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ABSTRACT

In recent years, plant-based yogurt has received widespread attention. Soy yogurt, as
a key category, suffers from issues such as easy syneresis, poor stability, and insufficient
smoothness and thickness in mouthfeel. During oral processing, the perception of soy
yogurt's mouthfeel dominance rheological and tribological. Previous research has shown
that the concentration and charge density of carboxymethyl cellulose (CMC) can modulate
the texture of soy yogurt, improving its stability and sensory attributes. Based on this, this
study investigated the effects of CMC concentration and charge density on the stability,
sensory attributes, microstructure, rheological properties, tribological properties, and oral
adhesiveness of soy yogurt, as well as the impact of CMC addition on the protein structure
in soy yogurt. The main conclusions obtained are as follows:

1. The effects of CMC with a degree of substitution of 0.7 (CMCO0.7) and 1.2 (CMC1.2)
within a concentration range of 0% to 1.1% on the appearance, stability, moisture
distribution, texture, sensory attributes, and microstructure of soy yogurt were investigated.
Results showed that under both substitution degrees, when CMC concentration was
between 0.1% and 0.3%, soy yogurt exhibited a rough appearance. As the CMC
concentration increased from 0.5% to 1.1%, the appearance of soy yogurt gradually became
smoother, with a certain degree of fluidity. With the increase in CMC concentration from
0% to 1.1%, the water-holding capacity (WHC) and whiteness of soy yogurt showed a trend
of first decreasing and then increasing, while particle size, gel strength, and consistency
showed a trend of first increasing and then decreasing. The particle size of soy yogurt with
CMC concentrations of 0.5% to 1.1% was significantly smaller than that of soy yogurt
without CMC, and the WHC of soy yogurt with CMCO0.7 was significantly higher than that
of soy yogurt with CMC1.2. Addition of CMCO0.7 at concentrations of 0.5% to 1.1%
effectively improved the storage stability of soy yogurt. After 28 days of storage, the WHC
of soy yogurt with CMCO0.7 at concentrations of 0.5% to 1.1% was 83.76%, 91.18%,
96.16%, and 96.21%, respectively, significantly higher than that of soy yogurt without
CMC (72.73%). Cryo-scanning electron microscopy and laser confocal microscopy
analysis showed that compared to soy yogurt without added CMC, soy yogurt with CMC
concentrations of 0.1% to 0.3% had a more uneven pore distribution and larger protein
aggregates in the microstructure. With further increase in CMC concentration, a layered
structure appeared in the microstructure, pores became more uniform, and protein

aggregates became smaller. Sensory analysis indicated that as CMC concentration
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increased from 0.3% to 1.1%, the roughness sensation of soy yogurt decreased while the
thickness sensation increased. The particle sensation and thickness sensation scores of soy
yogurt with CMCQ0.7 concentrations of 0.7% to 1.1% were significantly higher than those
of soy yogurt without CMC, and soy yogurt with CMC0.7 had a finer texture compared to
soy yogurt with CMC1.2. Soy yogurt with a CMC0.7 concentration of 0.7% had the highest
smoothness sensation score and obtained the highest total score in sensory evaluation,
significantly higher than the control sample. Therefore, adding CMC with a degree of
substitution of 0.7 at a concentration of 0.7% can produce soy yogurt with higher stability
and best sensory attributes.

2. The effects of CMC concentration and charge density on the rheology, friction, and
oral adhesion of soy yogurt were investigated, along with the correlation between these
properties and the sensory perception of soy yogurt. Rheological tests revealed that all
samples exhibited shear-thinning behavior, with storage modulus (G’) exceeding loss
modulus (G”) in the linear viscoelastic region. As the CMC concentration increased from
0.1% to 1.1%, a decrease in viscosity, G’, and G of soy yogurt was observed, along with
increased resistance to shear rate and oscillation frequency. Soy yogurt with CMC
concentrations of 0.1% and 0.3% exhibited higher viscosity, G’, and G”” compared to yogurt
without CMC, while soy yogurt with other concentrations had lower viscosity, G’, and G”
than yogurt without CMC. At the same concentration, soy yogurt containing CMC1.2 had
a higher G’ than soy yogurt containing CMC0.7. Non-linear rheological tests revealed that
with increasing amplitude, both G’ and G” of soy yogurt initially remained constant before
gradually decreasing, with G surpassing G’, indicating a Type I fluid behavior. Under 1%
and 10% strain, as CMC concentration increased, the elastic Lissajous curves of soy yogurt
gradually widened while the viscous Lissajous curves narrowed, indicating an increasing
proportion of viscous response to strain. At a CMC concentration of 1.1%, the area enclosed
by the elastic Lissajous curve of soy yogurt containing CMCO0.7 was greater than that of
soy yogurt containing CMC1.2, suggesting that soy yogurt containing CMC0.7 consumed
more energy per oscillation cycle. Friction measurements showed that soy yogurt with a
0.7% CMC concentration had lower friction coefficients at most sliding velocities, with a
23% reduction in friction coefficient at a sliding velocity of 10 mm/s compared to yogurt
without CMC. Soy yogurt with CMCO0.7 at concentrations ranging from 0.5% to 1.1%
exhibited stronger oral adhesion compared to yogurt with CMC1.2 and yogurt without
CMC. Correlation analysis indicated that attributes such as mouth-coating sensation,

particle sensation, smoothness sensation, and thickness sensation in soy yogurt were
\'



Herpgl KA 2024 i Bt F 70 2R S0

positively correlated with flow behavior index, viscoelastic frequency index, damping
coefficient, and energy dissipation rate, while negatively correlated with consistency index,
viscoelastic power law constant, energy dissipation, particle size, and friction coefficient.
3. Through analysis of hydrophobicity, thiol content, ultraviolet spectroscopy,
fluorescence spectroscopy, and Raman spectroscopy, the influence of CMC concentration
and charge density on the protein structure in soy yogurt was investigated. CMC
concentrations of 0.9% and 1.1% for CMC0.7, and concentrations ranging from 0.5% to
1.1% for CMC1.2, hindered the formation of intermolecular disulfide bonds in soy yogurt,
resulting in greater flexibility of the protein molecules. At equivalent concentrations,
CMCI1.2 exhibited a stronger ability to inhibit the formation of protein disulfide bonds in
soy yogurt compared to CMCO0.7. As the CMC concentration increased from 0.1% to 1.1%,
there was an increasing trend in the content of random coils and B-turns in soy yogurt,
contributing to a more elastic protein particle structure in the yogurt. Additionally, at
concentrations of 0.1% and 0.3%, the content of a-helices and -sheets in soy yogurt with
added CMCI1.2 was higher compared to soy yogurt with added CMCO0.7. Correlation
analysis revealed significant positive correlations between protein hydrophobicity and
thickness sensation in soy yogurt, and significant negative correlations with particle size,
as well as significant positive correlations with rheological parameters such as flow
behavior index and viscoelastic frequency index that maintain gel structure. The content of
random coils in protein secondary structure, along with the combined content of random
coils and PB-turns, showed significant positive correlations with sensory attributes like
mouth-coating sensation, smoothness sensation, and particle sensation, as well as
significant negative correlations with rheological parameters like flow behavior index,

power law index, storage modulus, loss modulus, and energy dissipation.

Keywords: Soy yogurt; Carboxymethyl cellulose; Mouthfeel; Rheology; Tribology
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F—E &t

YR T HA MR B AU A, TR SRR 242 P 2T (Guzman-Luna
etal 2022, Bocker and Silva 2022). fHA) 3 ER W5 5 AE ) WiAR L BA 3 45 MR B 1AL,
T H 52 23 9 9 & 1) 7 Bk (Kumari et al 2021, Boeck et al 2021), SRTIHEYI T4 AR
B R TR i M LA SIS 2 LR W AR UL B I ARG A R, 9 BLAFAE 45 Sk Rt
Z[#) 5] Ji(Reyes-Jurado et al 2021, Grasso et al 2020). AT S5 (IR 4R 11E,
R PP i 5T B () B B4 b (Guimaraes et al 2020). R, BCEAE AL BR 5 (1) 11K
Pem AR E M, MY AR YN 4k 1 — KBk (Montemurro et al 2021).

1 FEER MmO RRASIEFEMEER I OB ELF

11 ¥E#RmIORRATE

Y ERR Y& TR B A &, 5T, £ TR & s, @
WO BTG, (HTEE Sk R A O g 2 18] 42 2 T SR A 1) i B (Guo
2021). FFEARE BN DR G, B e 23 E A B [\ 8 & 585Y) J1(Laguna
etal 2021). 7EX—FB, Rt B EE LS M FIE 2 W5 A B,
FES LT Stribeck HIZRMITAASI 12, I A FIRRAR 2R £ 5238 HURRFAE
(B 1-1A A1 1-1B) . BN AR AT, AT DUBSEN BURE i ) e, A RE . T /e, A
VEREE . BEJG, U b 7 0 ) W RN B [A1VE S R LA 52, e AR o ) VAR
SAEH TR BuEky, R (B 1-1C) . BT MER AR RE R E R G /K A
BRITVESC RS M EIs 2 [ 7y, SECE LA ESies Al 12 Bo BT
Stribeck MIZEHVRA ), & HIRAL A AN R T PR P ER 2> e 2 U (B 1-1A A0
1-1B)o TEIX—Wr B, PRSI BIRE b A IR0H R ROk . SRR . fE T2
WP A TSRS RS, DR RS R, SR Al R, A
Stribeck VRS EITIER] TIUFE, &1 RS2 206 B R R R SE N R,

XX S R LS ) B ot P e J %mﬁﬁﬁﬁ%ﬁ<@1mﬁmmﬁumemm
2006). FrA G, AR Wik i R A 7 R ST BSOS, 23 ol e R PR R
(Camacho et al 2015). 7E 1 Ehn T #Er, wT LU SN F kA ESi [/ in i 1 5 5
B SKIs Bl A O BE AN BE B . BT DRSORL = AR IR AN B0 s 7 DA K% e R 2 ) £ ]
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F R TR PR S IR0, T B 7 2 [ 4 £l 1 1 /R 4E(Guo 2021, He et al 2022,
‘wmm@ammmnﬁﬁﬁﬁm%,@&WD@@ﬂ%Eﬁﬁﬁmﬁ%¢%&mo
PRI, 3 G AR AN 52 380 2 ] £ RO VR AR A 3R TR ME R B, 34 52 33 9 2
AR AW YRR SO T 55 R & K2 (He et al 2022, Wang et al 2022).

A Entering the C
y oral cavity )
After swallowing =S Fat and protein are
‘ — \ 5 Lzllrgcr solid pz\rliglcs adst}rbcd on the
“ ' ) &y Oral will produce particle  surface of the mouth to
f saliva ~ sensation form a lubricating film
4 «

B

@

\ Tongue

7
Starch Salivary amylase
| Food mlud Hydrolysis
mixed | hydrodynamic with saliva

> The thickness of the
sample is reduced

BL

log(friction coefficient)

log(film thickness)

&l 1-1 LR G ERE DN TERETHORRD. (A) ORENnTEESTELS B2 EKEE

B R OEREWIRE; (B) AN Stribeck HIZRRIA T BB REMEWEEZ HHRR

(Vicente et al 2006); (C) REMMERFIRE T IRAR A KM LA K3 AE A1 B 5 BRAE D R
T, PR T REREE.

Fig. 1-1 The mouthfeel perception of semisolid food during the oral processing. (A) The distance

between tongue and upper palate and the status of food in oral cavity during the oral processing;
(B) typical Stribeck curve illustrating the relationship between the friction coefficient and the
thickness of foods(Vicente et al 2006); (C) The mixture of food and saliva, the hydrolysis of
starch in the oral cavity, and the adsorption of oil and protein on the oral surface reducing the

thickness of foods.

1.2 HBRENTEYERTE O RMmL

TG FURR WA B 1S AT 2 P SE A2 BT S AR, X R BB R A
F FHXT 45— (A F] (Grossmann et al 2021), {HIT A RKA X & FAEYIEER W HEAT 772
ARG HIHEF(Montemurro et al 2021). HEYIFERIA L FEVIIERIM R, 54-A0RY)
L EA EINE 2 H IR ERAE, JCHOERIRAIE . Rtk EFF e i3k JrURL A
FRWSHIRT A B Br, A7 0 B A 4k B IX M) L R W) R 4T (1) 88 B Re M (Grossmann et al
2021, Montemurro et al 2021). #ff 753 B 24 FLIR Wy AR V) 5L 1% 95 B A AH DL H. [F] 5552 3
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30 ) 1R & M (Gres et al 2020, Gupta et al 2022, Grasso et al 2020). Greis 25 Al i Ji
B TR STV VE A AN R AR FE IR WY, 45 H 5 W AR I 1) 3R ) R 2R 2 5 T A 75
J&, ANEXRI AR D (Greis et al 2020). HhHEK . J5 R RTRS 5 A4 52 1 R
#H5%(Esmerino et al 2017, Gupta et al 2022), HWiilE R ZACKE B MR &,
I H 2 5 N E % (Upadhyay et al 2020). 524 BRIIAHLL, FEY)FERYHE LK
AR S N, J DN R R R AR A SRR W R S A B A B B I LR, B
FEA) LT HP PR 2t 1) A /K A 3 0K P2 RIS, AT 0 fls o T
o R BRI BE K 38 1k (Greis et al 2020) . AE)FEBR WY 1R A5 1 B2 25 01 28 35 110
A, QOREIE B AN, SO Y R Y 1) e A AN B2 W RIS T ] Y R
B RER IR WY P] R 2> B A 5 & 1B P43 (Gupta et al 2022).

2 HEMEBRTIRMEEET &

2.1 ERIFAESBIER

REL) B T 47 P 20 S5 T 3 D e e 5 A AP0 LR LA R 35 s, 4 B T B4
RN ZRERM S . AT, LR T EARIME, WK, ZHS5EARZH
(AR AR, DR I i AR SR LA D R ) B BR W IR RF /K 7 (WHC) | 5 A
RN, B 1-2 .

a N

Raw materials Additives
* Oils

*  Whole plant materials

* Dried plant-based extracts * Polysaccharides

’/ Plant-based yogurts
Stability ‘

Mouthfeel )
Fermentation Processing methods
* Extracellular polysaccharides * Heat treatment
* Probiotics * Homogenization
* Fermentation environment *  Enzymolysis
Ry

B 1-2 EmERERDREEMODBRRER: B SmF KEAINIT X

Fig. 1-2 Factors influencing stability and mouthfeel of plant-based yogurts: raw materials,

additives, fermentation and processing methods
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2.1.1 EBRMIEA

TEDERR U TEE R IRAR A, BRI S M 25 2 22 31 2R A 1 b 268
WREEIIREI . Xinlu 88 NLUE T =R ATS BA R IRY) (RS ARYY. KR GIRY
FFEZTRYY), KIKGRRPERE . WHC. G F G E& &, & ARSI,
1178 22 B 4 SR A s (R [R5 B, {2 WHC A1 G ik, ELER 1157 P9 4% B i fa (Xinlu
et al 2023). Boeck % AW T R ZRYY KERRYIFEALR ISR R, RIK
SRYAAFLRYIZ A WHC A B3 %R, (A GIRYIN WHC i H ARG
T GO REE B R 55 DA R 3505 1 B 9 B X 4% (Boeck et al 2021). IR HT R, BEE K
WFERIREAT, i SR Y MR A A [T () 3ok 2 PR T K G RR WO AN AR FLIR W o 1X 2 TA
N pH ZET 6 I, i S RVE MR AR, (R G R AR RGBSR, R
A pH/NT 5 EF, AP RIEE A A 2H RE R SZETE BUEK (Boeck et al 2021). ]
b, B R IEAT, B S RS T RE E A A SR RR LR, HA AN R A5 R
T 3 S5 (7] PR o JS T

Zhou FFE N B 1 IEH (IEH). 7S BREEAGRZ (7S k=) MFA G M= (LOX
]2 ) KSR = R W e (R, I LOX il = i) 2% PRI R W3 30 HH A v )
PSR EE R B A RO TR B, o CLSM W8 3] 1 S U B A 45 W9 (Zhou et al
2019). Wang S5 AR I T RUMEE R, LOX Sk= & AR A BA E 2 1n A5
BEILIAT,  TX AT LA SEE IR P T F AT B0 1) 2 1 T B I 245 149 (Wang et al 2021), UL
4b, 118 MEFETE U B L PUREIR X 2% S5 A kR, 2> S BRI B 1) Stribeck HEZk, AR
TR BN )5 RAS BNRAIRES DA T, T 7S 32 12 R B0 85 4 1 B 1 X 4 AN B G
R R4 5 11 FOIRAS (Pang et al 2021). Rtk 85 15 14 IV 2 4 RRT AL 470 2 T 47 ) e
GEK L JSUHBAAE RN BE B AR A — TE I

2.1.2 ZHERER

By r= S INER G . Ve AN R SR e kR, T DL R A S 2 WE AR LA
F SRR BR G 2544, 3R A3 T 75 (¥ 53 Hh(Yang et al 2021). 7ETT37 I, K41 80%HIAH
WO 2 9y A1 2R K VE AR Do s il i SLARTTAR > F TR 2 R W (Boeck et al
2021). Grasso S5 NHE 1 T4 LN AED SR PR/ FLBR WY, RIS Z B
THOLT, 7P b B S B RS B IR AR IR, i 2 B o MR A AR KR
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(Grasso etal 2020). [KUtk, TEREYDIEER Y 5 N 22 Kl R U 775 Bt s 46 44 A5 2 FLIR W)
(18 11 JE — b 7 17 5 28 ) 75 ¥ (Chalupa-Krebzdak et al 2018).

FERRMESAE T, MZ RS A B I AT, 22 WA 8 2 (8] )i Al
A F e Y o iBE i 1 A5 M (R HEEE R IO T B SR T 24 22 W B AR B T MR RIS K PRI
WU 2 1 A 2 E ot M IR 44 8 A PP A TP SRR . Jin SR AR, UK AT R S 1E
N ENE” SR AR B BN b, A5 R 4 R A ELAE R L R
FKAHEAE AN S 08, T BB B N 2 451, 42wt it WHC HEIR i
FEFIRGSME(Jin et al 2022). SR, 25 A Tin 21 41 28 IR 23 190D BRI AR A b S
AN TG, T AT R BRI B i % R, TR B T ) 4 R AR S A
Fi, AT RERELAS 8% (A 5T 45 BT ili(Jin et al 2022). 41, Klost AR AR S EH
LA R R TR S MR LG, A AR 4R R IR TR S5 e 2 o A IR
fE 71(Klost and Drusch 2019). Wang 25 A\ & ILAE B PE 2644 T ik B 2 B A1 K 500 B39 1R
[ (SPD B I HAT, FH BLER A EVE T, 38 I 38 0tk 5 22 M 1)k 2 ] LA
184 5 R 0 D) 2% 5 ) R ) R K AN EUBEE 70, TR bl SPT s i B S0 1Y) I 8% &5 44y
(Wang et al 2020). £ 54 R 8 AN 2 B & i BRI B R I 2% n i) pHL i
X B 2 435 A4 P o — 5 B2 0 (Montellano Duran et al 2019). 5121, Montellano £
NI A TR R AT o5t o A ) SO AT 0 P OB ) TT R G, AT T B B
IR WHC [REEIR  2% 2850, BRSBTS AR A AR 0 I [ gt R, DR
Wk A e B T ) WHC (Montellano Duran et al 2019).  ZEBHK ) 2K 5 Mk 4%
TR, WK E S S E AR A, IS DA AR E AR R,
F#Aik. WHC(Montellano Duran et al 2019). Cortez 2% Nk /& 32K [ 22 B () WHC Al
HER TR P 2252 pH LA K B 1 53 FH 22 B (1) LU A3 1) 521 (Cortez-Trejo et al 2022) . SPT A3
SRR A B AE pH N 4.5 B Eos AR ) WHC, {H7E pH o 4.0 2R H B8R0
SRR 5, BRI BRI ELBI 101 IR A R BRI T e B (Cortez-
Trejo et al 2022).

2.1.3 SHASAY1ER

TN B BEE R B 22 70800 B I B o ALK IS iR At FiR N B 3 5 X 2% R A R PR SR,
T AT DL 5 2 1 57 A R 4% B 1 5 (K lost and Drrusch 2019). AR RS ER 5+ i) fig
AA] DA g K 55 B S PRI G B, b n] PARsE gk, — 71, AR AT LA
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FETRAS AN EEHE S TR R B 2T 300 K B R 1 11 SRR ) 5 )

PEEAHY IR RRE B, R T 'R E N BRRE . 55— 7, BT DURG B R
SN R, e eV B, AR S 9 4 B8 (Dickinson 2018,
Kupirovic etal 2017). &R 8 F BRI, 7258 — RGN 55 Sk Bl R Ui AR i
ARSI B RE TR 2 Bl 2 1l A B IS 8] 1) %E K T 34 B (Camacho et al 2015).
Riquelme 5 N 5T % I A R Tl 1A e SRS 1 e fim T a2 v i -z [ B 28 ) SR
HEA S m e vk, 5 BA BN 1 8 B BB R A T 5 2 s S m IR 2
{# B % (Riquelme et al 2021).

TR BN, AT DAk R P R P, R AR B R R M (Ningtyas et al
2021). B, Ningtyas 58 A HGEE 7 Io/KFLAG . FRAE A A ER AN K 3l —FhAS R 2R AU 1Y)
TAEAF VR BE 0T SPL BERRFERIREI, RIS A ToK UG FIRE R R (1) SPI
g 50 1) S 2 AR P2 I Ak P PR S8 N T 38, A K S ) SP A U e B2 1) T v
M7 27~ HH AR 8K 35 (Ningtyas et al 2021) 0 25 F 5T WX 4% i O EDIR 28 CREAR BORAS)
SRR RS AT AR R R, I 7E 6 r B8 B £ R DA 1 2t o B 7 ) B 2 2 R P A
Pyt (Ningtyas et al 2021). Shen 55 N F0 KIS IIK SHITE 1%-3%K & T AT LA
A S I RE . BT RTRGYE, BEE I IRIR B 2% T @i B 4%, FF TR TH
WG 4SF 232 N ) 9L, MBS 2 185 i A4 WA P 17 445 45 (Shen et al 2021). 3X AJ g2 K g
IR FEE R v PR ol AE i In o rb R Hh S 22 i, I HAT B 1) M AR 14 (Shen et al
2021). SR, Levy 55 N R BLSEACKFI 25 2 (38 In A0 e i )< sk oT A in - 5 2%
58 B2 P 2 RRE B (Levy et al 2022). Sim 25 A& BUZR IFEAERT 1 7T AR 75 25 4 R
B BB L (Sim et al 2020). 5356, FEPIERYIFIHEO S AR EA —E R ZE R,
TR YIS oy LT, RS, IRl i v DA R a5 IR 9 ) 1 E A
TR, SR GE BE AR S B R I R 42 A E L (DePalma et al 2019, Levy et al
2022).

FEARTRI R0 G & S ANSERLR AN (5] R LA TR0 e 35 1R DR /I s e PR AR 12k
REVEREW, H 2 35 RN 1 BEBE A RE . 5 EE ORI A R TS PR AH EE,
A5 Y ] A SOORSE A Ay A 7 700 8 A ot ) B A 2R i, ERL Ay I A R P A VAR i [
AR TR A VR S e KB A FL_E R J) (Saavedra Isusi et al 2022). 140,
i SR it S TR A PR it RS & 77 SPT JRAT B8 w4 51 SR % (Saavedra Isusi
et al 2022).
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2.2 ZEEEHREV1ER

IR IR A0 D R FR) T4 T AR AP X A A2 TR 3 P e e 48 ) R 1 FLA S 355 (1 5
(Yang et al 2021) . 54627l FAH LE, FLER B 0 77 BRI 2R A5UIK, I A 7= f o 2 4 (EPS)
FEE /K iR 1 68 /) (Pang et al 2019, Ren and Li 2022). HA & EPS A8 110 K H
PR AR Y, 247 5 e o R B 4 (R o 3t 3 A2 il 18 A 750 68 P 3 A2
T 2 T T RS ESR MAE 207VE(Korez and Varga 2021), — S35 B 38 2 77 2 41 il 4
S R AN R, T ATIAE VR T R A B R 0 1) B A A P R 21— 52 1UAE F (Ren and
Li 2022).

