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Abstract In this study, we developed and validated a high-performance liquid
chromatography/photodiode array method for the quantification of glycine-
proline-hydroxyproline (GPH) as a marker compound in skate skin collagen peptides
(SCPs). The accurate molecular mass and amino acid sequence of this marker were
determined using a QTOF mass spectrometer. Chromatographic separations were
conducted using a 95:5 isocratic mobile phase of 0.1% trifluoroacetic acid (A) and
acetonitrile/methanol (1:4 v/v, B) at a flow rate of 0.3 mL/min; the separated
compounds were detected at 214 nm using a Jupiter® 4 gm Proteo 90A column.
The method was validated for specificity, linearity, limit of detection (LOD), limit
of quantitation (LOQ), accuracy, and precision. It was found to be linear in the
range of 1.0-50.0 gg/mlL, with a good correlation coefficient (R*=0.9999) and
excellent specificity. The LOD and LOQ were 0.07 and 0.22 pg/mL, respectively.
A recovery study determined the accuracy of the method, with an average recovery
of 103.76%, 100.35% and 103.97% of the marker at 10, 15 and 25 pg/ml, respectively,
and a precision study showed a relative standard deviation of less than 2%.
Additionally, the DPPH and ABTS radical scavenging activities of the SCPs increased
in a concentration-dependent manner, and UV-protective effect was confirmed by
human keratinocyte (HaCaT cell) viability. Our study thus provides the foundation
for developing functional foods or cosmetics using SCPs.

Keywords skate skin collagen peptide, HPLC/PDA, Gly-Pro-Hyp, validation, marker
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ZH E}okc’} v% o-‘?—aol el qloH, =
+ 2lo] it A+ 5o] @ol EiEar Q.
SFBE Fl S 9 FEpo| B A A4S
&t 715401 ﬁ—ﬂ‘ﬂ SHE, 71548 A YUdE
Hu= bt && ATHCui &, 2005; Kwon
, 2007; Kwon & 2008)
ZHAL AE5E 9 FAFEES 1Ak AR T
T2 Q1A Tl F5F] 30%E AA|oh= F83t
HiZo|m, E5] wel mR (X m)o] o] =tHJerome
1998). si¥B=E el S0l tiet A+E=, HH 4
A fe S2H19] 2% 34T tyrosinase A8 &8 2 75
/W E3HYang 5, 2014), 531 240 AA e F=HA9]
Arejdef digt w2 gl o §3KKwon 5, 2008), ¥
ol A4 ff =Y 7t 23] AAFH A4 G Lee T,
2018) 5ol B F Qltk. S AW &4 882 &
7] flsiM= L&A FE Y] EShilE AF HFlste AR
t} glycine-proline(Gly-Pro), proline-hydroxyproline
(Pro-Hyp) 53 72 tto]gElo]= e E& glycine-
proline-hydroxyproline(Gly-Pro-Hyp, GPH)¥} Z-& E
gifeto| Eo] TR0l &2 AEA I Ve EdlES
AF k= 2ol Aol SEo] ERE 5% £H 259 “3}
E BExE E=01 BuET ciHong 5, 2019; Iwai
=, 2005; Ohara &, 2010; Yamamoto 5, 2016).
11._‘:}_7(]- ia]-ﬂ] @E}O]EE 01_9.‘6‘]- Aﬂ{—',]i]—k] OE]__'Y-E}:_ E]l?_
B3} o (Kim 5, 2019), & EE A 2 F5E B
THKim &, 2018; Kim &, 2022), & AY HS
0] B1E1 QItHKim 5, 2011). 53] 244 Eﬂ@E}
o|t FolA GPH #+x7F Aol 7+ F57F Zxo] E
o F5He EF s&7t 7P =1, AWolAE eFgH o
2 EA¢ Y B1Ey 9 om(Yamamoto 5, 2016),
UVB ZA & ZH4aH collagen 1A9] &S 3EA|A Z

oo e R
_l
nﬂ
b
r-|u:

Olﬁ Olﬂ PN LS

off L N

Lbol

2 S TV b FFE FE Ao HuHI
AtHKim 5, 2018). E3l, GPH: Z2H 59 %7 A&

2 WA ARoHIES F4 U JYREL 5] AL
EA5He §-8=2 408 44 ol84o] ETHe AT B
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13 JeHKim 5, 2018; Ohara 5, 2010). ©]of o}
AP E2H4 8483 HElo|E| collative E2H HElo|=
24_7(]- 7ol ;Hoﬂ 7471-7]_/\1_‘5__4 OJE_,] 7__(x]
2 HZ5Fokal QITHMEDS, 20164a).

