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Improving the Functional Properties of Oyster Hydrolysates
by Two-step Enzymatic Hydrolysis

In-Kwon CHUNG, Jin-Soo KiM and Min Soo HEU*
Division of Marine Life Science, Institute of Marine Industry, Gyeongsang National University,
Tongyeong 650-160, Korea

This study prepared functional oyster hydrolysates using two-step enzymatic hydrolysis and investigated
their functional properties. To prepare two-step enzymatic hydrolysates (TSEH), oysters were hydrolyzed
using 1% Protamex (PR) at 40°C and pH 6.0 for 1 hr before sequential treatment with one of the following
enzymes for 1 hr: Alcalase (AL), Flavourzyme (FL), Neutrase (NE), pepsin (PE), and trypsin (TR). The
PRAL, PRNE and PRTR hydrolysates had significantly greater angiotensin [ converting enzyme (ACE)
inhibitory activity than did PR and the other TSEHs. Only the antioxidant activity of the PRNE hydrolysate
was significantly different (p<0.05), while none of the TSEHs had antimicrobial activity. The oyster hydrolysate
prepared by sequential treatment with Protamex and Neutrase (PRNE) had the best ACE inhibitory activity
and antioxidant activity, with ICsy, values of 0.40 and 0.94 mg/mL, respectively. The PRNE hydrolysate
was processed through an ultrafiltration (UF) series with molecular weight cut-off (MWCO) membranes
of 3, 5, 10, and 30 kDa, and the ACE inhibitory, antioxidant, and antimicrobial activities of the permeates
were determined. The permeate through the 3-kDa MWCO membrane had greater ACE inhibitory activity
and antioxidant activity than did the other PRNE permeates, with ICsp values of 0.11 and 0.40 mg/mL,

respectively.
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Table 1. Volatile basic nitrogen (VBN) contents and results
of sensory evaluation on putrid smell of two-step enzymatic
oyster hydrolysates prepared by sequential treatment of
Protamex for 1 hr and the other enzymes for 1 hr

VBN Senso
Hydrolysate (mg/100 g) evaluatirgn
Protamex (PR) 9.7+0.6*" 0?
Protamex—Alcalase (PRAL) 10.6+0.7° 0
Protamex—Flavourzyme (PRFL) 10.6+0.3° 0
Protamex—Neutrase (PRNE) 10.8+0.2° 0
Protamex—Pepsin (PRPE) 10.4+0.1° 0
Protamex—Trypsin (PRTR) 10.5+0.3° 0

"Values are means+standard deviation of three determina-
tions.

?Values indicate the number of panel member felt a putrid
smell from oyster hydrolysate.

Means within VBN column followed by the same letter are

not significantly different (p<0.05).
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Fig. 1. Degree of hydrolysis of two-step enzymatic oyster
hydrolysates prepared by sequential treatment of Protamax
for 1 hr and the other enzymes for 1 hr.

PR, Protamex; AL, Alcalase; FL, Flavourzyme; NE, Neutrase;
PE, pepsin; TR, trypsin. Different letters on the bars indicate
a significantly different at p<0.05.
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Fig. 2. Angiotensin I converting enzyme (ACE) inhibitory
activity of two-step enzymatic oyster hydrolysates prepared
by sequential treatment of Protamex for 1 hr and the other
enzymes for 1 hr.

PR, Protamex; AL, Alcalase; FL, Flavourzyme; NE, Neutrase;
PE, pepsin; TR, trypsin. Different letters on the bars indicate
a significantly different at p<0.05.
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Fig. 3. Antioxidant activity of two-step enzymatic oyster

hydrolysates prepared by sequential treatment.

Different letters on the bars indicate a significantly different

at p<0.05.
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Table 2. Antimicrobial effects of two-step enzymatic oyster hydrolysates by sequential treatment

Hydrolysate

Microorganisms
PR PRAL

PRFL PRNE PRPE

Bacillus cereus - -
Listeria monocytogenes - -
Staphylococcus aureus - -
Escherichia coli - -
Salmonella typhimurium - -
Vibrio parahaemolyticus - -

-. Not inhibition.
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Fig. 4. Molecular weight distribution profile of two-step
enzymatic oyster hydrolysates prepared by sequential
treatment.
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Fig. 5. Yields of permeates fractionated from PRNE by
ultrafiltration using four kinds of membranes.

Different letters on the bars indicate a significantly different
at p<0.05.
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Fig. 6. Angiotensin I converting enzyme (ACE) inhibitory
activity of permeates fractionated from PRNE by uitra-
filtration using four kinds of membranes.

Difterent letters on the bars indicate a significantly different
at p<0.05.
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Fig. 7. Antioxidant activity of permeates fractionated from
PRNE by ultrafiltration using four kinds of membranes.
Different letters on the bars indicate a significantly different
at p<0.05.
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2913, 2% AR R BIciHFAZ EH 3kDa
o] Z¢ £ F s PRNES It oF 20%0) &3}
£ §H9l 341.9 mg/100 g0 2 AT 19 TR E,
28 kR E 9 kel old i AAIRle] 2N B2
Feolu| =it O B aspartic acid, glutamic acid, proline,
glycine % leucine 50|t} 39, 3kDa FE 2| fglotn =
4k &7gu]= PRoJY PRNEY] B]3}] proline, cysteine, valine,
methionine, tyrosine 2! phenylalanine 5-©] Fo}Z ¥hH o,
aspartic acid, threonine, serine, glycine, isoleucine 2 lysine &
< Yopxth o|9} 2o] PRI} PRNEZHS] ofu|:it A &fo]
= PRO] Neutraseoll 93] 22} 7R = o] A&} peptide7}
Sl % Aol AHHJL, PRNES} 3kDa && 7+
opmjgt 24 Aol AR g E Y Fo
TEAF Aol Ay WEole B,

