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This study investigated the potential hepatoprotective benefits of Crassostrea gigas oyster hydrolysates.
Oysters are known to have many biofunctional properties. In particular, oyster enzymatic hydrolysates
produce substances with beneficial functions. The potential hepatoprotective effects of C gigas hydro-
lysates against damage induced by tacrine were evaluated inn vitroin HepG2 cells. Peptides were gen-
erated from C gigas by enzymatic hydrolysis with Neutrase, Flavourzyme, or Protamex enzyme
preparations. Tacrine treatment induced considerable cell damage in HepG2 cells, as shown by sig-
nificant leakage of glutamic oxaloacetic transaminase (GOT) and lactate dehydrogenase (LDH). Cells
treated with C gigas hydrolysates showed an increased resistance to oxidative challenge compared to
control cells, as revealed by higher cell survival against tacrine-induced hepatotoxicity. In addition,
treatment with C gigas hydrolysates reduced the leakage of GOT and LDH. These findings indicate
that enzyme hydrolysates derived from C gigas may be of benefit for developing hepatoprotective

foods and drugs.
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o1[9], o] EAll
=49 FAol 4
El38e o2 § 4 = El2 Y(tacrine; 1,2,
rahydro-9-aminoacridine hydrochloride)& o} €&
B 2} 4| (acetylcholinesterase) A3l Al 2 4] & =3}o]
o AR AREHI YTk 2 o] =S B
2] 30~50% FE7t 7hGA 7 £4be] fiEE
Fo7t @ FHo AW [34], AsHA 2EH 27} b
718 5 shuolth26].
oFE 4 7F &7 ¢ hepatocellular B+ cytotoxic in-
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2 A4 ¥ hapten©|u} F71Eo] A xR0 2
HeS dofior BN Hrt gade] ks G4 B
upo} o] ok e tAbA o Al 2 ©ld = DNAZE
S 2AES §3HY free radical, reactive oxygen species, elec-
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g da= g8 Edetd S4s A do29] @92
Ztrd e By T Hig) &elgdo] wob AFolA
AHEE o) duAo] Aal, nEE YN E HETt v}
o4 Tl SE8HL Atk T AAG EAFE peptide
= fisel ¢t A gAsod #E 2 ALETY
T E2 ZoR deA dt15.21]. 53], dEldo] a4z
il 714 Boldog st a4 Adgo] wet A
AES Aofsty] &olotw, A F7{, Lz, AA
RS gEdte ddS 54 24 ge VeSS ¥
oAst7] gk Ho R de AHEEo fTH19,27]. ZHEEl
g Aoz & 79 tryptophan® cystein 22 opw]=to]
e Ad=EI7), ¢Z22 E3 & S lysinoalanine
(N-DL-(amino-2-carbox-yethyl)-L-lysine) %} % H4&E2

(
of AR 4R A dFHe Y aaF ke

e FUHoEE FFdtal A, °LZ—_}E] ]’—T—l‘&aﬂoﬂ H] 3

=
T 43 iZH—E— Zﬂiﬁ}%"—ﬂ %é% iy 013} & 5 %lE‘r[lZ].

et & d7E 2 2 ks e 1 RE
=

oH

9SG 5Ho = ol v 547 in vitro A A
Aol thAtel &3t A9 F2 ZHE ALE-E = HepG2 Al
Z[18]Z o] &3t AU 0T EAS fud 7 AT EA40)

He 25 538 gasgT

Ak 3717

2 (Grassostrea gigas, 7Y7§ 4.6¥2.3 cm, 2% 9.9+32 g)&
A TY ALY AN AHTHA AT Tl A
Individual Quick Frozen (IQF)2.2 7}&3 Al Eo 24 W&
Bad AFS s ARE AHE T

= B 7lEEeES Axs] el AR A 2
€ %914 Neutrase, Flavourzyme, Protamex< Novozyme
AHBusan, Korea)ol A T-43fo] AFg-3}Att.