ZH Hepo| B 1EAY] SIS 54 Aot 22
o g BojAlA B A 1,000-5,000 Da FE7HA]
AZASIAIZ] T 7} wlER, FL AFEAHS 0]
&3 =M o]t BARo] BN SItHKim 5,
2018). Kumazawa 5(2016)2 high performance liquid
chromatography-triple quadrupole linear ion trap
tandem mass spectrometer(HPLC-QTRAP MS)E °]&
stol 650] BE(E, E WA, %, 9, AR) A Pl
7] gl 2l vl Weol= RS slsigon), it
Zo|(Katsuwonus pelamis) W] Z=HA& EHAL 7|H
EYAo s TlpEdsto] ¥ HEo|=9] opn|lAt A
(SSGPPVPGPMGPMGPR)®] liquid chromatography
coupled with electrospray-ionization quadrupole
time-of-flight mass spectrometer(LC-ESI-QTOF-MS)
A0l ofsf B1HUHDing &, 2019). E3 wTHFo]
(Thunnus obesus) B3 217l HElO|E 5 A3 LA4Jo]
7 T2 299 ofnieAt 4 go] LC-Q-Orbitrap-MSZ
EAE o (Devita 5, 2021), 715 A& 8 554U
Q ol ojzolq olm 22T} ofy Wzlele] LC-
MS/MS 242 Belol Zol 1038 Aele B4l
B = dtkKleinnijenhuis 5, 2022).

Bol= '51‘1“ i 2 =9 AR oA Ay

= OIRE, 5/ AR Ql5f of% FEuk AFekal Zof
FAS] oF 30%7F FAMEEA HEALL QUtk(Back T,
2010). &0l 7ks 5 HW7|=e FARER o, o=, W
52 WSl 3 giel 2 o714 5L 5l 9
Q9] 9l9] 5&HS o] ojol x| g B op

Z A HZ Fista c,’\ll’»}(Park . 2011). 22 &
RS LR, API5HE L VI5HYE UE 5
TR ARIsE 242 817 I A7 Bol

—“E]—T’- Ut 1 EAQ] A= Fof AZERE FEZ0]
gl A 29 7_?} A+(Jeong, 2016), SojAEZE
B FAE A2t 9] ol TeF A-HCho &, 2006) E
o4 Sle] SRl Tt A+ 5o HiE it
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(Hwang 5, 2007).

7154 HFE, 437154 E 5 IR
Is7] Yeide 9= 23 2 43P vjl$- $85
o, A JAgE] gt £4 4

o

lo
o
o,

ABAE B4 W B0 e A4, He, P04
A2, A 59 94 A5 B A7k B

slof A gt

0EhA & dFoAs &0l 7 Al B EE FAkERd
o A 74 22 Heol =8 V54 HE dRE
28 FHow, Ur HFIE 99 GPH AFE4 %
Ao digt wa4dS dScke BEdeldE s
o, ikl UVl ofgt w5 2PN 2 AFE oA 5 BEE

4 ZAHETE.

itk fo Az

2. Mg % diH

2.1. Mg % A%

2 Aol AHEE Bol Ad FeH PeEolE= @FAt
$oJ(Naju, Korea)ollA] Zgol ARE-5H3Ith HPLC #4]
of AMggt o34 gHlE= B%F HPLCHOZE J.T Baker
(Pillipsburg, NJ, USAAFS] A& AHEoF 1L, UPLC-
MS E48902 trifluoroacetic acid, formic acid,
acetonitrile2 Thermo Fisher Scientific(Waltham,
MA, USAAFS] A&, water, methanol, 2-propanol2
Sigma-Aldrich(St. Louis, MO, USAAIY] A &E& ARES
At

2.2. GPH E=8%9 Xx

Gly-Pro-Hyp(Bachem, Bubendorf, Switzerland) 10
mg< JEoH 2ot 10 mL 5,0 =9 1 mg/mL7T &
T8 BF8N stockS AZ59tE ZAE stock solution
< 4T EHstHEA AR Ao SRSFE 34519, 1.0,
2.5,5.0, 10, 25, 50 pg/mLZ g A& AFAHE BEE
How ARSI

1176

2.3 AEEY XX

2ol A4 4 HEolE 50 mge FYUsHA ot
50 mL volumetric flasko] ¥3, 37548 50 mL ®A
of g0 1,000 pg/mL 5= AFE&EHS 2A ST
A LA 0.45 pm syringe filter2 o 7}35}o] AL-&-5}
At

2.4. UPLC QTOF-MS 24

Waters ACQUITY UPLC system(Waters Co., Milford,
MA, USA)°ll H2H5 PDA ed detector(Waters Co.)2}
SYNAPT G2-Si QTOF mass spectrometer(Waters
Co)E ol&sto] Heolt EAE Lottt AP
ACQUITY UPLC BEH Ci5(2.1 mmx100 mm, 1.7 gm)
< AMESELLL, AlE+= 5 L FASISIEE AE 2% 30T
A 0.1% formic acid (A)2} acetonitrile (B)S AR&-5}9]
o5/ B7t 2%2l 2UCE §% 0.2 mL/ming #-&-3}o]
1087t 58+ &2J5t%ict. PDAE 210-400 nm oA
A7, QTOF-MS £42 ESI source® positive
ion modeo]A £435FF oM o] source®} desolvation
2= Z7F 1203 300CE  FASkSTE  Capillary
voltage= 3 kV, cone voltage: 40 VoA 451911,
desolvation¥} cone gas? ¥4 Z+ZF 6003+ 50 L/h=E
A7gstaint. HolE e A 9 AL=E HAHsH] fls)
lock mass €90 Z leucine-enkephalin ((M+H]"=m/z
556.2771)& AH&stlo, Aggt A7 ¥ el= 50-600
Dal & A4t LE MS HlojEE MS" modeZ £4
51991 UNIFI(v1.9.4, Waters Co.) AZEgo]E o] &3}

