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Quality Characteristics of Textured Vegetable Protein Patties Supplemented
with Fermented Chlorella pyrenoidosa Extract Powder

Beom-Su Cho', Min-Sang Kim*, Min-Ung Kim, Young-Mog Kimand Ji-Young Yang*

Department of Food Science and Technology, Pukyong National University, Busan 48513, Republic of Korea

We investigated how fermented Chlorella pyrenoidosa powder (FCP) may improve the quality of textured vegetable
protein (TVP) patties. FCP was prepared by FCP with Bacillus amyloliquefaciens MU?2, followed by centrifugation,
freeze-drying, and pulverization of the supernatant. We prepared TVP patties with different combinations of trans-
glutaminase and glucono-d-lactone, and incorporated 0%, 5%, and 10% FCP. The 5% FCP treatment resulted in the
highest hardness, adhesiveness, springiness, cohesiveness, gumminess, chewiness, and cutting force. In contrast, the
texture values were lower for the 10% FCP treatment, indicating that a higher FCP level may interfere with protein
matrix formation. Higher FCP level decreased lightness and increased yellowness. Additionally, treatment with 5%
FCP increased the levels of taste-related free amino acids, including glutamic acid, aspartic acid, alanine, and proline.
Total polyphenol content and 1,1-diphenyl-2-picrylhydrazyl radical scavenging activity increased from 49.06 mg
gallic acid equivalent (GAE)/100 g and 28.74% in the control to 67.84 mg GAE/100 g and 37.52%, respectively, in
the 5% FCP treatment. These results suggest that 5% FCP treatment improves the textural properties, free amino acid

composition, and antioxidant activity of TVP patties.
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22 AR QAT 27, 25 Sz w4 U AE] AT
St Qe T4 ] gt art A&A o= SISt
1 Qi AAE 7] 9H(Organisation for Economic Co-
operation and Development, OECD)@} =+A| A gHA]&F5¢17]
—*+(Food and Agriculture Organization of the United Nations,
FAO)2] 2025\ ¢ A BiAo] waw 20349714 7}
a5, FaL7], 2a7] 9 A ar] anzf 2bz) oF 21, 16, 13
2 5% STk Aor Astalon, olHdt F7k= B
A5 Z7PFmE (9E FA0R A& Hoa Histelct
(OECD and FAO, 2025). Z2|L} AEA ] 24} 7]l 2.2 A8
AR SATIS HiE, BEX 9 AR o) Ak ALY, i A

2] 53} WHsh) BeiElo] glo] BAH A4rksA SHolA
S AP} wak 7% ZHAAE HAS U hEse] 3
o} Aol gt -7t Al 7] =] AL Lo, AlA E A 7] (World
Health Organization, WHO) AF5} =54 ¢ -4~ (International
Agency for Research on Cancer, [ARC):= 71552 ¢17H 7]
b ol = Group 12, 2155 1¢) 715/ ] Sl Group
2AR 25319 th(Bouvard etal., 2015). o] o] u}e} 2473 Hg-L
RS 8 oF 2} QA9 b gtol 7R g oA hald

W S5 oA Aol g Talo] 27k}t ek,
UKL TIE FES PRA B ARH 0.2 5] )
off 7N AlE o ®, AR tiAlS, S E A4S 2 7
AlEA A UF, E, o,
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o] 79 223, FH 4 e SAS EARE AlEL Rz, dA
F A e HAE A o] ¥l A =2 S F- ol 8
F3H(Kim et al., 2021; Lee et al., 2023). £3| & o ok
(textured vegetable protein, TVP)S ¢t&A1E 534S
=4 Ao 4, oy 9 At S 7heto] S 79 frARRE
A P25 FAT A, e, U7 8 2417 5 chereh
FAF Al 24531 lth(Cho et al., 2023).

o] & WEl= tAlSE AlF FollA= 28Rk HTA ol &1,
S5 A BYE 5] Golgh thE A2l Aol 3iE
O] FHLZ U89 T, vl Ay 2 i 3, 22k, 7}
g5 e B, 20 ] Sl 2s) 24 E, 58] o
T4, Ak, A, AP B e anA 7| et
A5} 3 = ch(Petrat-Melin and Dam, 2023). &} A&
3 AISE oAds] AE &7tk BlaLsto] Fn), A, thsd 2
Z27F SR A FAI7E Qlom, A4 Tl Az ol A fef
Sk 3 HIRW, S, 20 2 g2t 58 AHR 84S A
5 ATHWang et al., 2024). wepA] A7 2l o€l
WAEE7] flsliAl= Tl 220 T tiA|E Fol,
FA 7S A FIANA = e AR A
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2 B7}HtK(Safi et al., 2014; Kumar et al., 2022).
2H(Chlorella spp.)= THA| & =272, Wil 2, 24, ghpdha,
alebrl 8l 7S hrstal /1o, Chiorella vulgaris®| 7
= 71 oF 43-58% o] A Zgel= A oR B
L& Y TH(Wang et al., 2024). T3+ S 2 de}= Lapofu| Al
E323} Ak od, 222, 7FEERolE Y HlE 3Rt
= 5 thFe G- EA RS ekl Qlo] FYH e R
o] -4 7154l o] = TH(Bito et al., 2020).

