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Lotus Nelumbo nucifera seed protein (LSP) was isolated by alkaline solubilization after removing fat and phenolics
by hexane and ethanol treatment. Antioxidant peptides from LSP were produced with Alcalase® and pepsin and hy-
droxyl radical scavenging activities were determined. LSP-Alcalase™ hydrolysates showed higher hydroxyl radical
scavenging activity than LSP-pepsin hydrolysates. To purify antioxidant peptides, LSP-Alcalase® hydrolysates were
subjected to high performance liquid chromatography (HPLC) separation on the C18 column and the active fraction
was further purified using a Superdex™ peptide 10/300 GL column. Finally, the active fraction (F8-2) was evalu-
ated for antioxidant activities by 2,2-diphenyl-1-picrylhydrazyl (DPPH), hydroxyl radical scavenging, and oxygen
radical absorbance capacity (ORAC) assays. The EC, values of the F8-2 were 105.81+0.02 pg/mL for DPPH and
32.26+0.02 pg/mL for hydroxyl radical and the F8-2 exhibited 7.22 uM trolox equivalent (TE)/100 pg F8-2. Glutathi-
one (GSH), which is a positive control, showed EC, values of 19.87+0.01 ug/mL for DPPH and 15.95+0.03 pg/mL
for hydroxyl radical and an ORAC value of 14.17+0.03 uM TE/100 pg GSH. Finally, sixteen peptides were identi-
fied by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Among them, Ile-Tyr and Leu-Tyr showed

higher antioxidant scores.
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Elol =2 gkt Wlo] glom o] wie
o] P4+ 2 9ok 57} A ] dofuA] ghot
QIth(Lorenzo et al., 2018). Z|:+ A5 Ars EH oA A
ek, Frea o, Aot el A ik o ef R SEEA], =, At
ol 27 59 thekRt Al T o] gy HEto| & A4t
AR AL Q122 & 4= @Itk (Admassu et al., 2018; Lorenzo et
al., 2018; Oh et al., 2020; Hao et al., 2022; Marasinghe et al.,
2022; Zaky et al., 2022). o| 27| A4t Q2|24 Fefo| ==
ot A% 541 B et dld ez H4lke) ok
Ao, AT, et WS, AL e oY 5o Asol B
%37 QItH(Kim et al., 2016; Kim et al., 2018; Lorenzo et al.,
2018; Oh et al., 2020).

% (Nelumbo nucifera Gaertn)-2 ThAA] =AY Al &2 Fof
Alop A oA Q7R E FITtoA] TRt AR 2ol ALE-
&|o] giek(Cho etal., 2022). AARS A0 FTALE 720l 4
sfoto] Buj 5 A At THl Ao g x5 oF20% W9
chil 219 23kslal Qleka 4 A QUth(Zeng et al., 2013). &
Ap5-0] A7) 57 e w5 n|u ook, b e, o4, U
ABMZRS G5 Fol e om Bedyd drors 1w
FEAJOR, A7l E, ETfH o], &P 5o] Hilk
SIth(Bangar et al., 2022; Lei et al., 2022; Shin et al., 2022; Yu
etal., 2022). o] A ARl Tt A-L7F 2ds] 2l8= L 9l
A|eF ARpS Tl of] gt Aot A Y gl A olth kA
2 Ao A= ARl FH5HA 23 E o] Sl TES &
2j3h & okl Bef| a2 RSt fEto| EE Al 2kl &
Ateh Hetol= o] R, A W 2 EAS ol AR o
S 71578 AF 2= 87 e A R At st

5

Mz W L
M=

Aol AN AASS HIEE Aoz AAllA -
5FicH(Busan, Korea). HEto| = A 25 9lsf AMERE A4
(pepsin 1:10,000)+ Junsei Chemical Co. (Tokyo, Japan)of| 4]
Alcalase®+= Novozyme Korea (Biosis, Busan, Korea)of| 4] <
Qshaiet.

