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Abstract

This study explored the potential of bracken powder as a substitute for textured vegetable protein (TVP) in meat analogs during
frozen storage (-18°C for 3 months). The color, texture, antioxidant properties, and sensory attributes of patties with varying bracken
content were systematically investigated. color and L*, a* and b* values decreased with the addition of bracken. Hardness of the
patties increased with higher bracken content and reduced TVP levels. After freezing for one week, patties had decreased texture
attributes, particularly hardness and chewiness. In addition, the antioxidant effect of patties increased with increasing bracken
content, and these effects were maintained after frozen storage. For the electric nose tests, patties containing 3% bracken exhibited
a flavor similar to that of raw beef patties. These findings offer valuable insights for future endeavors to explore the utilization
of bracken in plant-based meat analogs within the food industry.
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ME dukgo 2 GAISS Azl Fehi i So) chid g
£ USAISH A EZ Al (textured vegetable protein, TVP)O| F

A DA FEI Sl ALTRsT AN AT A 2 AkgEch TVPE 50% o]ARo] Thila] k250 1.0 W 379to.

% ofdolt}. 1 FoME ths Thlde 2 tiAlE A=A A| 2 o=sle] A A 220l O AleE ZHEAS 71T
SE==t, e, 2AA, Hold 5 gt FEY] SAECE T 9ltKLee et al, 2023). SHAE TVPE A7 182 © 4510 ARy
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oh= FAIE Holal 9lor], of= A WA AR AFR A oo ozsim g TVPE Bkl Slg At 2] g
B 7195 AEATHSIm et al, 2022). 53] 7 AFHE A B 3 9rj(Kim et al,, 2019; Cho & Ryu, 2022; Hwang et al., 2023).
L ZAE HiFEL AT, 7t SO BM A W waba, BuA EHS metels TVP o] et orp A2A
AAIE AAo] JrEs] SHfjE]al QJtH(Krintiras et al., 2016). o= g3l Ao}
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Min et al. (20172 F-2 A=2F3 A EE S8t 2124 1fE
£ 50l SVI°t AE FAA BE 5442 ANAISIAL Moon
(201952 P-ARICL HAE B-83t A2 HElE B3l S73t ARE
2 379 A7 A T4 EXS 7RSI TS Im & Jeon
QU6 A BokoR, W1 o FAT A8 Woldg
Rko x4 S5k B/d2 7RAIRT B Qlot. olAd &79] tet
3 B4 TSP flste] AEA YRE EESt tiAlS AlE=0l
A&H 02 7= Qlck & Oq:r“’ﬂ/ﬂh A S7E 2sl7] ¢
o BAEEHN IARE o83 tAlSR /ite SHE SIgith

TARE HiRil= ol AHgshe thdA) SARR, ARG
SXE 7R a1 2 A3 EAL 7FA T Qtk(Lee et al.,
2010), 72 425 B2 45 9 W=, o IHolx e
of Ajo] QZHEolN Ae TEMOR Wskith TARlE Tl
AS4E XD o] FLES 2T 718 ATk He]

F A o|tH(Park et al., 2014). IAFE]o|= chlorogenic acid, L-O-
caffeolylhomoserine @ dolicholes 5-2] A& d=Z0] SFM
=] Qo] 7154 AlEaAE FAEIL Itk(Shin & Lee,
2011). A& APolA Y] TALE et 2 S wibEo] B8
W s7HRlE AT 4 S Ao E A&, 1Ak 1L
ARF A9 2% AR B YasH BluS b Aies
1719} QA EAL 7 Z%l 2= itk ot AR AL =0
2 o7 7719} vl A0 o] Wl T A4S A7}
) ot 47718 Baeke 2] Zhe AE ¥ 4 ok

wlehd 2 Ao A1) 4, % 7 59| B4S Bgalo]
A S50 AT BAS T AR S RS, Selsiet
X B4 waslo] A%4a T 7Rs4ol T Helskiat sigic

i

Akt ATAR]Q} ZAIT e (Textured vegetable protein, TVP,
SUPRO® MAX 5050, DuPont Korea, Seoul, Korea), 2| o5t
(Isolated soy protein, ISP, Avention, Incheon, Korea), 7F&2kfHCa-
nola oil, Haepyo, Seoul, Korea)g ARE5I3TE A=/ TiE|S] o)zt
AA X =4S Q8 ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt), DPPH(2,2-diphenyl-1-picrylhy-
drazylyS A]10td=2] %] H 2o} Sigma-Aldrich, Seoul, Korea)ofA]
TAste] ARSI