2}t 9 uq 2T A2 ofoFsha] 7px| gt ofu ek &
3} QH8/d, A eHgst B Al i ER A Aol 7]ofd 4= 9l
= 7158 545 7). o]t EAS R E A Hg, A

3

=
22, g4 L 24 o] Za3 ABA TS shelol 28 7

.
40] & agolet. Tt FR ekl 4 M0} 550
ST AL IS Zhx| o], BRI A ES 0 2 Qla) ALE W &
EEERE

2 459 o]-§Ad o] AlgkE 4= Slth(Hildebrand
et al., 2020; Weber et al., 2022). wja}A 2 A 2}o] A% 4|
3= YAl Al 25 Shokebar whalal gl =84 A E
O] 2541} o] 84S A o= Q= 7ol B asith
olgfgl 7|4 Fofl X 7w o das vdEel A4
Abhs B 28-S Fol AlE A9 AR} A w-E EelistaL,
Tz o) A @aket 9 2 ofn Al S =S ¢ Qe
e+ A 2] Whgolth. £3| Bacillus 4 45 protease,
amylase 5 THYEH A2 9] B AE AARSE 4= Qlo] 27 9] A=

o184 A1) 288 4 oIk ol we ZEAte] WS B
ol A0 2 Qs AlRke e v 9 A R 8%

o] %7151, Tl A BBt mE 2514 B 7] S4o]
A 4 ik uebd W SR deh R AR WS
elo] 285t A FRdete] JoFrI5H AR

o
o3
=
o rr &

Aol wEl Q] ol 9l 227t AWK 7S B
] Qi M o giekelc,

o|gt w7 vigro g vt e} But Yol uE
A/ Al sliE] 9 o] slebA] £ S
2k g5 AE 2 2A 9] B 7HsAS Selstast

&
&
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2 ARdoA AR I E SR 290 AR 224
2} B9 (Chlorella pyrenoidosa)2- )33 (Jeongwoodang
Co., Ltd., Seoul, Korea)ol| 4] Ftufjste] A§of ARE-8}%T) =
gt A5 e Al2E 9l 2 FHE(TVP) Bobs Red
Mill Natural Foods, Inc. (Milwaukie, OR, USA)o{| 4| <Lufjs}
For, 3kl Az AHE-H Ee|tfFe(soy protein iso-
late, SPI)<> Shandong Yuxin Bio-Tech Co., Ltd. (Binzhou,
China)o| A Fst9eH, 7hseha= @2%7](Ottogi Co.,
Ltd., Seoul, Korea) A& AR5} th. 9 €] 9] A 214 (binding
agent)= AREH glucono-d-lactone (GDL)Z} transglutaminase
(TG)E Z+2+ Anhui Xingzhou Pharma Co., Ltd. (Anhui, Chi-
na) 4 EF7AH o] A (Cookerface Co., Ltd., Gwangju, Korea)
oflA] Festol AHg 3t
T3 3 AEE HZE

AT =R SR 2 A2 E 918l Bacillus amy-
loliquefaciens MU2 (KCTC 15499BP)E AME-35l5 Tt w5+
nutrient agar ¥ A] of| | €/J 3HA| 7 0o, & SHEl o F=+= nutri-
ent broth HjZ|of| 1 #50] 35 5 37°ColA] 244171 52t 150
pm 2 Agujaetel setel s g sttt

s 2= 22 H=x

o4 ARFstel ARgBtITE WEv FRE FRdet
3,134 % gollA] 30 min R4 se] WALE AT A S
slalglom, B4t SO FAAZ F aApEE 2

sto] Wra S22} 22 (fermented Chlorella pyrenoidosa ex-
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tract powder, FCP)2- A| =3} ¢t}
OHE| MX

TVPE= -2 SFpoll I A ske] Z-465] =317 3,
*Oi“ Foto] 1Y) & Al AT SPL 7hseh i, 57
4>, FCP @ ZZA|9l GDL E+&= TGS 4% &35t 931 ¢
A28 Eﬂxl% Azstoct. AlxH EAl= =3k TVPL}
33t 5, e BAGE o] &5t FAslsI3T

2|F =2 o 80 g £sto] 217 9.8 em, 0] 1.8 cm
o] AE3 el 5ol HFet. 4P H FEl= TG wi7) 7k
I-3-2 13l 50°Col A 307 WRSAIR &, B4 g TR Y
Tl A Y E QA QMYSHE 918l 80°C oA 1417 71
SFGch 7HE $ AR YO R UE T 4Co| A SAITH gt
&4 9 F4 Bl ARg-sH T

AEE 29AR Skl 13 AolM= e A2
7) % uj&ke] 2 TVP 100 g, SPI 10 g, 7Rs2}-g 20 g @l 2522
30 go& =9l 4351, GDL ¥ TG #7l =8 o
2]3k 5709] 2] 7HTG 4.8 g, GDL 4.8 g, GDL 1.6 g+TG 4.8

g, GDL 4.8 g+TG 1.6 g, GDL 4.8 g+TG 4.8 g)= v w5}t
(Table 1). 01 53} 54 ol 43 24| 2713 {5t

.‘

:L

1o a2 &1
k. 22k Aol A= 12 A ol Al AR | A2 2218 11
ok Abeof| A FCP H7132-0, 5 9 10% (w/w) 2 223t 3711 2]
A e4-& ¥ aste] FCP 37F =<0 W& TVP 9 gl ] 4 &
3& 451l th(Table 2).