of AFRA o8 U5 MWehol=8 St

2.5, HPLC 24

HPLC= Waters HPLC system 2695, PDA detector
£ Waters 2998 PDA, ZdL Jupiter® 4 pm Proteo
90A(4.6 mmx250 mm, 4 um)y& °}-&3to] A4S 2351
t}. o]FARE 0.1% trifluoroacetic acid(A)2} acetonitrile/
methanol(1:4 v/v, B), #%2 0.3 mL/min, 2¥ 2=
40CE |ABIL AR 10 £l FUste] AE3HY 214 nm
oAl E45t¢oH, o]EA B7l 5%Q1 2ACE 2587 5

8o Ssteict,

https://doi.org/10.11002/kjfp.2022.29.7.1174
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26 HPLC 248 ZE

2o Z= et =9] 7154 SHE ¥R BESHE Y
S A E A Hgwo] diste] E4W Wedlo]de AAISH
Rt A #/AJEQ! GPHY 9hd= S45H7] 9df, g &
Azx7o] A2 Sle 2HE ¥ 5 UsA AP st
of Al FoorEQrAA Y] AlE % /\];‘ﬂ s
W W golA 7hol=
Eo]X(specificity), ZA /\é(hnearlty) &3t
ﬁ](limit of detection) @ AZeHA(limit of quantitation),
A& (accuracy), LA (precision), &HFFA(solution
stability)e H7Fsto] EAHC Aot
(MFDS, 2015; MFDS, 2016b).

8=

2.6.1. E0|4
Blank(Z35F%), HEEE&H(25 pg/mL), AE-EH(1,000
pg/mL)yE AR F 0.45 pm syringe filter2 oja}sto]
B0 ALgsIATt B0l B42 HA| T ZukE Aol A
H‘:H"J' =41 GPHO Higt THd@/4dol Al stk
EZEAT AAEY9] ¥ HEF AZHretention
time)Z W sto] FUHS SRS

2.6.3. AEEA ¥ IS

AR A5e B9 d2 AT 71-7] Bttt yE
HOol HEHALY| ZASH= WS ARSI o, thE Ao
dielste] & A (limit of detection, LOD)2} A=A

(limit of quantitation)& AF&3}3Lt.

LOD
LOQ

3.3 x (SD/Slope of calibration curve)

10 x (SD/Slope of calibration curve)

SD: standard deviation of the response

https://www.ekosfop.or.kr

2.6.4. HaA
AlE-gHol| olu] &1 Y& %] GPH(10, 15, 25 ug/ml)
£ Hrlslo] 5U3t Bz AoR BAstg o AA A7t
H o2 srgtol tiet AFAE olgste] Fat 233
%2 Yelo] 84S B

2.6.5. d4¥d

HHE(repeatability) 3702] AAIRH40, 50, 60 mg)ol
s A 225 53] W F7g5le], REHALS BHEOE
e HEEE A EFHA relative standard deviation,
RSD%)E 4t&stolom 7o) AgA|E 16 7‘H
dA(reproducibility)2 AEA W AEA 9T F+=
AR} AR AP 5-& 2 A &85t Zkz) 5
3] ¥ S & SAGE A9 A REHARE 4RSSt

o

E

Jl
ol

318

2.6.6. Y orgd

GPH #2889 9 A8 4890 Aol A H8S
Zol5h7] Ysto] A2 9 WARA(0-4T)oNA 72417F B<t
1P o, BI WA MskE RlotAnt. 15 pg/mL
9] GPH #5897} 1,000 pg/mLe] &0l AE =t 4
Efo|E A|ggao] HPLC HIAHAZOZE BMst3lom,
0, 24, 48, 72Xt & Z+ A 2E ZH5t9

2.7. 20/ 4% Z2H HEIO/=9 GPH &% &
S0l A4 S Hepoltof| FhiHE A #/JESQ! GPH
S 2457 93 1 mg/mlL H=9 ARE 33] HHE

SF

= o

A oW, BEEAS BASH] AHgE A7 s
GPH &%= 743t

2.8 gief 24 FF

Al&9] DPPH =t 278/ 572> DPPH &9 180
pLoll A= 20 pLE S50 A==20] 308 FA[sI3it B
3t AL SpectraMax® i3x Multi-Mode Detection
Platform(Molecular Devices, San Jose, CA, USA)& o]&
5t 517 nmolA S F=E S35t 272 ascorbic
acid(Sigma-Aldrich)& AR&s19th. Al&9] ABTS =tz