Zﬂi’—/\}ﬂ% T 10819 SF0] 2447t 52t 72T 5 23]
d=d AAE sl 2ARE ST 10819 S577
3087 7F ?l —ﬁ,— 33] AL £ 34 sl 2ARIE 3
shdao] Wil 1487 WZsigin:. HZAAI IARE SR
(TFD 8501, ilShinBioBase, Yangju, Korea)o| A 3~547F AXAIZ]
7 9A)7](7012S, Waring Laboratory Science, CT, USA)Z E4]5}

o YA BS FH|5I9IthFig. 1A).

HEE HZE

Feld TR 558 595 B8R EHF F IS0l

(MS-33M, JeioTech, Daejeon, Korea)of|A] 3057t #25k0] 5% &
Sl SAlokg AT AR Sv% RelcfEeh] el

Asahat TR EANE 64 HIEE BUF T )
(HG-15A, Daihan Scientific, Wonju, Korea)Z 10&7} 7+4510] 4=
SHABOW) S EHsIrHFig. 1B).

AIZA IYE| TYE

AlS] _
=8 M= 227 siel] vl Table 19] L}Ewaiu} ZA29l TVPES
2 AFollMs A= HEE Axs] sl BYE AAEA TF 20012] S5F=pol] 4X7E Bt IR F o F FHT|(W-110,
(A) Bracken powder preparation
| Bracken I# | Hydration | - Hg:;?r?; - | Freeze-drying I - | Smashing I‘ ?)I:\AC/Z::
(B) Emulsion preparation
Homogenization
[ Canola ol (40%) + 5% Soy protein (60%)
(C) Wet TVP preparation
| Dried TvP |mb | Hydration |m| Dehydration |mp| Smashing |mh| wetTvP |
(D) Patty preparation
| Mixing of (A)+(B)+(C) I - | Shaping & Sealing I - | Heating | - | Cooling I - | Freezing
Fig. 1. Diagram of plant-based patties added bracken powder.
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Hanil Electric, Seoul, Korea)ol|A] 5E7F &AFT) Hi= ARE
A3l TVPE HA]7](7012S, Waring Laboratory Science, CT, USA)
Z ZH(Fig. 107 & o5 gy} St Alzd 44
el §h5 100 gofl TAE] B 2442 0, 1, 2, 3 g& H7tsto]
1327t @—%3 ek S A=A wE 6 30 g2 F1EA A9
80T 4Z(Maxurdy-30, Daihan Scientific, Wonju,
( 7hEstolrkFig. 1D). Z21¥ 457 el 4T
A BT 3 Aol 28] Tl S
APsiiet. B5 £49] % HElS -18CAA 1, 2, 387 ¥
B T 40O 12407 B9t SfEsto] B AFesh

o o yE
ojke o ol 91o] TelS ST RS TP Bl
24519}, A AT *=88.13, a*=1.35, b*=1.62)0.8 K
At AXJA|(CR-400, Konica Minolta, Japan)S 0]-&5}o] W5 UE}
Ui Lak 24 2 =241 Yehli= agh, 4 2 S Wetdl= bak
< 2459k 2 dEls 73] ke Egele] HEg U BERAE

_&

= o
ZEEAL Lucas-Gonzilez et al. (2020)2] H“ﬂ—% o] 835t %
SAE, A4 9 FARAES S0t 28 &HEL 29 IS

Hele] FAZ ke Aol thsto] AL 37
QX]UHH 78] A(CD-20APX, Mitutoyo, Japan)& =74t &) A%

2 £0IE tha Aol tidste] Altsiiet. 2 wiel= 73]
w0 st BE B BEEAE S

3] AR

Cooking loss(%)=

(weight of before cooking patty(g)—weight of after cooking patty(g))

Texture profile analysis (TPA)

