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Abstract

This study aims to investigate the physicochemical properties of meat analogs by using high and low moisture
extrusion processes to create a plant-based analog burger patty material. The isolated soy protein blends of low- and
high-meat analogs (LMMA and HMMA) were texturized using the twin-screw extruder equipped with a cooling die.
The highest hardness, cohesiveness, chewiness, and cutting strength were observed in beef, but the highest stringi-
ness was indicated in HMMA. The highest integrity index was seen in beef, while LMMA had the highest nitrogen
solubility index (NSI). LMMA also had the highest water holding capacity (WHC) and water absorption capacity
(WAC), whereas beef had the highest oil absorption capacity (OAC). LMMA had the highest emulsifying activity
(EA) and emulsion stability (ES) in emulsifying properties. Further, the highest protein digestibility was revealed in
LMMA. This study suggested that extrusion process types influence the quality of meat analog, which could be the
elementary source for manufacturing the analog burger patty.
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Nt AR S E =8 5, 147 715w V& ¥
WA Fmle} 27to] 3 A7} AE o)
2 TH(Berry, 1993; Bohrer, 2019). 2] &4 S Y= 3 m
S A EZQA A2 ot eshe FHA st
Ao, FE2HBo] v FEAd=
A EHo] FiElo] slon FEA
Aol A3t}

A &2 Fa27)9 Hls}
Ql FHIFAW 7 H4s)
=48 WAS FE HEA
(isolated soy protein) . Z T]Fol
o] B A|AH 0] 90% °]3e] 1
Ut ole thE AE4 T de Hste] Y
Ao 2 Asle] A el Az & ESHTHCho, 2021).
Ao|7} g& AIETE ARl FEET 30% °lstE &
st 129 75, dut E3ito|(slitdie)E AH&-3te] 33t
2 Q3 tgFAY 2AS Ad WA S| FHr} Samard et al.
022 FEAY 712 FHLE AEE A &4 S EA
WA sfE= &a7] sfE Y rtd o] v
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Fol HE|2A 9] 7FEH o] et tia Bkt T3, 4
ol7} 71 W7zt AL TE AHESt FETH 50% oo E UE
AYshe 542 A3E AR vAUSLR sty 7]}
A = FESFE AY AN 23S 7 2 5
o] A G2] AYatel] F2 A L-FTH(Cho & Ryu, 2021a). 52
o] &g =EHA 7 Ao AxE WA HEe 7
,HEE mEY §37]) WA JE 22 498 dHERD =
71Eg 2 et RS e EWA e gix
A 2A 2] 7F5/3& WEM A THCho, 2021).

A, dEAY FHHS wE A5 WA FEle o|3hst
A EXJ(Samard et al, 2021), =AY FAHEL o83 hAS
WA sl =elHA H7FEEe] w2 F2 524(Cho, 2021)
NN 2B HA FEe] YER A8E 4EAHE OAHSY
o|z}ely EAdel st vt FiE Y=o, e &)
7b HE dASe] 238 349 A4 F2ld vt Aot
Fg 2 FA 50l v A= v

WA, B A7 2EF] 24
71% ATEA, HEL] 2AVF He 4ELT
S o] &3t tlA 52| o|slstE AL v, 453

X

flo Ho wlo

W=

2 A3 982 EYdlF 9 (Pingdingshan Tianjing Plant
Albumen Co., Ltd. Zhengzhou, China), ¥ <5l (Roquette Freres,
Lestrem, France), % #+&(Samyang Co., Seoul, Korea)<
AFSSFATE 2T 2 ARRS &3] At $50E F
T & ntEo A F4Jste] AME-SHATE

=] (=} o
B Ao A A 28 ST ASUEAY
4.97 cm

7.5 cm

(B)

S

7](THK31T, Incheon Machiney Co. Incheon, Korea)Z =35
2732 30.0 mm, Aolet <] H|(L/D ratio)x= 23:10]Uth.
Aol ALEE AFEFE o7 oF 497 cm, =°]7F 045 cm
¢l &Bltholsilt die)® WHL Fig. 1(A)2 2t} F4dde 7}
2 50 cm, AZ 7eme] 27|15 AW AA4E Felo Wzt
](cooling die)E AFHE-3FHo™ WA Fig. 1(B)ol LERNSITH
AS2 Y8E BhFEy 50%, FFE 40%, S55 AR
10%E A2o)A FAYPoR wFate] 7143 F2 3789 A
EZ T3l ARSI A2 A, TR 35%, =3
£ 250 ipm, AFET 2% 140°CE stdom, 24 &
F 65%, 237 £% 150 rpm, vHE X5 160°CE 5o
tholE B3l 20°CE AlEstnh A4 529 £8E9
ALG719t Wzt E ARl 2o, 98 A
100 g/minZ 2783 F23 A4 02 AEd A5e A
o7 YB3l 20°Ce Y5 IL(FR-S690FXB, Klasse Auto
Co., Ltd., Seoul, Korea)9} &4 Zz} R#sIHoH, 1.5x
1.0x1.5ecm (WxHxD)e| 2712 &g &84 548 543}
Atk Eg FAAZRS F2F A gASS 7S 2ERiY
(FM-909T, Hanil, Seoul, Korea)Z 23+ 50-70 mesh®] &S
AEZ 3t 318H4 548 St

