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Abstract

Gamma irradiation(1~5 kGy) was applied to Korean beef to improve the hygienics and quality preservation.
The effective dose of irradiation was 3 kGy for the sterilization of the initially contaminated microorganisms.
After 8 weeks of storage at 5°C, no growth of the microorganisms were observed in the samples irradiated
above 5 kGy. The pH was slightly increased as storage period increased. However, no significant change in
pH was observed by gamma irradiation. The acid value of beef during storage at 5°C was increased rapidly
with the elapse of the storage period in both nonirradiated and irradiated samples, but that of the 3 kGy
irradiated samples increased more slowly than the nonirradiated. VBN value increased more rapidly in
nonirradiated sample than the irradiated during storage. Especially VBN value of the nonirradiated sample
was four fold higher than that of the 3 kGy irradiated sample after 8 weeks of storage at 5°C. No significant
differences in the components of fatty acid were observed by gamma irradiation. The amount of released free
amino acid was increased during storage and was not significantly affected by gamma irradiation.
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APHAEFHPH Vo)l u}2} plate count agarE A8}
9t 32k SF4 900 mLoll plate count agar(Merck)
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Table 1. Effect of gamma irradiation on the inactivation of microorganisms in beefs®

(unit: CFU/g)

. . Irradiation dose (kGy)
Microorganism
0 0.5 1 3 5

Coliforms 2.0x10° ND? ND ND ND
E. coli ND ND ND ND ND
Salmonella spp. ND ND ND ND ND
Total bacteria 3.0x10? LOX10? ND ND ND
Psychrophiles 1.5x10° 6.0x10? 5.5x10° ND ND
Listeria spp. 4.2x10° 1.7x10? ND ND ND

"Each value represents the mean of triplicate determinations.
YND: not detected.

Table 2. Effect of gamma irradiation on the growth of microorganisms in beefs during storage at 5°C"

Irradiation Microorganisms Storage period (weeks)
dose(kGy) g 0 2 4 8

Coliforms 2.0x107 2.4x10* 1L7x10° 1.2x10°
E. coli ND? 5.0x10° 1.0x10° 7.5%10°
0 Salmonella spp. ND 1.7x10° 2.0x10° 2.0x10*
Total bacteria 3.0x10? 4.6x10° 6.3x10° 1.2x107
Psychrophiles 1.5x10° 1.3x10° 4.2x10° 3.1x10°
Listeria spp. 4.2x10° 8.4x10° 1.5x10* 4.0x10°
Coliforms ND ND 1.1x10* 2.8x10°

E. coli ND ND ND ND

05 Salmonella spp. ND ND ND ND
: Total bacteria 1.0x10? 6.3x10° 5.1x10* 9.2x10°
Psychrophiles 6.0x10° 2.2x10° 2.3x10° 0.5x10*
Listeria spp. 1.7x10" 2.5x10? 4.6x10° 1.7x10*
Coliforms ND ND 2.2x10° 5.6x10°

E. coli ND ND ND ND

| Salmonella spp. ND ND ND ND
Total bacteria ND 7.5x10! 4.2x10° 8.1x10*
Psychrophiles 5.5x10° 1.6x10? 5.8x10° 6.2x10°
Listeria spp. ND 1.5x10? 9.2x10? 5.5%10°

Coliforms ND ND ND ND

E. coli ND ND ND ND

3 Salmonella spp. ND ND ND ND
Total bacteria ND ND ND 2.7x10°
Psychrophiles ND 0.4x10' 4.2x10° 5.1x10°

Listeria spp. ND ND ND ND

Coliforms ND ND ND ND

E.coli ND ND ND ND

5 Salmonella spp. ND ND ND ND

Total bacteria ND ND ND ND
Psychrophiles ND ND ND 1.5x10°

Listeria spp. ND ND ND ND

"Each value represents the mean of triplicate determinations.
IND: not detected.