S 22 3 R HEE 2o A2 FElE AYsti(RIE
x2=0], 1.5x1.5 cm) BHF Probe(AACC36, A1E 36 mm)S H25t
Texture analyze (CTX Texture Analyzer, AMETEK Brookfield,
USA)E AR89 7 (hardness), JE(Young’s modulus), B4
(springiness), 433 A(chewiness)S =45ty EAZ AL defor-
mation 40%, trigger load 10 g, test speed 2.5 mm/sO. & Z} T{E] 9]
SR 28] 9 S4sio] Had L EEUAE el

KX} (electronic nose)

fu]= ZR}F(Heracles 11 E-Nose, Alpha-MOS, Toulouse, Fran-
)= E3] 0, 1, 2, 3% eI} A 4]117] obdT} Q3] A117] QRS
Hlskiek. E3E 0, 1, 2, 39 WS S vlaskict. e
5 g3} B4 30 mLE AEU] 9O ¥ o 387} ARv
(WS-400, Shanghai Zhisun Equipment Co., China)Z Zx]2]gt 44}
ABE AXFE 24519} A|EZS headspace vialof] 211 50T
A 5EZF witste] Y 7] 4R vialo] AESMAFIT: S
) S WA ALE] BHE AEAR 31 Sojo] %
Ao, B 71 2,000 pL9] T W) ARE AR
A2 gas chromatography injection porto]] Yottt 4 AH
< MXT-5 Z#(Alpha MOSy& ARSI H, A= 7HE AR
300%, A& 718 25 35T, Detector 2T+ 250C, Injection =
= 200C, WHF 5= 500 ipmO & 319t QB 2 50T=

527F 8R] T, 3069 £ =2 270C7H] $2 & 30% 52t A5
Stk ZF A& 33] HHES V]E o2 S TtHYoon et al., 2023).

- 100

Reduction rate of diameter(%)=

(weight of after cooking patty(g))

(diameter of before cooking patty(mm)—diameter of after cooking patty(mm))

- 100

Reduction rate of thickness(%)=

(diameter of after cooking patty(mm))

(thickness of before cooking patty(mm)—thickness of after cooking patty(mm))

- 100

Table 1. Composition of plant-based patties added bracken powder

(thickness of after cooking patty(mm))

Concentration Patty ingredients (g) Total
(wiw, %) TVP ISP Water Canola oil Bracken powder ©

0 75 0.75 14.25 10 - 100

1 74 0.75 14.25 10 1 100

2 73 0.75 14.25 10 2 100

3 72 0.75 14.25 10 3 100
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Sitef zif

e 5 g FF7 30 mLE AEWA o] Y2 5 oF 357F A
E0}A(WS-400, Shanghai Zhisun Equipment Co., China)2 2% 2]
ao] WA} A|2E A2 AR 1 mLE Micro tubed] B2 F
8,000 rpmO 2 1087 YAHEZ]7](Micro Centrifuges mini, Labo-
gene, Denmark) 2 AHET BFO] 2ABIE SA3IG

ABTS Bjg 2784 24

PBS (phosphate buffer solution) ¥ 10 mL¥} ABTS 81.2 mgE
&3l5lo] 14.8 mM ABTS &2 A| 31tk Potassium persulfate
(PP: K»S,0¢) 13 mg¥} S5 10 mLS £315t0] 4.9 mM Pota-
ssium persulfate -8HLS A 23} 14.8 mM ABTS 89 | mL7}
4.9 mM K05 €94 1 mLZ& E5to] ABTS/PP &3 A|x5t
T ol YAolA 24A17F BEGAIA ABTS 2 Z=s TBAIZCH
ABTS/PP €N 200 pL3} 355 10 mLS &35} ABTS/PP &
NO] 547} 734 nmof|A] 0.7£0.027} HEE 5|45} 96-well
plate 20 £Lo] A/ 82 91 343 ABTS/PP £ 180 uL= 7}
oo QkAoA] 1087 ¥ESAIZL F 734 nmollA] S8 S79519

=
ABTS radical scavening activity(%)=

(A-B)
(1‘ (C—D)

)*100

A BTGB, B ARE FFEGlnk), C EE FBE,
D: & &3 (blank)

