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Preparation and quality characteristics of low molecular weight collagen
treated with hydrolytic enzymes from Korean native chicken feet

Gyeong A Jeong' and Chang Joo Lee"*

'Department of Food Science and Biotechnology, Wonkwang University

Abstract The purpose of this study was to prepare low-molecular weight collagen using a commercial proteolytic
enzyme (Protamex) from collagen extracted from feet of Korean native chicken and to investigate the quality
characteristics of this collagen. The collagen content of Korean native chicken feet was 13.9 g/100 g, which was higher
than the 6.21 g/100 g of general broilers. It was found that the content of low molecular weight collagen increased as the
concentration of proteolytic enzymes and reaction time increased. In particular, reaction with 1% Protamex for 7 h resulted
in 55.6% of low molecular weight (1,000-5,000 Da) collagen content, and the average molecular weight was 5,390 Da.
Regarding the texture of the enzyme-treated collagen, the collagen with high molecular weight peptides decomposed into
low molecular weight peptides, and the gel type could not be formed, whereas the sol type was maintained.
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Ao ARBle] W A 4 AAN F8E2RS /AT F
AL olef mE} ake] A T 717 FH tigk dalo] Eot
A3 Utk A7 FAFL] Akl 2018dHH] 2019 d =0
17.0% 7k #=5 4sAE Ve ZUTHMEDS, 2020). 71
A71ERAEY] SR ok AEe] AREEA low aF
H7= 7154 SEE 9 vE g 259 3Eded &
2 WUlEE I3l AUthLee T, 2019).

E3F H(Gallus gallus domesticus)y > F2 Al /&2 S
off w3 AJateFo] 3%l E35ltH(Sohn &, 2021). ©]# 3 EAE
2 EF g9 AEF 4KSohn 5, 2021), BEE £FAE ol%
3 B w7 AR 5 ER H 8 At JdET JrkPak T,
2010). EF &, 7, =4 2 7RA A Hes v7ky 29
Hi, HHE, Y 5)E ASEFeEN HeEs = Y F
Lo (Lim &, 2002), 1F wol 3, 7o A
o3l FEhal AAE o]87Fs/do] Erhal ¢ A Th(Shin &,
2008). £3] EF T2 Uut S| (broiler chicken)oll BI3|A =&
AT B AE K Choe 5, 2010). =&}

orako
Tl =2
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= =

AL BE A%z F2 EAshs gude A4 52 o
Aol °F 30%E Akl SlthHashim 5, 2014). o]2]gh =4
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o SReh mue TS JRowy BB P Wel ¥
FElo] glov], 53] oFut 4, Busle] Be Fekel E4)

ghJeon 5, 2016). 3t FES anti-aging¥} T3] FHE
g Mo =S FE A EZE 284 Jov(Zhao 5
2021), FUE%, 2 AEd, A9y S 2 s 3

9] A%% Ju BIEATHLugo 5, 2013). FeHS o)Fe
ofu|:=ite] A2 Eljlell wet xfel7t flet thEE glycine©l
A 2] 1/34xZ0]H, proline®] 1/4, hydroxyl-proline®] 1/72 73
Fo] JTHKim 5, 2010). ©Px=2K]1 hydroxyproline hydroxylysine
I A A& (12.5-14%)S 75 FeEle Asle AR
AEoZ o853 ArKYangs} Hong, 2014). =3|ZeH(Jeon 5,
2016), HElAZ 2 S} (Yangs}t Hong, 2014), o] HlE2] %
21 F2H(Kim 5, 2009), 271118 Z2(Kwon &, 2007), g
5w Fe)e] FEHl(Yoon T, 2015), 3] FF(Kim 5
2016), Jo] A4 FFHI(Kim 5, 2010) & FAHEES o83
gl 8 A7t 2ol =Y
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Ao Tzl F2 SEle] =& 2,000-20,000 DaZ 3 9
o BAEF #EE KA Urh(Khiari 5, 2014). Koopman %
(2009)° o3l AEAF Hepo|=9] = oM 555 F
TIAA A ol 5SS ERItky HIsIGIt). ool wEk Khiar 5