WA, HE A & EPS A2 77 e 0 (R FLER TR R I AR 7 IR W B A e B 48K
1) e g AR 0 i N A4 9% 7755 22 s AE DB (Ishiguro et al 2018, Yang et al 2022). [A]
IF, B EPS AR R ) 1 R B B AR T AR A it R R A A R E M, X2
S PR B B 12 —(Yang et al 2022). EPS A LA {4 2 A 1) 8 1 5 H BRAH
HARH, FEBER N 2% A R EAT 8040 B8 AR NI, AT AR R A SN 35 &) B0
)5 R e WX 4% (Yang et al 2022, Ripari 2019). Yang %5 A\ & 3% Fi] 8 = EPS 477
RE I FLIR R vk 2> 55 SPT BRI B p-Hr S 451 i) o- R AE ML AL, R nigi K
MEAEH, FAAF Bl YSIMEIR M4 (Yang et al 2022), MR FLER B = A2 1
EPS BB R gt ik e MM LS, 7] 70 9iF 5 EPS (fEPS) MR EPS (cEPS).
XPE A B TR R . W, PUBTOIEAT WHC, (EAEF ™ fEPS A A B 14 #&
A= B ER W LA 7 cEPS kI B ik B A B R RG FE (Abarquero et al 2022). EPS (1)
EHTER FIF: A0 BIORE R i AR IR A7 AR 7= ATE SOk b (iR PR T 1 B A R
JF L4 i(Korez and Varga 2021). W14, Vi 28 X AR 25 ) 5 SRABOKGBROK, R G A
WDIETR WY R0 AL BPS A2 7= BFF AR il B % i (Masia et al 2021) . (EAE A FEBR )
{3 AT 2R 7= BPS B8 R B2 B A LU AR AL 77 R ds Il B A BPS A SE 4 i A e
PRI 5T P AE(Xu et al 2019). Pang 55 AR I GDL BRAL I B F1 EPS 77 B AIK B A
AP IR BA AR S5 4, (R A BB = ¥ EPS AR PR 0 IO R AR 7 IR BRI
S /NIRRT, B i B B WHC(Pang et al 2019). Li
S NHIE TR WIAE VD FE R W HRG BE AR B2 R vk EPS AR Be I RIBT ™ EPS (701 &
) P IEAH SS9 & (Li et al 2014), 7E Zannini 25 A1 Lorusso 25 A FIHF 52 4t H 3L
7MY 45 B (Zannini et al 2018, Lorusso et al 2018).
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FETRAS AN EEHE S TR R B 2T 300 K B R 1 11 SRR ) 5 )

REER RIS pH E . TR BRI ORI PR 2 5o mi 2 Bk EPS 17~ &
F1EPS HIZE M £, I S2Ma BR 1 P i 48 5 L (Yang et al 2021, Patrignani et al 2018,
Hickisch et al 2016). 18 F SR MR B 227 A 58 i 70 15 (] EPS(Peyer et al 2016).
Xu & NKIET EPS (StMEAE R, s INEERE T DA R W 4 o 8 IR 1 Rt A
A5 A7 (Xu et al 2019) . Joshi 55 A K ILFLER 427 EPS Wi 5611 & pH 4 6.5,
TELE N 28 °CHN LARE KT B (Joshi and Koijam 2014). AT fi& & 47 EPS K pH
(EFIEFE A E A YRR Y A=, AHA 5 2 AF T LA LRt EPS 4=,
54, Hickisch % \ & BLAE L R (UHT) ARFEIR0 B G, SLBR Bk (1
7= EPS [NRE 1T A2 AL B BB i (Hickisch et al 2016).

— SO RRAE R B AR 2 AR A A A B ERE R B, 0T R SR BR W I 45
RN AR 25 — 52 O FH (Peyer et al 2016).  B& K= A5 O B4 & (3 Bl mT AR fin 25 (9 5
MR GKME, BREARNS T8, XENTRAFES S TREHRE,
SARBER LG e mBE R Y SO S, (H 2 PR AR 5 (Ren and Li 2022). 7EAH
PR Y A 0 i A Gt R DAY AR A R R W R AR o A, R Tl IR
TN T DA 53 P TR R 1) K 1 Tl /K A P (Sengupta. et al 2018). Csatlos 25 A& L4 47
ANERFE P K R WY B A B F LR 1 BUFUAL 2 (Csatlos et al 2023). N IIFEAI/KEED)
(FPR TR MBS TR ZLRR b i B0, B2 2 KRG R v 1
A EPS W=, s a3 RL Wi 5 Hiu(Bakr Shori et al 2021). th4h, TRA HR KR
] DA S0 A ) R 4 () B M RN IR A 2R P (Yang et al 2021)

2.3 L7 ExEMER S ORISR

NTRMFEARE . RIEFDURAEYZERY, HATHE A 2a e mis
Fiab 3 CHPH) A1 4b ¥ A5, X 6n T 07 0B A7 & T8 2 38 0 i 37l 0 28 1 5 oK

(Montemurro et al 2021).

2.3.1 R

A BB i R G0 P A F A RIS A s R, e RERiLE
PoIECRE R 5T E IR A, i HL AT ORI RS IR W ) B a5 A A s b i, AL
BT DMEERm AL, SR AR R, SR B R TR A TR SR B A P 4, fieidt
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W2 B i (Montemurro et al 2021, Chen et al 2016). [FlI, 77 # kb B FE ) L 2
PR AER RN, P T A F= 24, SGE AR D%, REiE R
M E L

Peng 5 N RILA T 70 °CLA R, KT RRYI MR A « R ERIR” B
Jo I 6% 2 A R R I TR HE B 1) IR 2, IR SREETERRIRIN S I B, TR A T4k
LR Y Bk I 45 /) A1 1 (Peng and Guo 2015). {# ] 80 °C-95 °CHIHALHE, KGR
073 ) R P2 T JEE N S I, (RIS B 115 °C It B i FA 2 B AR RR 5 (1168 (Zhou et al 2019).
XF SPI 2833 95 °C, 20 min HIFRALIE AT ASkss GDL FRALA: Al i) SPT B AE e ANk
LRIE X SRR S5 L T AR 1 DA SR 3 (Huang et al 2022), 78 b B R rp RN 5]\
SR B it R AR AN BT HUR A — JE I SZ IR (Pandiselvam et al 2022). 541,
Demir &5 N T ARACH ., #HAbH (63 °C, 30 min) AIEE & SMHBHHUEEE (10
AMEIR, 77.671/mL, 60°C) —FhTiALIE 77752 P (M2 TR 0 (e R v, R LA
B A B I 3 ) e S TR 1 B A B 1 R AR € 1 (Demir et al 2021)

BeAh, i EIRALEE (UHT) 2 — MR i) BRI m 451 . o508 Jot b (1 A 2K
Jiike BN, P AR A SN (140°C, 10s) 4¥E, H5EKKRAH
bl I S AR L RGP . B B I B A R B v ) WHC(Hickisch et al 2016,
Hickisch etal 2016). UHT Jn#Ab e 3t 8 [ i S5 BT, AT 2 5 H 3 2 130
FEEH], RN RN SR, SRR TIRES TN, SIRHEZMER
B, AT 5 A AR 9 2% (Hickisch et al 2016).

2.3.2 BEMI R E

RIS CHPHD AT BAYS/IN 3 0 RSE Rk 8 03 43 19 J R i /K X 3
Fe e, MAFEO. RTINS 5] B A LKA T s K S, 52 LBy
FOENE, JFHATREIMNGIMOEE I FI AT (Levy et al 2021, Levy et al 2022).

HPH [ Fi 77 72 5 R 47 525 R 403 1) 42 R RN S R P R SGBEE IR 38 . Gl 22 AR L,
HPH Ab B L AR 28 b FR P 0f FERE it B AR B 35 S0 R e B 2850 o B v (10 s o P38 R B v P
R FE 100 85t e FRU 3505 70 A e b A de A 1) 45 A4 1 5T M ARFAGE (Gl et al 2021). 33k 100
MPa [¥] HPH 2 FAE G GBS I, B 5 2D BEAE H g (3 iz @i B4, 7€ 100
H1'50 MPa AbBEEIFE i R AT DU %% 21 % vy B EE LA BE (Gl et al 2021). Huang 58 A5

RO RI g R, EIT 1000 bar /= 355 ) %4 FIER 15 T SPI &K G G HIME
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FETRAS AN EEHE S TR R B 2T 300 K B R 1 11 SRR ) 5 )

/T 400 bar 55T AL BRI, TR DR AT R B e (R 35 0T s JI AR T N BRI A
FHREAS T HEIR 22 48 1) 38 B2 (Huang et al 2022).

UERYILAEY E L A SRR A AR A R B RORH . HPH W] LA R
MR IRLAS, R FLIR AR E M, 8 G R I 58 PR RIURL (1) T B e /L (Levyy et al 2021,
Levy et al 2022). Levy 25 A\ RBIBINAF L 71 (0.1-200MPa) 1] LAIEE G i 7K 73 5
PRl /ISR R RS ABLAE AN 6] 35 03 70 22 1, 5t (1) WHIC A R H 235 14 72 7 (Levy
etal 2021). BL4h, Cruz S AN KIEEE (200-300MPa) 35 KGR Yy, i
(KA IR DA S 5 8 0 TURORE IR A ELAE R AN B 5, I EL R I HE B R et
B 5 AT N AN & ) WHC(Cruz et al 2009).

2.3.3 EEALIE

/K 2> AR AR T M R TG K M, DR B P o R 1) e 12 2 8 F g 7K A EL AR
F #5E (Klost et al 2020), X <xBHAG 52 T, EUAR /KA IO i s th AR
()& I 5 55 AT WHC(Galante et al 2020). 5 B BEAS I i ket CRERE . PN SR ATRE
WG TE D MUK B 2 Bl o R 10T 7 AR FEE 1) 184 /AR 2 1 0T B A9 ) 184 T ARG (L et al
2021, Zhao et al 2022). Klost 25 N &I 24 Alcalase®7K fift it 5.2 A = AE KK N T 17
kDa I}, TEVETE BB I 4% (Klost et al 2020), Li 28 A3 H T AL ZS 8 (LI et al
2021). VEREE AT LA T FAI% m Vb & B IR VAR (Ui 22 5, ST 20 40% Ve )
FRURG S, AT 38 G 7= A= v P B V7 VR BELAS 5 20 Ab #E (Jiang et al 2020). (A, i
AR5 B K A 7 R )RR 9 W] DARRAICKG Sl 5 A FLRR AR L R s
()R A 5 & AT AL E BE(Galante et al 2020). B BELE AR AR ) BRI () S5 b 5
AR A 2L, H TR 255 SR R e A 5 & 0 A% (Pua et al 2022).

234 HEMISE

% HPH &b, i ISl e BIF B ARG P D VR A L R 4 (0 B s s Vet B — 8
HIR R . BRI A R B DR A I RS i g, R B R IR £F 4R
IR A, 3 n] DABARIRWIRORL L, SR W) WHC . B8 1A (Demirkesen et
al 2018). AT 2 FNEREENUITEE B & 70 B 8 1 7T AR d B AR — sl Rl B 1
FOURE RT3 Iya e 52, AT P LA i £ 1 BB A G R EE AN (1] B2 % (Liu et al 2021).
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Herffll R % 2024 JE R LB 5T A A8 ST

PRIk, TR E R R B B R, X AR R AR R E R AR, B
T IR W T 5 o b Ak, B8 P Y AN FA A 28 ] LS P[] 2482 (Penha et al 2021). Zhao
S N RIS AR RE S ST B3 . IS B NG, SR i s
SEFRARLE, 2 A v RS 5 FE AT WHC (Zhao et al 2021).

3 AREMNAR AR, BXEEFHR

3.1 FIRENEEX

AR, YRR T HAAER . B R, BT BNE A 1) 2k
o PRI IR IR W5 5 28 FLER W AR AR e ) 1, JF HAFAE R e TR 1
e AR R R R IE, B2 PP B mh SR I E B bR BRI, R
PIREIR W R, $Rm L Aese 1k, A YISE IR WY HE N TS dh AL ) — Kkl . K2 —
FPRARRR & IR WEYE R, TP E R YE BRI /1, TR
MRS [FIREAFAESE Syt T EORE RS HL R B AN A 1) KGR W E N T s B4
WA i F T IR R 2 1) 32 B FLRAR SR I« R S AT 1 JES R I R B2, T AR
FHRRIE L BEESAARIE L RO I AT OS2 BR SR W R B A I . R
HILA4E R (CMCO) BATE . TRFIEEME RS, GARMBA SR, &—
e B AR o FT ST SR, CMC B3R SR R g 25 58 7T DA 28 K S R Wh )
i, BCEAREPEAN VR Tk, ARURENEE AT T CMC VKRR 5 F A 2 RE R KRS
MRWIAIRSEVE VK BREGH S WUAR SRR o JBEHR AR PR 0t PR PO £ A
LAR CMC A KGR WS 8 1 s 45 M A, Rl A SR 2 AR 76 K SR
PIR) IV AR BEE AR . DURORE I TE AT 8] B A5 A Z B )R R o R ARSRAE) L
MRy TR, RS AR VE I s A 2 B e B R AT B S50 E

32 MxEARE

WHFE T CMC R EEAN A 3 N K IR WS ROAR eV UK ity . AL =2
Ph EEEARRPEAN DR RGN RO VE PR, JFIE I A M R 9T 1 R ERR W3 1
SRR AS BE IR SRR DR B PE 2 TR AR AR . #RIT T CMC B T R SR )

18



FETRAS AN EEHE S TR R B 2T 300 K B R 1 11 SRR ) 5 )

HHRSHRmAE, JFoth 7 SRR PR WA . Bk 25
NAEUT:

(1) BFFE T CMC IR EE T ey 35 B0 T K R 93 i A e MR AN R 52 o T8
A0 K R W AT 2 UL SR €0, 52 TR 5 SR S R SR W I DR o aid P K
SR WHC R RE AU I A% 0 S K S R 1 (R v P o SIS SR VP A 5 A X
SR CMC NS TR G Ry 1R RS2, e S ok IO 5 s S f e A
72 UR BRI 78 K SR W I A 45 1)

(2) BFFLT CMC [P B A ELAT 25 BT T~ K SRR WAL AR 2 . B4 200 1 Jls i B
PRI . B AR ARSI SR AR T KIRIEE
AR5 R S MR SRR 50K R Y I A 2 5 R AR o B R U s K R W AE
N A )55 B B AR BB B B S CMC % K SR WY 11 P R B B8 52 0
BE A A, TRIE T IR R TR AR S

(3) Jl1d Zeta HLALINEHRFT CMC AT K R W5 Hh RSO 2 1 R, ) SR o 38
AN PO HE L &6 RImHIKYE . $iAEE BN SDS-PAGE, K71 | CMC
R S RRYY A RS M AN A AL M, IR TR R R AR 45 5
IR IR 25 0 B A S S TR P A DR

BT WA AR AT TR B R AER N KERY) DR

|
CMCHIWE S B B e > _

il CMCX KERIHEH
Nﬁéﬁgﬁﬁgﬁi CMCX RERRAEZSE. [--»  REMEWHR
‘l“ *@%%ﬁu%%%ﬁm% |
M

> RIIRES:

| > UKL T

ML, BEF > WA Zeta AL &

> Rt | manm. SEAH. & | saRTE.
pH. Rk, IEHEH. | REEAN. KRR

> ML > BEHEELE: . >E$Em%:
WORF R, AREG || BB SR, REGKE
P V- PE— D DRk B ~ BAMGIE. PO
Bt DTS NRRER. BEREE (LEEH

B 1-3 SR

Fig. 1-3 Technology roadmap

19



el K2 2024 Ja il LB 72 4 2 18 S

4.3 BIETR

1y AR FT 1 AN [5] R Ay 5 AR BE ) CMIC S K 2 BR WA E 1 % VR 52 i
U, JFIE 1 CMC S50l 1 R A 3 FEATIRE , o038 1 R IR WY I RURLIEE S T J A
JFEIK, $Em 7 HAENE.

20 AHEFUAE T ARZ AR AR A HOR AT 1 BEHE 22 HOR, BEARAUR SRR WS AE i
NSRS AP R KR BE AR R T R, B B AR U (1 J5E AT Ja, I
Het ERRFIESEEE N 1 CURRFIE I S
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FETRAS AN EEHE S TR R B 2T 300 K B R 1 11 SRR ) 5 )

FE RARAHENKESHETEEMN XIBRNORSTE
poadid:0) A0

it

1 5]

ARk, FEVERRYISZ R T RE ) ZRE, THAAEFRIE R H TR Z 5%
(Boeck etal 2021). KE & —F{EAEK Z Mt A A BRRAR &5k, 58
PR BT & 474 LK &5 B 55 Th R 1 73 (Rizzo and Baroni 2018). [
b, KEAERFF RV BR YA 5O BAT ORI S F 7 71 (Boeck et al 2021). #AT,
RERY) 5 VF 2 HAMM YRR YIR00, IS ™ = AR B, JF k= 38T
454 L W2 S 22 7Y 11 (Kong et al 2022, Reyes-Jurado et al 2021, Montemurro et
al 2021, Grasso et al 2020). TEY)E HAE KB H HIBR 1L 55 T2 AN L2 1 55 REKE
SRR B, fHE R E MR 2 (Bernat et al 2014). BRAL, K EERYY I 1R F0 Y 27
BB o 1 — A E R B, R VPN ER WY T & 1 EE AR AR (Gupta et al
2022). Bk, KGRI RS E MR R AR G R Y™ TR I 1 i A g ok
[y [ 7t

CMC ZAELT4E R FIR AR TT 2. 3. 6 7 R AN, it 1 R
HIgE, BB RS T3 — AR ERE B o R A2, ik eMC IR EE
0.7-1.2(Rahman etal 2021, FEC K 2018). CMC HA M T E, Hltn . Tk,
ToRE . AETRENE . R NRE, TR IR BRI E ) B A, AL
B2 AR E 7 AN A 75 (Saifur Rahman et al 2021). ASFEBULE R CMC A AN
Ry ELA 25 B, 2 BRI FLAeT 2 B R LS SR A AR IR, JET S s A &
R HL(BESC R 2018). ARIMHMBRATITRI CMC Xt K B B 9% BRI RS 52 M M IR R
DARIE, B TC RN CMC IRV BE A FEL 5 B ] LR T K SRR W i, A

SE AN VR BRI D R U ) i ger 25 P 5 IR FEI) CMC X K SRR W3 i s s T A
R ERIEM o

PRI AR 2 S ARG T A [F R FEANAS [6] F A % BE 1Y) CMC 0 T R LR W AM A,
FURANFR € SN o 1 il I 6 K SRR W EAT AP LS L €088 (¥ 0 5 >R S K 1R
PR, FUGE I 52 K G R YY) pH. WHC . {R3HA% R RURL SRR 78 K 5 1R
PyrRRE e, R R G IR YT BT VA A AN, PRTT R SR WY IR AN i
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H, E B ORI R E RS (CLSM) AA V4 HEE (Cryo-SEM) 57T KGR Y
MILEFIRRAE, DA S 2 R i 5, oo i R 0 i fs e e A 1 8 Tl $e 3t
—EMHEESE,

2 MB57E%

2.1 SERH RS

PN [k HORR AR A IR 2 7]

e AERREANGOINA BRI R i

KEEFIPLE-101

7 FAT B A BRA T
SEIZ (k= 2 BT R AR AT PR 2 )
JeJEUEA 150 H OKFAEL YR BH AT i |
HUAREE 0. 7R H R 47 4 3R 5> ¥ 5250 kDa R T AR
(CMC0.7) K% 1500-3100 mPas WA IR A
BRRE 120 R R AP Y 2= 53 ¥ 8250 kDa BT R T AR I
(CMC1.2) KiF£1500-3100 mPas AR
% B \ % [ESigma-Aldrich 2 ]
22 S
FHA L18-P161 JUBA A B PR~ 7]
A4 B JM-LB50 TR T SRR
AR DAL H1850R T B TR SR B =5 AN A ]
KR I A R HSJ-6 DU S REA IR B A BR A F
B R ME204E RS BRI 2 A 28 A 7
pHit FE20 MR 23R A T
UKFE BCD-249WDEGU1 T iR B A IR A
AR et B4-1A R R AR IR A
FEL A B XA WGL-230B T ZR TR AR 2 7]
oA ZET CR-400 M Je R L REIE A
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BOGKLEE 73 AT AL Mastersizer 2000 B [EMalvern/A 7]
JIRFEAX TA.XT.plus 5% EPERVICELA 7
KIHIZHEIEIR T MesoQMR23-060H AL TR IR A A
BOGHL R R FV3000 [ A BEUPR B2 87 28 ]
W RS AR T R SU8010 KK (RED FHAERH IR A

2.3 SKWFE

2.3.1 KEERTAHIF

KREBRYIH &2 % Zhou 5 NIITEIFAE LB (Zhou et al 2019), ATRAN
T

(1) PR 100 g TR B RHRIRE, M LB 7R mE, JFUEETFKY
F RGN 1:3 BILLEILE 4 CCRIVKAR HRIEL 12 /N

(2) FHRA K B A 26 B F/KIEBRIR B G IR 2 Ik, KR & {8
TN 1000 g, 2 J5 A8 F RN AR AT 4T 5, 41 45 o5 18 F IR BE A 5 1,
KBS R 58 150 H 8 JeaEAnid g, 2e3siuf i IR B I8 .

(3) IIAN 7% Cwiw) BIERVIERIER S, FHREAFIKE (0.1%- 0.3%. 0.5%-
0.7%- 0.9% 1.1% (w/w)) BFJEURE N 0.7 1 CMC (CMCO0.7) FIEUREE N 1.2 1)
CMC (CMC1.2) 73 AIEIBER T, A& CMC K 3g S Ayt 4.

(4) FHHBC G I SR TEAE 90 °CRIZKIBH, fR¥F 15 orh, AT IR, 45
WGTHEIEA KA E 2 %R .

(5) 353 7 b G BR W % B R KY PLE-101 (LR g VREER B A0 4RI A SE ALAT 5D,
W KB BRI TERK A, H5R 10% B, FEFERN 0.05% (wiw).

(6) A5 B SR PEIRAE 42 °CHRIE 10 h, SiRJGHAT] 4 °)CHIKF T )5
# 12 he

KAE CMC KK ERY 48 SY, WIMAFRIIKE (0.1%-1.1%) CMC0.7 K&
BR W3 39 65 45 4 SY-0.7-0.1%- SY-0.7-0.3%- SY-0.7-0.5%- SY-0.7-0.7%- SY-0.7-0.9%
SY-0.7-1.1%, WIAEKE (0.1%-1.1%) CMC1.2 FIRKERI >3l 4N SY-1.2-
0.1%-+ SY-1.2-0.3%. SY-1.2-0.5%- SY-1.2-0.7%. SY-1-2-0.9%F1 SY-1.2-1.1%.
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2.3.2 KGERYHAY pH ME
KBS B 12 h B pH K S B pH .
2.3.3 FkHavalE

¥ 20.00 g HFEMERE T SOmL EOEF, fE42°CFREE10h, 255
FE 2| 4 cCIIUKAEH G2 12 he BN (4000 g, 15 min), &0 58 a3 H

3B . WHC @ik Az (2-1) 115 (Cortez-Trejo et al 2022).
W - WO
WHC(%) = « 100 2-1)

Horh W R B G TR MBTRE (g), Woon BIFMIITE (g).

