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Identification and application of antioxidant
yellowfin tuna (Thunnus albacare) muscle

hydrolysates

Se Young Jung

School of Marine and Fisheries Life science (Major in Biotechnology)

Abstract

Fish consumption is increasing worldwide, and the consumption of
preserved foods such as tuna cans is rapidly increasing due to
COVID-19 pandemic, resulting in a significant amount of tuna waste.
Efficient treatment means to solve environmental problems caused by
such wastes are required. Fish waste i1s rich in protein and 1s a
valuable raw material for reutilization. In this study, as a means of
reutilization yellowfin tuna waste, antioxidant activity peptides were
extracted from tuna hydrolysate and plants with high antioxidant
activity were cultivated. Among several hydrolysis methods, enzymatic
hydrolysis produced tuna hydrolysate with the highest antioxidant
activity with 93.75% (DPPH radical scavenging activity). Antioxidant
peptide fraction (< 2 kDa) from which impurities were removed by
solvent extraction and ultrafiltration was separated. Then, the active

antioxidant fraction was applied to an Ultra High Resolution Q-TOF LC



MS/MS system, followed by MS/MS analysis. The antioxidant peptide
had linear structure consisting of amino acids with sequence
NH-GLLGAP-COOH. Since antioxidant activity helps improve plant
growth, it was used for hydroponic cultivation of wheat sprouts as
liquid fertilizer. As a result of hydroponic cultivation for 7 days, wheat
sprout growth was improved by 9.89% in the fraction with the highest
antioxidant activity (< 2 kDa) compared to the control (DW). Therefore,
tuna hydrolysate is a useful resource for the production of antioxidant
peptides and has a plant growth-promoting effect, which is valuable in

that i1t can be applied as a natural liquid fertilizer.
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Rom 20199 AA A o F o= 1578330 to2 2915 AA|stH A
2 F7vske FAITE (ATUNA, 2022). 18y dogols 95E X3
G FA 7t wEES B HyA 84 £AE dot (Seo et dl,
2012). o1 olf= FA A= Fol HA Frhsta jlew, o] #H7]

T Qe vd 84 BAS Ay 9% a8H Fuo] Basn,

oA #A7l=e A AHE2 AAl AR A& Thsd Edel rlejsta 3l
o A mded FE dAy Ao IR FEdelr] Wi =

HAs A &ol 7bestth AAl Ak 2 AHEFT AP ok A
A R EENd, and TR E, AA, of2EzE, ') AXE
Az A AL A2 ALem oA AR T (Caruso, 2015). 53] 5o
A e rsd AdEds 7Y =2 Y x4 S 2
teFst Algt FHElol=E IS d=H, 323 (Jung and Kim, 2016),

g+ (Mhina et al, 2020), ¥%9Z=(Chakrabarti et al, 2018), &<

o

(Suarez-Jimenez et al., 2012), &1L (Je et al., 2009), 2 3] 2 o] =(Kitts
and Weiler, 2003), @3 %% (Nhung and Hsu, 2021), 3-$31(Jo et dl,
2008), < =Z7](Song et al., 2017), 21 =4 (Kim et al., 2021), W%
A (Rajanbabu and Chen, 2011) ¥ X g]n}o] 2 8 (Betoret et al., 2011) &4
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o. Az 2 ¥4

L #3939 d A=

sioyeto] #H 4= (Yellowfin Tuna waste water, TWW)S sH]3}l7] 93
Al F&C (FA4E gap)el A :dstAl gopgdo] A7 &S ATt 3
2 7 EoA wWe NATE AL, Ae FA Aol HAT|E o] &l
Zoth o % 2449 H7ES 500 mL SFFDOW)e 11 (vv) B &R @
7F 2 S o] gdte] Edtd & 121°CollA 1587 autoclave 3FA T
Autoclave EFEL F o= AA7IEFS AAG7] S8 F=HA
e, 92 94 RFES 2
homogenizestil, & 3tE &HS 4
s}k ik~ 8 F#H(COD) X% 10,000 + 5385

zdste] ALG8H7] A7EA] -70°Col M WE EAEHA

Sy
12
ftlo
td
22,
&
ox
Sy
12
{o,
Lo

3

B
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o

o
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2. 7}E3] (Hydrolysis)

2.1 T AE JH5E )

n A& JeEEE 3 L Bioreactorol 4 HalEd o 10% (v/v)el
working volume 22 45°C, 140 rpmoll Al 72413t &<k v Fste] o &k
A bR Es AT EF A=Y TS HPERFYH EE 759
3714 E3 v A & (Pknufermbacteria (Korean patent No. 10-0822239):
Bacillus subtilis (DQ219358), Bacillus licheniformis (AY468373), Bacillus
coagulans (AF466695), Bacillus circulans (Y13064), Bacillus anthracis
(AY138279), Bacillus fusiformis (AY548950) %  Brevibacillus agri
(AY319301)% A Ho] WHo=REH ZHE 4F9 37|14 ElvdE

r°"