FASE A = o AME-H 2,2-diphenyl-1-picrylhydrazyl
(DPPH), trolox, fluorescein sodium salt, trichloroacetic acid
(TCA), thiobarbituri acid (TBA), trifluoroacetic acid (TFA),
AAPH (2,2’-azobis(2-amidino-propane)  dihydrochloride),
deoxyribose ! glutathione (GSH)+= Sigma-Aldrich Co. (St.
Louis, Mo, USA)ol A +¢Jsk3ith. 1 5H] BE Aok 4]
§ 5 Aloke TUste] AHgStelr)

Sxls HHA 22| 3 HEO|E M=

AR}S- 0 2 RE thil 2] Bel= Kimetal. (2018)0] 2113tk
k7 4= 8lo] 35T = 20% (W/v) hexane2 24| 7F
Aelsto] xS0l ek o] Q= A S AATE 5 70%
(w/v) ethanol 7} polyphenol A& A4 AT}, A-2-0f A]
AR T Z2220] 10% (WV) =2 A 235131 2 N NaOHE 0]
&3to] pHE 112 2453 pHE YA frAIsHEA 2
AlZE Fot mHkel of2 fA1EE](12,300 g 4°C, 30+5; 1248R;
Labogene, Seoul, Korea)s}o] ZHAFE A A E28H
3 gollo] 3N HCL 713t} pHE 72 2743 § s41%
SkoAch

Helo| =2 2| 25}7] Y3 A] pepsini} Alcalase® THH 2l B3
A4S AL 35 272 Kim et al. (2018)3 Oh et al.
(2019)7} Bt v of) whe} =25k ATk 5ol 10% (w/v)
FEZ TR gols A2 & F4:7]2H|(1:100), pH 2,
37°C 270l A 2417k F<F pepsin®. & HH3-A17 11, Alcalase®
= pH 8, 50°CollA] 8AIZE BEZAIA A2k, ¥ F2 &
95°Col A 1087 A5 SESAAIA T YUAE|(5,000 rpm,

1=]

==
20:t)sto] alS 3l 9 F4 21xskelet
Hydroxyl radical 41 &M =4

Al#2] hydroxyl radical 47 4 2742 Li (2013)2] W
2 A5k =459k S mM FeCl,, 10 mM EDTA, 10 mM
deoxyribose -4 2} 0.1 mLe} Al& 84 0.5 mL, 0.1 mL 10
mM H,0,, 0.1 mL 2 mM ascorbic acidE 2 &3sto] 45°Cejl
A 258 7F 528 5 0.5 mL 2.8% TCA 2 1.0% TBA 8-S
A7FskSiTt 95°Coll A 1087t 713t - 532 nmo| A 3 =5
=243} thH(Multiskan™ GO; Thermo Scientific™, Waltham,
MA, USA). Hydroxyl radical 27 ZH-2 olgfj o] 418 0] 83
AT, 50% A3 S E(EC, )2 AL gRTE AR o
Al F%F9] sodium phosphate buffer (0.1 M, pH 7.4)5 %7}
Sh3it.

Hydroxyl radical 47 €4

=[(Control.,,-Sample,,,)/Control_,,] < 100

532]

DPPH radical A+ &4 &4

DPPH radical £~7 4J-2 Kim et al. (2018)2] W2 o]-&
sko] S4skelt Az &9 70 uLet F%4] 0.15 mM DPPH
radical §918 EF19 5 AFLo 4 3027 912 AHetatol ]
3hoch ¥ o] Fge 517 nmol| A S 3te] ofefe) 4]
& 01-8310] 50% A3 FE(EC,)E AR 2 A
2 Tl Sl SRS A,

DPPH radical &~A &4

=[(Control,,.-Sample,, .)/Control,,.] < 100

517 517]