IS

A| 23 TVP | E] 9] 22712 Texture analyzer (CT3; Brook-
field Engineering Laboratories, Inc., Middleboro, MA, USA)
£ AREste] kst 234 BAe ffsl A=t dEE
7F2 X A2 X =0] ZF2F 20 mm X 20 mm X 15 mm2] 28
A HeoFo g Aokt 5, Y5d L2 H(TA25/1000, 217 50.8
mm, Z°] 20 mm)E AR&-5ko] 2} ] AR S HAE £ 1.0

Table 1. Ingredient composition of TVP patties formulated with
different combinations of binding agents (TG and GDL)

Ingredients TG GDL GDL16g GDL48g GDL4.8g
(9) 48g 48g +TG48g +TG1.6g +TG4.8¢g
TVP 100

SPI 10

Canola oil 20

Water 30

TG 4.8 - 4.8 1.6 4.8
GDL - 4.8 1.6 4.8 4.8
Total (g) 164.8 1648 166.4 166.4 169.6

TVP, textured vegetable protein; TG, transglutaminase; GDL,
glucono-6-lactone; SPI, soy protein isolate; —, not added. Values

are expressed as grams per batch.

mm/sZ 50% HEE7HA] 23] erEleleieh dojAl -7
Ao 2HE ZE(hardness), BF24](springiness), -5 (co-
5] A4

ﬂd
?

hesiveness), 21 (adhesiveness), 7/J(gumminess), %
(chewiness)2 A&t Atk 73 % (cutting force)= A ® <
o]o] T H(TAS3, 2o]o] 217 0.3 mm, Z10] 40 mm)E AHg-
ato] HIAE £ 1.0 mm/s® S48 0m, AlRE 6] A
wel o Was g 1 /ISt

ME £5

2z} 7 ool whE A4 wiE] 2] H(color) A
0]% %Xé 517] $13ll Lovibond RT series reflectance tintometer
(SP60; The Tintometer Ltd., Amesbury, UK)E AR8-5to] &=
ik 274 4 AZAIA AT B2 9 B QT white
calibration plaque, serial no. 24174)1} black trap& ©|-8-5}
A 9 S WS A 02 el A SR 7 717]
9] calibration statusE 2FQ13t F, D65 33+ 2 10° =324}
279 /\1 H = (lightness) & 2]v|sh= L*, 2 A = (redness) & L
ERj=a’, BH = (yellowness) 2] b'S =351t Aaghe 2t
iﬂﬂ?“% A2 o2 37119] shEjof] Histe] 3] Wk A% gre
et O 2 e 3l

e shele) 3 Eeluls YRE Lavoni o al
(2023)9] ®H-S- HE S Folin-Denisf 2.2 =74 O]-OﬂE]-

=42 0.1% (w/v) gallic acid= 3} 7+ 5= 417+ 0, 20, 40,
60, 80 ¥ 100 ug/mL7} HE%E 22808 11]5_8]—01 qE3T
S 2B o) ARE 31412 494 60 uLo 29 314
3t Folin reagent 60 uLE 7}5}o] 35 &<t } A7 & 10%

Na,CO, -8 60 uLE 375to] §h-g-2 A A AT o] % 30°C
ofl A 1AIZE 4ol A Hast % microplate reader (Epoch 2;

BioTek Instruments, Inc., Winooski, VT, USA)& 700 nmo]|

Table 2. Ingredient composition of TVP patties formulated with
different contents of FCP

Ingredients (g) FCP 0% FCP 5% FCP 10%
TVP 100

SPI 10

Canola ol 20

Water 30

FCP - 8.76 18.49
TG 1.6

GDL 4.8

Total (g) 166.4 175.16 184.89

FCP, fermented Chlorella pyrenoidosa extract powder; TVP,
textured vegetable protein; SPI, soy protein isolate; TG, transglu-
taminase; GDL, glucono-3d-lactone; —, not added. Values are ex-

pressed as grams per batch.
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H EREE Ssigon, 1%
(mg GAE/100 g)2. =2 YeRf St E‘: HAo malzog 7|
23t 3709] A|=ofl tiste] z+zh 35 Wi =5t

DPPH 2tCizt A7{ofl 23t 3 @ s &5

g Z2dekE A7KsE 9 9] 1,1-diphenyl-2-picrylhydra-
zyl (DPPH) 2}t]7t 4:7]%-& Joo and Choi (2014)2] H1¥-& &
asto] 453} €9} ethanols 1:9% £33 - 420
A SAIZE A X sEe] =23t 3 E] &= (w/w) 4 mLof| 1.5x 10
M DPPH &5 | mL 7}sto] 2 E31et 5 4294 270
A 3087F A7 & 517 nmof| A S =S =4 89ich g &
Je A B 22N Al ethanol S H7Fete] T3k 2 A oA wF
A 3 FH=E S45ISItE DPPH 2to|Z 2752 th&
A]of| wet AhEsESiTt.

9= gallic acid equivalent

ﬂJ

DPPH radical scavenging activity (%)
=1-0D__,/OD_  )x100

sample control

{714 0D, & A& 5E% 3} DPPH §9& whAI71 &
gtofo] Zatoln], OD 2 ethanol¥} DPPH -&9-& BF-3-A]

control

2 o270 FHES oJufaiet,
92| ofnlAt 24

Ua S22t 7ol whE ot Adwo) sk 9 wha 1ol A
A A8t AaslehEe] wsks Brkstr] flsl f2 ot

B9 ARG o, BaHe Cho etal. (2024)2] A+
£ arsto] £=945tqieh A= 1 goll 59 F3] 2] 16% trichlo-
roacetic acid 80 27131 3 [557F /_ﬂ%]' F5om, 3,134xg

oA 20 min LA SHTE. 343t 4542 0.02 N HCI=
2wl 348t ), 0.20 wm syringe filter (PTFE; Advantec Toyo
Kaisha, Ltd., Tokyo, Japan)2 o35l B4 A|22 AME-3L
Atk ¢ ofu] e ARS AHE olu| A BA17](L-8900; Hitachi
High-Tech Corporation, Tokyo, Japan)& ©]-8-3}o] o]-2ngk
amoke 2 Yalo BAshT Bl ol end 2
H(#2622SC-PF; Hitachi High-Tech Corporation)2 AM-5}%
o, 18- L= 135°C, Al & FUTFE 500 uL, syringe =
=50 ul/s, AETS 570 nmz AR ECE B4 A|oke g
+= 589 (buffer for biological fluid; PF-1, PF-2, PF-3, PF-4
2 PF-RG), ninhydrin coloring solution set (R1 % R2), high
range amino acids mixture standard solution type B ¥ type
AN-TIE AH8-51% et