DPPH itjzt 24 34

DPPH 0.8 mg¥} oJEkS 1 mL-E &3}5l0] 2 mM DPPH 84S
A 239k 96-well plated 20 pLo] A|&Z Y1 3]A45 DPPH
89 180 uLE 7Foto] QbAoA 3087F ¥HEAIZ] F 517 nmoflA]
F3=E S5l
(A-B)-D

DPPH radical scavening activity(%)= C

A BTGB, B ARE FFEGlnk), C EE FBE,
D: & &3 (blank)

SA24

EAEA-L OriginPro program(OriginPro 8.5, OriginLab Corpora-
fion, USAYS AF8319107), AJ%. 7+ §914] Aol AZ817] 9l
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U YR E4HEA] 2, Duncan’s multiple range testo]] W2} AREHS

= AAIBIA p<0.05 FolrEolA Alm k] redE ASIHA

Z o 2%
oz

TAR B o] W2 A2 wfele] Qe Fig. 20 Ueh
QIck. 7] TAR] BO] A7} IR 1, 3, %GO 5% Az
o Tt BREoR Q18] Bt ThEshl Wold ol ow
AR Qorek. Webd Heh 3%k Aguleolen Bl
2490] TAR Bo] A7t MRS 1, 2, v AAsk 1A}
2] o] gleo] Z71EE izpole] Atk Ao]7} E5io] vyeh
gom, 28] F Wel@~d)9] H7o] gk 2 SIStk
T s A W) ke fojulat Aolg wolX) ggiet
(Fig. 3). o= ol7] 14e] o} 424 WIS YEo] B
ofwl, 1A A2 el AR FEAlE S5t e

Fig. 2. Appearance of TVP patties added bracken powder with 0% (a, &),
1% (b, b)), 2% (c, ¢) and 3% (d, d): A, B, C, and D were samples before
heating; A’, B’, C, and D’ were samples after heating.

Fig. 3. Appearance of TVP patties added bracken powder with 0% (a, &',
a”), 1% (b, b’, b"), 2% (c, ¢, ¢”) and 3% (d, d’, d") at different freezing
periods; a—d: 1 month, a-d’: 2 month, and a’-d”: 3 month.
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ME
TAR] o] 9 9 1A R o] wE A4 ele] AT 2
2}E Table 20 vhehiiek. ke Rte) o] W A2 1)
g9 Mg uEe Ax A 2] gl FHASE Ligh
a*gh b¥gt B 2SI TS B ol 424 e B
7h WobA 54 9 F2S 5] Holrks 22 oulait. 4
W B S AEE Pe AR ES v E 5T Y
o] F7K4E go] W haslel & Aok SARE TS U
H} QItHWa et al,, 2022). w2bA o2t Axk= 1AL IR0 W2
ek IEA 9 4 5 Blo] o] G we Akl How
AR 71 el F 424 delo] M=S vlEg 2971 5
Leghth biglo] 4 202 Uehdet. arghe 71 A% foo]
3 Aol HolA] Yatek. Ligha} bigto] gast ol 1A
% dfree] 7jdR Q1eh Bt wiste] 9l 0% Wit

xel5d

AAR] 2O o B 7Rl whE A wEle] &
3 HSIE Table 30 UERIH. 22| SAES] ¢ Fromet
olE Ko7 gigton, Aaade] 4% IAEE WSS

23] Aashe FFe A FAEEY AF S A

o 2%

Table 2. Color of TVP patties with bracken powder at 0%, 1%, 2% and
3%:; (A) before cooking, (B) after cooking

(A) Concentration (wt%) L* a* b*
0 66.37+1.54* 514+021* 14.32+0.36°
1 60.76+1.94° 359+027°  12.26+0.59"
2 51.62+2.91° 3.04+043°  12.20+0.9°
3 4817+42.24°  311x0.41°  12.12+0.47°
(B) Concentration (wt%) L* a* b*
0 63.81+2.46° 510+0.18*  13.70+0.44°
1 57.58+2.75°  355+025°  11.62+2.24°
2 46.33+281°  3.18+0.37° 11.43x0.71°
3 43.35+2.13°  3.33+051° 10.89+2.17°

Table 3. Cooking characteristics of TVP patties added bracken powder with
0%, 1%, 2% and 3%

Concentration  Cooking loss Reduction rate of Reduction rate of
(W/w, %) (%) diameter (%) thickness (%)