2.3.4 {RIAZH SR

3 2.00 g #EAN G SR RIHISHRE BT 42 °CKIE 10 h, FHH| 4 °CUKH
15 24 12 h J5 ERUINNR R SR 4l NI AL SR 7 T A R R R AR S
I CPMG A EERE s (8] (T 55 . MESHEEWR: 90° A 180°

JiK 58433128 20.00 ps F139.00 ps, KFERLAA i Z40 RFD 4 0.08 ms, 40 &
RG1 4 20.00 db, W56 SW % & A4 200.00 kHz, ¥(7#43% DRG1 % & AN 3, X
FERF AJTAJRE TW 24 4000.00 ms, ZINFHEE NS Jy 8, [ali >4 NECH ¥ 5000.

W2 25 R 5 K A R B AT S, A58 To 575 28 (Ge et al 2022).
2.3.5 RIEENE

FEDE BT, BEANEE S FH BB PR IR £ 7 1 Bk 10 18, SRR 55 Tk 2
50 5, FH#ESIBEHEEs B EE 30-45 min. A HIEOERL BN & K 2 B W RS 73 A o B
f ALK BT 5 28 43 3 8 5 A 1.50 AT 1.33(Greis et al 2022).

2.3.6 BENE

KEROEEFEREZETNE, KR CIE-L*a*b* Bt is R, LR
INERTE, JEEMEE (0) BIEE (100D, a [HATEREAMEGEE (-60) 4 (+60),
b EAVERECIMEE R (-60) FHt (+60) (Navicha et al 2017).
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2.3.7 FRASMR

KEZ R ST A ML B X R R 1Y yogurt B30, FIEEEEA 5 mm. $RLIEFS
P/0.5, itk IR 2 g, MRETEEA 2 mm/s, KA AIGLEEE A 1| mm/s. &
SiRJE, FRRERL, NN, PEAKEREIUANSE, BRI T RS I
KAE, IR i Bt R S A ser S FRME, AR b 2R iR TE U TR AR, kb P EC it 261
71 W TH A (Yazici et al 1997).

2.3.8 OBBEIEM

>
E

I =S PR E LI = i briE (ISO 8589:1988). k4% 20 4115 538 41 I /X
PPN /INGE, LR AR 14 VR 6 4 531, AFIRTE 2128 B 2R, S HEIAEN
FHESHRZGRI L. 25800 EFRRG R, WAEIRMZAY, WA

PRAEE. Z25FEZ T 5 RO 2 h EETETNERE, S 5EHE
SRAEVEALHT 30 min BR 1 ME/KAMOZE R . K4 SCHT BT 7L (Aktar et alH S Joyner 2019,
Ji et al 2023, Appelqvist et al 2015, Ross et al 2019), &5 7R . KEEE. kg, i
RLE . EEE R AN TR E B, 3R 2-1 FroR. ISR & Sk BIR A2 3
IS BT UK A2 B f) B 1 s VR BRI A W T 1 s o Tt R BT RS2 8 ) Sk R S T
(RIRE RS s UKL 5 MR A I fls R0 MR e g, ORE PR SRt s M 1 PR R S B T
JE a5 s LR . 2 REUIE B VPR AN AR O N s o AR R At B R RE — 3
FEAMEA Z A 285K, fE N IMEARJEIRE 5 min, RGP [ ANEDT 2
h(Appelqvist et al 2015).

% 2-1 RERPIRE P HRE BIEM#ER

Table 2-1 Sensory attributes and descriptions used in sensory evaluation of soy yogurts

Pt R R o BT B RO R S B R S S BOR 22 e I SR B kAT . %58
H

BERE £ oY
i P 3 16-20
TERE LR TR 11-15
ORI SO 0-10
R FEI&E 16-20

R

R LA A2 BURG B 11-15

25



el K2 2024 Ja il LB 72 4 2 18 S

il P AR B B2 i 0-10

R M, o kA P 52 380 1) BE 50/ 16-20

R BRI, & Sk PR B2 B — 8 (B 11-15
WGUHE AN JE T Sk RS2 B PR BE H 0K 0-10

JE R, Sk A A R R 16-20

EER JEE R, SRR R R A R ALK 11-15
CUBRRHE, T SN 50 a) 1) £ [ 5 A v 0-10

PRI, RS2 AN B BR WS i) R 16-20

TORLIR AR L, BRIz BB Yh IR Rk 11-15
PR , R WY Hh AR RSURL IR 52 1 i 0-10

BIOTELE, 79 AR 2 B0AE i R I 9 S 1 £ 141 16-20

pmp B — R, AR S RS2 B i 210 ) 8 AN B 11-15
BIOPEZE, W 5 TG RS2 BIFE FRE O s £ 0-10

239 BEHBERRBES T

O R BB R KL RYI T E AR RERE . ¥ | mL #MEH
510 uL BFH B [ 0.2% (wiv) IKIERIBSNRA « H G (0 5 25 8 AE s Y]
BB IR b, I R, E 42°CFREE 10h, SRIGHE] 4°CTI#ER 12
/NI o 60X IR YD EE AT 488 nm HITUR I K MELHF i (Yang et al 2021).

2.3.10 A FEE I

AR B BB S K TR EEt . IR N, CE R,
I, FH-210 °CIIMR B, SRJGLE 0.01 pa, -75 °C FALFE 40 min, fH/K5E84TF
o FEMIE L& Z, 1E 30001 10000x 1% %0 R #E47 W 8%(Zhang et al 2022).

1w

2.3.11 it ath

FH IBM SPSS Statistics 26 X Duncan £ 563t 47 5256 204 1 5 2 0 BT (ANOVA)
(p < 0.05 N NTEERZEMEZER), #H origin 2022 XFEE 5L ) L7 3E4T PCA 4y
B, HANITAE B origin 2022 4], BRIAERFHIFH, SMATERERIE 34
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3 ZEREmH

3.1 CMC ¥ X ZER{IRI /P IRZS B2

KGRI IR W = R &, HRE S £ i B %5 e ) S 2 R 3
(Zare et al 2011). K] 2-1A 1 2-1B &7 T #I CMCO.7 A1 CMC1.2 43 AIHE 0 2 1.1%
WREEE Bl R SRR AN . Wi 2-1A s, W CMC IR EEN 0.1% K SRR Y5 (1)
ANV I HH 7 B JBE /K WS A FTAR 23 B IR G o RTAT, FEVRFER 0.3% % 1.1%H1 SY 1K
SRR A R B B AR B . W 2-1B FoR, WREEN 0.1%F1 0.3%1) K E
BRI AR, & 0.3%IKE CMC 1K SRR WA 527 HH B 2 1RO AH 4325
BEE CMC R LT s, KGR D R T AR A5 50 e, kK ILRIH 2% . BE& CMC
IR EEM 0% TR 2 1.1%, AJFH IR SRYINIAZEH R, A T H IR,
HAT—@Mishtt, M SY FEfmEARIHIXFIR . £ 0.1%F1 0.3%KFE T H I
THEMHTKI R I RA 2 CMC I S8R R R G R A& E T
R i A BRI SRR, B 1 01 2 (Al 7K 73 (Yang et al 2021, Wusigale et al 2020,
Turgeon et al 2007, de Kruif et al 2004). [ CMC KE I 0.5%F =2 1.1%, #A
AL AR CMC TR T AT PR 25 00 B, v R I8 I 2 (A HE e A 38
58 1 KSR YIRS E 4 (Guo etal 2021). BbAh, R45E R CMC HIG I T &S AR RS
FE, 815 KGR YIRS E TER E(Wu et al 2014). LEWRFE N 0.9%A1 1.1%IKE K S
My, & CMCL.2 KIKRERRYPIEAPERBLL & CMCO0.7 R E R Yy 1
BHIA%, RWEI CMCO.7 FK ZERYITE 0.9%A1 1.1%IN, BAT N CMC1.2 /Y
KGR Yy E LTI BN .
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Control

- XIS
OGO

0.1% 0.3% 0.5% 0.7% 0.9% 1.1%

2-1 EFARFERE CMCO.7 il CMC1.2 FIRERPERTIH (A MATF (B) ERRE
Fig. 2-1 Appearance of soy yogurts in the box (A), and soy yogurts on the spoon (B) with
different concentrations of CMC0.7 and CMC1.2

3.2 CMC K EEL 1 & B 2N

KGERGIHI SN, B2 520 2 126 £ 7 i Y BE 22 [ 3R (Dai et al 2016) . L*{H
ML RE S E R, AN 100, EAA0h 0(Zareetal 2011). 113 2-2 Fian, SY Y
L s, RUPHETEIN CMC IR GIRYS, AR CMC M KGR H. 28
M, FEMRFEEA 0.1%-0.5%F, ¥ CMC BIRZRRYI A B R E LT SY. HEEE R
SRR CMC FIREM 0.1%F 5 E] 1.1%, KGR AZ L ES —ERERT
w1, 4 CMC MIREF =3 0.7% K LA B, &6 CMC FIERERRYYS SY fEAE Bk
REEVEZE R IS CMC R SRR WS b E 35 B35 v T IR, SR8, VRIm CMC ¥
KERPIHGEAN T SY 276 H 15 f(Sanz et al 2008). Ji K AT REZ7E G

28



FETRAS AN EEHE S TR R B 2T 300 K B R 1 11 SRR ) 5 )

AR, AR CMC S0 T ERAER L, AR T AR, 11555 B 5i(Dai et
al 2016). FRALAT I G AE AN 23 Fn AT BR W5 SR ApA4) Hh 4% & B (Pachekrepapol et
al 2021). FHAMNEH CMC KK SERYIEE 0.1%IKR ER ) b*EfHE, JRF A EEZ 0.1%
VR IR IR W K IS 4, 45 R LIRS I R s e i, AT T SR 1Y
.

%22 EHEDEWRE CMCO0.7 f1 CMC1.2 BRI B 4 E

Table 2-2 Color characteristics of soy yogurts containing different concentrations of CMC 0.7

and CMC 1.2
Sample L a* b*
Control SY 87.11340.2554 -0.71520.0344¢ 11.32040.026
SY-0.7-0.1% 84.51140.152% -0.57040.072% 14.22040.119%
SY-0.7-0.3% 85.83440.917°% -0.46440.117™ 13.388.185%
CMCO.7 SY-0.7-0.5% 85.2324).52¢y -0.38940.041 12.75140.197%
SY-0.7-0.7% 86.3860.366% -0.44040.021 12.79740.084%
SY-0.7-0.9% 86.37440.1642% -0.19340.011® 12.29640.034%
SY-0.7-1.1% 86.5594,2742x -0.39740.019™ 13.7290.074°
SY-1.2-0.1% 85.3964).072¢% -0.17640.025%% 14.14540.049A%
SY-1.2-0.3% 86.17240.615% -0.91640.021Y 12.34340.251¢PY
SY-1.2-0.5% 86.17040.5978% -0.73620.067%Y 11.86640.773P%Y
cMcet2 SY-1.2-0.7% 86.3984).379Ax -0.88940.016"Y 13.93740.2014%
SY-1.2-0.9% 86.49740.344A8x -0.393+0.0198Y 12.74140.1158%
SY-1.2-1.1% 86.4884).315A8x -0.38440.0738* 13.13040.2865Y

#: ARRRE (x M y) REEMRAKRETFTEAE CMC0.7 Bl CMCL1.2 MAGRIZ MEFEEREEER (p <
0.05). ARNFFERMARFARE FRIRCAANRAEE CMC0.7 M CMC1.2 MXEBRIERFREZ FF
EREMEER (p<0.05),

Note: Different labels (x and y) indicate significant differences between soy yogurts containing CMC 0.7 and CMC

1.2 at the same concentration (p < 0.05). Different lowercase and uppercase letters denote significant differences

between soy yogurts containing CMC 0.7 and CMC 1.2 at different concentrations (p < 0.05).

3.3 CMC » K SERYS pH {EAIRZMT

M) pH fH & — AN E MR EIRAR, XER ) o7 1o A0 % 5 A 5 0 5
(Benmeziane et al 2021). 411 2-2 FzR, I CMC K ZER WS pH E 2% & T SY.
BEE CMC1.2 FIHR M 0.3%3E I 2] 1.1%, @I CMC1.2 K EER Y)Y pH fE 1 12 35 31
I, ABLERIN CMCO.7 HIER W H A AT WL 3iX Mia . Coutinho £8 NI 1 2510
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g R, B AR P it v B pH {8 B3 75 27 A2 UE R VA B2 R 3 I 7+ (Coutinho
etal 2021). B 0.1%HIMEESL, EMIFEIREET, ¥hi CMC1.2 FIR SRR pH 2
EE TN CMCO.7 MK GIRY). XMZER AR KA CMCL.2 t CMCO0.7 #557 A
EZ MR, PTG 20 HY, K TR R H S &, WA S CMClL.2
K IR Yy B A S &) pH A

437 Mo Ax
] CMC1.2 . i
| X
| | Control o BCx T |
4.4 - + i 1
- CDx g N .
DEx abyE] = aby] 7 atfy
bE B T T - 1 i
434 | J B [T
- |
o
4.2 -
4.1
4.0

0 0.1 0.3 0.5 0.7 0.9 1.1
Concentration (%)

2-2 EFAFERE CMCO0.7 fl CMC1.2 I REERRYIK pH H. ARKIRE (x M y) REFE
HFERETEH CMC0.7 1 CMCL.2 KIKERIZ RIFERERER (p<0.05). RRANEF
BHARAEFREFLA PRI EH CMCO.7 F1 CMC1.2 KX ERTERS R E 2 FFE
BERER (p<0.05),

Fig. 2-2 The pH of soy yogurts with different concentrations of CMC0.7 and CMC1.2. Different
labels (x and y) indicate significant differences between soy yogurts containing CMC 0.7 and
CMC 1.2 at the same concentration (p < 0.05). Different lowercase and uppercase letters denote
significant differences between soy yogurts containing CMC 0.7 and CMC 1.2 at different

concentrations (p < 0.05).
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3.4 CMC 3 XS ER{IFK R0

KK (WHC) VLB Y™ i As e M I S EE 45 FR (Cortez-Trejo et al 2022). N
THRASHEAFRKER CMC0.7 f1 CMC1.2 (KGRI EE, W& T KSRy
¥ WHC, 4l 2-3 fizm. 2 CMC IKFEM 0% N3] 1.1%0, KGERYIK WHC %
P2 T B TS S, SY-0.7-1.1%K I H 1 Fm ) WHC. ¥ CMCO0.7 1R
SIRYIE 0.1%M 0.3% L~ WHC LT SY. 2811, CMCO.7 fIK ZRRYI1E
0.5%-1. 1% FE JEFE P 1) WHC 437118 86.95%- 94.94%. 98.10%41 99.60%, 3% &
T SY ) WHC. 7E 0.1%81 0.3%M¥KE T, CMCO0.7 MIIIAFTRERER T K IR 5
AIEARAEN, FRIKT HIES O P REK AT, 112 CMCO.7 Mk
i 0.5%I0, K S ERWY AT RE I R 7 i H T B W9 2% 4574 (Guo et al 2021) o IE4F,
B CMCO.7 WK EEE—2 88 n, KERY) WHC KISE e g T CMCO0.7 H1 i
SRR 5K F 2 RIA AR, 7T LRSS S £ [f)7K 73 F(Yan et al 2021, Wang et
al 2020, Xiao et al 2020). #A1M, SN CMCO.7 FRKEERYIH [ 2, 1 CMC1.2
HIR SR Y, BRIKIEN 1.1%4h, HARWKEE K WHC B BT SY, Kk, CMCl.2
(IR IR K G BR WS AR T B AR 520 76 0.9% 81 1.1% R T, B CMC1.2
(RSB AR(E A B T KGR Yy WHC FIigm . Mok, TEMARRE T, B 0.1%F1 0.3%
Ab, @I CMC1.2 KRG IRYIH] WHC ¥ 8 2Z K TEn CMC0.7 KRG IR Y. J5 K
FIREZ CMCL.2 AR IBUREE, AT B e i F s 25, 30 T H S5 B A i
HGRed), XSS REGHIIEENEARMEZES S, MRS H CMCL.2
(R G BT J= 3 i B 7K (Turgeon et al 2007, Yang et al 2021). #HJz, CMCO0.7 1|
AR E A RS GO0, IR A FHEE B 5 25 5 1) 2 W B vT LU S 7K 4 7k
AR EAR R, 3655 T K S RRYLE B Lot A b A A% 52 M (Pereyra et al 1997). 41,
TE RIS B AR R P I T SRR SRR R, BA B e B S At
JEE TR) SRS 0k A 5 AT 1 ey 2 PR R B L P et 5 T £ 11 40 IR &R (V18 7 (Liu et al 2006,
Maroziene and de Kruif 2000). Maroziene %5 AAiff 98 & 0 i FR AR FE SRR (73% FH AL IR
R I IR R AR e R B, FR B AR AR R RS (35% FH 464K-20%
PR R ) 5 B AR R A G HR 4R 3 SR (35% HR B 4L R ) (Maroziene and de Kruif 2000).
Liu 5 N DU BE AR T 63.9% 1 SR e 75 2 T v RO UR B2 SR i o I 4 1 20 A &% T e
HEAR T 50% 0 R U o245 € 73 #X #4 & (Liu et al 2006).
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100 [ Cmco ) - ax
4 X
[_JcMmci2 > —
| | Control cX &

80- dB £y
S Dy
e 60+ -
: ecix o | fon | 2
» - T +
=

40 -

20

0

0 0.1 0.3 0.5 0.7 0.9 1.1
Concentration (%)

B 2-3 RFEWEE CMCO.7 /1 CMC1.2 FIRERYIF WHC. AFRKIFRE (x My) REEMFA
WET&H CMCO.7 /1 CMC1.2 RERPIZ MIFERERER (p<0.05). RE/NFFERM
AEXEEZBIALS HREEHE CMCO.7 fl CMCL.2 W RXERYITEAFRIRE Z AFERE
HER (p<0.05).

Fig. 2-3 WHC of soy yogurts with different concentrations of CMC0.7 and CMC1.2. Different
labels (x and y) indicate significant differences between soy yogurts containing CMC 0.7 and
CMC 1.2 at the same concentration (p < 0.05). Different lowercase and uppercase letters denote

significant differences between soy yogurts containing CMC 0.7 and CMC 1.2 at different

concentrations (p < 0.05).

3.5 CMC M X BRI p i #teE AR N

2-4 JEZR T I CMCO.7 A1 CMC1.2 7E 0.5%-1.1%3K % T 1K Z IR Y F1 SY 78
28 d 5[] N WHC M1 pH A4k, 1] 2-4A H1 2-4B fiizs, BT FRES G WHC /230
TBEEARIES, N REEREEAC, R RS RRYITERET 28 d I 18] Y 1R e
A A K (Cortez-Trejo et al 2022). AHBMFII G AL K IUAE K BEHEZ IR YT, B fifi ek
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IFIRAE G, MEZ BRI /K 2z Wi Fh i, 3R B AR @ PEAE Ml A2t B R
(% (Demir etal 2021). F34h, 7E LR P AR 22 22 OB B 20 B i R HR B 1 AR LA
[¥145 F (Lorusso et al 2018). #R1fi , Ahmed %5 A\ & DL BT S ZR 4@ B (4 4 FLIR 5 »
TEA R P Hh A e M R L T e Tt 5 B AR I 5 (Ahmed et al 2021). Ji Rl AJ R A2 42
B2, U8 TR AN, R T EAR NS, e T
B K7 T HIREJJ(Kwon et al 2019). BbAh, EMFENRE T, %0 CMCO.7 H)K &R Y
) WHC ¥ 0 CMC1.2 B RERYS, Kt CMC0.7 A LE CMC1.2 X K E R
Iy BRI . P SY-0.7-0.9%F1 SY-0.7-1.1%f] WHC £ 0-28 d 4 ) WHC
PBIRERT R, FLUCN SY-0.7-0.7%, 7E 4 °CAFH 28 d 5 1 WHC 43514 95.16%,96.21%
1 91.18%, T SY 7E 4 °CA7 28 d Ja 1) WHC N 71.73%. ik, @i CMCo0.7 7E
0.7%-1.1% IV FE 3G FE AT LA R i K SR WS i A e 1 .

7 it 58301 19 K SRR WY 1) pHL A AR AL U Pl 2-4C 1 2-4D B, i KGR pH
B R T IR AR RS, R IEMEIE R T, KRR Y i LR IS AT 4%
@RI R, FeAAR, 45 pH FFK, X —d R AFRAE N JE R 1L (Altemimi 2018).
JEBRACHE N R BR Y i A RV, DUN R IR S 4 R I R TUH, BT
JE(Deshwal et al 2021). pH £ 14 KJ5 pH [ R EEFRAK, TR ISR 0K G R
QAN FH LR T R I (1 22 22 OBk i tH B 1 AHALLFR) 2 %5 (Rinaldoni et al 2012, Lorusso
etal 2018). 734 CMC MDA FHERA B4 K SRR W) pH £ fifi ek £ () A2 g 34 .
Dai %5 N FES I BE 56 H SN (¥ 15016 25 FLIR W0 v A ik 2 v AR R AE R ) 21 R e
A FET I pH E S 2T B34 (Dai et al 2016), [FIFEE G INAZ JE 8 AR R 15
AU A R PR BA ) 45 18 (Pachekrepapol et al 2021)
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A —o—gn?nsof —he— SY-0.7-0.7% Bss— SY
- =U. /=4, ‘0 - = 7= 0
100 —v—SY-0.7-0.9% —o—SY-0.7-1.1% o SY-1.2:0.5% SY-1.2-0.7%
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p U 654
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0 7 14 21 oy 0 7 14 21 28
Storage time (d) Storage time (d)
C 1 D4,5n q
4354
4.45 4
4.40 4
4.30 4
4.35
T 4.25 Z 430
4254
4209 —m— SY —=—SY T s g . ]
—e—SY-0.7-0.5% 420 —o—5y-1.2:0.5% ~.
—b—8Y-0.7-0.7% —a—S5Y-1.2-0.7%
4.15 - —v—SY-0.7-0.9% 4,154 ——SY-1.2-0.9%
——S8Y-0.7-1.1% ——SY-1.2-1.1%
T - T T T T T T T 4.10 T T T T T
0 7 14 21 28 [i] 7 14 21 28
Storage time (d) Storage time (d)

A 2-4 SBAFRE CMC0.7 f1 CMC1.2 I KERTI7ER K 0-28 KIS BN FEK S (A F1 B)
F1pH (CHI D) KZEK

Fig. 2-4 Changes in water holding capacity (A and B) and pH (C and D) of soy yogurt containing
different concentrations of CMC during storage for 0-28 days

3.6 CMC s XZERIIH K5 BRI

Ty 3t T4 2k r 30 Py e 7 288 RS TR 2 T AR it 7K 43 POt PS8 ARTTAFL o 82 ) 5
H(Khanal et al 2018). 7ESMIZE A, To FIVEHEN 1-10 ms Rox KRR IIHHI4E S
KGR, Tao VG A 10-200 ms Fon K SRR Y IR 45 G /K BB E /K I H
Tos TG FEIALE 200 ms DA 7R KGR YD 4778 (137 29 7K I 67 B (Gilbert et al 2020,
Dekkers et al 2016). 411 2-5 Fon, KREBRYIE T, BRI Bl 7 =AMk, HIE

AR EROR, IXAEFLBR BRI T 1K SR AR T B T AR I B (Yang
etal 2022). 1 2-3 Ml 2-4 7R, fEF—FhZHE N, BEEZHERIREMN 0.1%T 2
1.1%, Tor MHEZRET T, R KGR YY) 25 G /K I 456 ik 7138 B4 i (Zhang et al
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2021). TEFFIMIREE T, BR 0.9%MIV AL, FLAR M FE ids A [6] B 47 25 B CMIC )
KEBR 2 %A BEWZER . & CMC RN 0.1% &3] 1.1%, A BTt
mif R, R CMC MR s 7RSI Y 4G oK. SR, BE% CMC 1)
WREM 0.1%TH = 5] 1.1%, Ax JEIL T BT T FEMi&s, RUAMEE ZHIRERN T =,
KGR AP (U 2 7K 2 B T, R R T BB AR TE B s R RO B 22 L R LA
I T4 G BAE B S5 A A T B 9 R PR /K B §E ) (Yang et al 2022). KN 0.1%
MR ZRRYIN Axs B2 & T HEIRERIRGIRYY, RFIKEN 0.1% K G RIIEA
B e R RK, R AT AR AR EE T IR SRR W B T B K A, B
HREMFEK. SY-1.2-0.1%H] Az W3 T SY-0.7-0.1%, KL 0.1%KEE NI
I CMC1.2 (R IR I K e AR FE LS in CMCO0.7 K SRR WS SE K. b4,
FEGINFEF CMC BIRE R, 0.1%IKE R EIRYIH T M1 Az, SR ECT Bk
MR EIRYY. TN 0.1% MK GRRYIN To BARKRF ATRER, AT I ek
MREIRY), ©HFERTEIEESEK, MAATENBIRE BRI EEG /KA LLE R
TR JEE PR RTIEIE 10X 2% ri 10 538 7K 6 (A1 245 - BBt Al B E BRI I 28 v, ATTIASE4S Top ROMEE
K.