2% &4 7 mM ABTS(Sigma-Aldrich)@} 2.45 mM

1177



Analytical method and biological activities of skate skin collagen peptide

9] potassium persulfate(Sigma-Aldrich)E 1:1& 7147]-
Stof QFAofA] 24417 BHAIX] &, FBEE 1.008 %
7 &33k ABTS €9 190 pL, A& 10 plLE 233t
Ao 7EZE dAolA HAsth AT &
SpectraMax® i3x Multi-Mode Detection Platform
(Molecular Devices)& ©]&35t9] 734 nmollA] SZ=E
S5kl

i 4o1' Hw

DPPH radical scavenging activity (%)
= {1 - KIEZ7FFl Higt 8% /AEFH 7o gt
3% x 100

ABTS radical scavenging activity (%)
{1 - NEA7] A3 SF=/AEF-47HEol et
FHZ) x 100

2.9. Uvo) 93t MEAE X 55

Al DB M EZ(HaCaT)E 96-well microplated]
7t well® 5x10* A27} H=2 HZEsto] DMEM HjA|
(Gibco, Grand Islend, NY, USA)9] 37C-»] X004
70-80% A= A wj7hA] virstley. 1 & @0 Qe
DMEM ®iX2 ZA5FL UVE 30 m)/cm? HE]5te] St
A ZBHE It ARE s=EE A3 thy 244
b5t FEA iAo A F7H=E v dstit. 24417t i<
Al9KDoGen, Seoul,
Korea)?l water soluble tetrazolium salt(WST)E 10 gL
A 931 37T, 5% CO0NA 4A17E 53t viF & 450 nmoll
A FFEE S5

3., EZ-Cytox cell viability assay

Cell viability (%)
= (AEH7Il ti3t S35 /A EF-7tol tiet &%
T) x 100

2.10. A2/
7 e 38 ol MBS Folol Ang 2ol 3

1178

NY, USA)E °©]&3to] ANOVA £4 % Tukey's HSD
testE ©]-&5to] p<0.05 FEoIA K8 AAsHUL
M=ZAE JA &4 ZI= Duncan's multiple range
test® AlFHEL p0.05, "p<0.01, “'p<0.001°04 &
JAE ASSHA

3. duf & nH
3.1. 0/ ZIE Z21H HENOIE XFEE 24

2 AFoAM= 22 FHE S gEolt 754 9
F2o ABAE FHE EGIE UPLC QTOF-MSE AMgs
of o A4 =M HPepo|E AFEAFEY A &2l &
ohn|ieAt A £4E AAISHITHKIm 5, 2018; Kim &
2022; Lee &, 2021; MFDS, 2016a). GPH= &= X1
A 7HEeiE A JiERIAE 7eA R A HA
HOE ARGEI glon, N HGo] 53 24e E4E
S|YFEAY] ARSI A JHKim 5,
2018). ESt 3Fol(Paralichthys olivaceus) BE 7183
&, 92t"oN Oreochromis mossambicus) T 7}4&E
o=, AR E(NVemipterus virgatus)®] Hle=5EH I
Y89 NRPROEA S ET|HEo|EQl GPHF K

AR Kim 5, 2018; Kim 5, 2022; Lee &, 2021).
2ol A4 FeHl geEo|E AIE AT} A RGECE o4
%= GPHEAEE: 285 Da) E58942 UPLC-QTOF MS
= B 43, ARuETHA 53 HEF A7l 1.79
o2 dAsilon, MEATFE ZFZt m/z 286.1393
[M+H]*#} 286.1394 [M+HI'2 ZA=AcHFig. 1). MS
fragment ion& 53 ofu|:Al Y-S B4 A1} GPH
REEHT Fo] FE Pepo|=9 N-THo=RE b2
(Gly-Pro, m/z 155), bMAX(Gly-Pro-Hyp, m/z 286),
C-¥9o 2 iy yi1(Hyp, m/z 132), y2(Pro—Hyp m/z
229), yMax(Gly-Pro-Hyp, m/z 286) &<
&5to] 3719] opn|At} ofn] At A BS %]’?lﬁa T AN
THFig. 2). GRt¥ o2 29| ofm|icAl 242 Gly-X-Y
Hjgo] ¥HEE= 542 7HA1L QloH, type©l
Ztol7F Qo glycineo]l HAQ] 1/3, proline°] 1/4,
hydroxyproline®] 1/7 A% AA5ta Stk Bailey 5,
1989). 3ol A4 et Heto|=9] {2 ofn| il ek

A, °olF

k)
T
i)
B>

https://doi.org/10.11002/kjfp.2022.29.7.1174
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(A) Item name: GPH_5ppm
Channel name: GPH [+H] : (5 ppm) 286.1393

GPH
179

£ 2e6

=}

(e}

o)

=

@

T le6

E
1.97
/

0_

'

(B) Item name: SCP
Channel name: GPH [+H] : 286.1394

GPH
1.79
 1e7
C
=)
(e}
=2
2
£ 506
[
£
ol 1123, ;
1 T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10

Retention time [min]

Fig. 1. Chromatograms of (A) GPH (Gly-Pro-Hyp) standard and (B) skate skin collagen peptide (SCP).

