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Abstract

To investigate the formation of pyrazines, by-products of chicken were hydrolyzed by protease/peptidase for
4, 8 and 24 hours, after which the hydrolysates were heated with glucose, fructose and xylose, respectively, at
180°C for 100min. The formation of pyrazines showed a significant difference by quality and quantity according
to the degree of protein hydrolysis. Especially, the formation of 2-methyl pyrazine and 2-ethyl-5-methyl pyrazine
was considerably affected by the degree of protein hydrolysis. Also, 3-ethyl-5-methyl pyrazine, 2-butyl-3-methyl
pyrazine, 2—butyl-3,5-djmethyi pyrazine, methyl pyrazine, and 3-ethyl-5-methyl pyrazine were identified only in

the hydrolysates for 24 hours.
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D-glucose, D-fructose, D-xylose, formaldehyde, 2-
isobutyl-3-methoxy pyrazine< Sigma-Aldrich(St. Louis,
MO, USA)AA] )8} 1L, sodium hydroxide, sodium
chloride ¥ hydrochloric acid® Duksan(Gyeonggi-do,
Korea) ¢ 2 ¥ +3}9t}. Protease P “Amano 6”3
peptidase R+ Amano Enzyme(Nagoya, Japan) o =2
B 7Y3t93, dichloromethane®} sodium sulfate
anhydrous-& Fisher Scientific(Vineland, NJ, USA)of A
FYahdh

2. §17| BAEQ| &4 I8l
248 ga7) FAE 600gd] ZFF 9miS F7)
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3laL, protease P “Amano 6”3} peptidase RS 5:19] 1)
22 3708 A7k ol AvtEE mat WA
R FHRFET FEE =AU F AR gol T 4
At B2 FFHEA AEY WFE 2% 50THH
2 47z 7FEF & 50T, 150rpme]  shaking
incubator(KMC-8480SF, Vision Scientific Co. LTD.,,
Seoul, Korea)el /| &4 7F¢ia Az E 9tk 7t
FE AT A7 442, 8417, 244]7b0] Tk

3. B Tl =alg &8

e AR A=S 2@ey) fskd o
i 22 3FPES ARHYDY. 522 A
@ 7k 2AE 0] FRS 0miE PolA & A
2 ¥ 0.1 N NaOHE A} g5l pHE 7002 %=
i, 0.1 N NaOHZ 3}2)17) formaldehyde(pH 7.0)E
25mi oA 1087 A}z 0.1 N NaOHE A}
gotel A9 pHE 8971 2 Wb AFsRo,
o) W £¥lE 0.1 N NaOHY Fg ZFaiqc}. g1
7] FAHEE2 6 N HCIE 110ToA 24A)17F 712 A7
Ag 100% A5+2H8 A2 BFae] oo 4
3 Zo] gHg Asraes ANIAT.

Amino nitrogen (%) = (Vi / Vo) 100

Vi A1E9) 0.1 N NaOH &7 2 H)ZHml)
Vo : 4 7} 2389 0.1 N NaOH 28 A1) ZHml)

4. Model systemOliM2| pyrazine EEE &M

4A|ZL, 8AIZY, 24A17F B4 AR R B3] st B
& 25g9l glucose, fructose, xyloseZ 2Z}z} 2.5g @
i1, 50% NaOHZ pHE 1002® @3t} o5 97}
Z19] model systemg 200m/¢] stainless steel bottleo]]
Ztzt @2 ¥, 180CTE #fAAN ¥9F Az
(EYELA NDO-600SD. Sunil Eyela Co., Seoul, Korea)
A 100% 5 WAl A Tk

5. Pyrazine =i&E<| =2l

500m/ &F2] 3-neck 52 ZTAFo vrgEA
TFTF 0mlg EUS & UIREEEA =R Algd
200ppm<]  2-isobutyl-3-methoxy pyrazine(v/w, in
dichloromethane) 1.5m/¥} sodium chloride 5g& #7}sh
Rk A8 o9l 52 ZEAAE 40ml/min
£29 ALVAE FEFI, mpd  11.7%9)
hydrochloric acid(w/w) 25m/& Wil GSEA &%
AMFIEA pyrazine 59 LY AHEE
purgeStAthFig. 1). FEy F7) 2o £H4E 117
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&3t F&E9 pHE 13022 =itk o)
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WA olE gAeiTe] Yol F BN ¥ &
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25mio.2 2083 AGuFE sk FEE ol
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123 &80 & ¥ 3 2939 8Ee ddth
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6. Gas chromatographic analysis (GC)