£7 24

nE AYe 33 f3sigon, i+ BEFEAR 17|35}
Atk EA 248 GraphPad Prism software (version 10.4.2;
GraphPad Software, LLC, San Diego, CA, USA)E ©] 835 }
o] A9 o] Hihs U YEAHEY (one-way ANOVA) &
Tukey’s multiple comparison testS ©]-&3} P<0.05 +F°o.2
Asgck wehE 22 det o dshReh A7 719 v

= paired t-testS 0]-8-5}0] P<0.05 =& 2 EA51% )

L I.I:||

E;_l_ 1 =t

L=

TG H GDL 2o we X FHe el X%

TGS} GDL 7t ufeh 22t et shelo] texture E4

Table 3. Texture analysis of TVP patties according to the addition levels of TG and GDL

Patty TG48g GDL4.8g GDL16g+TG48g GDL48g+TG16g GDL4.8g+TG4.8g
Hardness 1 (kgf) 3.27+0.13% 2.630.31° 2.55+0.04° 4.33+0.59° 2.95+0.35°
Hardness 2 (kgf) 2.43+0.08% 1.76£0.18° 1.83+0.02° 3.0740.44 2.0740.21°
Adhesiveness (mJ)  0.06£0.03° 2.15+0.267 0.64+0.03° 2.18+0.03° 1.70£0.94
Springiness (mm) 4.42+0.07% 5.19+0.21° 3.78+0.11° 4.87+0.38° 3.84+0.430
Cohesiveness 0.23+0.02% 0.29+0.02° 0.2240.01° 0.2640.01% 0.22+0.00
Gumminess (kgf) 1.110.112 0.76+0.06° 0.56+0.02° 0.74+0.03° 0.66+0.06°
Chewiness (mJ) 52.69+2.84° 38.49+1.53° 20.69+1.20° 32.0840.57" 25.02+5.06
Cutting force (kgf) 0.33+0.00° 0.2740.04° 0.1540.01° 0.3240.02

Visual appearance

0.16+0.05°

=
=,

TVP, textured vegetable protein; TG, transglutaminase; GDL, glucono-d-lactone; Hardness 1, hardness in the first compression cycle; Hard-
ness 2, hardness in the second compression cycle. Hardness, gumminess, and cutting force values are presented in kilogram-force (kgf), the
force unit directly output by the texture analyzer. All patty samples were uniformly cut to 20 mmx20 mmx15 mm (lengthxwidthxthickness).
Values are expressed as mean+SD. Different lowercase letters within the same row indicate significant differences among samples (P<0.05).

SD, standard deviation.
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2 A g 20| S B 9tH(Table 3). GDL 4.8 g¢+TG
1.6 g A 2]+ hardness®} cutting forceol| A 714 =2 7H& L+
EFY 8112, springiness?} chewiness T A2 A 2] & A9
arel 58 Ueplol, 247 A1 HS 2SS v, 714 79
el 24 A4S Fot= A 2= gl E i o]= GDLo| 9
&) A A4 gel network7| 12} 2 T 2-S Al55la,
A7k TG7F A U glutamine residue®} lysine residue A
0] 9] e-(y-glutamyl)lysine ZA3H-& Zx16t0] 71431 7hw A9t
© 2 networkE X273 A2 AFEH tH(Gaspar and de Goes-
Favoni, 2015). =, GDL9] At 4= 2319} TGS a44 7l
Aol Ao HeHA Ao aits e A o= sjAd 4= e

GDL-2 =890 4] gluconic acid= 4] 4] 3] Zgt=| o] ujj 2 2]
pHE I Eohi o] =4 A (plr4.5) 227HA] A 02 #5}A]
7|H, o] 7ol A Tl A 7+ A 712 v o] ZFAshal A
3 Az Argo] ZstElo] #+dEt AF f-%= Z(acid-induced ge-
lation) YIELIE §=dl= Aoz d#A JriCampbell et
al., 2009). ] % TG+ glutamine Z+7]2} lysine %7] 2] g-amino
7] Atolel e-(y-glutamyl)lysine 5-+2 &= @745k, 13+ 2
ATz G 71AA P ol w2 THLE FUEE =]t
(Gaspar and de Gdes-Favoni, 2015). &, GDL9] AF-3-11=2 3}
B ohlg] 7 S22 4 A floll TGE] 344 7hat At
2o 7 Z8YE]= 0|3 A3} 7| % (dual gelation mechanism)©]
Ao B A F ARA 7S R AR aE UERd Ao
2 o Aok ok A AR 9 7h A e A% S5
aenz, o] sl 227 Autel Ag w3l o ZAR ks
Aoz AAIE AolH, o] 5 A5 flsiAl= AR ]
7 (scanning electron microscopy)= ©|-8-3F 0] ALz 32, 7}
AT A= 9 sodium dodecyl sulfate-polyacrylamide gel
electrophoresisE 5¢F Thill Al BxjgF B B4 5o 71 o
7t ask Ao weke), GDL tHs %] 2] 3= springiness
©} cohesiveness7} 7H A UEPH=H, ol 4t 6314 gel
network”} B4 9 Wi AzMdof 7]oJ5}9] out, hardnesse}
cutting force7} Wil 23 7PgA ] 7F R A A= FEHIE B

ZFe AAA BAE el e 7 7t d g A o] B
ol sk Ao ekt v TG T A 2|3-= 743t 7
W ZA%EO 2 hardness?} chewiness”} =324, chewiness”}
shest] ot 7] 27 LR 5 glom], nhe e ad-
hesivenessi= T E] U] 224 3502 ojojA x] A 3
B Qb /dofl FA 4 o= 283k 4= qlrt.

