
BTGP AR B R g TR S AR 8 Rods i A
(Huse et al., 2006 ; Barbut, 2012) = 2 # » g3 p F|H o5 ~ 5 v T8> L 5 3¢
Boehd & Rt s H A4 XL 74% kA ~23% -9 & 1.2% 3% (Sams, 2001;
Barutcu Mazi et al., 2017) o 333 ¢ F=v 2 & d 62.63% 2 "“h i aFv 22 3571%
2 dev Stk s (Murphy etal, 1998) » 3 ¥ SR S Fod e RALE AR H L
B BBARY U G B R AT S B R BRSO R
¢24€ % |+ (Smith et al., 1988) -
342 Fpy.z @iz
FE AN ITERS T SEE CARE RN RE A S R RS
B AP KRR ROEoRPERF LR %,”i“t’ b A Bl 3
TAva @ AR E His M s (Claus et al, 1989) - & B 7 3 f29p 4 8 &

13
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6 i SRR AR B 2 e o R GUR R A BB A5 & B
+ 0 B v B3 2R & k4 (Behrendsetal,2005) o gt b o 3§ RS K G
PR A SR T B A T ARMERA R R BF A RS RAR T L
(Huse et al., 2006; Kim et al., 2015) o $gs.enfie > VA F M F > @ H 2 LR & ¢ B 5
PR EER S EAF LA G TERBSER PR ORI Y Y i 1
1+ (Ventanas et al., 2010)

4. REF A&

MEF DA T SL > APREFET R B LA T RS E DT
T ge g 4 i.’n’ﬂiﬁ’_i% HWHkBE~ f# (Nivaetal,2017) » 5 0t > g 8gF & 5
S BRI E AR o T ERH PR EER YRS ASRE S 2 - oY

dpdio e Bl R E AR S RERIEA R R SO R
g A f Rt B de 14 G-v #P~ (Feskens et al., 2013; Fiorentini et al., 2020) > & p #§ &
REee @ dE4Edp (PBMAs) ~3 % F  (cultured meat) ~ % 2 v (edible insects)
2R & ¢ % % (hybrid meat products, HMPs) (Bonny et al., 2015; Lee et al., 2020) - H
Poojedep FIEES R S S P A ER o R o fE R AT R~ hrRE S
TAARRXEFELE o B} ﬁi&% & (Hartmann et al., 2017; Bohrer, 2019)
SfREASRE R AN - BEEFALRER S ENLABRAES P RID 0 &
HSTRE AR P TR S BB RS AR (Argeletal, 2022) -

4.1 2 & WEAk™ & PP

AT 0 F S 0 BBl G 25% ~ 50% PBF 0 A 1T ME L AF R

Bhovko g Bt BIAZIE 75% BF FlE e v R0 R B9 %ﬁ’i}b R R
RRABEHREEO B P FASATE B o g Mg FERI R (Nevilleetal,
2017; Chandler et al., 2022) o F|Jt » dom & A 4 v D > AIFE B &
REREFHE 25 A5HEF L & P (Bessada et al, 2019) o P m® HF-+ 1w+ 8 &
22 v Bt Bs B K Y FIE B e F I S MRAEE S A KT BE
LG A RIRIFEAAMA T 2R Mip$F 'L (Kyriakopoulou et al., 2021) - 3
VR A R MR R WA R Y RRREAD S LR
o (Fi) PHAREE S HET L B S (55,2023)0 £ A H

@

EN

14
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TAERAE AP M PRER D 1B A hEr s R P S LR E R WY A
¥ L ehded F-v kR (Henchionetal,2014) - F]pt » 2 &2 Lt v AR & p 4
Pt o AHEARE AR 0 FRREBEERM ORI T RFH I OF

P A S R R T ¢ R R

15
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ZF FIheangris
ME AT S E RS AR B 52 ANIRES ) B N ER
FP B P B B RGBSR R B B E AL I A PR S B P B i
Beo A B R GE RSB R P SR S AAE R AT R R A
gilap WG FA W EISRIRCREY AR AL AFPBEREZLT
BXROMARZEFREES PTREHE -
RN CES LR TGP P L S N E Y SRR TP

A 5
B RFCHEA S22 %S P R ERES RO S A EHBE Y o Ra o
FEd FIEMRAE A FEFAGEE AR R RS L LG FL N 0 GBS
R iEd, v B Ra e #an it &a U Ap WEY DR AR -
AFSREAT S GRS B B NS AR S F L) 2SR
TREG - R gt S UG AR L ARSHET AR AR W
AT - A B e Al W R R T T

r\—’,;. ’
e P PR EA T e B

o

5 - %}W%Mwﬁﬁ#$ﬂ“%@

PrEE AT & Fed chA AR A TS R KPP 2 ke
BF oL 39 4 u Bl 10%  20% ~ 30% chitp 6 0 X SEHF 8
Bl MBS ERETRIREN  FEAFBALHHERSTL L

CHEE Y AT G S W L S R
SR B0 2 MR RET A URR e 2  ARPRIE Y RET 2
PR R o 3 FpdR Ak =¥ (deamidated rice protein, DRP) - 3% 20%
Bl BT F Y o ER SN BRA L Ry LR R IR ¢ A ST

SR AR T RF RP # A RS S 2 B .

16
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b

\\t

CARCR AR B HBA TR

LI E Bw rH B R N2 AT APEERIE ’4-,‘,9]:4\1 F B0 (5%>10%~
15% > wiw) 2234 TR EHFLCFRTEFRpHE = H 1
A}f%’;’»ﬂ"{"l—

H &7 sa g 3pp 220K
E %= s éi—}ﬂ'_-}ﬁ“ ’%ﬁ‘mﬁ _%E_TS o

Fowoa ol Rv SR T OIE R HIE R R

é aufl'Z FE')'@—?*"’\’”L[’E_, I']m’%’fki_,ﬁ.‘_ ’1E‘_ ‘H}r,{
1

Bae o MR B9 Bk Fh 3 v LT g
(MP/water * F) >

%ftj\/n\l' %2

VLR B A v Z_ PR R
FEASTE o ¥4 MP/water v 5 1% 5 305 i p
WEFyr aE R4 0 s A RS 3 R WE2 e

;%vl;%

B

-~
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F=2% g
-~ HE
1. K v 27 HFEERZHHE &R % E B4 s f (Vedan (Vietnam)
Enterprise Corp., Ltd) 2 & 2 5t ¥-¢ JR¥g4 (RP)> # mAv#d ' 5 Rk 0k
#s 5 (a-amylase) 3 'k At PRkl 8 0 B~ 0 4 R SF B9 (protein
concentrate) > # ¥-v F 7 £ 5 5 80% (W/w) -
R A SE M KRTHE (S8 0 LF) o
C RGBT AP (BT 0 4
B R (B0 ) B ) B RET L RA G s

o ~ w PN

SR LRI LW AP

|

*F R E S oA

# s (hydrochloric acid, HCI) ~ @ % i 4 (sodium hydroxide, NaOH) Fip
Sigma-Aldrich Co. (St. Louis, MO, USA) ~ BCA Protein Assays kit fp Thermo
Fisher Scientific Inc. (Waltham, MA, USA) ~ Nile Blue A Sulfate f#p Sigma-Aldrich
Co. (St. Louis, MO, USA) ~ 0.2% Nile Blue A Sulfate ~ 0.2 M pH 7.0 phosphate buffer
(PBS) -~ 0.2 M KH;PO4 ~ 0.2 M K>2HPO4 ~ 0.1 M PBS

= EH

1. #45:ED23 ptp BINDER Inc. (Shanghai, China)

2. PR s fzYp K436~ § 2 A% E K-350 pbp BUCHI (Krefeld, Germany)

3. % EFPB3E Soxtec system (HT 1043 Extraction Unit, Tecator, Danmark)

4. pH =ik (PB-10pH) pLp Satorious (Gottingen, Germany)

5. T EAcEEIEE (HTS-AL-HTS1003) s LMS Co., Ltd (Tokyo, Japan)

6. &t MUE3c ¥ AllegraTM X-22R Centrifuge B p Beckman Coulter, Inc.

(Brea, CA, USA)
7. pE% £ £~ 47 %k (EnSpire® 2300 Multimode Plate Reader) Pt p PerkinElmer,

Inc. (Waltham, MA, USA)
8. W+ (BKSMISTCZ) ptp KitchenAid (Benton, MI, USA)

9. B 6640-022 10-Speed Blender pp Oster International Co., Ltd (Waverly,
MN, USA)

18
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10. F# & 47 &k Texture Analyser, Model TA.XT Plus model P p Stable Micro
Systems (Surrey, England) - #fe & /& 25mm [Fl41354£ 8¢ (P/25 > Stable Micro
Systems)

11. & + Al Z &k color meter NE4000 (Nippon denshoku indrstries Co., Tokyo, Japan)

12. 520 B3 % Samdri-PVT-3B pLp  Tousimis (Rockville, MD, USA)
13. 4841 goldion suppter E101 F£p Hitachi (Japan)
14, # 35 ;% T & ¥ icst Scanning Electron Microscope S-4800 P p Hitachi (Japan)

-8 K39 2R 2 AAERAH
11 kA 3 BRI
1945 AOAC (1990) A 457 jx 425~ 1g O RSN F LRI EL M4 -
T 105°C Wga ¢ e 18 P> FHL R o kA R E AN
W1-W2

kB g R (%)= T X100

WI Zd et & ~ W2 G kAiEd s 2 hfa g o
12 39 3 LRIT
1245 AOAC (1990) 2 183 = 3 & 4e 1203 2 o 4% 2000 ik 55 % AR (5 > f2B~

03g 2 &R MY > L FAY 0 F o 4o r 10mL JEREEE Sgenidit A (Fn
a4k (CuSO4.5H20:K2SO4=1:9)> #-if it # 3t 450°C 2 T Ay ® 4o #if i 28 -

