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ABSTRACT

Thirty mukeunyji products were collected and their characteristics, including pH, acidity,
salinity, sugar, organic acids, free amino acids, and flavor compounds, were examined along
with their sensory properties. The average values of pH, acidity, sugar, and salinity were
pH 3.79 = 0.25, 1.28 = 0.24%, 9.70 = 1.78 brix, and 2.56 * 0.46%, respectively. Seven
types of organic acids were detected at various amounts depending on the mukeunji products.
Lactic acid and acetic acid were detected in all of the mukeunji products examined, with lactic
acid present in the highest quantity (10,205.15 £ 3,309.35 mg/L) followed by acetic acid (2,850.18
+ 981.87 mg/L). The level of free amino acids was 1,347.94 + 458.46 mg/100 g(average),
and there were 21~34 types of free amino acids. Glutamic acid was detected in the highest
quantity. Leucine, asparagine, GABA, serine, lysine, and aspartic acid were also detected in high
quantities. A total of 209 volatile compounds were detected from 30 mukeunjis and 22~78
compounds were detected from each mukeunji sample. Thirteen samples with typical mukeunyi
flavor and taste with a reduced off—flavor were selected from the 30 products through a sensory
evaluation and were subjected to an analysis of volatile compounds, which showed that allyl
methyl disulfide, dimethyl trisulfide, 2—propenyl methyl trisulfide, and 5—cyano—1—pentene were
typical volatile compounds. Mukeunji and over—fermented sour kimchi are often sold as mukeunyi
because there is no muikeurnyi standard. Accordingly, a standard for muikeunji should be established
to advance the industry. The results of the present study can be used as basic data to establish
such a standard.

Key words: mukeunyi, chemical properties, sensory property, volatile compound, standards for
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Table 1. mukeunji products used in this study

Al VERSTHTable 1).

2. pH, ME, &F Y

524 Al&E2] pHE pH 3.56~pH 4.56, 2H==
0.70~1.61%, FEE 1.96~4.20%, FE= 7.0~13.8
brixel| 33} oM, 30% F2AAEY] HT pH,
e, A%, B%E pH 3.79 + 0.25, 1.28 + 0,24%,
2.56 £ 0.46%, 9.70 = 1.78 brix& zFz} UEPgch
(Table 2).

Hur & Al# 524 659 54 ZAblA 52
A9 i A= 2.21%2 VERGTRL sFtHHur
et al, 2015). & Aol 9] 30F HF2A9 4= =
A vl Hur 59 oM E4 =2 3 o
ERISITE. A== Hur 59 AFolAls 1.76~2.45%
(Fgk 2.22002 e, B Aol 3059 52

Sample . Date of Date of . . Storage

No. Manufacturing area production  purchase Aging period tempera%ure
1 Cheonan, Chungcheongnam-do 2015.12 2017.08 1 year 8 months 3T

2 Hoengseong—gun, Gangwon—do 2016.08 2017.08 1 year underground: 13C
3 Paju, Gyeonggi—do 2015.12 2017.08 1 year 9 months unreleased
4 Haenam-gun, Jeollanam—do 2016.01 2017.08 1 year 7 months 0C

5 Cheonan, Chungcheongnam—do 2016.09 2017.08 1 year below 5T
6 Gwangsan—gu, Gwangju 2016.12 2017.09 10 months 2~4C
7 Jinan—gun, Jeollabuk—do 2015.09 2017.09 2 years 1 months 0T

8 Buk-gu, Gwangju 2017.02 2017.09 7 months -1TC

9 Dong-gu, Gwangju 2017.01 2017.09 8 months 1T

10 Hampyeong, Jeollanam—do 2016.12 2017.09 9 months 2T

11 Cheonan, Chungcheongnam—-do 2017.02 2017.09 7 months 2C

12 Gwangsan—gu, Gwangju 2016.11 2017.09 10 months 0~1T
13 Dong—gu, Gwangju 2016.12 2017.09 9 months 1T

14 Buk-gu, Gwangju 2015.12 2017.09 1 year 9 months 1-2C
15 Dong—-gu, Gwangju 2016.08 2017.09 1 year 1 months 1T

16 Andong, Gyeongsangbuk—do 2017.04 2017.09 5 months -2~-17T
17 Goesan—gun, Chungcheongbuk-do 2016.04 2017.09 1 year 5 months 2~3C
18 Gimhae, Gyeongsangnam—do 2016.12 2017.09 9 months 0C

19 Haenam—-gun, Jeollanam-do 2016.02 2017.09 1 year 7 months 1.5~4T
20 Buk-gu, Gwangju 2016.12 2017.09 9 months 0~1TC
21 Nonsan, Chungcheongnam—-do 2017.01 2017.10 9 months 0~3C
22 Nam-—gu, Ulsan 2016.11 2017.10 11 months 0~1C
23 Geumsan—gun, Chungcheongnam—do 2017.03 2017.10 7 months 0~27C
24 Gangbuk—gu, Seoul 2017.01 2017.10 6 months 1T

25 Nam-gu, Gwangju 2017.05 2017.10 7 months 1.5C
26 Gwangsan—gu, Gwangju 2017.04 2017.10 6 months 1T

27 Jangseong—gun, Jeollanam—do 2016.01 2017.10 9 months 0~5C
28 Muan-gun, Jeollanam-do 2017.06 2017.10 7 months 1.5C
29 Seo—gu, Gwangju 2017.02 2017.10 8 months unreleased
30 Gwangsan—gu, Gwangju 2016.11 2017.10 11 months 1.9C
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Table 2. Chemical properties of mukeunji products