P

(Wormbacteria (Korean patent No. 10-1058245): Bacillus licheniformis
(EF113324), Bacillus cereus (DQ923487), Brevibacillus agri (AJ586388)
2 Brevibacillus parabrevis (AB215101)o|t}, &3t koA RE nAYE
Atole Agrzatge glom 7 nAES AMEE wj7hA] agar plateo] ¥
Hykstal 25t A plate® HAXT WA= THFEEE A8, RE 7
A ELS main culture o] Aol FHA wjxlo] A&t S AL G+
Z](Nutrient medium)®} =] v A (Tuna medium)®] H| & uwe} 4TA 2
TEEH AT 19AI= 10:004 12412, 29-A= 82014 10417}, 39@AI+=
550 A 8A1 7, ATAl = 2:80 A 6A17F Fot w3t & main cultured] #
oAt HAE 7 EE 3o A AR BE AlEE 1568 &9 8,000
rpm o= AAE e FeAS AF s A& A7EA - T70°Col A W
5 HyEATh

O

O



it 7t = (Gao et al, 2006)°14 AT BHS FAste] 1P
ot vg #Hl"E TWW 50 mLel| 6-N HCIE& 32 mL #H7lste] pHE 1=

StETh pHE dste AR &5 wiby] 9o aEon, upay
g ul2 o] gslo] goo] wdsHA EFHES & pH 12 2HZ F
A4 &gl 121°ColA ZHz 5, 10, 20 min 5¢F autoclaveES 33}
3L, 10 N NaOHE AHg3le] pH 72 FTsA Ao T38 &9 4,000
rpm e & 1583 AAE s e de AF st A&ty A7AA - 70°C
oA W BIE ALt



23 54 7H5

3

A

O

gl FrlE TWW 200 mL& 500 mL flaskell Hal Asizl &<

ProtamexZ A 7}3te] 50°C 2 200 rpml & 1A 7F 5k HE&- A

2
®
P

71
pHE 6.3-65°]9, w$ F pHE Z43A &l Enzyme/Substrate
(E/S) Hl&& 1-12% (w/v)= 27} WbEAIA A Zheal e Al %53
t}. Protamex® (from Bacillus sp, St. Louis, MO, Sigma-Aldrich, USA,
(EC M35 3421.14)= AF @A rtesiE & /I¢¥ Bacillus
sp.o] @ Fagiolty vEgo] FRHE F 3L EFEAHIE A8
90°Cell 10+ &9t deactivation A7l & iceollAd Adth. 1 3 8000 rpm
o 16% F<t AAEHAL A AHAA AFES7] HA7MA] - 70°C

oA W5 ByE A



24 7t E 3= =3 (Degree of hydrolysis, DH)

2.4.1 Lowry @92 AHZFH (Lowry protein assay)

af 4L A Tt =] hriEe] A
0, 12, 24, 48 and 72 h of biodegradation sampleE -
15,000 rpmell 15% &<t centrifuged stal, 1 mLe] ‘5 Hol 5 mLe 05
N NaOH® 1 mLe 1 M Folin & Ciocalteu’s phenol reagent=

o] mixturer= water bath <¢Fell A 30°Cel] 15%

il

k<3

< =

voltexing 3t 1 5
¢k incubate T} Incubated mixturex surfactant-free cellulose acetate
syringe filter (0.2 um, Ministart NML, Sartorius, Germany)Z A}-&3}o]
o skar, e 1.5 mLS © a3l UV-Vis spectrophotometer (Opron-3000,
Hanson Technology, Korea)E AF&3lo] 578 nmolA T3 =

ok b Ra s (DHE Leldl E40] o8] A5 e,

=

=

A sl

== =]
=80

DH<x= = &2l wek Altbs

(1)

.

10



2.4.2 Trichloroacetic acid I AW (TCA precipitation)

ol=¢kel HlezFYH ALEAT. A JhedlEd 20% TCAE 1
(v/v) Hl&= 41o] 1027t voltexing aF3ATh 18]l o] &= 4°CollA
15,000 rpm .2 20%-7F 9418281, TN(Total Nitrogen) kitE AF-&3}o]
Gs el &l fErol=o] FS ST

o -1

DH:= the 2ol whel A4t sl

B-B
BB 0o )

o
ol
12
lo
-
Z
=
o8
rir
i

B sample %5 99 TN, Bre #A #d4

74 (Blank) € 1°] TNzkol L.

