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Compositional Changes of Skate, Raja nasuta

during Fermentation

Yun-Jung Park

Department of Food Industrial Engineering, Graduate School of Industry

Pukyong National University

Abstract

Compositional changes of skate, Raja nasuta during fermentation
were determined in terms of pH, volatile basic nitrogen (VBN),
amino-N, ammonia, trimethylamine (TMA), trimethylamine oxide
(TMAO), nucleic acid, and color as well as proximate components.

The skate fermented for 20 days at 10C changed in proximate
components; the water and ash components increased, while the
crude protein component decreased without any  statistical
stignificance. The pH value after 1 day 6.3. It increased sharply up

to 8.3 after 2 days, thereafter remaining constant during 16 days.



The volatile basic nitrogen compound was 8 mg/100 ¢ tissue at one
day, 167 mg/100 g after 4 days, 455 mg/100 g after 16 days, and
thereafter decreased, particularly after 18 days. The ammonia level
reached to the highest 210 mg/100 g after 12 days from the value
15 mg/100 g at one day. The amino-N values were 41.5 mg/100 g
at one day, 482 mg/100 g after 2 days, and 120 mg/100 g
respectively. TMA at one day was 61.4. It increased through the
rest of the experiment, while TMAO decreased from 232 mg/100 g
at onc day to 556 mg/l00 g at the end of the fermentation
experiment.

The skate was losing the color with the progress of the
fermentation experiment. It also lost the red color with the aging
progress in terms of red coloration from 6.13 mg/100 g at one day
to 1.03 after 8 days. The nucleotides such as AMP, IMP,
hypoxanthine were all detected during 8 days. The AMP persisted
two more days and IMP persisted additional two days, only
hypoxanthine persisted the rest of the experiment.

A total of 26 volatile basic nitrogen species were detected in the
fermenting skate. Before the fermentation get started,
2-amino-1-butanol and dimethyl sulfide dominated the total volatile
basic nitrogen in the skate mussel. No 2-amino-1-butanol was

detected at fermentation day 18, methyl pyrazine, 2-heptanone,



2-ethyl-5-methyl furan were detected instead by the time. In
general, volatile basic nitrogen increased in species with the aging

time without total level increase.



k] =

e E A Eoll &3tz dFelFRE Fol7t duxdoeln] HEE
} o] AA Ao} FeAdols 30dF e TAHE HFol
ZHHolocephali; chimaeroids)® ol %, 719.21F 2 FToF 5 9 &
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1. A8 A=

2 Ago AMEHE Tol(Raja nasuta) ™
Bf S A& gkol 10T oA 2091 A gstaA Gz Ay

B 3 oA RHARE AR,

. 20
P RN

2. 434y
2.1 pHY A

pH® W3 A& 5 goll S/ 104 7F3F £ homogenizer &

A v A5 E pH meter(Model 735P, Istack, Korea)® Z=A &9
=

22 ARPEY B4

Ak e

o AOAC %w(1995)d] o} 2

o Kjeldahl 244 %Y, ZA W& Soxhletd 3

23 3Ty H4712A(VBN)9 &
VBN conway unitZ

zgad. & A
TCA 10 mLE

o] &gt v FIAA(AEFT A, 2000000 2 3
% 5 gd F5F4 50 mL 718t F&EA)7 & 20%
7Faked 10% 74

P A2 ¥ oA#RA(No. 5A)E 7 31o
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g o st FHTEA 100

Ehs
o

Z1 ZFARE 3000 rpmell Al 107 94
mL= 4&3t4g ),

Conway unit WAl boric acid 1 mL &A= Alaed 1 mL3 3}
KoCOs 1 mLE ¥ 37ColA 9023 A & NAOI-HSO42 4 A A
sk o

24 ot = A A (NH:-N)o| 3 F
Spies®}  Chamber(1951)2] oz Ak wel AlE 5g&
mortoroll F st FE3] vy FASG o 75% AdEEE 30 mLE

bete] wuk 8 ARIsle] 50 mLe AL olF 5 mLE Hs
o 3000 rpmel A ARl AA Hajo] Frig dFAL AE vhE 620
nmel 4 FHEE FAe EETHOLPE NHrN #& 423

mg/100 g2 “ERR Y

5 ¢xYole 4%

et Yot Phenated] wel AlE 10 mLeo] manganous sulfate
solution(MnSQ4)S 005 ml #7182 £33 3 hypochlorous acid
regent{NaOCl) 05 mLE #7}% )¢ phenate A1¢F 06 mLE& =4 A
7kske] 108 F9F &AL F 630 nmell A AL E SAFSHH T,