A

am
HI

ME
o
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Sample No pH Acidity (%) Salinity (%) Sugar content (brix° )
1 3.56 1.61 4.20 13.8
2 3.70 1.34 2.38 9.3
3 4.05 1.09 2.51 8.3
4 3.61 1.59 2.60 12.1
5 3,75 1.31 2.26 7.0
6 3.71 1.50 2.05 8.8
7 3.86 1.23 2.30 10.0
8 4.14 1.04 2.34 9.2
9 3.61 1.51 2.75 10.2
10 3.72 1.43 2.47 10.8
11 3.78 1.37 2.22 9.3
12 3.76 1.29 2.19 9.2
13 3.67 1.31 2.40 11.2
14 3.72 1.31 2.49 8.0
15 3.62 1.57 2.30 9.4
16 4.56 0.70 2.19 12.4
17 4.21 0.86 2.24 8.0
18 4.16 1.01 3.50 10.4
19 3.90 1.16 2.64 8.1
20 3.75 1.35 2.81 12.1
21 3.80 1.30 291 8.4
22 3.82 1.31 2.83 8.2
23 4.06 1.08 2.70 7.0
24 4.11 0.99 2.25 7.3
25 3.60 1.50 2.14 9.2
26 3.73 1.39 2.92 10.0
27 3.54 1.60 2.39 9.7
28 3.72 1.30 1.96 9.3
29 3,76 1.27 2.78 11.0
30 3.65 1.32 2.98 134
Average + S.D. 3.82 £ 0.23 1.29 + 0.22 2.56 + 0.46 9.70 £ 1.78
Aol duct v waEgl PA wES Fusk UEE Aole] 434 tze] WAL 4T
© AA AR A s EEE U 12 52 FAloR A&EL Qlr}, o] Zx¢f At &
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or a7} o e dofung A= o £ A = 5249 =7t o EAWHNam et al, 2007),
T2 YeEhA BkKo et al, 2015 Moon et al, BoRoMr o] drrth= t v Az7} o
2015, % Hur et al ] QFolE 240 Bt o ol A8e < + Ui

E=7F O S e e B g ofd me} U] w2 Ak
UeRZl | ZoR AR, 5249 Fied)
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Table 3. Sensory characteristics of mukeunji products

Sample

Moldy flavor

No. Overall features Sourness  Saltness Texture of-flavor
1 Traditional soy sauce(Ganjang) flavor, Spicy flavor Strong  Strong  Partially softness  Strong
2 Pickle flavor and taste, Alcohol and spicy flavor Strong Normal Partially softness ~ Normal
3 Typical mukeunji flavor and taste Normal ~ Normal Normal None
4 Typical mukeunji flavor and taste, Sesame oil flavor Strong  Normal Normal None
5 Moldy and off-flavor, Fecal odor Normal ~ Strong  Softness Very strong
6 A little mukeunji flavor and taste Alcohol flavor Strong  Normal Partially softness ~ None
7 Very strong moldy and off-flavor Weakness Normal Partially softness ~ Very strong
8  Salted fish sauce flavor, Fermented milk(yogurt) flavor Strong  Strong  Normal None
9 Typical mukeunji flavor and taste, Spicy taste Normal ~ Normal Partially softness A little
10 Typical mukeunji flavor and taste Strong  Normal Normal A little
11 Pickle flavor and taste, A little mukeunji flavor and taste Normal ~ Strong  Normal A little
12 A little mukeunji flavor and taste Normal ~ Normal Partially tough Normal
13 Typical mukeunji flavor and taste, Spicy taste Normal ~ Normal Normal A little
14 Typical mukeunji flavor and taste Normal ~ Strong  Partially tough Normal
15 Typical mukeunji flavor and taste Strong  Normal Partially softness ~ None
16 Fermented kimchi, A little mukeunji flavor and taste Normal ~ Normal Normal None
17 Traditional soy sauce(Ganjang) flavor, Pickle flavor and taste Normal ~ Strong  Very softness Strong
18  Typical mukeunji flavor and taste, Bitter taste Normal ~ Strong  Partially softness ~ Normal
19 Rancid(over-ripened) kimchi Strong  Normal Partially softness A little
20 Typical mukeunji flavor and taste, Salted fish sauce flavor Normal ~ Strong  Normal None
21 Typical mukeunji flavor and taste Normal ~ Normal Normal None
22 Traditional soy sauce(Ganjang) flavor, Fermented skate odor Normal ~ Normal Partially softness ~ Normal
23 Rotten vegetable odor, Food waste odor Weakness Normal Partially softness  Strong
24 Traditional soy sauce(Ganjang) flavor, Alcohol flavor, Bitter taste Normal ~ Normal Partially softness ~ Normal
25 Typical mukeunji flavor and taste Normal ~ Normal Normal None
% Typical mukeynji flavor and taste, Salted fish sauce, Traditional soy Nomal  Strong  Partially tough None

sauce(Ganjang) flavor

57 Traditional “soy sauce(Ganjang) flavor, Spicy flavor, A little Nomal  Smong  Normal A e

mukeunji flavor and taste

28 Typical mukeunji flavor and taste, Spicy taste Normal ~ Normal Normal None
29 A little mukeunji flavor and taste, Alcohol flavor Normal ~ Normal Partially softness A little
30  Traditional soy sauce(Ganjang) flavor, Pickle flavor and taste Normal ~ Strong  Normal None

HE A7t 22785 20)0] e e EAFH7F AL 4. QI

|8 AlEHE 149, 159, 208, 219, 259, 269, 28
WloIR TS TAF A7 70 ool 34, oul, 13w,
27 s ool 4, 10, 18¥loleln Tehek
ols} e 7} At Wk 3059l HeA F B
HoRNE oA E4el gult 3 i AR % 13
Fol AR AT 4 ek A4H 1359 FeA A

B olFY] HeA 7] AR AR THAY Alas

FHE 30F ELX|2HE lactic acid, acetic
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(Table 4). $3¥ 30%9] H2A A8 5 789 &
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4%, 48 F71F AE AR 9%, 38 &
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lactic acid$} acetic acid’} FAZE 0™ o] lactic
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713k %
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o F2A AR W 6,910~24,299
mg/L #E2 HEHIIAL 305 F2A=TYH A=
g f712ke] BHEEES 13,547.28 + 3,732.70 mg/LO
E YERItH(Table 4). A&8 /714 785< B 4
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e
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TEE
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citric acid ) succinic acid ) tartaric acid ) formic

%
>

o EY BME St 52X ME7IE 70| Cigt ¢+ 39
acid ) malic acid £ 2 JeRJT}E AEE f7)3ke
FE Table 29| AF= Ao}l A9 AXFhH= AR
YePdt) Kim et al.(2013)2 13 o] SAH 2o
2] Z F71AF S 1,464.65 mgwo|H, A=H

714k lactic acid, acetic acid, citric acidg}al 3}
At} Hur et al. (2015)& 671€ o)A} &£AH E2.4]
60) H71AF BAoIN 63¢] 2R ol lactic
acid, acetic acid, succinic acid 32| f-7]xto] A&
ATk SFSILE. i et al. (2009)2 465 SAE S
AJo| A lactic acid®} acetic acid 2F2] F7]4te] A
Z5Jokar 33t Yoo et al, (2001)2 305 F9r2
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Table 4. Analysis of organic acids in mukeunji products

unit: mg/L
Acids . . . . . . .
Lactic Acetic Citric Malic Tartaric Succinic Formic Total
IS\?(r)nple acid acid acid acid acid acid acid ol