11



31 43 84 &

AA AFEAES 4£C B 4000 rpmol A 2087 AP Felshe] BE
1 volumeE A7} oFAE 4 volume (1:14 v/v; Guaranteed Reagent
(GR) grade, Junsei, Japan)®} &3ste] 15 &<t voltexing 3tk &3
S -20°ColA 1A &<t AA H, 4°C 2 9,500 rpmoll Al 20+ &<t

AQ e stol FE o pellet BHOR Ptk 7 RH pES F

12



3.2 Molecular weight cut off (MWCO)

Fabsh @A ol 7] xste] AElS DW 15 mLel =9ts 5 kDa

[e

membrane (Vivaspin turbo 15, VS15T11; Hanover, Germany)¥ 2 kDa
membrane (Vivaspin 15R, VS15RH91) 2. & 30&7F MWCOE A A38k%it).
7zt oAy At FAAZRS F A2 powdergs d4tst @4 H2E

of Ab&-sk3A

13



3.3 94 94 =Z=2ZvtEa# 3 (Reversed-phase liquid chromatograp
hy, RP- HPLC)

2 o]

i

A w8s AAstzl #1894 A ARnEIHY
(RP-HPLC)7} <=3 = At} 0.2 um Cellulose Acetate filter (CORNING®,
Germany)Z AF&3to] oJ3¥l A5 1 mLS Shim-pack GIS C18 column
(46 x 250 mm, 5 ym)el 0.5 mL/min® %2 = 100% Water (solution
A; HPLC grade, ].T.Baker®)¥} 100% Methanol (solution B; HPLC
grade, J.T Baker®)S A}-&3sle] FsATh Alm+= 0%oA 100%7FA &

of Bol Ad oz 502 ¢t &Esdth A vas 214 nmoll o 3
a1 ™, RP-HPLCE=

2] 2 3 E At

£
S
2L
£ HJ

14



34 9A Z=nEaHY ndT EFY FFEA (Ultra High
Resolution Q-TOF LC MS/MS, Q-TOF MS)

oot
o
o
2]
oX,
o
W
o,
=
Hm

g 9]
o AFAEAE o 9 F3te] Ultra High Resolution Q-TOF LC MS/MS
system(Q-TOF MS)ol <dAZ=Aet. UPLC Al2®le] AZA¥E  maXis
HD(Bruker Daltonics, Bremen, Germany)Z AF&3}e] UPLC, C18 column

Ao HAss] fs) Bab A

ol
Mo

(100 x 2.1cm, 1.7um, Waters)S 0.1% formic acid/Water (°]&% A,
LC-MS grade, Honeywell) 2 0.1% formic acid/acetonitrile (°]&% B,
LC-MS &+, Honeywel)¥ &7 AF&3lo] 0.2 mL/min ¢ #5202 %13
AT 0.2-um filter= o] ¥E AZ 20 pLS =95l 0% A 100%7}FA]
| BY A4¢ 7uiE &5 AA8E A= 214 nmoll A #FEATH

MS 270 #2412 ESIE o] 8319 positive =04 43 % At} Capillar
y voltage®} End plate offset> Z+2F 4500Ve} -500Ve]al, Scan #4212
m/z ¥ 50 - 300004 Fa=EATE MS =712 o] 2 daughter and par
ent scan mode oA MS/MS #41& fa] AdE At 24(99.9%, KOSE
M, Korea)E ©-8&wlst 7F2~= 200°C, 8.0 I/minol A AF&3star, =¥ X
< dolH+ &4 &4 F9S 98 Bruker Compass Data Analysis soft
ware (M7 4.2, Bruker Daltonics)E& AF-&3dte] W3 2 FAHAY. o] &
S gl EA FHelol=of thik HHE non-set, ESIO| ¢ 3+ missed clea
vagev 1, A% 31§ oA+ 2 ppmo = HAsATt WA HolHE peak
22 ddz2 WrEWa H3d T BioTools(M A 3.2, Bruker Daltonics)Z
ArE8te] A2 HElol= AMES FE31Y T ol formula, MS/MS H]

olg] W ofm =2t M E& t}E database (Norine (http://bioinfo.lifl.fr/norin

15



. g

o

e)¥} UniProt (http://www.uniprot.org/))oll A &= 4 & )

& 913 UPLC-ESI-MS/MS #412 53] 33513

AAE FEFo] =2 &l Genome Net( http://www.nchi.nlm.gov/BLA
ST ) A BLASTP 22105 °l&3te] d&d A& st PEP-F
OLD(https://mobyle.rpbs.univ-paris—diderot.fr/cgi—bin/portal.py#forms::PE
P-FOLD) Z =I5 Abgsto] Aald &4kst fefo]l=e] 23722 o=
sttt AdE Ferol=o] =ggtets wiZfHsE 4871 A8l ExPAS
yv(Expert Protein Analysis System, Swiss Institute of Bioinformatics)$]

ProtParam &ilg]l5S A& 3T

16



4. &%
4.1 A& =4 7} (Phytotoxicity test)

A heRaEe] AEsAdS Brke7] @ Jung and Kim, 20200 4

HE AFESte] T2} wol HAES st B8R AHE-317]
& B HEZ HA Lt o X (Whatman #1, Sigma-Aldrich, St.
Louis)ol Hl& &9 5 mL& FYsto] A& 54 AAE s B
AT A= cresse] A St (Lepidium sativum)2 A-83Fe] o

25°C 12712 Fe wj<gstar 2 e HAlol 10789 A St&

3ol A
9l g o
st DWE dExTLo 2 ARSIt e 25°C, 5% 60%9 o F&
Plant Growth Chamberol Al w3l slom 72413 wjeF & 7+ ol A

& FA9 Wol A5t el AolE S

—n
Mo

_

1

o,
ol

il

=]
A F =4

rlo

GL < 3l Fdation, &3t 2ol Austad.

