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Synopsis

In order to achieve the purpose of this title, the vitamin B, and vitamin B, contents in cooked
rices were determined by using the photofluorometry and the mutagenicity of these were assayed
in Salmonella typhimurium TA 98 and TA 100 strains using the method of Ames ef al.

In the next report the mutagenicity of the cooked white rice warmed for 24 or 36 hrs are weak,
using TA 98. However in this investigation the revertant colonies per 1.2 g of the cooked rice,
warmed for 36 or 48 hrs was less than 71 in TA 100 and the dose-response curves of the
mutagenicity were not obtained. Even these scorched rices had little mutagenic action in TA
100. Vitamin B, retentions of the cooked white rices, warmed for 12 hrs were 76~83% in a 1.
51 cooker, 70% in a 2 [ cooker, and these retentions, warmed for 36 krs were 42~729% in the 1.
51 cooker, 49% in the 2 / cooker. On the B, contents of the warming cooked rices, these rices
sampled from near the wall of the cooker were less than ones sampled from the center of the
cooker. The B, retentions of brown rice, half-milled rice and undermilled rice, cooked and
warmed for 12 hrs were 94%, 73~86% and 77 % respectively. However, these B, contents were
much higher than the cooked white rices, warmed for the same hrs. The B, retentions of the
enriched rices using polyrice were 66~929% when these cooked rices warmed for 12 hrs, but the
B, contents were 121~186 zg%. Throughout all the experiments the B, contents in these rices
during warming reduced little. From the facts described above, the results were as follows : the
limiting time of warming of cooked rice was 12 hrs because of the loss of palatability and the
retention of B,. These B, contents were varied with the cooking and warming conditions and
also different from the descriptions of these cookers. The B, contents did not reduce during
warming in order to its thermostability.

Judging from the bioassay for B,, using common finches, the negative correlation between
birds’ ages and warming time of the cooked white rices was statistically significant at the level
of 1% (N =45 r=0.463). No bird did die by the addition of B,-HCI solution to even the cooked
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rice, warmed for 36 Ars. No other harmful substance which kill even one bird was produced

during warming, except the loss of B,.
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Table 1 Description of electric rice cookers

100V, watt 100V, watt

Cooking volume, / . .
g for cooking for warming

A 1.5 550 70
B 2.0 700 90
c* 2.2 18
D* 1.6 17

» Electric warming pot

231 B oz B kRS g%20.1N

BiEETO ml & L LB L, 88 5 Eiadhi 10 min

Mg, w4 MEREF Y 7 AT pH 4.5 2%
L, Bty 4 S Y A9 —¥B#i4 ml, b Ly
Bz, 38~40°C T 1 HEF0mE%, 580,
ZHEIOMIICART7 v 7 L TREHBESTHWL
fo. A% - BH  EAC R 25 ml % 50~80 £ v
YaDBAR—LFy b (ADEMEE Y F 2V By
EMMEH S UK, 3 %EFETEE, 25%HE(t
# )  LEREER, 3 %REREREER, KikERE L, 60°C
TEHRLELO) A LICRESY, Be2%0
25%Hdk A ) v A - 0.1 N BEEiET 25 ml TB, %
B x5, Bb-#E- 8% B EHESs ml
TuLyT 6 ml, 30%KEEEF MY 7 LW 4
ml, 7% /=1 10ml #MA TKE S L, 8k, #
HETL, 7%/ — %Sk )7 L TH
KL, EUTF4 7 0—AXaHSPHARME (B
RF500) THIE L 7z, WhECHE 380 % 72 1% 385 nm, i
KA 446 nm, I35, B, EEERIE B @, 8K, §
MO 3IFICOLTEBROMLE%{T- 72,

E4 v B.oRlE*? i B, & EEOERT,
BERALEE 2 Fuvstz, Y408 - Hi 0 BRSO
4 mliZ1.5N KEE(EF ) 7 A822.25 ml %40
Z, SHBABABL TB, #1377 00k
L, chE7ookvAh6e ml b bilRESLT
roar A LABICLI 7T EABEB L, HIE