ORAC =4

A& -9 2] ORAC (oxygen radical absorbance capacity) =
L& Zulueta et al. (2009)2] YHS A5t S48 T) 50
uL Al& gl =ako] 78 nM fluoresceing 233k & 37°C
ofl A 1527t ¥H-g-A171 3 221 mM AAPH 25 uLE 7}s}3itt.
HES- 8ol o] -2 fluorescence microplate readers ©|-8-5)
o excitation 485 nm, emission 530 nmoj| 4] 60+ =<F 55 7
Ao 2 BYEHYSIATHTECAN Infinite 200 Pro, Tecan Aus-
tria; GmbH, Grodig, Austria). AZ2] ORAC 42 uM trolox
equivalents (TE)/100 pg sample= A5t}

MEfO|S 22| W 72X 55

ko] =+= C, column (Hypersil Gold, 250 X 20mm, 5 pm;
Thermo Scientific, Pittsburgh, PA, USA)©] A2+ 11445 of
A 22 utE 2 1] (high performance liquid chromatography,
HPLC; Dionex UltiMate 3000; Thermo Scientific)& ©]-&3
of Fe]stiet. Heto]l & 852 o544 A (0.1% TFA 3 &
F)¢} o] 54 B (0.1% TFA g3 acetonitrile) & 0]-831o] A1
] (052, 0% B; 545+, 0-50% B; 45-50+, 100%
B; 50-60%, 0% B) P 0.2 Felaheic). 2 ReEe of 35
7SI £ AT ok RIS B W Al
gAdo] 7HAF 4231 B85S Superdex™ Peptide 10/300 GL
column (GE Healthcare, Uppsala, Sweden) ©]-8-5}0] Z=7}
welsgiet. fetol= wUERS 215 nme} 280 nmelA] 4
syaksict.

FlEfo|= 12 542 Q-TOF LC-MSMS (A48
A7 SR A 7] maXis-HD™; Bruker Daltonics, Bremen,
Germany)E- 0|83} Kim et al. (2018)0] X113} v} Zo]
B4t
SAXZ

Ald A= SigmaPlot® (Systat Software Inc., San Jose,
CA, USA)o.= 5A4| A2sto] 33] S35 ¢he] Bai+sd
&2 ehfiQiek. 594 1742 Student ttest F= BAEA]
(ANOVA)E 3t & P<0.05 =%l 4] Duncan’s multiple range
tostol w2 A stol 014 Aol & AZshlct.

a 1
Axts HHEiE 22| HE|E MZE 2 hydroxyl radical
AT

Aze) 745 IO GO R HES B
o} 1 Ay oA Bel 82 25.32% FaH oA o] ol
A 3R 82% = =4 | Qltt. Pepsind} Alcalase® & A5 AR
sto] A x5t AARS Tl [l HEfo] =9] hydroxyl radical
2:7] B2 Table 10f] e QUL Alcalase® &AE A3}

s} jeto] = 54 2

Absorbance (280 nm)

0 5 10 15 20 25 30 35 40 45 50 55 60
Retention time (min)

Fig. 1. Purification of antioxidant peptides from NNAH on HPLC
equipped with a Hypersil Gold C ; column. F8 indicates the frac-
tion showing highest hydroxyl radical scavenging activity. NNAH,
Nelumbo nucifera seed protein-Alcalase® hydrolysates; HPLC,
High performance liquid chromatography.

A| 23t BEFo] = 9] hydroxyl radicalo]] ti3t 50% 47 Sk
45.1240.21 pg/mLE 2 YERFIL pepsin & 2 HE Az HE}
o]EL 552340.12 pg/mL O & e} Alcalase® & 4ol 0|5t
FEfo] =7} =2 hydroxyl radical 47 B4<S H YTk 2T
ol GSHE: 15.95+0.01 pg/mL & 7+813} hydroxyl radical 2~
7] 24 HojFit.