2014y vkl FH s EA=FS 7Hx Sl Ho A& A}
(2,000 Da ©]ah)e] Fepzllo] AMAEANA Aowrt Eold A
olglx BI3ISth et FEplle AF 2 ARGl teket
B2 FEEeY gutroz W, dEeld 2 aaveEs)
el o8| AJAElth(Dhakal 5, 2018). 2Hd e gl 9
st FER FE et 4 H5E A =M, ol
e A ed 2 HFHz vE 5o EAde] Ut BiE]
% th(Jayathilakan 5, 2012). WEhA 2137 7|&S o83t
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2 ATl ARE EF S$E¥2 (57)3HH (Harim, Tksan, Korea)oll
A Fd TAE B35 SN(Gallus gallus domesticus)| X AF e A
S ARSI E, & 59 9% EeES A S8l '
< 33 FAlsta, UFe] RAEH EEES AA] 8t 25
3} A2 7](AY-1500, Anyone, Suwon, Korea)ollA] 314~ 37 28
kHz, 136 kW= 25%7+ 2] & & 27|58 A7AstaL dEstod
-18°ColA W Basiy Age) AR

Atk FEE2 150 meshAlol] HH FHAIZ] F APl A3
Atk
=CHHE gl Z4id &8 SN

a

EF HlFEEe ohwld s AOAC (2016)9] Micro-

o, Ak I AFE 6255 AME
stk F2bA $HEES Kolar (1990 Edwards®t O’Brien (1980)
o] WAl we} hydroxyprolines A% & ok, AlF 8 Fot
o= a3tk AR 1g8& 6N HCll ¥ 5 105°C9] dry oven
ANA 16A17F 7HrslstaTt. 2sld-E 84)5ted Chloramine T
£ 1mLy} EF & 208 A2 WABIAL, color reagent
ImLE £33 5 60°C water bathollA] 1587 WA} wkS

14 hydroxyproline
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S48 MEXH S2H M=

el e Rallshes S4 % Protamex (1.5 AU-A/g, Novozymes,
Bagsvaerd, Denmark) serine”ll endoproteaseS AFE-SITH i &
A FEES 0.1 N HCIE o83l pH 6.5-7.008 zd3la
ANEH UH] &4 0.1%2 1% (ww) FE208 747 Huke &
60°ClA 0, 1, 2, 3, 5, 7AZF &P W-g-A17]aL, 100°CA
1587 Bo] AN AAAF Y. TaES 4°Ce] YAl
of Aty A AEE ARSI

S4x2| Ectdle] 28| pattern ¥ 22X EEXx &3
'axe] @ Fele] 9l 23 patterns}t EARRE 7
9% % gel permeation chromatography (GPC) HPLCE ©]-&3}
o BT Tlde] B3l patterne Laemmli (1970)2] %
o WA sodium dodecylsulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)E AH&-ste] SA s8I A719F gel2 12%
separating gel?} 5% stacking geloll loadingdle] 7]9% 3k 3,
0.1% Coomassie Brilliant Blue R 250 (Sigma-Aldrich, St. Louis,
MO, USA)S=E Falstar galisle] 2215 bandE ER1HAT) &
A FEE9} HiAEe HPLC system (LC-2000 Plus, Jasco,
Tokyo, Japan)E ©o|-&3te] FHAHsIAth WEES 045um
membrane filterS A7l ¥, Shodex Protein KW-802.5 (L.D.
8 mmx300 mm; Shodex, Tokyo, Japan) columng ARE-3}e] H-2
Ak 4 f4E 09ml/min, ¥ E= UV 220nm, ©157

Table 1. Texture analyzer operating condition for chicken feet
collagen treated with Protamex

Measurement Condition
Test type TPA test
Measurement type Two bite compression
Sample size ®90x10 mm
Probe 35 mm dia, circle
Test speed 4.0 mm/sec
Deformation 50%

Trigger force S5¢g

Sul= 03M NaCle] 2%%¥ 50mM phosphate buffer2 43}
Atk B2 thyroglobulin (669 kDa), B-amylase (200
kDa), alcohol dehydrogenase (150kDa), albumin (66 kDa),
carbonic anhydrase (29 kDa), cytochrome ¢ (12.4 kDa), aprotinin
(6.5 kDa), cyanocobalamin (1.3 kDa)E Sigma-Aldrich #|&S& A}
golo] BAG APHS el Alnel Ha AL SHU.