2.6 Trimethylamine® Trimethylamine oxide® A %

TMA ¢ TMAO A conway unit & AMR38lE= ujgksbaby
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O

(Conway. 1950) 2 11J2(1968)2] W} o & =59},

5, AlE 5 goll 4% TCA 20 mLE H7beld A& A2 7 30
stol oA A Almeox ARZaglth Conway unit WA N/150HCI
I mL ¢ #fdel Al 1 mL 9 HCHO 1 mL ¥3K:C03 1 mLE ¢
AL 37Tl 908 #A F N/70-Ba(OH):2 A 2 4 81t

ZF A

-

S

TMAOE EZZZZEEHTCT)Z 9474 TMA =33 AR F
HE EAsE TMASY 43 (TTMA)S 783 TTMASI A Al
_‘ﬂt. ] /"1 ‘i—fTE:I —7"4‘—2}]6‘ ‘:‘:‘ TMA—-E._%:‘ ““Hk] TMAOOOIZ% ‘—ng]'c))\iE}’

217 e %A

M &} A (Pacific Scienfic Spectrogard System, Model 96)& o] &3}
o Hunter scale®] 2|3 L (X)) a (AME) b (FM%) 2 AE (M
A, A E)R g A 8
ZF MiEghe] e L ge] kod Hxd Z743S veEha, a @
FoW 4
Nt vl agk Al e Megas
Hom Meo] o FAE e

of oW A oW mMom b

= H3kE S o),

N
2

-

S

AE g2
Bl o2 JE glo] Eow
3o el n & uehdt)

=5
MN
=

i

-
iz

8 W24 2 ¥ = (nucleotide)?] A &
TEULEHEe FE2HE JLm1983) To wryol uwal Edu) )
ANg o 5 g& AT HWWB3k 10% PCA(perchloric acid) 25 mLE
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7hakar, 3043t FAFE oS A4 4000 rpm, 10 min)dle] A=
HulE 10% PCAS 20 mLE 7leto 99} 22 &

PR 1580 Hdge F ddesd 4xde $As
°f AFE E2E 99 U] wEIG dENe BF Fslo] 5N KOH=E
® °] 100 mL7} S =% st@tt
12]al 0¥ HAAIZ F ARE FHsko 10,000 rpmol A 1027 Y4

b
ut
ofN
o
i
igv)
@)
o
HU
Oﬁ

st 3 A& A8 millipore filter (0.45 m)E o 33ty HPLCHE

£

2 9%el A£3 HPLCE AgilentS Abgatglon,

rtr

HE7]
Agilent DAD(diode-array detector)E A}-&38t9 1 oluje] BEAM=Z=A
Table 13} ¢}

1

ZHURE =Y EEELS Sigmarlte] ATP, ADP, AMP, IMP ¥
hypoxanthines A&tk 28]ln H#EHA 2 e 7hz 0001 M £
T EZAsA 5 pLE FYst LA A8 T wEALHEY 25
v HETF T retention timeS Wlwsle] AR o FFLA(ATP,
ADP, AMP, IMP, HxP, Hx)®] X7} Z}z} 0.1 mMeo| %A ZA) 3
w 1 p¢L, 3 ¢L, 5 pL, 10 gL, 20 uLE FYetd peak AH oz HdT

A ZAAdste wEUE =S A wsidoh
29 3EAH AR &4
g vhlstd 100 mL 2719 serum hottle(CAT. 23234,

Supelco, USA)el 20 g& el =WRstn 0527 245 4
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(99.9999%)& co|&std trapol FHAA GCol FHste] EAsA .
olul Algeol &%E 60T F2AF Fuwral AR £28 F=3%
v}, Canister System® #4342 Table 20] YeEhRAcH 2 A3
Al3= Canister System?] 13 E 1} 22 Efdel 2% & -100Te
-185T E 8t AN HE w&add. e Algr 52 nE 27
o BN 2000 R AAste] FHLARIIEGEY ofFHEH »F
2 gx% 1783599, Canister SystemolA HAgdd Age=
GC/MSD(Shimadzu GC-17A, Japan)& o]&3&la 3y MBSO R
- sAsAn. d¥el Agd  HYELS AT-1(Alltech.  USA),
Non-polar 100% Dimethyl siloxane (60 m x 032 mm x 1 m)o] <.
], AETY B2 splitless 2§ AME3 v}