5Y SY
160 i g ) SRR L /
s S 0.7-0.1% 160 e SY-1.2-0.1%
r 1 1 di'qj ,' 4
HMO - '- = e \ SY-0.7-0.3 140 i [af 4 § | SY-1.2-0.3%
i pfitd 4&',(1‘770‘5% 5120 LAY | L /‘;Y 1.2:0.5%
<100 AT A 2 100 } 1 e
ER -t | /sv-u'f-u.m 4 80 i bl | ‘ Sy1.2.0.7%
Z 60 [ 4 . = [ 1 /
=Y . SY-0.7-09% s 60 A bos SY-1.2-0.9%
2 40 R / R / -
20 4 SY-0.7-1.1% 20 f ? SY-1.2-1.1%
0 / & / h P B )
o T v T ! 0y T T T {
1 10 _ 100 1000 10000 1 10 100 1000 10000
Time (ms) Time (ms)

2-5 WHIARRE CMCO0.7 (A) M CMC1.2 (B) KRR S e o] ih 2%
Fig. 2-5 Lateral relaxation time curves of soy yogurt with different concentrations of CMCJ0.7
(A) and CMC1.2 (B)
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% 2-3 BINARRMRE CMC0.7 A1 CMC1.2 Bk 5 BB T3 i ) 5 74 i) [|]

Table 2-3 Lateral relaxation time of soy yogurt with different concentrations of CMC0.7 and

CMC1.2
Sample T2 (MS) T2 (MS) T2z (MS)
Control SY 4.5140 31bcAB 135.1+2.013A 2842.954205.8238C
SY-0.7-0.1% 2.1640.92% 107.2544,25%% 653.15453.51%
SY-0.7-0.3% 2.98440,350%x 130.3944 .54 1086.11475.36%
SY-0.7-0.5% 3.2340 270 131.6743.71% 1653.67+207.93%*
cMeoT SY-0.7-0.7% 3.53+).7]1¢dx 134.7743.51% 2162.074454.2]1bcx
SY-0.7-0.9% 4.92+ .052x 134.2443.77% 22794348.88%
SY-0.7-1.1% 5.8340.61* 134.4342.08% 2351.02:4410.0420
SY-1.2-0.1% 2.45+1.05%% 97.7743.968Y 589.52-10.15P*
SY-1.2-0.3% 2.9540.49¢ 134.7744.62°% 2133.474646.17C
CMCL2 SY-1.2-0.5% 3.0140.34¢% 133.3543.73A% 2309.334295.52¢x
SY-1.2-0.7% 3.0940.28%x 133.4341.53~% 2778.684492,19BCx
SY-1.2-0.9% 3.5940.51BCy 135.51+.26A% 3547.564566.035*
SY-1.2-1.1% 5.3440,89/% 135.434.58A% 5411.44616.73/%

E: RARMRHDL (x M y) REEHRRETSHE CMC0.7 1 CMCL.2 WAERDZ AFEEEEER (p <
0.05). NRANFFRMARKE FRIR LA HRAETH CMCO.7 1 CMC1.2 MRKERPFEERRREZ [
TEEEHER (p<0.05).

Note: Different labels (x and y) indicate significant differences between soy yogurts containing CMC 0.7 and CMC
1.2 at the same concentration (p < 0.05). Different lowercase and uppercase letters denote significant differences

between soy yogurts containing CMC 0.7 and CMC 1.2 at different concentrations (p < 0.05).

£ 2-4 EARFAWER CMCO0.7 F CMC1.2 KERRTIH—b )5 e R
Table 2-4 Normalized peak areas of soy yogurts made with different concentration of CMC0.7

and CMC1.2
Sample An (%) Az (%) Az (%0)
Control SY 0.49+0.10P8 99.4440.113A 0.0740.01°8
SY-0.7-0.1% 0.5240.14 87.8842.07% 10.5643.01%
SY-0.7-0.3% 0.7540.13% 98.5640.12% 0.6940.17>
CMCO0.7 SY-0.7-0.5% 0.7740.12% 98.8340).11% 0.3940.13>
SY-0.7-0.7% 0.8840.10% 99.0140.15% 0.140.07
SY-0.7-0.9% 0.9140.03% 99.0740.02% 0.0940.05
SY-0.7-1.1% 0.9340.03% 98.9840.03% 0.0940.01>
SY-1.2-0.1% 0.8540.17AB 70.99+41.558Y 28.16H.60"
CMC1.2 SY-1.2-0.3% 0.6240.238% 99.2140.31A% 0.1740.08%*
SY-1.2-0.5% 0.8740.18AB% 98.984).12Ax 0.1540.08%*
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SY-1.2-0.7% 0.9340.12ABx 99.0140.124x 0.0640.01Bx
SY-1.2-0.9% 0.9640.22AB% 98.9940.16” 0.0540.01Bx
SY-1.2-1.1% 1.2240.48~* 98.7440.48x 0.03+0.008x

#: ARMARLE (x M y) REEMERKRETEAE CMC0.7 Ml CMCL1.2 MAXERIIZ MFERE®RER (p <
0.05). AR/NGZEMARKE ZEEHFIESHRFETE CMC0.7 1 CMC1.2 FXEBRITEAR FIRE Z HFF
ERERER (p<0.05).

Note: Different labels (x and y) indicate significant differences between soy yogurts containing CMC 0.7 and CMC

1.2 at the same concentration (p < 0.05). Different lowercase and uppercase letters denote significant differences

between soy yogurts containing CMC 0.7 and CMC 1.2 at different concentrations (p < 0.05).

3.7 CMC X K ZER Y FURh E A 520

i Yy Hp EURL R R A% 5 R 10 (1) A A R 1R 5 1) AH 5% (Sonne et al 2014, Greis et al
2022). D[4 3] NAEBUIMECEIRAE, WK 2-6A Fizn. B CMC IR E M 0.1%35 0
) 1.1%, KERYIK D[431HI 1 eTtm e RS . £ CMC KRN 0.1%-
0.5%MIFE I A, WIN CMC KGR YI D[4,3]%83 KT SY. 4RI, 4 CMC &KJ¥
T2 0.7%-1.1%H0, KEERYIF D[4,3]5%% /M SY. SY-0.7-0.7%[7] D[4,3]4 50.72
um, SY J¥70.31um, fERGRIIHPEHIMIE N 0.7%F) CMCO.7 H RIFC 7 KGR
GIEPRELE , [ IR AE R E PPN b R RORLIE S 7 A5 31 7 25 s . JR K AT e 2
75 0.1%F1 0.3%IREMFF L MEH T, CMC FIBIRE T HZMEARERER, T
TR RAEFRE N . SRIM, B CMC IRFEZERIIG N, CMC 8887 R 7= A 1 i v
HEFAE T E A MRS, FEREEWHIRALENCarpentier et al 2021, Zhao et
al 2019). FLEE AT ANBIRH 90%AL M EAR )y d (0.9), Bk S B oy ik & o
(R R IRL R ST (Krzeminski et al 2011). W1 2-6B Fiw, fE[F—FiZhEd, % CMC
HIREEM 0% 3] 1.1%, d (0.9) eIl 1 Seitm el Rni&ss, H= CMC RIIKE
THEE] 0.5%-1.1%I, d (0.9) HIHEFIRT SY, XM DA43HEaHAML. S5k,
E 0.1%-0.3%HIR B, 5 0 CMC1.2 HIRERRYIH) d (0.9) B2 & T#n CMCO.7
MR SZBRYY, 1E 0.7%-0.9% IR EERS, X— 0K T, 4 CMC MR =3
L1%IF, 71 CMCO.7 M CMCL.2 KR GIRY 2 [ A BB ZE R . KER
WyiRRLEE Sy ATl 2-7 FoR, TERMIE—FZ PR, CMC IREE 0.1%FF 3
1.1%, K ELER WYL FE 43 A7 Ml 2R 8 1) 70 A%, R B BORE B4 LA IR /.
4b, B CMC W T, K BRI HARLIE o A T\ — MG AR R T B AN . CMC
WRIEEA 0%-0.5% R S ERWIAERLEE 73 A Bl 35 UL T — /M. TTiiBEE CMC iR
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7S, SY-1.2-0.7%MK IH R A —ANE, 177 SY-0.7-0.7%MH T — MR 58 (v, SRk
# CMC MR EF = 2] 0.9%-1.1%H8F, I CMCO0.7 F1 CMC1.2 K GR35 HIL T
PIANIE . Liu S8 NI, FERRALFLICRH, ARG IR FE 1R SRR TUR 2 5T 1 A
FIR 1A, T A FE I 4 B BB AN (Liu et al 2020). £ _FFTIR, ¥ 0 CMC 7E 0.7%-
1 1% R EERT, AT LA 8 B AR R S R 3 1 SR R

A 160+ B 350+ MCoT
Ax [Jemco7 1 :]:lCMCl:Z
140 avT [_Jcmcia 3004 in ] controt
120 ] f_x_ |:| Control Bx T
] By ¥§p 250 4 - o
4 ay ay
£ Exo{ [ EIZ_I_
2 s 5150‘ e
— 1 E
o 60- % ppy dx Fy ol
dx Ey 1 N
404 100 -
20 504
00 o 03 05 0
’ ’ 0. 0 0.1 0.3 0.5 0.7 0.9 1.1
Concentration (%) Concentration (%)

B 2-6 SHAFERE CMCO.7 fl CMC1.2 FIRERRYIH D[4, 3] (A) Fd (0.9 (B). AFH

HiRie (xfly) REMFIRETFEH CMCO.7 fl CMC1.2 M AERDIZ AIFEREEER

(p<0.05). NA/NEFRENARKEFRFIMENHRHEHF CMCO.7 fl CMC1.2 FIKER
PMEARKREZ HFERERER (p<0.05).

Fig. 2-6 The D [4,3] (A) and d (0.9) (B) of soy yogurt with different concentrations of CMC0.7
and CMC1.2. Different labels (x and y) indicate significant differences between soy yogurts
containing CMC 0.7 and CMC 1.2 at the same concentration (p < 0.05). Different lowercase and
uppercase letters denote significant differences between soy yogurts containing CMC 0.7 and

CMC 1.2 at different concentrations (p < 0.05).

38



FETRAS AN EEHE S TR R B 2T 300 K B R 1 11 SRR ) 5 )

A S— B] —sy
g ——sv-07-0.1% 8 ——sv-12:0.1%
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B 2-7 SAARFERE CMC0.7 (A) Fl CMC1.2 (B) K KEERYIKIRLEE i B
Fig. 2-6 Particle size distribution of soy yogurt containing different concentrations of CMC0.7
(A) and CMC1.2 (B)

3.8 CMC X BRI R4 14 RSN

R TR 7 ) SR A 000 5 S Y SR J e 2 47 ) e o A e A JoR i ) — P L SBE SR AE 7
(Guo et al 2022), KZERYFAGIETI 45 R WK 2-5 Frox. FEE CMC BB 0%
THE R 1.1%, KRERRYIRIEERL H IS TheE FRg i BRI . CMC KA 0.1%(1)
R G R AR R o v, JE I T e DK 2 R 0 R FBa 7K MAL 4, i v T BT 0 ) J i 25
M T K RRYIIBEE . 2 CMC FIREZETH 2] 0.3%0, ESREA H LI R
oKW, MR CMC ik T8 R RORL 2 (] (S84, TR T S R TE AR 1
BB RER, NEEEF 0.3%KE CMC KGRIt &2 5T SY. B
FH CMC REMIHE—S T m, IMAZIKGRIHI CMC iTRE S E A s 44,
AR 21 (AR AR R 00885, REEE A CMC ZHMF R G, ook
TR BRI A, N TTSEA5 R SRR WY Bl B P A1 o L S Nt UL o5 8 %2 W Ak
R T v, 30 I 2 W IR P TR IR A 5 V8 22 W A P IR P BB R R B T
T Ja BRI #a A (Li et al 2021). 5700 CMCO.7 RSB PIAI L, ¥ CMC1.2 [
RGRRY R RS w5 D5 AT B2 VSN 5 v B A7 4 BE 1) CMIC 1.2 AR 1 o 2 )
A TSR AR J7, AT AT DU R S8 S B SR AR AR, i TR IR WY Al
JZ(Xiong et al 2017). K RRYYIK P SR T S I 1) o A2 19X 2 &5 Ay v o S P4 FH 0 1
KA, GFRIGEERKEEE. ER—FZHT, & CMC IR 0.1%F =2
1.1%, &1 CMC K GERDIH PRV IL T e T Ja B T s e 3. TR,
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FEVINH B 22 W 1) 2 FLER 99 bt O 5 ) HL 9 SRR B A 22 VR BE R T v R R T S T e
J5 FEAR I % (Guo et al 2022) . HIILIX BRI R JE K AT RE 2, TEWIAE A1 /b & CMC
I, BN A AR, G5 KENE AR ERER T 2T EE, s
JiR 2 AR AR RO s . RS CMC IRFERIHE— 0T, KGRI A Tk
BT A RIS, FEETTREZMAR CMC A8 H B2 (B E 18T B K 25 25
18, ELRZ R SRR g A SR ¥ 2 B T e AR R B 2 B 1 AE F 73 (L et al
2021). SR BEEE 2 FERE R — BT m, WL T RERMEA ME A RS A1 CMC,
X R G IR Y A R T R R R A R 2 T M ER I, K&
CMC Jit e IR 6 FR VE P45 K SRR W IR N SR SO T — & A2 B2 1 7 5 (Guo et al
2021). PRI OR R Ty H Bl B2 R Y SRR IR 2, AT R R D K R 9 A 1
J A 2% 25 1) 2% (Lee and Lucey 2010). i #4240 rb (080 FE it S BR (12 K 2 BR WS (¥ it
Ak, PEFEMRSERR I, ER—MEZRET, & CMC FIKREEM 0.1%F 5
) 1.1%, KERYEIMEZRIE 7 Z#H RS, JF Hdn CMC1.2 KRG RY)
(AR B 35 23 KT CMCO0.7 KGR Y. KL, BEE CMC IR EEM 0.1%TF
T E] 1.1%, KEBRYIZEEHRIE T —2 Minants, FEEIn CMCo.7 1K IRy
NI CMCL.2 WIER Y It T SEAF (R imt B, SRR A) 42 HE (R R 3 i 2 I e P B0
F—3, JERTHERAF AT CMC BIIIN T A2 T 7R [ (R0 5 P 2% 45 K (L et
al 2022)0 RE T HAT S IR oK R o] R R AR SR IRDRE R E, 15 101 Jsl B 12
R A — € K & (Pereyra et al 1997). FiE CMC FIKREEM 0.1%F =2 1.1%, K5
RRWSHIRE MR HCER I T 12 = s, RIS A T E CMC IR EERIR SRR Yhx
JRAEACHR S B A S i FRORG PR, AT RT3 S0 5 FRD 10 Js o PR 12 08 11 2 (Pereyra et
al 1997). BRIt CMC BN TRT LLAT R 9 K 5288 W5 FR) e R A2k

x 2-5 EARKRE CMC0.7 f1 CMC1.2 KERY KR HT
Table 2-5 Texture analysis of soy yogurts with different concentrations of CMC0.7 and CMC1.2

Cohesiveness . Index of
Sample Firmness (g) Consistence (g-s) . )

(2) viscosity (g-s)
Control SY 26.527+0.446°C  4.436+0.432A 117.427+1.804¢  11.592+0.4114C
SY-0.7-0.1%  58.925+2.267% 1.078+0.025% 223.396+7.997% 2.692+0.071fx
CMCO.7 SY-0.7-0.3%  30.463+1.024% 5.342+0.121* 130.467+3.023b 4.274+1.615%
' SY-0.7-0.5%  20.470+0.395% 3.378+0.008 91.876+1.717% 6.266+0.992%
SY-0.7-0.7% 14.604+0.142¢ 3.090+0.03¢ 67.753+0.375%Y 18.307+1.012¢
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SY-0.7-0.9% 8.317+0.086" 2.542+0.066% 43.087+0.418Y 20.608+0.373
SY-0.7-1.1% 7.606+0.097% 2.77240.0344y 38.915+0.294% 23.544+0.357
SY-1.2-0.1%  102.379+2.4854%  1.872+0.855%  389.941+18.326%%  3.581+1.767%
SY-1.2-0.3%  50.853£1.087B¢  1.851+0.314%  202.963+3.5078*  3.217+0.130%
CMC1.2 SY-1.2-0.5%  28.176+0.744*  3.051+0.2658% 119.47042.525%  6.967+0.422P%
SY-1.2-0.7%  15.777+0.838P%  2.976+0.1198% 75.145+3.2350x 19.564+0.3968*
SY-1.2-0.9%  15.026+0.818PEx  2.884+0.1348x 68.32842.238P 18.838+1.4178Y
SY-1.2-1.1%  13.214+0.561%c  2.971+0.111B% 63.806+1.937P%  23.5554+0.2674%

E: AEBRE (x #y) RPEHEBEKRETESHE CMC0.7 f1 CMCL1.2 FRKERHZ BIFEEREEER (p <
0.05). AR/NFFRIRNAREFREFMCHHRAER CMC0.7 fl CMC1.2 K KEBRPIFERFREZ [H7F
EBERER (p<0.05).

Note: Different labels (x and y) indicate significant differences between soy yogurts containing CMC 0.7 and CMC
1.2 at the same concentration (p < 0.05). Different lowercase and uppercase letters denote significant differences

between soy yogurts containing CMC 0.7 and CMC 1.2 at different concentrations (p < 0.05).

3.9 CMC x X 2B ORI EE(ER

1BV B3 A A R WY AR 47 1Y) O B R 7B R 3R (Grasso et al 2020). BT HA 12
AR FIW A, & F 0.1%IKE CMC BIR SRR WIHE HERR £ PPl 2 4h . R0 0.3%-
1.1%#KEE CMC H R EZIRYIA SY KR EEMENEE 2-6 Fis. BEE CMC KWK EZ M

0.3%FH i 3] 1.1%, FURLIER 15 430 JE S8 R0 T 1 I, 2 B 0K 0 T 41 32 ¥ A 153 41 L )
Ho WORLERAS Sy AR A B 5 LR Sy A U R 45 A — 3K, Sonne S AR I
] 45 £ st PR RRORL SR R, RS 2 B) A6 2 38 R AH 9G4 (Sonne et al 2014). &4 CMCO0.7
WIEN 0.7%-1.1%F1EH CMC1.2 WREEA 1.1% 1 K 5 7R 5 I RIORLIE PP 73 F1 = H P

SR T SY, KIULERIN CMC 7 — 58 W E T AT ALE K SRR 91548 79 5 I 40 )5 22
JE B K K S R WY ) AT 4% 32 M 2 IEAH 2% (Esmerino et al 2017). fEMFKRE T, &
CMCO0.7 MK ZRRYIE CMCL.2 1K TR I HH 5 v (1 SR 5 5 KA 47
B SY-0.7-0.3%- SY-1.2-0.3%F1 SY-1.2-0.5%41, FIAGFE &b ARG B8 A 0 42 381 8 25

Z 5, H SY-0.7-0.7%H I 8454 B 51 - CMC W N 0.3% 1 K G 1 9 2 7K T SY,
{HF#E CMC WREEIE—30n, % CMC kSRR A4 5T SY. KBTI

B PCA 4347, Wl 2-8 s, PC1 AT PC2 EHIFTA 91.7%, PC1 Al PC2 A LA
S R R ) 1 B AE (Hue et al 2016). 7E CMC HIIREE A 0.3%HF 1K EER Y 1)
PIANFE A PRSI, H FUBAFIEARLL . ZEAHIE] CMC FIVREETS, IS INAS [) R A 5 2
CMC W KGRI [0 BA —E KRR, JCHAZAE 0.5%A1 0.7%HIPIMKIE T, ANF
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CMC W% ER R IR YIS AN R 28 ERTIR, IINKEAE 0.5% %2 1.1%Z
[A]ff) CMC 7] G Rkt K G R W ohLE . JE B O A5 TR s 53 AMEAH [V
JEF, AREEZER CMC X KGRI A R HEEA—EWZER, CMC0.7 t
CMC1.2 B BT BE K G IR Y HUERBETT -

2 2-6 CMCO0.7 F1 CMC1.2 #EEHN 0.3%-1.1%F1 0% 1K S BT S W

Table 2-6 Sensory evaluation of soy yogurts with CMC0.7 and CMC1.2 at 0.3%-1.1%

concentrations and without addition

Sample Hardness Viscosity Mouth coating Slipperiness Graininess Thickness Total score

Control SY 15.17+1.76"4 12.7242.08™ 14.1742.68" 14.6143.16% 16.0042.68% 13.72+1.60° 86.3945.29%
SY-0.7-0.3% 13.6142.68% 12.17+1.98° 13.0042.95% 12.5643.43° 13.1743.35% 13.6742.43° 78.17410.17¢

SY-0.7-0.5% 17.06+1.55° 14.3942,52% 14.39+42.40° 15.50+42.20% 17.1742.12%¢ 14.06+1.80" 92.5645.67%

CMCo.7 SY-0.7-0.7% 16.56+2.09% 15.61+2.00* 15.3342.50% 16.06+1.92* 17.78+1.80* 15.4441.79% 96.7846.35"
SY-0.7-0.9% 16.28+1.96%° 15.1143.07* 14.8342.57%° 14.9442.46% 18.00+.37% 16.06+2.21* 95.2248.87*

SY-0.7-1.1% 14.3343.55% 14.8943.07° 14.2842.47° 15.1442,13% 18.00+1.28° 16.33%2.17% 92.9749.86™

SY-1.2-0.3% 12.7242.76° 12.0642.78° 12.7243.37¢ 12.7242.99¢ 12.0643.00°¢ 13.1142.08° 75.39+11.31°
SY-1.2-0.5% 14.83+1.25% 13.1142.08™ 14,2242 .29« 13.6143.01* 14.174+1.92¢ 13.17+.34° 83.1146.75%
CMC1.2 SY-1.2-0.7% 15.06+1.63"¢ 14.061.59% 14.6141.75%° 14.6142.25%® 15.11+1.94% 14.28+1.67* 87.7245.63"¢
SY-1.2-0.9% 14.0042.52% 14.3642.30% 15.0041.71%® 15.0642.34% 16.2242.07" 14.5042.50% 89.1448.04"

SY-1.2-1.1% 15.1142.63"¢ 15.69+1.95* 16.39:+1.58* 15.784.77* 17.6741.19%® 16.00+2.14* 96.64+7.46"

H: ARANGFRRUAFARERIIZ AFERELER (p<0.05)

Note: Different lowercase letters indicate significant differences between different soy yogurts (p < 0.05).