N o

s

o ro of HL

i)

A7+ B (texture profile analysis)2 ¢3F 712
A S-& 90°Ce] water bathol| A 3057 31l on, Ws®
F24 ASF2 A2oA o AT AT T AIEE AE-SEA
t}. Sun Rheo-meter (Compac-100II, Sun Sci. Co., Tokyo,
Japan)E ©]-4-3}°] Breene (1975)2] £4 Wid] w2}, ZE Al
29| 7% (hardness), -3-% 4 (cohesiveness), B+ (springiness), %
34 (chewiness)E 7} 1034 S 3t 1 FH{ke AHEsIATh
ZA 27 probe angle type (65°), 3-8 10 kg, A|A ©]
% £% 100 mm/min, AX 7] A 1.5 cm3Ath
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Fig. 1. Schematic diagram of short-slit die (A) and long-cooling die (B).
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A& A3 F=E Bl SlsiA
(integrity index)E Samard et al. (2019)9] WHS &
=3 2ol SAsATE A& 5 goll 100 mLe] SRFE A
% 80°C9] water bath®ll 4] 30i&7F A, EAAZ] &
1587 719 2 7HEste 325 S WA AT WE AR

of T/HFE Fof 100 mLE 44313 homogenizerZ 14,450
pmOE 187F FA3AZ F 20 mashe] A= AUk &
e BE2E BR 30%7) &ow 105°ColA 3417 Az &,
A FAE A8 FAR YFo] ohg 2 () wet
A assvi=g

dry residue weight

sample weight

Integrity index (%) = 1)

+EATATE
A8 Al F9] 4849 AR (nitrogen solubility index, NSI)
9] 432 Daun & DeClercq (1994)2] WH-& AME-3ISITE Al

F 15g8 05%° KOH &9 75mLel ¥ 30°C] shaker
(SI-300R, Jeiotech, Seoul, Korea)o| 120 rpmo. = wHF35} T},
I % 50mLE FH3ke] 3,000 rpmollA] 208 5oF YRS &
0.5mLe FEeHes HFEZHSZ F3t Ninhydrin ¥ (Starcher,
2001)2. 248 423 (soluble nitrogen content)S 274 5}

= A2 ke AR 1.5g2 6N FAF 100°Ce] 2447

Frshete] TsmLol FREA He F 45

0.5mLE #3le] Ninhydrin HOoZ A3t o2 2] (2)°l
st
soluble nitrogen content
NSI (%) = - %100 2
total nitrogen content
EAE:I

A &2 B4 (water holding capacity)< Lin et al. (2002)
o] WS AFEET AR 5gol 100 mLY EFFHFE 4e
., 50°C9] water bathol] 12A17F Bt AXA|, BQAI7]5L 20
meshA| o] ZA&X 5% &t FE-g wWiEste FAE SH 31,

e 4 @)l met sl

Water holding capacity (%)
wet sample weight- dry sample weight

= . 3)
dry sample weight
SEELEI RHELH
A& AlE9] 48542 (water absorption capacity, WAC)3}
FA185-3 (oil absorption capacity, OAC) Cha et al. (2020)2]
H

BH olgskel SAsAT FRFRE $0¢ A A% 2
o] F/T 20 mLE &3 ¥, 30% F<F voltex mixer (KMC-
1300\/, BioNex Solutions, Inc., San Jose, CA, USA)E ©]&3}
of mwukslal 1087 A= HgS 59 wHEskaL, 4,000
pmoll A 2087 AR EIAT HEH R, ASAS gk

thAlge] E4 Bl

el A 1027 AAAZ A=
L A8RE AT FAT WY
‘1‘71] ]’]'To% =]

s ol Autsle] B ZRson, BE A9 A5t

= 332 33T
WAC (%)

sample weight after water absorbing (g) 100
= X

. “4)
sample weight (g)