HepG2 A3 v ol AF8-3F Dulbecco’s Modified Eagle’s
Medium (DMEM)Z} Fetal Bovine Serum (FBS)} Hlj 2|8 4)
Al (Penicillin-Streptomycin  Mixture)$} Phosphate Buffered
Saline (PBS), Trypsin-Versene (EDTA) Mixture= Lonza A}
(Switzerland)ol A, AEAEES A7) A3 3-(45-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
Aok Sigmadl| Al 9 3t$th Dimethyl sulfoxide (DMSO)
o} silymarin 5 Sigma AHSt. Louis, MO, USA)ol A 743}
of AHgetglen, 7gt dut A FE2 55 A%S AHEEkA
ok A ZH| k8 culture dish, 96-well plate, 6-well plate, corn-
ing tubew SPL (Gyeonggido, Korea)s AH&-3}31t}.

To_
n:
n:EO

=]

Jang < W¥3lY Neutrase, Flavourzyme,
Protamex% o]-& 3& z VI RHES Ax 9T & ¥sE
1000 g 1 B¢ #e B XL, =75 2 &S 7He
= wpshch }-‘H%Q] Sl sl thate] 1% F=7F
HEE 47te] g4 HE3- A7tk Neutrase® 3

[¢)
7} & 50°C 9| M, Flavourzyme-> %7} & 55T ol A, Protamex
100C oAl 108

T A7 F TN 242 T AT F

7tE Agste] EEA8 AZ T ol FA A x3 479 Ei
RN EELS 9482 (Model SUPRA 21K, Hanil science
Industrial, Co., Ltd, Korea) 3}9 &84 £4& AAIHAL
e AAE T4 dxste dx £ = -20C°ﬂ

A RBEEA Aol ALEEHIchFig 1),

n)

ﬂl

i
N
ok
o 2

o m=
EEU'\:

DPPH radical-scavenging & &3

Brand 5[3]¢] el 93 0.1 mM DPPHEY 1.0 ml<
At 05 mle] AlE 9} E§star 202 § UV spectropho-
tometer (Mecasys, Optizen 2120UV, Korea)Z 525 nmo|A]
FH=E ST &4 dEZF 2= 1 ml DPPHO A&
HA 05 ml FFHFE 7H &4 AHetla ¢ dxae
Z+ ascorbic acidE AH&-8F3lal DPPHO &% 2t 2 27
S e AR ALEA

DPPH radical scavenging activity (%)=[(A¢-A1)/Ao]*100
AFAERY ZH5E B4 Beoe FY=
AARE A7HE wgde] FRE

Qyster, 1kg

blanch in boiling water for 1 min

add 2 volume of tap water

hemogenize at 3000 rpm, 2 min

Non enzyme Neutrase 1%, Flavourzyme 1%, Protamex 1%,
2hr 50°C, 2hr 55°C, 2hr 40°C, 2hr

I 10 min, 100°C, Inactivation I

| Centrifuge, 8000 rpm, 25 min |

| Enzymatic hydrolysate powder after freezing dryer I

Fig. 1. Procedure for preparation of enzymatic hydrolysate.



Japan)Z AH&-3tAth 96 well plateS o] &3ta] Z4zte] A=
20 ulE WST-1 &9 200 pl, enzyme-&<Y 20 pl9} ¥H&-A17] 3L
blank= A|SHA FFTE H7bste] 37Tl A 2087 wH&
Al7]aL @ %, ELISA reader (Molecular Dev1ces, Spectra
MAX 250, USA)Z 450 nmoll A =S =439t SOD
gd4& A8 H7HE blanke] FFT HZ YERASITH

~

Mzof Bk

A gl A}-8-3 Human hepatocellular carcinoma$l HepG2
(KCLB, 88065) A E= = Al X5 2o A FH3tATh 7F
o Al E3F91 HepG2 Al ¥+ 10% FBS7} 3Hf-¥ DMEM Hj A2
AHE-3EA 37Tl A 5% COy 95% O7F FAEHZEE CO; in-
cubator (Galaxy 170S, New Brunswick, UK)oll A Hl] &3} %t}
of i A9 2ol T4& A7) #A8) 1% Penicillin-
Streptomycin Mixtures 7}FAth A E7F 80% H = dishE
Y S Phosphate Buffered SalineZ 23] 4| ¥ g £ Trypsin-
Versene (EDTA) Mixture < 3% 59 X gste] AXE &
A F A w st e HH;‘]T: 247 7kobct kst