Lgris o b iR FACKAFIE 0 £ e~ 35%80mLNaOH i3 it % 5 dgfe > 11 ¥
Foif itk gl PR HE Y 2 NHe it 5§ &8 NHs o #74 &2 NHs &
FAGIS 0 10 4%25mL PR R 0 ﬂf%w & 4pom AT S UF LK BN 2 gy o
feoflr e ¥ d B2 MEFRVE Y EHEFRF L IMBLETE FD

Sz NHy 78 o f 39 240 30 %,‘f;;?fé_u SeAYTE (@ £ 595 F5 A

FF GEC R e i ERATE (b)) B FF A 6253 K A5tue
-
NN . B Wi E
a. #2 39 H 7 £ (protein content, %) = orr D) nint X 5.95 %100
o3 s B o BIE 2R 2EAE
b. 2 3% F 7z £ (protein content, %) prapeaes X NPYTY X 6.25 x 100
19
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1.3 fefg= 3 £Rl2

Z4x AOAC (1990) A 457 j2 T 4e 0 ig 2 o #iz I P2 € 2 X Bsigfeg (WO) >
g~ S0mL 2 7 e 2B~ 0.3~0.5g & (W) Rl Figad » F 1 migif s
MANEFIEE P 1~ 2 PP BTN LR wR R el o
Boygie r 55°C - 4a¢ B R BRAELE 0 FAEERT AT (W2)eurginit i o
AT e AR R R R A A 2 Ge gk E o i BIRA
SRR

g R (%)= T x 100

Fooi FRREHGES ARG
2.1 3 FpvRi ot 3o WA

F B %% Paraman % 4 (2007) &3 j2 F4crl i3t o B 2g F F0 45 K 4 2
50mL #2 g3F-k¢ > 2 HCI 2 NaOH # % pH &3 125 80°C A T et
30 AsBtsiE kR AR RAET K RY 78 pl B 48 EENFE TR
4500 g 15 ~4Bis Pk -2 B3 80°C 24 BEP 24 [ PESEGTA L ITE-
22 ¥ Fv 2 A ERA N Y 21 Hald
221 FRip R =

F 2% %4 Smith % 4 (1985) ¢ j2 &40 if s o f=B 025 g F Fov B30
50mL 2 83 k¥ » A E T 1 HCl 2 NaOH # % pH 81 7 ¥ #5#8
30 A4 PFk o B~ ImL F v BisRct e g Y o RF R T 4w 4500 rpm
oo 15 sdaoBH LR BCA 2R kv FT2 kA& o 2mg/mL Bovine
Serum Albumin 3 /% i* 7 %% 5> el 0 (blank) ~ 0.25-0.5~0.75~1~1.25~
15175 2 2mg/mL 2 36 kR (T5H 5 > B~ 10pL k&3 8 53 96 3¢
A ¢ 0 Fher 200ul 22 BCA F Jik 03t 37°C Tk s i 30 Adho F B R
& PR H 562nm TzvRkiE o ¥ BSA ZER Y X ok E L Y b
FHBESR - BFRR S /&L&%Lﬁ_a‘r% blank &5 » * » & 2 R T LR SR 2
B0 FRAR  &AFERSE pHT Tavkips o 3R a5

B9 kR

Solubility (%) = ﬂ x 100
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222 EkiiE
* 9 % %4 Moreno % 4 (2020) 2 % % ¥de g e RS F 25 E -
P 0lg & HaE P o der 10mL 235K N FE TR EHE 24 ) pF
FEEFM 1400g e 20 A 4T 2 f Fikis L g\i‘_;&;}r%%ﬁt:\s‘%@ R s
o LSRRk E§ o %Kit 4 (water holding capacity, WHC) 11 & 54
Ttz kAR (glg) A7 0 R E ot

J\ €
wE

[}

ki 4 (WHC)=

(2]

2.3 pH.2 HlAE

FrH.z B 42 %% Shoaib & 4 (2018) 2. 2 F el iG e ALz Fpp B3R
LI A R ‘% ARSI B R TR B Y HE % 2.5em
Lz AR AR R Y 0S5Sem SRR R HAREZ RFER -20°C
AR o EAvig kw1 ROk o A B EEE (control) 2 fe & 500 g #t
R 3 535g mAREA o H U 2P A8 451 0.5%(2/100g) & B ~ 0.3% (/100
g) = RAApi4r (sodium tripolyphosphate, STPP)% 0.1% (g/100 g) v #+ ¥ > F % =
Rliepd 1 ¢ - 307350 #HBE FETEF2 kA8 Jd FIAEF
A B AFA RS A Rk R KBRS ARk A
A2 Fo0 FRIE G A e s B B85 80% vl v A v 39 B ZE
TEL R TR (2)x80%- e A F FHmamtE S Ndrd 2 Bk 1T o 8]
FEAEBALPE > AR AP PR B MY uREEE 1 Ak
RHAEGR L9 o2 F kB4 STPP 2 a@ > T AW MY G 3 Ao ¢
HALRETEEV BRI 2 5 o 1R E ERS e rd Pl TR
T2 4 30 28Rk P 3 A D Ry B ]\,,u,é, o
B3 WP R AP AR 20°C AR EFE 1 PP I AR T
Podlfs £ BB S F R R I (FIN 20g) T R P e
R SR E YA RS 1 ] B R FRE s BB L L 180°C~190°C 4 R
BERF 30 F 0 F R A TR AN - F B 20°C AR 0
AT o R A AT 0 MR 2 FELB A @ P F F 4T 200°C F U 8 A4
TR b MeMAIEE > TRFLE T AT -
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FI¥ BEZESFEEMEE
31 344
245 Dimitrakopoulou % + (2005) 2. = j& I 4c 2 i s i R FE W 18 RS2

TEHMFE R FI 4L (cookingloss, CL) > Hg&MEZF A (%) &7 ¢

CL (%)= 2E7F

32 4p B2 2 ke T ERE
1245 AOAC (1990) 4 453 £ F et Bek o f2B 1 g HFH 5230 F L83
2 e > 2er 105°C 44 ¢ w18 [ pF o FH LS E s kA TR 2P
B oo o
kA ER ()= T <100 ¢

WI 44tk g W2 2 kA EF L2 RSEL -
33pH &

Eyp Kim % 4 (2015) 2% a3 4e il ig o foBe 3g B HREI e F P |

fer Og 2 ARk UBBEEE 10 £516 0 1 pHmeter BT E pH & -

34 Fyafr
£% Liu % 4 (2015) 2. i ¥ 4e 1) Bk o 5 wAE I 3 M, - ol o

# 13x13x13 em 2 & =340 © @R P25 FEFHERTE AT RET ELRE

Pl3# (two-cycle compression) » 17 i A SR rR-E (T B S KRB EE T A4

WA e BRI AR KPR A SN R A eBle fror) 0 i@ 3t

¥tk 52 & B (hardness) ~ |+ (springiness) ~ ] F 1+ (cohesiveness) ~ % ¥ |+

(gumminess) £ v2 &4 (chewiness) ° & S #c T & 40T

e HE (g MEAMREBREFIPF LR NE TE <4 £

e EMIKSEAF

o P~ ?&'H’- Tk oT *®

P SRERES A RGN FIRP AL AR OF RG]
SRR R ARGTE RS S - IR 2

B (A2/AD) &7

e WFH (@ RAELAR X PRI B LR MR SRS B AR £

B AMe s v garid o B8 ARG MAR B MRS
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Wt (g) SR SG P I T AE TR B SH A X M x N R

. 3

Force

Hardness

Area 4 AreaS

Areaéz k _

f
b

1 Distance 1 : Distance 2

Time

Bl ~ Fe 215 RER L S 5EF T LR -

Fig. 4. The interpretation of the results from the texture profile analysis test: adhesiveness:
Area 3, cohesiveness: Area 2/Area 1, compressibility: Area 1, hardness: maximal force
obtained after first deformation. ( Adapted from Kulawik-Pioro et al., 2021)

) AR A RIE 22 T AhoT

pre-test speed 2.0 mm/s
test speed I mm/s
post-test speed 1 mm/s
distance 5.0 mm
time S5s
trigger type auto
trigger force 10 g
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35 géd e
F BT PR SRR HHL 0 T d L RPITHR S L L¥va*Z: b*E o LA A 4k
2 BRBEAE BEA 0~100 B > @ a*Zx b*A W L %d 3 i2d UE Fd TS
¢ end BAE %Eﬁ]ﬁ*f:‘ -120 ~ 120 > T iRt s2 Lya~b B0 8 L ek
2. %2R (chroma,C*)~ ¢ 4p & (hueangle, h®)> 12 2 F % = (Ly*,a2*by*) £ Control
(Li*ar*bi*) B2 ¢ £ (AE)» B35 2 4o
C* = (a*2 + b*2)12
h° = arctan (b*/a*)
AE = V(Lo* - Li*)* + (a2* - ar*)* + (b2* - bi*)?
Sr & BEAH
FrB R & 220°0C T RER > TONR F IR R P L F YF4R3T 200°C Aot 8
AgB e PR E i’z %X 1472 (consumer acceptance test) > 42 & 25 =& # 4 3T
19 = 26 & ~ &z{wﬂﬂ PR X SRR o REEIE SRR
R SR FVIENCE " 1 STRCETS S e ) - BR R A R iR
FEAR T KGR e ZRF RR 9 42 (9-Pointhedonic test) & {73E4 0 3R
FBPR e SARAF SRR TR ARRE FHIEAER c T EET = &
BRAEE2=224 72 2 ;3= F R E 4= P T E 5= 15 THE7
EE 6= FMERE G T= FREE 8= A¥EE 9= BAEH -