(A) Item description: GPH_5ppm

} GP # Il)Max
| # ! P G H yMax
| 1554804 220,173+ 286.1386/Max
! b2
I
=z 1
S 132.0644
3 !
£ 100000 v
2
2
Q
£
0 e e, | - e e :
0 50 100 150 200 250 300
Mass [Da]
(B) Item description: SCP
} GP # | bMax
} ! P + G 4 yMax
| I N
1.5e7 | b2-155.0801 | 286.139zyMax
I I
I 1
b 1 1
‘ 1 1
S le74 1 1
S l l
g I I
2 1 1
7 | I
G 5e6] I I
£ 1320641 2291178
¥l y2
0 T I T I 1 T 1 1 I I T
0 25 50 75 100 125 150 175 200 225 250 275 300
Mass [Da]

Flg. 2. Identification of molecular mass and the results of de novo sequencing of (A) GPH standard and (B) skate skin collagen
peptide (SCP). MS/MS experiments were carried out on a QTOF mass spectrometer equipped with ESI source.

https://www.ekosfop.or.kr 1179
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2 glycine, hydroxyproline, proline®| ZtZ} 19.32%,
16.25%, 12.35%% otullcil 5 A 14719 ol 7V =
A BaElow, AgAl Sl dulde] EA4Z e
AKBack 5, 2016). & @7tolA= UPLC QTOF-MS &
A s v o & Zo] A4 FEH eo|to4 GPHE
Bhelshy o] ABAROZ AT GPHE U 2
A& flsto] &3k AH|Ql HPLC/PDAE ©l-&-sto] |
FAYES AFEAHE gty gFAS dSol] Hst
of ol4, A4, M, AESTA|, ATA, e, B
g, &N MY 87 ol gt B WeHol S

Hsi,

0|

32 5014 =2l
Fol 43 9 22 WetolZolH GPHY Alez] ¥

(A) 0.10

0.08
006 —

004

-

2 ]

0.02

0.00 —— — —

002

004 — . —
0.00 2.00 4.00 6.00 8.00 10.00

(B) 0.10 T

0.08

0.06 —

0.04 -~
2 ]

<
0.02

0.02 -

Ao| 7FsFAIE ERlot] st B8 L A|FH-EH
HAEO] HPLC A Z2ulETH %}cﬂs}%u}. 1 A3 GPH
AFAEo] o2 B 714 glo] &3t na 2 2=

on, #2287} A P-EH| GPH 3|3 #FF AlRto] oF
16.4202 AX|5}AHFig. 3). TS PDA spectrum<
2735t Ao A BEEAR0 GPHEF A|E-8H9] spectrum
°] 210-400 nmOlA &Lt HES HEHH o] & AIER 9

Solge Ayt

3.3 MM 2 He

GPH #E8YE T74=E Aot HF5% 1.0, 2.5,
5.0, 10, 25, 50 pg/mLE XA BT WIS A5}
ot 7 rEE AR B2 8HS HPLCE 4519
3 dHo] gt 529 TAE Helie BEdEAS 24

o T T T
12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minutes

16.427

-0.04 T T
0.00 2.00 4.00 6.00 8.00 10.00

T T T
12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minutes

-0.02

0.00 2.00 4.00 6.00 8.00 10.00

16.461

o ; R e
12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minutes

Fig. 3. HPLC chromatograms of (A) blank, (B) GPH standard and (C) skate skin collagen peptide.
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Olr

F9.om(Table 1), A2l AAASR)E 0.9999 o4
9] =2 XS BAHFig. 4). Kim $(2022)2 HPLC
o|-gsto] ol A4 P4l 7HEsiEolA GPHE 8%
ok vk gloH, B B4 AL Y8 50-500 pg/mL
9 T HYZ BEENS BA451T AL Y=
R*Z2 0.9984% EIEQIL}. o] & oA By
Zgo|de] A4 Bt Adz ZHE RgHED 2

t 1o

e

¢

rlr

Ao|tt,
34, g & FefsHy

A& 2 AA= GPH E28HS HPLCE 33
HhE Zsto] d2 HFAo yEHe BE x}a 717
2 U @9 3385 AESH, 1081E AR ALt

Sttt 1 Ax AEeAE 0.07 #g/mL Xﬂo}ﬂl

0.22 pg/mL 222 YelgthTable 1). ol o] A3
S| ia}ﬂ Hefo|=9] 23S Flof *W% A /g E-9
E4E 93 A& HFAE 453 A=, GPH
F é%oﬂ Z8o| 7FsT ACE AlmHT

3.5, §218

e e gl ofnl 2T Ak Aot BEg
2HT =S uistel, AFA U9 W BN TP
37K olge] SEE F7Hstel 38 ol uHE 251 9

/\00

At&slo] H7BHHMEDS, 2015; MEDS, 2016b).

