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ABSTRACT : Gamma irradiation was applied to Angelicae gigantis radix and Aloe to improve their hy-
gienic quality. The effective dose of irradiation was 7 kGy in Angelicae gigantis radix and 5 kGy in Aloe
for the sterilization of all contaminated microorganisms tested. After 8 months of storage at room tem-
perature, no growth of microorganisms was observed in the irradiated products. The safety of these pro-
ducts were evaluated by Salmonella typhimurium reversion assay and in vivo micronucleus assay using
mouse bone marrow cells. They were negative in the bacterial reversion assay with S. typhimurium TA
98, TA100, TA1535 and TA1537. In the in vivo mouse micronucleus assay, they did not show any clas-
togenic effect at all doses tested. These results indicate that the gamma irradiation of Angelicae gigantis
radix at 12 kGy and of Aloe at 10 kGy have no genotoxic effects under these experimental conditions.
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Folx| 3120 (WHO, 1981) 19881 12 867l=Lo)
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3713k wh SIHIAEA, 1991). & n| = e84
FAAARE AN = 7ol dishe] AlalA A
< #3153 kGyo] AgA x4 53}
(FDA, 1990), Florida2o] A]&E x4} A|Ad o= 1992
145 ofg), Bolg w@y], oz FA WA 59
AA FAES Ao 2 AA zAbL AlgEe] =
ARl Al Abe]  EiE]ar 9lch(Marcotte,  1992;
Pszczola, 1992).

o] & HRARA ZAbel] 27F Al FA A o] A 2}
et ol uhet o] 5 Fall 7 AEe] kAl
g AT AL A7 s 2ok B ApexEs
HAAE AT A 24|69 o)l 4rbeA

% 2 1>
Rl oF o wlo

o

A Y AL} GRS R Jhokd 2
4T T 2 HASE SUsT B
o438 FAXHAYL Fatol o5 A w8 A

7}etsdch.

o >

o mo 2

IL Mz 3 2y

Aol AR AR F RS 19959 JUE
2 d 7g Falstdon, oz
off FE KAFAA A28 e A4 TF1sko]

2. ZiopM ZAL
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E AH-3le] HdE 10% tartaric acid2 pHE 3.52 %
A3 F G e 25°Cell A 5-6U7F wiokgl 3 A
s FAAck(Speck, 1976). WAFTS
desoxycholate agarE AR2-3] pour plate method
(Harrigan and McCance, 1976)Z 37°Coll4] 1-227} nl}
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Algell AF8-3 #F= Salmonella typhimurium
LT2E #1532 sl S. typhimurium TA98, TA100,
TA1535, TA15372 w== 7Az|¥iv]o} wste] Dr.
Ames2HE| glpdiglct. o]F FFE AR 9y
histidine 2143, crystal violet 7}4=4], ampicillin W43,
Aol MK 58 skl & ¥ AEshsTh

2) §-9 mixture2| X X|

TRt AP F oA FoF 8-S Sprague-
DawleyAl 3 ($-A; 6-8573)0ll Aroclor 12545 500
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FeFe] 3ufake] Wzhgk 0.15 M KCI8-9-& o] 73
3}t 9,000 goll A 1087k QA1 He]ste] 71 A2ale
S-9 ¥-30 2 slolon, o]F o]&3) Marony} Ames?)
Wlo| whel S9 mixtureE  ZA|3}gdch(Maron and
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S. typhimurium F5% nutrient brothell 3123 &
oF wjekale] dl47](2x 10" cells/ml) Aeol] o]2 5=
g wfoked 0.1 mloY, A3 E2 2] DMSO3EY 0.1 ml,
S-9 mixture(Z-2, 0.2 M phosphate buffer) 0.5 ml-& &
galo]  37°CellA] 3087t  preincubation 3Tt
Histidine/bioting- ¥-5-3F top agar 2.5 mlg 7}3}ed
minimal glucose agarsl| z| ol] o] 13} 7] 3 37°Col| 4]
48170 Bk Wik F B SAHe) WYL AL
lt}(Maron and Ames, 1983). JAHZEHE= 2-
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Fofere AAE Wekshd ATE7L PF5R M
¥ee vgego g AYsiHT ol & L2 A3t A
geko g sheint. 2 A et g 2447 1A L2 23]
A5 sha, vix|T o] F 244)7be] AR F,
Schmid(1975)2] wiiel] wel F4HZ T84 zﬂ’%}
oich. B3 v| A sfell A vhe- 1 /HAT 1000702 4
o4 thd Al A " (polychromatic  erythrocyte;
PCE)¢} #9432 & (normochromatic erythrocyte;
NCE)®] v]& Fa}3 oA 100072 chd A& E7 5
oA A4S zH= t}d Al E F(micronucleated po-
lychromatic erythrocyte; MNPCE)®] Z&W1 =& 73}
sie.
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2ol & e 3A 24 A HETI AHEAA
2 2o] Aol haly S-S BATL AE7HE Co-
chran Armitage 7 37 A& £3}o] A3t

