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Abstract

This study was conducted to evaluate the genotoxicity of balanced nutritional formular for patients containing various
ingredients after gamma imradiation at 4 kGy. Since viable bacteria were not observed within the detection limit
of 1 log CFU/g, a dose of 4 kGy was appropriate for the pasteurization of the formular. In a bacterial reverse
mutation assay, both hot water and methanol extracts of the formular exhibited dose-independent responses, which
was similar to those obtained from that of the negative control (distilled water or dimethyl sulfoxide). In a chromosomal
aberration test using lung fibroblast cells of Chinese hamster, the numbers of normal chromosomes were comparable
to those observed in the negative control, regardless of the treatment dose and metabolic activation system. Furthermore,
no significant increases in the frequency of micronucleated polychromatic erythrocytes were observed relative to
the control, when mice were fed with the formular at doses up to 2,000 mg/kg body weight. Therefore, the balanced
nutritional formular for patients did not exhibit genotoxicity when pasteurization by gamma iradiation at 4 kGy.
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A RIS o] &ahe WEORE HIZME Ao 54
A3t ofgt FAMSL A3 T o] Fol XA AlE
AR} 7hsste] S 2 ae] 22 2ol tigk
7} gl Aol AThe-8). 1t A AFe o
of tigh &Mz Q1A FAR FE&A] Urhe tHE
el a2 ATH).

ZAAE 2] b 7S 918l 1961 FAO/
IAEA/WHO 3% 2] F2AF A4 H71 A9 93] Joint
Expert Committee on the Wholesomeness of Irradiated Food,
JECFI) 7} A8 = o] 1964\, 19691 18] 31 19761 A =}
o] ZAF S AFeA o, 1980 % o] A 7kA] gt
A HrF AT Uit AEE B3l “ojuf gt AFo|E
10 kGy olate] Moz ZAl Hejd AFS 544384,
FEeHA 9 wPETH BHoA ofm g A% op7|sA|
gty ghe 285 e vt k10, O Yot 19979 =
ol nAE AR EL Aol #EE ARt A-g] Q]
2] “10 kGy Ht} 100 o] =& Aol M= 17732 94
o] glon, 53] HxalA 7tEAelE 2 Fe A5 AFL
2H 77F gl AAH ol23} ouA= Z=F A8t
A FalEdo] AAEY] o] He 5 FHo] HstnR
FH S A Fart gloh o agste] AR E 2
F9 A S Al & W gt ol 2lgk 5 A1A
A AR Aol e E8tal ARRF BAE TR AL
A 2Ee] b el tigk B4 Al717F dojuka glom,
AT F&ol tigt AHAQ Y H7F ARE 87t
ATH12).

wEhA, & APl SAHE dFIF e BY A E

—|—‘o_|_,

A|§_ 2|,_S|;|| al 7I-|:||.A-|
B AFolM e Bl 2 Fo = AFFHe A ERY
AL TP F ] Tt 2
7} ejdlE 2 v &
o mREH Fuitol AH&stHTable 1). =, ¥ 1,000
kcal & T Zg, H, o}, HER! A, Bl, B2, B6, C,
D, E, Yelolil & Gt So] dd Jda 71FEA9] 50%
ol FHIEE YYas Akt on, JqujddS 3
10 kGy®] 50702 Znbd 2AA Rl A89]
o] 74 7|F o) ItEE A S AT Az
H #3F AF 40 g& 717 LDPE(low density polyethylene)
FAA o] Ho] A3 F Co-60 AmtA ZAMA] A (IR-70

-
M

gamma irradiator, MDS Nordian, Montreal, Canada)°l|A] 2,
4, 6, 8 2 10 kGy9] S (I ZFE 10 kGy/h)°| H ==
20Ce A2z stellA Ankd 2AR s A&7t
AA| Tt Ake] glS 913l alanine dosimeter(Bruker
BioSpin GmbH, Rheinstetten, Germany)S A 2] A £7
Aol B2l o, ZAX 2] T electron para-magnetic
resonance analyzer(e-scan' " alanine dosimeter reader, Bruker
BioSpin GmbH) 2 #2319t} ©| dosimetry A] 2~8l-2 =4
Axe7) o] AAjel whe E2EF F AHESGon, 5
Ae Fawe eAe 2R 5% oAk

b S el WE AR S|, AR Y
F3ol, Bacillus cereus, Clostridium perfiingens, T 7t
I TE ST 5, AR 10 gofl tiste] EdE 0.1%
o] peptone 90 g 7}ste] 13#7F Stomacher Lab
Blender(Model 400, Tekmar Co., Cincinati, OH, USA)< ©|
&oto] At $ 107 YR A Eh

