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ABSTRACT

The hydrolysates of three kinds [FSEH(first step enzymatic hydrolysate), SSEH(second step enzy-
matic hydrolysate), and TSEH(third step enzymatic hydrolysate)] were prepared by continuous
hydrolysis of Alaska pollack(Theragra chalcogramma) skin gelatin with three-step membrane enzyme
reactor. The molecular weight distributions of FSEH, SSEH, and THSE are 9,500~ 4,800Da, 6,600~3,
400Da, and 2,300~900Da, respectively. The contents of amino acid having sweet taste(glycine, proline,
serine, alanine, hydroxyproline, glutamic acid, and aspartic acid) were about 70% of total amino acid
being in the three kinds hydrolysates. We also tried preparing of natural seasonings(complex seasoning
and enzymeatic hydrolysate sauce) using the hydrolysates. From the results of sensory evaluations,
complex seasoning containing TSEH was nearly equal to shellfish complex seasoning on the market.
The mixture sauce which was made by mixing of 80% enzymatic hydrolysis sauce and 20% fermented
soy sauce, was at least similar to the tradition soybean sauce in product quality, too.

A& & 3, A EHys 5o oEg £ 9
% EATE B9l FE Qe ]

Hdzulge HAZS Y82 8o e, Azste Aold, 232 HAMSAA F7]4
e LE, 5, A% 59 $Hos AZAL A 5o 47AF 430 F 55T A Do B4
3 Rdzelzad wad gl ogss A8 A
t Corresponding Author e 785 (HVP | hydrolyzed vegetable

510



Vol.10, No.5

protein), EFEwwlal 7}1B3E(HAP : hydroly-
zed animal protein) @ &R d7jA Solt(l). &
)JU u}uuz;_]_,] 7}, KH% z-]]_7,4_‘— ZEAE 1:}-3_1‘] A&
d7de|of o3k st e F_ o 9
& 248 Fafde] oot sehA feiye a4
vl go] HA F3 Fd&o] A4, tryptophan}
72 Apolu|itel 44, hsmoalanine dichlo-
ropropanol 53 7+& alA| A B2 AR
Ql3le] kiAol FAIZE =z Urh(2). ofel whaf
oy e A Fale gAY, Eslgol
goiz] 3, W]goe] go| Bt ©@AHo| gt} 53 of
2gh whol o3 A sl Ee] A4 &5t
o] A=t AL oln| AHFE A odeiA ¢l
Aot ol & Fo kAl Al LafE(
4)olt, FAIQlY =gAl BaZolM &hE
HAejort 2eEAk (5, 6). wekr ogt w

NeraEel 2o e Astel Lot
%0z ]

L

3,

L

Ir

ul
Al

e

_\;‘_,élﬁ i,

A2
o] F+z24 A5 TP le(7~10), A
He 29 de FE g 72 E A
&17] 3to] ©E od7rt A ghoh(11, 12).
et % el fAzEEE Al A Wk oF 301k
E olite] HriH sle ATl 35T Aeiele
E4E FHslen £uto] giAvt ofw o3 o
S Fx et olyd FEA A sl
=, HAP+= proline, glycine, lysine, alanine %
7 wiubo| 7hgh ofu| Ak D}‘%}'ii Ligiag
7] o ©ube W SAe) gl (1
&, o AAESHE nAse 8

30 o oo >R

%%ﬂ%OI

| NaCH
r‘ ,,,,,,, | —solution
NaCH solution »@ B b9 m @ T
i r PC\‘T
1

-/ | -
:EHICJ A ﬁ picH
: \lembrane VF ! -
- iOm 10,0000 || -
LTI } ‘ . It
- i vLJ ‘ ® B
,@ — . - .
i [A_L | .. ALJ,W . ‘;,4(,,,,
]
i } | ‘ L E’l Ist-SH | L
Feed tank | Reacnon tank - Reservoir| Reaction
B
1

r N

, Heater | Heater Heater
i i

Wt
1

511

£33} bioreactor7} /P E e} of2iFokR Y o] &g
A &3tz 9k, =3 =X 2 bioreactord —‘i’-’;‘*]
7) membrane bioreactors Zulg A% o

253k, A7 & E, whEAA Y A& oﬂ, H&%
z712] folg Ao FH 2L #E olHe| 9l
(2). 28t} o]z bioreactor % F2 fAabatE}
Rl ofgt dFg HA TF 2L HEEoRIAE
olm] A-g3}sjo] IA|uh, ?}“—‘1"%4 e L
ol-g-Hofel = obAl A43HER] Fakar gick(2).

w2} x] B oo 4= membrane bioreactor7|&
& oighA Tuber) Alago® chilAg qdo

2 pepaleiel 28 AL AAERIR AUl 24
32zl AR 2 BHEAEL 7453}0&;]_(13)

AER Z7d wzba el debeig e o
£ A28 sl 5o 2 2ol Al 19
A 7bE g (Alcalase 2 A 2]), 24| 7M-E3&
(pronase E2 #{2]) % 3dA 7} & (colla-
genase® A2|)& A 7 Dm]ﬂﬂ IR S
% OI%Z'Y}O% dad 53] ST RS Al
L ASANE Zolmzns od
AR Eorch