518 B2 B
5.1 #F 4 7° T F Bks

5% 5L Feng %4 (2022) -~ Ye £ 4 (2024): 1% Zhang % 4 (2024)
2 RS T RIS R T b e AMIHAE S H L H 12 x 1 x 03em 0 5
323 2.5% (v/v) glutaraldehyde 2. 0.1 M phosphate buffer (pH7) # %] % & °
FLL > I AR F Rz I AT HRAXH L L FT T 1% (W)
Osmium tetroxide 2. 0.1 M phosphate buffer (pH 7) it {7 {5 B AT = /| PF o 5§15
BRSO R E PR RR B S 35% 50% ~ 60%- 70%
85% ~90% ~95% % = =t 100% > L FFEITEIE 10 & 46 o = = %K {s > 511 0%
o= F PREFIRABIE BRFUEsRBY AT EUAL - T EFEREw
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Bl o BB R {8 > TE R Y N7 F B Hcsr (Scanning Electron Microscope,
SEM) &% &2 Mg 4 o

¥ RS

AR 2 Lo PR T2 BRI PRFA XA A U hE AR
Ha k%52 kpuTimE + %L (standard deviation, SD) # 7= » I 12
Statistical Analysis System (SAS Institute Inc., Cary, NC) #t%8:& 7 ANOVA (analysis
of variance) % Bonferroni ¥ {$# ¥ 33247 Ve W F LT L EFP LR

(p <0.05) -
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Yrg L%
Fo& UARK Y LR[BS B e T
1.1 e =
ALY ATE L2 W42 % %% Shoaib & 4 (2018) = j & 4c 1205 s e 47 B AT

fo? WL FMEAY FRAPIFEZIVEX P ERTASNTEECRE - 5 5%
#

=g
&

Bl kit (0.5cm) #2dedtis (2.5cm) 2o p IV E R H G R
B TR AR F ST B R o Bl | B o it i B 2
BHERGE: 170846 g  RF &TEP v REHFR L 6 4 (A 9 &) 5 mjeitiinr
PatEe RS 140937g v RASE AT T A OB HFR LA T RIRA
PR RIT OB OHEHLZ P T FEIA R I m L) ggag&g@mgy
BRIRZMETZ BETHRAUALYEY 25cm ISR FRGR '
vigE 2 AR LA

WlAed o Rk ts2 FrR g (Y 25cm) BHRARA (VS 0.6 cm) L TR
£ RBEFMEIRE Y @EHE > EGECRRA R 3 e L SR TR
SR TRFEA BT ISR L F AR S RN e BT (R 2) -

fe™ 2 5 o HRRES § 500g AR & 53.5g WARA » Hif4e 2.58(0.5%)

~m

a -~ 1.52(0.3%) = RAipadp 2 0.5g(0.1%) v #F #z » W REEVCRAR R F0 3 )
BRhvRET o Ll gt G AHREAR -

Behied o FMAEE v d RP PP LA RD kA S B - Ko
TiRIpA B0 239 T E (80%) A L¥H 2 RP &-kAaE o3t kfp 5 9 ¢
23 (kA T3% B9 F 233%) (& 1) FliE 100g BEE 97 233g
Bov TH T3g kA B L s AAT ik o RP 24t AR 2R TRP () x
80%= #T3% Fv WA LE Y L RIFHE RiokA F R LE LS Bl
RPI0 @ B~i% 10% $tp (T 50g) » A EH P 52 365g kA2 11.65¢g
Fv Wi 365g k¥ 135g F Rv (B 108g Fv ) FEEN KR
agE S0g Fp THEZREE R0 %“”—%E”J(/ﬂ\ FE - RZABE BT R
A dd FER MNP EE L LR HEPAFETHREETE
& RP30 Mo kgt N FRF O ApMAS BAELL 20

723 - RP20

mb
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1.2 7 o v v )20 5 B0 FRELZ TR L JF M L 47
3% RP B~ Bt 3o FHHU T2 HE AL HEHT PRI G
WEFELEELs s Tk TR (A/8) ~pH B3 F44 (cooking loss, CL)
S FEHE-RERESLLSTET TG gzzgsg 2R AR PG pren
B2 51 (juiciness) (Matulis et al., 1995) 5 T & 4F 2 F PRk &g 018 > KA
R i r S N SIE e S Neal é’r_r‘%m%f?% L& 41 225 (Yogesh et al,
2013) o gt A2z v FL AXFW R A RIRLERE
#H %

BT 3 RP ;fjgoéc
> 17 H 1 d ¥ Sz B8 (Santos et al.,

TR CHIHG FAR Z ATy -
2022) o
A 4oB 3 o0 k4
MEREA ] FRF K EABT- R B p 2k4 7 ZRIE RP Boh ot G 4
5T E48% (B 3b) RP10 25 67.64% RP20 2 5% 66.75%> @ RP30 i i€

FOE kA G RE S T3.67~ T4.80% (B 3a) 0

W5 6494% > e F LR AEF - 344> 5 (B 3c) control 5 20.34% >
RP10 % 22.55% > RP20 5 23.62% > RP30 Pl& ¥ + 2 3 28.81% (p<0.05) > &

B ] RP Bt g ARPE KL AP ER e pH E> 5 (B 3d)> S
% 641~646 B - @A F LB Hm RP ¥ pH GHE7 <

¢ F AT m ARl 447w oA R N RP Jpted Lt Z %% control % 17.52>
RP10 5 1839>m RP20 f= RP30 % ¥ + 2 3 19.34 = 20.06 (p<0.05) (@ 4b) -
¢ B & B)% RP /,’J‘ dem vk pe T '8 > d control 0 94.83 &=t T ¥ X RP10 Z
9435« RP20 2 93.12 17 % RP30 2 9245 (B 4c) - @ RP30 A ¥ it
control (p<0.05) > BHF A maF»F 4 TR -8 LE> 5 »RP 2 2 control
Bz AE &= 5 RP10 ¢ 1.84~ RP20 #1249~ RP30 =1 4.16(® 4d) > # ¥
RP30 2 %1 s PAFT d B RpLiysass (AE>3.0) A7 2 ¥ control ¥ 2 [ &g %
BE E (Mokrzycki et al., 2011) »

FEREA 2 0 RPI0 & fe £ 97021 484 RAE %> &2 control ©4piF 5 @ RP30
R AL RC A EY RV MR RAHASRST E RSP
1.3 7 e 3F 39 v B2 5F 3-8 F2 T 445

Fo it R ERHPREFT > 2 ERFN P F e bR R RE R {
REFho Frer,asi g fﬁ% 1+ (Liuetal, 2015) o F]* » 53=i RP B~
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R RS FHBA ST RS AT EHI R Gl R A e A
L AT IR TR gt ¢ A R B PRI R F L
#Fet RP e ¥ipa v B Fy R

o A% 4ol 5 907 " F RP B0t G 4o B2 A A R AT ¥ T
5 (p <0.05) (B] 5a)> ¢ control (7 129408 g » %|*3 & 1111.14 g (RP10) ~
989.11 g (RP20) 1 973.76 g (RP30) i o p* &% Bi7 » RP B % it Fv & Bg %
A SR -

LA G o0 & mEcEE A 079~084 (B Sb) c R AN ELE K
7 RP A mw B FS Lo pRE G 0 2R 066 2 070 B (M
50) R HRaERFALR -BFM G NI REMT E4E% > 4 control ‘e 883.84
g %3 RP30 £:h 647.99 g (B 5d) » Bm b e @ {5 2 Af2» 30 cwr
oo v Rt 2 g scontrol fB i 667.87 g %E RP et B 2 da TRk 5 544.72
g~ 511.65g 22 571.06 g (B S¢) » 4 7 3 39 Jb Ao g chd 5 R R
B R LB Ll AR AEREKE

FAA T o RP e HAA 2 A R Sl it S0 5 PR A R ORI
BRFEERL T FERRER) R E R ARR - R ¥ LR
HAGHE R AR2 A L4k 2P > RPIO 22 F# £ A3 41T control 2

BARE R FET RS R “ﬁ*"‘%ﬁnﬁﬁ&@ww&@T’mwigé
2 SHAR LS o dpt A 2 0 RP20 2 AR R F ML T SRR
koo RIRFE BRRBAT v R R FHTE AR wHE ey
14 7 B 39 v B2 K 30 a2 AORLEHA 1

FAEA&EORE s - R e gad) o8P b ey
FHRPE L MBSHEALAFAS fj{f%@'mT BATR B R R o F P 0 5B
PR RME (SEM) BB 0 FREaPEF 2 NIV A BEams Tt s GG ook
S EES T L

3% RP B~ v FHEPASTLHE AP HHI R bl
W@ﬁ%ﬁ%ﬁﬁﬁoism41ﬁ$%%ﬁﬁ’%¥RP&@§¢ﬁﬁ,}é

TS mp igecs o3t 50x 3% B 5T » control 3}1%5&:’1?% ~ 3Rl

Fio- R R KA o EF RP B0t bl e o R HEE BRI R
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FrE 2 e NP REETE o - HIP o RP10 24p$ control » 410
B 303t 2R A 0 UL B0k BEELEC S RP20 H P B TR M OAT A B A & 0
YR RRREARAT AF A5 3 RPI0 o FHSHEL F R R0

RP o 1t 6B~ T 2 § 207 S i

—1\

He o kL %iigmii}k% s BT
AR R o ¥ b 800% 2Tk BT RE o control AR &A G T IRFNA TR R 2
5‘%*?’ wEF RP B~ % o {554 G b I R 2 R o

Gh AR R Rt Bl RP Bk oAk B T 2 2 R R R

-~

1

v (myofibrillar protein, MP) #7) % 2 i & 7 Ip o RP P~ S iR chjv ek
PR R B > BEA B A AR E S 6 3 R R R o
RP P~ 2 R {8 » P SRl S il 8t o
15 2 s 30 Wbl 30 HUZBF A

B F &3 (sensory evaluation) ¥ - A& A HRE F (Ao ® ~ 5% - E 2
FE) HA SHE =R a5 2 (Matulisetal, 1995) o 2775 & (7 F 325 » 2%
A3 P ¢ 7t (appearance) ~ 4 F (aroma) -~ h vk (flavor) ~ B3+ (texture)
kpvk (aftertaste) &2 A8 X & (overall) » H &% 4B 7 #77 o