At A42YE membrane filter® o 7}3le] LiOHZ

pHE 2088 A8 F oAl 2FE-HA 7| (Beckman
system 6300, USA)Z H-A38lgio).

o % O

OlZe| 22 20K St

H37)e) 27] MYEY eAEE U A AF
3.0X10° CFU/g, M&434 1.5X10° CFU/g, HAT-7
20X 10* CFU/g, Listeria spp. 42X 10° CFU/g2. 2. H]
aH ¥ 27 29=E vrehATHTable 1)
Frederick®} Paul'?-2 Alg Qla®ml®E A7) AFE
(precooked-sliced beef rollyFoll Listeria monocyto-
genes?] 74§ 1.9x10° CFU/gol Z&Hickn B s}
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Table 3. Effect of gamma irradiation on the growth of microorganisms in beefs during storage at -20°C"  (unit: CFU/g)

Irradiation Microorganisms Storage period (months)
dose(kGy) & 1 2 4 6
0 Coliforms 2.2x10° 2.6x10* 2.5x10° 2.5x10?
E. coli 1.5x10? ND ND ND
Salmonella spp. ND? ND ND ND
Total bacteria 5.1x10° 5.2x10° 5.2x10° 5.4x10°
Psychrophiles 2.1x10* 2.3x10* 3.2x10° 3.5x10*
Listeria spp. 2.2x10? 2.4x10° 2.5x10° 2.4x10?
05 Coliforms 1.5x10° 1.4x10? L.2x1¢? 1.2x10°
E. coli ND ND ND ND
Salmonella spp. ND ND ND ND
Total bacteria 4.8x10° 4.8x10° 5.0x10° 5.0x10°
Psychrophiles 2.1x10° 3.6x10° 5.5x10° 5.7x10°
Listeria spp. 1.3x10’ 1.5%10! 1.6x10" 1.5x10!
1 Coliforms ND ND ND ND
E. coli ND ND ND ND
Salmonella spp. ND ND ND ND
Total bacteria 1.0x10° 1.0x10° 1.2x10° 1.1x10°
Psychrophiles 3.5x10° 5.1x10° 6.7x107 8.0x10?
Listeria spp. ND ND ND ND
3 Coliforms ND ND ND ND
E. coli ND ND ND ND
Salmonella spp. ND ND ND ND
Total bacteria 2.0x10? 1.5x10? 1LIx10? 0.7x10°
Psychrophiles ND ND ND ND
Listeria spp. ND ND ND ND
5 Coliforms ND ND ND ND
E.coli ND ND ND ND
Salmonella spp. ND ND ND ND
Total bacteria ND ND ND ND
Psychrophiles ND ND ND ND
Listeria spp. ND ND ND ND

UEach value represents the mean of triplicate determinations.

IND: not detected.

o S7HFe Listeria 293°] A7 AlALEE vt <)
ot 2 gu| Bl gt FAetd ALY AESE A
HEE, 37]4 A AFe] AS vzARAME 3.0x
10? CFU/ge] 7Z&s92r} 1 kGy ol ZALZeAM =
A2 o3z AbEER, ALAFE ek ke
Aol B]aA ol 1 kGy FALE 0.6 log cycle =Rk
9] Z+AE BYTh(Table 1). Listeria spp.2]l 7%l
H|ZAMFO] 42X10° CFU/gE Yl el 05
kGy®] ZAFZ ¢F 1.5 log cycle AT FAFE 17X
CFU/g& “ebigich. =3 779 2$% 05 kGy
o] g AMFe 2 ® AN sPsslch(Table 1)
Dickson?}t Maxcy®= 348 HHEDAR] A=Al 17]
RSl Zhultd AN 8 A3 314 A AdER 2
kGy A2 ¢k 1.3 log cyclee] ZHF =912™, 5 kGy
ZAMFME 2.2 log cycle ST ol A2
7t 2AE3A ol3l2 AMEEHAT T B usky o)