HEto|=o| 2|, gHl & eitat &y

Hydroxyl radical 47| & Icalase® &4~ 7}
HollEa ARgSte] 12| W AAIE AlRFsHIT C  columno]
2HE HPLColA & 16719] 2383 A%l 54 12 &
hydroxyl radical 227 A4S 2745t th(Fig. 1). E3E59)
hydroxyl radicalo]] Tt &7 A2 ksl A el e 100
ng/mL 5= ol A F8 K2l &0] 42.35%= 714 9-2=3} hydroxyl
radical 4~7] &3-S 2 3t} Hydroxyl radical 227 &4do] -

o oX
L
o
E
St
>

Table 1. EC, value of lotus seed protein isolate hydrolysate for

hydroxyl radical

Sample EC.,™ (ug/mL)
NNAH’ 45.12+0.21°
NNPH™ 55.23+0.12¢
GSH™ 15.95+0.012

*Nelumbo nucifera seed protein-Alcalase® hydrolysates. ™ Nelum-
bo nucifera seed protein-pepsin hydrolysates. ““Positive control.
""EC,, means the concentration for eliminating 50% of hydroxyl
radical. *“Different letters represent significant differences at
P<0.05 by Duncan’s multiple range test. Results are represente as
mean£S.D (n=3).
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Fig. 2. Gel filtration chromatogram of the active fraction (F8) from HPLC. A, Superdex™ Peptide 10/300 GL column chromatogram de-
tected with 280 nm; B, Superdex™ Peptide 10/300 GL column chromatogram detected with 215 nm; C, rechromatogram of F8-2 fraction.

HPLC, High performance liquid chromatography.

3FF8 28 =-3 Superdex™ peptide 10/300 GL column- o]-&
sto] EAFF 271 weh 2eskoich §&H HEto| =5 215
nm 2 280 nmoj| A &1 €] 3t A7} retention time-S H] 15}
280 nmof| 4] 371¢] B&E 2 215 nmof| A 7} 17 B8-S
o2 2= 9l9ltt (Fig. 2A, 2B). 4712] 328 54 7 %3t
hydroxyl radical 27 242 100 pg/mL S04 &3k 2
I A = (F8-2)00 A 89.81%= 7H =21 hydroxyl
radical £~7] &4S H ¢ tH(Table 2). F8-2 3|22 U3t =4
oA thA] &= Al71 A3} Fig. 2C9F o] 5ht9] peakE 23]
ok A3l

Gel filtration chromatographyoll 4 %5 &3t F8-2 23l &
] gFAkS} 4] H7}1E 9|8l DPPH radical, hydroxyl radical 2!
ORAC assay= =33+ 27} Table 39} 2T}, F8-2 HelEo
akal 2442 radical& 50% 4272 4= 9= B E(EC, )R &

N

A|8}313L DPPH radical % hydroxyl radicalo]] tht EC, | 442

5

Y7+ 105.81+0.02 pg/mL 9 32.26+0.02 pg/mL 2 A4 =] T,

Table 2. Hydroxyl radical scavenging activity of the fractions from
gel filtration chromatography

Fraction % hydroxyl radical scavenging activity*
F8-1 78.05£0.19°
F8-2 89.81x0.06°
F8-3 85.65+0.77°
F8-4 55.80+1.78¢

*Hydroxyl radical scavenging activity was determined at 100 pg/
mL of the fraction. *‘Different letters represent significant differ-
ences at P<0.05 by Duncan’s multiple range test. Results are repre-
sente as mean£S.D (n=3).



Q5] A1} efo]=

G 242 283 GSHE| DPPH radical ¥ hydroxyl radi-
calof T3t EC,, 21 19.87+0.01 pg/mL 2 15.95+0.03 pg/mL
F F8-2 St 43k Akt 240 -& Ueh §let F8-2 22
5] ORAC ZH2 7.22+0.02 uM TE/100 pg F8-2& LJElRES
o o4 tf 2191 GSHE 14.17+0.03 uM TE/100 pg GSH %}
& o] oF th27¢] GSHo| 9-<rgh ghatsl 84S W olrh.