LI 2% HALE 272%w 3BTAA 1087 HREe g& 29 8
T F&std 1200714 =2t 1087t v

_‘?_
TR +3td 10T7HA] Y3ty 1587 o8 A1 7hE 7Ex] a2, v}

2

0% I 12TE F23to] 250ToA 10%7F 7 E A 7+g 7HF o
FHE71 A = He(2I4E 99.9999%)8 AE31% 32, ion voltage: 70eV
0} 1L, mass ranges 35~350 amu Gou, ¥F EAxe Blw 4

of Ab& % library= Wiley ¢} Nist librarvE AF&3H4 v}
2.10 41 A 9
AdATNE Student’'s T-testZ H+Fte] {2 PBAsIg

71 A3 E Sigma plote & vER o),
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Table 1. Conditions of HPLC for analysis of nucleotides

and their related compounds

Instrument

Column

Mobile phase

Flow rate

Detector

Column

Injection

Agilent 1100 series

Shisedo capcell-pak, C18,
250X 4.6 i.dmm

196 triethylamine/phosphoric acid
(pH 3.0)

1 mL/min

DAD(diode-array —detector)
A= 260 nm

40T

10 «L

- 14 -~



Table 2. Analytical conditions of canister system

Canister System

GC cycle time 40 min
Crvo On
Line temp. 200C
Valve temp. 200C
MCS line temp. 70°C
Trap standby temp. 100TC
Cryo standby temp. 200C
MFC standby flow 100
Dry purge time 0.5 min
Dry purge temp. -50C
Dry purge flow 5
Desorb preheat temp. 270°C
Trap desorb Time 4 min
Trapd esorb temp. 270TC
Cryo cool temp. -185TC
Cryo inject time 1 min
Cryo inject temp. 200C
Trap bake time 10 min
Trap bake temp. 270TC
MCS bake temp. 270T
MCS cool 70T

_15_



1. 3o 4% dwtdide W

o8 2097 sAMNHE W] Ao W3S Table 3o el
WaATE &ojo] AWMAHE F FR9 WHIE 54 A 789+0.2%0]d

o), 16 A o = 79. 2 713 F oiz2 e w8 Frhekdch
Crude protein &2 54 A 2251003%, 54 294 21.520.02%,
169 19.9%0.2%, 2098 £ 189+0.32% % thzTol v3) 7asts A
< Biv =A% FFE 54 A 08F0.06%01Ua, A7kl A
ol wet & 2ot gllew, Hit 09+03% S FA &G =3E
o] S AR 192005%, 5449 207036% =4 18UA 2.2
+0.04%, 542098 < 24+1042%2 54 7]7be] Ao wel =23 F
Thete AES Bt Ak Atz oz HoRS w £4d7)7kd) mE
AP W= 2 Aol7 gl Aoz vEhd,

Zol9 54 717t 5 pHEY W3l:E Fig 19 #v A4 AgddE pH
7 63701, 54 24A = 83+0.0322 ZFrtsldek. A% 16¥9A pH

10012 HAHE HEPUAT. ARk A FolAE Hart Asgds
5 g Agolvt FujArel] o pH7F Holxl= A vtz &
o= pH7E F718teE AES Btk ol o7l dESEHEE 98 F
Well &4 92 84 A7AE FHstr dd A& 2E7F Aol oet

Aojw F2EHA7] ot Abs sz

#
L
N
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Table 3. Changes of proximate components during

the fermentation of the skate

(%)

Days in ] Crude Crude Crude
fermentation Moisture protein lipid Ash
0 789 22.4 0.8 1.9
2 77.0 215 0.8 2.4
4 77.8 21.2 0.7 2.0
6 78.0 20.5 0.7 2.2
8 76.9 20.4 0.7 2.3
10 774 194 0.8 2.5
12 78.3 196 0.7 2.2
14 78.9 19.8 0.7 2.2
16 79.1 199 0.7 2.1
18 79.0 19.8 0.7 22
20 79.4 189 0.7 2.3

- 17 -
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10 *

pH

o N A O

1 1 1 Il I | 1 1

0 2 4 6 8 10 12 4 16 18 2
Tire (day)