OAC (%)

_ sample weight after oil absorbing (g) 100

. ®)
sample weight (g)

ST RaiorIA
A S A8 3184 (emulsifying activity, EA)Z F3FeH4
2 (emulsifying stability, ES)2 Kim & Park (1995)2] ®sel u}
2t ZA3ATE AR 0.5 g0l T/ SmLE 718t #+271(IKA
Co., Ltd., Staufen, Germany)E A}&-3l%] 5,000 rpmellA] 1&7F

AR & 28R SmLE oA Hrbsle] FUs Wyoew
AAIA st on, ol FgE &3t o] 83t vi}%}
A3 fraleg S SA AT 3F 842 1,600 rppmellA] S
ZF AR s oH, faleg e f3tS 80°ColA 307k
7hegk F Wzhste] 1,600 rpmell A 527 A2 eHlTk A1
I W A FeEdH #3432 Cha et al. (2020)2] &

He wet o A (6), (M9 2ol ANstel Faghe 5953
o mE A 5L & 3312 Sk

Emulsifying activity (%)

volume in emulsified layer (mL)

= %100 ©)
sample volume (mL)
Emulsion stability (%)
volume in emulsified layer after boiling (mL)
= x100 (7)

sample volume (mL)

R 4SS

A& Alge] @i
Mertz et al. (1984)2] WS 385k A& oM, F
S AE 02 g& HAdk IR & & Nlnhydrm el ReA
2 233tk 23tER] Fo A FEe A 02 g2
0.084 N A& 7Het pepsin &2l 2L 37°CO] 2 oA
120 ppm& 2 WS ¥, 2 MO NaOH €9 2mLg 7}3ted
3000 rpme 2 QA B AS5AS AAs 2 AL 0.1
M| potassium phosphate buffer& go] T, A2 3=
S 5wl whEEginh B ks 30009 Eglo] 9.Ed

br

223}-&(protein  digestion index)%
=

A}
Z}
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o

3 A8 A% Al7] ¥, Ninhydrin 02 24 3le] e 4
(®)°ll tHdskA T
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Protein digestibility (%)

total protein —undigested protein
= - x100 (8)
total protein

SHXE

Aol FAIAE = SPSS (version 23.0, SPSS Inc., Chicago,
IL, USA)E o] 8-3}e] dLuX]EAH-A] (one-way ANOVA)S 4
Algt & folA ztel7t e &l disiA p<0.05 FFolA
1 A3}Z Duncan's multiple range test2 A% 3151t

A7+ Table 16 JERQITE £37)7F 237 29159 AR,
SR, AR A ARl P =2 s YEilen

(2628.03£0.81 g, 89.28+0.98%, 3278.50+0.85 g, 908.02+1.95
g/em?), o= Aa7|e] &5 © Ay e, drE A

Aoz g st due wjEel Aoz AyzteElth(Samard &
Ryu, 2019). ¥WHH, oA = HMMAZE 94.26+0.65%2% 718
= 7S YA ol HMMA W z3std A2 =
o] Zhgh B wfj&Ql AR AZtEw, 4EAY tAS A8
7b gl S22 ANRERT B S JEidcts

S

RE 27 Q25 LMMAETE 23179 243 43
el o], 2%, 9589 F45 A BAE 2= WA @
E|Z AZ Al LMMAKRTH =2 22 7+8 Uepd Aoz A
HtH(Cho, 2021).

AEAE AT F4 dAS 2L AHE iR 2
TZE A7) Y3 Fdws) W ARIE Fig 20 Ve
72 A &2 %]‘?_}‘?301]’\1 F7)Z(air cell)o] B ThEA
2 UrE‘rLH‘ziOE] FTTH HA 7|FEC] WAL IEA
T Atk ol A2 A, Wzh)sel ¢l
2 A& (short slit-die)S AFE3le] Z 2o ﬁgi}ﬂ
7} ZAskl7] Wi ® b W, 52 A
oM AR 2HF FFEIF e 42 F
o] VIR Qlste] LAl sl= Tl 7k A5 akgo] Ft
isulfide 23, 4 Aol ot 7twddo] Z3t=7] o
17 2287t 7hssit). wheka, 74249 v)ste] AA| 3
Abet A2AE Ad F4] A Fo] &a7)eh fAkeE &

UrEhi .