Table 1. Composition of the balanced nutritional formular

Ingredients Weight (g) Ratio (%)

Isolated soybean protein 10.0 250
Cereal powder 70 175
Vegetable protein mix 50 125
Brown rice powder 4.0 10.0
Palatinose 4.0 10.0
Soybean powder 40 10.0
Sweet pumpkin powder 20 50
Potato powder 20 50
Vitamin & mineral mix 13 33
Brocoli powder 02 0.5
Black sesame powder 02 0.5
Cabbage powder 02 05
Salt 0.1 02

Total 40 100

TAM R SAE AR 100 uLE ZH2te] iAol =kl
1 Z5 71T plate count agar(PCA, Difco Co., Detroit,
MI, USA), &5 2 F3Fo|= potato dextrose agar(PDA,
Difco Co.), B cereust= mannitol egg yolk polymyxin
agar(MYP, Difco Co.), CL perfringenst tryptose sulfite
cycloserine agar(TSC, Oxoid, Basingstoke, England), T3
TS 3M AZXFE vjA|(3M Co., St. Paul, MN, USA)Z
ALgslth AxZEE, PCA, MYP BHJX|:=  incubator
(MIR-262, SANYO Electric Biomedical Co., Ltd., Ozu, Japan)
£ o] &3t 35Tl 4] 24-48A]3F, PDA Hl|x]= 25Tl A



102 Sk A F B SR Al24d Al1S (2017)

3-5U7 a4 270 A wjdalsl e, TSCE CO; Ay
7} 2~3S 7 E-8te] anaerobic jar(BD GasPak'™ EZ, BD
Dlagnostlcs Saparks, MD, USA)el| Zo] ¥o] n|57]4 73
= 2738 § 35Tl 48AI3E v Fatsith. Zhzke] uj =] o
A ke Alsted AR 1 g% colony-forming unit(CFU) 2

2 1/}13}14] o, gt e A= F wiA| oA
A H& FeT T 71xS AT s At
ATt HVE HEE AT Ha AR E 101 CRU/gol ATt

e BAEAHc]d4d AldS OECD
gmdehne TG 471(13)°l whe} ekt Aldo] ALeE

S5 Salmonella Typhimurium LT2E T2 3= 8
Typhimurium TA98, TA100, TA1535, TA1537% =g 1.2
7% (Osong, Korea) &2 5-E] EoFitol At HE3slo] AL
|5ttt ol 5= AHgoll 9HA] histidine 874, crystal
violet Z.@L—’F—*é, ampicillin 4] spontaneous AW & &
= Stk AR EA A xE Jdl @5 FEES AR
10 goll & 100 mLE ¥o 95 C Fo 2ol A 24417 Bt
" FE51 3 vgE FE252 A5 10 gol 95% vle-E
100 mLE Yo} 22247) ?%}%—’FZEOHH 2A13F Bt #E
FZE5IA T} 4o FEE2 o] 74X](Whatman No. 2, Kent,
UK)oll oJ7}et & 3117035 37](EYELA Co., Tokyo,
Japan) = 24713t A xStk AR A FEES B
S5, WS FEE-2 dimethyl sulfoxide(DMSO)E A}

