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Change in the Headspace Gas Components in y-irradiated

Canned Aqueous Solutions of 5'-IMP.

Junko TErapa, TAkeNori Mouri, Keixko Hara,
WaTarUu Hasampa and Iwao Suica

The headspace gas composition would coniribute informations for clarifying the
mechanism of deterioration of canned foods and the aspect of can corrosion. The
change of headspace gas induced by r-irradiation in cans containing 5-IMP solutions
was investigated by gas chromatography. Solutions containing 5-IMP were sealed in
plain cans (¢2, for baby foods) and irradiated with a 5,000 curie cobalt-60 source at
the dose rate of 2.0x10° r/hr. The gas samples were injected into Shimadzu GC-1B
equipped with columns of silica gel and molecular sieve 5A. Argon was used as the
carrier gas.

The effect of irradiation at elevated doses is shown in Table 1. The higher the
dose was, the lower was the level of remaining 5’-IMP. In the case of 5'-IMP solution
(Table 2), O: content in headspace decreased accompanied by marked increase of H.
content with increasing 7-ray doses. In canned distilled water (Table 3), a slight
increase in H. gas took place with increasing 7-ray doses. Oxygen gas disappeared
during storage for 90 days at 25°C. During storage of irradiated 5’-IMP solutions, the
formation of NHs-N and the dissolving of tin were negligible (Table 4).  Significant
amount of Ha gas was formed by irradiation at 4.5 Mrad (Table 5), which, however,
disappeared gradually during storage for 90 days. In the irradiated solutions of 5-IMP
containing glucose, sucrose, casein hydrolyzate or sodium chloride, the formation of
NH;-N and dissolution of tin and iron were negligible (Table 6). Remarkable amount
of H: gas was detected in the headspace of irradiated canned 5-IMP solutions containing
glucose, sucrose or sodium chloride (Table 7).
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HREREHFEAROREHELE LTREROMBREEE KB LSS 7 SBEEICSWTRELT
WA, TLUTERRBRMOEGHEAR~OEMICEELT, 20 r BEBECBI 2REHICOOT
TTREE LY.

HHEDNy FAR—Z A RBAROEL U T2 IEEICI 2 & & bICEM O KL & &izicHE
BLTED, BE - AND S@mBBEECIZ~y FRAR—XF 2 OERLEICONTE Tl
ELTV3. THERECBOTOHIAPRL NI ELS by FRR—IFRELORBZ &I
ERNCLTHEIN—REFEART2, 3OREY D NP2 CEREMLTIRRLITL.

ARTRIEFZIC LA / ¥ VBKBREED 1 BRHCENT~ vy FAR—I H R ICKHRNITT
DB BT LEBHLDOTEERASDOHELHETRHBEKD S 6 ¥ AFHNOELIZDNTH
&T3.

I. %8 J)ik

I TREMHBBERURHAE
EREFTERRSHEFEROHR P RIS 2 RE L 7. Co-60 SIFII 50004 2 Y —,
BRERIZ 2.0X10°r/hr. TH -7-. BEIZH 25°C DERBRTHE 72,

RElEgRORR

JKIBH  5"-IMP %0. 5ZBETHEKICHERLLHD.

I 855 &

NE—-7—F2% (& 52.3mm, && 45.5mm) MRE{HITHEE 70cc AR 45 cmHg THZ
BEEU.

REBRORERELCERICUT 2 LA HBEL, FEABRICIT 2541 25°C ofaREK
REL L.

Sk &

1) Ny FRAR—ZF XD

Shimadzu Gas Chromatograph GC-IB #% R 242/ u< 73 7L DR ERL
7.

¥ 0.3ml, HFH 7 £13 Silica gel 0.1 m, molecula sive 5A 3.6m ¥+ Y 7HIXRT L
TV 23mi/min, B 5 LEE 43~45°C ORBETITN o792, HRADRIUL0.2% 7 = VEIEEDOD
KBEICX 572,

BE%E 1 & LA D Retention time OHFE CO: 0.43, H> 0.78, O- 1, N: 1.42, CH,
1.72 TH 7.
2)5-YRRZ LA F VO
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Fig. 1 Relationship of injected volumes Wb e TxFrRal) yEICIOREL .
of He, Oz and N: to their
chromatogram peak areas.
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1 4/ voBkakcdT2REBROFE

5-IMP 7kik#E (BE5.0mg/ml) 2~E—7—F25Hic 70m! ERELHEHELLTO.3
~4.5%x10%rad O T HERHLBAEORTEE Ny FRR—ZAH ZAHRER <.

Table 1 Effect of r-irradiation on the stability of canned 5-IMP solutions.

Doses 5'-IMP, NHs-N, . Sn,
(Mrad) pH remaining formed dissolved
(%) (mM/100ml) (ppm)
0 7.55 (100) 0 0.6
0.3 7.50 93.8 0.1 1.4
1.0 7.38 88.2 trace 0.5
3.0 7.35 66.5 0.1 1.3
4.5 7.12 49.7 0.2 0.5
4.5 6.87 43.8 trace —
(in glass)

Table 2 Headspace gas in canned 5-IMP solutions immediately after r-irradiation.