=t

S

wﬂ

N
i
foy
23
QL

=
o

r.VL e N >£
= te

N 2 H

o}NL
I

=N of

BN O A o T o [ A A
Jo =

ol 2 ¢ g o Q

tilo

FRTIAR| 9} FELEAR S
YBHY AN SHTHS ol8F WA%H 2379 =
AR SE Fig 39 ERRIEh 2SR 23717

80.68£2.83% 2 714 =& S Yehfglon, HMMAE
63.79+1.83%, LMMA7} 35.61£0.93%= 713 2o 7+S vehd
Atk ol 4EHE A F24 TR AEdE UAS

Samard & Ryu (2019)¢] ¥ 39l% A= a¢lch. E=3k HMMAZ} Hwol| A, HMMAZ} LMMARTE £ ZZ AR ¢S Ueh)
Table 1. Texture profile analysis and cutting strength of meat analogs and beef
Samole Hardness Springiness Cohesiveness Chewness Cutting strength
P @ (%) (%) @ (gem?)
LMMA 670.83 £ 2.14° 60.26 + 0.73¢ 59.58 + 1.25¢ 747.07 £ 0.43¢ 480.00 £ 0.13¢
HMMA 2,057.40 + 0.43 94.26 £ 0.65° 78.49 £ 0.08" 2,258.05 + 1.85" 541.73 £ 0.94
Beef 2,628.03 + 0.81° 72.80 + 0.42° 89.28 + 0.93* 3,278.50 + 0.85° 908.02 + 1.95*

All values are mean + standard deviations of three replicates.

Means followed by the same letter in the same column are not significantly different at p<0.05

HMMA: high moisture meat analog; LMMA: low moisture meat analog.
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Fig. 2. Photographs of low moisture meat analog (A) and high moisture meat analog (B).
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OIntegrify index
80 = Nitrogen solubility index

70 d c

LMMA HMMA Beef

Fig. 3. Comparison on Integrity index and nitrogen solubility
index of meat analogs and beef. LMMA: low moisture meat
analog; HMMA: high moisture meat analog. Different letters on the
bars indicate significant differences (p<0.05).

Stk Samard et al. (2019)2] R I9tE AX|5}
a71e] ZHAAAFIE P 22 AL, &

AR Be 23719 W 259 A% Y=} ojAl g
A

=
53.4240.46%= 71 Bro] ol ZAZIAIA G} v skt
ol AdE s} 3] Fe LMMAY =4 &

Ao g ol & &3He Tde] FEL &

2 A=Y, gASH &7 A5 A4S, ZAAA S
FE9HA XSG Zhol| FdABA 7 A H STl Samard & Ryu
(2019)2] Holw AX|aAtt. ZF FAR| oA LMMAR.TH
E2 e Uehd HMMAZ AzxE dElE doae] et x
g =, Fe o 247 FAHAA &a7] e F o FAE
Zﬂ\ Z

DERE
2 JehlFE 04 F s, f99E Fio] {9
5,

HEEe AR 7} 84 T3z
st 54

o) AgEE Hxo wel 2 F2 o] A ETHCho, 2021).
o
=

Y MNE =

ANS2 2710 BEEL 458.03£1.10%E LMMAZF 7H3

l

e JERNAL, 231717} 137.48+1.15%2 7 e
Yelo] 354 (Table 1), 22 JEALX| <=(Fig. 3)9+ 4wt
Ueh A chFig. 4). T8, 227k LMMARTH &=
UERd HMMAZF LMMARTH B5go] Yol Aa17)

< YeplSith B4 32 R A4 23359
S whed, 23719 A9, 29469 92

=
o

=

d

2]

£

& 3

o A AuHoR o8l R Angol Fob 57
3L

[S)

E:

7

At

=

R

N o o 2 o1

BN

o
{-n:ﬁ
T ad L 4 £ 3

o
S

qASE BlwE 2] wiol] Bag glo] v YEl
2 AZETH(Lin et al, 2002; Kohn et al, 2015). 5=3}
AN A5 BFgo] ST E HEY /FEFE0] &F
wo] &Fo] Frel7] Wi, tAIS R AxE WA A
tEARENA $-5T Z o2 7R TH(Cho, 2021).
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600

500

L a
400
300
b
200 |
100
O !
LMMA HMMA

Fig. 4. Water holding capacity of meat analogs and beef.
LMMA: low moisture meat analog; HMMA: high moisture meat
analog. Different letters on the bars indicate significant differences
(p<0.05).

