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Generation of Carbon Dioxide and Loss of Color during Thermal
Processing of Dry Packed Whole-Kernel Sweet Corn

Kozo Takama*, Zensuke Isgva**, Satoshi Suctura™**,

Kozo Marsumoro***, Eiji KosriBa***, Ikugo Miura***

and Haruo SHINANO****

Abstract

Corn packed in plastic-laminated steel containers (ARETOFLEX: Toyo Seikan
Kaisha, Ltd.) under the stream of N, were subjected to different retort temperatures and
heating times. A gas-solid chromatography was employed to determine the head-space gas
components in the container of the packed corn. Carbon dioxide (CO,) was generated
proportionally with an increase in the heating time, however, the nitrogen (N,) and oxygen
(O.) components scarcely changed. The magnitude of the energy of activation (Ea) in the
generation of CO, was estimated to be 26.0 keal/mole.

The visual color of the samples was measured as the a/b ratio with a Hunter colorimeter.
The kinetic parameters, D1z, and Z, for the loss of color during thermal processsing were 42
min and 25.4°C, respectively. The magnitude of Ea for the loss of color was estimated as 26.
4 keal/mole.
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SRBEELETA L REMCH- T, P L RPHmIECT LIEEAOTEYHF AT S
TEDNEELL,

AL, DL EOFESCES, BEERAF -1 BB — IV 7 vy 2 ARE—%EEL, 8B
EOBRENEFDGEYEETAEMTHID A4 -t a—vEHRLELTEIA Sy 7 RFAAK
K 5REEG EBEOREFRCSVWTRE LD TH B,

X B FH &

M (1) R4a—ta—-v KPRETR TRTHz v VEEBRASESSTREL L
“Tab )@ k—Ah—FAa—VOEEHLY —200CICRE L CERBICE L,

(2) A% AWEOBICELE, HEFEHE () BHBEERAF -1 BH (~MviTLvy 2
2 HR 78-107 A 40 mm BAE) AV, REBOABTER 107wl THB, ks, JH
A—-o—F—FvHE7r I BEREMEFERLL,

BRFEDEIUVREFZE FE=2 v 2 1 5MAF—2BHLILOL, HES40C LTI S
FTAHL, S, TBgrhARELLTERHED, T4 I BTEMBKOBAZET 1L
100°C, 3 DRERELLOL, BHIc N, G T T — b o= (v 7B SN-1S Ry, 7 o —
5 —, 200°C, 4 kg/cm?, 2 ®R) L7z,

BEREL, BREEAERERE (k) BREIEHTE RCS-40RTG &) ¥, &7 r 7 7
ATTol. BETOUV A MEERIORES T =4 —, ROLOPRKFECRIE X5 7HH
H—rF ety t— (CMC-821 &) itk 5 CiTot, 7ok, REDHABMOLDICRE L -BREE
B L BRI o BI(R: Tablel ®@ h TH 5,

BRBANY FRAR=ZHZDOBF BREMAD 5 ABA AHEELHA, KPHEHL T A LM
ELFABE (ml) AL T, O, BMETERXERO S ) 2 vBE T2 2 BLTHR R
AFv Y voT02ml %&b, AMREERKEHEE (TCD) 2EF LR 7 e < S Lk,
# 5 alk, FA2 e TE¥ M) 8 WG-100 (SUS 1/4”X1.8m) A\, # 7 aEE 50°C, He fiE
30ml/5, 7V » SBH 110 mA OEHTHIT LIz, Tis, #AMRKE COs 0, Ny ZOMOR S
ARHE LY - 7HEBOESER L LTRLT,

N S—(H (L,ya,b) ORE HBEIEBFEDOETETH 20°C c—HHEXKHEHL, NE0Y
~EyMice b, EREEHNY S —=— 2@l 2£5 (TCA-1H) kX - TL, a, blEDORIEY
Tols .

Table 1. Processing time-temperature combinations.

