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Abstract Low-molecular weight peptides derived from fish collagen exhibit several
bioactivities, including  antioxidant, antiwrinkle, antimicrobial, antidiabetic, and
antihypertension effects. These peptides are also involved in triglyceride suppression and
memory improvement. This study aimed to investigate the optimal processing condition for
preparing low-molecular weight peptides from flounder skin, and the properties of the
hydrolysate. The optimal processing conditions for peptic hydrolysis were as follows: a ratio
of pepsin to dried skin powder of 2% (w/w), pH of 2.0, and a temperature of 50°C. Peptic
hydrolysate  contains  several low-molecular weight peptides below 300 Da.
Gly—Pro-Hyp(GPHyp) peptide, a process control index, was detected only in peptic
hydrolysate ~on  matrix-assisted laser  desorption/ionization-time-of-flight(MALDI-TOF)
spectrum.  2,2’-azinobis-(3-3-ethylbenzothiazolline-6- sulfonic acid(ABTS) radical scavenging
activity of the peptic hydrolysate was comparable to that of 1 mM ascorbic acid, which
was used as a positive control at pH 5.5, whereas collagenase inhibition was five times
higher with the peptic hydrolysate than with 1 mM ascorbic acid at pH 7.5. However, the
tyrosinase inhibition ability of the peptic hydrolysate was lower than that of arbutin, which
was used as a positive control. The antibacterial effect of the peptic hydrolysate against
Propionibacterium acne was not observed. These results suggest that the peptic hydrolysate
derived from a flounder skin is a promising antiwrinkle agent that can be used in various
food and cosmetic products to prevent wrinkles caused by ultraviolet radiations.
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Table 1. Process for enzymatic hydrolysate from flounder skin

Unit process Process”

\ Process”

Raw material Flounder skin

Pre-treatment

» clean the skin with tap water

» dry wet skin in dry-oven at 60°C for 24 hr

» crash dryed skin for 3 min using food blender
» screen powder under 100 mesh

non-collagen extraction
and removing Ca

» 60 g dried powder is suspended in 3 vol
of 0.1 M NaHCOs (pH 8.3) and extract non-
collagen for 2 hr with stirring at room tem
perature

» centrifuge at 3,000xg for 15 min and disc
ard supernatant containing non-collagen
» pellet was suspended in 2 vol of 0.1 M
EDTA-2Na/0.1 N NaHCOs, pH 6.5 (final pH
7.05)

Proteolysis HCl

n, 2% (W/w)

» 5 g dried powder/50 mL of 0.01 N

» add 0.1 g pepsin (final concentratio

» add Protamex to 1% (w/w) of a final conc
entration

» digest for 2 hr at 60°C with shaking (60
rpm)

» cool until room temperature and adjust
to pH 2.0

» add pepsin to 2% (w/w) of a final concen
tration, and digest at 50C for 2 hr

» adjust to pH 6.0~7.0 using 1 N NaOH

Inactivation of protease

» heat the proteolytic mixture at 90~95C for 10 min

Remove insoluble mate
rials

» centrifuge at 3,000xg for 15 min and recover supernatant

Ultrafiltration

» ultrafilter with cut off liimit of 1 kDa
» Sample for chromatography and mass spectrometry analysis

1) processing for peptic hydrolysate
2) processing for protamex-peptic hydrolysate
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Table 2. Amino acid composition of dried flounder skin
and its hydrolysate (unit: g/100 g-sample).

Enzymatic hydrolysate

Amip Dried skin (g/100 g-protein)
o acid . Protamex/Pep

Pepsin .