EEMELR S 9 o control BEFEEF A G 63 &~ @ RPIO Eei 5 55

»RP20 #2 RP30 2% 5 4.9 A > BAYF RP Bt 1t 6|2 > IR LR T
TUEARE AR FAP Y U R ERROFIE P A o T4 2 G 0 control
2% 62 &~ RPI0O 25 55 4~ >m RP20 ¥ RP30 2R F T332 45 & -k
rRFEA 4 d control e 65 4 T 1 RPI0 ¢ 5.6 & ~ RP20 ¢ 49 & %
RP30 ¢ 5.1 & > &7 RP Gsc$thsh2RAL f 5 B - RSB 2 81t g
¥ o i3 53~58 2 o H P control 25 58 & sRP30 i 54 &~ -3
FEARR T G5 FTL A 64~55 28 63~47 & H P control EAEE 64 &
63 » @ RP30 =25 56 & 47 ~» -

BHMA T o MF RP Pl b4 FRFADFAFHT > FHlLn
RP20 £ RP30 &7 - fffﬁ > ?%ﬁ& PRI L30T 5 0 o BT B BB T e
WA r e Rt RA2 2 JIBE-
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Fo8 dmoRidol Fv Bt 20% IpEY SR 3O F
20 2fEMRAK F9 2L

S ORP ABAY BT Bl AFTHEY L F e ind faret gL
L5 4 fip9%A A 30 (DRP) (] 8) o 4 fpo%t AUL{s 6 3 4 L2 % [ 4 frkpi
iR et A f R A R ORE o R R FA T AR EE R
ied e HoRA B AT eod 303y Fenma 2k ¢ BEE A8 5 P 2 5189
ot ok B R F RS s 2 kAT MR Bs 0 8 5
& ke g * 4 (Hamada, 1994) -

PEE4H 9 7 o DRP 43 fERPAES T AAIL2 RP> pH7 ™ >
BFER ARG 28.73% & 2.89% > R 2 iR T Fovkeed of v 3h ¢ MiE
BTz A fEM e gttty iRk 4 2 d RP 9 3.02g/g H4c 2 DRP 1 647 g/g> B or
HFoR M AR B 2 /]?e #7it %% % — Ik (Meenmaneeetal., 2022; £ ,2023)-

KRB 5 > DRP A fRfhe -k isa 5 s i 44kt # B> RP> B+ 2
EAA NG Rk A 8 e TR GRSk AiER
ez A LF R F Pt aRITE * 2 4R -

22 20% 4 FEiRA K Fov FE.2 A4
AW E - S %S E T F RP B0t b 20% PR LRI H B
SCRFEECESR 20% B0t BTE L %A R - At i RP 82 DRP A F iF;
Bk B 2 2%k o AT Y $4¥F control ~ RP20 ¥2 DRP20 ‘e Wit (7 B s & 47 > & 45
AR~ S PR B FRE RS2 S5 eR] 10 1T o

control 2z A & 5 1111.70 g > & % % *% RP20(694.49 g) ¥* DRP20 (637.14
g) @ e (B 10a) » Bor oF B BN (2 > FRBLEERMA R P AT 'F > Bt RP
%2 DRP P~ Jpp {8 UAFWTS R -BEL N KM 6 > L eFgkE%E iy
Bl oo A3 0.71~0.90 £ 0.62~0.70 (8] 10b ~ 10c) - B om F F-d P~ g2 ERA
BRTE o RRRH PGS E A O R o B F A g R4 Bld control
e 761.35g ~ 586.59 g "% i3 RP20 7 484.67 g ~ 433.87 g £2 DRP20 7 413.85
g~308.55g(® 10d~10e) > T Ik T 455 > F P A AT B B R B R

R R AR

30

doi:10.6342/NTU202503827



Fimn 7 0 g DRP g4 fpieitfs > Hi3fapdd iR s 1A vk
L K Fn BB ST AR TR A MR R R ok

Rk A
23 20% 4 FRiRA K B RM2 HORLBHEA 1

PRlEF e R E PG TR RERSHETEE ST R R
éﬁﬁﬁﬁﬁﬁm%%ﬁw%@’ipzuﬁﬁﬁééﬁﬁﬁ(wmzw%
control ~ RP20 ¥ DRP20 = & aud e L7 B i B 5 40B] 11 41

% o
i e

RP20 = f &7 4 %547 ~ 3V P &8 - DRP20 ‘=7 RP20 *hELi % 4p v > o

B3| AR T BT 23V 0 BT 2 R A AT .—ﬁ# £ 1ok

PLoi— I3 800x =~ B F T g% control 24 d 7% T ®#EF m RP20 &

& SEM 50x *z+ 2% T > control % IR ?4@ ESER=
g

DRP20 e p|'y B fekEd m > 3 V5E 5 atr ) 22 4R 02‘;&*"1" »DRP20 #» DRP
B AR EE R R AU b M ACBLE S RP20 &P AL B o TR 00 AT e
ST R S I
FEM P R% S RP &2 DRP R P EZER T 2 MICRE R -0 972, =
8 R B P2 et it etac it d RP 2 3V > (e B ded B RR2Z
A5 £ 1’6,; B4 o

CEL RN S ¥ SRRk AE RS
p#;—a— BEF LG F 0 G Y AR S T RP 23 RS ok

2

1R

:\tt

FRRH2 P d P RGO E A SL T R > B RP A
fr P i 2 R S8 F-v  (myofibrillar protein, MP) #7 5 & 2 B4 X i
Ao TP AGE- HIFF RP A7 iR D DFRT gEf’H,"jH\:Z fe vt
Hlen RP» 3= H $H5sl 5 ’Fﬁm e AT R BR &R SE A HG A 5%
10% ~ 15% (w/w) RP > & & 5 E-RP5~E-RP10 £ E-RP15> & F & (7E 1 FH Lo
@ goka R (2/8) ~pH E& 3 E4F 4 (cookingloss, CL) % 3p 1% > f"ﬁ” %
P EE o AR e ARy FEw kT ORP £ F A BEH B IR

EEAD

\.

énh)

5 58 o

B
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30 7 Bk Fed W GIFE AR e I RRBLY 2 B 1 A 4T

AIE- HEFH RP AR AT HRRAETLEE AP EHT R
Plian Rt FE a4 FEEER S HkA R (2/R) ~ 3 F4F 4 (cooking
loss, CL) 22 pH & o

BRAeW 12 STm 0 2 Rk F RS G M RP et b f 2 3
kBB EF T %5 (p<0.05) (B 12a)> # ¢ control %% 75.0% > E-RP5 % 72.1% » E-
RP10 £ E-RP15 & %] 5 69.5% 22 68.0% > 2 f k42 2 &£+ TRAPFAES (B
12b) » & control ‘i 68.6% * T ' 1 E-RP5 ¢ 67.6% * 12 % E-RP10 £ E-RP15
1 66.0% £ 64.6%-° H ? > E-RP15 22 control FF:EE F L L (p<0.05)° Xm >
IAFAREHT T LR AEHF 0 LE RP Gt b 4en &1 4R (F
12¢) » = B 5 16.55% ~ 18.56% ~ 19.36% £7 22.39% -pH &> & (B 12d) > # &
BT AR e RP P LG R E
bt RPEARFHE pH G2 EF4 - ol - HES

B

i3t 6.27~6.46 2. fF »%¢ RP ;',’Jﬂnilj At BT b b AP R LR

3

o

-

ZEYERERTEAES o H P 5 0 E-RP5 ¥ control 2 f % 38 IT i B4 b
Pa ApIT 0 Bor Mo JT‘VE‘*%E:‘%%@J"?%L?'I“EL_%%"@'J‘ °
32 % K Fv R CHR 4\:_1_1?‘-1:“.,\4 2y A
B AR et B BT L B AT #44 control » E-RPS -~ E-
RP10 ¥ E-RP15 ‘e w%|:iEi7 %‘ri“ LY@ ZHRE M SN BME S EF AR
S48 SR AoR 13 S o
AR & 2 SEF RP et bl e o 2 A B 2485 (W 130) -
control ‘w4l & % 1277.34g E-RP5 # E-RP10 &# 4 1 1518.64g & 1640.28 ¢
E-RPIS mRIBFFH4 5 1869.37g(p<0.05) » B % 1+ 6] RP i 4o 3% 2 ipsi2 Al
}iéfﬁ o BB E N B M5 (B 13b~13c) & 2#iE 43 0.81~0.84 2 0.68
~073 B> RBEER] > BRFALAEAERF > &7 N Jr4e RP $fps.2 i 2
BYAE S PEF U B FB kN G (B 13 13¢)0 FEF RP ot 6
HWiem &+ A 4E% > control B F G 86527 g E-RPS ¥ E-RPI0 &3 4c 3
1106.57g £ 1211.16g> 7 B-RP15 @plie— # A ¥/ 1 & 1332.73g(p<0.05);
e w4 2 G oo control E 5 699.52¢ E-RP5 &+ 2 3 91341¢g>a E-RP10 £ E-
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RP15 =4 % 5 1020.66 ¢ #2 1097.73 g» 2 ¢ E-RP15 & % % ** control 2 » %
7B 6] RP 4cf Bt e v R s R 2 AR B %P R @ BE-RPS i
ﬁ%i$%éﬁ¥’@@%éﬁ%?&ﬁﬂﬁ%’%ﬁ%wwﬁﬁRPA?H%
EHA SRS T AR -

B AT > i A3 E-RPI0 & E-RPIS 24 & 5 B % > E-RPS ‘2 f
£ control (.5 % #piT o %\r’r%‘;?’*ifltﬁ RP 2 725 W3e3Ra g 2 K3 &