RSG(%) = Number of seeds germinated in sample <100 (3)

Number of seeds germinated in control

_ Mean of root length in sample

RRG(%) = Mean of root length in control 7100 @
RSGX RRG
GI(%) = T (5)

(RSG @ Zdi# F2 &ols, RRG : 4 #e A5, GI @ ZopA <)

17



4.2 =7 A 8] (Hydroponics)

2 bRl Ee] vlE 2% S48 98, 1Y
12 x 8 em”)ol X A (Triticum astivum)S AWl ah=
AbEsEdnt A Hg e, A JheielE i fExLe® DWE A
&t AlFdS FdstAY. A=54d H7F A 278k 7 AlE= 50
v s]Aste] HlE 2 ARE . 7t shatel= slAlE Zhzbe] 89 350 mL
S A F Eetay Ast HAGE 31 E Aot 20/ E WA E A A
St ol ol o T oA o]F FU 25°Col A uigst . Aol Aok
S Aty AL&sIATh sHES 25°C, W/Y 71 14/10 Az, AdsE
60%= Growth chamberoll 4] #ju]js}Hth HE &AL 3Unr) wA s+
aL, 7Azel A A b A= #Hol|, FA, chlorophyll a, bst

1

k-4
carotenoid %= % d1tsl G4 S A8

18



4.3 ¥ Z A (chlorophyll a, chlorophyll b) ¥ carotenoids(car) %

4% 42 437 99 79 9 A Gxe 9olA chl a b 2

1 mL¥} 2% 2 50 mgS =33t

o
job)
=
o,
)
of
ftlo
B\
ol
¥
=
0
S
X
o
o
>
rm

4°Col| Al WAl chl¥ carg FE319 0 FE5 =2 13,000 rpmol Al 5& &<t

QARSI F5AS AAse] 470, 645 2 663 nmol A FAES FH
shelrt

chl a, chl b ¥ car® &% (in mg per g of plants)S t& F2S ALE3}

of F743ot

Chla=12.72 X ODyg; — 2.59 X ODjs (6)
Chib=22.88 X OD,,; —4.67 X OD, (7)
Car = (1000 X OD,;, — 3.27X Chla— 104 X Chlb)/229 (8)

19
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5.1 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) & Z A£A EA

A5 01 mM DPPH &9& 80% olg-Eel 12 (v/v)& YHEAIA

Al&Z blankE =43t} Positive control< 0.1 mM L-ascorbic acid=

g3

DPPH radical scavenging A2 U2 &2 Alg3to] AALE ST

Absorbance of control — Absorbance of sample

Absorbance of control x100(9)

Scavenging activity (%) =

21



5.2 2, 2'-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABT
S) FYZd Yol g4 4

rob

Gast B4 BN BN AHgSel 97

O 1o = 0

ABTS gtz <Fol2o] tf
H9th ABTS 34kst 244 93] ABTS o)z o] & Aok ngl 5

gzt Fole AleF 900 ulet &&eta HFHow 683 A EFTE
o] THEE 734 nmolA SAEA JE2de AS5AS DWE 1A 3o
oS FAS ALgste] AAl® oA wiEg gtogHE AAET)

Absorbance of control— Absorbance of sample
Absorbance of control

< 100 (10)

% inhibition =

22
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L1 A& 7t &3
g A A dAR e g ok 3 AR mAEo] Al
o] ¥l Zgst= Biodeterioration, & WA R wulz Fajgie] U E

DEAE AEAE GHIA| 7| = Biofragmentation, PFAEFo 2 A A

wAHE 9ot Assimilation® o] Fojxlth, o] gk A WHES HG Y
et 9 EEl A A B R AAG b SHA g-Fekr

TWWe A&s) Jr=s stz 918l DHE S48k tH(Table 1). DH
6, 12, 24 2 48 hol A 1296, 1647, 17.59, 19.44%°] a1, 1o w2 &
Absl A 8562, 86.85, 83.78, 86.16%ATh wEbA 3§ HlAES A|7to]
TWWelA 4 2 dild Falas ddoez TWW a2

[e)
=

al

= WA H AL o= <¢l8] A DH #ol Eokdas ekt Bioactive
g4 F2 A 27, o=t 74 2 A el w2k =

T S 3719 HAgel=rt 1 3719 FEol=

Hth g guzd 27 d4S dede o2 delA dtk(Ajibola et
al., 2011). Wt DH gtol S7bghel whet aitst 48 7HA= HEol=

of <ol T7hstHA kst Aol mobHaL, 48 holl A &4tkst &Ade] 3t

2% AL HEF iR e &E M= fEeI = e H A
7] wfjzol .