1 19,645.76 431722 nd nd nd 251.56 85.14 24,299.68
2 11,754.86 2,856.92 nd nd 202.70 362.86 nd 15,177.34
3 7,822.58 2,359.08 nd nd nd 270.48 nd 10,452.14
4 14,347.84 2,451.14 nd nd 363.80 172.66 n.d 17,335.44
5 9,304.94 3,908.76 nd 109.94 nd 290.32 n.d 13,613.96
6 11,369.02 3,265.62 215.82 nd 193.02 240.18 nd 15,283.66
7 10,421.14 1,361.62 345.24 nd nd 157.08 n.d 12,285.08
8 5,359.22 2,900.02 831.30 nd nd 142.44 nd 9,232.98
9 12,483.54  2,203.46 587.20 nd 338.00 144.18 67.42 15,823.80
10 11,939.24 2,248.54 536.06 nd 310.32 150.74 58.72 15,243.62
11 9,767.94 3,574.68 nd nd nd 125.74 nd 13,468.36
12 10,373.66 3,203.40 nd nd 142.72 128.06 40.60 13,888.44
13 11,547.06 2,557.90 nd nd 156.84 118.82 36.02 14,416.64
14 10,480.34 3,525.76 nd nd nd 137.24 37.38 14,180.72
15 12,926.34 3,055.56 nd nd 332.86 133.34 nd 16,448.10
16 3,282.08 2,132.76 1,175.76 90.98 nd 198.46 30.80 6,910.84
17 6,106.12 822.62 1,346.60 nd 392.36 149.76 n.d 8,817.46
18 5,526.68 2,395.94 1,433.82 nd nd 192.18 nd 9,548.62
19 7,828.48 2,031.40 381.86 81.76 107.72 267.02 nd 10,698.24
20 10,638.72 2,983.84 nd nd nd 174.40 nd 13,796.96
21 8,504.60 3,048.06 nd nd nd nd nd 11,552.66
22 8,144.76 2,985.30 n.d n.d n.d n.d n.d 11,130.06
23 8,417.40 2,063.02 nd nd nd nd 29.22 10,509.64
24 5,787.86 1,480.88 n.d nd 205.90 nd nd 7.474.64
25 13,292.56 4,183.42 nd nd nd nd nd 17,475.98
26 10,517.32 3,020.34 nd nd nd n.d n.d 13,537.66
27 15,140.34 5,794.98 nd nd nd nd nd 20,935.32
28 10,423.32 3,640.52 nd nd nd n.d n.d 14,063.84
29 11,222.76 2,045.06 nd nd nd n.d nd 13,267.82
30 11,777.98 3,087.46 683.16 n.d n.d n.d n.d 15,548.60
Average 10,205.15 2,850.18 251.23 9.42 91.54 126.92 12.84 13,547.28
S.D 3,309.35 981.87 433.89 29.00 135.64 106.44 23.81 3,732.70

n.d: not detected
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pats
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ol F7Fskal malic acid, citric acid, tartaric acid,
pyroglutamic acid, succinic acid 52 2<57]0l]
138 Holth} ofF ﬂiﬂu} S

oVge] AT FHete] W HeAl W - 4
= lactic acid7} 7F¢ =& f}ﬂ"%k&‘?_ AzHE= A
< & ik of= AR DY ]olk= homofermentative
frikto]l 4 mlAEe] ¥7] W&o R (Park et al.
2010; Hong et al, 2015) AkB¥C}) o]} tJEo] acetic

By

acid, citric acid, succinic acid7} 7A&2 4 L 1
Be ede] wE . 44 £E, A8E 4 5

7 ool wet t27) yehs Zles oA,

5. {2(0t0| At

24 30%9] Feloh|it A 21~34F9]
Frejobn]ieite] HEHJTHTable 5). A4 frelof

A 2 ke Zox]o) we} 465~2,370 mg/100
g X% U2 ASHIA Ht S 1,347.94 +
458,46 mg/100 g & A, 52| A|gof u}
2} frejobr|iente) ghdt R+ vha o2 ek

%01 phosphoserine, taurine, aspartic acid, threonine,

il

serine, asparagine, proline, glycine, alanine, valine,
isoleucine, leucine, tyrosine, phenylalanine, ¥
-amino-n- butyric acid(GABA), histidine, ornithine,
lysine & 18%<] ofn]x=Aike 3052 H-2X] Aol
A 25 AEE AEE frelotrlnt 3 B
0 & glutamic acid®} alanineo] 7} 2 5o g
AZ=FAe}. 0|9 leucine, valine, asparagine, GABA,
A==
(Table 5). Ji et al.(2009)-2 5TColA 46577+ da s
oA frejobulal XA F frejobnlat

ke 1,018 mg/100 go|¥e™ glutamic acid9t

serine, lysine, aspartic acid o] =7 %

alanine®] FQ3} ofn|:Alo g2 ZAZEQIty By

Sk, Tl A 2 feloprleate 1A 9 7
AR Zo) o] Jiens] W FAEA,

wEsg 2 vAE il ol
o AAFEC B 13FITh(i et al, 2009). o]¢} Zo
A= 7 Agelxe] Ak dAjehes Aot
5249 frejopr|nt EHolx 7154 obr|=nt
ol GABA(69.45 £ 40.53 mg/100 g), aspartic acid
(58.73 £ 47.23 mg/100 g), ornithine(44,90 * 40,48
mg/100 g ol 30F9 H2AM HEEHU
GABAE Eff SFABANN ARdGEH=A]
o3} tEo] Hrls 3, ALl o 2, Eg A
st 2H8, IS A, B, d3s diab 3
g T e Aelss Advkal deAaL 9l
(Cho et al. 2007). Aspartic acide Eﬂ”]‘/}% sl
AIZ1AL A|Z JA] tiAE F30)) ofgh B veEs
T 7, bEuol tiap Exleo o3k 31 e, WY
3t 5o Aerle2
Kumar et al, 2017). Ornithine-2 %‘ﬂ!@ tiAke] -
A}l ofmuol Ao Faskar Auellx] 7] zry
ARE SAIA HRkE diEhs 7S o
23} v Folxe HeolREAR g Qlok
(Park et al, 2012), & dAFolA+= o]e} e 7|54

lysine?} leucine&

Ed9E F 9,1—‘5 TS ZElAlRE 7ol °1~E%



Table 5. Analysis of free amino acids in mukeunyi products
Unit: mg/100 g

Sample No.