FRSCRA Y FROTRT OV RA B R P F R R T

,]V_J-_ °
3.3 3 Fe ok Fod v BIR R A 2 Y L AORSHEA 1T

HiEFf TS A (SEM) BLEId TRl s§a) it K
B R WAL SR B R AR 14 47T o

% SEM 2. 50x %+ & F T E% > control £ Fi T iH- gLl

,\‘
1%
N

@ “ ¥ RP g et ,7’]‘ dvo & ,Z,E_ﬁéﬁj 23R4 Fe 3 1 3 22 control #F 02 % %

—

B REHRERNRA S D o & 800x BT o control EA G iR

X

%ﬁ%&iwaﬁ’aﬁ¥¢ﬁwwﬁﬁg (E-RP10 ¥ E-RP15) > 54 & & I

BAA T ek 0 20 S E AR R RS e kB PR
Fo RAEWMEE LA 0 RAEF RP et Gl K 0 H BB i 3 in
AFAETRHASTEEAGRAL DL T AR 0 FH 0 L a

B f %Jfﬁiafg_ﬂ{: -

e & F RBP4

RFEL R Z @ F B (RP) 7 BT 50T S R R
PEZPE % RP (T2Hp v cMABAE REPHE R TS Wo¥h- 2 &)
F2oo wipttide RPPHRT » RIBREIFHAR LS (Wd 2 &) AP T4
Bl X BV o ki A? vR g F-9  (myofibrillar protein, MP) #p ¥t -k A et
Pl MR PR TR AN EE R AR Flpt o AEE- B
MP -k A cnt  (MP/water %) i 5 8 PRI T H PBGER T > ¥ 3033
BoR %o & SuftiEst RP m/?l‘ bev R4V B MP/water bt 5 ORFERBLF 2 2 R
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% — PEEL (4.1)3% 2+ con(control) ~contRP~contW £ contW-+RP w ‘o
B gEd RP Sk A2 ps 915 (e% 5§ - FFR (42) BI04 RP20 5 Adtie
= kb b AR £ ok % (RP20-RW1~RW3~RWS) 123 & MP/water +*
- HRFEE SRBA R 2 BB 3 -V RAH L ek E2L MP

kA 78 MP/water Xy ikdpd 1 PG E AR L EFRY o T AT

L

o

w403 i 4o
4.1 k&3 Fod Ko |WHB 2 T A 47

AMERRF e pAgL e o 4] 5 R (con) s H #HiE 4 RP(contRP) ~ H @
Zp kA (contW) 12 & Jr gk 4e RP £k (contWHRP)e 5 ¢ & & e k3-8 &

- §7¢ RP30 2if4f- RO FfERLeh MP § 8- Rermff T F LR A&

N
N

Si- B-rlezpp v X AT5 350g TR Aefd 2 Ao H P s contWHRP e f
&g RP30 Jeegd (f ByBX 3 > & 350g #p ¢ 4v » 73g k& 135gRP > M fic
# RP B~ ggp pFgd » Ko e o 4p 43 > contRP £ contW ‘e f]x Vv’]-%fﬁé’lli?]%

v 13.5gRP & 73g ko K,%_P W2 R L S H AR IEE Y R R o
PERE T RETE A () 15) 0 RERp R ¢ 2R R P PR R F R

PRt T3t E H vl g F-9  (myofibrillar proteins, MP) Z & ~ k& 7 £ &
MP/water * & o

AF &> m (B 15a) control % 3 132153 g> @ contRP ‘edg ¥ + 2 %
200193 g B 4 i 4 RP 7 & Hi [F o (p<0.05)c 4p$ts > con+W 2 AT
BRAEE'ET 94628 g (p < 0.05) » contW+RP ‘e 5 121520 g 4 ** control ¥
contW 2_fF o " F 4 2aen v |4 & J4p (WAEF (B 15d ~ 15¢) - control 4 %] 3
902.11g ¥ 755.56g > contRP wRIEFF# = T 137422g £ 1126.02g; contW
22 contWHRP e p]& w7 ' 1 601.89 g~ 83829 g £ 489.36 g~ 632.42 g - # {4+
BNFES G (B 15b~150) RIEP AR v i F 42 0.78~0.83 22 0.64
~0.69 2 [ -

PE- BRI ETE LR RF] AL ER L MPZE vk g £ 8
MP/water +* & #dx (% 3)° con(control) = MP z £ 5 20.9%-~k» & 654%>
MP/water ** & % 31.9% ¥ A B 5 1321.53g° contW 2 MP 7 % 3 16.3%~
K b2 3 73.0% 0 MP/water v & '8 0 223% 0 A R T 'R T 94628 g o
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contW+HRP 2 MP 7 £~ #& i (15.1%) > -k~ z & 5 67.4% > MP/water ' 5
L 223% AR L 121520 g 4845 contRP & A4 kA MP 58 & 18.9%-
KA L 59.3% it A 31.9% 0 HmEE AR (2001.93 g) =
MP/water ' 5d 31.9% "33 223% PFo JEHA R F T E T FT Ep
CUESIE S R

FEREABH AT - MP/water BT EIMA A B 0 o M Ao b S KT 22.3%

=

(4o contW ~ contW-+RP) PF > e R AT % 5 & 2. gt FadF A 31.9% (4o
control ~ con+RP) ¥ > Al R % F . % ° &+ MP/water ' F ¥ (T2 TGP v B
*oonk B T TpRhE & S ik

42 FOR KRB O BB B9 {2 iagzuu\ﬁ

LiE- HEEE 4.1 & 2 MP/water ‘b g3 %"f B2 BT
Mo AF L RP B~ Fgpg 20% (RP20 ‘) 5 A# > Kz e KEERH RS2

R > A w5 RP20-RW1~RP20-RW3 22 RP20-RWS5 - 353438 & MP/water - &
ey B

RP20 ‘2 i 4f SEp R B 972 L F-d 2k A » 474 27 g A 39 22 73
g kA > adF e control EAPF i F-0 B2 65.4% 2.4k A~ o RWI ~RW3 &
RW5 &R Al 4 k83 486g-243g & 0g > #HEL kA £ 5 63.8%

62.1% £ 602% < & e T F R FFR R T RHAFE MP § 8 kA G

=k

2 MP/water & o rEFE 3 b AE Bl FLELE e B 2 BE IR o

BBk LS A4cB 16 17 cRP20 ®2 A B 5 799.00 g & ¥ <3t control ‘e
1282.16 g (p<0.05) (B] 16a) - % F4¢ -k # ik i > » RP20-RW1 ~ RP20-RW3 ¢
RP20-RW5 w2 Al B kA + 2 1 1024.48¢~ 1278.06g ¥ 1555.71 g(p<0.05) > #

® RP20-RWS5 ez & & ¢ %% control e o vEvdids % Apinz % i 453 (B 16e)
RP20 % 488.54¢g > 4>t control ¢ 73582 ¢ @ RP20-RWI1 ~ RP20-RW3 &
RP20-RWS A ]+ 2 1 61043 g~ 79224 g £ 947.41 g » i % ° d -k § B4%
P A SRR o AP T SN R g iRt L e B2 R R R ) 0
B 42 0.81~0.85 B R4 0.70~0.73 (H 16b~160)» K L & 7 B % -

Mra REZAFHAESFEEEPINGE S 2 PFHT L

35

doi:10.6342/NTU202503827



- HERL e MP 38 kA 5 £ & MP/water * F (% 4) B % BT
g% > MP/water

® MP/water ‘" F 5 255%  $#REMHARE - SLFH K E
s RZH RS B E o ¥ MP/water

RP20 .

WA S T 27.4% ~ 29.5%2 31.9%

kw2 38 control EApR 2 KB 319%) RS X T ERF o
LHEAARRFLMIEY - HEHASREE

% Zvd MP/water ‘“ &
7 BAELAME (r=0931) 7

7 Pearson Ap R » 47 (B8] 17) > S % &7 = —“Fff_
MP/water ‘5 5 F pr 3o B S48 M8 F 8 % R 2 M4t S 8ic (Hardness (g) v

MP/water ratio (%) R % RuTVFF FeB 0 AT R A Gl APk ) o
FHm 3 0% RP BRNHEE 47 ~qpk vt G-k A o BER MP ApHER T

P
o i@ X MP/water  F 0 RIEHA R TE 5 F 2. 0 BED LS bR

£ m
MP/water +“ & > ¥ (& JpHA BRI T ¥ control B APIT o A SRR HHRFE
MP/water v* 5 554 F-d ¥ T HBA SRR TE R Bk 27 0F

SHHR R ERY 2 LR AT
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¥Ig @

Fo8 N2 R E0 VOB R 2 F0 T

RERBLEARFHESARF 2P HE o EF RO ARRTREE AN
(hybrid meat products) ¢ » H @ 3 3¢ (rice protein, RP) F|& & 24r ey £ ¥ E &

KR B G ORY EA o RA it b RS S A FEL B £

PEAIE gkt I BRFEEASFT -

ﬂ&’ipfﬁ SIA o bz RP ZRABE 10%20% ~ 30% FEH. ¢ Fp
0 o TR AERAE TR S RGERER . A e R
(el =R A 4’%&-3%%?5 EF & R BEWH > L8 e ApM v o £33 RP wdg
Bov iR b6 BEV R RBEFT R T o
1.1 % F 3 v 0 B2 3 Bd SRR TR 1L B B8