Al2o| Z=H|

= BZE2 Oyster (0]5} 0)9} 21402 AE 7M5d &4
2l Neutrase, Flavourzyme, Protamex2.2 747} && &4 7}
Fidste] gHE 8= (0l38k N, F, P) phosphate buffered
saline (PBS) & H e Fof AL&3to HF5=7F 47 100 ng/
ml, 200 pg/ml, 250 pg/ml 2 500 pg/ml ©] H =5 3} A}§
stk 7F 25 7)5 0] ¥R Silymarine HE =7} 20
ug/ml o] HEE ao] AF] AHEstHh

= F820 H{ §22 = JEsEN, F, POl 2
z =4 é’é*

= PBSZ 23] A1H
= Trypsm Versene (EDTA) MixtureZ 3% &< A3}
o] NEE B8 A7)3 serum free DMEMZ 7} welld 25x10°
cells/mlZ 2483} 100 pl¥ 96 well plated] ¥ th3 37T
ol A 5% CO,, 95% 07} T A &+ CO, incubatoroﬂ A 241 7F
Zol o u] vl HTt v AE A A ZFHE AEE =&
HE 283 serum free DMEMO.E 24/\] 7k vjok3t & MTT
assayS AT

PBsoﬂ =0 %E(0~18 mM) H2 A F 247t F
ssay S AT

ot o
=
H
;—]
o
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MTT assayE 0|83 M=z =4 =5

5 mg/ml°] ¥ %5 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromideE PBSl £33t MTTE < 10 ul¥
7F8tar 37 C Al A 5% CO,, 95% Oo7} F A5+ CO; incubator
ol A 4A7F Ft WA ekl FsdS A A F DMSO 200
WE 91 1087 Ao W5t formazang &3 A7) 1L
ELISA plate reader (Spectra MAX 250, Molecular Devices,
USA)E AHE-314 540 nmoll A F3EE A %4 dz
FE2 silymaring AHE-3FSTH

S I
(GOT) = &H

THAE &4 Al A o2 felso Yo e GOTY 4
SATOEN AT &4 ARE AT 5 QT o] Y
o] dgl= 7|2 N2l L-aspartic acid ¥ a- ketoglutaric acid
7} GOToll ¢J&}e] oxaloacetic acid® wWHale] A A ]
2,4-dinitrophenyl hydrazine ¥} ¥+3-3t% Hydrazone©] A4
5™ 04 N NaOH & AF&-3to] A2 0z 47 £
A4S S48t GOT 84 % 542 fl8) HAEE free
serum DMEM9]| 5x10° cells/mlZ 6 welle] 3 ml% £33}
4AZE o] ke o 2 2EE0) ¥ BaE 2 ThEES
E(N, F, P& A2ste 37TolA 5% CO, 95% 07} frAEHE
CO;, incubatorol| A 24417 F3F vkttt 1 & 3 (H
TEE 12 mM)S H7Fetal o] & thA] 5AIZE HoF wlj ke o
= 27 Aﬂﬁ i kA& 2 ml EP tubeoll 3]4=3}e] 1,200 rppm
oA 287 Y4lE2](Model SUPRA 21K, Hanil science
Industrial, Co,, Ltd, Korea)3 ¥ 1 45 HS HAt 34
gt AT de oAl A FYg GOT assay kit (ASAN
parm, seoul, Korea)E ©]843to] GOT &4 =43 th
GOT 274§ 712942l L-aspartic acid & a- ketoglutaric acid
1 ml& 37Col A 583 A8 v wl gy 02 mid} 2 &
sl 37CAM 60w1F AT AMAAR] 24-dini-
trophenyl hydrazine 1 ml 3 7}3}e] 404 208 W%

%, 04 N NaOHE9 10 ml#} 2 &§}Fste] Ao A 1027t
WA o 505 nmollAd SHFE EE UV/Vis spec-
trophotometer (Mecasys, Optizen 2120UV, Korea)& A}-8-3}
of FAEE S H dx FEEe 4 T R A
] = A2o2 4#A Silymaring AHE-3FSATH

glutamic  oxaloacetic  transaminase
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o
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_
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I H{H LY lactate dehydrogenase (LDH) &%
= BYEO0) ¥ a4 Z M EINEN, F, P)Y A X
g JFe A7) S8l AW LDH #4<
DH 2/44& GOT €4 4% 54 e
2 AZHAYES SR F AE GFAE A o oA
oA #¢3 LDH assay kit (ASAN parm, seoul, Korea)E
o]-&3to] LDH 24 FA43th o] 4w dg< pyr-
uvic acid®} NADH,7} LDHe &3} lactic acid7} A/ 53
NADH = NADZ € w, o] ¥hg-ol| A 2:H" NADH,9| %
£&5 5 2435t LDHE 340 nmolA UV/Vis spec-
trophotometerE Al-&-3te] FHEE =73 h:} D] ;Hz ok
EEE A4 1 RS FEo] §
& A,