TolULE TT1T0

A

ME =Y
aaxg gi e AL AT A (Model CM-5, Minolta
Co., Tokyo, Japan)Z ARE-3lo] HuntertQ! L, a, b3k X5 w4
Hdog R & 24slch HY=S VehlE Lik(lightness),
HATE YePl= agh(redness), BHIEE = bik(yellowness)
& ZAshL, MEANARE AB= L2+ 2+ b 2 ARSI,

a4 g el 287 Texture Analyzer™ (TA-XT2,
StableMicro System, Godalming, Surrey, England)E A}8-3}) =
Atk @ S HEHUH (@90 mmx15 mm)el] =8
plate formoll SHE A7 FHOBRRE AA] FA 50% H
o] dojyurF 23] dtE raksle], 7 Z(hardness), T84
(springiness), -7 “d(cohesiveness), 7 “d(gumminess), 2+
(adhesiveness) 2 R &/d (chewinessyS ZA3IAT} “AIgE =4
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SAHEA

BE H39] A= 33 wiE SAFCE MeantSDE A3}
Ak 994 AZE SPSS 23.0 (SPSS Inc., Chicago, IL USA)E
o]-8-5te3 ANOVAEA] ¥ Duncan’s multiple range testS AA| 3}
ATk ZF AR Arele] {FYHY Atole p<0.05 FEolM S

STt

=

EZ WY FE59 uhld e 155g100g0leH, F

TFE 13.92/100 g2 YEFATE Lee (2006)9] WEW U
W SA SRl e 7.03 g/100 g2 ©hdo] dhpEof glom &
2 S 621 g/100 g2 R E, o9 vwslH EF &
3 ZEHA Fhepo]l Ank Ao vl =A YERT
o]&] A EF o] §A4 g vjs) wds Z
2h shefo] wol dhpal tke old Rl dXsle Aol
ThChoe &, 2010). =3t 5% Wl Zfo|7} JARF BEF Ho

o
© R
BN



A)

250kDa
150 kDa
100 kDa
75kDa

50 kDa

37 kDa

25kDa

20 kDa

15kDa

5 kDa
2kDa

(B) STD Native Pro-Oh Pro-1h Pro-2h Pro-3h Pro-5h Pro-7h

250kDa
150 kDa
100kDa
75 kDa

50 kDa

37 kDa

25kDa

20 kDa

15kDa

5 kDa
2 kDa

Fig. 1. SDS-PAGE pattern of chicken feet collagen treated with
Protamex: (A) 0.1% Protamex treatment, (B) 1% Protamex
treatment.

Z gy 2313 FgE o] BA TREo] Utk HiE]
tH(Choe 5, 2010). Lee 5(2018)°] W= EF S SA 1)
3 o oFE 52 S4E Ho e AW Iy 22 v
S B3l T ST ole EF He] B9 AR
Auk §AEL =o}, FE YRE dEd £ A2 B 4§

o},

30

Saxg| S2ide| 28 pattern X EXE¥ B2XE

a2y ST Bl pattern Fig. 1] YeERAAT iz
B &L ProtamexS A2 Y] 0.1%9} 1% (wiw)e] 0=
A7Vsr9em, 047HPro-0 h), 1A17HPro-1 h), 2A17H(Pro-2 h), 34|
ZHPro-3 h), 5A1ZHPro-5h), 7A1ZHPro-7h) EAWHES SH3ATH
Native Z2H1-& 25,000-250,000 DaC. & Y&} S 7R3 9
O} 0.1%9 1%2 &4 92 W 0.1% Pro-0h, Pro-lh,
Pro-2 h, Pro-3h, Pro-5h, Pro-7 hollA] 5,000-250,000 Da ¥ $]e] &
S BHAOW, 1% Pro-0h, Pro-1h, Pro2h, Pro-3h, Pro-5h,
Pro-7h AlE+= 2,000-37,000 Da HIZ 0.1% A+ B} 1% &
27 ¢ W BxE HE BH9Yh 0.1% Protamex® 2 &
gk A|E&= 20,000 Da ©]3te] HEle|=2 133177} o3& A

Aol Az W Z2 EA 697
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Fig. 2. HPLC molecular weight distribution of chicken feet
collagen treated with 1% Protamex.

o2 Uehdth Jeon 5016)0] WEW BIRFAS FrEE =
sFepel] Helsld W 0.1% 277} 37.67 /100 o™, 0.5%
AT 43.76 /100 g0 & ALAL et =rt F7HEE AgS B
Ao, g0 FErt HSFE IEA] Helo|l=g AiAl A
Efol=g Rafshe SHo| Frh BAskh olek ol 1% F
o] §4AE7E 0.1% Bk o] v Bapeks A 2 Aot
593 % BT} SDS-PAGE band= ProtamexZ 1%= 7417+
%2]& Pro-7ho] 2,000-15,000 Daoll Zo] EEEo] Stk ol &
Ao F&It A RREAIZke] A4E ARAFe] ZEe e
T Sltk= Zloth