W2 B ok A pH BE R FFL S ERPTEFr 2T
o g WSS R ahE & £8k (Matulis et al,, 1995) © 247 3 3K 3514
RP P~ N fp po Ry Hogp ¢ Fod Tt ka2 Rt 6] 3% BHH L RP 2k
i S kadE L e 2 Mo KR - RoPIRR 3a 24470 e J\ﬁ
2 7ok BARIT BT AT R AR G ot ke - R R FI A F
RP B~fiit s sem + 2 > 2 ¢ RPIO 22 control (e 4piT > B om Mt b B~ % 45
Boatbe gAY kA FFRHBR] P IRE TR ESIEFE G Mo p A LA R
RP B~ S Fpp (8 9rR > enid Fev 81k A > & efie™ ¢ 3¢ 7 kA o 2 RP 220k
S A AP RN RIS Lk e AR EAY RSB EAERS T
#4F 4 (Chandleretal.,2022) # =t > 54 F-v 4= RP L3 @it L & Mic 4 3 2
EFRME U e gAY SO TR 4 o R S Pk ek
B O - BN Rk R a4 o R kA2 B R R b B
FRA o G BRAFTT YIS R0 B SESEERAES SRR
BL%Z - & (Santos et al., 2022) -

pH €& » L e SF LR 2 % > K73k RP Bt b 5s.2. pH #

B g e 5P 9 AP pH BT P FH WE2 pH AR
R BPARR 8 et Bl 8wk 2 iE g B (Kim et al, 2015 ; Santos et
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al,,2022) e 2 F7 5§ “Fifde 2 RP 6] 5 10~30% Tt 42 RIHEAE k2 pH
EHEF S FRA AT Y pH HB 055 ]

Ard FARFTNFFERSSFRIRDE T FIL2L - o v hdpd > RS
PGt imd BFLEXDSRBFZRE - S FALaheed Ao AT A Fen
A Fo G R R o §i8- PR A Sl 4 R (Santos
ctal.,2022a) o A AT § 5 4ol 4 AT 0 M RP B0 G4 HEZ R B4
AP A phkplvig TR REMS B AENF S FF-RPI0 22 control
2. F ARl BT MO BB BRI G T (Mokrzycki et al., 2011) o iFat 4
FRETET RP R AL EHE S o EERGRE o HARE R EPR
H 4o o Léi?é)gkb’%iil%ﬁ_:’f?' Fov TR SR WA B B2 5% - &k (Santos et al.,
2022a)

FE WA FT o RP BB IEE Bd 2R RRAFAES RIS
mF NP RS O ET R M AEA SRR EEEERL o F 2 o RPI0 A

5 HcIB i g ¥ control A RAPIT Bt 10% 2 VAL 2 BNl b H 4R
R B e AR TRTUE B ARE SRR -
PR ok v 0t B2 f Fod B2 F e B
ARFrASh1p &0 2R ke - AL REFRERLLE G}
FHr g OELAE (Livetal, 2015)  Fid ¥ 538 7 57 Sk
PR R PR Geu B en?) S R R AR R R P BB F MR L B A A AR
w4 RS E 4 B b Sl iRk B AR F

)

I‘f’é

ot
Ly
=
w
1%

B

2 v ) (Kulawik-Pioro et al., 2021) o

ARG AR 5 Bt 0 SEF RP BNl b 4o o B2 AR~ eR - 2
WEFMF EIRT AR o 2P 1 RP20 &2 RP30 ecn® &SP A A RPIO &
2 control PIEMFLE o B EMT > B 6] RP Bk sap pho & S fE e
e RAAR TG TR -

FR TR RONTRBFLEF A B F A & RP BARE SRR
PR HROHE R R ERT RS RGP R R 2 R R R
(myofibrillar protein, MP) % & "% o MP A c#iiffe”Y " R ERFR T A 4 05
Moo )RR Rz e R AR AR SHE add e kgL A (Matulisetal.,
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1995) - ' RP & e 5 iy U H e e a4 o ?Lf’ﬂ‘ﬁ 4t , RP
i glutelin A (giE 80%) EE R S AR BREBETBAEBLY 0
vOFR O AR S ER T MR LR 6 B (Paraman et al,, 2007) o F]t &
AP 2 EET o RP BN AR FERFERR DD o 2D F SR UL

ERPr &% AR AP - Ry by (WHEE B E) R LA
BWErP R G RBRF o A&Rdm AR P R EEE Y EHF T REB R0
WSRO AR T RS W52 k% (Chandleretal, 2022) o 2t 5
52 AF 3¢ RPIO 22 control (e /f ¥ % MARITOELE - R v BT MO BB~ (&
EFREVEE ARTERFASEY o
13 7 b 3 39 W2 5f F-v :@’;ﬂf\ﬁcﬁ%ﬁ%@

T3 EBERF R N T S (SEM) LR B RP B b ¥ Rs o

W2 B BRhoW 6 %67 0 EF RP Bl G4 o ALY Fov FAUR B RS
HiEbrd % e b S T IR Y N AL S A - A
b RP P~ @B )+ 25 o e

f 50x T & T > control (e AEm Bf BBz AR o HEE TH
PR R B R RE 2 AT R BA A R0 A AR AR P ) S AR e )
B A SEF RP B %0t )3 A (RP20 22 RP30 &) 4% 3 A8 S4C -
2 BA RP S S g ¢ Rt ReRhn il BREHETET S

PEEFFFPMEY B &2 MP e 3 R BRI A TR o
MP f4c#iiffed ¥ P ER I A4 AWF B Az aer £ 4
SRR E R TE SkaES s 0 a7 RP A&d glutelin a0 2575300 [k
BB EY v FRE RS R ITY F B 48T (Paramanetal., 2007) o F]t -
BAF G AEY iEET RP £282 MP 2 A e ies ERYE
g EgR% AT % (Clark etal, 2002) °

¥ 800x 3 B 5 T ik- HhELZ o control AR A G RIS T H R B
EREF RP P~ o R o B AR kit 2 TR G o Sl R R T 2 AT -
FES B RO GRFF AR RERT S MG A E T R G RS M
T F 5% & (Santos et al., 2022) o
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FERBFRFLFE 47T 500 RP (A S de MP ST {2 R = M
0O R PN MR RS A o A R S H R ok
50 A RP s n FHEFgANG L o e B4 lﬁ,i%'*#%

1.4 7 F ok 3-8 0 B2 F 3v B2 B F SR

EF & R At AR 2 Mt Flt A #4973 b oo
LB R R T AT B AcB T I 0 E RP B 0L GIH{ 4o o HBL2 KR
BXREEIMT F4E% o A 7 > control E2 2 IEIEL & F 0 RPIO vt K> &
RP20 £ RP30 o pif LT %% > A7 & 0t 6] RP B S BRp 3w (507 &0 % KA oz
‘—"@%'ﬁlﬁi’ﬁfﬂ?ﬁﬁﬁi o B P R RE TR A AR IR T SRR JER]T B

i A LA F 2 BB E G Mo St RP B he MP AR R

fm

%i’(}ﬁﬂ“%’f#%f( SRR o e P EEME TR

AT Y 5% 2 Shoaib % 4 2018 < }I%,.‘%% - %> ¥ Mg B v (peaprotein)
b e (L WEE T L RP R SR BE 0 B ALY BT OEARE AT
BUBHES R0 LG RHA SR T ST L BE - AR FE

TOBRAREF EARBEAFEYRFTALES > B H hp WY
St R EEDE UEFLHE T ST AW MIF RSB M Ao B
HBafE et gl vy Fee g o
BORCPRM R AT Y RS M- KT RP 273 piRA A2 (deamidation) o
MERHHBREas R TR 3 fRiRAGE B9 (DRP) 1T F A R0 HHRAE

$o 8 4R FO BR 20% B B 2 F0 T

Lo BRI BAF S 2 B0 MY 2 B A 13 ARRA F R0
Bk HpL Y 20% LR o X 0UAR R Bt G2 of Bed (RP) HLELIT S R o
dN SRR RETE R W AR R IL 0 A ORI AULT R 6 2 R
A (£,2023) PR AEH T ec L Havp 5 f Y st AR A LT RP
2 DRP 2 32 it #5447 > 1 fiiieit @ K2 A B a o JF
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%2 DRP 2 {7387 FLp 2 00 B F T 4 E’i’ﬁ%ﬁﬁ%ﬁbﬁ’iﬂ%g#BF;;,??‘)}%’
- ’5%}3 A SR Tt 4], T8 RP 2 B 2ehk BT iR oo
21 4 peRit Fd 2232 AR
[ERC A N A "P‘rm,pﬁ*}ia,\? f,‘?s,. el H i g T Rz - o R
SUAfRR G B R B A iAY By s Ea T E R R RS
iv % (Grossmann et al., 2019) o F|pt » Fv F2z # i BHa 53 FELPPTE - R
Mok D AP BIERTABRAEMK AR RFANH I R S0 EY (glutelin)
93“%?##"& -0 7 F BRI A AT B A s+ BRI
FoEEH AR P A S B R EUKARY A BT L Bl
Flk i H R Aok ? REE IR EREWEFEER ML & L R
* B+ (Hamada, 1994; Takaiwa et al., 1999)
BfRA A Bed 2 MR fEM AT Kt U AT HEY YRV ER
A N3 IR R o P IR M-ged Y R P A YRR (Asn) B RSRTRR
(Gln) #& i 2% f & ehx PP 4 orpk (Asp) Bk (Glu) > &/ H4e 39 4w 2
BT SECRR B L T GUE R kY A e 2 S ] §

B F0 Fend et 8- e of B9 Y PRE Y 2 # 5 £ R (Hamada,

l\

4‘:.1

m

1997; Avilés-Gaxiola et al., 2018; Meenmanee et al., 2022) o F]* » A5 7 &3 fighs=
A 30 2 ML EFMEELAIT T E AR v iR UREBAIE E TR H
FREREY Tk o

AT RERET G2 ERN RILE 2 b AR RS BoRME Y AP A
B2 (B 9) B adlie2 ok v L& {HFeRpE-krgaad o a

HAam? gt B4 o222 }F*%,.‘%% - & > 83+ v (coconut protein, CP) 53 fig

-

IRl RS e pH3N5 &2 7 R TOHRABREd RAY 10% £F D 30~40%
B2 AR AR RN Y 2 H A B ea e AR it
B o M HE- HFEHEHRE ST AL HMEE S IRV AR