52
=
=

ot |-t 24

z FIE0) 2 549 Z /5RANE (N F, P) 01 g&
100 ml¢] Sodium loding bufferd] %<2l ¥ 1 mlS # 34
membrane filter 0.20 pm=Z < ZA|#H Amino Acid Analyzer
(Biochrom 30, Biochrom Ltd , UK)Z o] &3] A £243}
Ak

r-111

Ade A7) FAAE = SPSS 12.0 programs ©]-&-3514
Zh Agael Wit 1 AAE yehllen, 74 9 Hiale
T 4FE p<0.001914 One-way ANOVA testZ LFER Y
o 7% -2 Duncan’s multiple range testE ©]-&3}

= 2820 ¥ g2 = JIeEali=N, F, Pol gt
|

DPPH T,E‘_x} 1,H 21 A= ﬁyﬂ x%x}i Hlo}_‘;o]g‘iy\ Hae

to] g o 2 A ahikst B AR TS5
W o Z DPPHY o] d4tst 84S &4
2 A AT Free radical& 14

: gol7] B o
% A9 cwg}xﬂi 4%
(e}
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18 (20, +2H —>H0,+0,) S Zf 3h= Eiom, SOD°ﬂ
A3 E HyO,= peroxidasel} catalaseo] 2]3led 53| 3t
B8 AgE] o] Ah A2 HE AAE BE
e gholg22. = TQ 42 84 ke
DPPH radical scavenging ¥ SOD &4 &4 A7+

Table 19149} Zo] 744 £& 4S 7ML Sle A

D

ool A o x o ud m
oA

P,L
Y
o
rx
B

o e Fe

L

i
m[o

e

flo Fl

Table 1. Effect of O, N, F and P” on DPPH? radical

scavenging and SOD” activity

DPPH radical SOD activity

No. Sample Scavenging activity(%) (%)

1 Ascorbic acid” 92.47+0.74° 97.64+0.78"
2 non enzyme (O) 65.17+0.94° 76.02+2.13°
3 Neutrase (N) 63.89+1.64° 30.49+3.38°
4 Flavourzyme (F) 67.10£1.04° 30.16+1.85"
5  Protamex (P) 69.65+0.53" 41.09+2.50°

USample concentration in the reaction system was 2 mg/ml.

1,1-Diphenyl-2-picryl-hydrazil.

Superoxide dismutase.

Positive control.

Values are presented as the means*SE derived from three
determinations. Means with alphabet (a, b, ¢, d) are not
significantly different at p<0.001.

2

R

)
)
)
)
)

5

ProtamexZ o] &3t & 84 7[5EHE0] /M =& F4E
7N, 1 8292 69.65+053% 2 &4 0]t Flavourzyme
S o83 5 I ESE Fe 67.10:1.04% 9 E4S Yeh)
Atk = £ E2 09 NeutraseS 0] &3 G4 7HE3] &9
e 247 65.17£0.94%, 63.89+1.64% 2] DPPH radical scav-
enging &A1& Bt} Ranathunga 5[28]2 ©ujdo] 7}4-%

3 =W free amino acids9} A2} peptideZ} A4 =™ 0]-—‘__7
o] A7), 3, 72U FAEL Sl ofr|Ate) Fi, 0

A T BEAQ A8 st Fitst aRE UrEquu‘ 0}
93, peptide Z7]7} A8 Ao JFL Fohe RIE
ATH14]. oI AR B ks v, thd3t G4 Aol oo 3}
248l &Ao] =& peptide’t BHE014 thE DPPH radical
scavenging &4Jo] Yehd Aolet Azdh SOD 4 =4
AR N E 2 BYEQA 09 EA4o] 76.02:213% 2 71 &
do, kst B4 TR B M e Fitst o] "ol
AFNE BTt ]Z\—S— u 5[35]% free amino acids$} small
peptides®] 371, ?} Aol Wzlo] wel &4kl dAo) o
s Foa 54 %‘[10]«] HiugAE 714, §49
ERE @7};} 7} l‘ﬁ:’fiﬂ AIZE 25 T Tkl 210