Temp. Time (min)

100°C 10 25 60 20 120 160
105°C 10 20 60 90 110 140
110°C 10 15 30 40 60 80
115°C 5 10 15 25 35 50
121°C 5 10 15 18 23 27
125°C 5 10 13 16 19 22
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HRBIUEE

BEMFEE MM B LU DRI EFHECOWTRFRIVACSR TV BFEY KL, XE
BEMHTIEETS ThEl RjEOHELT -7, Tihbb, FRARERCEDLICINEBEN
B [V MRE (te)—@iE (to)] 2EH UL, SOEXERBHBRKC T » b L, R
b fhiEx ki, 7, MBREBBERL Y 4 MEERERO 2% 81 LTHEBL, jEY
RDdt, 2T REDER BB LA EIL Th=151+12 (5), ]=1.33+0.15 TH - 7o, AEHHH
Ra—vDFIA2 7 22410, BENAGEIFLELURERCLILSLDOTHY, #o
THELNFERELEVEE LD EE L LIRS,

REREEGFICHIT5TEFE Table2 C{BRRLAG TR T HEEFEXEHNLTH S,
Fho) Py fi 213, FIHERIC X - TRDT I\ 7= Bacillus stearothermophilus © FHTH 5, K
BHRTERROREWHASETRECHY 77 » b4 7 —EHREO—BTHBEZ b, X4 —
bo— v KEEE (A2 Vv oRITEEEE L THIREE 286X 10%cells AL, BRI X -
TDEBICZEERDI, TOHKE, ZE=172 ('C),FE=145 () BRkDLII, 2E D,
F 112,=14.5 (%) T B. stearothermophilus 73 100%, SB35 = & %" T, KR THRELIEH
RBE—EBMoMHEGHEL, K FeEr UL ERFZEEEE LT,

Table2 X h B bae X 512, Fo=4 Ll B2 R %10 110°C, 70 55 115°C, 30 4 121°C, 18
55 125°C,12 BLl EOBERIEAE L, ¥ Fa=145 L L2823 72 1cid 105°C, 140 43 ; 110°C,

Table 2. F values of the corn processed.

Retorting F value Retorting F value
100 10 0.00 0.13 115 5 0.03 0.40
25 0.09 0.92 10 0.22 114
60 0.34 2.86 15 0.84 2.65
90 0.61 4.86 25 2.46 6.13
120 0.80 6.31 35 4.73 10.40
160 114 8.84 50 8.00 16.39
105 10 0.02 0.34 121 5 0.20 1.03
20 0.15 1.04 10 0.90 2.58
60 1.08 5.56 15 3.28 6.00
90 1.92 9.36 18 3.91 6.86
110 2.34 11.44 23 8.34 12.05
140 3.02 14.69 27 11.76 15.76
110 10 0.06 0.60 125 5 0.49 1.66
15 0.22 1.29 10 2.44 4.60
30 116 4.30 13 6.15 8.27
40 2.00 6.71 16 8.33 10.27
60 3.30 10.64 19 13.25 14.32
80 4.78 15.00 22 21.34 20.46

* Fo=Fi%, ** Fy=Fiif,

52 —



BHES: BEEBAF - ABBEYACINIA Ny 73—V ORE

Table 3. Head-space gas volumes and compositions of the corn processed.

Retorting Head-space gas Retorting Head-space gas
Temp. Time | Volume | COmPposition (%) Temp. Time | Volume Composition (%)
(*C) (min) (ml) Co, | 0, | N, ) (min) (ml) Co, | 0, | N,
100 10 26.1 06 | 03845 115 ] 22.2 08 | 03| 980

25 24.6 14 | 0.1 868 10 29.5 1.7 102|918

60 25.2 23 | 02| 826 15 21.0 22 102|939

90 26.0 41 011|819 25 25.0 3.2 (01| 8l4

120 30.7 63 | 02| 869 35 25.0 55 | 02| 883

160 24.8 57 102|710 50 25.0 73 [ 02| 898

105 10 24.5 08 03] 940 121 5 24.5 15 — | 814
20 23.0 2.1 103 | 964 10 22.0 2.7 | 0.1 | 836

60 19.5 4.2 0.3 | 93.4 15 24.0 3.5 — | 81.7

90 — 6.7 |03 | 920 18 26.5 4.4 — | 79.0

110 26.0 71 102 | 90.1 23 26.0 5.1 — | 79.4

140 25.8 7.0 | 03 | 89.7 27 23.0 6.7 — | 76.6

110 10 25.5 15 | 02| 935 125 5 26.1 3.0 — | 80.6
15 — 20 103|965 10 24.9 40 | 0.1 | 837