sin
Asp 3.73£0.17 7.07£0.12 8.78+0.39
Hyp 2.21£0.33 - -
Thr 2.18+0.14 3.23+0.05 4.30+0.20
Ser 2.21+0.14 4.78+0.09 5.65+0.24
Glu 7.76+0.40 | 10.97+0.15 12.97+0.60
Pro 5.00+0.14 9.69+0.05 9.31+£0.32
Gly 12.40+0.39 | 19.74+0.05 18.70+0.83
Ala 6.97+0.32 8.94+0.09 8.92+0.37
Val 2.05+0.12 2.67+0.06 3.47+0.21
Cys 0.07+0.01 0.23+0.04 0.29+0.02
Met 1.33+0.13 2.37£0.05 2.66+0.10
lle 1.45+0.07 1.64+0.01 2.53£0.15
Leu 2.86+0.11 3.55+0.05 5.20+0.24
Tyr 1.10+0.03 1.72+0.13 2.72+0.11
Phe 1.93+0.08 3.05+0.17 4.14+0.16
NH3 0.57+0.06 1.06+0.18 1.51+0.39
Hyl 0.44+0.02 - -
Lys 3.15+0.14 4.28+0.01 5.41+0.22
His 0.76+0.04 1.33£0.02 1.89+0.07
Arg 5.20+0.20 7.22+0.11 7.87+0.32
Total 63.38£1.96 | 93.56+1.85 106.34+4.94
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Table 3. Experimental design for peptic hydrolysis of flounder skin using Box-Behnken

Exp. No pH Temp PegsLlnD Pr;(g/%f) Amino acid® mM
1 3 30 40 6.61 30.57
2 4 30 30 3.13 15.77
3 3 30 20 5.73 26.34
4 2 30 30 10.88 25.82
5 4 40 20 0.00 9.26
6 3 40 30 7.30 23.52
7 3 40 30 8.56 36.81
8 2 40 40 11.34 45.01
9 2 40 20 16.28 42.60
10 4 40 40 1.00 19.03
11 3 40 30 12.65 24.30
12 4 50 30 5.67 27.07
13 3 50 40 8.84 32.93
14 3 50 20 14.55 33.99
15 2 50 30 23.38 34.67

Desirability
&

1) The ratio of pepsin to flounder skin was 2~4% (w/w).

2) Protein concentration was measured by Biuret method

3) Amino acid content was measured by ninhydrin method

27k o4 el A gl el = 5
< | HTHp<0.05, Fig. 3).

o uw o
u

4283

Temp{™C)

mn
i
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Fig. 3. Experimental design for optimal peptic hydrolysis using Box-Behnken design. The reaction time was fixed at 2 hr.

ig. 3. TEHET Fepolt =0 e FHHF
pH, 2%, &4 of 7| dH| ¢} pH* e =T8-S
HEg gl ¢ =242 HElol = gaH(mg/mL)= 9.503 -
6.51*(pH -3) + 3.261*(temp-40/10) - 1.096*(e/s-3)
+ (pH -3) *[(temp-40)/10 *(-2.49) Yo} A2 =4
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oA WEEAIZ] A TR =2 HElo| = Sk
£ 17.37+0.15 mg/mLZA] o|Z3%k 17.9 mg/mL2)
97%E Wt st Th

4. JIIsE2olEe EXE 22X

A7 A ZZrE D] & AFESE] 2 T
e BEAg BXE =453 cHTable 4).

Table 4. The relative peak area of protease hydrolysates
by size exclsuion chromatography”

Area below Range of 240~ 400 Da

Protease 1 ,0230 ) Da Da Arca(%)

Pepsin 5.99 300 37.61

Papain 19.93 280 1.29
Pancreatin 23.01 300 5.2
Alcalase 20.38 370 8.47
Neutrase 32.22 300 4.32
Protamex 28.11 240 19.68
Flavourzy 23.74 300 19.68

me

1) Size exclusion chromatography were performed on super
dex peptide column(10x300 mm, GE Healthcare, USA). The
hydrolysates were eluted with HPLC grade water using flow
rate of 0.5 mL/min, and detected at 220 nm.
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m/z 286.1366> ¥ A= EAF 285 Daol| 333}
o] GPHype| #A+&F 285.296 Dad} 72| A x|3t=
AFH}E B L7t FEIAEANA AZEEZ A
A3k GPHyp7} A€ 7FsAd S =3k g4 Pro
tamex®} Flavourzyme?] 7}=&3l S A = z+2zt
m/z 288.09403} 288.10759] sE3sl= ~HE
Ko GPHypZ} obd th& A <d9] yeteo| =7t
g 7Hs A Bt NEJAAE 7177
21F FollA AR FeHAle] A REZECEA
F& GPHypE AMdsta JATH26].