. 243 ¥ 7a
1. A|29| 0|ME 2Y¥ e} 2ot A&}

uhabs 2Alel 93 vlE 2 oAAIT A elA
Nz A2 AHE-E vl 2AF 2] A, 3714 A A
o] 4.0x10° CFU/g, =%o]7} 5.0%x 10" CFU/g, W&
I o] 1.0x10° CFU/gE vellle] 3714 A Aldst
A % AFe] AT 2 2.8de] Azrgre o
5 ot g2oe] A fel= 3714 A Aol 1.0
10° CFU/g, F%o]7} 2.0x10° CFU/g, tiZ# o]
5.0x 10* CFU/g & v}el|of(Table 1), &z A&+ f-5
5 AE2 AgEe] g g5 ol A
A A A W it T HFAIEES AAks] A E
M AP Ay So] dAd a7des o
4= oldeh. &4, 7 A5 YASHE 8] Ldf71A
o tEk ZhopdzAre] AlFaE AsE A3, 27
o] 7% 6 kGy2] AlzkollA AT T3 F3ole] A&
S AN F dededt, 2714 A AL -3 A
Z50], Z2olAke] Aol STE o, 7 kGyolAtel
A BE vESe] HEWA o2 AbEEE &
ik g Zole] A $olli= 5 kGy] et FAlel 2
& 2E 29 f7IA7F AFEE $dek(Table 1).

Zhobd 2AbE AR ARollA 2z AAetA A
ANARAGE AR A, G} G2l v]EA}
AgE 2% Z7] 29xnYg v fARE ER
AL LA/ A7 AEED2HW s AdAdF
2 2 Alge AR 7] A e d{7] AL
A &5z ¢4k} (Table 2).
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Table 1. Antimicrobial effects of gamma irradiation in Angelicae gigantis radix and Aloe

Irradiation dose (kGy)

Microorganisms®*
0 1.0 3.0 5.0 6.0 7.0

Angelicae gigantis radix

Total bacteria 4.0x 10° 5.6% 10° 6.4x 10° 5.8%10° 8.4x 10 25x%10° nd’

Yeast & mold 5.0x 10* 4.8%10° 2.8x 10 nd nd nd nd

Coliforms 1.0x10° 25%10° 5.7x 10 3.3%10° 5.4x10° nd nd
Aloe

Total bacteria 1.0x10* 73%10° 8.4x 10 1.5x10° nd nd nd

Yeast & mold 2.0x10° nd nd nd nd nd

Coliforms 5.0x10° nd nd nd nd nd

a. Numbers of microorganisms are expressed as CFU/g sample.
b. nd: not detected.

Table 2. Effects of gamma irradiation on the growth of microorganisms during storage at room temperature

Storage period (months)

Irradiation dose Microorganisms’
0 1 2 4 8
Angelicae gigantis radix

0 kGy Total bacteria 40x%10° 4.6x10° 3.4x10° 45%10° 8.0x10°
Yeast & mold 5.0%x10° 27%10° 5.0x10° 1.2x10* 3.0x 10°
Coliforms 1.0x10° 21%x10° 3.0x10° 4.0%10° 2.0%10°
6 kGy Total bacteria 2.5% 107 3.2x10° 1.0x1¢° 1.2x10° 1.0x10°

Yeast & mold nd" nd nd nd nd

Coliforms nd nd nd nd nd

7 kGy Total bacteria nd nd nd nd nd

Yeast & mold nd nd nd nd nd

Coliforms nd nd nd nd nd

Aloe

0 kGy Total bacteria 1.0x 10 3.5x10* 3.0x10° 25% 10 8.0x 10°
Yeast & mold 2.0% 107 3.0x10° 2.0x 10° 2.1x 197 3.0x10°
Coliforms 5.0x 10° 2.7x10° 48% 107 4.8% 107 2.0% 107
6 kGy Total bacteria 1.5% 107 1.2x 107 1.0x 10° 1.5% 107 1.0x10°

Yeast & mold nd nd nd nd nd

Coliforms nd nd nd nd nd

7 kGy Total bacteria nd nd nd nd nd

Yeast & mold nd nd nd nd nd

Coliforms nd nd nd nd nd

a. Numbers of microorganisms are expressed as CFU/g sample.
b. nd: not detected.