AEEH(1,000 pg/mL)oll EAHFEZL GPHE 3714
(10, 15, 25 pg/mL)E 7Fsto] 7} 334 EA5F 21},
Table 201 Uepd vfel o] H#3l=&2 77+ 103.76,
100.35, 103.97%2 A B35 102.70%°1H, A
Y HEZHIHRSD)= RE HLoA 2.0% o]stE Ve
ot 29 AF Al EHAAEE 0|99 Alg Fol E4
ot 7149 JFS 1EdfoF of, ol EAUHIES
AES YolstAY 380 YFS FTHMFDS, 2015).
B ALojAL HHF35E 102.70%E 100% 31480l 7}
7He £XE Uep o] AOAC 7|20 AeHS 8915t

2500000
y =45086.27x - 5153.44
2000000 | R2 =0.9999

1500000 F

Peak area

1000000

500000

0

0 10 20 30 40 50 60
Concentration (ug/mL)

Fig. 4. Calibration curve of GPH standard solution.

Table 2. Recovery and relative standard deviation of GPH in
skate skin collagen peptide

Concentration Recovery" RSD?
(ug/mL) (%) (%)
10 103.7611.65 1.59
15 100.3541.52 1.62
25 103.97£0.14 0.14

DEach value was expressed as meantSD of triplicate measurements
(n=3).
?Relative standard deviation.

tHAOAC, 2019).

;gl?j_]/d_g H} /\éjq- xHoq/H A]ol oz 11:17}0}9&1:]- H]—i/ﬂ
Aol M= 3709 AAZH40, 50, 60 mg)o.2 ZAITH A9
BHo] tfsf A 2&2 53] whEote] BAS 4419 RSD
= AEstglon, AAFEE 2427} 0.90, 0.56, 0.67%%
AOAC 7]Z(A0AC, 2019; MFDS, 2022)% At #&H2}
2.7% W9 A3E ZRI5tS E}(Table 3). A8 AE2 A
A Y AdAol 9T F= ARY, AEA, A 5
< A= o224 st 574 }L B o] tHMEDS, 2015;
MFDS, 2016b). WA Al@YE 2ot £43 A3, 7
UApollA GPHE B+t T2 13.70%} 13.36 mg/g, FA
274kl gigt RSDE 1.40%% B4 et AgAr 9 &
HE gejste] 4% Ay, GPHY ¥+ %2 747

I~

Table 1. Regression equation, correlation coefficient (R?), limit of detection (LOD) and limit of quantification (LOQ) of GPH

Standard Concentration range (ug/mL)

Regression equation

R? LOD (ug/mL) LOQ (ug/mL)

GPH 1-50

y = 45086.3x + 986.8 0.9999 0.07 0.22

https://www.ekosfop.or.kr
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Table 3. Result of repeatability

oFg Aol fAIE=A] HESIHTE. HPLC 24 A

Amount of sample

L 12
1o
o

L

FsF 94 A (auto sampler)E o]-&3to] HA ==

;‘N

Measured content of GPH”  RSD?

i) e & A FYPsto] BAFOZ, WA 29t G Bate] 244
N 18.00:012 00 g9 g Azto] Bash 3 Foe] Y 717k
% 13.70:0.08 098 3hoF ATHMEDS, 2015). & AN HE 24T 4
60 13.4440.09 0.67

HAIA 0, 24, 48, 72A%F B BEGAT AlHE

DEach value was expressed as meantSD of quintuplicate measurements

(n=b).

2 o g AL oY ooy
o)
S~

o] PgAE 7R, 1 2= Table 59 £t

- o
Relative standard deviation. AL Wl YRR Ao|A & Xjo|E Holx] 99row, w3y

2 AOAC AEA 71Z(A0AC, 2019; MFDS, 2022)%!

RSD 4.0% W9

of OrxIA

ok
o,
]
o
x
>,
ol
=2
P
o
i
rlr
>
r'\l
o
)

Table 4. Precision
and/or equipment

2

13.707} 13.32 mg/g, AA Z3%ko] g RSD+= 1.52%  t}, X380l obgA ol}o] AZL Eslo] Aty B4
4 pisE
?_

=2
g2 R YFRANN 8 FHA Az P

o] Bzt 1% olIst= 72A17F 7t R A RISk

o= O

A7z AZetS ol (Table 4).

o
ox

> o
>

P

8. Hd4&
A5H EAHE 7Nt g Zo AE S5 fHEol
=2 = kel

484 g4 %o] 399 GPH ke B4519t}. 50 mgo) A=

of GPH in skate skin collagen peptide under different measurement condition such as different dates, operators,

Test (50 mg sample) Different dates Different operators
Date 1 Date 2 Operator 1 Operator 2
1 13.80 13.37 13.80 13.31
2 13.71 13.39 13.71 13.39
3 13.58 13.51 13.58 13.40
4 13.64 13.20 13.64 13.37
13.75 13.33 13.75 13.14
Mean+SD” (mg/g) 13.70+0.08 13.36£0.10 13.70£0.08 13.32+0.10
RSD? (%) 1.40 1.52

UEach value was expressed as meantSD of quintuplicate measurements (n=5).
Relative standard deviation.