&35t duAdS B8l o] gln /‘ﬂi%/‘é = U
WA ek 5,000 g/p late S HUl T=2 39 *Hl
22 A3t 5EAlY] TEEe "47‘40} $4= T
nutrient  brothel] O]-E W Eet kst i) (2X10
cellymL) el o] 225 & T3 v 0.1 mLel] TAE
2 3|8E A EA 01 mLS A7t tiARdAl 48
ol & S9 mixture(20%, v/v) 0.5 mLE A 7}shsda v & &
ol = phosphate buffered saline(pH 7.4) 0.5 mL< &%3}
o] 37ClA 30%3t pre-incubation 3+ T} o] % &3t A
F £ histidine/biotinS &3} top agar 2 mLol| T3t &
minimal glucose agar M| X] o] F-o] Z3] 31 37°CoA|A] 4843t
S wjFate] BHAEAHe] JgE AFaith AU x
BARE U9F 275 Tt DMSOE, FHUEEARE
sodium azide(SA), 4-nitroquinoline Moxide(4NQO), acridine
mutagen ICR-191(ICR- 191), benzopyrene(BP) 2 2-
aminoanthracene(2-AA) 5= Z} A& o529 S0l gt3=o]
AH&-aFA T

=

HAMz| o AH
248 299949 944 o4 AWE OBCD
guideline TG 473(14)° ™2} Chinese hamster lung(CHL)

fibroblast Al £F5 o] -&-3le] 2 A3} T} vl A = minimal

essential medium®l] fetal bovine serum(FBS)2 5% ¥ ==
A7kete] ALt on, SANEELR= AdE4Y &
jol B EF59 DMSOES, A ZEZA2E AL &
g Z2738t 4= BPE DMSO| &A1 A AHE-813 o™,
AL & B4 st A= mitomycin CMMO)E B S/
ol 83AIA ARSIt AHAIReA AdRAEE S A
slo] Al 22 A RS FEe Ao HuFEE 5000
ugmLEZ st on, ZH|E 22 3ste] 5T (0, 625,
1,250, 2,500, 5,000 pg/mL) 2 g]Asle] E A8 -8 A A5HS
t}. S9 mixture, AlHEZ L kU2 EH o] L3E ujj ok
O N Mg vy HEo] vl o r weksie] 164]
7+ Bt o k3t 3 coleemidE 0.2 pg/mLo] H == A g
g T3 22A1ZF 2 ¥ 0.05% trypsin-ethylene diamine
tetra-acetic acidE 3 7}ske] Y41 E2](150 xg, 5%)3FA ot
FeNe AAT F AFA(0075 M KA) 4 mLZ HEsta
37C FzollA 2083 WA|sts e, 1% A (methanol:
acetic acid=3:1, v/\)2.& 33] nHAIZ] T 37| AFHoE
Zgo|=2 A %3] 5% Giemsa® 3087 G218 Tk Al
2 Fefol== Fetdn| A stell A 1,00000 9] wj&= 7}
AldTE 1007]e] 2 H3 7 F7] el tiste] FLAG

2 A o)te] RS BAsta, o] Fe] TFHY FE
71533k
LAY

%fﬁ% ICR P2, TFR)E ARl &

22437, % = 50£20%, $71815 10-158], = 1%7] 12
A7, 51: 150 300 uxe] Sz o = AYE sAUgw
SHANHIIANE L] HA T ARG A oF 177t &
717+ AR F 4 kGyR Avbd 2AE S 38 1Y
FE e AT FoAsT dpA R e S dddd
2 B Ed SRS dgetd 75‘? Foi7t st
31 %2l 2,000 mgkg body weightZ Fofste] #23t
A3 RE ZEA B §914 o) /\74 o] B2e|x|
eksi}. olol] 2,000 mgkeS E- Ao mgTFoz A

3L, FHIE 22 o] F 4TA|9] FET4(0, 500, 1,000, 2,000
mg/kg bw)ell thate] 242} 5ute] o] ICR mh-2=of FAP| 2
13] A Fosiath. Fd=EQ cyclophospharmde
monohydrate(CPA)= o] -§-%°] 80 mg/kg bwo| =%
corn oilel] 88} ot whp-20] Erto| FoiBieit. /\l@%él
o] Fof & 24A13t0] A vk Schmid(15)°] el
EPEP =5 AAE A&k =, v diE S A
ETE %o}oi FBS=Z @&ttt vh-229 2,0007]
g A -—rL(polychromatlc erythrocyte, PCE)S 32-3}]
I 2SS 7 g *qﬁ.sé?(nncronucleated polychromatic
erythrocyte, MNPCE)®| =5 Al5sl3ith. B3 & A E
(PCE+normochromatic etythrocyte(NCE)) % PCE#t(PCE/
(PCE+NCE)) & AH&3dlo] A|XE5A] o 15 Folsiiin). &
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H7HE o] SE498E9d
%912 ol 219 ¥ 9 THHTRC-15-01).