4 #2332 HepG2 *ﬂJ_Oﬂ s& HE /\l
24Xt B 7 Th, MTT assay= A% g"’"ﬁ‘a
3 o} AHAE A &2 control?] AlE A=

S HiFE 500 ug/ml H7t /\]
¢l controlo] HIE <F 90.10+6.10 ~



96.89+6.85% = A AEEO] A AFS BAAIR 250 ng/
ml o3} FEZ A3 O, N, F, P A= AX =&
o] 104.86%6.10~122.53+3.80% 2 O, N, F, Pell &3 Al T A}
7b dojuA] ¥e AR Holn, 250 ug/ml ©]ete] FER
O, N, F, P& A A3tz x| 94 e 54
YEt Al & skeh(Fig. 2).

HepG2 M|=0of CHSt EfF2Io] SM5Tt
E}28 L cholinesterase inhibitor® &=3to|n A3z}
ABAZA AHEEI YA BE3 St AA 4l 7s
£ Qg FAEo] FF B ot g2 9
b &2 AR V1A tiste o] Hise] gloH
o M= o]H et glado] ot 7t &40 e Z 53
0) % a4 = 7/I+EEN, F, P)9 7+ Be a%4E
etz ok efa o] A E WA= TS FHE Y
913+ HepG2 Al Xl el d& He]ste] 2412F & MIT as-
sayE A|E O] AEES wasteh ol AAE A e
control®] AlE AEEE 100%E H3S w, 02 mM9 E4io]
37 & wuitt oF 10% A=) AlE AEE0] AT
oJRoZ mFo] & o BlAUL F& JEH O HepG2 Al

|~

Jﬂ mo ook AL L
{12

o

T AELES JAATIE Aoz A AT (Fig. 3).
Mz 482 St =2 22=20 % 528 2 I+l

O

2 s} st v 2 2
28 E(N, F, P)E 100~250 pg/ml¥
+, BAYS A APl e Al
o] control IH] 65.45+3.62~88.75+7.56%

W, 7t B 337} €937 silymaring]
positive control(PC)] A E HEEL 7654+3.61% A = &

o W oo ol ooz fo
ki
)
_)‘.l_rl
ACH
=
~ o

o oX
PR

to Mo KU
o
=
BN

o Al
(e}

Aol diell B3 23E vei oy, P 1% «] 5133
FIHA AE AEEY F7HE FAT 5 AA=], 200 pg
/mlz} 250 pug/mloll A Z+z} 83.1744.31%, 88.75+7.86% 2 PC
o 22 AZ AESS Zdsiieh 22 250 ug/mle] =
RYR0) 2 5AM Z HEEHEN, F D)o RS A28

T AE AEE0] 47 g5ked, ol & B dEe| &

EAE A& 7hgEE7E oy A ZE oligopeptide”} A
AH A7) wEoleta At glade] AE Wiol A gluta-
thione? & @43} 4 J’ sto] tjAbE =H], glutathione
22 ALA peptide”t FHrE 2 A4 JheEded A9d)
o gad EXS ga A] 102 7t B3 A4S Yghe
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Cell viability (%)
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-
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a

ab I

O-100 O-200 O-250 O-500
pg/ml

control

Cell viability (%)

—

N-200 N-250
Ug/ml

T
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o
<

control

140 -

120

100
80
80
40

20

PC
1 a
120 - od

100 -
80
B0
40 -
20 o
o

PC

ab

ab ab

Cell viability (%)
(=}
— .

control PC F-100 F-200 F-250 F-500
pg/mi
140 7
a ab
120 1
© c
g 100 +
2 80 -
=
> 60 1
=
S 4o
20
o -
control PC P-200 P-250 FP-500
Ug/ml

Fig. 2. Cytoprotective effect of various concentrations of O, N,
F and P in human hepatoma cell. Hepatoprotective
effect of O, N, F and P (100~500 pg/ml) was tested in
human hepatoma cells (HepG2). HepG2 cells were
incubated with O, N, F and P and the general viability
of cultured cells was determined dye MTT assay
following 24hrs incubation. Results of MTT assay are
expressed as percent of control values. Values are
presented as the means*SE derived from three
determinations. Means with alphabet (a, b, ¢, d) are not
significantly different at p<0.001. Blank means the
normal control. Silymarin 20 pg/ml (PC) was used as
a positive control.
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120