4
4

1)

of fr o
2 oo oo

5. HAJITEMES 7SN

FoAgd WA 4Rl E-2 pH 7.5 (8.5 mg/mL)
9} pH 5.5 (28.1 mg/mL)oll A 2.8%<}F 11.5%2] DPP
H &4h3184 S 1B cHTable 5). o] &S A&
FAetol= mg & 2+ 0.3%2} 0.4%EA FYTH
H)Fo] 74 Jefo]=9] shxol WE Aol fle

Ao g Asitt. FAHANET 2 EA 1 mM asco
rbic acid®] DPPH &4 & 95.5%%t}. 3 ABTS
ghakslak g o pH 7.5(0.85 mg/mL)e} pH 5.5(2.81
mg/mL)oll A Z+7F 62.8%%}F 99.6%=4] pH 5.59] A
BTS &4 & A=< 1 mM ascorbic acide]
ABTS &4 99.7%%} A9 sd3t3th. DPPHE/
of Hl3le] ABTS®/do] 2 A2 DPPHEA 2 ¥l
=54 B4 245 A5k Wd, ABTS 242
FAEHEY &4 SA Agstr] wEolth 43
of A&-3F Fojdd Vsl Ee] 84 HElol
T E4o]7] gl Aow FAHHL.

o5 A fotAl oA FebAl Il FL ThrEsl
2ol TR EHOE FUlEHon, SAET
o ®3ke] 1000 ppmEsEoll A 74.1% Z7}8k oL
100 «M ascorbic acidel] Hlste] <F 7.5u) o] Z&}
A rdFe BRI tHTable 5).

Table 5. DPPH radical scavenging, procollagen synthesis ability, inhibition of collagenase, Propionibacteri
um acnes inhibition and tyrosinase inhibition of peptic hydrolysate from the flounder skin

Function Condition Concentration Activity
pH 7.5 8.5 mg/mL 2.8£0.5%
DPPH pH 5.5 28.1 mg/mL 11.5+1.2%
Ascorbic acid 1 mM 95.5+0.1%
pH 7.5 0.85 mg/mL 62.8+£2.4%
ABTS pH 5.5 2.81 mg/mL 99.6+0.0%
Ascorbic acid 1 mM 99.7+0.0%
250 ppm 20.49%
Procollagen synthesis Hydrolysate 500 ppm 26.33%
ability 1000 ppm 74.06%
Ascorbic acid 0.1 mM 9.90%
pH 7.5 8.5 mg/mL 100.0£0.7%
e pH 5.5 28.1 mg/mL 100.0£2.1%
Collagenase inhibition Ascorbic acid 1 mM 21.3+10.2%
Gly-Pro-Hyp 1 mg/mL non-detection
o , pH 7.5 0.43 mg/50 uL negative
Frop lonlpagtgf(um acn pH 5.5 1.41 mg/50 uL negative
es inhibition
salicylic acid 1.2 mg/30 uL 12 mm
pH 7.5 (10 mg/mL) 10 mg/mL 9.9+1.1%
Tyrosinase inhibition pH 5.5 (10 mg/mL) 10 mg/mL 2.6+1.5%
Arbutin 0.5 mg/mL 73.9+9.1%
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ZepAl ol 2 &4 A el pH 7.58.5 mg/mL)
9} pH 5.5(28.1 mg/mL)ol| A ol A 22} 100%2] A
s BHYow, FANETOE AES 1 mM
ascorbic acid®] Ze}A Ul = A&l e 21.3%<%
Wi A747158 MEJIAE AREAF A A
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=dY B 9RAG7SAAF FEA 0] of
U Ao A=Y 12y GPHyp HElo] =7}
oA TheEs =Y A RFES A 23
of thgk Bart lojA 6 HED Fart Ao
[27].