(Meenmanee et al., 2022) -
2.2 20% 3 FRrRA K 30 BB T BB E

W E - FEET] RP AT 20% Bl T g A B TR g % 0 A g
- WA B4 RP & DRP $3p8 T3 & el e Han 5 > 3= DRP 35
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%w PSR sk B Y RS o R BT Tk DRP 53 R kaR
BBt T A2 AR SRR v T % (] 10) AR e R g

PR G ORI A AP T AT L B T R RS B R I o MRS
BLBEs % - RO DRP EKR SR HR NIy TRredrs s 2772 e
P A EIR % B DRP APt gt ¢ @t e ST 2o P AHF
g RP Bk s orig & Fr3 T chi % o

PR G T REFT A M A A 0 7 Ao RP & MP e S ) 25U AR A
FreLR o W EAF LRSS EZ LA S LR 2T (Chandler
etal,2022) > £ *RP (T3P~ Jov P it R % £ T > R MP 7 £
T EFER BN TR A4 (Matulisetal, 1995) o b i S 8L e 3 -
Y RIS AERES B B o

FL 0 F RS R0 0 WA Y otk ERA R RA S
oA g - bl MPo M adE G R RS R B R R o

EER R o SR E AL R

d LB EEED > F 2 RP & DRP 284 B (SFLp PF o 7 7 LB P
g7 PR g 30 (myofibrillar protein, MP) % & > i@ 33 A KRG hz e
FRETERT - T G- HFEF I XT MP g 255 ™ o F v 8
AT LR LR B o A ER R A2 5 2 B e 5% 10% 15%
2. RP *tipsfe™ ¢ 0 ¥ IR F o~ FR A RGBS HE S » AT TR
BAGEA A EETHRAE T2 R RE R B4 o
31 3k v v BIFE M e TR Y 2B BIE

Bdel f Y o BRI P e SHETEE ) F R R
%1% (Matulisetal., 1995) > A 57 3 i&— H £33 %F ’P/’]‘ fesl B=v (RP) $3psiZiv i
Mz B %58 12 o opH EE T EH A L ERR72 X o Ra o ke

FRLEMMT 0 LF RP et OlkA 0 AR RARE A5 kA R YK
.

=

Fo AT ¥ RP gk \/’J‘éty&?’RP ppe ¢ gy MP 5 1 S
T > WRHZ-KETE o 2% f.?v‘)l?e;}g #+ > Lanier (1991) :};, drs @ 2baup
#-v (non-muscle protein, NM protein) I §z#5 4% f 4v » p ik % 5LpF > € &2 MP it
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£ hEp ks A 4 A 2 5RE -k & (8% (water competition effect) i @ 258 MP

A 5B RP AT T G MR A S pH B AT
4 ’fi’é_ifjt%viﬁ B EHESKASZEZFRE PR T > E-RPS |
control ‘&t & FEIL { dpfk b A B 5 APIT 0 BT T 0L B Tﬁ T A SRR
B o B B o
32 3 Bk Bod 0 BIFE b T HA Y L R B

SRS RP s R A5 1 £44F control~E-RP5-E-RP10
2 E-RP15 2 FFH 247 o F % 4B 13 #77 > " ¥ RP /Z’J‘ At B3R B o FEHL

ZHR W EB G P EFR S (p<0.05)> B7 RP Jidc B4 H % A 52

FHRREEER R PR T > LM ANRE L 2T P AT RP
ER v LA P Bec s e et A ARl 0 B O R PR S BHEE 2
Ao RERTE LT A

pt 5% % & Lanier (1991) #74% 412  # se 2 03] (filled gel models) #£4 - 3K o
g H 2% > ¢ 2L9ep v (non-muscle protein, NM protein) 3427558 & $73¢
MP #7232 e ¢ > ipdt NM 6 ¥ i3 o P 0 B @R 2R ahg If
(interstitial spaces) # - I % i KA AE & 40 T 2L AL p e A R 2 SRR L A
PR GRS RP B ARV HE 2 B MP g B2 ET 0
FET_ RP &_f MP %X ¥ 2 35F 12 filled gel models 2_ 3 v 3o i » % 2 é_%i.&%*f#
MRGBEE AR e

BAG 3 M LR O RP GRS S SR Y 5 ot S
AR B ARCE-RPIO & E-RPIS 2 A R &Ew it ¥ BEF R T
BB ArF BN A KU R 5 @ E-RPS 2P control AR < o BEop K
FUEHTEEEF UL BE L RP FLEAFAHRTE  ART AL
Z Rk i;;_f;f]: do b B o T fEe R LR A IR o
33 7 b B 0 OIFEH 4 3 Y 2 MR P

AT S ERFE N T T B (SEM) LR b RP oot G4 AR
W2 HE 5% R 14 Bt 4%¥F RP i?t‘\?fé_f%ﬁﬁ CA SN IR TR R &
control = 4p 2 m?fr‘ B o e B PR AL 2 M o Bt T}IJ‘}?]& 4r
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T R FREEIIER{PEORPIR G 0 BT 8 RP IR JAY AT
FIEMASREEG M FERY TR - KL Pt %y & Feng ¥
(mnyﬁf%%—ﬁ’%5%?%%%ﬁ(me&Wy%mmﬁ)ﬁ“ﬁﬁiﬁ
BRAHY B ERIRRG By TRl RARERERP T - o

BMA S RP IFE GRS St BB £ AR BHETA L b3
W™ o P R ER R TR o pR2 T > F RP FLHF A R0
AP Ak B T RE-Ro ZHARATRARS MP 7B 0 ER
PEBRTE RSP RO LY STEEIRR % o ]t 0 RP AP
B Bitdp il k4o 5 R R L HACRE Y A SRR -

BHMA T L SRR SR THEERE Ll h

PR iy RPN AT L B RBERER T & -

e FERRREA T 28
AR Z E AR E B (RP) r2RA B B gR vk e 2 50 R
Ptk o BRHT RP e G SNHIAT R 57 R 2B R A
VUl 4 8 F-v  (myofibrillar protein, MP) 5 g ] 5@ A58 8t ani & o > 2
Bt R RERFEA ST E S G MR (Claus et al., 1989; Matulis et al.,
1995) « F]pt > SR F RP * HBATHE 7 F RSS2 ¥ S LIH
*AEH/ D MP g2k A 2 v F (MP/water ratio) 5 M4Z% ] 0 TR 35 PEECF Bkt
MR e
~ FEEL (A1) v RP 2ok Az fhr 1 X e 4o ¥ MP/water g A
B SR (42) PIAAT MP F BNEET > BEN A KRR
MP/water ‘5 > 11iE - SRFEIZV FEHE TS MR e MP 7§~
kz £¢ MP/water ' F R 45309k ik (£ 1) & E > FEEAL 3
# 4 2B 17 > T3 A&HET RP Y 4] oikdy -
4.1 -R213K Fed Bl IR ¥ A
S RP AR RY N (BE 9‘4‘3 BB %) HIEF & MP/water
2R A& E e B aJLiEE 1 control ~ contRP ~ contW £ contWHRP > 4 %]

#3731 RP &k oz Hjhs & ] FAvZ Tl o Ty lew 'y Si- @ % 350g FLp o o
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FER MP 2 £ A# - % - 27 » contRP E_@_"J’J‘ v RP @ % 4 -k > contW ‘B 47
'k # 4 RP > contW+RP 2 p| e P4 J\l?f’/?l‘ ‘v RP» M ficgE RP B RARRFEG A2
oo gd B A AR AP EREL B MP 2ok A g0 53 oo -
MP/water ** F & F 5 B8 %0 FRL ET PO RETr L M2 Bt

FEESET 0 contRP M B & B > contW & i< contW+RP 43t —‘F'i‘
L HA RP b fk S RSB RER P HBF - A SR LB
A fs2 B0 1 A E T RP e R P8 MPhvater 2 &4
4.1.1 RP E)j&?/] te 2 B ATl

Z5 B 15 B o contRP 2 a7 48 v ke g it ™ E)&U}’]& ‘v RP #c 7 7k
HBAL R > 2% 2 SR RP 2 5% - e 2R % F 4 Lanier (1991) #

z 8 s st (filled gel model) f248 > 4 2L9p -9 4o RP g 3g425 50

A MP AT 2 R R B B ERFEIME o T A RfE
BAARAE BRHB I FRELAHFE RAKEAS L SHERRE B 5
B o
4.1.2 MP/water v* 5 5 53 M & & IR2 MEEFF

FEHEEHT (4 3) E2 AR MP/water W FE 5 3 BRI APMIE o §
MP/water ‘* & d con 2 31.9% T * % 22.3% (4= contW ¥ contW+RP ‘)
P FRHLH BB T %% 5 F 20 v FadEt 31.9% (4 con £ contRP ) pF o
B R BB ERE 0 Br MP/water 1b S 2§ Bs 0 H 35 Bov R R enfE RS
BR R R o IR % & Matulis & 4 (1995) 4p 12 41— R A 40 MP
B g Az MR Rt B P W& RS Ty e R KR F
MP t ki sid crdp$HE R 5 A2 T & enBi 42 %)% -

BEAFE Y o MP hip$Hk & 2 MP/water v F Ao o Zdp iR E T MP &

-

kA F BB Ao F MP/water vt FPRA b @ P Bon B R Bk
FERYRERTRE T EREERAT T R4 o 2 136+ & Ishioroshi ¥ «
(1979)fr O’Neill % 4 (1993) #=F - 5 » B N 35 F2 kR 45 > Bits
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Table 1. Proximate composition of rice protein and chicken breast used in this study.

Content (g/100g)
Ingridents
Moisture Protein Fat
Chicken breast 7300 + 140 2330 £+ 060 190 = 0.00
Rice protein 572 + 000 8146 =+ 084 572 = 0.23

Data were presented as mean + SD (n=3).
*The composition of lean meat was adapted from the food composition database of Food

and Drug Administration, Taiwan.
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Table 2. Formulations of different chicken nugget products used in this study.