MEY 210/ (E O|ME M= Hs}

AARAE Havlel e9¥ UM A AF] A4S
32 AR, vlzAlRe] A9 WAl A 2
F8 46X10° CFU/gAEH29, | kGy?] ZAMAEE
A7} 4FFol 4.2X10° CFU/g, 3 kGy A} FollAj:
A 8FFol 10° CFU/g Wi9)e] J8AE B =
AR MFpe) vlksid o), #HeHoRE 27
FARHAE AT 4 s thTable 2). ool dis)
Rhodes¥3= 3~5 kGy °o|Abe] Zalea] 402 A=
AL vjAE3PY 24 (microbiological shelf-lifeys <
A7 dvlele 25¢Y o] Folle FaHoE HelA
slot daEka gich WEAA AlBeME 3 kGy 2
Al A3 e1Y F 0.7x10° CFU/ge 52 el
A3, 5 kGy ZARPIAME e Abdse] AAEr)71
A 3714 A Aol AESA 4k (Table 3).

222 YAF 2 gAdElE Table 29} 7o) H]Z
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Table 4. Changes in pH of nonirradiated and irradiated beefs during storage at 5 and -20°C"

o Storage period
hadz;té); dose 5°C (weeks) -20°C (months)
0 2 4 8 1 2 4 6
0 55 58 5.8 5.7 5.7 5.6 55 5.6
1 5.6 57 5.8 56 5.7 5.5 5.7 5.6
3 5.6 5.7 5.7 5.7 5.6 55 5.4 5.7

DEach value represents the mean of triplicate determinations.

Table 5. Changes in acid value of nonirradiated and irradiated beefs during storage at 5 and -20°C"

o Storage period
mad'(i"c";) dose 5°C (weeks) 20°C (months)
0 2 4 8 i 2 4 6
0 37 54 78 155 34 62 50 55
i 38 58 84 16.0 35 5.7 56 58
3 35 44 6.3 9.1 36 55 54 53

PEach value represents the mean of triplicate determinations and expressed as titration ml of 0.1N KOH.

Aol A 27)ed®r) 1.5X10° CFU/geldont #
Z717ke] Aol ulel Afo] G443 FAE Y
A 7Rl 27155 GAQl 4.2X10° CFU/gll =
galg e, A2 §F:Fol= 3.1x10° CFURE Yeh
Aot w1 kGy# 3 kGyZollAE JAAA 45
A7 = B ZAREY] 27 e e} vl Eol A
2 o]8}E FAIsIIT}. Lefebvre 9% | kGy2] 2A}
2 AeMTE oF 0.7 log cycle A% ZHAA- 4= g}
o, MA7|7kel W FAE "R E] Ao 5 <l
o Bwsly gloh W§EHAe] A-$-(Table 3), ¥]Z
Al A AA7ZR] AA 10° CFUesEE 38t
A3, 3 kGy o|lME A7 I7MA] Ao F2 A

120 F ,—_—

Ocontrol
B 1kGy
W 3kGy

100

VBN content (Nmg %)

(=]
(5]
N
w@

Storage period(weeks)

Fig. 1. VBN contents of nonirradiated and irradiated

beefs during storage at 5°C.

Z5x] o3t

#arlel edd AT AR F ASAHE
E A ES(Table 2), V]| 2AES MAER7] 20X 1P
CFU/g2 vlid F& $x]9 29 5g vepigley
A7} g§FFol vl2A 2719 oAl 1.2X10° CFU/
gl =2slge). 2, A Es dubdoz zupd
Aol Fol A Zalel MR Abde) 75
8led 0.5 kGyolAre] AR A AlgEe] 2 A4
Zhll A= ol HEHA wsket W5 A3l A
Sol = 1 kGyel oMl o] HAEER] 93teh(Table
3).

80 r

Ocontrol
60 F B1kGy
W 3kGy

VBN content (Nmg %)

Storage period(months)

Fig. 2. VBN contents of nonirradiated and irradiated
beefs during storage at -20°C.