Amino acids 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Phosphoserine 2.20 1.59 1.48 430 1.37 1.46 125 1.63 2.18 1.59 413 2.41 .64 1.70 1.26
Taurine 12.96 435 545 1729 6.90 6.70 745 10.07 10.29 6.25 13.15 15.36 41.19 14.11 32.56
Phosphoethanolamine 143 4.58 6.89 29.54 nd 15.87 1373 24.32 16.78 13.24 nd nd n.d nd nd
Urea 24.23 2341 32.40 81.53 n.d nd n.d nd n.d nd n.d n.d n.d n.d n.d
Aspartic acid 42.18 13.09 34.45 76.33 0.36 19.52 45.54 47.89 9.30 6.73 2197 63.13 17.63 6.01 4753
Hydroxyproline 2.26 248 2.99 6.60 2.76 4.95 7.01 5.44 10.57 9.23 nd nd n.d nd n.d
Threonine 4738 26.88 33.41 58.05 0.51 32.37 31.25 29.29 33.64 33.03 53.86 56.50 18.69 2128 65.42
Serine 48.57 32.30 42.10 75.10 0.99 39.97 52.18 35.13 4125 41.69  105.06 67.60 97.70 32.64 80.60
Asparagine 4373 63.84 79.90 17288 46.57 51.32 65.33 38.85 54.85 68.18  130.55 47.69 .74 45.12 .17
Glutamic acid 3409 20151 13406 17573 n.d 1448 11577 11232 13449 11374 4.5 17147 26211 nd 17647
a—Aminoadipic acid 2.58 283 2.63 218 3.17 1.66 1.84 1.91 211 2.84 5.54 3.53 3.60 3.10 4.15
Proline 63.23 34.14 4012 11355 8.63 5207 91.41 53.99 60.90 74.53 26.79 14.44 21.70 702 15.78
Glycine 57.44 37.18 34.10 52.38 28.66 32.59 3097 30.24 39.69 35.94 51.90 59.21  102.35 42.19 81.78
Alanine 135.55 99.59  106.64 12114 11025 11643 11227 90.63  144.27 13259 31170 18285 31398 16626  269.82
Citrulline 14.66 437 6.84 11.17 n.d 370 215 14.57 8.30 891 1592 n.d 50.26 n.d .36
@ —aminobutyric acid 10.74 297 1.60 130 23.37 0.95 1.72 2.62 4.21 3.70 8.76 nd 15.24 9.87 12.52
Valine 78.18 4828 51.36 15.83 41.38 42.35 4596 45.47 50.94 4719 97.62 7464 11547 5847 106.37
Cystine 2.12 4.74 4.62 8.63 3.45 3.36 4.11 375 541 4.90 n.d n.d n.d nd n.d
Methionine 21.10 15.85 17.47 n.d 13.80 16.45 15.59 17.43 21.65 19.52 19.87 26.43 46.67 19.10 36.16
Cysthathionine n.d 233 2.05 44,74 2.92 n.d 1.15 n.d n.d n.d n.d n.d n.d n.d n.d
Tsoleucine 50.21 26.49 31.84 53.39 24.68 .11 30.07 31.49 34.52 3222 51.26 50.38 18.55 36.50 68.89
Leucine 67.07 4747 50.09 83.06 42.20 50.49 4839 49.23 60.08 59.64 79.29 92.66 15391 71.89 13001
Tyrosine 4.30 2307 26.64 42.44 5.09 2.12 23.15 24.70 14.08 11.20 9.98 38.90 21.51 6.92 10.36
phenylalanine 41.17 29.45 34.56 56.11 27.49 30.93 31.30 21.93 36.98 36.25 53.02 52.28 86.37 40.89 5.2
B —alanine 0.05 0.08 0.10 0.10 0.08 n.d n.d 0.14 0.08 0.10 n.d n.d n.d n.d n.d
B —aminoisobutyric acid 2.88 1.02 1.13 1.52 0.80 n.d nd 2.98 1.09 0.68 nd n.d n.d n.d n.d
¥ —amino—n-butyric acid 113.98 39.75 12.44 21.11 64.45 46.66 1997 23.63 36.83 3176 119.90 40.67 7320 144.66  160.44
Histidine 4.59 14.73 16.58 32.20 0.19 6.86 15.88 18.11 14.82 1542 247 20.48 37.18 2.78 6.60
Tryptophan 1.52 n.d 4.90 9.81 nd 2.12 nd 4.35 3.00 nd nd nd n.d nd n.d
Hydroxylysine 0.68 nd 1.60 2.55 nd 0.56 0.65 0.87 0.72 nd nd nd nd nd nd
Ornitine 13.82 16.60 45.83 54.38 1.47 16.32 53.06 43.24 2.24 2.06 12.15 46.81 5.69 2.06 3.60
Lysine 69.12 20.89 53.73 B2 0.48 45.18 5242 56.44 4339 40.68 11.90 90.63 79.56 5.59 19.42
Ethanolamine 4.44 337 3.80 503 3.18 3.42 4.11 3.88 4.34 4.40 nd n.d nd nd n.d
Arginine 3.18 6.09 0.92 4.16 n.d 148 548 172 3.26 4.96 56.08 2.49 39.37 0.34 273
Total 1,033.64 85532 924.72 146794 46520 77145  931.16  854.26  906.26  869./7 1,333.46 1,226.56 1,822.31 74510 1,499.81
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Table 5. Continued

T~ SNy g 9w w w » B M 5 % 2 0B W™ %0 Avewge + SD.