Treatment

Ingredients () Control RP10 RP20 RP30 DRP20 E-RP5 E-RP10 E-RP15 con+W con+W+RP con+RP RP20-RW1 RP20-RW3 RP20-RW5
Chicken breast 500 450 400 350 400 500 500 500 350 350 350 400 400 400
Chicken skin 53.3 533 533 533 533 533 533 53.3 37 37 37 53.3 53.3 53.3
Rice protein - 135 27 405 - 25 50 75 - 40.5 40.5 27 27 27
DRP - - - - 27 - - - - - - - - -
Water - 365 73 1095 73 - - - 109.5 109.5 - 48.6 24.3 -
Salt 2.5 25 25 25 2.5 2.5 2.5 2.5 1.75 1.75 1.75 2.5 2.5 2.5
STPP 1.5 15 15 15 15 1.5 15 15 1.05 1.05 1.05 15 1.5 1.5
Pepper 1 1 1 1 1 1 1 1 0.7 0.7 0.7 1 1 1
Total weight 558.3 558.3 558.3 558.3 558.3 583.3 608.3 633.3 500 540.5 431 533.9 509.6 485.3

Abbreviations: STPP, sodium tripolyphosphate; DRP, deamidated rice protein.
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Table 3. Calculated water content, myofibrillar protein (MP) content, MP/water ratio,

and corresponding hardness of chicken nugget samples.

con con +W con+W +RP  con +RP
Hardness(g) 1321.53 946.28 1215.20 2001.93
RP (%) 0 0 5.7 6.8
Myofibrillar Protein (%) 20.9 16.3 15.1 18.9
Water (%) 65.4 73.0 67.4 59.3
MP/water ratio (%) 31.9 22.3 22.3 31.9

Note:

con = control group; W = water; RP = rice protein; MP = myofibrillar protein.

The myofibrillar protein (MP) content and water content were estimated based on the
proximate composition of chicken breast, with MP content = meat amount x 0.233 and
water content = meat amount x 0.73.

MP/water ratio was calculated as (MP content/water content) X 100 and expressed as

%MP/water.
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Table 4. Calculated MP content, water content, MP/water ratio, and corresponding

hardness of chicken nugget samples with adjusted water levels.

control RP20 RP20-RW1 RP20-RW3 RP20-RW5

Hardness(g) 1282.16  799.00 1024.48 1278.06 1555.71
Myofibrillar Protein (%) 20.9 16.7 17.5 18.3 19.2
Water (%0) 65.4 65.4 63.8 62.1 60.2
MP/water ratio (%0) 31.9 25.5 27.4 29.5 31.9
Note:

RP20 =20% chicken meat replaced by rice protein (RP); RW = reduced water. The
number indicates the percentage reduction in added water compared to the RP20
formulation (e.g., RW1 = 1% less added water than RP20).

The myofibrillar protein (MP) content and water content were estimated based on the
proximate composition of chicken breast, with MP content = meat amount x 0.233 and
water content = meat amount x 0.73.

MP/water ratio was calculated as (MP content/water content) X 100 and expressed as

%MP/water.

61

doi:10.6342/NTU202503827



FIGURES

Part 1 Part 2 Part 3 Part 4
#%e | | mw [ [ ore | [ mm || #me | [ s | [ xme |[ & [ mm | [ xza | [ an
I | I | I | [ | | |
l l l l !
KB k& G et (10% ~ 20% ~ + 8RRk Rk G R HR + FE) & @ et (5% ~ 10% Aok a Ko SoREkafK RV EEARKYAKE
30%) RAMR P HAZF G H 20% s A 2%k a i 15%)3 5 s o 2 fE3% P RA WM P MP Sk it (1% ~ 3% ~ 5%) &) s o
: | ! | |
REEWRL T FRA AR QRS K PPy KEQMAZ DN HE QAL
. MR N 2T o« AL o AL o IR M
g . BRI .« BRELES
Lt 1 1 1 ]
T
[ maxkamgEzsn | | RArEeRxFzmm | | Rakkesmizam | | REpEmRezme | | o B e Wit
Bl 1~ F %% R
Fig. 1. The scheme of the study.
Abbreviations: DRP, deamidated rice protein.
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Fig. 2. Flowchart of the chicken nugget preparation process used in this study.
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Fig. 3. Physicochemical characteristics of rice protein-substituted chicken nuggets.
(a) moisture (raw), (b) moisture (cooked), (¢) cooking loss, (d) pH.

Data were presented as mean + SD (n=6).

Different superscripts (a-c) in the same row indicated significant differences among

groups (p < 0.05).
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Fig. 4. Instrumental color parameters of rice protein-substituted chicken nuggets.
(a) representative photos, (b) chroma, (c) hue angle, (d) delta E value.

Data were presented as mean = SD (n=5).

Different superscripts (a-c) in the same row indicated significant differences among

groups (p <0.05).
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Data were presented as mean + SD (n=6).

Different superscripts (a-c) in the same row indicated significant differences among

groups (p < 0.05).
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Fig. 6. Scanning electron micrographs of rice protein-substituted chicken nuggets.

Magnification of a — ¢ -50% and d — £ -800x, scale bar = 500 and 20 um respectively.
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Fig. 7. Sensory analysis of rice protein-substituted chicken nuggets.

Data were presented as mean = SD (n=25).
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*Data is based on the 9-point hedonic scale. 1 = the least, 9 = the most.
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Fig. 9. Functional properties of rice protein (RP) and deamidated rice protein (DRP).
(a) Solubility at pH 7, (b) Water holding capacity.

Data were presented as mean + SD (n=6).

70

doi:10.6342/NTU202503827



lg]
~

1500 1 0 = a 08 — a a a
a a a
0.8
S 1000 7 7
- o w
= b b 5 0.6 2
% 5 2
_% %) = 0.4
= = . o]
=] g 04 =
— 5004 7] 8
0.2+
0.2
0 ' T 0.0 I r 0.0 T T
control RP20 DRP20 control RP20 DRP20 control RP20 DRP20
d) 1000+ ) o0-
a a
800 600
— —_ -
20 a oD a a
% 600 a 7
S 2 -
5 § 400
E 400 D
5
]
2004
200
0 T T 0 T T
control RP20 DRP20 control RP20 DRP20

Bl 10 ~ 2 fpteih o 3-v - oF Fov JpH2 T AT

(@) AR (b) Wi () P AL (d) BFH (o) Bt

Fig. 10. Texture profile analysis of chicken nuggets in which 20% of chicken meat

protein was substituted with rice protein (RP) or deamidated rice protein (DRP).

(a) hardness (g), (b) springiness, (c) cohesiveness, (d) gumminess, () chewiness(g).

Data were presented as mean + SD (n=3).

Different superscripts (a-c) in the same row indicated significant differences among

groups (p < 0.05).
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Fig. 11. Scanning electron micrographs of chicken nuggets in which 20% of chicken

meat protein was substituted with rice protein (RP) or deamidated rice protein (DRP).

Magnification of a —d -50% and e — h -800x, scale bar = 500 and 20 um respectively.
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Fig. 12. Physicochemical characteristics of rice protein-enriched chicken nuggets.
(a) moisture (raw), (b) moisture (cooked), (¢) cooking loss, (d) pH.

Data were presented as mean + SD (n=6).

Difterent superscripts (a-c) in the same row indicated significant differences among

groups (p < 0.05).
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Fig. 13. Texture profile analysis of rice protein-enriched chicken nuggets.

(a) hardness (g), (b) springiness, (c) cohesiveness, (d) gumminess, (e) chewiness(g)

Data were presented as mean + SD (n=6).

Different superscripts (a-c) in the same row indicated significant differences among

groups (p < 0.05).
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Fig. 14. Scanning electron micrographs of rice protein-enriched chicken nuggets.

Magnification of a —d -50% and e — h -800%, scale bar = 500 and 20 um respectively.
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Fig. 15. Texture profile analysis of chicken nuggets formulated with different
combinations of water and rice protein: con, con+RP, con+W and con+W-+RP.

(a) hardness (g), (b) springiness, (c) cohesiveness, (d) gumminess, (¢) chewiness(g)
Data were presented as mean + SD (n=6).

Difterent superscripts (a-c) in the same row indicated significant differences among

groups (p < 0.05).
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Fig. 16. Texture profile analysis of chicken nuggets with 20% rice protein substitution

under different water compensation levels: RP20 (full water compensation), RP20-

RWI, RP20-RW3, and RP20-RWS5.

(a) hardness (g), (b) springiness, (c) cohesiveness, (d) gumminess, (¢) chewiness(g)

Data were presented as mean + SD (n=6).

Difterent superscripts (a-c) in the same row indicated significant differences among

groups (p < 0.05).
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Fig. 17. Correlation heatmap of hardness, MP/water ratio, myofibrillar protein content,
and water content in chicken nugget samples.

Note:

H=hardness, MP/W=myofibrillar protein/water ratio, MP=myofibrillar protein,
W=water. This figure is based on Pearson correlation analysis of data from selected
samples in this study (Control, RP20, RP20-RW1, RP20-RW3, RP20-RWS5).

Color intensity and the color scale bar (right) represent the Pearson correlation
coefficient (r) values, where red indicates positive correlation and blue indicates

negative correlation.
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Fig. S1. Sensory analysis of rice protein-substituted chicken nuggets.

Appearance Aroma Flavor Texture Aftertaste Overall
control 5.8 6.4 6.5 6.2 6.3 6.3
RP10 55 5.6 5.6 5.5 5.0 55
RP20 5.3 5.5 4.9 4.5 5.3 4.9
RP30 5.4 5.6 5.1 4.5 4.7 4.9

Data were presented as mean + SD (n=25).

*Data is based on the 9-point hedonic scale. 1 = the least, 9 = the most
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Fig. S1. Effects of grinder plate diameter on the texture and sensory properties of
chicken nuggets.

(a) hardness (b) springiness (c) cohesiveness (d) gumminess (€) chewiness (f) sensory
acceptability of texture.

Data were presented as mean + SD (n=06).
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