368 Al EaEA] A 32 FW A 2 E (2000

Table 6. Changes in fatty acid composition of nonirradiated and irradiated beefs during storage at 5°CP (unit: %)
Storage period (weeks)
Fatty 0 2 4 8
acids
Cont. 1kGy 3kGy Cont. tkGy 3kGy Cont. 1kGy 3kGy Cont.  1kGy 3kGy
14:0 2.91 2.76 276 2.84 2.99 2.66 2.67 297 2.21 2.78 1.67 2.90
14:1 0.88 084 086 0.95 091 0.76 0.75 0.83 0.59 0.85 0.08 0.85
16:0 28.80  28.27 2823 2841 2891 2785 2728 2933 29.12 2800 2566 28.57
16:1 432 447 452 477 471 441 417 4.01 4.18 4.21 3.77 439
17:0 0.75 074 077 072 075 0.76 079 081 0.82 0.78 0.39 0.81
18:0 1342 1326 1333 1263 1297 1359 1397 1378 14.85 1383 11,67 1393
18:1 41.82 4249 43.03 4350 43.01 43.17 4291 4240 41.82 4264 49.89 4222
18:2 438 4.62 424 401 380  4.50 5.0 3.85 4.29 4.58 3.02 3.96
18:3 0.23 0.17 0.17 0.15 0.14 016 020 015 0.16 0.18 0.88 0.15
20:1 0.72 059 059 062 053 0.62 0.58 064  0.60 0.58 1.37 0.61
20:4 1.42 1.45 1.21 1.10 1.01 1.23 1.31 0.97 1.07 1.26 1.27 1.06
22:0 0.28 0.28 0.24 0.23 0.20 0.24 0.31 0.21 0.23 026 027 0.49
SFA?  46.19 4341 4534 4485 4377 4510 4504 4498 4726 4567 39.09 4672
PUFAY 604 625 5.63 5.27 4.96 5.90 652 498 5.53 6.02 5.18 5.18
P/SY 0.13 014 012 0.11 0.1t 0.13 0.14 0.11 0.11 0.13 0.13 0.11
"Each value represents the mean of duplicate determinations.
YSFA: Total saturated fatty acids. *PUFA: Total polyunsaturated fatty acids.
“P/S: The ratio of PUFA to SFA.
Table 7. Changes in fatty acid composition of nonirradiated and irradiated beefs during storage at -20°CY (unit: %)
Storage period (months)
Fatty ] 2 3 6
acids
Cont.  1kGy 3kGy Cont. 1kGy 3kGy Cont.  1kGy 3kGy Cont. 1kGy 3kGy
14:0 2.88 2.69 2.95 2.70 2.87 2.89 2.84 2.83 2.74 2.82 2.73 2.82
14:1 0.96 090 097 086 087 0.86 0.96 0.86 0.82 090 089 0.83
16:0 2849 2780 28.69 2727 2847 2850 28.19 2850 28.67 28.13 2705 28.14
16:1 4.67 4.46 4.83 457 472 4.50 5.03 453 4.34 457 4.71 4.61
17:0 074 073 0.73 082 073 0.76 0.77 0.75 0.78 08 074 077
18:0 13.04 1272 1276 1346 13.14 1324 1262 1325 13350 1327 1290 1338
18:1 4351 4263 4333 4355 4216 4255 4305 4273 4287 4262 43.17 4290
18:2 371 4.56 3.90 447 4.66 4.42 422 435 4.19 448 519 431
18:3 0.17 0.17 0.14 0.16  0.17 0.15 0.16 0.16 0.14 0.16 018 0.17
20:1 060 057 0.62 049 048 0.51 0.49 050  0.50 049 048 0.51
20:4 0.96 139 099 1.26 1.36 1.29 1.31 1.25 1.16 1.34 1.62 1.22
22:0 0.19 1.33 0.02 0.33 0.31 027 0.31 025 0.24 0.35 0.29 0.28
SFAY 4537 4349 45.17 44.60 43.54 4568 4475 4362 4595 4530 4189 4541
PUFAY 486  6.13 5.04 590 620 587 5.70 5.76 5.50 6.00 6.99 5.71
p/S? 010  0.14 0.11 0.13 0.14  0.12 0.12 0.13 0.11 0.13 0.16  0.12

YEach value represents the mean of duplicate determinations.