SAIXE

BE 274 Ave FRgeEEA4E Jepnglen,
Statistical Package for the Society Science(SPSS, windows
ver 22.0, IBM, Armonk, NY, USA)& |83t} 7} A|53he]
XS AF3 T p<0.05 041 Duncan’s multiple
range test2 AMFHE S AASHATH

I
SYAZ 04BN U Bl W AR M 4F

294 Eel MPETY g ~¢ﬁ%ﬁ°ﬂ we A7
5% ZA3}E Table 291 YERAATE H] ZAS]
ZF 271 AMTH AdF7F 47 2.6, 2.7 log CFU/g=
UrE‘r‘,;b_ B cereusS; W%ﬁ‘:'lo] 74z} 2.59} 2.6 log CFU/g
o g AEHAT AFTA T BT AFFEA &
A& T ook o] ]/\EEGL;G Fo F 3I|A o)
10’ CFU/gel 3}, B cereus?} 10° CFU/g ©] 3}, thddo]
sAdolalo} dtt, weby RElaEe] ¢ Sl AR
ek 748 WEsta oy, B cerensell W3t 714 %
sho} el e Aslel 2714l A 240 B,
3t Aoz AlgE )
Bk upe wdl2]Eo] /lg-ﬁ’-—r W3S =33l
3}, 2 kGy A}i%a%loﬂfﬂ dFE ALl YA A E

SN

1

_1

Eof| 9lo] B 1 log CFU/ge] A& 37 o8t vehgim
416Gy o189 FEIFOR Yokl 2] A B 35

oI A5 clade 216y ZAART 9 453
ol UVEE T 71EE Ut glou, AAE Wl nE
o 7] Walo] e v AEY YL B
slste] 4 kGyo FSAFS A F S G 2
FAel Ao A4aar.

Table 2. Effect of gamma irradiation on microbial population in
the balanced nutritional formular

Viable cells (log CFU/g)
Bacillus  Clostridium  Coliform

Irradiation
dose

Total aerobic Yeasts and

(kGy bacteria molds cereus  perfiingens  group
0 26£030"  27:049  2.5:131 ND” 262001
2 ND 10£1.15 ND ND ND
4 ND ND ND ND ND
6 ND ND ND ND ND
8 ND ND ND ND ND
10 ND ND ND ND ND

"Values are meantSD (n=5).
Not detected within the detection limit <101 CFUjg.

S3EAH0| RLS B}

bl 2A B kGyyE B Fe] EFEddo]
s H7F A3+ Table 391 YeERQITE Ao A&
2E A& (S Typhimurium TA 98, TA 100, TA 1535,
TA 1537)°]l tiste] 5 3 wghe 55 27 dArg7
EA ek Aaglel AW ET S FAACRE ol
Aol & HolA]| gt W dF FEEH vEhe FEE
Z¥ztel vigt FAdETe] 4% ST o<l
Aol & YER I th(p<0.05). d¥Hd oz Edwo|dAd ol
WYL S g o] et o] 2uf) o] 3l A5-E
o gtk & A9 AuE Sl 4 kGyo FTFAEFS
= zobd AtAeE 928 @ de] d B ovige
FEuS 2 AIEEA sl AR e ATl et
of BHEdWolE fFdehA] ¥ Aoz FAHsIiH. o
o &2 Are gvkd Ak gt sAEdniels
T ghethe Kwak 5(16)2] Rl 433819

=13

M ol RUs HIt

b 2A e Bl Ee] QA oY frids 7t
A3}= Table 49 VERARITE thAFZAI Al EA1412] kA Th
Zwo 2 AHEH BlalPe] A5 77709 F7174 Ml EREe]