PC2 (10.9%)

24 Hardness
SY-0.7-0.5%
14
[ J
SY-1.2-0.5% S
-1.2-0.5%
- " . . .
SY-0.7-056pperiness
. ..
0 SY-1.210 7% Graininess
“Mouth coating
s (]
@ Viscosity
1 SY-0.7-0.3%
SY-1.2-0.3% |
1 SY}1.2-0.9%
-1.2-1.1%
Thickness
1 ]
SY-0.7-1.1%
-2 : i |
-2 -1 0 I 2
PC1 (80.8%)

& 2-8 REIKE CMCO0.7 fil CMC1.2 KSR PCA B
Fig. 2-8 PCA diagram of soy yogurt with different concentrations of CMC0.7 and CMC1.2
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3.10 CMC A S BRI E R RBEAKRR N

KREBRPIMEOEIEE (CLSMD BB nE 2-9 v, BT I & X IE R A7
FEHZ I B et iR (A A%, 1M G XS B 3E R AR XK. SY HIER [ 5%
R LI SIMEMBOETE . &H CMC IREDY 0.1%M1 0.3% KK ERPIH LT SY, &
15T F IR SR SR TS R I H BRI R X 5 R B & CMC R EE N 0.1%F1 0.3%
(RIS IR 3 2 s HHREDRES () R R R (kAR — 3. Ge S5 NGB T 2REBIKEE R, I
IR ¥4 16 BT R W LU AN AR I R 5 2 300t B vy %85 P52 PR T 2 1 7(Gee et al 2022). 4 CMC
R BE AN 0.5% N2 1.1%0F, 2 A AR I 28 LB K. JRIFI T Re 2, MK RY)
H CMC R EZ 4358 0.1%A1 0.3%0, CMC ik TR AR Mt bEE, Mk
SRR RN 35025 11 2 A B 7%(Ge et al 2022). #R1f0, BEE CMC RIETHEF] 0.5%-1.1%
I, SREETESE AR B CMC, ] BE DR i s HE e 50 (R BSOS K T 8 A i
2 [B] [P [A] B (Carpentier et al 2021). I4h, 5&F CMCO.7 M KGRI, BA
CMC1.2 1K 52 53 AL A x5 25 4R i B TR

Control

CMCO.7. . . . . .
CMCI.2. . . . . .

0.1% 0.3% 0.5% 0.7% 0.9% 1.1%

B 2-9 ARWE CMCO0.7 fil CMC1.2 FIRERIIIBOLIHREE. BIF K HEI RN 20 pm.
Fig. 2-9 Confocal microstructures of soy yogurts with different concentrations of CMC0.7 and

CMC1.2. The scale bar in the figure is 20 pm.
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3.11 CMC ¥ KEERTREEHHIRNT

TR W R W 0o LR AR 2 5 P . WHIC A B e 2 28 ¢ B B2 14 ] (Tudorica
et al 2004). KGRYI) Cryo-SEM . Fr 4l 2-10 fivs. SY MR 23 H Y
SIIE B IREE R, AT LA SY (RS E 1k R A A R T AR TR I 2 L
xiF 7K 8% B3 4 I (Tudorica et al 2004). ¥ CMC #8121 K R 3 H AT DA SUR K & /e 4
(I 28 250 o 75K G IR Y AR IN 0.1%F1 0.3%3K FE ) CMC 2 B3R IR 4 1 5
REEH, FEUEE T I FLBRARAF A &), X R AL 55 CMC Kk 0.1%F1 0.3%
(R R SRR WS oML 5 BRI WHC 45 SRAH— 3. BidE CMC IREEIIE— A1, 7£
KGRI S rh 2 MR B FAR G, X P AR ES W AT e A 5 8 A R AR
CMC FifEili. CMCO.7 RN 0.5%-1.1%K KRS ERYIE WHC K42 5 5 K Al g2
CMCO.7 5K FHIgEA, ULRJZIRFLBEXS K43 T I8 B (Zhao et al 2018). 7E 0.7%-
L1%MRE TS, &4H CMCO.7 B R ZRRPIKI a4 LR L& CMCL.2 BRE
FR R DA T N3 5], IX B AT B2 A CMCO.7 (1K B IR Yy HA 5 s WHC R A

A

Control

Control
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& 2-10 EAFWKRE CMC0.7 f1 CMC1.2 K KERRTIK Cryo-SEM B . EGBREEDFIN
3000x (A) F110000x (B).

Fig. 2-10 Cryo-SEM images of soy yogurts with different concentrations of CMC0.7 and
CMC1.2. The magnification of images was 3000x (A) and 10000% (B).

4 KNG

CMC IR P52 R EL A7 2 P50 K R 0 (1 7 RS B S IR el o ZE PRI
CMC N 0.1%M 0.3% R E IR YA LI 7 EBLS, S, AEE
EICT SY It HARGE M AL o A A3 5] o (HBEE CMC IREEFH s, KGR
AT Z B AR OGN, Pk R, AERIETEMES, Mamhms
BUZ AR A S0 BB 7RG K. 25 CMC BRI THE 2] 0.7% M LB,

CMC M KERYYS SY fEAE L EREHER.

CMC HJHR AN B 555 2 0 K LR W R AG E PR B B35 BUREE, 3 in CMCO.7
£ 0.5%-1.1%H BN 7T LA 2502 s K SRR W R sAs E 1t . 2 CMC KA 0%
MEN 1.1%0, KERRYPIE WHC RIH 1% T TSRS, SY-0.7-1.1%H6 &%

= WHC. #HELTF CMC1.2, &F CMCO.7 R ERYEA FiFfa et /KT
Bk 28 d Y, KERRYIN WHC 1 pH EIA M BRI, AR
BIGE I BT BRI RE RO . FEM#E 28 d J5, WA CMCO.7 7E 0.7%-1.1%3K FE K 5 1R
Wi WHC, 43718 91.18%. 96.16%F1 96.21%% 3 i3 T RIS IIHIFE S (72.73%).
CMC KR 0.7%-1.1%M, &H CMC R ZRPIKRLE ZE /N T SY. @i {iniZ
BRI, KEBRYITH K R FER L EK, By CMC KRN 0.1%M K5
WAL, HARKEM KGRI LA EKETEmT 98%.

CMC HIIMNTT DA 258 R IR Y H UKL . J5 2 NI 28, SY-0.7-0.7%47
R TIPS T SY, HANE B 25 I CMC 226 K SRR Wy KA [F (1
MBS . SO, B CMC IR 0.1% =i 3 1.1%, KSR 1A
FEFIRH LRI T B AR %S, KGR EOR I T T & 5 i 9 SRV R B T S T
e Ja AR T m s . BB TEI R, B CMC KK 0.3%TH 3] 1.1%, K
SRR VR 5 R HIEVE B T E B, B CMCO0.7 £ 0.7%-1.1%Kk
NHIRERRYIA SY-1.2-1.1% R0k &K 5 F BB & T SY. &4 CMC0.7
KRS CMCL.2 KRR BRIV 73 B i, SY-0.7-0.7%F 5t e I
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PR R, WSINEBUARE N 0.7, WREEN 0.7%H) CMC 1] LL15 212 e P e H. E &
IR SRR Y.
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FETRAS AN EEHE S TR R B 2T 300 K B R 1 11 SRR ) 5 )

E=E RRERAERMAERMRES . BEREFMOERM

B2
1 8l8§
E E—F R I, CMC X KSR R) I EEA B e E A, wEA

R TR R IR 5 HRAR % BRI DR B B DA O . IR Ai L 5 10
R IR, KA GH TR, TR U # R 7= 5 (4R & R F B L
(CullerH S Joyner 2019, Liu et al 2022).

T JEE R 2 e AR B e ) — ol 6 RN TR R, ] e £t 1 11k
52 BB SR AR AR, AR AR R 1 S PR B S P R N U
FIHA, ST 2 [E A fr 2 AR LR R P SR RS ), X R S B2 B
(I AR A R 52 T (Aktar et alH S Joyner 2019). B A7 & F A3 A8 R 7 20 32 AL F5
Fef k. 7235 MR AN BE A MR (Joyner 2018) . FEiL R £ BN BT UIE R, B
A FENMRIERR % 4 (SAOS) FURIRIER HiHHi (LAOS). /MRIERE 4+
B H BN AR AR SR MERERIX (LVR) Y, FE M b ik aeti s (G
FHRFER R (G™). LAOS 15 E IRIE 2288 £ 5 1 LVR, AHEL T/MRIE, KARIE
(1 15 B PT LA B G DL 1 ] B 7 1 in S R e o S R0 5 8] 32 3 LA R AR
ALkl X 38 N IR AR 22 M (Joyner 2018, Greis et al 2022) . A IR 32 2 AR
[FIS MK, T AR G224 ] 4 K N 1) (9 R g R AT 2, TN T 52 5 WA U AN 25 5
W gL (Joyner 2018, Aktar et alH S Joyner 2019).

Bt I AT, 2F [ A 5 28 11 s v g B DD AN W A0 11 fls o f SRR
RIS (8 S AN BESCHE T S B S B 1 4 B, AR SR S B T e, X
S A EE R 2R R I (O S M 38 K (Aktar et alH S Joyner 2019), BEHE 43 2 /2 TN &4
U — R 807 1%, JoHOR HOGTE FE CAIE B (Corvera-Paredes et al 2022). [ B
R R S8 I AU B AE T fls o T3 R v o Sk A 5 1] R T B ok D &,
e PE PR 58 — WA (PDMS) AR e fid & i A4 RY, 76 BE I 2 [a] i in 28 4
Sk AN B BE R JI I F7, I DASSAL T Sk A5 0 P R 52 B R I ) e T
J%(Rudge et al 2019) . [RIIF, MEVE 2B 78 D0 BURE St rh, DUSE S MO 0 s v iR 3R 5
P ] B 7E RS HR 1 1 RRIER AN S B b 2 H B P R R R P VR 5 0 T £ f4E(Chen 2020,
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Khramova and Popov 2022, Laguna et al 2021). SN T45H )5, Ik & A BI1E
P & B2l & Skt B T W . W, REEERIESE T RE 2
FUfs R, IR 2 S Bl 20 [ R B S R0 v, BB RRE TS I8, KA g g 2 32 31
B 0 11 R B2 B 520 (Ren et al 2024).

Pl A B b — B AS B FURIRRE E, 3R 7 AFEKREER CMCO0.7 F1 CMC1.2
ST K G IR YR AS S L B R 1 BB AR, SO IR S T R
T T HAK SRRY) R (R A . DA AR SR S AR B 0 (o b, 3@ A
AN E DURI OC R T 186, B i gk i sk e 4 it — e (M LR Rl

2 M5 RE

2.1 SR SR

] Wi bR IR A
- EAGERRE R BEERAE R
KIEFIPLE-101 ALK IR AR
b i BB ) FR A 7
WA NOTHE I A A TE250kDa  LHERTR T LR

(CMCO0.7) }i % 1500-3100 mPas WA R
WU FE 1 2008 FR AR 4L 4> 8250 kDa AR R T AR AR
(CMC1.2) K% 1500-3100 mPas AR
RHEESESE (PDMS) Sylgard 1847 3k {4 5% EE R T A A
2B \ % [ESigma-Aldrich 2 ]
M EREE \ % [E Sigma-Aldrich A 7]
AL e I 24 4R F Ak R A )
iR G e 5 25 £ A 2R A
diEReA G e 5 25 £ A 2R A
AL srirat I 24 B A R A 7
IR — A GAIEAl 5 25 £ A 2R A
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2.2 KB %

I
R A B
L5 R
AR
JEE B A B A
UKAH
KB 44 25
HL RS KT R A
O TG
KA

R
2.3 SKWAE

2.3.1 KEERTAHIF
[ 2F —#2.3.1

2.3.2 RBFMR

KT IR R AD S el i A DHR =23 52 o 156 5% B 4% 40 mm- (8] [ A1000

L18-P161
JIM-LB50
ME204E
DHR-2
UMT-2
BCD-249WDEGU1
SHI-A4
WGL-230B
Ti-S
UV-1100
YZ15-Pump

JUBA B AR A TR 2 7]
WM T SE R
HERF I~ FER 23R A 7

EETA S

5 [E A1 & e A
T SR B A IR A 7
G IR T ES A
KA 2R RN A A )

[ Percival A 7]
5 R A3 AT A A A PR ]
IStiaa oAl E

(PP AT ARGEEAT AR FA R0 B L A0 4 4 0 A A [ & S o R R ELAR 940 mm
HEFEN2° IHETEAR AT RIRTRR % B Y] (LAOS) & (Zhou et al 2022). X T Frfy
AR M, R B R25 °C.

2.3.2.1 BAEEER

KR E RN = BT UE R B E M 0.01 s 2 1005, DISRAGAE BT A

KRz IR a7 e (2-1) A (Wang et al 2020).

n—-1

n=Ksxr
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Horbq BB (Pars), r BBV (s, K ZRMEIRE (Pass™), n &
NIMBAT AFREL.

2.3.2.2 SFEFTRMIR

BRI B PR M 5 B O 0.01 Hz 2] 10 Hz, NAFEEE N 0.5%, #1557
A AAE MR IE X S (LVR) . R RIfEREEE (G FIHFEE (G Xt
Wi# 0.01 Hz 2 10 Hz B EIME . SRR TR (2-2) M5HE (2-3) bt
TG

G =K *w" (2-2)
G"=K" x"" (2-13)

Horbr, KR K20 R s AR MR 2 (Pars™, 01 n 43 Sl & 7m s A A

KE SRR 2, o RonHiZE (Hz) (Bietal 2017).

2.3.2.3 BT E &R

PRI AR B ARG, ZEFTA FEAL ) LVR A, K 0.5 Pa (1R E BY U 7t hn 1 FF
E, JFORFF 120s, RIS N AR RN [ ARG, I A B e RS CRARIN TA]D .
120s J&, SCRUEGEBIYN ), Fd3 120s FIMNARARL (RIS EED . 8 DY 0 Burger
TR (2-4) LAEAS H 28 (Aliabbasi et al 2023), A% [ i@ H 4 (2-5) 1HHE(BI
et al 2017).
](t)=i+i(1—e—§)+i 2-4
Gy Gy NN
Hrp, ] RRIELTE (Pa), Gu il Gy 4371137~ Hooke BT ) 5L 14 A5 £ FT Voigt
BICI MR E (Pa), B akitEn & (Pas), © RRiENTE (s).
YT —VYp
Yr
Forp R ZRAR I ZE, yr My 7 0 ORI 0] 5 R3S (%)

R =

(2-5)

2.3.2.4 XiRtEEFHEHENR

KIRNEZZHH (LAOS) 2% [ (Zhao et al 2022). £ 1 Hz HISZ T4 N AS
BN 0.01%% 1000%, F ARSI LA 4 ) R A B BN BB AR o Rl e 45 o

(G’vr M1 G”yr) MIFHJE %L (tandivr) FJLATE LVR WHfE . M LVR i3 F|EZL
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PGSR DG SRR (ye) 58 SURHIEE G 95%(Xi et al 2019). JREG AR 7]
AR A5 53T MATLAB (MathWorks, USA) 1] Matlaos /5 (MITlaos v2.2
Beta) KA AL H LLFRAG 3 AR M Lissajous HiZE(Ewoldt et al 2009). LYK LAOS &3
EeEFEECH TR (2-6) 115, BeEFEHUCEHBTE (2-7) 1HHE(Ewoldt et al 2010).
E; = yéGy (2-6)
Horpr Eo &R 84> LAOS TEM I REEAEH yo RN NRIRE (%), G & —kr
TFERRE (Pa),
b= Eq =7tyOG{’ 2-7)

4)/0 Omax 4Gmax

Hrb, o NREEMEHR, omx NEE LAOS T H B S FEN /1 (Pa).

2.3.3 BB

A FH B B A5 i R LR A i AT SR B 7 O R R AT R 0 T, DASR
3 0.2-20 mm/s W BN N K Z IRV EE 240 (COF) (Liu et al 2018). N JEEHEH
NBEEEAR, EEEERINEARN 6 mm IR HEREKE (PDMS), AFRJTA 2N,
PDMS ik Ak v IR Sl 4, DA LR RE AL A 1021 M LLBR A3 5], A
FERERM, HHBESN 6 mm 1) 96 FLANMES FRIVE N BB RN EI Kb, #E 3
80 °CHITIEA IR 2 h, 45 MEEE b7y 513 2 HA2N 6 mm ff] PDMS | A #
fll(Liu et al 2018).

2.3.4 KEERIERT LRSI ERME

WEFERE B 52 J5 24 /NI AT o S, U S TR AL K _ B3, IR D)
2mm & 1 em? KAV, FRHRE S ORI T8 B E BGR 8  b. fESRER T
GERTE V) RIEAE N T 30 min, A TREEFIEC A CaCl, (4mMD. KCI (10
mM). NaHCO; (2mM). NaCl (7mM). KH,PO4 (6.7mM) AU EREA (1.0%
wiv) (ZEEH 2021). FHREGRYE D FHH B SROGQENR G, SZIREN 0.01%. 1%
20 uL FESRININEDE & R, JHEHTH 30s, RV RS N B & AR
Fro BEIRE N BE 0 mL. SRJEREI R BB BURE 45° BRI L, HIES)RE
#, WIHEBEE N 6 mL/min, 43AICE 1. 24 4. 64 10, 15 1 20mL i, fEikpdk,
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TE9E BB NG . BT M2OLH IR E 98 6 B A I S 508 B R — 2
i Image) BAF AT 2CE F,  DLEALRE IR BEIG 52658 B (Cook et al 2018).

2.3.5 XKEERINEORNZREBENE

TR 10 L O @RS 5%, B S g MRKGRIEAR, FWEH 20 mL
RI7KEE S's, KKt BRI G — 8. S8)E A 7341 20 mL 17K
B 5 s FRE K BRI - G M) . A SR AN O BE THII E BRI i i
Ja BIFESLFE 600 nm AR EEE, FFIE R R ZIRYIM 0 ¢/20 mL £ 1 g/20 mL )45
e 4, THER G IRYIAE 11 (1) 5% B 2 (Riquelme et al 2021).

2.3.6 GEit ot

A FEAR AT = UCPATINR, B8 DP9 Ar i 22 (M=SD) F£oR. KA
SPSS 26 (Chicago, USA) Duncan fa e AT R Z M3 (p<0.05). BIE . K
PEO T B A 22 18 BT A F 55 B Origin 2022 (Northampton, USA) £l

3 BRENh
3.1 CMC M X FER{IR T F 451897 M

3.1.1 CMC X KB BRI E RN

ANl 3-1 P, BT il BRGS0 S I 5 B U7 T 4 1) 3 o v AR A B AT N
SRS , TR T B A R T U R I % 25 4 SR A A TR B B BT 24 (Cui et al
2014). TEE A UG EERRAN . 2514 ORI B8 1 g 58 18] 2 21 LR 73 o B S tH Ay 25 2
(Ge et al 2022), WK 3-1 Frx, K AMERHS KGR ER B IEL . 7E3m
CMCO.7 KGRI, CMCO.7 W EE M 0% IR 1.1%0F, KRR W RS B R I H
BTG I0, B T FE, e X Tt minEs . msin CMC1.2 B R 2R Y5, BE CMC1.2
HIREE M 0%THE 2 1.1%, K BRI 56T 5 BRI 3. CMC WKE N 0.1%
F0.3%I K GRRYIR I T LG SY SO RpRb 2, 17 Aty P82 1 X 5218 W3 PR A FE D A1
T SY. JRRTRERZ A CMC KA 0.1%A1 0.3%H K SRR ¥ B A BAK K WHC,
MTAEAF KGR Yoot th KBRSy, 45 P EBURE 2 IR T 7K 23 HE T 5 B0
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R [A] RS B R, AT i 17 R LR W AR B o A T i 2 PR IRIR BE 1K) CMC
SR T B B RN T AR E . BEE CMC FIREE 0.3% T 5
B 0.7%, KTZBRYIPRE A FICHES, "TheR CMC BIINASEE 1R GERYIN)
BRI 28 2k, AR R A AR ELAE R DB AIC, AT A7 R G RR W AR B2 B AIC . 1B
2 CMC [IREEM 0.9%F 1.1%Mf, X aJRE2x T CMC FIEBIER, MmfsKE
MR RG I XA — R T & 0 B0/ T B R B A A it o 1 s g5, 587
DI FRE BUR L. ke 3-1 R, TERFRZHE T, B CMC FIREE M 0.1%F+
=3 1.1%, n{HEMHZH TR, CMCIREERN 0.7%-1.1% K 2RI n {4
w1 SY. REHESIKE CMC KGR BA sy UiE - ee 7,
PN 0.7-1.1%K FE (1) CMC 7] LR &K SRR Wk ht BY VA FH (1) e

R ¥ —m—SY
R N —@— SY-0.7-0.1% —@— SY-0.7-0.3%

] \\ — @ SY-0.7-0.5% —@®— SY-0.7-0.7%
A ® SY-0.7-0.9% @ SY-0.7-1.1%
‘ ‘\ — A SY-1.2-0.1% —&— SY-1.2-0.3%
1000 N A SY-1.2-0.5% —A— SY-1.2-0.7%
~ ..\‘\ .2-0.5% .2-0.7%
- @ A } A SY-1.2-0.9% —A— SY-1.2-1.1%
v : A
< i ' 8 A
S 0 N
5]
o
Q A
.4
> 10 o
14 ;
)
1 ®
0.1 H———rrr——————rr————
0.01 0.1 1 10 100

Shear rate (1/s)
B 3-1 AR CMC 0.7 il CMC 1.2 K E Bk RE ST 8415 R 0 2R

Fig. 3-1 Viscosity as a function of shear rate of soy yogurts with different concentrations of

CMC0.7 and CMC1.2
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R3-1 FREREK K nUEER
Table 3-1 The fitting results of the power-law model for K and n

Sample K (Pas") n R?
Control SY 35.733+1.068C 0.108=0.0049° 0.998
SY-0.7-0.1% 385.122443.947% 0.000=0.024% 0.999
SY-0.7-0.3% 118.88345.704 0.06340.013% 0.999
SY-0.7-0.5% 11.87640.229% 0.07240.004% 0.996
CMCO0.7
SY-0.7-0.7% 12.92740.226% 0.24040.004% 1.000
SY-0.7-0.9% 12.3340.135% 0.32440.003" 1.000
SY-0.7-1.1% 16.29540.292% 0.36240.004% 0.999
SY-1.2-0.1% 291.756+10.9714Y 0.00240.011F 0.999
SY-1.2-0.3% 79.56343.6655Y 0.07040.010Px 1.000
SY-1.2-0.5% 26.84444.8720x 0.09140.056°x 0.996
CMC1.2
SY-1.2-0.7% 13.20040.3295¢ 0.1660.007¢Y 0.999
SY-1.2-0.9% 11.91840.2695 0.27040.0078Y 1.000
SY-1.2-1.1% 9.01740.060% 0.35040.002Ax 0.999

¥E: ARPRE (xR y) BHEMEKRETFTSSE CMC0.7 f1 CMC1.2 XSGRz MEAEZHER (p<
0.05). AR/NGEZRERIARKES FRMRIEAHNRAEE CMC0.7 B CMC1.2 FIKERIITERFIREZ A7
EEEHER (p<0.05).

Note: Different labels (x and y) indicate significant differences between soy yogurts containing CMC 0.7 and CMC
1.2 at the same concentration (p < 0.05). Different lowercase and uppercase letters denote significant differences

between soy yogurts containing CMC 0.7 and CMC 1.2 at different concentrations (p < 0.05).