Pyrazine 3}EY AHHIEMol= HP 5890 gas-
chromatograph(Hewlett Packard, Little Falls, PA, USA)
7} AFEE 1o H, flame ionization detector(FID)$} =
AZEA  fused silica GC capillary DB-innowax
column(25m length 0.2mm id., 0.25m film-thickness)
(J & W Scientific, Folsom, CA, USA)°o] A}&%¢lth
2 FEH AlE 1WE splitless mode 2 F95+4
o olgd VAZRE "EHe)O] AMEHJIL, 1ml)
min8] 8&o02 324 SHET GC LB &&= 40
TolA 200C7HA] 5C/ming FF.om, 200TA 5
2 59 fAGET TR 2209 exe %
2 230TC <} 250 C o

7. Gas chromatography/Mass spectrometry
(GC/MS) Analysis
Pyrazinef SEES FJH EAS 9s)A HP

Heating and Stirring

Fig. 1. The apparatus of selective purge and trap (Kuo
et al., 1989)
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6890 gas chromatographe]| HZAE mass selective
detector(MSD) (Hewlett Packard Little Falls, PA, USA)
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Fig. 2. Degree of protein hydrolysis according to time.
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9718 JeRe QM0 39 F UL BAG o 2447 A9gaAR ABANE 849 pyrazineo)
ABe Table 133 2Pk AH5Rs) FxEel o mE BFSEYeH, I 46l 2-methyl pyrazine
Tt B EF glucoseE WSAZELE W AEFF (No.1), 2-ethyl-6-methyl pyrazine(No.3), 3-methylbutyl
pyrazine2 Table 1o UehfQch & 8709 pyrazine  pyrazineNo.8)2 4AIZF 7hpEa g AlEolA T &<l
o] 3HYen, AWMAHQl pyrazined] AT 7} 3,  2,3-dimethyl pyrazine(No.2),  3-ethyl-2,5-
27 PP wat Zrtstdn 87 HFEE dimethyl pyrazine(No.6), 2-ethyl-3,5-dimethyl pyrazine
%  2-ethyl-5-methyl pyrazineMNo.4)3}  2,3,5-trimethyl MNo. )& 8A17F 7}E&3 AR AEH= &
pyrazine(No.5) 4A1%F, 8A1ZY, 24A1F &4 AT®  4AGFH A JhEREF AlRAA A2 OE
AR BZ5ox gAdHeH, 7Rzt J@d el pyrazineo] FZEH AT LS Fig. 3AH 7teEs &
wE AEEEe & =G IA JIteao 3, T wet pyrazineo]l FXAHLZE Frbste AR 3
2-methyl pyrazine(No.1)3} 3-methylbutyl pyrazine(No.8) Qo) Z HolE RHo|A Y= AR Ut o=
£ AT UAT AFEAD ARAAT BAHY glucoses FEF FF ob=ie WSARAES o
on, A1 &4 AT AEAAE ER1HA &gt ) F29] pyrazine SFE ofr|:=2te] FHol A

Table 1. Comparlson of pyrazines 1dent1fied m model system composed of glucose and protein hydrolysates
~ : : _ GC Peak Area (%)
__ Time of enzyme hydrolysis Identification”

R Possible Compeunds

o ; . b 8hr 24hr
1 1290  2-methyl pyrazine 0.61+0.094 -d) 1.98+0.701 MS
2 1375  2,3-dimethyl pyrazine - 0.2610.089 0.6410.014 MS/RI
3 1413 2-ethyl-6-methyl pyrazine 1.90+0.243 - 3.89+0.196 MS/RI
4 1421  2-ethyl-5-methyl pyrazine 0.04+0.017 0.08+0.075 0.16+0.041 MS/RI
5 1433 2,3,5-trimethyl pyrazine 0.04+0.020 0.09+0.102 0.13+0.102 MS
6 1470  3-ethyl-2,5-dimethyl pyrazine - 0.03+0.005 1.45+0.096 MS/RI
7 1490  2-ethyl-3,5-dimethyl pyrazine - 0.25+0.039 0.49+0.175 MS
8 1613  3-methylbutyl pyrazine 0.04+0.011 - 0.05+0.002 MS

a) Retention indices were determined using n-paraffins C7-C22 as external references.

b) Relative GC peak areas to that of internal standard.

c) Tentative identification was performed as follows: MS/RI, mass spectrum was identical with that of Wiley mass spectral
database (1995) (HewlettPackard Co., Palo Alto, CA, USA), and retention index was consistent with that of the literatures
[A, Kondjoyan and Berdague (1996); B, Adams (2002); C, Acree and Am (1997); D, Kubec et al. (1997); E, Ansorena et
al. (2001); F, Kerler and Grosch (1996) J; MS, mass spectrum was consistent with that of Wiley mass spectrum database.

d) not detected.