A4S Uehfo] kel gaA o) fidsS YeERigle

, G FEEY vEE FEE ZF AY PR A
997l o]’e] F717d A7t A3 o= UERstth Egk g}
A FaA e FU TR AHEE MMCe] A 9
Al 7571€] F717¢ MaERre] o2 YEeht AAA| o]
FAE e o, Al Ed BF s} Jglo] 98
7N o]’de] A ERQ] Ao 2 yElsiTh CHL A2 29
T A o] A o] g 7Hl FINE EAES
3% Zets dol Ao gleng 5% niute] At o4
2717 2A LS oz B, 10% oo AAA
o]Ao] Uehd 72-¢ ko g wtaitk17). wheba 2 A
A= 4 kGyd] FFAHeRE A EE S #3Y
2ol QA o] Fide] stk A <fnlshH, 30
kGy= 7vhd A ElE E50] GAA] o] S kA

2= Kang 5(18)9] A7-9k= L4313

O—Uio

Al Qurs Hy|

Aopd A e RdldFe] 28 et Al 25Ad
77} 231 Table Sell ehiich. 7141 2 200070¢] £l
/‘éﬁ?ﬂ‘_ﬁ(PCE)" Ao 2 5\__' & 7].;(] T;}.oﬂ/ﬂﬂzﬂf].L
(MNPCE)®] 2l H A& dAE 24 4
Z2T(BT SHPH T Aol YERlA] S3ht
gt = EZAQ] cyclophosphamide monohydrate 80
mg/kg bws FAG Fdl Tl Szl Ba
& TN =7t 450 =A UEhd %94%4 L kel 7 A%
Thp<0.05). Al@=H] AE5H A #Q F 2 EF(PCE+
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Table 3. Salmonella Typhimurium reversion assay of gamma-irradiated balanced nutritional formular at 4 kGy

o

2AF

314 A24A A1ZE (2017)

Tes compound” Presence of 9 Con. No. of Hist revertant per plate
(g/plate) TA 98 TA 100 TA 1535 TA 1537
Hot water extract + 0 3+9? 110+13 13+4 1345
+ 015 345 12622 112 1241
+ 625 35£5 116£12 1244 1442
+ 1,250 36+3 1084 9+2 16+3
+ 2,500 30£3 995 101 1545
+ 5,000 33+4 109431 162 181
Methanol extract + 0 3243 1257 142 164
+ 015 3144 127410 1143 1342
+ 625 3743 12219 1341 15+4
+ 1,250 3344 106£13 1244 13+4
+ 2,500 3243 114424 1543 1243
+ 5,000 30£3 11518 1343 1122
BP + 10 4924417 -
2-AA + 10 5 1,1844204" 257+44" 372+63"
Hot water extract R 0 3782 99+13 1512 1443
- 015 4042 91+8 1343 1347
- 625 38+4 8411 1443 1543
- 1,250 3445 97+14 1042 1845
- 2,500 36:+4 10213 1143 1246
- 5,000 3543 88+8 1243 112
Methanol extract - 0 38+4 12314 1543 1843
- 015 34+4 133411 1243 17#2
- 625 3344 110+18 14+4 1345
- 1,250 3545 122415 16+3 1245
- 2,500 36+3 107+7 1382 1445
- 5,000 37:3 10814 114 1582
SA - 5 - 1,213£189" 735443 -
ANQO - 2 71838 -
ICR-191 - 2 - 86236

I)BP, benzopyrene; 2-AA, 2-aminoanthracene; SA, Sodium azide; 4NQO, 4-nitroquinoline MVoxide; ICR-191, acridine mutagen ICR-191 were used as positive controls for the

corresponding  strains.

PEach value represents revertant colonies per plate and is expressed in the meantSD of three plates.

¥ Significantly different from the negative control (p<0.05).

“Not examined.