Water holding capacity (%)

C

Beef

et al., 2020).
Az} 52 FHS o] &3 A& Lr]e FEFSE

FAEFH LS Fig 59 JEUAT. SRS

426.75+0.08%% 7 =& 7S e, &

Al H
gt el SES yehle], &a37le) fAFFH Ol 17259+
1.68%= 71 gtol =3%kom™, LMMAZ} 108.63+0.08%2.2 7}

A ke ke e o)t A fge] & &3] ©
W 2 7k Qo] EAgel e WEe Aoz Yzt
we], 2371 A4 obnleal o] B, A8 tAS9)
LMMASH HMMA 2, 154 oluliit hafo] goj oz

KR OO

=oh, A YR Az Al g F3& f8) ArtEe 4
9 FEel 9 =& o= A7 tk(Samard & Ryu, 2019).

450 .
400 |
350 |
300 |

b OWAC =WOC

150

100
50
0

LMMA

‘Water or oil absorption capacity (%)

HMMA Beef

Fig. 5. Comparison on water absorption capacity and oil
absorption capacity of meat analogs and beef. LMMA: low
moisture meat analog; HMMA: high moisture meat analog.
Different letters on the bars indicate significant differences (p<
0.05).
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a o Emulsifying activity

12
q b

m Emulsion stability

Emulsifying properties (%)

5]

LMMA HMMA Beef

Fig. 6. Comparison on emulsifying activity and emulsion stability
of meat analogs and beef. LMMA: low moisture meat analog;
HMMA: high moisture meat analog. Different letters on the bars
indicate significant differences (p<0.05).

BT FEOIY

A2 AAA ) EA s ARSI =AM FEEAN =

FAE F3lNE oFg 3 7)E &S FTH(Cha et al., 2020).

9 &4 gAlS3 A7) AR §3 548 S5
Qe F 7HA A EA Feldd = f3bdAg 32 Fig 69l W
et el = felidAd B, LMMAZE 22, 12.69
£027%, 10.65£031%% 7% =& 7S YeEhQy, 7 5=
HMMA7} 11.4240.05%, 9.23+0.10%, 2=32717} 8.88+0.54%, 7.43
£0.01%=Z 7Fg & 38 YeRl St ol 2377 BA &
W2 AAZ AZE A Sl vste] oz o ghar
A7) Witel f3t F=rt dojA @2 faldd ) s U
el Zlo 2 AztEy, o] o] vid Frr) FUE
FE fA9 JErt A A= Sske] faletd A
| 718kt Hwang et al. (1992)9] B3¢t % A x]s3ith.
3, F32A ) bAoA w2 3E YEhd LMMAY 7
, S Bt fgx)ebe] ek dEates S vl uhe
s FAdste] Sy o] A7) Wi A= =4
B 2AAY e Az HEs 28 AzEnt
(Samard & Ryu, 2019).
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2348 LMMA7} 89.75+0.28%% 7H& ghol #kar, 237]7}
59.01£0.98%2 7Fg @& 3g vEio] &AL H]
g3t oM (Fig. 7), ol LMMASY] Z& AR 471 vl
’do] ol HAlel SaluE Gl A FEE 71819 7] u
2 AzbEt) =3 LMMAS] @il 431go] HMMART =
< AL, AR FEANE LR 727 ARE 243kE HMMA
B} 7)go] e o7 BoAe &g AErt 27] Wil
2 A9 olx A9 A3(in viro)o & AAE thASe o
W 2skES BE, A Qke] AHAAE 7RItk Cho
(2021)¢] Hete AX &gt 3, LMMASH HMMAS] &
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Fig. 7. Protein digestibility of meat analogs and beef. LMMA:
low moisture meat analog; HMMA: high moisture meat analog.
Different letters on the bars indicate significant differences (p<

Protein digestibility (%)
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Beef

A Asgkgo] AT7|HT 22 Ao Hol AEA gASLS

AzE WA Al e PPl 7hE SRt 958
FEER B

o (o] 5

pea =

$58 H9AY7 9FIL A9 WA AElY AZE AP
AR AERE, FEHT A4S ¢4 THL 08T B
o] olskaps 540 thatel Avin 94, 894

LMMAZ} 7H8 Fkel Rgal, 84285 = 78 ftel
o}, F Age wlE sk REEd FEEFTFHAME
LMMA7} 7P =2 38 depliflon, FE35Edrs &
717k 7P =2 3 et ke 3 Rk,
WA 235804 BE LMMAZF HMMASE 437 Hth H&
< UeEhiith mebd, dEAETE S o8 A4 54
A& 2 o3k F2dl| 2fel7t 3lom, ol 4= H
HEle] AxE A% HAF 24 A7) 7|2 A87 E A
E Azte
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