T+ AZA(TG, GDL)E 7H & 22 71k GDL
4.8 g+TG 4.8 g 27 GDL 4.8 ¢+TG 1.6 g H2] 7] 1]
3f| hardness, cutting force & adhesiveness 5 T 522 23
4 Ao A A e g 32 7hs Helrh F 2242 GDL
WL 48 go 7 EAsto] A 12 2ol o3t pH A3} 4
Ei AR A0 oA E R, £ Rel 7 7k Roli= Ays
HE RS TG A7 2710] e Thest S d b A g

Feh S| o] £ 54 423

710% Aoz B A ot o)
TG7} 5 AJoll 4-8:3F 4% Ehul o] 7 0.2 Fe] 7}t
S 1(Gaspar and de

o3}
AA
LA} R Ao

ut)
i
o
N
2
o oo
=
_}(_‘
o
o

o O _)l\__
Goes-Favoni, 2015), 1 A3} 22]9] ¢
A5t e Aoz Ak

o

115 v} Qlt(Lee and Hong, 2020; Kim et al., 2022). w}e2}A]
GDL 4.8 g¢+TG 1.6 g A 2|77} GDLo|| 2|3+ AF-5-314 gel net-
workS 12} L2 & 5}l £5F0 TGE 7 ARkE Bksh= A
o] At A4 g deFo = gkt 13} A A 2
7|3 o] Aol T AzMA o] T W B3 7t 2 of whE 4]
I B3k ¥]aste] FCP A7hegel 288 AzA| 23S A
313t £3] GDL 4.8 g+TG 4.8 g A 2]7-2] hardness, cutting
force & adhesiveness”} GDL 4.8 g+TG 1.6 g A 2]7-2t} &
Al vebd Ak ARA| 9 ©hs SEFo] HIEA] 227 P40
& oJojx|= Alo] ojd, -3 & x3to] 22 /ol A4 4]
o] 2919]-% AJAJSILE, o]0 GDL 4.8 g+TG 1.6 g 232 &
FCP X7} A ] A2 27 0= A5kt

45 S2del ko) 2 ZAGSTH HElS X

[

Xz
~

I

-

Uy =29 2UFCP)Y A7tk e A
(TVP) 9] 9] 22|17+ 54L& Table 4] LRIt FCP 0%,
5% 2 10% H71-2) hardness+= 2+2f 4.32, 4.82 W 4,36 kgf
© 2 UEst o, FCP 5% H7FrollA 7 =2 22 ESth
Adhesiveness G A| FCP 5% A 71to| A 1.73 mJ&Z 713 =9
S, FCP 0%%} 10% H7H= 22 0.61 2 0.58 mI &2 -3-AFSH
T3S e Y. Springiness+= FCP 5% 714 5.83
mm= 7 =431, FCP 0%2}F 10% A7t= 2H2F 3.78 2
4.14 mm= yERyi),

Table 4. Texture analysis of TVP patties according to the addition
levels of FCP

Patty FCP 0% FCP 5% FCP 10%

Hardness 1 (kgf) 4.32+0.04> 4.82+0.06*° 4.36+0.06°
Hardness 2 (kgf) 1.2620.38° 1.38+0.15* 1.36%0.132
Adhesiveness (mJ) 0.61+0.11°  1.73+0.35°  0.58%0.12°
Springiness (mm)  3.78+0.30° 5.83+0.94° 4.14+0.18°
Cohesiveness 0.23£0.01°¢  0.47£0.012  0.330.02°
Gumminess (kgf) 0.57+0.01¢  0.78£0.04° 0.65+0.03°
Chewiness (mJ) 21.4411.67° 38.11£5.192 28.47+2.12°
Cutting force (kgf)  0.16+£0.03° 0.38+0.05 0.23%0.03°

TVP, textured vegetable protein; FCP, fermented Chlorella pyre-
noidosa extract powder. Values are expressed as mean+SD. Dif-
ferent lowercase letters within the same row indicate significant
differences among samples (P<0.05). SD, standard deviation.
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Cohesiveness= FCP 0%, 5% % 10% A7}l A 242} 0.23,
0.47 9 0.332.2 =4 |o], FCP 5% 7} A| 9jjg] yj=to] Az}t
Ao] 714 A AT = A2 ¥ Th Gumminess®} chewi-
ness E3HFCP 5% A 7FEof| Al 22 0.78 kgf W 38.11 mJ=Z 7+
7 =9ko ), cutting force G A| FCP 5% #7104 0.38 kgf
o8 7M=& g5 YElHE ¥hE FCP 10% 7H-= FCP
5% 2710 u]a) TjiEe] 227t %7} st o co-
hesiveness, gumminess, chewiness ¥ cutting force+= F%7}
THETF =2 2S48l

ol &gt A= A4 422 FCP H717F TVP 9fj ] o] 24| §
3t Az ol 71 4= S-S AlARRETE FCPoll= 22
et o T al, Ao]Adf 2 k. whgof| A A E A EAHS
o] | o] Q& 7HsAd ol §lom, o] & A2 Tl e Al 2t
oAl i HR g T wjE R A Ao FFEE 4 QL
t}. £35] FCP 5% 710l A hardness, springiness, cohesive-
ness, chewiness ¥ cutting force”} 5% 5713t 712 FCP7k
TVPG} | ehal(SP) 7|4 72 Woll 4 5414 = 23
Bz AROR Ag3te] BTt 2UT Y=L BHS FEY
7] wj &0 2 stE th(Marti-Quijal et al., 2019).