NCE) 3 PCEY] H] &2 RE &38| 051% <1
st 2Tl Hlel ol H Q] Apol7t fiSdtt. el 37
& kg2 Z5 ol A erythroblastZ} 2 2E 3 5 &)
g AA s A<l PCEZF B =, oluf 3o
A erythrocyte “FE A Al &2 0] EAR)E
Al Wel7t A8t o o]
A Eala wpH o 7 ol PCE Weol| a1 uj
&3l Alge] ¥ % 7F= PCE/(PCE+NCE) H]&°] 0.1 ©]

= 540] giria @4

A = s |

mII.
ol

th(19). ¥ 4143} PCE/(PCE+NCE) H]-&°] 0.1

SID)
e
=
>
o

73

of kI Jo © 2 9o
.
L
b
N
)
lo

o% N

Az

o &
1o,

W, ooy
e

[e3 =N
HAT

EE¢1 2,000 mg/kg bw o stel| A T
J o Ha] fro] <l 2k 7}
= bl A el E S8 1
Aoz desielon,

gglon
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Table 4. Chromosomal aberration test on gamma-irradiated balanced nutritional formular at 4 kGy using a lung cell line of Chinese hamster

Test compound Presence of S9 (Eg%]c];) G" CD CX D X Others Nor Total

Hot water extract + 0 0 0 0 0 0 0 100 100
+ 625 1 0 0 0 0 0 99 100

+ 1,250 1 0 0 0 0 0 99 100

+ 2,500 1 0 0 0 1 0 98 100

+ 5,000 1 0 1 0 0 0 98 100

Methanol extract + 0 0 0 0 0 0 0 100 100
+ 625 0 0 0 0 0 0 100 100

+ 1,250 1 0 0 0 0 0 99 100

+ 2,500 0 0 0 0 0 0 100 100

+ 5,000 1 0 0 0 0 0 99 100

BP” + 20,000 2 0 3 4 14 0 71 100
Hot water extract - 0 0 0 0 0 0 0 100 100
- 625 2 0 0 0 0 0 98 100

- 1,250 0 0 0 0 0 1 99 100

- 2,500 0 0 0 0 0 0 100 100

- 5,000 0 0 0 0 1 0 99 100

Methanol extract - 0 0 0 0 0 0 0 100 100
- 625 1 0 1 0 0 0 98 100

- 1,250 0 0 0 0 0 0 100 100

- 2,500 0 0 1 0 0 0 99 100

- 5,000 1 0 0 0 0 0 99 100

mmc” - 100 7 0 10 1 7 0 75 100

Number of findings of mean aberrant metaphases among 100 metaphases per culture.

UG, gaps (chromatid type+chromosome type); CD, chromosome type deletions; CX, chromosome type exchanges; TD, chromatid type deletions; TX, chromatid type exchanges;
Others, metaphases with more than 10 aberrations (including gaps) or with chromosornes fragmentation, Nor, normal.

BP benzopyrene.
IMMC, mitomycin C.

Table 5. Frequency of micronuclei from marrow in mice treated
with the balanced nutritional formular for patients gamma-
irradiated at 4 kGy

Test compound (mg]/)kogsebw) W%%’)P CE’  PCE (P%(E;NCE”)
Distilled water 0 0.040.04" 0.51+4.34
500 0.040.06 0.49£2.70
e s 100 0.04:0.06 0494415
2,000 0.0410.02 0.53#3.71
cpA” 80 1.80£0.24” 0.29+2.39

'CPA, cyclophosphamide monohydrate.

MNPCE, micronucleated polychromatic erythrocyte; PCE, polychromatic erythrocyte.
'NCE, normochromatic etythrocyte.

)Each value represents the meantSD (n=5).

"Significantly different from the negative control (distilled water) at p<0.05.

=2

10 kGy o3tz 7habdd ZARA e 2l 7]9] A7} vhe-2
TG Al 238 FI6HA] FETRE Yook 5(2009] A
sk dA ST

& A7 B F9IPAeR A2 Aol 2}

3 A=A ARE H7)s17)
slel A=Ak 4 kGy Bel Gogo s gop 24
A2 gk Al ZollA AFF7} 1 log CFUg] AZ3H| o8tz
etsy] tEe] AS 93 2A e PO R 4 1GyE
A7 o]_oﬂq_ BEASAWo] g Byt A7, mdlAEo]

=2

& F22e Al 3 AR
3}

=
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