&}
3T

A=

za 3,
o = ]5'_
53t

rfL M‘

7}7*3 %

3}

A% 9 P
JteolE HE

AR (13)o 4 BUE A5
)\Eﬂ Flg ])_4 ]Z‘] 7}-—?—%6}]
e 5o S EeEe

-

¢ —HCL
solution

G

3rd-SH |
keservoir|

; 1

I 2nd-sH I Y

,Reservoir I Reaction ‘anki
tank L

]
Heater |

!
Sl L

ol

. tank
RIS
Heater Heater

Fig. 1. Schematic of the recycle three-step membrane reactor for the production and separation of enzy-
matic fish skin gelatin hydrolysates. TI :temperature indicator, PI: pressure indicator, FI:flow indi-
cator, Pl :recycling pump, P2:feed pump, P3:NaOH pump, PCV : pressure control valve, FCV :flow
control valve, pHIC : pH indicator controller FSEH :first step enzymatic hydrolysate, SSEH :second
step enzymatic hydrolysate, TSEH :third step enzymatic hydrolysate.
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Fig. 2. Molccular weight distribution profiles of
FSEH(B), SSEH(C) and TSEH(D) on GPC
column(pore size 60A) by HPLC. Marker
materials(A):1, Cytochrome C(MW 12,
400Da); 2, Aprotinin(MW 6,500Da); 3, Vi-
tamin BAMW 1,355Da); 4, ATEE (L-acctyl
-L-tyrosine ethylester) (MW 251Da) [sol-
vent :0.IM sodium phosphate buffer(pH 7.
5), flow rate : 0.5ml/min].

FSEH :First-Step Enzymatic Hydrolysate
SSEH :Second-Step Enzymatic Hydrolysate
TSEH : Third-Step Enzymatic Hydrolysate
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Table 1. The hydrolysates produced by enzyme treatment under membrane reactor system.

MWCO* of ultrafiltration Molecul ight
Hydrolysate ot ulratiia Used enzyme | Degradation rate olecular we'g Bitter taste
membrane range(kDa)
FSEH' 10,000Da Alcalage 87% 95~48 not
SSEH? 5,000Da Pronase 77% 66~34 not
TSEH® 1,000Da Collagenase 70% 23~09 not

"FSEH (first step enzymatic hydrolysate), >SSEH (second step enzymatic hydrolysate)
3STSEH(third step enzymatic hydrolysate), * MWCO(molecular weight cut of )

buffer(pH 2.2)& 25ml A H&stdct. o|F o
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Table 2. Amino acid compositions for FSEH,

SSEH and TSEH.
(g-A.A./100g-hydrolysate)
Amino FSEH SSEH TSEH
acid TA' FA? TA FA TA FA
Hyp 597 —* 620 — 639 —
Asp 642 0011 685 0011 622 0073
Thr 254 0 284 0012 289 0

Ser 521 0015 536 0010 430 0041
Glu 1222 0003 1160 0005 1229 0011
Gly 2215 0003 2247 0007 2185 0.009
Ala 847 0002 890 0006 974 0007

Cys 061 0 060 0 064 0001
Val 311 0009 283 0009 288 0009
Met 189 0 149 0008 148 0

Ile 123 0016 104 0014 109 0009

Leu 330 0.008 289 0010 291 0011
Tyr 0.53  0.003 0.58 0007 054  0.009
Phe 231 0011 207 0 206 0027
His 354 0003 395 0023 375 0017
Lys 3.18  0.002 3.04 0013 293 0.012
Arg 844 0.023 801 0001 806 0014
Pro 888 0 9.26 0012 938 0013
Total 10000 0124 10000 0.154 10000 0270

'T Altotal amino acid), *FA(free amino acid),
*Not Detector
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T e Aeed %"}% 141% Gz 7}
A2l Arbetadg o, £5bs oA oz B
afeict.

Lt 919 ARE {2 ofwixate] FE 1
£ W= g AE S gl daldE o v F
stalct. =, 39A =k Al2d stellA F7H)
oE T4 AHEEte sieRas A, fel obw)
Aike] geke 3] Aglen?g Aale E49 Gly-
Gly, Gly-Pro Ab&g &ol3tAl X*‘;@ FoE X
£F 23t AR Hen A= opu] At
7HAR S EHEEE Folt ATl °IT°114°¥ &

m[n
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Table 3. Sensory evaluation for the enzymatic
hydrolysates on various steps.

Mean score®
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Table 4. Sensory evaluation for various complex
seasonings.

Hydrolysate Total
yarolysaee Jowiscore Taste Ordor Color

FSEH 880  310%122° 2901+1.28" 2.80+083"
SSEH 880 3301125 2801+096° 270 064"
TSEH 920  3.70%1.28" 270+£149" 280%1.13%°

*Means within each column followed by the same letcer
are not significantly different(P<0.05)

5 Points scale(1 :undesirable, 2:slightly undesirable, 3 :
slightly desirable, 4: desirable, 5 : very desirable)

Ho2 Peher).