24



Table 1. "8 &= 7= DH 32 &tst 24

7hEs AlzE (h) DH (%) DPPH 343} &4« (%)
0 0 7054 + 1.84°
6 12.96 + 0.25° 85.62 + 0.54
12 1647 + 0.34° 86.85 + 0.31%
24 1759 + 057 88.78 + 0.80°
48 1944 + 0.48° 86.16 £ 0.96"

Positive control (0.1mM Ascorbic acid) : 83.72 £ 2.26%
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al

tH(Table 2).

} 311 autoclave A

°

7}

=]
i=i

KR

Fersinn e A el st Zbss

F

A
pul

-
R

af
g 6N HCI

T
=

2=
T
=

=

7}

F

A
pul

o=}
=
73l

)

o] s
cysteine,

=

=

at7] 4

S

af

LN

\=]

&t7] ol HARE,

S

o=z
hydroxyamino acids

.

L

7t

17
# 4 o)

<
=4

= seaweed®} #°] bonding (a-helix, B-sheet)

carbohydrate®} &2 E22 #3)

s

?151‘

o mhe}

13
=

7}

=

[¢)
oF P27k B3

=03

DH gto]
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obv] 2
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™
=y

w

2k A el o s
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T
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5]

©
=

o sug o
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Table 2. €2t 7he2sl=2 DH R @d4kst 24

Sample e E T A ZF (min) DH (%) DPPH sH4tst &4+ (%)
Tuna waste (control) 0 . 7172 + 0.17
5 52.35 + 1.79° 61.22 + 0.5&°
10 57.72 + 393" 62.61 + 0.29P
After acid treatment
20 59.73 + 1.54% 65.14 + 0.02%
30 61.07 £ 1.4& 62.95 + 0.31°

*Positive control (0.1mM Ascorbic acid) : 83.72 + 2.26%
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"

5ol A}

o] AAE scale up

1, 3, 5, 8 12% (w/v)¢] E/S ratio=

=

=

Protamex

¥

o] oA

g/]
A 5.0l A

DHE 3t (Table 3).

o4Fon, DHZ} 25.49%

.,
10

B

’

|, Histidine

-

R

G

27 24(93.75%) 7 ABTS etz ool & e

A% (< 1 kDa), His, Trp,

hLES

\=]

1 A

A =X amino acid?

=

]

(e}

g}

)

&L

(o3
=

1
o
Ile

z

lys,

A A

Gly,
Indole/imidazole/pyrrolidine ring, C T+ N-Zgko] 9 x]3F °

KeN
=

Pro,
imidazole ring®] 3=

EF

3 (98.12%)

) DH S 27.48%7+A
A3} &4 o

3}

=
Phe,
o

)

3L
T

o

[e)
Zf'l:t_

509

A,

R4

3+ Histidine<

-
R

d(He et al., 2012) ©]&

<)
ﬂrwo

o

—
o

28

AS YeldtH(He et al., 2012).
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Protamex+ Bacillus sp.2] @iz ®Eajgiholm Aok 2F 9 H7
28] Aol A B QA ALEE T o] 3 Protamexs AFA ofv| x4
o sl o W& SoldE 7HAA 3l
= Ao g FAEY (Fernandez and Kelly, 2016). &4+t &4 3l Elo] = o
A Cot N 2ol EAfst= ofnweit 7= aAkst 24 o

fe=]
-
StoH(Zou et al., 2016). wefal o] 23t Protamext d4tst &4 HElol=

£ Azl Aedd zaaolth

29



Table 3. 84 7I&3lE<2 DH % &4tst &4 (concentration: 80 mg/mL)

ksl A« (%)
E/S ratio (%) DH (%)
DPPH ABTS
1 17.82 + (.85 86.54 + 0.84¢ 90.20 + 0.45¢
3 22.87 + 0.66° 89.71 + 0.31° 9550 + 0.48°
5 23.97 + 0.87 92.43 + 0.96% 97.10 + 0.24°
8 25.49 + 0.48% 9375 + 0.45 0812 + 0.16°
12 2748 + 0.79° 91.48 + 0.80" 9755 + 0.34%

*Positive control (0.1mM Ascorbic acid) : 83.72 + 2.26%
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2.2 Molecular weight cut off

Fakst &4 Hetol=9 F7F AAE A pellet F-Eg AEste] DW
of = AR FE(@0 mg/mL)et e FdAts EF gfoQo=w
AzsFTh 1 F 5 kDa 2 2 kDa 27|92 2o 2 Molecular weight cut
off (MWCO)E 133ke], g4ta sletol=e] dlebael BRI B 489
th. MWCO= Ml E&Holn wE AZF el oatek 4= vk F ol

A
a
)