Doses Can vacuum T‘f,’;?& rggs Gas compostion (%)

(Mrad) (cmHg) (cc) Na Os Hs
0 35 5.4 78.3 21.5 _
0.3 32 7.2 82.7 13.3 4.0
1.0 29 7.2 76.7 10.0 9.7
3.0 27 6.5 70.8 4.8 24.0
4.5 24 8.2 65.5 4.3 29.3

LT Tablel, Table2 BRRHEZOERETH 3. BAROHMICEWEARD pH BTHRL
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RRRHEBLEFEC. 5-IMP ORERRZRERIET L. ERT7vE==7H, FH Sn BR#FET
Bot. Ny FRARX—IHFAOHMREH S LR BEOEMCHEND O 821.5805 4.8%EHAL
He sl ® (O) »mo24%FCHMLL.

CDEST4 /Y VBKBROERE T BERE LGS, BV 07727 v AVvEDEAE
fikiz 5'-IMP OSESBEBDONBE LB, Ny FRR—ZFZBERICELOEREZEL R T L
BEHONL. UE 4.5x10°rad OBHBICEOT 5-IMP OREVEHHHNEN TR T v 7
RETHETSEE, HEATENCENKLDI TH »1-.

EROES I r BEHMHOBEAD~ v F2R—2H ZHBROEMDHRIC DN TIRD T & MR
ns.

TTCOREBERKEHBICOOTHLEDONBZ2EI D, HLEDONB U SIIHHEDBER
BEI2M. WIEANy FAR-ZAFZABNEHC T TR 5-IMP B #RicskdT ahE o, LlE2
DOBICOVWTREATHRIETE - 7.

2 BEEED 5°C FEROEL

HBKEC 5-IMP kig# (BE 5.0mg/ml) 2~ ~—7—F 2 5{FiIcF HELURRSH, 1.0x10°
rad, 4.5%X10°rad @ 3 BREFICONVT 7 HERs L 25°C ofER T L CRMER. 157 A%
35 B%, 6 BRICBELEZOAN Yy FXR—Z2 A RMERE L UREMNSEHE T,

Table 3 ZIAKMEHIC 7 WERH LABATRPERCBNTHEA Y FAR—ZH 21D O:
KRFLOLERZBD ORI o1 (RIELBMEIH) H. RBRHESENE L3 ICHEHEML
7z. LpLEZDBR3.3% 1Tk E 7.

R4tk 180 BEOKEPIC O RHKBL L TCRHROBRRIChD OO FEBE L L -2, REH
MEBEHCENTAy FRR—ZAHFRPO O RNEHEITHL T2 &13 FH - AN - kA - BBV

Table 3 Change of headspace gas in distilled water canned and irradialed at 1.0

and 4.5 Mrad,
Days Total gas Gas composition (%)
(Eﬁzeg‘) stored at Ca?cr\ll]?_fu)um volume
25°C g (cc) Ne O Hs
0 0 13 7.6 79.0 20.8 —
30 22 5.6 82.8 16.7 trace
90 15 7.4 98.1 1.7 —
180 11 9.2 98.2 1.0 trace
1.0 0 25 11.8 78.7 19.6 1.7
30 25 11.6 89.3 10.0 trace
90 24 8.7 96.1 1.1 1.9
180 26 10.4 98.2 trace 1.9
4.5 0 15 7.3 76.7 20.0 3.3
30 32 5.2 86.6 6.7 6.7
90 10 8.5 94.0 1.3 4.0
180 18 10.5 96.4 trace 1.9
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FILELDTTICEHDNTH 5.
BHESESENE O: O Do, Ha 130586, T% T TT 5-IMP JKiF# ic B4t
LiBADEIRSBIREB O, 12,

Table 4,

512 5-IMP /KiEHICIRE L BATHROBICHE - T 5-IMP BELET N BLT

BT &, BT vEe=TH, BESn B3 c s nEboni. ~y FAR—ZAHFRHUKT

BEBO LS CRFBERTRIBHEOHMIE T O BBALTHAY, FEREBICE-TES

TP LR B &1 7.

Bt U BAREBEEL & biItFREL L.

7, He (3 1.0X10°rad AR H T HE(LIZIEVA 4.5X10% rad

Table 4 Change of irradiated canned 5'-IMP solutions during storage at 25°C.

Doses 5-IMP, NHg-N, Sn,
(“os%s Days stored pH remaining formed dissolved
Mrad) 4 (mM/100mli) (ppm)

0 0 7.6 (100) 0
30 7 85.6 0 1.2
1.0 0 7.31 74.7 0
30 7.48 74.7 1.3 2.5
90 7.49 60.3 2.4 10.2
4.5 0 7.38 50.0 0.1
30 7.01 45.2 0.2 6.0
90 7.29 40.7 6.7 34.0

Table 5 Change of headspace gas in 5-IMP solutions canned and irradiated at 1.0

and 4.5 Mrad.