3.1.2 CMC A E B {2k ME#h3E XI5 ARsE 14 RO R

NMRIEIRSEIY) (SAOS) FHIZWF A LVR of & Z Ak s itk (i — )32 B
()5 A (Geremias-Andrade et al 2016). KERYIT G F G a1l 3-2 ffin. BEE IR
B 0.01Hz T 2] 10Hz, FTE RS K G A G ¥ S8 nkass, BAEBA R
ElN, Fratei s GEY s T GME, RUIKEIRY) 2 S LA AV i (Aliabbasi et
al 2023). % CMC PIREEM 0%F =2 1.1%, KERYIN G G HEEIH %
W05 BRI N3 . CMC RN 0.1% K EIRYIN G F G & & T SY,
JE R AT RE 2 CMC RN IE T 8 5T IR SR AR S BULBE IR A5 250 « 24 CMIC IR
M 0.3%HEINE] 0.9%K, KEERII G G IEE BRI, TR L KER
Gy MNEE 5T N R B RE IR 5 K AR Oy 1 B 1 O 2 R R A R R A ) BRI 1 ek
IREERITER 770 24 CMC IRETHEF] 1.1%0, wlRglF CMC s HEH, f#
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RGN G F G AR T ash . TE5H 0.005% K FE i Bl 1 4 AL
gyrb i BRI AE R, H GERAL, 1R IR ER T &, FFLRYY
1) G BT EI(Xu et al 2019). EAHFENRE R, JUPAERTAEIRGHE T, A CMC1.2
MKERYN G T 546 CMCO0.7 K ERRYY . XA REE KN, AT B CMC0.7
MK ERRYY, &7 S A I CMC1.2 K SR R R AN 2 b 2 18 HA o
SR EAER, WA TEREN G . 1% 3-2 i, KA KBS KGR
G’ F1 G7AHEL, TiBEAE CMC BIREE N 0% T+ =2l 1.1%, KGRRYIE) n°Fl n*{E I T
PRI s, RFATE—EIRE T CMC FIIMARR T KGRI G F GXf

A +44 By
& ®—SY-0.7-0.1% —@— SY-0.7-0.3%

@ SY-0.7-0.5% —®— SY-0.7-0.7%

1000 M-f:r: 1000 4 SY-
a8 _o—

G' (Pa)
b
>
>
B
| 2
G" (Pa)

100 o

A |

T T T T T T T

T
0.01 0.1 1 10 0.01 0.1 1 10

Frequency (Hz) Frequency (Hz)
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Fig. 3-2 G’ (A) and G” (B) as a function of frequency for soy yogurts with different
concentrations of CMC0.7 and CMC1.2

32 BEEAKN K. . K” An” BPEER
Table 3-2 The fitting results of the power-law model for K’, n’, K” and n”

G =K " G'=K" "'
Sample
K’ (Pas") n R? K” (Pas") n” R?
Control SY 813.79243.48C 0.1136.0024P 0.995 167.54542,972°C 0.189+40.009°¢ 0.986
SY-0.7-0.1% 2724.72938.182% 0.11140.002% 0.998 564.9+11.902% 0.12940.011= 0.911
SY-0.7-0.3% 417.34332.294% 0.12340.003% 0.993 94.254+1.661% 0.14940.009% 0.951
SY-0.7-0.5% 95.30140.881% 0.16140.005% 0.988 25.86340.393%y 0.17520.008% 0.973
cemeor SY-0.7-0.7% 66.68810.759%Y 0.15240.006% 0.981 24.06140.4850%x 0.25040.012 0.976
SY-0.7-0.9% 36.80940.492% 0.255:4).008> 0.991 21.3254.225% 0.36140.006* 0.997
SY-0.7-1.1% 54.075+1.28" 0.38540.014* 0.989 32.60340.174% 0.36540.003* 0.999
eMCL2 SY-1.2-0.1% 3363.86+11.386"% 0.1180.002¢P* 0.997 740.39411.9024% 0.1380.008% 0.953

SY-1.2-0.3% 828.864.0135~ 0.1246.002¢Px 0.994 187.197+2.87%% 0.1480.008PFx 0.962
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SY-1.2-0.5% 217.303+1.0115% 0.12340.002% 0.995 51.7940.789> 0.15740.008PY 0.967
SY-1.2-0.7% 83.51640).6825~ 0.14440.0048% 0.989 23.00240.451% 0.240.011% 0.965
SY-1.2-0.9% 59.22340.827% 0.179+0.008% 0.978 18.830.377Ex 0.264+0.0128Y 0.980
SY-1.2-1.1% 71.21240.785% 0.14540.006" 0.981 26.65640.5625~ 0.29140.012% 0.982

E: AEBRE (x #y) RPEHEBEKRETESHE CMC0.7 f1 CMCL1.2 FRKERIHZ BFEEEEER (p <
0.05). NENFFHRMARKRE FHRRICHHRAETHE CMC0.7 M CMC1.2 FIRERFERFIREZ [
EEEWER (p<0.05).

Note: Different labels (x and y) indicate significant differences between soy yogurts containing CMC 0.7 and CMC

1.2 at the same concentration (p < 0.05). Different lowercase and uppercase letters denote significant differences

between soy yogurts containing CMC 0.7 and CMC 1.2 at different concentrations (p < 0.05).

3.1.3 CMC XS ER IR B S 14 A%

U AR [ 52 S AT DA AT R SRR W AE A I B) RUBE T FRDRG S5 14 AT 9 (Patel et al 2015,
Geremias-Andrade et al 2016). W& 3-3 for, EEENIFEMER T, NAEFZZEY]
IR I PRI, RDUCATAIEAT ARHIE, B 5 SN BB T B A I S R
NHERIEAT Ny, SRR RN KRS, NARMEEGAS IR R, RN
FVEAT ARRE . 4R RO, AR B Se 2 MR R 2 s I &2, AR5 4%
185 2 Ay eI 5, (R T AAAE RGN AR BOR SRR WA R A E A, S 1iE R S
AR T 5E 4 [ 5 (Yu et al 2020, Bi et al 2014). &7 CMCL.2 B K SRR R AR BE
& CMC REERIFH s g dig in. [FRE, Wi CMC 0.7 F R S BRYI R I H 2R MBh K
s, {H SY-0.7-0.9% KM E = SY-0.7-1.1%, XAJfE&H T CMC IRER &, T
KT ERYREEERE N, ITTE RS SY-0.7-1.1% A5 50 /)N BE (1 48 (Yu et al 2020). 24
CMC HIRERT 0.3%I, & CMC I KERRPIKIRM AN 1 SY. Fltt, & CMC K
FEAE 0.3%2 1.1% 0l A R ZER IR I LG SY 5 22 5T Hiu(Zhao et al 2022), [fi]
M 0.1%KEER) CMC W] $5 K SRR WIS i s, (R IR WA 45 HEfili(Jia et al
2022). EMHFEIREET, BT 0.3%HKESL, &H CMCO.7 R ERRIIRILH L& H
CMC1.2 KGR = N AR, RUIM LT CMC1.2, ¥ CMCO.7 K E R Yy A]
DA o SR R SRR WS . SRR AT RS, A Rm A 25 B CMCL.2 S5 AR
MER R REERIRE IR, SEEH CMCL.2 MKERRIILESH CMCO0.7 KGR T
T A ) BEAL 45 14 (Jia et al 2022). AL, SY-0.7-0.3%HIEIE 25 T SY-1.2-0.3%

(£ 3-3), XEPEFATFEF, SY-0.7-0.3%EE SY-1.2-0.3%F B H 5K [ 38 14 5
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B 3-3 FARWE CMC0.7 fl CMC1.2 RERPIFIRZEEHLE (A) MREHKE (B)
Fig. 3-3 Creep recovery curve (A) and corresponding compliance curve (B) of soy yogurts with

different concentrations of CMC0.7 and CMC1.2

% 3-3 IUJC Burger H2H Gus Gv~ 7+ nwHIBIEERAEER (R)
Table 3-3 The fitting results of the Gu, Gv, T, and n~ parameters of the quaternary Burger

equation and recover rate (R)

Sample Gh (Pa) Gv (Pa) T(s) 1~ (kPa s) R? R

Control sy 5647.111+109.081°¢ 4107.914+4117.028% 3.889:40.287" 252.32747.723° 0.955 0.832£0.041

SY-0.7-0.1% 37174.506+1213.526™ 18987.7461097.774¥ 8.096-40.96™ 1044.890251.556Y 0.933 0.24840.038"

SY-0.7-0.3% 5753.174+123.674% 5324.609:4154.327* 1.8000.150°% 344.026+11.384™ 0.925 0.73740.014™
SY-0.7-0.5% 1489.914+38.519% 783.379423.07% 4.36140.324" 48.121+1.505% 0.956 0.608+0.023%
cment SY-0.7-0.7% 882.16631.981° 376.01549.533% 2.49840.177% 18.556:4.414% 0.961 0.592£0.014°
SY-0.7-0.9% 846.531436.563° 281.4635.705% 1.625:0.095% 17.71040.396%* 0.962 0.485+0.012%
SY-0.7-1.1% 613.218422.68% 130.57342.197% 4.259:40.182" 10.03820.225% 0.982 0.55940.011%
SY-1.2-0.1% 19826.143+128.541* 46650.6334861.079" 0.851+40.045™ 2618.350-444.012% 0.968 0.561+0.068%
SY-1.2-0.3% 8449.786+121.711% 5150.64+170.409% 8.81740.577" 309.44849.334% 0.978 0.243£0.045%
SY-1.2-0.5% 2643.925473.148 1986.598461.262" 1.90240.168% 106.293+43.107" 0.931 0.598+0.018%
ez SY-1.2-0.7% 1114.101+42.106™ 620.398+18.599% 1.6760.145% 34.477+1.010% 0.929 0.540£0.013%
SY-1.2-0.9% 4428.146+137.58™ 419.875+12.735% 0.17740.013% 31.88140.790% 0.912 0.593+0.023%
SY-1.2-1.1% 969.639467.6167™ 283.3346.75% 0.69740.047% 20.41940.548% 0.934 0.688+0.012%

H: AR R y) REEMFERETSE CMC0.7 fl CMC1.2 FASRYIZAFERERER (p <
0.05). ARNGFERMAFRE TREMLAFHREETH CMCO.7 fl CMCL.2 FIKERYIERFIREZ AT
FEEERER (p<0.05),

Note: Different labels (x and y) indicate significant differences between soy yogurts containing CMC 0.7 and CMC

1.2 at the same concentration (p < 0.05). Different lowercase and uppercase letters denote significant differences

between soy yogurts containing CMC 0.7 and CMC 1.2 at different concentrations (p < 0.05).
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3.2 CMC ¥ XS ERIIEL M R T FiFtE a9

3.2.1 ERMRTEFITA

LAOS AT AT 43 M1 68 i 7 AR 2 Ml 58 DX 90 A8 2 R RS e 8 o 1) 485
F{5 . (Joyner 2018, Greis et al 2022). W1 3-4 Fur, 76N IR aG3E i #E 4,
G M GH#RFFAZ, H Gvr KT G'uve, IXRIFEMALT LVR o, FEERIH 5
P47 N(Zhao et al 2022). X1, BEEIRIEHIEE—LTE, G A G ) I N A
#, RPKGIRYET T BURAAR (R D , 1% 2 A VRS A IR WIS
JE DR AT R s BT U o (1 B ) A8 (Hyun et al 2011). EREMAE TR, GPAKT G°, JA
A REAS R BB REIR T KGR Y 4E R, S EOLK AR T FIR Bl (Schreuders et al 2021).
FERIRIBE G HVIFPRE T, R AIEEI R EIEE 2B E R mHEs], &7
(RIRE B LT B MLz BRI X 2% 25, AT AR T R e )= 3Rt P4 LT (Hlyun et al
2011). 7E LVR H, FfiE CMC iREM 0%FH = E] 1.1%, G’rvr 1 G rvr #B 2L H
Wi 5 AR 3 o X — WA R SR AR 4 R — 8, RUMRIKEER cMC
A LA 5 K IR YRR RS, TSN CMC FIR BRI SY B4 . fHJEH+

(tandrvr) A2 S WK G R WY i 1) T [ (A R i o) TR PRI FE B, 801G YY) tandLve E K W
RS A SR, T e R N SR AR R R R AN M. SR 3-4 R, B R
SRR CMC WRERTHF, tandve B T BEIHE B, R KT RYR)
PR BT 2G5, X5 PR b R B R A — 3. & CMCO0.7 KN 0.9%-1.1%
MK ZRR Y tanduve i T AR EE R4 CMCL.2 FIRGERYY, XA —fh KE
FRUSAEA] T PR, CMC 1.2 ¥R N 0.9%-1.1% 1 K G B 3 L CMCO.7 ¥R N 0.9%-
1 1% K SRR YA 50 2 1R I 45 SR A — 3. v R ERRYIH LVR (361, SY-0.7-
1.1% 26 5K M) LVR ARV N 2.36%, SY-1.2-0.5 [ LVR 54 0.90%.
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B 3-4 SAFEWRE CMC0.7 fl CMC1.2 FIAKE BRI KIRIEIRES BTN

Fig. 3-4 Large amplitude oscillatory shear behavior for soy yogurts with different concentrations

% 3-4 SAFEWE CMCO0.7 f1 CMC1.2 K BIFKRG S5

of CMC0.7 and CMC1.2

Table 3-4 Viscoelastic parameters for soy yogurts made with different concentration of CMC0.7

and CMC1.2
Sample G’ Lk (Pa) G’k (Pa) tand, , . Y (%)
Control sy 1467.6834551.443%C  299.289494.298°C  0.20420.008e°  1.129:0.023¢°
SY-0.7-0.1%  18186.06742856.994%  3501.5634538.971%  0.19740.001%  1.49510.031%
SY-0.7-0.3%  2872.893+307.634 560.232454.912°  0.19540.002%  0.99+40.012"
cmeny  SYOT05% 120.17342.874% 30.495:40.713% 0.25440.001%  0.93640.011%
SY-0.7-0.7% 39.316:46.790% 16.419+1.761% 0.41840.022%  1.7000.048"
SY-0.7-0.9% 42.49943.340% 24.13440 507 0.56840.03%  1.599:4.051%
SY-0.7-1.1% 39.692:42.274% 32.094:1.880% 0.80940.001%  2.355:40.024%
SY-1.2-0.1%  19036.567+1488.46"%  3779.743%352.613”%  0.19940.003%%  1.613:40.038AX
CMC12 SY-1.2-03%  4078.3404588.1228%  782.733+108.32585¢  0.19240.001°%  1.0930.021P*
SY-1.2-05%  849.331486.897C 173.692420.356C2%  0.20540.003%Y  0.9020.017%
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SY-1.2-0.7% 54.012+42.868Px 14.36040.619> 0.26620.003%  1.30140.039%Y
SY-1.2-0.9% 53.426+1.458Px 17.39040.345P~ 0.32640.0028Y  1.12340.025%Y
SY-1.2-1.1% 23.1360.836°x 13.92340.055~ 0.60240.020%  1.18440.032%Y

E: RRKRIL A y) REEHREKRETEE CMC0.7 il CMC1.2 MAERHZAFERERER (p <
0.05). AR/NGFRHARNFAREFERMEHHRAEE CMC0.7 il CMC1.2 FIKGRRPIFERFIREZ A7
EREWEER (p<0.05).

Note: Different labels (x and y) indicate significant differences between soy yogurts containing CMC 0.7 and CMC

1.2 at the same concentration (p < 0.05). Different lowercase and uppercase letters denote significant differences

between soy yogurts containing CMC 0.7 and CMC 1.2 at different concentrations (p < 0.05).

3.2.2 Lissajous fiZk 547

Lissajous HH£& 0T DL Wt 25 0 AH 5% () AE 2R P i A2 47 A B2 AL (Ewoldt et al 2010).
KGR HAPEFIR P Lissajous B8 ani& 3-5 fis . 7EARRIAR R, #ii% Lissajous
28 RGN IR T, TR PE Lissajous 28 5 I FIMREITE , 1 3 HH AR e 7 3 22
H 3514 TTHR(Zhou et al 2022). B RIZBFIE—5 30, 514 Lissajous #2861 X
IOZ AR, TR YE Lissajous M6 Bl 1) X 30 MZMT AR 4, 2 BH K 2 BR W it o 1
PRI 0 R B A A R, 5 ] 3-4 I EE 5. CMC IR BERT K SR
W) Lissajous HiZEtHA BB HISEM . 76 1%A1 10%HIMNAE R, BEE CMC KRG
I, SAME Lissajous BhZRZHIAE 0, M Lissajou HIZRIZHIAR A, F WK A B A EL
BTG N (Bi et al 2018). 1000%RME T FJEE 7K1 Lissajous Hh 2k H I H 22 mifl =
ORFR, T R RTS8 28 %7 g B s o 3 R AR ) 58 % R A8 (Eweoldt and
McKinley 2010). £ 1%-500%H9RME T, &6 AFWKE CMC FIKEZRYIF Eqfl ¢
W 3-5 MR 3-6 . #1E Lissajous 2R AT B i X F R ARG IEIA F i T
REPEL SN 1173 A ) BE AL AL (Huang etal 2022). MR IEA I EEAE RS ZHEdh
DN AR AR IS R ARG IR B0 AT 7 A 1) B oK e R RE I LUAE D e R REHICR, H T et
FEh [ E SR TR IERIREEE, MR EFEHCE Y 0 INAES R DA, 1 &
BUNZEB LR (Ewoldt et al 2010). £ R — KRG IRYIFE b b, B B AL TR,
[l — P ER WO TE RN IR G G FR T (¥ R S FEHUR B B R T N, R KGR YITE
TAIRGAGIR R ARG PRI 20 V4 FE 1 e FEBOZ M, S I T 4l S 1 i
. 1E 0.7%-1.1%1 CMC KET, BH CMCO.7 KGRI REFREANT &/
CMCl1.2 KGR, XEWEE CMCO.7 KIKGIRITEE NG AT Z 6

= (Huang et al 2022).
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Fig. 3-5 Elastic Lissajous curves (A) and viscous Lissajous curves (B), for soy yogurts with

different concentrations of CMC0.7 and CMC1.2 (control (black), CMC0.7 (red) and CMC1.2

(blue).). The solid lines of inside are elastic or viscous stress.

61



Herpgl KA 2024 i Bt F 70 2R S0

% 3-5 EAFEWE CMC 0.7 71 CMC 1.2 R E BRI s

Table 3-5 Energy dissipation for soy yogurts made with different concentration of CMC0.7 and

CMC1.2
Sample Eda1 Ed1o Ed100 Edsoo
Control SY 0.09640.007¢¢ 8.02340.895¢C 273.365446.12°¢ 1881.264+185.917¢C
SY-0.7-0.1% 1.13440.07% 99.44847.132%  2886.106+171.675%  17255.669+41529.843%
SY-0.7-0.3%  0.17620.017% 14.659+1.176 420.612487.167° 3281.5664266.751
CMCO.7 SY-0.7-0.5% 0.010.001% 0.8980.111% 45,0280.334% 476.9635,345%
SY-0.7-0.7%  0.00520.001% 0.53940.042d~ 33.774+1.301% 481.477450.129%
SY-0.7-0.9%  0.008=0.001% 0.69240.051% 42.14240.005% 653.189441.337%
SY-0.7-1.1% 0.010.001% 0.96840.11% 64.9384.953% 985.769+116.868%
SY-1.2-0.1%  1.19440.095%*  107.265411.899A%  3128.8914382.601"% 17892.941+1868.955"%
SY-1.2-0.3%  0.248+0.0178x 22.32742.7898% 604.584445.0028* 3727.5864437.9185x
CMCL2 SY-1.2-05%  0.05640.003¢P* 4.51440.364% 187.947414.427% 1634.7044201.957¢Px
SY-1.2-0.7%  0.00540.001P* 0.45840.051% 28.15443.022%% 402.296439.428Px
SY-1.2-0.9%  0.00540.001P* 0.57340.053% 32.14842.098%% 520.421+431.914P%
SY-1.2-1.1%  0.004=0.000°* 0.36240.038% 24.179+.163% 455.189429.445Px

¥E: Eai~ Eaio~ Eato0 F1 Easoo 2 BERZEIRIER 1% 10%. 100%F1 500%5 KX ST Be B . A Mk
(x fly) RUEMFERETEH CMC0.7 f1 CMC1.2 FIRKEBYIZ AFEEERER (p <0.05). FRNE
FRAARE KRB EZHFE S HRESHE CMCO0.7 Rl CMC1.2 M AEBPERNRIREZ MFELEEEHER

<0.05).

Note: Ed1, Eai0, Ea100, and Easoo represent the Energy dissipation of soy yogurt at strain of 1%, 10%, 100%, and

500%, respectively. Different labels (x and y) indicate significant differences between soy yogurts containing CMC

0.7 and CMC 1.2 at the same concentration (p < 0.05). Different lowercase and uppercase letters denote significant

differences between soy yogurts containing CMC 0.7 and CMC 1.2 at different concentrations (p < 0.05).

# 3-6 FAFIRE CMC 0.7 il CMC 1.2 K MJIEERFERZE
Table 3-6 Energy dissipation rate for soy yogurts made with different concentration of

CMCJ0.7 and CMC1.2

Sample o1 d10 $100 ds00
Control SY 0.16540.019C  0.23540.016°°  0.594+40.044°BC  0.88940.0872°A
SY-0.7-0.1%  0.14040.013%Y 0.19940.023%*  0.46440.144%  0.73140.064°>
SY-0.7-0.3%  0.12140.009* 0.17140.012*  0.390%0.078*  0.666+0.070%
CMCO0.7 SY-0.7-0.5%  0.25440.014%  0.41240.049™  0.80640.028™  0.90740.08%
SY-0.7-0.7%  0.27520.018%  0.39040.024™  0.67640.024™  0.89240.118%
SY-0.7-0.9%  0.41120.032°¢  0.51040.04%  0.7150.0072¢  0.92440.124%
SY-0.7-1.1%  0.51540.028*  0.56640.071>  0.71120.028%*  0.9104).1263>
SY-1.2-0.1%  0.18140.011%* 0.26440.032P*  0.61740.088B%  0.85840.115*
CMC12 SY-1.2-03% 0.15440.016°¢ 0.21940.02°*  0.51540.056°*  0.838+4).083"*
SY-1.2-0.5%  0.16840.013%Y 0.24840.028Py  0.54440.0608%Y  0.87640.119/%
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SY-1.2-0.7%  0.22240.0118Y  0.32940.037%*  0.70520.089Bx  0.88040.105*

SY-1.2-0.9%  0.25040.0158Y 0.38840.0408Y 0.63540.158ABCx (.91840.078*

SY-1.2-1.1%  0.44240.043~ 0.56240.049”%  0.79740.073"  0.93540.065"
H: b1 dros drooF dsoo D BUATEIRIEAN 1% 10%- 100%F1 500%F KGRI e BFEEER . RRKIFD (x
y) REEMFRETSHE CMCO.7 F1 CMC1.2 KAERHIZ AIFESEERER (p <0.05). FENEER
HMARRAAEFRFFLOHREEHE CMCO.7 fl CMC1.2 FIKEMMEASNRAWEZ AEEIEREER (p <
0.05).