A e 3-6719 ofmwAtow
Aot &HA AT (Cai et al, 2022). HEtol=9] A7|7t 25
oz 2Ag4e dedls feel=9 ¥ axrt Frkshy] witelth
olg 3t o] F= < 2 kDa = el &4tst o] =7t b Bel EA4

32



Table 4. A Aol wh

i
M
J U
e,
O~
e
o
m 0
oX,
)
=1

A A i DPPH #4tst &= (%)
A E =& Supernatant 27.06 = 0.54°
(80 mg/mL) Pellet 96.86 + 0.80°
> 5 kDa 16.16 + 1.39°
MWCO 2-5 kDa 20.89 + 0.97°
< 2 kDa 5565 + 1.14%

*Positive control (0.1mM Ascorbic acid) : 83.72 + 2.26%
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23 974 94F Z=2vEaY Y

Aok (Fig. 1). &3 AA

)

Z18y

I RP-HPLC&

BE

=
=

o A

}E‘}

Aol wel dEbxth(Meek and

column, °]%&

-0
o

Bl

Fth LCe &

)

A

=
=

RP-HPLC

=il
=

AR e A7

=

o

Rossetti, 1981). ©]

FolFoiAeh ol3td < 2 kDa A&

3} retention time 5, 7.5, 115l =LA 37}# 9] peak

N

o

i)
ol

oy

o
|

—
file)

=
=

3 peak¥] 4ts) g

he_
T

i, =5

5

o]

0

o

o
o
i)

%0

\A
B

3
p

£ o= A

$13] RP-HPLC

i)
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[ Chromatogram Yiew

Al Max Intensity : 1,620,958 MPa
[Extract-280nm,4nm Ti 2467 Inten. 0412 Press.  0.68]
[Ch1-254nm4nm B.Conc]
[Ch2-214nm,4nm

32800m2

1500{Ch3-280nm;4nm Li7s

1250 [150

1000 [125

[10.0
750-]
[75
500
[0
250-]
[25
2
o] S T
F £ T L
0.0
0.0 75 50 7s 100 125 150 175 200 25 250 275 325 350 375 400 4is 450 415 0 25 55.0 575 min

Fig. 1. < 2 kDa #3%<2] RP-HPLC A}




24 A AzrEIdY TS TR AFEY

RP-HPLCAIM @& &4 #£8& Q- TOF MS Al=glo] Hg3te] Alg
1t % 31709 peak”} &<l AtHFig. 2).

(S
o
Sh
>

Yol A5t =
HAetol == oS4 = =248 27 98, 4kt fAeel=9] ZAd MLl
00-700 Da) 2 4 U9 ¥%2 18 sle] peak 24, 25, 26, 282 % 47)9]

- g peakE AEkArh.
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Intens.
x108 29
6 il r
4
24 " | 2'1.24\ R . 2
. . 19 1 12 137415 1 % I__a-'\“-_%-.‘:_i [ 3t .
5 15 20 25
#  RT [min] Area  Int. Type 1 S/IN  Chromatogram Max. miz  FWHM [min]
1 14 2568410 Chromatogram 362539 70.2 BPC +All MS 241.1305 0.1
z 18 9690153 Chromatogram BB0932 163.7 BPC +All MS 3291942 0.2
3 22 1024673  Chromatogram 377412 456  BPC +All MS 325.1879 0.1
4 23 986581 Chromatogram 363758 36.9 BPC +All MS 317.1466 0.1
5 25 861263 Chromatogram 336512 275 BPC +All MS 369.1886 0.1
6 29 8603385  Chromatogram 587367 835 BPC +AlMS 244 1306 04
T 33 5267520 Chromatogram 833570 139.9 BPC +All MS 358.1732 0.1
8 35 15968417 Chromatogram 1619722 304.9 BPC +All MS 343.1622 0.2
9 39 748304  Chromatogram 221233 253 BPC +AIMS 347.1933 0.1
10 4.2 2602927 Chromatogram 293884 40.0 BPC +All MS 339.2034 0.2
11 4.7 3704133 Chromatogram 246512 330 BPC +All MS 334.1615 04
12 56 12046446  Chromatogram 692958 1346 BPC +AlIMS 418.1941 0.3
13 6.2 1809158 Chromatogram 155302 249 BPC +All MS 388.1832 0.2
14 6.9 5097959 Chromatogram 281128 49.9 BPC +All MS 315.1672 0.4
15 7.5 2541062  Chromatogram 213782 340 BPC +AllMS 372.1886 0.3
16 9.2 46835757 Chromatogram 416745 73.1 BPC +All MS 345.1780 0.2
17 10.7 6596940 Chromatogram 309549 50.0 BPC +All MS 414.1992 0.3
18 11:2 7277141 Chromatogram 351741 61.0 BPC +All MS 297.1091 0.3
19 13.1 2198788 Chromatogram 520296 59.9 BPC +All MS 375.1885 0.1
20 13.2 1838372 Chromatogram 673651 745 BPC +All MS 359.1935 0.1
21 134 10161233  Chromatogram 1902636 311.8  BPC +Al MS 343.1986 0.1
22 13.6 5460469 Chromatogram 1282411 187.7 BPC +All MS 358.1935 0.1
23 13.9 4039821 Chromatogram 800832 108.2 BPC +All MS 393.1776 02
24 141 9849066  Chromatogram 1465421 2178 BPC+AIMS 527.2833 0.2
25 14.3 2890330 Chromatogram 1033215 118.4 BPC +All MS 654.2375 0.1
26 14.4 1415925 Chromatogram 633904 41.4 BPC +All MS 677.2893 0.1
27 14.7 4307651  Chromatogram 513259 875 BPC+AIMS 320.1251 0.2
28 15.0 738782 Chromatogram 209796 254 BPC +All MS 467.2142 0.1
29 15.3 53952648 Chromatogram 6281144 12796 BPC +All MS 331.1412 0.1
30 15.7 1053083  Chromatogram 181829 285 BPC+AIMS 331.1409 0.1
31 16.0 4307660 Chromatogram 540844 109.0 BPC +All MS 315.1463 0.1
Fig. 2. F11 &ge°| s Q-TOF MS &4 23}
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25 s B4 4