LB FCP A7heo] 10% Z7held 247 A4l &}
TSR AT Boich olelat 14 H3S =g FCP A7t
7H TVP-SPI thil 4 w2l 0] el xlel 72 A4S st
Ak, S A 9 284 Aol B 1 Ak
el o2 Agig7] e 2 AREth(De Gol et al., 2023).
5 FCPY] & 135 hapo] S5 Hamo} philg 551 54
& ABAIZAY, W f2l A4 peptide W £-2) ofm| Al
o Tl 7+ F o282 oFStA] 7= 7HAast Aol Y
7FsA T wAIE 4= QI et al., 2023). 9 sj4-2 st 7f
e E AAIE Ao, 7} 2219 7|o%=E 57 Sl
= e S W oAl te T bt Ead Ao
2 ghetE e webA FCP 5% H7p7F 22 i 5ok sjjg]o] &
J WAl 71 B ARl M7 o 2 e E T

w5 SRR} AR 12 ZEYSC HE|o Ms

FCP 71go] uhg 2t s e of A H3l= Table
5ol et Sleh. s Uehli= L* 42 FCP 0%, 5% 9
10% H7Ftoll A 2+2F 73.70, 67.98 L 65.030. 2 LElLE, FCP
A7rEro] S7rdE dashe 43 Bk ol FCP AHA|
7t 2R el A g el 2 A Eshal /o]
el 9] 871 & ARl o2 Tk

AN TS el a* gk FCP 0%, 5% 3 10% 7t
A 2421 12.09, 12.21 9 12,622 A 2] 7F -2 2]l Afel= vt
ERLEA] QEXTHP>0.05). ©]+= FCP 3717} 3 €] o] A A 2o 1]
A= FEFE ARA Ao deheln) v A =S UER
= b* 42 FCP 0% H71Eol Al 25.259 2.1}, FCP 5%%} 10%
7Mool A 22 27.63 9 30.842 57181t o= FCP 37}
7t 9E o] A E= 2 AD Mg etk Hl 9% v
Haa vt

FCP Z7}o] whE A= Hsh= S2d2to] £A5k= chloro-
phyll, carotenoids & 7]} A4 B3} To] Q= Z o= o
chelct, S 2 dak= =4 A A9l chlorophyl ¥ o}y 2} lutein
" carotenoid A€ MAE okl Qo A% mER A
7HE 75 = et A= S7HE 122 5 JtHGouveia
etal., 2007).

Lot FCP 37heo] 37 el o] Al $47h
ol Bl o RstaL o] 7Pk Mg ) o] 2%k A
SRz FCP7} 7674 2424 slfEjof] =9l uj AlE2f A2
2 B4 A A 9= € 7 e e

=

2
= XAUFH mE[2] 5 =2
O 512 2 SfAte} 2tA

S

8 S22 EW(FCP) A7F ol W2 TVP e o] & &
2] #|= oFF % DPPH radical 4752 Fig. 1o Yehl it &
Z 9= g2 FCP 7o 4] 49.06 +2.48 mg GAE/100
g, FCP 5% A7}7L0] 4] 67.84+1.63 mg GAE/100 g©.& U}e}
L, FCP 7ol 9Jaf f-2& o= F71814 th(P<0.05). DPPH
radical 2275 E35F FCP £2 7)ol 4] 28.74%, FCP 5% A7}
TollA 37.52% 2 F71ske], FCP 3717 TVP 3 E] o] ghilks} &

Table 5. Color properties and visual appearances of TVP patties supplemented with FCP

Patty FCP 0% FCP 5% FCP 10%

L 73.70£0.96° 67.98+0.43° 65.03+0.65°

a 12.09+0.17° 12.21+0.342 12.62+0.31°
27.63+0.55° 30.84+0.60°

b’ 25.25+0.35°

Visual appearance

OONOO

TVP, textured vegetable protein; L, lightness; a, redness; b™ yellowness; FCP, fermented Chlorella pyrenoidosa extract powder. All patties

were uniformly shaped using a cylindrical mold measuring 9.8 cm in diameter and 1.8 cm in height. Different lowercase letters within the

same row indicate significant differences among samples (P<0.05). Values are expressed as mean+SD. SD, standard deviation.
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Fig. 1. Effects of fermented Chlorella pyrenoidosa extract powder
addition on the antioxidant properties of textured vegetable protein
patties. A, total polyphenol content; B, DPPH radical scaveng-
ing activity. Values are expressed as mean+SD. "P<0.05. DPPH,
1,1-diphenyl-2-picrylhydrazyl, GAE, gallic acid equivalent; SD,
standard deviation.