Table 5. Solution stability of GPH

Time (h) % difference for test preparation solution stored at % difference for test preparation solution stored
room temperature at 0-4C
GPH standard Skate skin collagen peptide GPH standard Skate skin collagen peptide
0 - - - -
24 0.60 0.45 0.03 0.09
48 0.12 0.66 0.03 0.78
72 0.02 0.59 0.02 0.12

Bars (=) indicate no
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significant % difference between HPLC peak areas.
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st st} 23
33| whE st BAGHS o Zo] Zakl WetolS Fof

£ o] o] 50 mL&E XA &N
_%

L 13.5140.03 mg/g9 GPH7} §-&5 o] L2 sols}
bl

]_

tHTable 6). Kim $(2022)°] @24 Fo] A2 pepsin
Bl Eo A AEEZ GPH TF2 156.12 pg/gl &
BuEgoH, & A4 4H o] 449 GPH &
Bt 80ui7FF @2 XSt BhH, gatulol o o] A&
A 7HeRoEoll= GPH 3ol 3.2%% EIE gt}
(Kim &, 2018). °|& 7I+EaiE9] e 9 FA4 e
FA3tolo] el Heol= LH Xh‘i%z‘ TFE =L >
o] 0 o oz A}EE]L]. %
Hefo|29] A HES GPH«] 3 %4011 o] HE
ZH]Ql HPLC/UVHS 285}
A Pty 1 B8-S A5t old
EQE 754 9224 %
=9 %‘ﬁ‘é‘ B3 248 71
:_% e ACE AlmH

r l

mlm
%
ofol
)
Y
i)

O

1_
L=
fu

%0 t:{
Sha

~|
ja_l_u

rSL

7&

|

o

3.9 St 2N
3o A4 Z2H fetol=of tigt DPPH 2z &7s
< B3 Z3t= Fig 59 Zoh FAAHREY ascorbic
acid(l pg/mL)olIA 26.19%°] DPPH oz 42458 Y
Bl W, o] A& 224 Helol& 2,000, 1,000, 500,
200, 100, 50 pg/mLolA Z+2+ 87.89, 86.57, 62.20,
48.53, 30.12, 30.82%% Ect. Fgdiz=ol Hlsl 200
pg/mL o149 TEE AYstE W FoHow & 4
= Ul &0 A4 Z=Hl fWeto] o et ABTS
g 2ASE 24 2= Fig. 63 2ok FHRL
9l ascorbic acid(20 pg/mL)oIA 9.23%2] ABTS =tz
2 Yetd ¥, Fo] 44 Fotd HEol=E 5k
‘%E A7Vt W ABTS 22 &5 2,000, 1,000,
500, 200, 100, 50 pg/mLelAl ZH2F 20.7, 13.85, 5.64,

Table 6. Content of GPH in skate skin collagen peptide

RSD? (%)
GPH 13.51+0.03 0.22

Standard Content” (mg/q)

DEach value was expressed as meantSD of triplicate measurements
(n=3).
“Relative standard deviation.

https://www.ekosfop.or.kr

100
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40

20

DPPH radical scavenging activity (%)
o

1 50 100 200 500 1000 2000 (ug/mL)

Ascorbic acid Skate skin collagen peptide

Fig. 5. DPPH radical scavenging activity of skate skin collagen
peptide. Ascorbic acid (1 ug/mL) was used as a positive
control. Each value represents the meantSD of ftriplicate
measurements (n=3). Different letters (a—d) above the bars
indicate significant difference at p<0.05 based on one-way
ANOVA followed by Tukey's HSD test.

25

ABTS radical scavenging activity (%)

20 50 100 200 500 1000

2000 (ug/mL)

Ascorbic acid Skate skin collagen peptide

Fig. 6. ABTS radical scavenging activity of skate skin collagen
peptide. Ascorbic acid (20 ug/mL) was used as a positive
control. Each value represents the meantSD of triplicate
measurements (n=3). Different letters (a—f) above the bars
indicate significant different at p{0.05 based on one-way
ANOVA followed by Tukey's HSD test.

4.21, 3.25, 1.12%% et kAt zZo] v]s] 2,000
pg/mLolA 7HE 2 AA%S Uehd Zog FolFgch
Choi £(2003)& Zo] 294 wraald 9] 100T 4
FZE tist DPPH & AASS &4o19oH, &
= 1% A7F Al 8of 7HAE= 33.6%, W2 48.8%, A&
FEEZ 16.7%Y AAZAES Hrkal Hisksich
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Q

ST eﬂVﬂ %‘BE}OlEoﬂﬁ %—%0}5‘3\71 fZos AR
Lee 5(2009)2 oiFH|& Z=H Heto|=9] DPPH 2oz
A2A5E H7KE 23t 100, 500 pg/mLAA ZHZ 94.2,
91.5%¥chy Hus] E Ao Ao}l JAFSII 3014
4 ST Heol=o] tigt 7|54 dTe gy a9
(Ngo 5, 2015), FA | a3KLee &, 2015)7F A=At

1o

3.10. Uvof Sfzt ME AtZ x| 22

Sol A4 = HERe| =7 HaCaT A2 AEE0]
nAE dF= B 2, ARE AT ¥ FAE
<ol B3 2,000 pg/mLe] E2H HWERC|=F A=t
oflA 120.02%% FJH o= MEFAo] F7FE A &l
StATHFig. 7(4)). ol A&7t AskolM F/4d& HolA
% AESAS FUAR Aoz Alrdd. E]E, HaCaT