Amino acids

Phosphoserine 1.80 1.84 4.60 2.56 3.03 2.65 2.45 2.57 1.79 3.37 3.06 320 325 3.65 201 280 + 156
Taurine 1315 2075 2513 3832 4.65 3.9 4.19 591 1017 1118 1842 1804 1109 2369 1848 1437 + 981
Phosphoethanolamine n.d nd nd nd nd nd nd nd nd nd nd nd nd nd nd 441 + 810
Urea n.d n.d n.d n.d n.d n.d n.d n.d n.d nd nd n.d nd nd n.d 539 + 16.57
Aspartic acid 11158 11710 11464 21163 5026 3913 2374 709 7378 9326 8636  66.57 100.66 11655  91.83 813+ 4123
Hydroxyproline nd nd n.d nd nd nd nd nd nd nd nd nd nd nd nd 181 + 307
Threonine 5793 5694 5129 107.62 4445 4374 4238 3525 4423 6189 4980 6562 6512 7667 5025 4869 + 2008
Serine 9435 8693 7046 12099 6056 6122 5397 5612 6006 10179 7233 8377 11304 12019  70.33 6730 + 29.11
Asparagine 3745 8143 6955 4895 9604 7875 7240 9257 2797 9703 10684 8610 10521 7826 109.54 7143 + 24.60
Glutamic acid 20645 26174 69059  264.02 68716 69847 684.67 176.63 212777 9657 36761 23410 8842 21052 37460 23371 + 203.65
a—aminoadipic acid 541 437 4.06 546 598 477 355 n.d 6.22 5.95 6.97 5.72 743 484 4.49 39 + 177
Proline 2847 1958 1744 1928 1027 2494 2004 6.66 1217 3521 1846 1472 35536 17394 14618 5270 £ 70.53
Glycine 3970 5670 6619 109776 3755 4112 4076 3579 5003 6606 4876 6441 7047 7909 4998 52.63 + 20.88
Alanine 24213 18166 21438 23806 16267 21012 20238 17717 19916 23927 17585 239.66 26889 26496 189.60 18733 + 63.53
Citrulline 2141 nd nd 5017 nd nd n.d nd 124 644 2061 1132 0.33 119 1162 949 + 1271
a—amino butyric acid nd nd 9.82 nd nd nd nd nd nd 6.62 nd 3.25 nd 5.06 nd 414+ 570
Valine 8494 9306 9658 14778 66779 1450 6514 5199 6859 9155 U856 9690 9827 11425 7681 7619 + 603
Cystine nd nd n.d nd nd nd n.d nd nd nd nd nd nd n.d nd 150 + 237
Methionine 2504 2403 2864 5781 1683 1663 1665 128 1721 2749 2357 2839 2889 3353 2515 2319 + 1071
Cysthathionine nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 177+ 815
Isoleucine 5434 5413 5948 10484 3887 4057 3767 3525 3881 5839 4789 5565 5952 U208 5044 4794 + 1767
Leucine 8782 8169  99.06 18343  70.68 /049 6898 5409 U119 10142 8749 11266 10302 11880 8881 83.04 + 3271
Tyrosine 27121 4940 4180 7280 2131 15.65 8.25 835 2383 3869 4108 1947 4304 5760 4234 2651 + 16,97
phenylalanine 4747 6145 5134 10483 4505 4395 4270 3451 4171 6129 4952 6819 6206 7647 5048 5045 £ 1835
S —alanine nd nd n.d nd nd n.d nd nd n.d nd nd n.d nd nd 5.86 022 + 107
8 —aminoisobutyric acid nd nd n.d nd n.d nd nd nd n.d nd nd n.d nd nd 8.59 0690 + 170
¥ —amino—n—butyric acid 3466 5703 3280 11905 8289 6016 8736 12303 8178 10383 4692 6637 12652 6101 3854 69.45 £ 40.53
Histidine 3048 3047 2783 6260 1899 1543 1862 1437 2179 3174 1903 3026 3242 4040 2539 2162 + 1281
Tryptophan nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 086 + 214
Hydroxylysine nd nd n.d n.d nd nd nd nd nd n.d nd nd nd n.d nd 025 + 058
Ornitine 9320 12845 11323 11836  67.05 4730  59.61 633 1766  8L19  21.72 646 9921 11072 5714 4490 + 4048
Lysine 95.05 10138 11057 17452 6484 6258 6513 3797 6478 9995  8L76 9101 10440 11280  86.02 67.18 + 3744
Ethanolamine nd nd n.d n.d nd nd n.d nd nd nd nd nd nd n.d nd 133+ 1%
Arginine 2959 1133 1.36 1.61 8.89 5.08 5.72 147 6.83 309 7334 1523 248 171 5210 11.94 + 1872
Total 1,469.69 1,587.46 2,006.84 2,370.45 1,664.81 1,661.21 1,626.36 97594 1,165.83 1,523.27 1,545.95 1,487.07 1,949.10 1,970.68 1,726.58 1,347.94 + 458.46

n.d: not detected
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6. IR0l A 52K & XE =2 2

&4 305 FIAE BAA F 20089 F
7] Edo] AZHEUoH Azl ARgE F2A|o wt
2} 22~78%2] F71EH o] HEHAKTable 6). A=
e F 309 BE 524 ARoH 354
o2 A&H EZL ethyl acetate, dimethyl disulfide,
dimethyl trisulfide, allyl methyl disulfide, 2-propenyl
methyl trisulfide .0, 2952] E-2X] A|Zo|A] allyl
methyl sulfide7}, 28%2] A]ZollA diallyl sulfide,
diallyl disulfide, camphene, 27%2] A|ZolA] ethanol,
262 AlgollA 18<cineol, 25%2] AlgolA 3-
methyl butanal, 5-cyano-1-pentene, methyl propenyl
disulfide, 23%2] A|Z.ol|A] ethyl butyrate, acetaldehyde,
2-methyl butanoic acid, 22%2] D-2-propenyl trisulfide,
21%2] AlF ol trans-propeny! disulfide, (E)-1-propenyl
methyl disulfide”} &= ItHTable 6).

TR 30F] H2A] F Table 39] Fs At
TUlel 2o BFE FHowMn, sigltkal AR
© 579 oA ¥ tto] Z drfal ke Als
= & 1339 AEH dsiE Sete] A
13% H2A] AR 7R £ AdE Ao
2 YeRItKTable 7). 714252 5 24l AF
4% international standard! butyl benzene(1 ppm)
o] vaAe F A= 92 HwHe] 1.02~5.63%30.
Ao Yol Bex) ot e 2 e 13
9% BN % 10159
F7] wHo] AEHUT. BAE 13F] F2A ¢lA
BAHen e ARdX HEETEA, Sl A
Hogw F AEIHA | 30.44~83.62% o=
A= Aoz BXE EZLE S-cyanol-1-pentene,
ethyl acetate, allyl methyl sulfide, dimethyl disulfide,
diallyl sulfide, allyl methyl disulfide, dimethyl trisulfide,
diallyl disulfide, 2-propenyl methyl trisulfide 97] 3}gt
=& et

Jeong & Ko(2010)¢] ¢d+-ol] &Jahd Bl 1A
AlZol|A ethanol, allyl mercaptan, methyl allyl

0

Ao EY 2Ms S8t |24 J&7I1F 280l et A+ 43

sulfide, dimethyl disulfide, methyl propyl disulfide,
diallyl disulfide®] 67] Ad&o] AZE oW o]F 2
0CoA 19 &4 Folli= diallyl sulfide®} methyl
uisulfide”} F712 O AZHALH, ol LA
A AE 8% F methyl trisulfides= A73olA Fref=
AL U A] 752 vhsolA freE Aelear ®ast
Stt(Jeong & Ko 2010). H=3F methyl allyl sulfide,
diallyl sulfide, methyl trisulfides= <4371t = Al
S7F8kaL diallyl disulfide= 43717 5 74 & ¢}
Al FVRE AEE Bolthal shetk. Jang et al,
(19995 WE7IH]] Fbg A BHe 713 2
RS vhs, 7}, 33 felel PSRRI 23] 9
g BEde AujZolm, E3] dimethyl disulfide,
allyl sulfide, methyl allyl disulfide, dimethyl trisulfide,
diallyl disulfide isomer(2), methyl allyl trisulfide,
diallyl trisulfide & 8%<] sleHEo] AA HE v
Shako] oF 85%= XFABIIAL 319t} Jeong & Ko(2012)
= 39 Sk WA AR s Sk
AN dimethyl disulfide2} methyl propyl disulfide
7} AAA| 9] 71540l 7P 2 TS vIAE shetEol
FAct.