Doses Days Can Total gas Gas composition (%)
(Mrad) stored at vacuum volume
25°C (cmHg) (cc) N2 02 H,
0 0 23 13.8 79.0 20.8 trace
30 28 6.6 80.4 18.3 trace
1.0 0 30 7.2 76.7 10.0 9.7
30 28 7.2 85.7 trace 10.5
90 20 8.4 87.8 1.7 8.9
4.5 0 20 8.2 61.0 1.7 36.7
30 10 8.9 69.3 trace 30.0
90 14 11.1 77.7 trace 19.6

3 HETIRBRIORE
MEATREET BRIRFOBLOKBERICODOTRH LA BEROFFAR TRER, EOAs
BrDORABBETELEIONEOTChoERHOEBIC DO TH~ .
273 5-IPM ZEF KK s mg/ml OBEICHERLALDIDERAKEL, Jwva—R, 4vho
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Table 6 Effect of r-irradiation on canned 5-IMP solutions packed with some
food components.

Food Doses 5-IMP, NHa-N, Sn, _ Fe,
pH remaining formed dissolved dissolved
components | (Mrad) (%) = | (mM/100ml) |  (ppm) (ppm)
None 0 7.55 (100} 0 0.6
4.5 7.12 49.7 0.2 0.5
Glucose 0 7.13 (100} ] 2.5
4.5 5.99 68.4 0.1 2.0
Sucrose 0 7.70 (100) 0 0.2 0.8
4.5 6.25 72.7 0 0.4 4.6
Casamino 0 6.65 (100} 1.1 0.3
acid 4.5 6.61 85.0 1.5 1.1
NaCl 0 7.39 (100) 0 0.2 2.6
4.5 6.80 50.9 0.1 0.4 2.6

Tabie 7 Headspace gas in canned and irradiated 5-IMP solutions packed with
some food components.

Food Doses Toat:] Gas composition (%)

components | (Mrad) V‘E(‘:Jc‘;le Na 0s Has COs cu, | Y ?{SS““'

None 0 8.2 79.4 20.6 0 0 0 —

4.5 8.2 65.5 4.3 29.3 0 0 —

Glucose 4.5 17.0 46.7 5.0 46.3 trace 0 —

Sucrose 4.5 15.1 50.0 1.7 46.7 trace 0 —

Casamino acid 4.5 13.0 56.7 4.5 28.7 trace 3.3 +

NaCl 4.5 11.7 56.7 trace 39.3 trace 0 —

—2Tl12 5%, Casamino acid, & T2 2.0% OEXFEDOTIKThEFN 4.5x10°rad O 7 HER
HUEZOEREEBIUN v FAR—-ZFRBREEL o).

FAA—ZBBORY v hu—ZAMET B L & T HRET S & pH OETHAFLLH 5-IMP
DRFHIIFERY OLHIcHORFIL I DRES ML, Ty e=THRE, Sn, Fe OFNERE
BTh-7c.

Vacuum Q7 RAREDIHETL #ROLBLEL7c. Ny FAR—ZAFZBAKRTIE Ha 43
AEDH W% EEHETORBBEFEHELLT 5-IMP 0ADBAXVEl 5. RBREHELH
5 CO: DEELED LN,

Casamino acid 3#£&E D4, Table 6 DEEFEHIIOLLERE LELT 5-IMP ORERFRIHE
LB -7, Sn OEHEICRBA EEEIRIE O Casamino acid REzNAT7 v E=THE
DichT v E=TEBEP o 1.

Casamino acid #tFELTr SR Eh 2 & O BFLLBLL H, L, Zoic CH,
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DUENBED SN, KAED D 1 25 k¥ CO: MHEHERIM & 7. H. 813 Casamino acid
DESChPHOTRIZ—ETH »1-.

fEMSEET SEAE 5-IMP OZEHICHLTRIBRAL BEBIL ERT v 22T 8, &ill
Fe, Sn &l3fAINnd Db o7,

Ny FZR—2ZFZ2OMBEEH 2 L BEOREICE ST O: MEMEEILTYD H: 3FEL {3EL
7.

BERBL® RX-TraBsIcEs Cl 414 Vv EERT BT EBEDSNTED, Clo 4 4
YBKDA F LG EBRADORIEET AR, H: OLREBHEMLLbDEEL LN S.

B %

A7 VBIKIERD D OEEFKRELFCL, r BRHELAGESOER~Ny FAR—ZFTR0DZE
ftz#H2su=2b s 57 4 ICLDRIELL.

TERMICE - T, BEKTIE He BERL, FEABDOD O: OBABELL o1, 4/ vV
BUKIERTIE O A L, H: 2888mL #.

WH, 1Y/ BSIVEREEMEETEE 0. 8L, Ha MMUL 7. Sn, Fe3RA &E
HedFmEHREELC EBED SR

BOICES 7 GHEOHREZE - FRCPITEGRNLEL TR 7 LA F VREEZAFET
AN RHEEITERROHOERRUBHSBOMTZEBY I/ YIERANFESOEHIC
EladmLEF 7.
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