Table 2. Comparison of pyrazines identified m model svstem composed of fructose and protem hydrolysates
Pk ~ GC Peak Area (%)‘”

e R Possible Compomtds - _ Time of enzyme hydrolysis Identification”

o ' ‘ 4hr 8hr 24hr
9 1135  methyl pyrazine -9 - 0.66+0.006 MS
10 1291  2,5-dimethyl pyrazine 0.99+0.016 2.15+0.064 3.09+0.338 MS
11 1351  2,6-dimethyl pyrazine - 0.86+0.121 1.47+0.138 MS/RI
12 1355  2,3-dimethyl pyrazine 0.11+0.017 0.54+0.065 0.59+0.049 MS/RI
13 1374  2-ethyl-6-methyl pyrazine - 0.8 +0.062 1.19+0.046 MS
14 1414 3-ethyl-5-methyl pyrazine - - 0.55+0.042 MS
15 1421 2,3,5-trimethyl pyrazine 0.18+0.007 0.72+0.121 0.77+0.176 MS
16 1433 3-ethyl-2,5-methyl pyrazine 0.25+0.038 0.32+0.053 0.54+0.061 MS
17 1488  2-methyl-3-(2-methylpropyl) pyrazine 0.0410.019 0.06+0.009 0.06+0.026 MS

a) Retention indices were determined using n-paraffins C7-C22 as external references.

b) Relative GC peak areas to that of internal standard.

¢) Tentative identification was performed as follows: MS/RI, mass spectrum was identical with that of Wiley mass spectral
database (1995) (HewlettPackard Co., Palo Alio, CA, USA), and retention index was consistent with that of the literatures
[A, Kondjoyan and Berdague(1996); B, Adams (2002); C, Acree and Arn (1997); D, Kubec et al. (1997); E, Ansorena et
al. (2001); F, Kerler and Grosch (1996) ]; MS, mass spectrum was consistent with that of Wiley mass spectrum database.

d) not detected
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Table 3. Comparison of pyrazines identified in model system composed of xylose and protein hydrolysates

Peak

GC Peak Area (%)”

RI” Possible: Compounds

. Time of enzyme hydrolysis Identification”
dhr 8hr 24hr
18 1291 2-methyl pyrazine 0050017 02320179  24120.054 MS
19 1349  2,5-dimethyl pyrazine R 0.04+0.024 0.67+0.093 MS/RI
20 1355 2,6-dimethyl pyrazine 0.02+0.002 - 0.03+0.022 MS/RI
21 1374 2,3-dimethyl pyrazine 0.27+0.013 0.47+0.115 0.61+0.051 MS/RI
22 1412 2-ethyl-6-methyl pyrazine - 0.81+£0.225 MS/RI
23 1420 3-ethyl-5-methyl pyrazine - 0.22+0.071 MS
24 1431 2,3,5-trimethyl pyrazine 0.07+0.036 0.11+0.012 MS
25 1460 2,6-diethyl pyrazine 0.06+£0.049 0.15+0.044 MS
26 1470 3-ethyl-2,5-dimethyl pyrazine 003:0002  005:0.015 MS/RI

a) Retention indices were determined using n-paraffins C7-C22 as external references.

b) Relative GC peak areas to that of internal standard.

c) Tentative identification was performed as follows: MS/RI, mass spectrum was identical with that of Wiley mass spectral
database (1995) (HewlettPackard Co., Palo Alto, CA, USA), and retention index was consistent with that of the literatures
[A, Kondjoyan and Berdague (1996); B, Adams (2002); C, Acree and Am(1997); D, Kubec et al. (1997); E, Ansorena et
al. (2001); F, Kerler and Grosch (1996) ]; MS, mass spectrum was consistent with that of Wiley mass spectrum database.

d) not detected
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