A disk e E SAHT A=F 7o AEHA
&3+ pH 7.5 (0.43 mg/50 uL)<¢} pH 5.5(1.41 mg/5
0 ub)ell Al FRI=A] -2 ¥ FAF o= salicyli
¢ acid(1.2 mg/30 uL)o A 12 mme] &S &213}H
tHTable 5). o] #2 A= FeHll 7Hrial &
o= 2l Propionibacterium acne2| A7
71%5& X8R g5s LT

Foigd 7t E2] pH 7.5¢ pH 5.5 4 E
ZA o] 2 As|&A-e 10 mg/mLe] F=olA zt
7k 9.9%2} 2.6% =4 arbutin 0.5 mg/mL2] 73.9%¢l
Hjste] @A 3] Yok tHTable 5). 18y Ad 714
3 Z(pH 5.5) DPPHS} ABTS 2ht]z 27 %& 2
8.1 mg/mLe} 2.81 mg/mL F=olA 2zt 11.5%%}
99.6% =4 ABTS 2}tz &4 5-2 1 mM ascorbic
acide] 99.7%<} A A9E By U=
T arbutin® @&} Arctostaphylos <2 bearb
erry A &Eo| A &3 glycosylated hydroquinone
S 2A A& HEAN EEA o= E4& AA
sto Hehd AL okt Arbutin®] Bl 24
vlo] = A&l ICs %= 100 uMe]™, ascorbic acid
£ 400~500 uMo] %l oL E]ZAdo] 2 A3 &4 9
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T2 & Fel VRS Welent Al 2
< Asfigitta BastTH36] o] 22 Bl H
Fo] gHEAYo|2 A|EAP-S &4 sig=Ee] A

AL '4 0 714N
2%(w/w), pH 2.0, ¥+-§-2% 50C ot 3212 300
Da w|Rke] A &2} Aol 7H ke, 34
g AxEHZ AAS GPHyp Helol == 34
7y ol A MLADI-Tof ~HEZH|A 7
<=5 3ot DPPH gtz &7 5ol Hlste] pH 5.5
o A ABTS #&tjZ 47 %2 1 mM ascorbic acid
o} FdstAth FeAvlol= A& pH 7.5
2} pH 5.5914 1 mM ascorbic acidol] B]3}e] <F
SHf A% E=th A AEF o AdsS S

A Fkom, g EZAU ]2 Al A arbutin
of Hlsl] AA 3] Y& Ut 12y pH
5.591 4] 1 mM ascorbic acidel 34 33l= ABTS &
A+8}53 1 mM ascorbic acidE 438l Z A
Hol= Adlle2 A2 A o7k 95 A
BHRE 7IHE F A7) vzl FogE 8 3
A7t S T84 AEA 9 HRFE

e 9T 2AZ B8 V5T HOE FUHY

=)

B ATE FANA/ GRS FHAL7)ENE
49 “AHEF4ESAHRED, A H S P00152
577 Ao AUe ol FaE ATATY.



J. Mar. Biosci. Biotechnol. 2022, p. 09 - 24

Vol. 14, No. 1 [Research Paper]

References

1. Ding, J. F., Li, Y. Y., Xu, J. J, Su, X.
R., Gao, X., Yue, F. P. 2011. Study on
of jellyfish collagen hydrolysate on
anti-fatique and antioxidation. = Food
Hydrocolloids, 25: 1350-13532.

2. Zhang, Y., Olsen, K., Grossi, A., Otte, J.
2013. Effect of pretreatment on
enzymatic hydrolysis of bovine collagen
and formation of ACE peptides, Food
Chem, 141: 2343-2354.

3. Wang, L., Jiang, Y., Wang, X., Zhou, J,,
Cui, H., Xu, W., He, Y., Ma, H., Gao, R.
2018. Effect of oral administration of
collagen hydrolysates from Nile tilapia on
the chronologically aged skin. J Funct
Foods, 44: 112-117.

4. Zhang, J. B., Zhao, Y. Q., Wang, Y. M.,
Chi, C. F., Wang, B. 2019. Eight collagen
peptide from hydrolysate fraction of
spanish ~ mackerel  skins: Isoaltion,
identification, and in vitro antiooxidant
activity evaluation. Marine Drus, 17: 224.

5. Lai, C. S., Tu, C. W., Kuo, H. C., Sun, P.
P., Tsai, M. L. 2020. Type I collagen
from cartilage of Acpenser baerii
promotes wound healing in human
dermal fibroblasts and in mouse skin.
Marine Drugs 18: doi/10.3390/md18100511.