0 0.50+0.31? 11.71£0.51° 1.75+1.55°
1 0.62+0.77° 3.88+0.04° 5.96+1.65°
2 0.73+0.63° 1.53+0.79° 5.15+0.16°
3 0.58+0.48" 0.45+0.71° 3.05+1.15®
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S8 o S71ke RS Holck 3E Fx} Asoich
ARIE0) F7Ke TAke] % 7} 9 71 A Bgo] wh o
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9 H5d E4S A48 gaAITh Wb ol 27 Sl
TARE] Rre A 2%z 2L 282 IR 5 9 B
2 AEA Wbk k. SILREL O] BHAZ A8 1)
g9 SEARS FPA7IE dl] to] FARLRY FAE 7]

g & Y Ao AEETKIm et al., 2023).

Texture profile analysis (TPA)

JARE] B Skl W AR HEQ B4 BiskE ERloky
1, 1 A3E Fig. 49 AA5HATE. R control: TAFE]ET H|
H7het Blu S o A&/ el 4k (hardness)2F FE(Young's
modulus)& YA B 71t §A 1 ghol S7boke B
Bt} ol REEAQ AHtAEo] At Aute} oiH|E,
JALE Bl H7pt Tl Adsee S7HRIFoEHN YER
+ @R A& AlgEr) TR B2 71 5fE](Choi & Kim,
2014)9} otz Yo} 5 713t HE|(Kim et al, 2015)04 %= &

3600 0.20
[_JHardness —e— Young's modulus
3000 a ©
—?— I 2 {015 &
2400 b I I E
g E]
2 1800+ - 10.10 8
T -1 E
£ 1200 a a o
a 10.05 §
600 - 2
0- T T T 0.00
0 1 2 3
Bracken content (%)
6 40
] Springiness —e— Chewiness
T a a 130 5
E4y 2 2 1 T g
@ r @
7} 73
o ¢ {20 @
= ab ~¢ @ £
E 2 ab [
s 5
[ 4110
0- T T T 0
0 1 2 3

Bracken content (%)

Fig. 4. Texture profile analysis of TVP patties added bracken powder with
0%, 1%, 2% and 3% at O day. All TVP patties were heated.
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o A7 wet dE o] Fert Skske AlE HaEth

TAR] B VIRt 9El9] e (springiness) TAFY
ol F9J4Q1 35 HolX| YUgtort, gl (chewinessk 3%
B 275K 43S 2y 0|2 B8 1Ake] Beo] gleo] 1}
LA @512 wES] Hy o] Fashe Ae RISkt wt
A REele B4 2 JE4 52 Slo A £ e Ad
5] SXAIA AR a7t qlch

B Aefet A4 ey A 9 ZIY &4
q A7), SR T s

URERRGIE W B4

ZA3E Fig. 590
53 el e At Y
Kol Gelulstl Zasigon, 2, 387 WEd el el £
u|3} 3jolS Holz| ettt W Xgjo mE Arel »ilAol 7+
A& 5 BN B4 Aot BA Ao et

MXIH (electronic nose)

A4 et AR $79] 3| FAEE Blwet 234E Fig. 6
of Yehfolct TAk] B °‘%*°ﬂ 02 71 & el 1d A%
H71E EARHFig 6A) IHIO AIFGE 9] 7|

3500

[ _lo%

a ] 1

2800{ ab @ B 2%
s s B
"% 2100 -
7]
g c
§14oo-

cdcd|
* dgcd cded d
700 0|0| dd

Freezing storage (month)

(B)

50
C_Jo%
1%
4 -
5 . B
2301 ap]a
2
$204{°
[}]
K=
(&)

Freezing storage (month)

Fig. 5. Texture profile analysis of TVP patties added bracken powder with
0%, 1%, 2% and 3% during storage of 3 months. All TVP patties were
heated.
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60.737%, APZFAE 7o) 7]0e-L 22.612%= LERGt 1Al &
T2 71E oo wet Frivie FhEo] Skl YRkt Al
B ZFS 7|20 0%, 1%, 2% SEIQ} 2J3] &117]: -3,0002F
0 Atolofl fIRJsk= ¥HH, 3% eI A 4]317]5= 02} 2,000 Afo]o]]
A8 Ao Yedtt webA 3% wiEl7t Aridos A 41
719} 7Fg fARRE & 7H Ao & Yepdtt 1 9] Alga 2
ZQl fARS HolA| eioktt. W 7170 wE wEE #4935 1