HEIO|=O| TE 24

o
4] A Q-TOF LC-MS/MS ZH]of| 4] MS AH EE Al
28|20 700 Da o]ake] AxAL Wepo| =2 FAEe] 9le
2 & 4= 919131 189.12 Da, 231.17 Da, 233.15 Da, 246.14 Da,
247.13 Da, 288.20 Da, 295.17 Da, 576.24 Da & 638.24 Da%]
peaks= MS/MSE 42383+ & de novo sequencing B o2
Hepo]=o] 25 BASIIT A o= kst Fa7t =
2295.17 Da&] MS/MS chromatogram-= Fig. 3of] UrElU] 1Tt
N-terminal 2 3-8 A y-ionS 243 A3} m/z 295.1653-
182.0809=131.08442] 2 72 residue mass7} 131.0846°21
Ile = Leu XA YA AAH y-ion=182.08092] 2
oF zh2 [M+H]"0]7] wl&o] Tyr (MW 181.2 Da)o.& 245}
Aot wEkA 295.17 Da Leu-Try T+ le-Tyre] ofu]izAik

Am

A 25

VLY

&
'8,‘&

l 295.17

182.08
136.07
|

165.05

Fig. 3. Representative MS/MS profile of F8-2 fraction with m/z

Table 4. Identification and antioxidant score of antioxidant pep-
tides from F8-2 fraction

A& 74 Aom 2AHt 5UsH o)1 Welo| S de  Amino acid sequence o A
novo sequencing=r ©]-83sto] B43}¢ 1 7153 23] 1%; oL GIv (LG e
A E-S Table 49 YEFH AT ESE de novo sequencing ©.2 eu-Cly (LG) 189.12 '
BAE 12} Y-S vlE o 7 3FAS) A4 (antioxidant score) S lle-Gly (IG) 3
Conway et al. (2013)°] W o] whef 24153}, o] ¥ o w} lle-Val (IV) 4
20 gAlsh ggo] gt ofnliedto] Aol TRHOIATL vy 23147 25
AEY 54§10l lew Heto] =9 ghitsl 2/dof 7]o{g :
S oS Uehle] At 447t o Hefol=sh et gy TR (T) 23315 °
go] St A o2 HAsieh & dAtoll A EARE Pefo|= Thr-Leu (TL) 2
o FAatet = 2-5.54 0.2 v Asn-Leu (NL) 2
246.14
I Asn-lle (NI) 3
Asp-lle (DI) 3
QQulA o 72 Ag|8A] HEelo| el mohul Al o] 1o LEk 24713
o] E2MIolE el = EA AN ek o] EafEH 2/d
3 Fejl= A 249 Feo) iy gerols o) AglleRD 288.20 3
AR O R = B Eaf o] de o] 8% AL glom Arg-Leu (RL) . 2.5
T2 AE oA R e Axd Ay Heel=s Fad lle-Tyr (IY) 55
295.17
Leu-Tyr (LY) 5
Table 3. EC, and ORAC values of F8-2 fraction
Met-Ala-Pro-Glu-Glu (MAPEE) 3
Sample ECy (g/ml) ORAC (uM TE/ 576.24
DPPH radical Hydroxyl radical 100 pg sample) Ala-Met-Pro-Glu-Glu (AMPEE) 3
F8-2 105.81+0.02 32.26+0.02 7.22+0.02 Gly-Asp-Gly-Gly-Gly-Phe-Glu 3
GSH™  19.87:0.01* 15.95:0.03*  14.17+0.03" (GDGGGFE) 638.24
*P<0.05 vs F8-2. **Positive control. ORAC, oxygen radical ab- Asp-Gly- Gly-Gly-Gly-Phe-Glu 3
(DGGGGFE)