Jang et al.(1999)9] AFellX= wWiFAX|9] ©~
=/920%) 5 AMiE g HA AR g
12%2] 313HE 5 dimethyl disulfide$} diallyl disulfide
© B Aol H2A 9 ue A Ue 1334 &
RN E BT A=HQcKTable 7). Moon et
al.(2015)& 2d 4 FeAjek 27 <7 A3 9
Ao 270E < AlRdA)ok 2d <

4 B2A BT AEEE BFR ethyl acetate,

K
ol
o N

)

=
;
J

allyl methyl sulfide, ethanol, 1,8-cineol, acetaldehyde &
3170 shghEolzhar kit gk 278 <7 AlRAl
e AESHA &AL 2d o) HeAldA HEEE
S22+ dimethyl disulfide, diallyl sulfide, allyl methyl
disulfide, dimethyl trisulfide, diallyl disulfide, 2-propenyl
methyl trisulfide 5 1570 32 Rushot.
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Table 6. Volatile compounds identified from mukeunyi products

Compounds

Sample No.1 5 3 4 5 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Amyl formate

Propene

Vinyl formate

Sulfur dioxide
2-Fthoxy—propane
2-Methyl adenosine
(1,5-)Hexadien
1-Propanol
3~Fthoxypropionitrile
4~Fthoxy—1-butanol
2-Fthoxy—ethanol
1-Ethoxy-propane
Hydrazine,
2-ethoxy—1,1-dimethyl
2-Butanone
2,3-Butandione
2—-Pentanone

Isopenenol isomer
Oxacyclohexane(=oxane)
n—Hexane

Methyl ethyl sulfide
2-Propanol

2-Butanol

Tetrahydrofural

Propylene sulfide
Chloroform

Isobutanol

S-Butyl formate
2-Butenal(=crotonaldehyde)
3~Methyl butanal
2-Methyl-2-propenal
2-Butenenitrile
1-Ethoxy—1-methoxy—ethane
2-Methyl butanal
Pentanal
1-Methyl~1-cyclopentanol
1,2-Diethoxyethane
2-Butene

3-Pentanone

Methyl thioacetate
3-Pentanol

2,2-Dimethyl propanal
2,4-Hexadienal
1,3-Oxothiolane
0~Methyl pentanethioate
2-Amino-3-methyl-2-butenenitrile
3-Thiethanol
Mercaptoacetone
Methanethiol acetate
Methyl isothiocyanate
3-Hydroxy—2-butanone(=Acetoin)
1-Propyl acetate

Ethyl isopropyl ether
1,3-Butanediol

Acetal

Propyl isothiocyanate
4-Methyldioxane
1,1-Diethoxyacetal
Acetaldehyde diethyl acetal
1-Heptanal

1,2-Dimethyl cyclopropane
(2F)-2-pentene
1-Pentanol
3-Methyl-1-butyl formate
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Table 6. Continued
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Compounds

Sample No.y 5 3 4 5 6 7 8 9 1011121314 1516 17 1819 20 21 22 23 24 25 26 27 28 29 30

3-Methyl-1-butanol

2-Methyl-1-butanol O
2,4, 5-Trimethyl-1,3-dioxolane O
Methallyl cyanide O OO
Methyl divinyl acetylene

£ ~Methyl propyl ethanoate

Allyl ethyl sulfide O

3-Methylthiolane

Tetrahydro—3-methyl-thiophene

2-Fthoxy propane

Fthyl butyrate OO0 O0000O0
(£ ~Methallyl alcohol

2,4~Pentanediol O
2-Fthyl butyric acid

Ethyl methoxy isopropoxy acetate
1-Propoxy—2-propanol O
Fthyl lactate (=Actylol)

Propylene glycol O
1,3-Dimethoxy—2-propanol

Dimethyl formal

2-Hydroxy—propionaldehyde

1,1-Diethoxy acetal

Leaf acetal

2-Pentanol @) O
Methyl ethyl disulfide

cis—Ethyl crotonate @)
Ethyl-2-methyl butyrate
5-Cyano—1-pentene
Propionic acid O
Allyl mercaptan O
S-Cyclopropyl thioacetate

Isopropyl 2-propenyl sulfide

Propyl thioacetate O
2-Allylcyclohexanone

Allyl n—propyl sulfide O
2-Methyl—-5-hexenitrile
3-(1-Ethoxyethoxy)—2-methyl
—1-butanol

3-Methyl butyl acetate
2-Methyl butyl acetate
2-Methyl-2-propenyl ethyl sulfide
Annulene

Benzocyclobutene
Cyclooctatetraene

Dimethyl sulfone

Butyl isothiocyanate

v —Pentalactone

Benzaldehyde

1-Butene, 4-isothiocyanato—
Succinanil

1,2-Propanediol O
4-Methyl-1,3-dithiane O
2-Methyl-2-(methylthio)—propane

Propylene glycol

D-Limonene

Thioacetonitrile (@)
Dodecane

3-Bromo—1-propene

Methyl methanethisulfonate

Dimethoxysulfone @)
1,1,3-Trimethylsilane

1,5-Dithiocane

3, 7-Diemthyldecane

a-Terpinene @)
2-Vinyl-1,3—dithiane
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Table 6. Continued
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Compounds

sample No. 5 374 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

4-Tsopropenyl cyclohexanone
Methyl(methylthio) methyl disulfide
Octanoic acid

Ethyl octanoate
3-Nitropropanoic acid
Phenethyl acetate
(2-Phenethyl) formamide
Phenylethylpropionate
1-Methyl-3-phenyl-2, 5-pyrrolidinedione
Phytane