AutH o Gulzl A RaEe) A gL ofnlwst v
dol 93] Y-S Lo (Byun and Kim, 2001), ACE A3}5<]
749 Cheung et al. (1980)2 C-terminal®]<= phenylalanine,
tyrosine 53 722 kS olu)iiko), N-terminalof & 44
ofr|i=ito] FAH | U= peptide”t A AT} Akar B
5193, Hazato and Kase (1986)= SjA] @3 o 2He Ea3t
Leu-Val-Leu o}v] =2t Wl & 7} peptide”}, Astawan et al.
(1995)2 C-terminal®l] Leucine Z+7]7} 131, N-terminalol]
Gly-Leu Z717F Q1€ peptide”}, Byun and Kim (2001)& Hel 4
A A 7t gl A £2]§ Gly-Pro-Met®} Gly-Pro-Leu
2] tripeptide”}, Kim et al. (2001a)> 272 Age 7}<-E3 &
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Table 3. Free amino acid (FAA) composition of PR, PRNE and 3 kDa permeates fractionated from PRNE by ultrafiltration

Hydrolysates Permeates
Amino acid PR PRNE 3 kDa fraction of PRNE
mg/100 mL g/100 g of FAA mg/100 mL g/100 g of FAA mg/100 mL g/100 g of FAA
Aspartic acid 118.4 8.4 146.7 8.6 258 75
Threonine 56.0 4.0 64.3 3.9 117 34
Serine 57.9 4.1 79.2 4.6 12.9 3.8
Glutamic acid 172.9 12.2 2311 13.5 41.9 12.3
Proline 112.7 8.0 1324 7.7 29.7 8.7
Glycine 112.4 8.0 137.3 8.0 25.3 7.4
Alanine 115.9 8.2 108.5 6.3 271 7.9
Cysteine 22.7 1.6 17.9 1.0 6.5 1.9
Valine 74.9 5.3 78.2 4.6 20.0 58
Methionine 445 3.2 65.0 3.8 15.6 4.6
Isoleucine 107.2 7.6 955 5.6 17.7 5.2
Leucine 119.7 8.4 1441 8.4 30.6 8.9
Tyrosine 37.6 27 60.9 36 129 3.8
Phenylalanine 56.6 4.0 72.5 4.2 15.8 4.6
Histidine 22.5 1.6 342 2.0 5.9 1.7
Lysine 91.9 6.5 125.7 7.4 19.8 58
Arginine 88.0 6.2 115.8 6.8 227 6.6
Total 1,411.8 100.0 1,709.3 100.0 341.9 100.0
Values are the means of three determinations.
90 FA 2 F-E3 peptideE ol ACE Aells 2 ditatzol HH
PRNE - -
80 | - #ostelgt +4 =AU
—&— < 3,000
o —8—<5,000 stelojnt & Fe| EXtg =2
Es.o » —5—< 10,000 4Z 79 dr2)e3} membrane (MWCO, 3 kDa, 5kDa, 10
S50 | —a < 30,000 kDa 2 30kDa)2 o]&3F 2% 7}4=E 3 Z(PRNE)S] HA}ak
8.0l 2 ZE 2] Sephadex G-502 F{Ro] F EAF FEL=
‘g Fig. 85 't} Z} ©AE oo gEse EAF 4
30 (MWCO) 3 kDa membrane AH8-31o] Q& RN A&
20 | Ao 237k Vg BA dEod, AL AFESE A
10 | A EX= dAaste Aotk o= el A
0.0 membrane®] 2212 AV B FHoM & o7 o

0 20 40 60 g0 100 120 AS AT zZA Yeld 272, 271D A(MWCO, 3 kDa
9} 5 kDa)ol| Al A E-2 2] ofn|=4bih peptide’t EHA O R

2EHE AL nsr] wiel ol& YA sty %

Fraction number

Fig. 8. Molecular weight distribution profile of permeates

fractionated from PRNE by ultrafiltration using four kinds
of membranes.

Different letters on the bars indicate a significantly different
at p<0.05.

258 23 Gly-Pro-val®} Gly-Pro-Leud] o}v| =4t v E-&
7}7 peptideZ} -8t thal Baigh v gk 3 34katAd
& AHFA O & N-terminaldl] valine =1 leucine™ #-2 AFA
ofv]mito] {YA|Sledol Fhkw EEH YTHKim et al,
2001b).

S, B AgeA o} Ao 9t F7hsk o=
5L oy AFRIE 23l ACE Adlls 2 gitslsol
ATH B3 peptided] T A& FA8T = ofv| =4t
EololA, 21t 7t aloll ofste] AAAE peptidest 2]

ACE A#l5o] =4 vebd Aoz FAHEct 4, oo
7} vhg o83 B oA ZHt HEE o#rt I
2 B2 34 3 kDa membraned] 2% X = 10kDa
o]&}7}, BA =k §HA 5kDa membraned] EA & EX & |
kDa ©]3}7}, B2k 344 10 kDa membrane®] #2123 3
30 kDa ©]3}7}, ¥-A% 7] 30 kDa membrane] ¥A}%
¥E % 90 kDa ©]3le] BAMEE Zke EAo| £y, o3
o} whr] o] A AMEE 2T 4423 E(PRNE
A G0 Bt A dold el Bs o,
A 7trRelEs aHos A7) YSIAE 3kDa ¥ 5kDa
9] pore sizeE 7}7 membraneS- ©]-83] AH5HOZ HHE
sl AEAH] FJES 4V] 93 #AAo] 9 Ao
Az = ATk,
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