I & LD HKDI NN T, RS 473 nm, i
K512 nm THEL ., ZOHED, B i, £,
BRI OWTEBROLEE TR L 72,
RRERFAEOBRE KifiH»oOEREMMHD
fit i Schemel D k5 TH 5. T4hbb, 70Ok
Wh—XZ/—n (1:1) THEL, o—%1)—
xRy — % —TilfE%k, DMSO (Dimethyl sul-
foxide) iZ#ziEL T AMES 7 R b 21T 7. AMES 7
A MIZBEE O TR " GE v, Salmonella  ty-
phimurium TAI00 T iT-1:. Salmonella ty-
phimurium TA 98 DERITHKBTHMET 5.

Cooked rice 50g (warming time 0~-36/r)

Mashed in a mortar
+chloroform and methyl-
alcohol (1: 1 v/v500ml)

Shaking (15min)

3

Residue Extract

Filtration (with No.7 filter)

}

Concentration (using vacuum o
rotary evaporator at 50°C for 10min)}

l-l- DMSO (3ml)

Sample

!

Ames Test
(TA98 and TA100 with S-9 Mix.)

Scheme 1 preparation of the extract from
cooked rice for Ames test

ERFMOHERAORE WY +—TRED,
ZRIED &4 S FERFBINHATF L ERT 2 dfEH
LEZSNDOT, RO LI ZHERERE L 72,

Jm-p (Jack mackerel pyrolysate) @ZH% : 7
Z3MCBAL, ¥Ao—R Y —THE, & 30 min
FTORBES TS, JOBRETFHSEABTTDO
S, 3fEADAY /—n—Zooks(l ;1)
BB THIE T 5.

IoME#EO—Y ) -2 NKL—5—T65C
THREE, #[E%, DMSO IciE#L T, 7Y OERE
PEHIF AL TERL.

ImpDOZERFEMOWME V7 b7 H—3 mliZ,
Jm-p® 1/20 HFF# 0.1 ml, S9mix 0.3 ml, % &2
0.01~0.1 m! B ki # (Scheme 1 ) % 7%
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Fig. 1. Effect of warming time o1 w< cooked
white rices in an electric rice cooker (1.5
{ volume) on the ages of Common finches.
®. Bird's age during first 1 ~3 days;
birds starved themselves to death, as their
foods suddenly changed. Vertical bars
indicate the standard deviation.
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Fig. 2. Effect of warming time of the cooked
white rices in electric rice cookers on the
ages of Common finches. Both 1.5/ cook-
er and 2 / cooker were alternately used to
get these cooked rices. The other descrip-
tion is the same as Fig. 1.

Table 2 Appearances of these cooked rices using several cookers.

Browning Taste
0 5 12 24 36 hr 0 5 12 24 36 hr
A 1 3 3 1 1 3
B 1 1 1 1 2 2
€ 1 1 1 1 3
D 1 1 2
Unpleasant smell Appearance
A 1 1 3 dried 1 dried 2 dried 2
B 1 2 2 not glossy dried 1  dried 1
C 1 3 not glossy  dried 1
D 1 2 not glossy

- No change.

1: A little change.

2: A medium change.
3: A bad change.

after warming (36 Jrs)
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Fig. 3. Temperature change of the cooked white
rice during warming using 1.5/ or 2/
volume of the cooker in winter.
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Fig. 4. Dose-response curves of the mutagenicity
of the cooked rices after 32 or 48 hrs of
warming.
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Table 3 Mutagenicity of cooked rices using

several kinds of rice cookers.

Revertant colonies

. Warming e
Cooker  Jurs Temperature’C ,plateTA[(X)
32 94 ~ 98 0
Aldl 36 94 ~ 98 68
48 94 — 98 52
32 1~ 75 19
B20!l 36 u 60
48 " 61
Cc220 36 62 ~ 64 70
D16/ 36 79 ~ 80 30

Cooked white rices were warmed for 32 — 48 hrs
in each cooker.