(A)

140

Cell Viability (%)

0 50

100 200 500 1000 2000 (ug/mL)

Skate skin collagen peptide

Cell Viability (%)

AlZof 30 mJ/cm® UVE AZotAE o, UVE RARH]
i 2tol] vl UV RAREIA 2k 43.08%= A A
o] ZFaslot, UV &AF £ 2,000 pg/mLY iE‘JrL
Heto| =8 Heh FollA Al E &0 28.84% 7
ZI5tith(Fig. 7(B)). CI2FE UV XAt &gt 1
9] &4 3o 44 4 Hepo|=rt AT 4= QS
o7 AlmEH, ZT HWepo| =9 2 Ao o5k wH
& A A-&71%o] dAtE|ojof & Ao & Helth Kwon
5(2008)2 A9 (Todarodes pacificus) A3 w3 &
29 UV B552 S4stgon, 21 Hd-fotAzo A
2] A] UVel| 98] of7| == MMP-19] @& #sjA|A =
HojA w¥A9] n7e 7ZaAZItty E1Ech Kim
5(2018)& F AfoA| o] UV 2AF & detyo} o]
o] S gepolE A2jo] wE wF HERiE ST
23 Algtatol & 7)uotAet S| YFEALY] BTt F7tst
Aot Husiylet. wabs ¢ 3o Ad Z2H Heol
TO] UV A 93t A2 B3 a3E vigog B 71y
QA gt A7 Hed Aog Helr
olg|gt A AWE EUIZ Fof AA ZTHA Helol=
= A 24 9 UVel 93t 55 AZ B3 aEIE UE
Yol AdH o s &8 7S SRlstgint. E3t HASH

mlo
O

VS —{u: niﬂ

+ UV (30mJiem?)

+ + +
200 500 1000 2000 (ug/mL)

+ +
50 100

Skate skin collagen peptide

Fig. 7. Protective effects of skate skin collagen peptide (SCP) on cell proliferation of human keratinocytes (HaCaT cells) against
UV-induced cell damage. (A) HaCaT cells were treated with SCP (50-2,000 ug/mL) for 24 h. Cell viability was estimated using
WST assay by measuring the absorbance at 450 nm. "p¢0.05, and “p¢0.01 indicate statistically significant difference compared to
the control. (B) Cells were irradiated UV at 30 mJ/cm? and treated with SCP (50-2,000 ug/mL) for 24 h. #¥p¢0.001 indicates

significant difference compared to the cells treated with cell culture media as control.

compared to the cells treated with UV as negative control.
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"p{0.01 indicates significant difference
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HPLC #4H& o]8sto] AREAR] GPHE 43t 7]
573 aA ANdo] 7hsd AoE At

4. 2%
2z 9

Fole 754 SEE 5 TP AR
o= Fof A4 Z Heo|=9 EFIE Flsto]
GPHE A¥AE o= A74sta, HPLC-PDA 244 &4
9 BEAo] tfet f84 HAES S5k 1A QTOF—
AE 5ot ARG EAGT ov| 4l A<D
grelstgltt. HPLC/PDA #4190l AHSE o542 0.1%
trifluoroacetic acid(A)2} acetonitrile/methanol(1:4
v/v, B), Jupiter® 4 um Proteo 90A(4.6x250 mm, 4
um) B, 842 0.3 ml/min, A& 214 nmoJA &
Astlom, ol s B7F 5%%1 270 = 2587 581 &g
‘8}031'4- _(I?l__‘é‘_lﬂ 7-]?(4_9_ _CH'E,‘H EO]/\‘] XUH/\‘] 74%‘8‘ 7:“ X‘]%
A, Aed 2 S SRlsilth 1 AAY A

=

s
=

)

o=

2(R)= 0.9999% 923t AAS Lehfjglon, A
(LOD) @ HHHALOQ1E 247}k 0.073 0.22 ug/mLolS]

ot AL 3eES AMESto] %
pg/mLolA 2+ 103.76, 100.35, 103.97%Z
o AL BT QA AlolA BF At EEHAt
0.2% °lsts YEMSIth A5H BAHE Bolof o] &
2HA Fefol= Zojl= 13.51 mg/g GPH7} &850 2
= eIkt TS, Zo] A4 ZoHd Heol=g o] &
Sto] graksl B4 9 UVe] 93t HaCaT Al R ads
4ottt & §of A4 24 #Heo|=rt DPPH ¥
ABTS 2tz Asigd 5 AR 8318 5k oEHo=
S7H7 1= &4% gelstylon, mEAAARgA UV 2
AR QIR NEZABEES 54T 23 UVl 93t A& BS
aHE %mu}. 2 ¢ A= Zo] A R SR
Hepo|29] A7 SAE B 7164 E 9= A
Aet 712 EZ EgE Ao AtgHch

g7l a, 10, 15, 25
2459]
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