sorbance capacity. Results are represente as mean+S.D (n=3).
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2 A 21th(Tadesse and Emire, 2020). & - Lof| A= AA}3-9]
Tl A S Shgo R o7 AR o Ry gzt g
o= Thl S ook & = 7k o whl i Jef) A4 AR
Sho] theFgt AR} Heto| E7t A E = E Sl Ak &
3 H7toll= AlollA A== 4T F ThgAdol 7MY
Z hydroxyl radical& iAo 2 47 B4 H718F AL Alca-
lase®o] ©]a A Fefo] =7} ks B0l B4 $43he
o4 919lc}. nebA) o4 S znkE e me} 27]uA] 2z}
EemE ol gle] B4 Wepol= HIBe Relsin @
4 s3] WS 4 WK HAToI5-S 24el DPPH
radical £27]°5- 3} =4 A} 7o Hhg-ofl 7]l hydroxyl radi-
cal 27|53} ORAC assay & ©|-8-31°1 713l Art. & Aol
A weleh 24 28E2 o 2] GSHET= Ak &
do] 2 FUAIRE YA o & cha A g 4 Fafol ofgt 7h
Bl elo] FhAIs} Hetol = Brk 94t gk} 2HAS
YEJ Ich(Liu et al., 2021; Norman et al., 2022; Zhi et al.,
2022). wheba] Z ElEoll= AT W =4 AR} Ao
Hofsh= fEto| =7 the ZPE o] QI5S AT 4 AU
Q-TOF LC-MS/MS 24 0.2 2 Z8l=of =oH o] Q=
Akel Heto| 2 o] 25 FAsHler 2F 18719 Hetol=
A ES Blst=tl tiF2ol dipeptide® % o] AT
FARS}E HEto] =0] 2§ 7] obA7HA] ERESHARE A
Ao BAE, AE B g/ o] PR Eral g QL
CH(Sarmadi and Ismail, 2010). &3] &4k} 2443 LER = of
u] Ak Tyr, Trp, Met, Leu, Cys, His, Phe ¥ Pro 5-¢] E}o]
© Aol 23] o] 9l o FhAS Sl FA AR FFE =
ot 1 & lck(Udenigwe and Aluko, 2011). EA15F o
A AR S= 1,000 Da w|Tke] fEfo] E7F 93t H4kS}
3448 Yepdcha oFed A 9lth(Akbarian et al., 2022). Con-
way et al. (2013)°f| Th=H F4te} o= HEto] & A LDof Trp
o] Z3tE]o] QLo W 57, Tyro| :£3=|o] §low 27, Hepo| =
7} 2-102] ofm|=Abo 2 JLAJE]o] 9l o 27 71 9] His, Lys,
Pro, Phe, Val, lle2 32&3}1 912 17, N-terminal®] Tyr,
Trp, Val, Leu7} 1.1 0.5%, C-terminal®|| Trp, Try, Met”} S1
O 0.58 Fofsgiet. 2 Aol A= Z<1E dipeptidesl]
= AR g ol S AR WS = Tyr, Leu, Ile, Val 55

shol Atk S8 Zele Aol W s €4} 1ol 5
22 715 ol Ty EqtoRe W48 Hefo] =2l lle Tyr,
Leu-Tyr& -8 541} 1145 Upehl o] 214 28l o] g4k}
2ol 27 71017E 02 TERATh(Xu et al, 2017). £
ZAE 53| BHelst A7} Leu-Try2 2,2 -azinobis (3-ethylben-
zothiazoline-6-sulfonic acid) diammonium salt (ABTS) free
radicalol] T3t 4~ B4 o] B 1% %] © 1 angiotensin convert-
ing enzyme |5l 2 o] FU S} FEfo| =R A B THs
gk 7102 YeRPGTH(Song et al., 2020; Liu et al., 2021). 1 £
ok FEol=o] dfat Yt glof 2% BAIs B4l R 1

of

elol =8 Fsto] Pk A B2k 2 AEAY Lol 58
U OR P E5S AFN0] /15H A 242 B
Feie AES Bavt 9l oz Brer

o] 112 2022 STt S A A we] o
shof A5I%k2.
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