Hefol =2 o =5 = 4709 peak(peak 24, 25, 26 2 28)2 MS/MS=
A AT peak 245 WA 7= HEolE MEE F=F YA 7F 24-36e
V, peak 25, 26 32-48eV, peak 282 16-24eVZ A HAS uf ZAHS
o} ol 59 A FS 77y 527.2833, 654.2375, 677.2893 2 467.2142°] ). Bi
oTools& AH& % ZheolBelg] dolH et nludg Ay 47+ &4 25 Hqe
ol=gl Ao =z vebytar, zhzte]l N E-2 GIGPA/GILGPA/GLLGAP/GIIGA
P, DGDGGSF/DGGDGSF, AGTAPNF, SDVF= 2l =ity s4kst el

ol=2 7] e oo By A3l FEol=o EA3 BT

Frtsl fepol o] Zolok M= gAY, 2ol AEeE ¥ F2

FA4S Jeldt(Zou et al, 2016). T3 Yol A A5 o] 5 zHg
o] A9 AlEd| Z&3}7]o &o]3tH(Nguyen et al., 2011). HEo]|= AL
ol A Proline®] pyrrolidine ring<= hydrogen donor#®A4] hydroxyl radical
scavenger 9stS =3 = 9 om(Zou et al, 2016), 22+ FAES
g ste] 2 W FUS FEvHL er al, 2020). Val, Leu, lle¥} 78 Bran
ced-chain o} =4k Z+7] = hydrogen donor®X 282 = glo] FE}o]
o] izl A4S =olxt ylodtta del A Y tH(Kawashima et al, 1
979). webA ol EA-=e ALdstds W, AYE GLLGAP7F #1¢ 7+
S 7 & FF38kTh Fig. 3(A)+= peak 240 digk MS/MS ~FHE-] S
Uebd Aioln, peak 249 E3rE T stuvb HEol=2 FIEH AT Fi
g. 3(B)&= peak 24°] H o2 RY f34¥ F4kst FEO] =2 De novo se
quencing S YEFY ST}

A8 Elol =9 A& A7 918l Norine, BIOPEP % Uniprot
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dolE Mol o] ofnwt RS wmelleh. ey Zolnale] ofw

Madw Adg Felo]=o] i} A xshA] Fgtomg AWy FElo| ==
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Inler\ss, +MS2(527.2842), 24.0-36.0eV, 14.0min #810
x10
- _A +0,0001

A — G -0.0001
L I/L - 00358

2.5 I/L-0.0028

G +0.0007 G +0.0037

_ 1 Il +0.0002
357.1777
2.0

187.1081

IiL + 0.0008

®

0.0005

P-0.0018

A +0.0024

—18.0111

0.5 2441295 I
521Ldl

85.0559 | l 268.1289 | *
aol . [ty | | I . .
100 200 300 460 500 miz

Abs. Int. * 1000

a F L T G t A t 1
b FGt i t I t t A t R 1

B ¥ P t A t G t i t L t G—

80
70-

60-

187.108
50-
vz 527.282

4 171:113 F o

b2 4121208 509
20 / 244128 284.188 bs B
143117 e p3

20 a2

357 245 470.259

Y.1 ¥4 V.E

10- 116.089 I
]

350 400 450 500 miz

Fig. 3. peak 24¢] MS/MS ~HE#(A)T} peak 249 THo|A] F23F

gAksl MEFo]=2] De novo sequencing(B)
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2.6 Hexapeptide®] 2a +Z o=