Fig. 1. Changes of pH during the fermentation of the skate.
* p<0.05
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2. AR 97142(VBN)9 W3l

oo 4 7 F FeAddIdae Wk Fig 29 2o oR
Yol TMA, DMA 59 324 97 die oy A% 2§ Fole
=3 Jey Az Adte tEo] FrlERnE offe ME ZFHo F
8% ARE ol&¥H Utk AFFEWI 2719 VBNY F7l= AMPY
g oofmlim kol 2§ qtryotel A4 g ZAolil, ool TMAO
o} 3o o TMAY DMA® A4, ofr|ieit To| FAA4sstEe
ool o) gk gFmijol Bl ZhE ofwife] QA wFo|t VBNEFHS o
b o2 3] 4143 o] SelME 5~10 mg/100 g, REHEZ ] o) S
M= 15~25 mg/100 g, 271%3H 9 o Foll A= 30~40 mg/100 g, -
o Fol M= 50 mg/100 g ol AN W (852 EG U eS|, 2000) Aol
U o7tedsg 22 AT e 48 d#Fe 8449 TMAOE g3k
GEUel, TMA Fo A4e] BWornz o #AH7|FS Iz 48
T 8t & dEdAME %4 g9 VBN 81063 mg/100 goll A =
A olEA 85419 mg/100 g 4UAE 167812 mg/100 g, 1294 =
4284+25 mg/100 g, 54 1694 Hdl 454.£10 mg/100 g 7]3to] =g
of wbeb FoHoR Frieti: TS BAL (p<OoD), A4 189 R HE
oFMH ZHAstE A4S RA F 5(1998)9 AFAME A 169
of Hdi?l 3112 mg/100 g& HEHRAEH, ol AXFA WEE A
i pAlE sty Ao R std VBNY ghako] B Aol B}
A e Aelgt AadEt. £ 519992 A Fe 20~25% AL
W 7hvke] A3 o] VBN@ ol Hdl 2153 mg/100 gita ® nstgrh

_19-



Jet 2 od@e] A 49 @heA 2 4gelA VBNe
Faol b Ao ol 549 Arhastazel 98 o Fold AoE
B7ha

3. otu]x A4 o] W3

Fole =4 71 F otvl=A 4o Wl Fig 3% ¢vh 54 3ld
415118 mg/100 g, A olEA = 482110 mg/100 g, =4 144 =
12025 mg/100 gi S7d7)3te] Aol wet i Frtetes AEE
A ole g AR Lee(1995)9] AFAxde #Hd 9478 mg/l100 g
Hops 29 2 FARAW A 5(1985)9 AT A A A vebd v
71289l TR E FASIA VBN Ui =4 onjedies g4 W

4. ¥R ol W

Eole 4 71 & drYete] Wl Fig 4 ¢ 24 NHs= 2E
ASsh= WA eE ure] Yl AR ez w4 AAG 13£58 mg/100 g
o] B2 FAE Holtirt 4 olE A 50419 mg/100 g= 2T
Al Fo 82 F7hE Bt (P00, E3 &4 7|7ko] gl wat
Z7tete A Bolurt &4 12946 204120 mg/100 g5 H 31X
& HArh ol & uvh2002)9 Aot Hl@ Addola oo AME o
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0 2 4 6 8 10 12 14 16 18 2
Time (day)

Fig. 2. Changes of VBN during the fermentation of the skate.

** p<0.01
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0 L | L 1 L
0 2 4 6 8 10 12 14 16 18 2

Tie (cly)

Fig. 3. Changes of amino nitrogen during the fermentation

of the skate. * p<0.05
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100

Tirre (cay)

Fig. 4. Changes of ammonia during the fermentation

of the skate. =** p<0.01
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Fol MW NHy9l 5t $4 da4%3 ¢ + - A%7 4 4

5. TMA$} TMAQ®9 43}

TMA= AAFol= Ao EAskA ok ARFE Alite] &9z 4o
ojal A TMAOZF gHase] AAEE Aol dwtd ez 1 F7hgo
drYyotrtt AXN MEwPe] F& AT Hu v Fol9 %47
o mE TMAY W3= Fig. 59 £tk £4 AdoE 614174 mg
/100 gl e, A 7]17ko] el wet P& Frisithrl 544 12U A o
250219 mg/100 g2 HuAE Yed & dAsA XHE AL
HAn. Zol9 A7) & TMAOQ 3 Fig. 63 Z}