& 289 Aog Abgdt
2. pSAEtE oMy It

A EAHo A ellA B} AR Huges
20 mg/plate 2. A 3}d o o]= ZAE DMSO°| &
gHakedl slolx A8 bRt Hugmes, 1 ol
o] Frolxe deele] e A% A FA7}
A3, A3 54 plateo]| A Bwojz s} o]
E7H58ksdeh. 12 kGys}t 10 kGy9] zetd oz 74zt
ZARE G dRelle A FrH el Sz
I} wlaste] fejgh Edel ;e FUHE Kol
worch vt 2o Aol Aebds 24 FA

20 mg/platecl| 4] TA98e!| A E=4]-2
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Table 3. Mutagenic effects of Angelicae gigantis radix irradiated with gamma ray at a dose of 12 kGy

No. of His+ revertants per plate’

Conc. (mg/plate) S-9 Irradiation
TA98 TA100 TA1535 TA1537
20 + + 21+6* 106+12 23+5 21+5
6.7 + + 41+7 122+1 23+9 18x5
22 + + 38+2 146+7 25+7 18+4
0.7 + + 42+5 150+4 24+2 24+5
0.2 + + 41+10 139+4 25+4 20+7
0 + + 46+5 148+9 27+1 19+2
2-AF" (0.01) + 1314458 1118+84 95+17 ne’
2-AA (0.002) + ne ne ne 1076
20 - + 44+3 188+4 22+5 13+2
6.7 + 37+10 178412 23+2 103
22 - + 37+1 196+ 18 15+£3 1213
0.7 - + 29+3 183+13 17+3 17+8
02 - + 32+2 174+20 18+2 14+2
0 - + 37+1 185+6 17+1 16%3
2-NF (0.01) - 2647+ 408 ne ne ne
MNNG (0.01) - ne 37514260 ne ne
SAZ (0.0005) - ne ne 12810 ne
9-AA (0.08) - ne ne ne 586+21

a. Numbers represent the mean SD of three plates

b. 2-AF, 2-aminofluorene; 2-AA, 2-aminoanthracene; 2-NF, 2-nitrofluorene; MNNG, N-methy-N'-nitro-N-nitrosoguanidine; SAZ, sodium a-
zide; 9-AA, 9-aminoacridine were used as positive controls for the corresponding strains.

C. ne, not examined

*significantly different from the control (p<0.05)

Table 4. Mutagenic effects of Aloe irradiated with gamma ray at a dose of 10 kGy

No. of His+ revertants per plate’

Conc. (mg/plate) S-9 Irradiation
TA98 TA100 TA1535 TA1537
20 + + 30+7 126 +14 22+7 28+6
6.7 + + 30£5 124111 1613 19+5
22 + + 23+4 108+13 25+3 20+9
0.7 + + 27+4 110+4 19+2 1816
0.2 + + 37+6 10947 25+8 18+6
0 + + 45+3 115+19 25+5 19+2
2-AF" (0.01) + 131458 1118+ 84 95+17 ne
2-AA (0.002) + ne ne ne 107+6
20 - + 31+3 235+10 21+2 48+9
6.7 - + 25+3 219+11 16+2 40+13
22 - + 27+2 182+ 28 13+7 36+5
0.7 - + 39+8 164+ 6 11+2 35+4
0.2 - + 31£3 13611 10+£2 37t6
0 - + 33+4 203+19 19+1 4243
2-NF (0.01) - 26471408 ne ne ne
MNNG (0.01) - ne 37514260 ne ne
SAZ (0.0005) - ne ne 128+10 ne
9-AA (0.08) - ne ne ne 586121

a. Numbers represent the mean SD of three plates

b. 2-AF, 2-aminofluorene; 2-AA, 2-aminoanthracene; 2-NF, 2-nitrofluorene; MNNG, N-methy-N'-nitro-N-nitrosoguanidine; SAZ, sodium a-
zide; 9-AA, 9-aminoacridine were used as positive controls for the corresponding strains.