Tetradecyl iodide

Ethyl carbazate

Oxalic acid, 6-ethyloct—3-yl
isohexyl ester

Fthyl caprate (= Fthyl decanoate)
()= B —caryophyllene
2-Bromo dodecane
Nonadecane
Heneicosane
Pentadecane
a~Zingiberene

@ ~Muurolene
a—-Gurjunene
a—Bisabolene

[ —-Bisabolene

B =Sesquiphellandrene
Docosane

Tetracosane

Tricosane

Heptacosane
Hexadecane
1-Hexadecanol
2-Haphthyl acetonitrile
3-Methyl hexadecane
Octadecane
Tetradecanoic acid
Pentacosane
Nonadecane
Hexacosane

Butyl isobutyl phthalate
Dibutyl phthalate
Hexadecanoic acid
2-Bromo—dodecane
Diamyl phthalate
Diheptyl phthalate
Eicosane

2-Methyl dodecane
Hentriacontane
Acetaldehyde

Fthanol

Ethyl formate

Fthyl acetate

Allyl methyl sulfide
Acetic acid
2-Penten—1-ol
3-Methyl-2-butanol
Dimethyl disulfide

Allyl isothiocyanate
Hexanal

2-Methyl butanoic acid
Ethyl propionate
Diallyl sulfide

Allyl methyl disulfide

o —Pinene
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Table 6. Continued

Sample No. 1

Compounds 23456789 1011121314151617 18192021 22 23 24 25 26 27 28 29 30
Methyl propyl disulfide O000OO0OOOLOOOOLO OO0 0000 O00O00OO0
(E)-1-Propenyl methyl disulfide OO0 00 OO0 00000000 O00O0 O
Camphene O000O0O0OOO0OOOLOOLOLOOOOLOLOLOLOLOOOO OO 00
Dimethyl trisulfide O000O0OOOOO0OOLOLOLOLOOOOLOLLOLLOLOOOObOOOOOO
Dimethylthiazole O O 0O OO0 000000000000
B ~Phellandrene @) O00O0 000 O 000O0 O
1,8-Cineol O0O00O OO0 0O00OOLOLLOOOOLOLOOOOOO OO 0o
Dimethyl tetrasulfide O O ON©)
Diallyl disulfide O0O00O0O 0O0000OLOLLOLLOOOOLLOLLOOLOOOObObO 000
£ -Linalool O O O @)
Trans—Propenyl propyl disulfide OO0 O0OO0OO0OO OO 00O 0000 OO0 000
Dipropyl disulfide O @) 00O 000 O O
3-Phenyl propionic acid O O O O O o O
2-Propenyl methyl trisulfide O00O0OO0OO0OO0OOOOLOOLOOOLOOLOLOLOLOOOLOOOOOOOO
Terpineol O
3-Vinyl-[4H]~1,2~dithiin @) O O ON©;
Benzenepropanenitrile o O O O O
Di—2-propeny! trisulfide O0O0O0 OO0 0OO0OO0OO O 0O0OOO0OO0OO0 o0 O O
Phenethyl isothiocyanate 00 @) o 0O 00 o @)

olsh B B ATAZS ATANE(ang et al,
1999; Jeong & Ko 2010; Moon et al, 2015)% & ¢ 71Ze] 7= Awpd 71x9 9 - Bz} o
Tolxe] 22 7148 Y AHEERY v 7154270 o) x|o] P AR el B
T2 WS & 5 Sk | A7e v BaEa 9o (Jang et al. 1999;

AR, A THE F 4471k AAAFE o B Kang et al. 2003; Choi et al. 2009; Song et al.
<& PRl dEET 24, 1A FARCERs, 3 2009; Jeong & Ko 2010) 671 o)} A71&4E =
35 BoE fUE WINRRAS AN T ] g Al Bamms @ 7o) Bt
B I Foll 2 o] Zoletht o sA4d9A (Kim et al. 2006; Moon et al. 2015). Z2/2& 67}
F O 718 5 St S vhs, 1 59 1A FA o oA} AV SAE ELA]o I WAIET} 2
2ol el PIEAE allyl metyl disulfide, AL ofh Wk 2] FpbA AR ol
dimethyl trisulfide™ = H< FAX|oXE= v=F HE ek Boh Ze A7) g7Ed B AFelaE 30
HANE &) s x| xE= Ao AZFEA bt ol gohs F2A19] 3 A 4 ARE AT
A7 494 F A FEEE A & T vk stozx 7]E9 £
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E2AdMw AF 2 F dv EEL allyl methyl
disulfide, dimethy! trisulfide, 2-propenyl methyl trisulfide,
5-cyano-1- penteneo|t}, o|9} tjEo] AZAX o o
= AN HEET = SN F2A]9] vkt g
o= Fa3% & sk EF = ethyl acetate, allyl
methyl sulfide, dimethyl disulfide, diallyl sulfide,
diallyl disulfide 522 2=}



48

St

SIERIGALS| M EILSHS|X| K30 15 2019

Table 7. Quantitative analysis of volatile compounds from mukeunji represented typical mukeuny
flavor through a sensory evaluation

Unit: Relative area(%)

g

Sample No.
" Compound

3

9 10

13

14

20

2125 26 28

O 02O UL WwWN—

2-Ethoxy—propane
1-Propanol

2-Butanone

n—Hexane

2-Butanol

Isobutanol

3-Methyl butanal
2-Methyl butanal
Pentanal
1-Methyl-1-cyclopentanol
1,2-Diethoxyethane
Methyl thioacetate
2,4-Hexadienal
1,3-Oxothiolane
Methanethiol acetate
Propyl isothiocyanate
4-Methyldioxane
1,2-Dimethyl cyclopropane
3-Methyl-1-butyl formate
3-Methyl-1-butanol
2-Methyl-1-butanol
2,4,5-Trimethyl-1,3-dioxolane
Methallyl cyanide

Methyl divinyl acetylene
Ethyl butyrate

B —Methallyl alcohol
2-Ethyl butyric acid

Ethyl lactate (=Actylol)
Dimethyl formal
2-Hydroxy—propionaldehyde
1,1-Diethoxy acetal

Leaf acetal
5-Cyano—1-pentene
Propionic acid

Isopropyl 2—propyny! sulfide
Allyl n—propyl sulfide
2-Methyl-5-hexenitrile
3-Methyl butyl acetate
2-Methyl-2-propenyl ethyl sulfide
Annulene

Benzocyclobutene

Butyl isothiocyanate
1-Butene, 4-isothiocyanato—
D-Limonene
1,1,3-Trimethylsilane

o —Terpinene
2-Vinyl-1,3~dithiane
Phenethyl acetate
Phenylethylpropionate
Heneicosane