3 kg7 A’ o83 el At
7 A SRR el BE BEATH(R, WA 2
A)E AAsle] 2 ZAAE Table 3¢ Jelugic.
gto] Hrjol|4i= TSEH7} 714 E& H42 qdgjo
o, WAk Ao Azt 3FRFY Alg 2T 4
23} A2 odojr}h, 2 £ vl- 144: AR B o
TSEH7} 713 o H4E ddgJow, ARE 7H9]
$RE 5% Fo4E weld BEHeE AR 3
ol7b ittt oleig 7éJ+a 2 o sleRaEe) £
Zheol 22 AE|=7} gol FhF UL 45 }.
AR 2AZA 74 F2 oke) HrbedlA ¢
2o g eyt Fupimaki 5(19)% FPC(flsh
protein concentrate) & 7}4Eal5to] 7} Exlek &
242 Pold AEAT 3, Al R R
1,000Da olake] 7H4-2at %ol stel HriolA 7}
& o2 Badted & AYY Aot dAF
< 2k

g, Hells] Adetdle] 4 oA e EEE
AR E o} Az 2Yzo|EE ABHL e
] Bgzu|g(ACS), 2/ Eg=xu|8(SCS) ¥
#lm7] Bitzo)g (BCS)st v|wste] A7
Azt Table 49} 7t} AZ2H 3259 714524
T Sgzvigs o dA # A9 FHrpEedA 5%
FAFE elld BFH2 Fo4abt dgleH, A
% 2gzole vwd ¥ o, AerdE 2yz
o2 £3H4 BCSRo: Fatgdxw, ACS
Brpe $58 Ao vehg, SCSshe 5%
FE el Bedez foAah dich ¥ #
i BeArt 2AAE HES 2u, e HbelA
g BgEvlge BCSe 5% F2ab7) o

2 o wjo

Complex Toul score Mean score™™
seasoning* Taste Ordor Color

FSEHCS 840  290%+1.19° 270+1.15" 2.80£0.63°
SSEHCS 890  320%139" 3.00£156° 2.70£0.54°

TSEHCS 910  330%126" 290+137" 2901053

ACS 600 1.40£069° 1.80+1.13" 280+081*
SCS 880  3.10%1.19° 280+1.13" 290%0.54°
BCS 1020 390t 144° 340+069° 2901033"

*ACS, SCS, and BCS is anchovy, shellfish, and beef com-
plex seasoning on market, respectively

**Means within each column followed by the same letter
are not significantly different(P<0.05)
5 Points scale(1 :undesirable, 2:slightly undesirable, 3 :
slightly desirable, 4 : desirable, 5 : very desirable)

Table 5. Sensory evaluation for various enzymat-
ic hydrolysis sauces.

£33
Mean score
Taste Ordor Color

*
Saue Total score

FSEHS 950  350%1.26" 3.20£108" 2.80+£038"
SSEHS 9.50 3.10£099" 3.50£091" 2.90+0.64"
TSEHS 990  380*+1.47' 300£1.26" 3.10+0.51"

*ESEHS, SSEHS, and TSEHS is first step, second step, and
third step enzymatic hydrolysis sauce, respectively.
**Means within each column followed by the same letter
are not significantly different(P<0.05)
5 Points scale(1 :undesirable, 2:slightly undesirable, 3 :
slightly desirable, 4 : desirable, 5 : very desirable)

AEgiont, HAel Aol Hrloxe Fo
= 2] gkt
oA S protease® 7HEaslE 29to) Wl

A7} 214

Ae ME A¥o2 4 ok 1 dE gF o

agel A BAEel Be 29 Welmsh 2o
ENELERUERERCRRIEE - =gt e
Aiheel o Yel=sh 2256 93t 22t
offdetele] 52d ASEAEES B4,
%3] 92l Arhold ko) ek gska W4y
FE BT 3.0 o422 hehdrh. 1 olfi o34
SRl oo 3 A%e dE opulxabd gly

cine, alanine, proline, lysine, glutamic acid, as-
partic acid o] t}& ofu|ite] vla) clFo® F
FEo] o7 dEolr, 53] 29 Y= olvjx4t
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Table 6. Sensory evaluation for various sauces.

%
Mean score
Taste Ordor Color

Saue*  Total score

A 750 230%125° 2301094° 290069
B 760 210%1.28" 250+1.35" 3.00+0.46"
C 900 3.10%1.10° 3.00£1.24° 290%0.58°
D 1030 3.401069° 3.60£069° 3.30£0.75°
E 930 290+128" 330+082° 3.10+092"

*A ; TSEHS 100%, B ; TSEHS : fermented soy sauce =90:10
(v/v), C; TSEHS :fermented soy sauce =80:20(v/v), D
and E is soy sauce on the market{D; acid hydrolysis
sauce : fermented sauce =90:10(v/v), E:acid hydrolysis
sauce : fermented sauce = 50:50(v/v)}

**Means within each column followed by the same letter
are not significantly different(P<0.05)

5 Points scale(1 : undesirable, 2:slightly undesirable, 3:
slightly desirable, 4 : desirable, 5 : very desirable)
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