6. Zheng, J., Tian, X., Xu, B., Yuan, F,
Gong, J, Yang, Z. 2020. Collagen
peptides from swim bladders of giant
croaker (Nibea japonica) and their
protective effects against H,O,-induced
oxidative damage toward human umbilical
vein endothelial cells. Marine Drugs, 18:
430

7. Zhang, X., Dai, Z., Zhang, Y., Dong, Y.,
Hu, X. 2021. Structural characteristics

and stability of salmon skin hydrolysates
obtained  with  different
LWT-Food Sci
doi.org/10.1016/j.jwt2021.112460

8. AT/NESET AT 2021 SHA AR

9. Byeun, J. H.,, Jeon, J. G. 2004. Seafood
chemistry, Suhaksa, Seoul, Korea.

10. Richard-Blum S. 2011. The collagen
family. Cold Spring Harbor Perspectives
in Biology, 3, a004978.

11. Hong, H., Fan, H., Chalamaiah, M., Wu,
J. 2019. Preparation of
low-molecular-weight, collagen
hydrolysates (peptides): Current progress,
challenges, and future perspectives. Food
Chem, 301: 125222-

12. Liang, Q., Wang, L., He, Y., Wang, Z.,
Xu, J., Ma, H. 2014. Hydrolysis Kkinetics
and antioxidant activity of collagen under
simulated gastrointestinal — digestion. J
Funct Foods, 11:493-499.

proteases.
Technol,

13. Mirzapour-Kouhdasht, A.,
Moosavi-Nasab, M., Kim, Y. M., Eun, J.
B. 2021. Antioxidant mechanism,

antibacterial  activity, and functional
characterization of peptide fractions
obtained from barred mackerel gelatin
with  a focus on application in
carbonated beverages. Food Chem, 343:
128339.

14. Saito, M., Kiyose, C., Higuchi, T.,
Uchida, N., Suzuki, H. 2009. Effect of
collagen hydrolysates from salmon and
trout skins on the lipid profile in rats. J
Agric Food Chem, 57: 10477-10482.

15. Kato, S., Matsui, H., Saitoh, Y., Miwa,
N. 2011. Fish collagen-containing drink is
subcutaneously absorbed and attenuates
the UVA-induced tissue-integrity
destruction and DNA damages in



J. Mar. Biosci. Biotechnol. 2022, p. 09 - 24

Vol. 14, No. 1 [Research Paper]

3D-human skin tissue model. J Funct
Foods, 3: 50-55.

16. Chen, T., Hou, H., Fan, Y., Wang, S.,
Chen, Q., Si, L., Li, B. 2016. Protective
effect of gelatin peptides from pacific
cod skin against photoaging by inhibiting
the expression of MMPs via MAPK
signaling  pathway. J Photochem.
Photobiol. B: Biology, 165: 34-41.

17. Lu, J, Hou, H., Fan, Y., Yang, T., Li,
B. 2017. Identification of MMP-1
inhibitory peptides from cod skin gelatin
hydrolysates and the inhibition
mechanism by MAPK signaling pathway.
J Funct Foods, 3: 251-260.

18, Ito, N., Seki, S., Ueda, F. 2018. Effects
of composite supplement  containing
collagen peptide and ornithine on skin
conditions and plasma IGF-1 levels-A
randomized, double blind,
placebo-controlled trials. Marine Drugs,
16:482

19. Wang, L., Jiang, Y., Wang, X., Zhou, J.,
Cui, H., Xu, W., He, Y., Ma, H., Gao, R.
2018. Effect of oral administration of
collagen hydrolysates from Nile tilapia on
the chronologically aged skin. J Funct
Foods, 44:112-117.

20. Zhao, M., Han, X., Liu, Z., Li, Y. 2010.
Marine collagen peptide isolated Chum
salmon  (Oncorhynchus  keta)  skin
facilitates learning and memory in aged
C57BL/6J  mice. Food Chem, 118:
333-340.

21. Zhu, C. F, Li, G. Z., Peng, H B,
Zhang, F., Chen, Y., Li, Y. 2010. Effect
of marine collagen peptides on markers
of metabolic nuclear receptors in type 2
diabetic patients with/without
hypertension. Biomedical Environmental

Sci, 23:113-120.