2SFA: Total saturated fatty acids. "PUFA: Total polyunsaturated fatty acids.

“P/S: The ratio of PUFA to SFA.

Salmonella spp= AAZ7] A48 Adele] v]xARE
ME HEEHA] ekt YA 2578 FE v)wA
A8 FAlsled AR 854 2.0X10° CFU/g -l
Extslede}. v 0.5 kGye) A 2ALE ehd AR
Hol A 277 Bk Fol HEEA Yt (Table 2).
WEA A Aol vl AR ¥|ZARS EF
AR\ AR Salmonella®] L9E& Vieb Al skt
(Table 3). Salmonella spp 5 BIE&E A HUA AF

2 dubtH ez zhupd AgAle] ofsle] Foll wet 2}
ol gJAIwt D kel 1 kGyR =R d=ix] Qo
B, Listeria spp ¥ EA ¥ 27|99 EE U
eliglEdl, | kGy AP Il o] AEHA 4%k
o) YRk A 222 RE] AJAE] 2AlEle] AR 8F
% 55x10° CFU/gE UePiolE, 3 kGy o4 ZALR
A A EIck(Table 2). WEA A el v EZALE
739 27\FF 22X 10° CFU/g2 it A% 649717 o
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Table 8. Changes in free amino acid of nonirradiated and irradiated beefs during storage at 5°C"
Storage period (months)
Amino
. 1 2 4 8
acids
Cont. 1kGy 3kGy Cont. 1kGy 3kGy Cont. 1kGy 3kGy Cont.  1kGy 3kGy
Asp 021 0.2 0.18 048 023 0.6 0.5 065 0.3 057 057 0.1
Thr 041 03 0.18 053 047 029 0.61 0.8 0.38 086 059 0.3
Ser 0.61 04 0.24 066 064 044 077 051 044 042 011 043
Asn 017 016 006 ND? 016 0.1 ND ND 0.1 0.04 ND 0.14
Glu 049 037 048 204 075 062 273 243 051 247 253 054
Gln 333 272 1.94 1.27 213 221 1 0.53 1.74 0.26 0.2 1.47
Pro 016 019 0.3 024 019 018 026 031 0.15 042 04 0.17
Gly 089 0.64 04 0.88 09 0.64 1.1 1.25 087 1.49 14 0.57
Ala 2.58 1.84 1.46 344 283 2.14 4.56 47 2.77 4.1 442 1.76
Val 053 035 021 066 068 034 0.96 1.25 058 145 1.41 0.46
Cys ND ND ND ND ND ND ND ND ND 003 002 0.02
Met 0.3 018  0.09 034 036 0.5 044 057 022 0.61 0.6 027
Tl 0.41 024 0.15 04 044 022 056  0.69 03 0.88 0.8 0.29
Lue 0.74 04 0.25 076 084 042 1.1 149 057 1.54 1.6 0.56
Tyr 032 019 009 006 026 0.18 005 015 034 0.01 003  0.27
Phe 032 022 ND 036 042 021 05 069 028 078 077 034
Lys 045 035 043 043 052 034 028 073 044 027 078 035
His 027 021 0.31 049 051 0.21 028 029 022 042 036 019
Arg 0.41 018 017 ND 028 031 ND ND 03 0.03 ND 0.25
Total 126 914 677 1504 1261 9.17 157 1704 1034 16.65 1659 848

"Each value represents the mean of duplicate determinations and expressed UM g'(wet weight basis).