IO AT B 71942 73.97%, AT I kel 71ol&2
13.921%= YepgT. %‘%Oﬂ 02 g2 Aole UEpdoY ¥

551 7171of) we Xoli= frofmlahA UEihA] istkFig. 6B). o]
e e T M

ig. 70 YERH2 T‘Jr ABTSQ} DPPH A]ohg%
ki §} AIE BASs wpo s vgd o
UtHAlam et al., 2013). ABTS:= og:o]

3000
2000 -
N
N
= 1000 L
a L
o~
8 09 “ 0%
o = 1%
i " 2%
1000 3 . %
.f A 3
-2000 : . r v b
-4000 -2000 0 2000 4000
PC1-60.737%
3000
2000 -
o (0) 0%
= " (0)1%
& 1000+ a = (0)3%
b 5 O (1) 0%
< (1) 1%
o~ 0 o (1)3%
o o§ '.’ (2) 0%
o (1%
-1000 ) o (2)3%
5 - (3) 0%
' 1 o (3)1%
2000 12 ; . : o (3)3%
-4000 -2000 0 2000 4000

PC1-73.97%
Fig. 6. Electronic tongue results of TVP patties added bracken powder with

0%, 1%, 2% and 3%; (0) 0 month, (1) 1 month, (2) 2 month, and (3) 3
month. Beef (a: non—-cooked beef, b: cooked beef) was used as control.
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(A) 2<%

=100 —
2 | B0 2 palis 1) 2ol bt 484 el ol
g . =4o] BlAlE G BsA sttt Aol A e &
2 o0/ ¢ T WSS L, a%, bigto] FASAL, 22 F EFF L*, o,
40 b*gte] tiAIR Fhashs A0R Uelith 53], 1ate] 2 A
: 71 A, g80] STk Ao ekt wel4, 434
g 2 2ol 71 e Ao ettt 30 B9 3% WETL A
o ] 111 L 3719k GARR e 71 A0 ekt B8, A2 wel)
< PO b1 b3 %2 & %2 A3} 2] F A7) FAIsFs0] B £ A0 et

Bracken content (%)

—4.0
2 P DFFH (a)

2 [ JoPPH (b)

S 3.2

g ab 2

© 1 K bc
£24 m

s 1

§1.6.

7]

0.0 _ 2 : : :
o a0 al a3 b0 b1 b3

Bracken content (%)

Fig. 7. Antioxidant effects (A: ABTS, B: DPPH radical scavenging activity)
of TVP patties added bracken powder with 0% (a0, b0), 1% (a1, b1) and
3% (a3, b3): (a) before cooking, (b) after cooking.

2, DPPH= 2k 229 dFolnt. mety ilsh 249 $57
of met Z4zte] ghjdol] Hieh A3 vt e RE Het et
A3 542 95l ABTS? DPPH A& Aol A3l
(Song et al., 2018). WA, IARR] £ H71o]| w2} o] f
oJusHA S7FReAE SIge =M Alxd e HE ] it
S} AYKDPPH, ABTS =t £718/d)5 SRIsI3H. ABTS 2t
Z A S 2 3% A e s=E &Yl 7
=2 A0 YEtow, DPPH eiojd 2484 574 adk= A
2] ol W2 o]l AlelE EolA| Rttt DPPHE= Ak 2
U2 ol8skes R, ABTS= ol 2] &752 ¥7Ist
A 2] w2t 2gshs Haadel Aozt 7] thzel(Kim
et al., 2014), ABTSS} DPPHS| ZT}of| x}o]7} LEhL}E= Z 02 A
FE ABTS 2t 2784 574 23, 22 A3 vlafies i
Ze] % mjE]9] ghedEo] o 2 o= e o DPPH Shdt
a8 574 23, 22 A vnFE b 29 F Ao Y
ol § &2 A& Yt 28] oA EFjvle 52 T4
= Ad 2S0] mE o] ghelEo] gad Zojzke dlidat g
o352 22 § HE9| gelgo] Irvke AR et
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