PEP-FOLD =~ =Z13& A}83}9 hexapeptide®] 22712 E o &3
2 EE oA B BAE FEREUE AW x2S A4 The Aol
7Hd =9kth ProtParam ¢ialgl5e] ZAifeo] uhgl AdE Jelol=&= FA}
2l CosHpNgO7, &2 52663, 254 66.67%, 544 6.0 7HA= o=
e

41



Fig. 4. Hexapeptide?] =¥ 23 +%
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3. 4EANZS 38

31 4% 54

HxEw(DW)F Hlamste] A HG5E Hge ARgate] 2g o] Zeole
10K, 50vH ¢ 1008 s Ajell Al Z2F 33.37, 65.75 R 93.79% S 7FstSiaL, 3t
| ZhEelEol A b7 3675, 97.10 B 154.25% Z7tstgivt. 84w 4
7kl met S Ed ] Fol Fasta, ol wE AFaArt S

N

A2 7PEEHES VMR FAgo R Qs A HgRT AE S ¢
tEiglon, A& =Ao] gl 7)E (GI > 50%)° wel F A8 B5F 50

Wl ol BAslelol 4% %A4e] glelWe & 4 UrHZucconi, 1985). °f
Ashe wgoz 500 A8 ARE0 mg/L)E WA FAAMG) AL§
s
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T
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Dilution rate (fold)
Fig. 5. x| #led Ay 24 7tedsi=e] 549371 v
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32 23 AsEHE QAU = 5

S44d AdE o ARl AulaE S0 = dA skl 57 Al
E A&AsrAa, FA Ao FA ThedsEe] 2R tid vE THE

F4e7) 918 79 Bk SAANG WA oo Bojok FAF Hehh et

HepaEel dAuEEe E5e Brkeks] s B ArAeln 2

AewalEel wa FAANE APk B A

o

o3}

B

Al 7F

&
N

d Ael F LR o] Zojst FAE FAIL A} A JEEAES

A2 DA hER2(DW)ol| H| 3] e Aolet A7 92 R 17.4% 344
=
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Leaf length (cm)

18 35

B [ caf length
16 [ Leaf weight

a
& L 3.0
b
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3.3 A" ZX NFEAE JAvE T

&S > 5:2-5
<2 =1:2:100°|th old ME HFEEH FE= ZH7F 20, 40 2 200
mg/LE AAst] AE 548 YEWA FEF Atk 7Y < FAEA
gk A gle] oot FAE FAsk] A &dE vlusAthFig. 5).
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(3) ySrom Jeog

1 Leaf weight

B 1 caflength

-2
—1

18

(wd) pSuay Jeog

<2kDa

2-5 kDa

a

> 5Kk

DwW

MWCO fraction
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Fits 24

=i
=

(ROS)

F ROS <}

ks
pul

o] ¥

do7im o

8 bioaccumulationS 53] ROSZEH-H

)

Aufell o]-§

L
_JO

a, b)¢t 7F=E =0l =(car)®]

h

&t 3 tH(Table 5).

A= 4A(chl a, b), car?l

)
=

293 go] 3L chl a, b

=i}
=

85.52%, 15.32 cm

7_11- z_]—

-
™

olek FA

, A

3

A

HAl =9kt 7F

fol8

Gl

1.39 mg/g® thEao] H]

ol
=

3.93, 1.32

Fepe

<1
=

car

N
No

o

| b

=

ot} et

el

)

N

el
0

o

tah < 2

)

H| 1l

89.05%,

1.49 mg/g

R

kDa &gl A =gk

o

=i}
=N

4.69, 1.61

= [e)
car Sk

=i}
=

1560 cm, 2.70 go] L, chl a, b
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Table 5. 797 =4 A wjgk AR olo] A

Antioxidant Growth indicator Leaf health

Fertiliser solution activity (DPPH)
(%) Length (cm) Weight (g) chl a (mg/g) chl b (mg/g) car (mg/g)
DwW 83.14 + 0.17° 1391 + 0.21° 2.42 + 0.08° 3.41 + 0.18° 1.18 + 0.05% 1.39 £ 0.08°
Original 79.38 + 0.45° 10.68 £ 0.21° 1.74 + 0.04° 2.69 + 0.09° 0.99 + 0.13"° 0.86 + 0.02°
Enzymatic hydrolysate 85.52 = 0.59* 15.32 + 0.12° 2.93 £ 0.09° 3.93 £ 0.14* 1.32 + 0.08° 1.39 £ 0.05°
> 5 kDa 86.31 + 0.38° 13.05 £ 0.21° 2.26 £ 0.09° 3.12 + 0.04° 1.05 + 0.09° 1.06 + 0.02°
MWCO 2-5 kDa 87.53 + 0.46° 14.10 + 0.05° 2.58 + 0.09%° 3.73 + 0.11° 1.17 + 0.06° 1.14 + 0.07°
< 2 kDa 89.05 + 0.55° 15.60 + .0.06* Z 0 ==™5 W3~ 469 = 0.34° 1.61 + 0.15° 149 £ 0.11°
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