IND: not detected.

o]l AL giglon, 1 kGyol Aoz FAAF
AbdAdel7E A7) 7hA] R&Ee] Fo] AEEHA] @
SkeH(Table 3).

pH X X[EAD} s}

Zebd ZAbel AA7)7be) B 4 317] Al&e] pH
HEE AW Rm, 27] pHE ZAMIEk)] BA %] 7
ot ZAF A Foll vi@ARZoY 2ok ZARET )
HAE epiR] skt BAke] AS 237 7ke] 7
FHell webr] 2E AlFFelA pHRtel Ya Fr)s}
T 73%E B9vi(Table 4). o]} e Axp= YA 3
a271e] pHH3lel] th3k 7] F0e] |FeljA 98-8 4
A 1S W, A P27) pHEES) 55904 Mz} A
ST sled B APAAe} YAl T, Dahl'"9]
Ag717ke] ZAAghel whe} 317]9) FARQ) whyAl
of ¢tEvo}, QlE Fo| e B Fog Ry
HA pHZF Aedtcle Hael dAjsleich. YEAA
o} gl vlEAREY S A&7l whet oha
ZAashe Ak R, M= XA iY £ pH 574
A iY Tl 555 JEidY weld ARkex
o Qo] WEHAL WA A uls] pH Walr} emt
o} o4 7 AT WEARSE pHY FAas AR

A Aol AREo] QAE R AupAle] ko
2 157_5]_—1-7_ 9)\;‘_(!8)_

Zhopd zAbel MAT| 7] W 2 A} W
Table 5o “ebfigicl. Zobd 2AAF 23719 %
7] A& AR B 2ALEH FANE 25 35-38 A%
on, HIZARZS 1kGyT& WA AA7)7he] Azt
ol w2t F71elr) Alabslel WAk 8F Aol Hux
£ JERigiT §19, 3kGy 2ARES WA 4FTRE
6.32.2 niZAlpe] visled 9wks] Frlalgel WEA]
AAHANE A LTl 53~58 Jehie] 1
T ARFlE Auke) Al= A& oz odojte M
o Felet. w3 YA v AL e 2ARE
7t AALe) zole AR 93t} Lefebvre 19
< et Helrl feixjaiale] A 2 ofgke n)
2] ekom, wlz:Al gl 2ARE BF A7k u
2t F718 A B sl B Ay fabst AHE )
2 bel=d

by 2 e BAHS}

ZrepdzAbel A A7) 7kl w2 VBN §HepH sl A
2 Z7)ell oF 18 Nmg®h o2 B]ZAVEF ZALZEZH
Aol KA, A 25 HE B E=AZS 50 Nmg%
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Table 9. Changes in free amino acid of nonirradiated and irradiated beefs during storage at 20°CY

Storage period (months)
Amino
acids ! 2 4 6

Cont.  1kGy 3kGy Cont. 1kGy 3kGy Cont. 1kGy 3kGy Cont. 1kGy 3kGy

Asp 0.24 0.16 0.2 0.37 0.14 0.15 0.21 0.14 0.21 0.23 0.23 0.14
Thr 0.28 0.24 0.28 046 0.23 0.22 0.33 0.32 0.28 0.31 0.26 0.14
Ser 04 0.34 0.41 0.64 0.31 031 048 0.49 0.38 048 0.38 03
Asn 0.1 0.09 0.12 0.24 0.08 0.09 0.12 0.1 0.1 0.13 0.1 0.07
Glu 0.58 0.53 0.55 0.67 0.4 0.36 0.87 0.87 0.66 0.37 0.39 0.23
Gln 221 1.92 2.29 385 2.44 1.95 4.61 342 3.55 354 4.7 328
Pro 0.14 0.07 0.08 0.3 0.13 0.13 0.15 0.16 0.17 0.14 0.12 0.11
Gly 0.62 0.59 0.68 0.85 0.59 051 0.78 0.79 0.77 0.67 0.62 0.59
Ala 1.87 1.85 2.15 2.19 1.68 1.52 2.59 2.57 2.2 2.52 232 1.73
Val 0.3 0.33 0.37 0.51 0.29 035 0.38 0.34 0.32 042 0.3 0.26
Cys ND?¥ ND ND ND ND ND ND ND ND ND ND ND
Met 0.13 0.15 0.15 0.28 0.13 0.2 0.19 0.15 0.14 0.24 0.14 0.11
lle 0.22 0.2 0.23 0.39 021 0.3 0.26 0.22 0.19 0.31 0.22 0.16
Lue 04 0.36 0.42 0.68 0.35 0.46 049 042 0.36 0.56 04 03
Tyr 0.15 0.16 0.19 0.3 0.16 0.25 0.2 0.18 0.16 0.25 02 0.13
Phe 0.19 0.19 0.2 0.32 0.18 0.26 0.23 0.2 0.17 0.24 0.16 0.14
Lys 0.51 0.28 0.58 0.61 0.32 0.36 0.5 0.36 0.49 0.46 0.33 0.36
His 0.31 0.18 0.45 0.36 0.17 0.24 0.35 0.26 043 0.26 0.19 0.2
Arg 0.27 0.22 0.28 0.51 03 0.32 0.31 0.27 0.31 0.28 0.54 0.21
Total 1092 7.86 9.63 1353 811 798 13.05 1327 10.89 11.41 11.6 8.46