Note: ¢1, d10, ¢loo and ¢soo represent the ¢ of soy yogurt at strain of 1%, 10%, 100%, and 500%, respectively.
Different labels (x and y) indicate significant differences between soy yogurts containing CMC 0.7 and CMC 1.2
at the same concentration (p < 0.05). Different lowercase and uppercase letters denote significant differences

between soy yogurts containing CMC 0.7 and CMC 1.2 at different concentrations (p < 0.05).
3.3 CMC M K E BRI FFHE AR

JRE 45 2 ) 2 2 W ot P ST A T, YN £ ot VBRI ROV BEHE R L (COF)
R P I A % 58 1) 6 AF 9 M (Dresselhuiis et al 2008, Corvera-Paredes et al 2022). & 3-
6 JE/R T AR KRR W2 [ ) BE 22 . 75 CMC RN 0.1%-0.3%F,  FE5 1)
TR MK R = 2 58 SY-0.7-0.3%. SY-1.2-0.3%. SY-0.7-0.1%F1 SY-1.2-0.1%,
S aiit GIHEFINT —2, GME#E, COF B, JEE R . XIS
(D5 R P A, B Sk v N e L L A TR B 25 5 4 N TRIBR, AT 5: 2 COF
#{%(You and SarkarG O Phillips 1 P A Williams 2021). CMC ¥ JE A 0.7%-1.1%FF) K
SRR YR] DAE BERE R 2 )T G 2, T AR S B . CMCO0.7 W 0.7%-1.1%
MR, REHUELR L TOE AR Ry 0.1%M 0.3%1 KGR Y E
K[ COF. U4k, TEMIAHER CMC , TERZHELEE T, CMCIKEN 1.1%
[{IK S ERWIH) COF &+ CMC RN 0.7% MK G REYS, X R CMC iR &k
SRR REIRAT BT R o TE TSN T R o Sk SR T AZ B I 1 1 T R
10.34 mm/s(Peng et al 2000). 7EEEET /Y 10 mm/s I, SY-0.7-0.7%[] COF 5 SY
FHECREAR T4 23%. FURIERE PR B SY-0.7-0.7%R I H 5 e 1 JEe 15
4r. B, W CMCO.7 £ 0.5%-0.9% 1k FE 1T LU R PR K R W) COF, B3
Nt I o
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B 3-6 & RFWE CMC0.7 (A) 1 CMC1.2 (B) KEEEHI Stribeck Lk
Fig. 3-6 Stribeck curves for soy yogurts prepared at different concentrations of CMC0.7 (A) and
CMC1.2 (B)

3.4 CMC ¥+ X BRI O Bk B4 A9 52 i
3.4.1 CMC X KEERYI O B E BRI

2 [ £ it R OK B R AR AR A S A R TE 1 s R B AR 2 B A G, T R ELUR
B 1% 2% (Camacho et al 2014) . AHEC TSI &, WA B &0l A 1K O s
BT A], SR RMA AR B AL B R R . RO I S 7E 1 i 2 A 3
ARSI, ARAEAE T RSN AT, e F BT R S O B AT 2 K43 A0 (Pivk
etal 2008), DHICFRATINE T K RRYHIE O h Gk B &, SRR K G R 9 7E 11 Jis vh
[P B P4 (Camacho 2015) . Wi 3-7 Fraw, FEZ8— A8 A 20 mL KSR M5ERy, JLFFr
AU CMC IR ERPIRE &S T SY, XKW, AL THEWRE, #m
CMC MR ZRRYE D BAE m ke &, ImIMEA 0.3%M KGR A
IR L, XK S RRYITER & DAEVIGRR B s R i B 45 A — 5 (| 3-
8 FHEI 3-9). ¥RIIT CMCO.7 HIK ERRYI IR B EFRAE 0.5%HIIKIEZAL, HERES S
TN CMCL.2 KGR Y. 58 Bk 4 R I, CMC1.2 #KEHN 0.7%-1.1%11)
REBRUI O vk B IF BT SY (B 3-7B). fE58 IR ms: B, din
CMCO.7 KGR YIFR 0.3%4h, BRI R E S TR CMC1.2 K G ERY).
e, W CMCO.7 £ 0.7%-0.9% 1) B AT LAAT 2442 e K IR W AE 1 Hh i i B
HII CMCO.7 (R ERR Y LA I CMC1.2 K SRR UHE M i R T i ik &
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>
vo)

CMC0.7

ax [ Jcmcr2 [ JcMmco.7
= T bx “ 0.08 T Cemer2
= 1.24 —— Ax # Control — <
S I - bex 5 ax ax I:I Control
= 1] . | |aBy PR s T
% 104 4D caxBCDx IR S Y = [T] T
2 =7 [T]oy B E 0.06 T
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%D 054 [1] S T I By s
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= =
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2 044 B ; -
- ™ 0.02 4 ? Dy
2 2 T
£ 0.24 £
o =~
0.00
00003 0.5 0.7 0.9 T 0 03 0.5 0.7 0.9 .1
Concentration (%) Concentration (%)

B 3-7 H—ke P E (A ME_KWEOE (B) PRUFKZRERE. ARKRE (M y)
RPEMFEWRETEH CMC0.7 f CMC1.2 MRERIIZ HFEREREZER (p<0.05). AFH
NELRERAR RGBS AR B EH CMCO.7 fl CMC1.2 W RERPIEARIREZ

HFEEEEZER (p<0.05).

Fig. 3-7 The residual amounts measured in the first oral rinse (A) and the second oral rinse (B).
Different labels (x and y) indicate significant differences between soy yogurts containing CMC
0.7 and CMC 1.2 at the same concentration (p < 0.05). Different lowercase and uppercase letters
denote significant differences between soy yogurts containing CMC 0.7 and CMC 1.2 at different

concentrations (p < 0.05).

3.4.2 CMC S XS ERIEEIMNEEREBER TN

FEOE, &R TR I E B E R RS L, &k NS HEEMIZs)
KI8T, AL B 1 TUERRE(Doyle et al 2023, Hiiemae and Palmer 2003). 7 [
FE PR BEAE e 0 NTE AR, VR 2 IR PR 0 D s R 2L 20 1, ORI D22, ki mT DAL
58 338 N 1 s o ) A WO RE F (Mlosca and Chen 2016, Pu et al 2021). J& &2+ & 4504,
FEREE RS EAT 4 5 NI AR 2R Sk SR IR ALk, & A e A4
NEE R RIFEA(BE & 2021). Q1F 3-8 s, BEA& MBERATELT, M4
AT L X IR T AR ARSI, R R IORE R IR D . SY-0.7-0.7%FF 4T
DX IR LT AR A RE SRR I RN TR, SR B AR & B (1% B & 4 %1 (Camacho
et al 2014). A A CMC ¥ E N 0.3%F1 0.5% ) K G ERYIAT SY EFFUATT 4 mL 7245 1)
e R BRI, TITE 6 mL 72 AR R BRIIER, R BATERT AR i eI B W
ROk, BEE G TR PR AR iR A e N R T B BE IO RE SR ZE AR TR e
g BRI (1] 3-9), TEBH G RIPREe R R BRI 2R ZMET T . SRR AR T
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A CMC R SRR N A N R, I B RAE 2K R, F
PEANN B 5 (RS2 Wt ok, AT 2B AE R UA I B AT e bR i) R B
171545 o T e e (0 0 o B 00) EL A 5 e PR W B, A1 5 ) T R BE B IR, IR HL
HAG B Y SR R A SR R AR B . T CMIC IR BEA 0.3%F1 0.5% K K S IR WA
BN R IE, R T BRI R, [FIN A 3-8 R, IR 0.3%A1
0.5%[RIAE A AERT AR e o LR B R AL G AN 5100 AT o IX R SR SR AR AE R IR
AN G ke ok B S S ARG & 18K, HEEE PR R, X
FEAK . Camacho AF 78 LI A 1 R B Re 2 R LB 1 ik JEAR VT e 5 R R 050 A B
RAH LA, W2 28 5 e T 78 (Camacho 2015) . J# 05 3 11 9 6 58 5 1 78 24y
Hrini 3-9 fiioR, 6 CMC WY 0.7%-1.1% 0K BB W E S & _E ik B B it 1
RIRIN CMC R G RGN CMCO.7 FIFES:, 1E 20 mL MIphkssdi e, &
KT B M = BUE D BRI RN 0.7%, 0.9%F 1.1%1 K S8R Y5, HIKA 0%,
0.3%A1 0.5%. ¥ CMC1.2 R ERYIFEM IS R G, K 2R PIERE & LIk &
M RS B AR INEN 0.9%, 1.1%, 0.7%, 0.3%, 0%A1 1.1%K K S BT . SY-0.7-
0.7%7F1 SY-1.2-0.9% 73 AITEA I CMCO.7 F1 CMC1.2 A it Ao o b iR B o v »
JoL BT R i 5 T (R PR P R A S 1) P SRS i, 0o PR R P LU it
TERE 5 THT b P PR ASE , T 2652 v 140 P SREAPE T LA g R 8 14 52 FEE AN 5 4 N My
XA AR E VP S5 A —3,  SY-0.7-0.7% 5 B PR M. I J8 A J& 21 8%
FEMBELAE ARG, FEIREEY 0.7%-0.9%I, &H CMCO0.7 KR ERYIAAEE CMC1.2 1)
KGR EA s e & R LR 28 BRTR, Wn CMC TEIRZ 0.7-
1. 1% 0 A DA 208 i K S BR WA 5 R IR BRHE, SY-0.7-0.7% % % & R T &
(LR PR S5 i
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WASH (mL]) 0 1

& 3-8 S HEANFEWE CMC0.7 fl CMC1.2 I REMIFEEE FRE %L E

Fig. 3-8 Fluorescence map of residual soy yogurts with different concentration of CMC0.7 and

SY-0.7-0.3%

SY-0.7-0.7%

SY-0.7-0.9%

SY-0.7-1.1%

SY-1.2-0.5%

SY-1.2-0.7%

SY-1.2-0.9%

SY-1.2-1.1%

CMC1.2 on pig tongue
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B 3-9 SAARWRE CMCO.7 (A)R CMC1.2 (B) K KERIPTERE LEHE KR ICRE
Fig. 3-9 Fluorescence intensity of residual soy yogurt with different concentration of CMC0.7 (A)
and CMC1.2 (B) on pig tongue

35 KEMMPRTEFEZFEE. OEMMES OREX MY

REIRPINHEN DU RIS 32 BIR G AR 5 BEHRSAA0  JRsk Py
VERIREI, O8 7 IRIFUHS KGRy D T8 A, anB 3-10 o, JEéas 7 K&
BRYSAR S BEER AR SR S DRI R E A . R RS, RIS
K. Guv Gv. w555 K SRR WS AOAE L B0 Bk LU S B SO . 2 i in
KGR LFA T Z R R, 12T ks ESURIH A 0l 45 4 22 Ta) 2 P Bk
P FE(Guo 2021). 5 KGR RE P 2 AR S Holim, #£ DN T e
FHIBREG R, SRV PR BAR. B, CMC KN 0.3%H KGRI HA
S e ARG RE MBI 9 5, ) 2 S BUBUR ) PV E 73 o SRTT, WS INIREE N 0.5%-
1.1%CMC K 2B YR B B ARL BEATAE R s, A 1 S v ) IR B D
58, nan’ 0’ tandives ye A ¢ SES S K ERRYI I B E 1570 2 1E MK - tanSvr
(TN 3 L] ki P I S st e N e R i D U e SRl LT 1 P
S8 0’ 0 ye SOBOR GRG0 AR BY DI SR T 7T, Herh n RORBIIR L
TONMRERE, JFHSEEAA RENIEAK. ik, BARRBIIIRAAT KR
FR 45 ) 2> A B HE R SE U ) SR LK, [RIFRAE AR L UOR P B R B 1 AR 45 R (Ji et al
2023). L, KEBRUIEAEMIRE . ELF Rsh A 8T U1 B om ikt 1K=
TR o= R B4 (9 1. RN 0.5%-1.1%K % CMC FI R SR Y, BA 11z
Pey BBVE. PUBTOIRMACTERI SR N AR RE Ay, WERIL 1 S M i 7. S5, i
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WS KT RRYIN COF I 7 ¥ B4 MR 35 R 0L T 35 10 A 56 1,
Baniasadidehkordi ¢ A £ 4= 7.2 @5+ .15 2] 7 ZE 0L 1) 45 3 (Baniasadidehkordi and
JoynerH S Joyner 2019). K 55 @3 FORLRL A2 5 T ) FIORL BT 225 A e,
5 R 5 K S TR B o R AR SC M . AR, KT RIVE s R Ik B S
JELFSE R PR 0 3 A O JR IR T e AN, )R EKAT e AN 5 H i T,
T Sk RS0 [A] B2 B 00 JEFE A 6, I8 75 ZERE LB B BORGPREE Lk i K
ZRRE AR RS, A SRR R B B EE SONRE R E R S 7E
1 r 5 B B T AR B B b . AE W, BRARAE D b BT — S IR
B, AHBR A HORE B E D B AT 8 ST 2 S50 K 11 s T s A ) A B e
K 1B BE A5 BB A 11 4

Hardness Pearson

Correlation
Viscosity

Mouth coating
Slipperiness

Graininess

Thickness

N I IR CHIORO 4 &S & AR
0 & a» D
AR A SRR

E 3-10 MBI A DR 2 MBS, CERREMR, BOZRAMR, "
TEEWAR (p<0.05)e Eao B pro0 R 100%117 FEA LAOS TEFRH B RFEHUR AL B4
B, COFys. COF1o Ml COFx 4 BIREE 0.5, 10 20 mm/s BESSEE T K IRTIH

COF. Ry 1 R, M HIRREE 1 M5 2 kb O i P AR R B & .

Fig. 3-10 Heatmap of the correlation between physical properties and sensory evaluation. Red
indicates a positive correlation, blue indicates a negative correlation, and “*” denotes statistical
significance (p < 0.05). Eq100 and ¢100 represent the energy dissipation and energy dissipation rate
at 100% strain for each LAOS cycle, respectively. COFys, COF19, and COF are the coefficients
of friction (COF) of soy yogurt at friction velocities of 0.5, 10, and 20 mm/s, respectively. R; and

R; represent the residual amounts after the 1st and 2nd mouth rinses, respectively.
~xr
4 RENG

CMC A LA RO 72 K BRI R AR ARt o AR A UKL, R R MR
PEARHAE LVR N Gt G”o EPIFBURE T, BEE CMC BRI 0% 02
1.1%, KRERPIFREL . G A G EIRIL STt m e T &%, I Horml 52285 Y)
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T R AR A I PR A3 . CMC HIWR N 0.1%F1 0.3% K SRR R B
H T SY BEmEFREEE . G ORI G, T H AR (K SRR YIE T SY. Fioh, TEM ]
WET, & CMCL2 FIRERIYIN Gm T &H CMC0.7 KRG IRY). LAOS k&
KW, FrAMEERSET T RRAE, SY-0.7-1.1%EA 5K M LVR N 2.36%, SY-1.2-
0.5%[1) LVR 5N 0.90%. BlE AR MIANWTIG I, oK 5 R Gt e i 222 Fréy e 7 £ A
SRR ) 2 2 A R R A 82, [ B A AT A P 14 i R R 2 TR DA e L A5 £
ETRETE N 76 1% 10% AN AR, B CMC W RITF S, R IUN AR iR
e 57 (4 BB = o 7R L1%EIREE R, &8 CMCO0.7 B K Z IR Y 5% Lissajous
£ T B T A B B K T35 F CMC1.2 FIRERYY, XEWHEH CMC0.7 KR
RWEGARGIEIAH B RFER S KT H CMCL.2 MK E R Y.

AN CMCO.7 £ 0.7%-1.1%3 B T 7] DL PR K TR Y3 COF. BRI
R, 75 CMC MIRFEN 0.1%-0.3%I , K G RR WY AR FE L HEFR T 55 M) G2
IHEFIIN T —3, GBS, COF AR, WM R AR LT ZE7R I CMCO.7 ¥R JEH 0.7%-
1.1%H KGR YY) COF FEHEAN EESHE B P KT SY. SY-0.7-0.7%¢E K HB 71 3hi
JE T BARAKK) COF, HAEEESEE )y 10 mm/s B HHE SY FAK 729 23%.

CMC FJ LA 2045 K SRR WY1 s RS B o e oK o R W E o Bk B = R T
KIL, CMC N 0.3%M 0.5% K K GERYIA SY fEWIIE RS, fEHREER T
RS, (HREE MR R NER, RS DR E SRR, e IR R
FEMERIAAIS , FREE R N R, BEJE N REE G MRESR)E, SY-0.7-0.7%7E
s bR R . AOCIEA TR, KGR O e BURLEE IR
JEE KA ny n”y tanSrvr A droo BCE E M IEAH S, 5 K. K'v K”v Eaioo~ D[4,3]-
COF R 2 W 7 5% o
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FOE RPEAERMNKXERNPERRSHNRRHER

it

1 5]

A 2 (R SO A5 AN [RIVR B 5 r A 3 P IR TR R AP (CMIC) AT DU R0 4%
RERYIIEE AR FE e UM DB RSB . Yang 5 A R 0L IR 1R K 192 175 5
KSR F B BRI 5 B A S5 M3 UIAE G, SR A T R R il &
B 7K 3 (] 28 B AE A TE i K SR AR, SRBEAE X B TRl ST il B, (R ek
JiE 28 B T il (Yang et al 2020). K, CMC BIMRFE 55 B4 25 B % K G R 0% 2 (4 iR 45
PEIIREI, DL RR 19 R 45 44 5 K G R Y TR IR M 1) 2 R U B — 2B 9L

Zhou ZANLLE: TIEH . 7S BRER (= Mg S8 A EEH = 10K & JERAE P~ I K S
PR ARE IR, L LOX R = 1] 5% PO R 91 2 ULt e v )RS R T e B85 IR
s 248, 5 R AT RS2 LOX 2 i8R T 4H 40 B 38 2 I mT SR 2R R A, R E T A
BRI E A TR BRI 28 45 K (Zhou et al 2019). Li ZE AXTHL T 3 Fha ks & & A 1
oSy 2 S B AR, R IS 2 e PR 99 2 A 1 o g R R I B DR R il R AT B
FUB B N 2%, T DR AT R 78 R b B B R R RS S R A I R B R R T
legumin 45 fi# 550 B-37 B L5 K & E I R F&(Li et al 2022). Feyzi 25 NAK -1 B 4544
o PE 85 75 R B v () FE J P T 3 DG B VE F (Feyzi et al 2018). [7] 8 1SR
MR, AR B-HrS & B mFIR o 4R HE. B-1% M ATC I & it &
Wb, XM ARG BT B9 FE (Han et al 2023, Zhou et al 2019).  Yang %5 A
KI, dHEr AN R (EPS) HIFLIR AR K 75 3K G E AR R <R A i
M B-7 8 3 a-WRBESE M R, HIGsRET KA AR, (b R3S &) i) = 4E PR gt
Fi: 25 ¥4 (Yang et al 2022). Hickisch &8 N Z &5 i iR A EE CUHT) 198 5 2 2R 4
LU B PR TR A B B0 i (R A2 L BRIFE, SRS 3 5 45 M (Hickisch et al 2016) . J5
PRIRT e UHT A3 B T8 A I, R NARIe I i 2 55, 19 n —mise ) &
B, PR TR, HIRATAE R, (R RSE SO RER I 2% (Hickisch
et al 2016).

AREEIS T Zeta HAL RIEIEGEER K (SDS-PAGE). RIMB/KME. 5
B, BAMEE . TOORIERIR SRR T CMC 13k BT LA 5 B K R
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Py A AR, JE o TR ERY T R AR A S T, AR R
LR B R

2 MB57E%

2.1 #R5R5

TR Sl ] 244 A4k 25305 A )
R — A e I 248 14k 2 300 A 7
8- i -1-ZE R > 98% % [#Sigma-Aldrich 2 7]
PRER v 5] 244 4k 235 A )
Tris-base >99.9% Biosharp &= ¥R A 7l
HaEmR > 99% JET S E BB A AR A
Y AW ISR S > 98% YR AR AT PR 2 7]
L DY 2T A Gyt al ] 244 4k 2435 A )
T R (SDS) HLKk % [F Genview A F]
R E bR AE A Al 3 [H Thermo /A 7]
Quick Blue i 4L/ \ AR B G AR H IR 2~ 7]
BCAIRF & \ B U AR TR TP
SDS-PAGE#E /i i il i 77 & \ 27 R AR A ]
SDS-PAGE# H_EFEZ2 il \ B REMBAR A
2.2 SRS
AR LHL HI1850R T P A S B 3 AN S A )
B R ME204E HERF BB R 2 AR~ 7]
pHit FE20 TR R 2 3 A 7
UKAE BCD-249WDEGUI T R IB A IR A
LKA VE-180 g REERH AT
FELVKAX DYY-10C bt — A

LEUTERIAN SK-R1807-E KA D201 S AY 288 )
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AL 5424 1 % Eppendorf/a ]
B R i R4 Universal Hood I F%[EBio-Rad A A
PIETEIEAX F-4600 H A<HITACHIA 7]
Rl A Spark i L TECANA
KO e A UV-1100 B A AR PR 2 ]
YKL AL 23 BT A NanoZS & [FMalvern 2 7]
BOLILR RS 2R LabRAM HR 7% E Horiba A 7]

2.3 KWHE
2.3.1 KERINAIHIE
A28 =% 2.3.1
2.3.2 KEERYIHY Zeta BBALIK
K Zeta FALBCRIFE K BRI BIIN Zeta AL, S 12 h K G IRYY

FH 248 7 /K B B 100 £:5 1) 00T FRBE VR - BUE B RGBT R it A, SR B E N 25 °C,
B1T KRG AT I (Mu et al 2022).

2.3.3 KGR ERRNFRETRKENE

8- - 1-Z8 TR (ANS) FENTOCIRES, I e et TN K SRR
RenAKYE (Hoo F pH 7.0 (MBEERERGZ MR (PBS) XIHE M BEATBAREMRE, 4%
FHE N 0.005. 0.01. 0.05. 0.1 F10.5 mg/mL FIFRR . SRJ5K 40 uL ) 10 mM )
ANS BB INIAZE] 5 mL BRI . UK KN 390 nm, KIBHEK N 470 nm, K5+
AR AEE BN S nm, FraMERIE 25 °C FREAT. Ll AERRe o iAr e ih 2k,
515 5] Ho(Xu and Liu 2016).

234 KOBPELARBESENE

¥ 50 mg #£5 5 mL Tris- H & BRI (8 mol/L JRE 0.09 mol/L HAMR. 4
mol/L 2 - J&VU Z.1% —4H. 0.086 mol/L Tris) A1 40 pL Ellman 7] (JEMFAE Tris-H
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ARG A 5,5- AR -2- TR L, 4 mg/mL) WRAIIE), 1E 25 °ClE IR
FF 30 min. FHEEYILL 5000 g B0r 10 min Y BIETR, 7F 412 nm ALIE EIERE
W Y6 (Yang et al 2021).

2.3.5 SDS-PAGE 73#i

8 H PBS 22l (pH 7.00 kg K SRR WY 1) 85 1 VK FE N 2 mg/mL PR G B R
W, IRAEM KM R S SRR I S min, DL 5000 g, 5 min 500 B TR
HEB B (5%) FIorBSEBERR (12%) 73 7AI4E 80V F1 120V T AT HLIK. HLIKEE 5
8 H Quick Blue PR G/ H 4 2 h, RGBT /KL & 6 h FEBER S R G i
ff(Ma et al 2022).

2.3.6 RIRRICHEDH

KRERYFES ] pH 4 7 1) PBS PR BRI SR A& =N 0.2 mg/mL. Wik
1E 290 nm ALk, F4H 300-500 nm B2 6 K S E1E, FR4%5E 5 nm, FIHHEZE 200

nm/min(3Z 2 = 2014).
2.3.7 |INBW LS

SAMETE FH AT LA FE B TR E o DU E BT FIRE S, S0 R S
#] 0.2mg/mL, BT A E M TlE. S#HEEY 200 nm-700 nm, [HFE4 0.5
nm, FHEFA 50 nm/min. FraMEEIHE 25 )CFE, SMNEEESR 3 K
(Liu et al 2023).