30 28.2 29 |03] 928 13 28.5 50 | 02| 881

40 27.5 45 | 0.3 | 89.6 16 34.6 68 | 01| 794

60 24.3 50 | 02 | 86.7 19 271 — 0.1 ]| 75.2

80 29.0 68 | 0.1 | 8438 22 28.4 7.7 |01 | 8L.7

18 4 115°C, 44 4 ; 121°C, 25 4 ; 125°C, 19 LA oo B EEesR 2 38 LU 7e,

BEANY FAR—ZATADDH BERA~» PAR—2ZRFZEBRBIV TR < FERCE 5
THW Lt 7 A % Table 3 1rd, RSB IBAEHCRALD 50T, BBN 0, DEIS
PR B DN, BT ol M 2 ~ v 2 BBRCEDLEE GEMBAZRE) 0OBFBA» <&
B it CO, 0.41%, O, 0.57%, N; 97.55%, #ABRE250ml Th 7%, BRI VBELARE S, &
BT ARIRA-RPREMEYRL 2BAEOTHTILL6.6+22ml THH, REEE—FFREI

co. ,

0 0 a0 60 80 100 120 120 160
Fig. 1. CO, content in the head-space gas as a funciton of the processing time of the corn.
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log x/ (A-x)

0 20 40 60 80 100 120 140 160

Fig. 2. CO, generation in the head-space gas of the corn during processing.
x: Generated CO, after retorting for a ceatain period, A: Maximum CO, level

Bk BE—EELXRLL,

—H, BHEANO BLIUON MBI >V T, BRERE—FEEOBEEIREDE -2 [0,
0.201+0.08%, (n=30); N,: 86.5+6.2 (n=36)], CO. ML BEEE L b, FEEHMNEL D
LEDIHEATAEEAND S, ZhboBFARIE, BREREY T(C), RERKMELY t (4) £15
E,CO; (%)=041+tX 1000361492 L | T RD L, FREABREBCRRT5 L Fig 1ok 5T
BB, RhoSXEAE (Table3BR) THDH, BEA~y FARR—2AH2FIEDH S CO, DE
& (%) P BRERE S REREEEHBLTV 530 E2 605, Fig lLITRLEERY &
i, CO. BALERER A, DHRMBOLERESR x & LT logx/(A—x) & # TEZ, Fffi%x = =
e e T HEFIg20L5THD, ChHOBEFRLS, FREREBSCRIGEEEHE R
%, HSHERE O FTxt LT Arrhenius 72 » + LR (Fig. 3), Efb=® 1 ¥ — (Ea) 3§

8 RELEE

min~'
o
b

k

01 .

007
006
0051

250 255 260 265 2.0
/17 . xi°

Fig. 3. Arrhenius plot for CO, in the corn during processing.
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Table 4. Hunter values (L, a and b) and a/b ratios of the corn processed.

Retorting Hunter value Retorting Hunter value
Toop | el L | e | b e TR TS L a | b |
100 10 | 537 | 48 | 281 | 017 | 115 5 | 544 | 26 | 284 | 009
2 | 542 | 16 | 265 | 0.06 10 | 547 | 27 | 269 | 010
60 | 527 | 38 | 262 | 014 15 | 531 | 37 | 266 | 014
90 | 513 | 53 | 244 | 020 25 | 505 | 30 | 251 | 0.12
120 | 502 | 49 | 248 | 020 35 | 496 | 47 | 239 | 020
160 | 485 | 58 | 246 | 024 50 | 448 | 89 | 215 | 042
105 10 | 540 | 21 | 276 | 008 || 121 5 | 541 | 43 | 271 | 012
20 | 522 | 32 | 274 | 012 10 | 528 | 43 | 258 | 017
60 | 506 | 39 | 253 | 016 15 | 512 | 55 | 246 | 0.22
90 | 489 | 58 | 239 | 024 18 | 494 | 63 | 243 | 026
110 | 47.1 | 58 | 228 | 025 23 | 485 | 61 | 229 | 027
40 | 456 | 75 | 224 | 034 27 | 475 | 58 | 225 | 026
110 10 | 555 | 33 | 286 | 011 | 125 5 | 526 | 52 | 271 | 019
15 | 550 | 42 | 273 | 0.15 10 | 503 | 43 | 253 | 017
30 | 532 | 41 | 265 | 016 13 | 504 | 52 | 247 | 021
40 | 525 | 42 | 259 | 016 16 | 491 | 53 | 237 | 023
60 | 465 | 73 | 234 | 031 19 | 458 | 67 | 225 | 030
80 | 444 | 83 | 207 | 038 22 | 461 | 68 | 229 | 030