1% ProtamexE *2|$t Zeple] EAb 2= Fig 29 Table
20) YERiRITE. B2 B eE gha|grlle] dojd5E A
A EXE Fhgo] F7kske Z1o& JERTh. Chen 5(2017)
o m=w Feple Eakel wet iA S A 2
o R vyt ARAl FEle dvkgog Bk 1,500 Da
olle] AL walm, TEAFL 5000Da o] AL =3k
B3 Yoo 5(2021)0 wEW FEplle] ARAE s A &
o] Holdu Ry AAAYA R T BAEge
Pro-0h (13,703 Da), Pro-1h (7,160 Da), Pro-2h (6,277 Da), Pro-
3h (5,724 Da), Pro-5h (5,523 Da), Pro-7h (5,390 Da)S.& &4
grzbo] Z7HdE Haalge] WolAs Z1og Jehdth
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Table 2. Molecular weight distribution of chicken feet collagen treated with 1% Protamex

Amount (% of integration areas")

Average molecular

Sample <1 kDa 1-5kDa 5-10 kDa 10-700 kDa weight (Da)
Pro-Oh 0.99 18.8 274 529 13,703
Pro-1h 1.70 393 36.9 2.1 7,160
Pro-2h 1.77 29 40.0 15.4 6,277
Pro-3h 2.04 47.8 39.6 10.5 5,724
Pro-5h 2.14 519 38.5 7.44 5,523
Pro-7h 221 534 37.9 6.46 5,390

"The amount of each molecular weight fraction was calculated as a percentage of the integration area with respect to the total peak area under

the chromatogram.

Table 3. Hunter’s color values of chicken feet collagen treated with 1% Protamex

Hunter's color value

Sample"
L b AE
Native 42.8+0.07" -1.79+0.00 -1.46+0.02° 42.9+0.07"
Pro-Oh 32.3+0.54° -1.69+0.25¢ 8.13+0.25" 33.3+0.57°
Pro-1h 26.1+0.11¢ -2.14+0.23" 4.35+0.23¢ 26.5+0.08°
Pro-2h 24.8+0.20¢ -2.06£0.04% 3.36+0.04¢ 25.1£0.20¢
Pro-3h 23.240.52° -2.15+0.09* 2.68+0.09° 23.5+0.50°
Pro-5h 22.7+0.48" -2.02+0.07% 2.36+0.07¢ 22.9+0.49°
Pro-7h 20.7+0.14° -1.9120.40% 1.65+0.40° 20.8+0.15°

"The values with different superscripts within a column are significantly different (p<0.05) by Duncan’s multiple range test.

(Table 2). A&EAF £31= 1,500 Da2] 1,000-5,000 Da S
a2 A7ke] L= Pro-0h (18.8%), Pro-1h (39.3%), Pro-2h
(42.9%), Pro-3h (47.8%), Pro-5h (51.9%), Pro-7h (534%)= =
7Vt 1,000 Da ©]3ke] AEAkg -2 Pro-0h (0.99%)el Hl
3l Pro-7h (221%)& =718F32, 10,000-700,000 Dag] &2}
Z SFES Pro-0h (52.9%), Pro-1h (22.1%), Pro-2h (15.4%),
Pro-3h (10.5%), Pro-5h (7.44%), Pro-7h (6.46%)Z 723t}
Khiari 5(2014)0 M2 24A]7F 71 & d& FEle 3
Ak At e, B Ady fAkRE A3 e
ol & WHA|Zte] AFE aEAL AEAL HEel=2 F
afE]o] EAbES FAaEI AR S S ST

27] ol

S4XE| S2Hlel Mz

1% Protamex 442 Fe7lle] M= Table 39 2t Hx
(L%k, lightness)x= Native 42.8, Pro-Oh 32.3, Pro-1h 26.1, Pro-
2h 248, Pro-3h 232, Pro-5h 227, Pro-7h 20.72.2 }Els:
ol EAAFAZI] Aojd4E Hrrt HolAle 59 Ao
A7} YERtHp<0.01, r=-0.865). Kim2} Hong (2009)l] w2
whal el oligopeptides H71eh Aol thzTol H|E] WErt
ol oty Bastth. o= WAl sk Fepllo] #3l =<
EFH PR HlE7] g HErt Wolzl o g Bzt
A (ggk, rednessye EAFZIA R (-1.69- -2.15)7F Native (~1.79)
Hoh @A vElen, §48ks SAZEA] asith (R E=
RO Z(-191--2.02) EFITE AT (bF), yellowness)= Native
1462 YEgoH 48 ¥ UlZF(Pro-0hy= 8.13Z YEL