2.3.8 BKIESHT

RO IL R R 2 AN KR ATR 2N & . WRTRY T RME T
I b, R S HUR . RIS T 785 nm WU N4 ROBMHRNTE-
40 °CF LAE M # RV 2 B A Rl & B RN 28 o AFH 3 IR 10 7 6 AR U6,
BRI BRG] 10's, FRAEAEH 246082 9 400-2000 em! 5 FE N R Hz 200385
5, N 8 E ST IH b AR, 8T PeakFit v4.1 BEAT 2 W& SRBUK SRR Y
TR AR S B A R & (Zhang et al 2016).
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2.3.9 Geit ot

F} IBM SPSS Statistics 26 %4 Duncan & 56 3E 17 5256 048 1) 77 25 43T CANOVA)
(p<0.05 B AFEREZER), ArARIEEH origin 2022 2l GERERRAER: I
HY, 15T AbFRIEE 3 IR,

3 ZEREmH

3.1 CMC ¥ X Z BN BRI AY Zeta BLALAIF M

Zeta WAL (1 1E 7R LA BRORE Bty 1) FARF 2R AR, 0 1R /N T DL s A o
Kb AR 8 Hh RBOREL ARy F AR B, P R R v 3 B AE BT AL A & 8 ER 5E (Maalhotra and
Coupland 2004, Patil et al 2007). WP 4-1 Frz, B FESL I Zeta AL ) B IR A
W, ROKGIRYY B v S IR BN 7 B . B CMC IR HITH
KGR BORL 7 (VR g PE BT HE 1 (Kong et al 2022), X 5% ~EH R AN KRG
BRI A e PRI 45 R BAT — B AN, R RIE T A IR i AS 1) 225 SR AR RE I il AS
REERBHE R KGRI FEME. BB CMC IRFERITHE, Zeta HLALFIZERIHE thig
WG oK, KB CMC BN BSCE 7R GRS ok [y AR B2, Rl CMC AR R
Py EE A BRI T A AR SRR AE . Zeta HIALIIZEXIERE CMC ¥R FERY
THETA T a1 R R T2 CMC LB 5 4575 A 5 Her, 17 CMC 7585 K5 R
Py R ARG S, TR IH 2 B AR, AR ORE R S AR A R
s, AT FEEE CMC R R Tt i K SRR WORURL I Zeta HIALZERHMEZH = £
FRPRTE pH N 7 BIFLIE B AR IR A R R R LA R E R T, Zeta
FELASE ) 66 5o A 2 T v (E 32408 2015), Wang 25 A R BILZE pH oA 7 I SPT AR E. 5%
ZHERR AR R Zeta FUAL A5 {2 B T B MUY SPI(Wang et al 2020).
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Control
—4() +L ~
: T
ax Ax ax AX

B 4-1 EHAFRE CMC0.7 f1 CMC1.2 IR ERRYI 7 BURAL Zeta BAE. NFEKIFRC
(x fy) REPEMBERETSA CMCO0.7 f1 CMC1.2 KERTIZ MEEEERER (p<
0.05). RNE/NFFRMARKEFRIIFES HRBEH CMC0.7 71 CMC1.2 KRG RYHE
AEWREZ AIFEREEER (p<0.05).
Fig. 4-1 Zeta potential values of dispersed particles in soy yogurt with different concentration of
CMCO0.7 and CMC1.2. Different labels (x and y) indicate significant differences between soy
yogurts containing CMC 0.7 and CMC 1.2 at the same concentration (p < 0.05). Different

lowercase and uppercase letters denote significant differences between soy yogurts containing

CMC 0.7 and CMC 1.2 at different concentrations (p < 0.05).

3.2 CMC M AKEEPELRRITERFIN

7S (¥ B VHEA 11S (1) B MKt 2H Bk 8 1 10 R BV AR, R AN 5 ok
TEEAM 50%-70%, AEMEAFEERZ 7S o', o A 11S ) A WFHREGHE 2022).
KRG HHE A BT HE T A2y ) TR . SR, JFI % o A e kL R
Moy o F1 A MEEE, M) TR A T A0 B s, EEENRIIZ GG E
> BX1 Al BX2(#2 8 = 2014). 11 4-2 filizs, SY Al CMCO.7 KN 0.1%-0.5%
KGRI CMC1.2 RN 0.1%-0.3%KE IR ZIRYY, o fl o WHEZKH LM
5, RUVXPHAN LT RELERR W) R B R b o, T FL e IR B S AR AE B W

AT . R AAGEE (LOXD R A3 554 K I JG J LTI 2%, 3R B I/ 2 1 o TP
TER IS AR Pt m] REA PR . LB AMEEER R (Lectin) TEMNIN CMC REEH 0.7%, 0.9%
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A L% HEIRE i BAT A B 26y, T e IR BN LS50 W R 27 o ALK Xt
TREFREAFAE —EREMEIER, TEIm CMC ££ 0.7%-1.1% R X T K=
WR WY v (1 2 1 o A I R ) P A mT BE AT — s BB T

CMCO0.7 CMC1.2

Marker SY 0.1% 0.3% 0.5% 0.7% 0.9% 1.1% 0.1% 0.3% 0.5% 0.7% 0.9% 1.1% BF

B 42 KERPIFREERTK SDS-PAGE B, 3 BF JREBERT IR
Fig. 4-2 SDS-PAGE images of soy yogurt and pre fermentation samples, where BF is the sample

before fermentation

3.3 CMC M XEB Y& R RRE HA R

AR EEKE (Ho), R AT MREIE, 48 R 1Bt K 3] 5
Fetiok, HERKIERHZ MEA T4 A, M R RER B KM, S A F 1 Ho H
R E PR 5 R K IR B R R i K A R B R (23 2022). 4 ER E R KB
IKHESG I, EAFN R SRR AENCE, RS ERE, SREA
JR IR AR B AR YRS, 2R R 4 T I R B (Jiang et al 2011). W1 4-3 iR, B
CMC HJKRZ I 0 THm 2] 1.1%, KERY T & E ) Ho BRI 1 e85 T s 5
B, B SY-0.7-0.5%FE Ak, HARESINELE 0.5%& U BN EZEKRT SY, A
CMC N 0.1%-0.3% ) KGRI Ho /T SY. Ftk CMC HIMAMKELE 0.1%3)
0.3%I, TIRES AR IR, (613 04 RN A FUBR 35 RE MM 13
S JOUBURE 2 TH (Y K I R A A A o, A5 B 1 BURDRLEY) Ho /T SY . i CMC i
JETEH] 0.9%, HHEB Ho Fhm R KA B & CMC M H B [T e 4 &
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BEAG T £ R Bt A5 v 1) 2 1 o SR AR AT A A5 2 1 o (R Kk i T 2 B, (A9 /K PR
M. MBEE CMC RERF &S] 1.1%, Ho FREMEFTEEZE CMC S5EARME S
A4 2 11 2T 1 7K e i A A 12 I T (A5 B K P AR . ZEIRFE N 0.5% 1 0.7%
I, W0 CMCO.7 KEMRYIH) Ho B2 /N THIN CMCL.2 BIRES, SRIMAERINE N
0.9%F1 1.1%I8, N CMCO0.7 K ERYIIK Ho &3 K TN CMC1.2 IFEs . J5 A
AIRER S CMC IR 0.5%F1 0.7%KF, FHEET CMCO.7, @1 CMCL.2 (KRG IR
WHEREL T 2 AT, R E A A R AR A TR, 1RLE 0.5%AN
0. 7% LI, TR CMC1.2 5 BAT S8 =i Ho, 110248 CMC HIWREE3E— B R i,
ik v ) FE AT B S T 3 T R AR 5 R T 5 7K 3 [ 1) B ik (Xu and Liu 2016) . K]tk CMC
PS5 5 10 P 55 R RIIAR B 0T T 8 10 O R 14 2 T 1 R R A — 8 T

500
CMCO0.7
CMC1.2 A A bx
Control J} ES
-~ 400 A
)
z Bx e
Q
5 300 +
©
=
=9
e
=]
E’ 200 1
L Cx C
Q Y |
&
S dD d
100 A
ex Ex ex EX

0 0.1 0.3 0.5 0.7 0.9 1.1
Concentration (%)

4-3 FHEAFRE CMCO.7 Al CMC1.2 M REBRPIKREGKE (Ho). ARKRE (A

y) RPEMFKETSH CMCO0.7 Ml CMC1.2 FIAEMNZ AIFERERER (p<0.05).

AREDNFFRRARK G FRFET BRI EE CMCO.7 1 CMC1.2 KR ERIITEAR R
B2 FEEREEER (p<0.05).

Fig. 4-3 The surface hydrophobicity of soy yogurts with different concentrations of CMC0.7 and
CMC1.2. Different labels (x and y) indicate significant differences between soy yogurts
containing CMC 0.7 and CMC 1.2 at the same concentration (p < 0.05). Different lowercase and
uppercase letters denote significant differences between soy yogurts containing CMC 0.7 and

CMC 1.2 at different concentrations (p < 0.05).
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34 CMC X RERTFEHRFE S EHNEIT

KGRy smE s, RBEAFT P REMEE, Sk A
AT DA Rl i, et B 1 i Ta) i e HeA 52 B R AR AE — it (Hickisch et al 2016).
N 4-4 Frox, A£G CMCO.7 FIBE g, WREEDY 0.9%A 1.1%H) K E /Y8 2& & T
SY, MHEKESE SY A HMEERNZER, XEH CMCO.7 T EIEE K
JE (0.9%F1 1.1%) I BAAGH 5T ] —Ais T . & CMCL.2 I K G IRYITE
0.5%3 1.1%M RT3 %22 5T SY, KU CMC1.2 IR AE 0.5% A LI sl T

AREAS T 2 A5 (R R E K. 74h, CMC IIREETE 0.5%-0.9%Mf, & CMC1.2
KRERPPFRSELESTEH CMC0.7 KRG, XEWE— T IRELEN,
CMC1.2 At CMCO.7 B8 5 i) P I K S e W5 v 2 9 o — i B T2 R ) g

] 5 CMCO0.7
CMC1.2 o
Control bvim %
bex Cx 7 +—Bi
—— [T

~ 129 & | DEx ox Ex Dx .

= = [ =7 &4 | A

= ]

o)

S

2094

5

=

8

— 0.6—

5y

4!

>

=

A 0.3

L 0 0.1 0.3 0.5 0.7 0.9 1.1

Concentration (%)

B 4-4 FHAFKRE CMCO.7 F1 CMC1.2 FIRERKIFESE. FHAKRE (M y) R
HMFEWRE T EH CMCO.7 fl CMC1.2 WAERIIZ MAEREEER (p<0.05). AEANE
FRAAFEREFRIFMESHIRHAEH CMCO.7 f1 CMC1.2 KRG BRITEAR FRE Z [FAF
ERERER (p<0.05).

Fig. 4-4 The sulfhydryl content of soy yogurts with different concentration of CMCJ0.7 and
CMC1.2. Different labels (x and y) indicate significant differences between soy yogurts
containing CMC 0.7 and CMC 1.2 at the same concentration (p < 0.05). Different lowercase and

uppercase letters denote significant differences between soy yogurts containing CMC 0.7 and

CMC 1.2 at different concentrations (p < 0.05).
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3.5 CMC M X ERRINAIRET AR

R e R R RS SR AR A R B TR I AR ], LR R AR A
FIT AL BA S5 5 25 5% 016 i FEE AT B KR S A, AT AT DA fse Bl 2 1905 £ 45 A0 R e N i 1
Jii 2 18] B AR ELAF FH (Keerati-u-rai et al 2012). 2K R/E KBS FE R &, (edt
IKAHEAE A B s T R, AR T BB I 9 2% (Yang et al 2020). 4nE] 4-5 For,
NI CMCO.7 IR ERREYH, WRERN 0.9%, 1.1%F1 0.1%H (15 K5 658 FE {E BH 2
KT SY, MHERE TWHEEEES SY HiE, RHEH 0.1%, 0.9%F 1.1%K
FE CMCO.7 IR G IRYIA R, BRI AE &t H 5T A &5(Wang et al 2020). J5i [
FIRERVNINE N 0.1%F, B9 AR i SR AE S 80T HAR G N R . TAEMK
FE 0.9%F0 1.1%H, €2 [ Bl BE il it J5 5 AT g CMC IR BE T, 8 o A
T T BRSO R IR R TR, FRE SY-1.2-1.1%M5 /N T SY. RN
CMCL1.2 KT IRYH, WEHN 0.1%-0.9% IR i m T SY, RUEH
CMCL.2 MR R Y i (B Z IRk FE 1) 2 B2 F2 B2 & T SY(Zhan et al 2018). [H1it,
CMC1.2 kb CMCO0.7 FIREEA BRI PAAT B B R T 2 ER, M2 26 ok
FIEANGRNI L2

A — sy B S
5000 —SY-0.7-0.1% 5000 ——SY-1.2-0.1%
gg;ggz“ ——SY-1.2:0.3%
TN 70 —SY-1.2-0.5%
4000 4000
2z : e I —SY-12-0.7%
% SY-0.7-0.90AJ % — SY-1.2-0.9%
£ 30004 —SY-07-L1% £ 5000 ——SY-12-1.1%
[} Q
Q Q
5 5
2 2000 - 2 2000 o
& &
=4 =
= y o
10004 /) 1000
0 0
T T T 1 T T T T 1
300 350 400 450 500 300 350 400 450 500
Wavelength (nm) Wavelength (nm)

B 4-5 SAARREWE CMC0.7 (A) fl CMC1.2 (B) HIKEBRYIKAIRRILEIE
Fig. 4-5 The intrinsic fluorescence spectra for soy yogurts with different concentrations of

CMC0.7 (A) and CMC1.2 (B)
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3.6 CMC XK S BRI R IMRUBE i RN

B R SNBSS, 7E 260 nm ARPRIUT B KSR R T SRR TR R 115 B
(Yang et al 2021, Liu et al 2023). W1l 4-6 Fr7x, & A AR FEFIA R B Aaf 2 2 CMC
IR SR WY IR 58 A M A P s DR TR WS K e i FE i 2B T 84k, R CMIC BN XL
A5 T KRR R A R IR R (3R 55 (Wang et al 2020). BE%& CMC #KE M 0% 7= £
1.1%, WOCEEHBL T T ifass, RUE BT N R AR R AL R B & T,
JEBE AT REZ CMC 58 A (8 SR T U 2 0 R SRS 1 8 i 8] 1 5
£, IWIMZTEH T E S BN & B 7% 2 (Lange and Balny 2002). CMCO0.7 35 N
0.1%-0.7% I KGR YIIBOGEE S SY £il, WEEA 0.9%A1 1.1% KGRI &
T SY, 1l CMCL.2 ¥ ER 0.1%-1.1% 1 K SRR USROG EE R & T SY, %] CMC1.2
A REEL CMCO.7 B A SE SR i it 2 1o il 4 8 B BELAS 2 11 B SR AR IR Rk T - IRtk CMC
(I IN AT B 2 78 K et A% Hh e g a1 0 1 A4 23 BORELAS 2R s AT (1 5 4, B CMIC1.2
HA L CMCO0.7 5 3R «

A 35 —SY B 35 —SY
‘ ——SY-0.7-0.1% ——SY-1.20.1%
3.0 \‘\, —SY-0.7-0.3% 3.0 “u\ —SY-1.2-0.3%

—SY-0.7-0.5% 7\ —SY-1.2-0.5%

254 \ Ve \ —SY-0.7-0.7% 2.5 \ N7\ —SY-12-0.7%
2043 ——SY-0.7-0.9% i ——SY-1.20.9%
——SY-0.7-1.1% A —SY-12-1.1%

Absorbance
Absorbance

T T T T 1 T T T T 1
250 300 350 400 450 250 300 350 400 450
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B 4-6 SAEARFEWRE CMC0.7 (A) fl CMC1.2 (B) M KEEIIKIEIMEE
Fig. 4-6 The UV spectra for soy yogurts with different concentrations of CMC0.7 (A) and
CMC1.2 (B)

3.7CMC M AEBRNPERR_REH R _HREHEANR N

Pr &G R TR R A RS ) RN GBS T REN R A
J7 1% (Herrero 2008). W1 4-7A 1 4-7B P, U I0AS R FEFNAS ] H far 25 BE 1) CMIC
IR ERII R e B — e E R, £H CMC PN K BRI EA
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Jit R AR BB T (R R, i B ALREAE 1645-1690 cm! AL NBERE —al7, Sk
HERARFH G E, HF 1645-1660 cm™ Hy o-25E, 1660-1670 cm™ TEH
M, 1670-1680 cm™! Ky B-#78, 1680-1690 cm™ Ay B-4% f (Herrero 2008). - fii
FELEREE R =AM I AR, IR EE R A SR LT (K ang et al 2022).
FERL S AR 506-545 e IR S 5 B S LA £ 15 b B A Y, b 506-515
em™! 55 (g-g-g), 515-525cm™ Hy5%-55-)k A (g-g-t), 535-545 cm NR-55-fx
(t-g-t) (Dai et al 2022),

KEFRYH 1 R g5 4-7C F1 4-7D BoR, 7RI CMCO.7 FI K/ 3+
(1) a-BRTELE A I & B T SY, RAMEHE CMCO.7 FIREEM 0.1% 1 E] 1.1%, K
SRR TG iR SRR T s s, I HICHUNAG thAn B £
ML S R T A . FE, 7RI CMCL.2 R SRR Yyt 3L T 4
AR S . BEik CMC A TR G R Yy b & T M A5 1 B — g sem, o
TERARY - HEMPEE. EEARKN W , o B -4 & 45 BRI
Y, S FRIRHAIE R, AT . ORI A B f % B 1 R R A
), FTUCAE AR TSR ERERE, AR TERARS FRMEE, N7 EA
JR o IRVRE ELAE F AT et 5 ik i /K ORE T A P AR 0 B T F it S X 4% (Zheng et
al 2020). K, CMC FIHREMM 0.1%FF =2 1.1%, KGER Y 08 F 5 Bk A T
[] B S A AR . TEVR AN CMC IRV B 0.1%H1 0.3% M KRR WS, o-4R e B-
P2 REST SY M CMC H ek ERRERRY), FUILARINmm A CMC Fk
JEAE 0.1%F0 0.3%H (4 H F BT A 2 T e 4L, X WA b —Frh A& 0.1%
AT 0.3%IE CMC ()R SRR W5 B AT 58 2 () &85 SRAH — 3. 7EIREEN 0.1%41 0.3%
i, %0 CMCL.2 R SRR ) o-iR et B-3fr & i) & & -5 CMCO.7 B K&
B4y, HUEAT L, B0 CMC1.2 78 0.1%81 0.3% I3 N BAT 8 KR, FfES E
—E IR — B

55 IRA AL B BB B S T RO B I, R TR E, WA
REBUEAR S T AR EERE. 55 RAMALR By I, A
FETHF0, e fedt i FEsE. 5555 WA, AFE =& 2 m, TERIEA—
SERaE TR B B — 5 ) R 1 M (Kuhar et al 2021). 411l 4-7E A1 4-7F fiox, KERR
b CMC HIREM 0.1%THE 3 1.1%, 5508 Rt 7 FhaEras, £
TEEARBR, &R ARG FZRERMEINE® . 556, fE5F F—F
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Z RN R EIRY T, CMC REN 0.1%H K EBRYII 5555 e AR L & & fe ey B 55
W AEIEE 741
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Fig. 4-7 Raman spectra (A and B), protein secondary structure content (C and D), and disulfide
bond configuration content (E and F) of soy yogurt with different concentrations of CMC 0.7
and CMC 1.2
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3.8 KEERYHERREHS ORRMRREHEZ BRI

KRERYIHHIE AL, A KGRI R R . FooE MR & (Yang et
al 2020, 3 2023, Klostetal 2020). 11&| 4-8 fiin, KEIRIPIPKLL) Zeta FEAIFIZ
P TRl 2R I T 2 3 AR OGP, g VB R BT IR B R R R B T 3 R SRR O
P, FRAEZEH K. G’ivrs G7wrs Gve K K7\ Earoo 255 K 5 B WA i ol A i
FRAE LE S EUR R M IER DS, 5 ny 0’y n™%5 S ok & B 0t B U B5E 3% R 1)
SRR E G, R IR SRR Y - UKL fr iy L far R B2 A A R S IR 9 1) B
PE 5 LR AE(Yang et al 2021). Zeta FELAZ AT D[4,3]0 R/ IEASE, RPIFE CMC K
JE9 0.7%-1.1%H K SR Y EA L SY BEARKIRLEE, JRERIF RE & & CMC IR E#R
Wy RURL 2 TG S v ) A R, E T P LR RS PELAS TEE A R, KR
Wy rp L R R T B KT R R R ORI L TR B IR ARG, FRLRE B Y
GRS, AR n. 0 S ERERR G M I S8R I B35 EA DG . o-IBiE
5 G’vrs GLve Al Baroo EILH T 5 1 IEASC, AR 2 R U EIF AL A2 i (¥ [5] &
# (R BEFENFAR . KRERYIER LR ET AT R 5RGRY g+
(¥ o-BEE A S 3 TR R DG, 5 0NN it R B-2 A AL R B i (TR AR 3 1Y) TR AH
Ko TEIFAS RIS AR o 0] 55 28 5 7R MR AR I 72 o fy st itk B AR BRE LG, BRI OK SRR 4y
S V0T A 0 v R A 5 R PR A 10T R 5 M T R o T I A T R SR AL L T v LA 1
S AR o JE R i L TRORIK S R0 HH AR 1 o I K R ek 5 IR
H I EAHRA K ERRYIH Ky Ky Gus Gy Fl Eqi00 25 R R B (1R AR 24 SR I
REMGFASG, WK GERY T I E A S e S B R, SR RER
PAZ FIAH XS SR (Zheng et al 2020), MM BESA AP HRAITE. BUAN, BEHES R
FNK S0 B 1 R 5 2 1) A R I 3 A DG
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Fig. 4-8 Correlation heatmap between protein information and the physical properties and taste
of soy yogurt. Red indicates positive correlation, blue indicates negative correlation, and “*”
indicates significant correlation (p < 0.05). TR represents the common content of B-turn and

random coil.
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4 WEING

IMAHKEETS 0.5%-1.1%H] CMC ] RESFHAS R B W) Hh d B e A Bl v
FEMREAE, HR O IR BREE O T BRI KA ELAE T, AT BELAS L S IR SR AR, HL
CMC1.2 BA L CMCO.7 BEsRHJRCR . 8 K ERYI Zeta RAALIAI, KGR
WYKL Zeta AL AFE, HBEEH CMC FIIREM 0% & 2] 1.1%, KERYH
FIURL Zeta FAALIZEXHE A T rass . B CMC BIIREEN 0%FF @il 1.1%, K9
B WY Hh 8 o I AR K PR R B T S AR S T i i 3« BR SY-0.7-0.5%FF it 41,
HARTINELE 0.5% % L B ¥ 525 KT SY. IREER 0.9%A1 1.1%[f CMCO0.7, Kk
JE9 0.5%-1.1%H) CMC1.2 £xPHAS KGR Y5 2 F 5 18] —hi s B R, A 85 3 5oy
THAERMFME.

A2 TS AT R AN [ R FE AT F A 2 BE K CMC I\ 2> 038 K IR Wy 2
FR — RESHI A NS R R . BEE CMC FIREEM 0.1%TH& 2 1.1%, KT
FR Y HR B TE R it AN B2 A 1 L R Al SR L 7 3 a3, DR K SRR Y AR 11
B [ UBURE ) T ) B SR R AR, X PR S AR SRR YR R ML
JEFI ORI S R 3 I IEAHSMERT ny n° 0™y G'ives G7Lvrs Eaioo I B3 147
FHRME. FAN, EAIN CMC B E N 0.1%A1 0.3%1) K B Td, o-tZ e p-9r S
& EET SY MEshn CMC He ik RERYY, XA SH 0.1%H 0.3%IKE
CMC IR R YA B =t ok B R R . FEIREN 0.1%F0 0.3%HF, ¥R CMC1.2
(IR SRR WS 1 oM B-47 B 1) 2 v TR N CMCO.7 (K LIRS, X PIRE A
134N CMC1.2 £ 0.1%F1 0.3% I E T BA & CMCO.7 H K R 95 58 K A
JEHI A
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FHE FitERE
1 i

AR T T BACE N 0.7 F1 1.2 1 CMC, 7 0%2] 1.1%HI9 Y P 4 K5
MRYIMARENE. PR IRASSRAVE . BEBR SRR VRN LR B PR PR VR R A, IR 40 #r
TSR R AR 1 R B 5 K ERR Y U A O . IR — DR
FET CMC VR B2 55 HLfar 85 FE X - K SR Wh 8 1 o0 45 44 (R s e AR L 5 K 2 IR
JRUHE 2[RI FRAH DG . 45 31 R EL IR

1. CMC WA B A T KRG IRYIFIAMIDIRAS 5 Bt . ££ CMC KJEHN 0.1%
IR SRR WAL B T B S A B /K e LR AR TOREDRS MR L At i) v A L
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