26.0 keal/mole & LTRD b iz,

NY—E (L, a,b) IZRIZTHHRLE-FH SHEREHHACSTIHAEY=2 -0 L,
a, b {E% Table 4 17”7, MBAAERIC L - TOThOBRERECSTH, HE (L) XRERRHE
PEL D E LD Lic, —7, afEil#EX, bERScELOEAEZRL, 2D a,b&fE
DE Iz a/bEERDBETIVEBE LD, VTHOBRBEREKEVCCLBREREOER T
a/b AR Lz, TRHOBRIIFigd mrmT L5 THB, L, EEDOHERL, MBMBER
B 1500 a/b ok E [da/b(l/min)] TH H, Aa/b=10039T-64156 (3321 = T=2pER
) iRt Lict - T, HERE R OBRAL log a/b=tX10000T-640 1097 L K3 = &
MNTED, & ICHITETHRAL ERBIC L TRDdi logx/(A—x) L REROBEFR%Y Fig. 5 iR

a/b ratio

0 20 40 60 80 00 120 130 160
min

Fig. 4. a/b Ratio as a function of the processing time of the corn.



i ok K E W 40(1), 1989

fog x/{A-x)

0 20 40 60 80 100 120 140 160
min
Fig. 5. Color loss in the corn during processing.
x : Increased a/b ratio after retorting for a certain period, A: Maximum a/b ratio

min-'

06
05
04

034

L

250 255 260 285 2.70
/T, @

Fig 6. Arrhenius plot for color loss in the corn during processing.

T+, X S AREREEORIGEEER Y B L, Arthenius 7' = » + LT (Fig 6) BehiciEE
{b= % A * — 1% Ba=26.4 keal/mole TH » 7z, e, Fig. 4 CRLEEENHGELI L ERERE
4D DEIL D1go=283 (577), Dies=181 (%), Dio=113 (73), D.s=T1 (), Diza=41 (7) B X
B Dips=29 () Thoto ZhbD DEXRERECHL T = » b LFig Tiwmd, Shb
& ZE2 254 (C) &kdbhic, Rao Y13, = F v T (peas) KEMFEORRT, a/bbb%
BT T 0EEIEE A L, Duso (Diziec)=132 (5), Z=69°F (205°C), Ba=17.5 keal/mole
L& LT\ B, X b Hayakawa and Timbers” (%, green peas 35 X Uf green beans D #FEE1L
ot L, FhFhO ZEY T1'F 21L7C) B L U'T0°F (21.1°C) THofckl, 7rP
S sAlaktOboEaid, #hFh 154 keal/mole 3 L OF 7.6 keal/mol ThoTeeBMEL T
3. ChAHOERR=Y FOTHED 7 v v 7 4 ARG OBRSFHERICOVTTH Y, FHATO
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100 105 10 15 120 125
Temperature, og

Fig. 7. Determination of Z value for color destruction in the corn.

heF /A4 PSR EEE L D L EEMESTS 2 LdHER, LL, FF15y 7R
FAAD 22— ZEF5 a/b BRI AB=Y VOEHEZDZ v e 7 4 Lt b, “B7 kit
BEEREPB G EXTELTVELDEE 2 BRb, ¥, Hayakawa H¥ 13, KEEEEZ AV
TEBERBREOKEYEC L “ME” #IFE L L THE%1T\, peas, green beans ks X Of
2—vD ZERFRFRBLF (10.6°C), 52°F (11.1°C) + L O°B5T°F (189°C) THhor & LT
b, ChHDHRRHIETD 7 v e 7 4 VG OBRSRIEEIZILL, H10C HEV-ZETHS, T
obob, BHEIMMCL2HRENMET R a/bEHACTOoBRIVIHCILKRE{EEIILDC
ERRLT VD, 20X Enb, APFRTO 2 — v ItkBWT S EEN MBI RIET IERE
DOFET, a/b e TEIRIFERI VLI D RERIDERBZ ENFEENTL,

# 33

RBRBBORUA B - - HERGHERASEENATRE BEEHK, T~y FPAR—2F
ADBHECB NI BB e EEERBEHETRLET,

X 73

1) RIFW (1972). RO TFEAPT—HERE L BF—. 343 p. (LETHHE B

2) ZE B (1983). ¥ - ARMBE T, 463p. KW RN,

3) Rao, MA, Lee, C.Y, Katz, J. and Cooley, H.J. (1981). A kinetic study of the loss of vitamin
C, color, and firmness during thermal processing of canned peas. J. Food Sci., 46, 636-637.

4) Hayakaws, K. and Timbers, G.E. (1977). Influence of heat treatment on the quality of vegeta-
bles: Changes in visual green color. Ibid. 42, 778-781.
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