PEach value represents the mean of duplicate determinations and expressed WM g'(wet weight basis).

YND: not detected.

ooz ¥ WAPAE vepd Wb, 1 kGyRARE
AME A 2F7R T E HEpt gdeh 3kGy A
ol ME AR 454N = 30 Nmg%eldHe: S
U u)zAl2 19] 2vi]l 60 Nmg% 7t A
7} B]ZAFFl] BlEle] VBN $7150] 8x3] b} o
Wale] Mg AdAFlE Ao Q- Fg. 1) =
g A7 8| ZE AlgETIM HAZE el
A7)k whel VBNZte] A&H g Abpdivhe
Dierick §¥2] ®i1e} #ARE S vepidet.

WEAAe At BE AY oA dAA LR
A% NY7IRIE 30 Nmg% ©|8h2 wlmd whe =3
£ viebiol R, Febd AR BlEAREY] Rle]glel
AAp7| 7k gl W ofzbd FrislechFig. 2).
oo} & e vgEL ASAH T A dxFh=
43S el orn] Lefebvre 5'YE ammonia
amine®¢} 2 A 471" A FEL S5l
ol =9l PseudomonasT 3 2L gram-
negative bacteria®ll 2J&l| urea?} o}n)izAte] Hajg oz
A A" dgct

Rt 2= & 72|00 bt BfEkHst
ar)e] XAz Aebd AR ] 9k e F 12
Fo] FAAMARS #M3 A= Table 6, 77 3Tt

33 2 JF F R AREA ES 23Rk
palmitic acid, stearic acid®} E-¥3AH}AR] oleic acid,
palmitoleic acid, linoleic acid?} HH¥-E-& AR|3}eq, v}
 ar)e] AL #4008 4 dR]Ekeh gk,
et 2Abel A7) 7ol whE AR AL ke F
3t zhol= e kot

Zhepd zAF f A7) 2be] B freEjolmlAl §
g zle] A, AAE Ao wiEAReAM S
o] &% 7S glutamineo|${ 3!, cysteine®} asparagine
o] 71 HA AHE=HAA. A7 o} fejeln
Al 2% & 1232 FURked, 53] glutamic
acid®] 79 6w, aspartic acid, threonine, proline,
valine, methionine, isoleucine, leucine, phenylalanine
T 2~3u) o]A F7}8lH il glutamine, tyrosine,
lysine, arginine- %+428k= “d8kojgivh(Table 8). Youn
T Harie) AAF lysine®] §apo] ZhAagiein
Husled 2 AgAAe) FARIEL, vl 4ar)e] o
gk Penet %P9 felofu|il A AFE Ho
alanine, glutamic acid, serine, glycine §°} 7F3 ol
Z&E 3, cysteine?} tryptophans B ZE o] £ A
3t vt Aol il ZAl whE fejot
plxAl g3 oA A o2 3kGyTelA f7k 3

sl o, 53] g3eln]xAbel methionine, arginine
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T2 3kGyo| A AR 2~ = ZhAsigdi=d]
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veblisdet. Al 242 b zalel] o8 &
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