@ —Zingiberene

a —Gurjunene

Hexadecane

Butyl octyl phthalate

0.35

1.80 9.73

0.29 -
0.14 -

0.55 0.95

053 0.27
0.32 -

0.04 -

143 082

1.68

0.99

5.95

0.93

- 026 - -
1.96 1.00
0.75 - -
0.21

0.35

|
S
=
(RS
|
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Table 7. Continued
No. SampleNo.- 3 4 9 0 3 4 15 18 ® A 5 % B
Compound
55 Dibutyl phthalate - - - - 021 0% - - - 067 - - 017
56 Acetaldehyde - 299 221 525 109 107 05 046 025 08 019 050 0.17
57 Ethanol - 859 11.85 1819 1456 1648 1266 840 143 1641 480 11.28 251
58 Ethyl formate - - 1234 3270 - - - 49 - - - - -
59 Ethyl acetate 1320 1146 465 1161 1096 11.87 813 812 293 924 291 520 240
60 Allyl methyl sulfide 724 103 354 090 543 104 618 19 643 263 154 373 575
61 2-Penten—1-ol - - - - - - 019 - 021 406 - - 016
62 3-Methyl-2-butanol - - - - - - 04 - - - - - 016
63 Dimethyl disulfide 1758 1531 1444 805 22776 271 1525 2095 2554 694 3423 1534 3124
o4 Allyl isothiocyanate - 034 - - - - - - 066 018 - - -
65 Hexanal - - - - - - - - 025 014 - - -
66 2-Methyl butanoic acid - - - - - - - - - - 017 - -
67 Ethyl propionate - - - - 018 - - 0% - - 014 - -
68 Diallyl sulfide 647 111 119 047 197 053 137 165 210 216 08 18 120
69 Allyl methyl disulfide 1591 875 817 473 797 272 78 1018 575 986 790 1468 9.10
70 a-Pinene - - - - - 019 - - - 024 - 030 -
71 Methyl propyl disulfide 076 055 046 029 062 - 072 - 191 111 081 070 070
72 (E)-1-Propenyl methyl disulfide 029 009 - - 016 - 025 039 144 040 027 037 012
73 Camphene 019 010 036 009 066 075 033 017 034 087 - 080 -
74 Dimethyl trisulfide 457 888 600 212 541 164 644 504 1462 295 1068 11.01 1040
75 Dimethylthiazole - - - - 253 097 28 048 238 127 35 078 326
76 B —Phellandrene - - - - 038 051 023 012 009 041 - - -
77 1,8-Cineol 0.63 024 - 025 101 107 073 079 0.25 156 - 076 -
78 Dimethyl tetrasulfide - - - - - - - - 063 - - - 015
79 Diallyl disulfide 1325 384 1619 141 283 891 223 10.80 12.84 13.10 10.17 13.96 13.77
80 B -Linalool - - - - - - 050 092 - - - - 011
g1 Lrans”Propenyl propy! 068 023 28 013 04 - 04 - 127 063 028 074 027
disulfide
82 Dipropyl disulfide - - - - - - 018 - 046 009 0.13 - -
83 3-Phenyl propionic acid - - - - 083 - 047 - - 047 - - 023
84 2-Propenyl methyl trisulfide 361 235 110 088 286 094 218 275 524 352 1.63 423 197
85 Terpineol 0.47 - - - 043 - - - - - - - -
86 3-Vinyl-[4H]-1,2-dithiin - - - - - - - 018 - 054 - - -
87 Benzenepropanenitrile - - - - - - - 027 0.19 - 016 - -
88 Di-2-propenyl trisulfide 050 0.19 - 004 031 - 016 049 116 114 028 071 024
89 Phenethyl isothiocyanate - - - - - 049 - - - 040 0.33 - 041
Total identified 89.66 91.73 90.62 98.98 97.16 89.37 94.78 98.03 95.71 93.51 95.98 94.73 96.70
- not detected
V. 8°F 9 ZE st A0l 21-34%e] fr2l olmlite] Bt
1,347.94 + 458 46 mg/100 g0 & AZHJoH 1
E dFeMe 1Y ol 48" 52 AR 30 ZA 9 gRke 5o Algd uEt 254 g2
e FUSE T pH, A, BE, 4%, 470, & uesdth 428 felohede guamic acidsh
gopn|i=al SR B8 Fole] Box| 245 alanineo] 7} =& oz AZHQW o]9

1.28 £ 0.24%, Fo &
T+ 9,70 £ 1,78 brix, A= 2,56 £ 0.46%E
et #7145 B40A 30%9] lactic acid7}F 7}
A =& R TEE 10,205.15 + 3,309.35 mg/L) S
2 AZEYoem, 2 the acetic acid(2,850,18 *

981.87 mg/L)7} &2 &Fo 2 HEHUY. FElof

leucine, valine, asparagine, GABA, serine, lysine,
aspartic acid F°] =/ HEHAJTH. F2A 30F<
PNV A Al F 209F9] FPUA =40l AEH
or] 522 Fidl wel 22-78F2] o] A
HAok 524 Alg 30 BTl AEd B

==
ethyl acetate, dimethyl disulfide, dimethyl trisulfide,

e

allyl methyl disulfide, 2-propenyl methyl trisulfide=
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Uebstth siile H2A 5o FieEe alyl

methyl disulfide, dimethyl trisulfide, 2-propenyl methyl

trisulfide, 5-cyano-1-pentene 4714 AEUS & 5= 2

e}, ol9} TjE-] ethyl acetate, allyl methyl sulfide,

dimethyl disulfide, diallyl sulfide, diallyl disulfide 5¢]

20 2t ' A eA AEE7 = A
&

Fole T83 gLE k= sl

[HL
o
o
N

g ooX
Mo
flo
R
>,Ei
£

M
1%
i
32
+

F712kog fElohuieike x| gtel] 23 <
310 s

e 4y "

T oot LA Lo ow
X

TARZRY 522 A0 A82E U= pH, 2F
L, 9%, F7RE frejoblat 715 3t g 2] vt
I S Aehs AREES AXE & S Aotk
Al CODEX(Codex Alimentarius Commission)
o] 7] FA0 wEd Ae= 1.0% olskka sk
SIEHCODEX 2001). & A7A3ellA vehd n}
1.29 + 0.22%=2A]

CODEX®| 3] 745 Hlojdth, =ul 524 A4
J= e R AFU &) flsiA

o2 o A
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