el FEFE nxl Ao = dekEt
FCP H7loll 4 3 Eelolis shgo] 27k AL 22de
of| gl HAte} Tl g Aol sElofl HAFE S of
TOE AlREH nN 2R TE 3RkE, Ma 2 HEels
T heket Ak I RS Seete AR g gle
o, S8l W e MEY 9 1RA o] BolE E) &
giE 52 A EA HEpe| 29| 852 SV e A e
2 4 A Qltk(Adebo and Medina-Meza, 2020; Coulombier
ctal, 2021). Aelo] AL47 FCP E % 421S 53}
LI fjo|m g, Wa Mo AAEAY = 5

]

St AP o AFE-E FCPLL -5 Uk o= 2 HliA] 2 02 A 2%
e S2debe0a A o] 3 EYulE $del 9.34+0.37
uM GAE/mLOJA] 139.95+2.11 uM GAE/mL= °F 154) &
Ao g Z7lst Ao g HilE o] QIT(P<0.0001; Cho et al.,
2026). o]t 571+= B. amyloliquefaciens MU22] protease
2 Az Bl 2-gof| ofsf| SRt Al Yol 2 FEHl = =
Aot w5 hgtEol f2-8-&H 2tz o4 =, FCP 37}
jEjof A TEE T EQ)uls SRS ot R 28
det 5ol E2vlse fedol vhE 2tz wkeT)

DPPH radical 22459] $7t= & &¢l#= o 57kt &
HE Aoz meteh ANk 0 7 #js a2 tAVIE F
ff eprjzol] Az} Ee pAE oo R AR S U
e, 413 f F £ 95 3k DPPH radical &7
Aot #S Bol= A7t Wri(Wojdylo et al., 2007; Leop-
oldini et al., 2011). FCP 5% H7} o)A & Zeju= gh<Fut
DPPH radical 2750] 2% §-9]% o 2 =7}st Ay}= FCP

e EECE 425

k|

G 3haks} A o] TVP 3] 9] radical 227 % 3FA}ol| 7] o3t
Ao g gter

wkbA] FCP 5% 7= TVP wje] 2] & Zejulis dag 71
A|7]aL, o]o] whe} DPPH radical &4 5-& A7) A&
Uehd Ao & gehec, o] FCP7F A1EA el 9] 7154S
AT 4= Qe A2 E8E 7S ot

Ia Z 2 2(FCP) F7F ol whE TVP 3 ] o -2
obu] =it /442 Table 60f YeFgict 71 /& 5 arginine
& 7 ATt BRoll A 7M1 S Bl o, FCP 737
L9} FCP 5% 7120 4 225 31.2 2 33.6 mg/100 g©.2 1}
Ebtt. 3 glutamic acid= 4.7 mg/100 gof| 4] 13.0 mg/100 g
© =2, alanine 1.8 mg/100 gofl 4] 10.9 mg/100 g .2 F7| 3
715191 2™, aspartic acid, serine, cystine, isoleucine, leucine,
phenylalanine, 3-alanine, $-aminoisobutyric acid & proline™=
FCP %710l e} 01,0 2 2715} ek (P<0.05).

FCP 7}tol|l A {2 ofn|ieil Shgo] S7ist A Wa &
2} B A o] FHRE ofn|ieAte] ofgt AxtE ke T
Z 24 #H= glutamic acid, aspartic acid, alanine, glycine, leu-
cine, lysine W arginine 5 ChFst ofu] oAb $HG-5h= Tl
A A2 BiE o] )l o (Ursu et al., 2014), Bacillus <5 1] A}
2.0 Tl A2 peptide D £-2] of] Ak 2 Rafs}o]
84 ALBHHES 2771 A0 URA ek(Kiers ot
al., 2000). A&l AHS-SHFCP= U a § 452 3]4sto] &
ursfet AR, W 3O A AAE 4288 AR peptide 9
$2] ofulietto] AthH o EFHAS AR Bee uf
eh FCP 7}0] w2 98] ofuliAl ghefe] 271 e 22
et e ofn|=Abe] -] B ekl Fafjof] ofsf A E AR
Ap A oRhE o] o] HEA o Aget AvfE AbRErh

gt EA 3} e 51o] glutamic acid@} aspartic acidi= th #2421
2k T ofn|eAbo 7 A A ¢l v (Kawai et al., 2002),
/359 ¥ FCP 7371 8.2 mg/100 goll 4] FCP 5% 7t
- 19.0 mg/100 g©. 2 57181t} T3t alanine, serine, threo-
nine ¥ proline¥} -2 Tt #& ofw| At FCP 3710l A]
Z715FicHKawai et al., 2012). whebA] FCP 7}l o) S7}
3} glutamic acid, aspartic acid, alanine 2 proline 5-2] BF 3=
$2] oful A TVP sfe] o] Ev] 54 abtol 7]018 7154
o] Y& Ao = Ftect

3HH, FCP 37}l 4]+ valine, isoleucine, leucine, phenyl-
alanine, methionine, histidine % arginine¥} 22 224 3+ o}
UeANE §) 27135tk ]2l ofulieAbe: AE djEes
V) 5 ThE St R AB kol ujet 20t B B3
22l oo S & 4= lrh(Joo et al., 2022). Ammonia T
2F & A] FCP 237} 2ol A 7.0 mg/100 g, FCP 5% 3710l A]
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Table 6. Comparison of free amino acid composition in TVP pat-
ties formulated with or without FCP

Free amino acids and related FCP 0% FCP 5% Significance

compounds (mg/100 g)

Phosphoserine 0.8+0.1° 4.2+0.12 b
Taurine - - ns
Phosphoethanolamine -b 1.0£0.12 *
Urea - - ns
Aspartic acid 3.5+0.1° 6.0%0.22 o
Threonine 0.1x0.0° 0.7£0.12 **
Serine 0.3+0.1° 1.940.12 i
Glutamic acid 4.7+0.2° 13.0£0.3? b