TMAO+= o) 3579 AERIgA g5 o] TMAE AT, o] Ao
Bl AW, dEAstH e Fadiol dvh 4 Adel= 2321+16.7 mg/
100 g, 54 20€ Al 5561433 mg/100 g2 & %A 7|7to] A 73}
meA g3 BFaste FRe wioh
TMAO= sj4te] Fol 02~04 % AE FH=lo] Aoy, 53 Ao,
7te.8 S #AFA ol FHH A, grolde A FiHo
AA =t oF 5(1978), ¥ F(1981)¢] AT oa™ WEE 1~4C
of AFPE o, BAARL A% TMAO, TMA F2o FIdse
TMAO7} Zta:3tell metxl TMAZF 343 Z7tevta staid.
E5(1962)& Folel TMAOIHS 250~680 mg/100 g 2t31 st =d],
o= Lee(1996)7F B.a1@ 398 mg/100 g Rube o] @& xoln,

_24_



Dyer(1952), Lee(1999)7} H AFo]F9 432 190~267 mg/100 g9}
T B % FFo)guh

6. Mo W3}

Eolel w47k 2 Mol WaE Hunter 9l WE(L), AL
(a), &H5D) 3 ZUAZAE)RA Uebd A3t Table 490 2} 4
Z17ke] Artel mel WEe HAE fAadigu, GAEe gHEE =
Zpeblvh. 27] WRrE 67.85004 HA graste 416U A= 57438
UERAIY S8 EE 27) 11939014 16852 %4 7]7el o] gt
HE FAAE A 4F8E B HAE ¢ gHEiE z27)
A T7300M A 8dAo= 30307 A Stogn ARo
el g s B AWEE x7)oE 3443004 %Al RYdl =
40317 =4 8% o]Fo= thh =2 FolE eyt

mebA, Folo 44 Beded FHL FAAANY A= £A407n
ol 84 AHEA YEE Hof & Aoz woyy)
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B

100
B

0 1 ! 1 . I L
0 2 4 6 8 10 12 14 16 1’ 2

Time (cby)

Fig. 5. Changes of TMA during the fermentation of the skate.
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TMAO (mg/100g)

g8

8

8

3 ¥ 8

1 1 . 1

2 4 6 8 10 12 14 16 18
Tore (day)

Fig. 6. Changes of TMAO during the fermentation

of the skate.
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Table 4. Changes of Hunter values during the

fermentation of the skate

Days in Hunter values
fermentation L a b AE
0 67.85 7.73 11.93 34.43
2 59.94 6.13 11.24 38.58
4 64.26 541 11.92 34.65
6 60.32 451 10.23 37.68
8 63.38 3.03 12.73 40.31
10 55.52 2.63 11.01 42.30
12 55.58 299 1255 42.71
14 56.99 1.57 10.04 40.78
16 57.43 2.82 13.36 41.20
18 61.88 0.80 12.06 36.47
20 61.89 2.37 16.85 38.42

L, lightness; a, redness; b, yellowness; AE, brownness

_28_



=4 T wEULHERY W3E HPLCEZM &A% Ai:=

Fig. 8% Zt}. 54 Hddls AMP, IMP, hypoxanthines 2| Z#o] #
ZHA. 54 8d4dA7IA = AMP, IMP, hypoxanthineo] & ¥ t}hz}
IMP= A% 104714 HEHUY 54 12958 3-8 3= hypoxanthine?

AEHUATY o] AL EHES Alme AMFHAA &9 2 Agrd 5
of we} ool ate]rt & Ao AYzhwch

£(1998)° 93t Aol inosine® AEHAo U B dF9dE HAg
oA zol7b e Ao Aztdch o 519800 st dAkgw
EHE A AL AU gute] Hojxa &gk wWadto] i &7}
ste] HA Ao uro] Wojxlvin W w3l 53 IMP7F 9= A9
HAurs dnbo] Wolxdw R®uk 2uk ®Wogte Srbsgd oy e %
shdo)l B E3ha slgdt. Jone(1967) #  Kassems(1963) 52
hypoxanthine< 8ls WEY = FZolgt gded ¥ ddoAe
hypoxanthine®] 3te] sAAA Fol FgHoz F71gS 24y
(p<0.01).

_29_



ilx IlgP AMP ADP

R Lo .

v

- . b

Fig. 7. HPLC Chroriatogram of nucleotides during

the fermentztion of the skate.
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Table 5. Changes in nucleotides during the fermentation

of the skate

(pmol/g)
Days -
fermatation AMP IMP Hypxanthine
0 0.62 2.64 811
2 0.33 2.59 17.78"
4 0.36 2.31 21.49"
6 0.25 2,00 21.27"
8 0.20 212 21.48™
10 - 1.56 21.90"
12 - - 2296
14 - - 23.75™
16 - - 24.05™
18 - - 30.36"
2 - - 33.01"

Abbreviatons used : ATP, adenosin 5 -triphate; ADP, adenosin 5'-

diphosphate; AMP, adenosine 5'-monophosphate; IMP, inosine 5~
monophosphate; Ino, inosine; Hyp, hypoxanthine.