100 4

BQ +

&0 4

40

Re lative cell viability (35)

20 +

blenk 02 04 06 08 5 § P2 14 16 18 2

tacrine(mM)

80

60

40

Cell viability (%)

20

120 7

100 1

IIIII[

T+ 0100 T+ G200 T+ 0250
ug/ml

Control

Fig. 3. Tacrine-induced Cytotoxicity in HepG2 Cells. Hepatoprotective
effect of Tacrine (0~1.8 mM) was tested in human hep-
atoma cells (HepG2). HepG2 cells were incubated with
Tacrine and the general viability of cultured cells was
determined dye MTT assay following 2 hrs incubation.

A EE AE AEES TG

Flavourzyme o] 7t¢E

3 24 248 99l 2] G
LR EED

= oligopeptide”} A8 /3 = 1
& 2 ZelstHATh(Fig. 4).
YA X EO 95t = BEE0 ¥ 228 = V2
si=IN, F, P2l 2+ 25 51t
GOT= glutamic oxaloacetic transaminase@h= 49| ¢
02 ZHAE oto] EAIEIE EAEA 7F &4 93 AT
o] FHHW AME T {F Ho| A7} FEaA "ok
I3zl &24o] A7IH WAl o2 fElHe ol BhY
o] Z713HA Ha, A E BEFEo] Qe B2 fFEd
15 849 ¢S FAAIZIT16]. Lactate dehydrogenase
(LDH)= lactate® pyruvateZ A&3h= G402 A X o]
o] 1& A A AR FEHo WA FAA F7FsHA Hrh
2 A8 AN e AZ AEE] 7HE =%H 250 ng/ml°ﬂ
A O, N, F, Po] 7t EA el 93] fEg &4
H]

[ L= AP

>

T

o
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Fig. 4. The hepatoprotective effect of O, N, F and P in HepG2

cells on tacrine-induced cytotoxicity. Hepatoprotective
effect of O, N, F and P (100~250 pg/ml) was tested
on 1.2 mM tacrine-induced cell death in HepG2 cells
as described in Materials and Methods. Values are
presented as the meanstSE derived from three
determinations. Means with alphabet (a, b, ¢, d) are not
significantly different at p<0.001. Blank means the
normal control and Tacrine 1.2 mM (NC) means tacrine
treated group. Silymarin 20 pg/ml (PC) was used as
a positive control.
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Fig. 5. Liver protective effects of O, N, F and P on tacrine-induced oxidative hepatotoxicity in HepG2 cells. HepG2 cells were
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means*SE derived from three determinations. Means with alphabet (a, b, ¢, d) are not significantly different at p<0.001.
Blank means the normal control and Tacrine 1.2 mM (NC) means tacrine treated group. Silymarin 20 pg/ml (PC) was

used as a positive control.

Table 2. Contents of composition amino acid in enzymatic hydrolysate

A . Oyster Neutrase Flavourzyme Protamex
mono acid
Contents % (w/w) (mg/g)

Aspartic acid 718 5.81 483 10.13
Threonine 2.77 2.52 2.31 7.45
Serine 7.29 8.66 6.03 16.29
Glutamic acid” 11.80 9.62 7.97 15.27
Proline 8.00 5.74 5.50 741
Glycine 8.17 6.66 5.54 7.55
Alanine 10.71 9.57 8.52 12.29
Cystine 0.77 0.76 274 427
Valine 2.19 311 414 9.82
Methionine 1.39 2.24 5.80 6.88
Isoleucine 1.09 2.04 2.66 7.71
Leucine 2.31 6.12 7.85 13.96
Tyrosine 230 9.30 12.66 10.77
Phenylalanine 3.78 11.64 20.18 13,51
Histidine 2.13 2.32 3.35 433
Lysine 492 5.45 6.48 15.94
Tryptophan 0.82 1.52 1.97 222
Ammonium chloride 2.50 2.80 2.42 2.70
Arginine 5.65 6.20 6.28 14.76
Total amino acid 85.77 102.07 117.22 183.25

UGlutamin acid plus glutamine
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