Sarcosine - - ns

Glycine 1.6£0.1° 2.7+0.12 e
Alanine 1.840.1° 10.940.3° b
Citrulline 0.2+0.1  0.6%0.1 ns
a-Amino-n-butyric acid - - ns
Valine 0.9+0.1* 1.8+0.12 b

Cystine 5.610.2° 9.1+0.22 o
Methionine 0.3£0.1° 1.3+0.1° *

Cystathionine - -
0.2+0.0° 2.4+0.12 i

Isoleucine

Leucine 0.4+0.1® 1.840.12 o
Tyrosine 0.6£0.1® 1.1£0.12 **
Phenylalanine 1.1£0.1° 2.9+0.12 i
B-Alanine 0.5+0.1® 3.4+0.12 b
B-Aminoisobutyric acid 0.1£0.0°> 7.9%0.22 o
y-Amino-n-butyric acid 0.6£0.1 0.4+0.1 ns
Ethanolamine - - ns
Ammonia 7.0£0.2° 11.5£0.3° o
Hydroxylysine - - ns
Ornithine -b 0.4+0.12 *
Lysine 1.0£0.1* 3.0£0.1° b
1-Methylhistidine - - ns
Histidine -b 0.7£0.12 *
3-Methylhistidine - - ns
Anserine - - ns
Carnosine - - ns
Arginine 31.240.7° 33.6+0.7° e
Hydroxyproline 0.3t0.1 0.3+01 ns

Proline 3.6£0.1° 6.3+0.22 rx
TVP, textured vegetable protein; FCP, fermented Chlorella py-
renoidosa extract powder; FCP 0%, without FCP; FCP 5%, with
5% FCP; ns, not significant; *P<0.05; **P<0.01; ***P<0.001;
*#k**¥P<(.0001; —, not detected. Different letters within a row in-
dicate significant differences. Values are expressed as mean=SD.
SD, standard deviation.

11.5 mg/100 g& & §-9]4 &2 F7}6}thP<0.05). o]
1 ofn|ieAte] gopn| 5} o= thil 2] Fafjof ofsf AY4dEH
AasRhao] S7ret HHE A o= dekE)

oJAre] Az & uj, FCP 5% % 71= TVP 3 €| 9] {-&] o}m]
i oFES 57 % 21, £3] glutamic acid, aspartic acid 2
alanine 5 9t ¥ ofn|Ake] S74E Foff A5/ e Y ¥
u] iAol 7]e4g 7hsAd o] s A S &2 et ok 4]5%9
I {2 ofn|ieite 2 AAE = Ao] ofel, 5'nucleotide
(IMP, GMP -5), -2, f+714E 7714 2 98] 37| dws
O] o ARgo| ol HA o ® FA =, 53] glutamic acid
+ 5'-nucleotide®} F-& A] 7Hauto] A5dt= 2R UefA]
Qlth(Fuke and Konosu, 1991). w}2bA] G-2] ofn|i=Ato] ghoj
H| 2= S ] afAst7] QA= FE HAREA B
el opu|ieAl 243} The 54 7He] A AR A o] F71H4
o2 Q3 A o= HekE

Ua S2dat FL(FCP)o A7 ol o 2AY T
Hi(TVP) BE| 9] #4 S5 B7staL, AlEd diAlS 2=
A FCP9] 8- 7573 HESHIh A2 = AdollAl+=
GDL 4.8 g+TG 1.6 g A 2] 717} 2247k 2|3 Aol A 73 9l
= 545 UEh o] TVP siE| o] 2|2 |A| 3ol 717 A_tet =
7052 AAERILE o]= GDLof| &gt AF F= gel network”}
71EARl 2 A& FASHL, AT TGO ogt 244 7}
Ao o5 Ao = F AA| O] A5 H kA Ak Ayt
o 71915t Zl o &2 setEc),

AR ARA| 27104 FCP 7ol w2 4 54& v
A3}, FCP 5% 7117} tiFto] 2213 A5kl A 71
oF gk UEhil o, Mo FCP H7tgel S7tedr=
= skl = F7ste], FCP 3717t 9 g 9 Azt
A2 Q1 kS n|H A o= gelE| Tt

£3] FCP A7FtollA & Eejwlis 3t DPPH radical 4
As, L] g 9 ek 7 ofu| e Ato] fo)F 0 7 T}
Z0l A 711 7hs & EAlTh o] 2Rt 7S H F
A AR Y2, T o 2 71A 2AoA AlxEH &
Aol Al e * ZEHete] 2ol F Zejuls, & 2 of
0|4t 9 gRAkst gHdo] WA d ] fojd o= Frlsk= A
IH(Cho et al., 2026)°]] F3}sH= A2, 274 ol A HSH
23 o] avprt sfelof o3P E A O AlmETh

TUACE TVP 7|4 A=A 3E] 9] X R|A| /g0l Aget
A2HA| 2710 % GDLY TGE| 443t 235 AAstaom,
e 271941 FCP X717t 2213, M=, 3hitst 24 9 {2
ofu|ieAl 2/ A 7P St ATE vEhdE ERls)
Ak ol= A SR 2o A=A tiAlS g o 54
71678& Aol R 4= Al U A S AR o
gk olglstd] £4 EAS T4 02 Bt o] Fol om, vt
A Z2E9E Y s & It e 245 AEHA &
o} B Lol A A A4 9] = 7] o ot SR et Jwo o

A
o,
N

r.l_9.
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