* p<0.05, =x p<0.01
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8. g AR 54 ¢ w3l
A 717He 742 dEdl §gojo] Fwd A E S canister system$

ol g3kl %% F GC/MSDE ol &kl $Hste] 1 AHE Table 6

I e Aol oIRIFEA 2657 F 35S A&, 1
297 3% FARHUG Az 47|t r AgaE o
189 Ao Fd A¥ol v BE & AFsn

o}fol MME Aatz <As) BAHE aldehydeR ol Huy YR o
thA LpERUA] @ gkal trimethylamine 454 Hol= HAEH A ¥uge
L AlZko] Ad & o1 gEko] F7HEE & ¢ At 53] terpenest
o dFeow HMatn g fxdArt = oz FEE + Qe
3-methyl-2-butanone®] & Fe] FeAA EUdth %4 Hile 14
A B2 79 peak7} YERUHA] gk out 4o Al wel P
#7F F7tsksd o

A FolA F=HAA Ueld AL dimethyl sulfide24 odor de
scription® & rotten onion¥ cabbageZ® YERE E@o|t} Fol9 Al
A Atz Qs dAs s dadd E2E A4 o $4 Ad
714 B %S AAsE E3 L 2-amino-1-butanol® dimethyl sulfid
eRth 18l w4 129A¢ A= u]s:dk sy e B} At
54 184 Aol 2-amino-1-butanole] HE A ggtow 938 =
A A A 12949 YENA 29 Y methyl pyrazine, 2-heptanone

of

i
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712131 2-ethyl-5-methyl furan%so] 184 Ao Ueluts ARE w o)

54 o)l YEtuA &Y geke] BkY amineR® 0

7 5ol =477
o) wolel weh 1 @eol FAHEE Ml MwHA §4 A, &
q7gke] AudeE Hey Aol e 2rsA ago, 1 EE

= 78k
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Zolo] A Fol dojue HEWHIE A4¥Er] fste] IuAgR,
pH, 3|97 &4, ol a4 ammonia, TMA, TMAO, & w2
deEs, AU dE 5o AEdEEE A de g3 g2
TN 23RS 54700 Add wE Frlsigon, W £
F717ke] Aol wel 25 FAEAT dAE dDAHES Z Aol:=
WA pHE AR 6394 %4 294 8302 F73 A+sld
=4 169dd= dAFFEES FASAGL. ARG AL 4 Aol
8 mg/100 gol¥l ZHo] &4 49U E 167 meg/100 gom A%
16del= Hd 455 mg/100 g¢& YeElTY7E 4 18R EE 7435

DY EYekE 4 AA el 15 mg/100 g ol rE £4 1299 210
mg/100 g HuAE B} oA ires A AL 415 mg/100
golthr} Al 7ro] Aol wat Zrtete] &4 20 482 mg/100 g, &
4 1290 120 mg/100 g9 H2AE Jehdidd TMAE %4 3
61.41 mg/100 gol¥l Aol wA7|3ko]l Addl wet Frhstslvh. TMAO
=43 232 mg/100 goltirt %4 20¥E 556 mg/100 go &

rlr

PR
qYe Wrs RS £47100 Aol e FolEUn F4ws}
BERE 47130 Adol ek Fhs ANRE T304 44

8= 1.030.8 7 A4St a4 8Y o]lF 2 Solo g golo] 758
AEZ Mo Hzrmoz vyt FEULE=E 44 AdRE 8y
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742 AMP, IMP, hypoxanthine®] &#o] A& At <=4 106 = 1
MP, hypoxanthine®] &z o] A&7l A4 12958 & hypoxanthine
W AEHAAT U FAHELS 68 AUk £4 A= 2-amin
o-1-butanol ¥ dimethyl sulfide’} 2-& %& 22| 5ri7t &4 18
¥ 2-amino-1-butanol& A& A 2% ™ methyl pyrazine, 2-heptan
one, 2-ethyl-5-methyl furan 5o Welskt} £Ad7]710] ANES52 3

W AR e FrbekAl @gou, 1 FRE Zrsac
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