Yt} ol Ao Mol Moz FA HyPL FAMEE Z71A]
71 Aoltt. widel] gAA A o] 7S s {4
o2 Zhste 29 A#TJAVE JERTHp<0.01, =-0.823).
Marson 5-(2019)°] =W ProtamexE *]2]3+ A|52] o] 72
© 2 Wslaslon, ol HEols e AwAsEe] o2
o2 ¢ & Weleold pxo| AAEY] AL FeEty Bast
Atk MEZHAE)E EaAA o] 7148 Hhdhe 202
vepton, a4 5A7F o] FREE o] Wbyt nngile
2 Rt ohd Al wskel Meake o] dAdArE v
ERstTHp<0.01, r=0.960). webr] Tl o] Fajske Alge] Al ¥
st Fa3 TS VAT AoR Helth

s4%2| S2fdlel =2z

1% Protamex 44| Fepple] A7 Table 400 VERNSL
o). Native ZFEble] 2&7H2 hardness 75.5 N, gumminess 4.795
N, adhesiveness —60.6J, chewiness 0.1888 N-mm, cohesiveness
0.07, springiness 0.04Z UEFSTE WFHO| 1% ProtamexE #2]gh
A Fol| A= hardness 0.12-029N, springiness 0.48-0.50, cohesiveness
0.14-0.23, chewiness 0.028-0.046 N-mm, adhesiveness —0.03J- —1.51]
2, gaNksol] QA gel dEle] FEAlo] sol AJHIZ HHE
Aoz Yttt XAzt e AE Hsle §o0d 2o
7F = Ao YERTHp>0.05). Maximo9} Cunha (2010)°1
29 ZFPE oAt AlEo] At AeuATR 34
gdetm, A 2% o8 sl "oty Basisich ©
Wz 7S] @4 ProtamexE ZERlol wES- A1H S W, F2)
o] @Al gEte|=7F AEAL HEfo| =R e E o] ofn]=it
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Table 4. Textural profiles of chicken feet collagen treated with 1% Protamex
Sample" Hardness (N) Springiness Cohesiveness Chewiness N'mm)  Gumminess (N) Adhesiveness (J)
Native 75.5+726° 0.04+0.00* 0.07+0.00* 0.188+0.035° 4.795+0.543° -60.6+1.00*
Pro-Oh 0.29+0.01* 0.49+0.01>¢ 0.16+0.01° 0.022+0.000° 0.046+0.000° -1.51x0.04°
Pro-1h 0.27+0.03* 0.48+0.01° 0.14+0.02° 0.019+0.004" 0.038+0.007" -1.32+0.08"™
Pro-2h 0.19+0.01* 0.48+0.01° 0.19+0.02¢ 0.015+0.001° 0.031£0.000° -0.56+0.05%
Pro-3h 0.16+0.00" 0.48+0.01" 0.19+0.00° 0.015+0.001* 0.031+0.002° -0.44+0.06*
Pro-5h 0.15+0.02* 0.50+0.00¢ 0.20+0.00° 0.01540.002° 0.03140.004° -0.32+0.03¢
Pro-7h 0.12+0.01* 0.50+0.00 0.23+0.01° 0.014+0.001* 0.028+0.002° -0.03+0.02¢

DThe values with different superscripts within a column are significantly different (»<0.05) by Duncan’s multiple range test.

HEHATES AINA gel FHE AL sol FElE A
N2 Ao melth web EaAesh FEd 2Agel we
FEFE e Aoz et

o ok
el =

2 AFolM= @M 7R E A 0.1%2) 1% ProtamexS At

ks
RS Axssith BEF e

gatol A oAz 2
She] Geke evh SN vl e el Uk, g
MRe BAFESE WA F185E Ge R 2
e de %

A Aoz Yt 3] 1% Protamex® 74
7+ Agd A57 IOOOSOOODa«l AEA} FEbA g5 55.6
%2 Uepton, Ha ExlaEe 5390 Daz 7P WS EAjgko)
Yeldth ol wz 7}—,*-‘:3]134\_ Protamex”} A} $E}O]
E AgS AA Helo|l =2 Fall§7] witolth. 2Axe St
Ao 2AE IEA JélE‘rOlm] Fapllo] AEAL Hepo|l=2
X3l sole] FEIE FAEHAT 24
J&%A]{tﬂ Vs Feple At &ot

& 5A1Z TEi Jﬂ&TZ}EH s } 1 n|Eix = 7

A A0 Al Aotk - e o] 9
A GF YA TAE 0)8F ARA T Ax 2L AF
ARE ol§8 F 9 Aolth

B
2

o
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