¢. ne, not examined

Asdwo] Ads cuAPRoRE FASMe] B Eo} AHAe] oS Fe wyos v glon
FAZE Welvlel 2ESH o] F b A (Adler, et al, 1989) & QA A7ISHATE 5
o] $ARAEAS 2zYshd Uold F W) A 71 2ATAREAY A7 ek AR
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Table 5. Frequency of micronuclei in PCEs from bone marrow in
mice treated with Angelicae gigantis radix or Aloe irradiated with
gamma ray

. Dose No. of mice MNPCE/ b PCE/
Treatment (mg/kg) ested 1000 PCE® PCE+NCE
(Mean+SD) (Mean+SD)
D.W. 5 20+08 0.52+0.01
Angelicae gigantis radix (12 kGy)
2500 5 1.6+0.8 0.45+0.02
1250 5 1.7+06 0.53+0.02
Aloe (10 kGy)
2500 5 15+1.0 0.511+0.01
1250 5 15+1.0 0.53+£0.01
MMC* 0.05 5 14.4+35 0.56+0.01

a. Animals were treated twice with each compound 24hrs apart.
The preparation and staining of bone marrow cells were carried out
at 24hrs after the last treatment.

b. MNPCE : Micronucleated polychromatic erythrocytes; PCE : Po-
lychromatic erythrocytes; NCE : normochromatic erythrocytes

c¢. MMC: mitomycin C

Qg;] o]g}_ e _{/\}./\1 _,] o‘l—z‘_/lg ;137},‘: olo g ¢
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ZAe| &

B ATE FYT YRS HATIAL Qo]
o %) ol| ZAL= e}

= L

Adler, I.D., Ashby, J. and Wuergler, F.E. {1989}
Screening for possible human carcinogens and
mutagens: a symposium report, Mutat. Res., 213,
27-39.

Ahmed, N,M., Conner, D.E. and Huffman, D.L.
(1995): Heat-resistance of Escherichia coli O157:
H7 in meat and poultry as affected by product
composition, J. Food Sci., 60, 606-610.

Brusick, D. (1994): Genetic Toxicology in Principles
and Methods of Toxicology, 3rd Ed. (Hayes, A.W.
ed.) Raven Press, Ltd., New York, pp. 545-577 .

FDA (1990): Irradiation of poultry. Federal register,
55:18538.

Harrigan, W.F. and McCance, M.E. (1976). La-
boratory Methods in Food and Dairy Mi-
crobiology, Academic Press, London.

Hayashi, M. (1991): The micronucleus test. Scientist,
Tokyo.

Hugo W.B. (1991): A brief history of heat and chem-
ical preservation and disinfection, J. Appl. Bac-
teriol., 71, 9-18.

IAEA (1989): Acceptance, Control, and Trade of Ir-
radiated Food, International Atomic Energy Agen-
cy, Vienna.

IAEA (1991): Food Irradiation Newsletter, Vol. 15, p3.

Katusin-Razem, B., Razem, D., Matic, S., Mihokovic,
V., Kostromin-Soons, N. and Milanovic, N. (1989):
Chemical and organoleptic properties of ir-
radiated dried whole egg and egg yolk, J. Food.
Prot., 52, 781-786.

Marcotte, M. (1992): Irradiated strawberries enter the
U.S.market, Food Technol., 46, 80-86.

Maron, D.M. and Ames, B.N. (1983): Revised
methods for the Salmonella mutagenicity test,
Mutat. Res., 113, 173-215.

Poole, S.E., Mitchell, G.E. and Mayze, J.L. (1994):
Low dose irradiation affects microbiological and
sensory quality of sub-tropical seafood, J. Food
Sci.. 59, 85-87.

Pszczola, D.E. (1992): Irradiated product reaches
midwest market, Food Technol., 46, 89-92.

Schmid, W. (1975): The micronucleus test, Mutat.
Res., 31, 9-15.

Speck, M. (1976): Compendium of Methods for the
Microbiological Examination of Foods, American
Public Health Association, Washington, D.C..

Thayer, D.W. and Boyd, G. (1995): Radiation sen-
sivity of Listeria monocytogenes on beef as af-
fected by termperature, J. Food Sci., 60, 237-240.

WHO (1981): Wholesomeness of irradiated food: Re-
port of a Jonit FAO/IAEA/WHO Expert Com-
mittee. WHO Technical Report Series, No.659,
World Health Organization, Geneva.

WHO (1988): Food irradiation. A technique for
preserving and improving the safety of food,
World Health Organization, Geneva.