22. Frei, V., Perrier, E., Orly, 1., Huc, A.,
Augustin, C., Danour, O. 1998. Activation
of fibroblast metabolism in a dermal and
skin equivalent model: a screening test
for activity of peptides. Int J Cos Sci,
20: 159-173.

23. Gorouhi, F., Maibach H.I. 2017. Tropical
peptides and proteins for aging skin. In
Textbook of aging skin, Farage, M.A.,
Miller, K.W., Maibach, HI (2nd Eds.),
Springe, Berlin, Germany, p 1865-1896.

24. Kwon, M. C., Kim, C. H., Kim, H. S,
Syed, A. Q., Hwang, B. Y., Lee, H. Y.
2007.  Anti-wrinkle activity of low
molecular weight peptides derived from
the collagen isolated from Asterias
amurensis. Korean J Food Sci Technol,
39:625-629.

25. L, Y., Su, G., Wang, S., Sun, B,
Zheng, L., Zhao, M. 2019. A highly
absorbable peptide GLPY derived from
elastin protect fibroblast against UV
damage via suppressing Ca2+ influx and
ameliorating the loss of collagen and
elastin. J Funct Foods, 61; 103487.

26. AlZojeketd . 2016. AAVSAE 7]
T4 dE A I

27. Kang, M. K., Kim, D. Y., Oh, H., Kim,
S. I, Oh, S. Y, Na, W. Park, S. H,
Park, K., Kim, J. 1., KIm, A. H., Kang, Y.
H. 2021. Dietary collagen hydrolysates
ameliorate furrowed and parched skin
caused by photoaging in hairless mice.
Int J Mol Sci, 22: 6137.

28. Spies, J. R. 1957. Methods in
Enzymology III. Colowick, SP. and Kaplan
NO.(Eds.), Academic press Inc, N.Y.,
p.467-477.

29. Lee, S. S., Park, S. H.,, Kim, H. A,



J. Mar. Biosci. Biotechnol. 2022, p. 09 - 24 Vol. 14, No. 1 [Research Paper]

Choi, Y. J. 2016. Fermentation process Cosmetic. Sci. Korea, 29: 151-167.

for odor removal of oyster (Crassostrea 36. Castro, G. A., Maria, D. A., Bouhallab,

gigas) hydrolysate and its properties. J S., Sgarbieri, V. C. 2009. In vitro impact

Korean Soc Food Sci Nutr, 45: 542-550 of a whey protein isolate(WPD) and
30. Wang, Z., Liu, X., Xie, H., Liu, Z., collagen hydrolysates(CHs) on BI16F10

Rakariyatham, K., Yu, C., Shahidi, F., melanoma cells proliferation. J

Zhou, D. 2021. Antioxidant activity and Dermatological Sci, 56: 51

functional properties of

Alcalase-hydrolyzed scallop protein
hydrolysate and its role in the inhibition
of cytotoxicity in vitro. Food Chem, 344;
128566.

31. Re, R., Pellegrini, N., Proteggente, A.,
Pannala, A., Yang, M., Rice-Evans, C.
1999. Antioxidant activity applying an
improved ABTS radical cation
decoloration assay. Free Radical Biol &
Med, 26: 1231-1237.

32. Zhang, X., Dai, Z., Zhang, Y., Dong, Y.,
Hu, X. 2021. Structural characteristics
and stability of salmon skin hydrolysates
obtained  with  different  proteases.
LWT-Food Sci Technol,
doi.org/10.1016/j.jwt2021.112460

33. Grant, G. A., Crankshaw, M. W,
Crankshaw, C. L. 2005. Enzymatic
digestion strategies for sequence analysis,
In  The encyclopedia of mass
spectrometry vol 2; Biological application,
Part A: Peptides and proteins, Caprioli
R.M., Gross ML. (Eds.), Elsevier, NY,
p.151-157.

34. Nelson, D. L. Cox, M. M. 2014.
Lehninger; Principles of Biochemistry,
Worldscience, Seoul, Korea, p. 100.

35. Park, Y., Lee, S. J., Park, J., Park, D.
2003. Effects of kojic acid, arbutin and
vitamin C on cell viability and melanin
synthesis in  B16BL6 cells. J Soc.