The spontaneous revertants were 187 and have
been subtracted. but these dose-response curves
were not obtained in TA 100 strain.

« 1.2z cooked rice plate. with S9 mix.

Table 4 Mutagenicity of cooked white rice

after warming for 0~36 hrs in 1.5/

cooker.
Warming i Revertant colonies/plate
Sampling spot®
hrs 1.2g/plate**  0.1g/plate**
C 0 0
0
W 0 2
_ C 0 41
5
W 1] 25
" C 0 40
W 0 1
C 0 17
24
W 0 43
C 31 35
3 , ?
W 43 34

* C : Samples from the center of the cooker.
W: Samples from near the wall of the cooker.
** Weight of cooked rice/plate.
The spontaneous revertants were 178 and have been
subtracted, using TA 100 with S9 mix.
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Table 5 Inhibition of the mutagenecity**

of Jm-p by the rice extract®.

rice extract Revertant colonies

ml /plate /plate
0.01+Jm-p 680
0.1 +Jm-p 240
Jm-p 760

* The cooked white rice was warmed
for 36 hrs in 2 Liter volume cooker.
** Using TAY8 with S9 mix
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Table 6 Comparison between 1.5/ cooker* and 2 ! cooker® on the B,, B, retention of the

cooked white rices during warming.

Volume Warming
5 92
of cooker  time hrs 0 0 12 24 36
g 48% 35.7 333 27.1 265 25.7
157 'R % 100 93.3 75.9 74.2 72.0
' g, “&% 11.2 11.7 8.4 10.7 10.0
R 2 * R % 100 104 75.0 95.5 89.2
Moisture % 64.3 64.6 (58.4) (57.7) —
. u8% 24.9 22.9 20.6 16.1 10.4
L5 B 100 92.0 82.7 64.6 418
? 5 18% 135 13.0 13.1 135 13.9
R3 * Ry 100 96.3 97.0 100 102
Moisture % 65.8 62.3 61.0 61.9 59.9
n 1&% 212 238 19.1 15.4 13.3
5 "R 100 87.5 70.2 56.6 48.9
o B, HE% 14.6 13.8 12.7 13.1 126
R 3 'Ry 100 945 87.0 89.7 86.3
Moisture % 63.7 63.9 63.0 62.4 =

Milling yield of the rice is 92.2%.

1.5 or 2/ pot : Cooking volume of each cooker.
1g% and R % are on wet basis.
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Table 7 Effect of location of the rice in the cooker* on B,, B, retention of the

cooked white rice.

Warming

Rice No. Location e his 0 5 12 24 36
[ {.
g% 24.8 22.9 20.4 16.7 11.0
Center "R % 100 92.4 822 67.3 44.2
Moisture 7 67.5 52.9 61.0 62.1 60.2
B 8% 24.2 22.3 19.3 14.9 9.7
Wall 'R 9 100 92.1 79.8 61.6 39.9
- Moisture ¢ 67.6 63.0 60.9 62.1 60.1
' . g 14.2 13.7 13.2 14.4 14.1
e B: R o 100 96.2 93.0 101.4 99.1
) 0 14.4 13.8 13.1 14.0 14.2
Wall £870
a B: R0 100 96.1 91.0 97.2 98.7

Center : A sample from the center of the cooker.

Wall
* 1.5/ of cooking volume.

© A sample necar the wall of the cooker.

Table 8 B,, B, retention of the cooked old-milled white rice during warming in 1.5 / cooker.
T
Rice No. ti;;m}'l": 0 5 12 24 36
B “8% 20.7 189 16.1 8.8 7.4
"R 7 100 91.3 77.8 425 35.7
R 3 B, “8% 13.0 12.7 12.2 13.2 12.5
R % 100 97.7 93.8 1015 96.2
Moisture 7, 64.0 61.1
Table9 B,. B. retention of the cooked under-milled rice* during warming in 1.5 / cooker.
—
Rice No. S 0 5 12 24 36
time hrs
g, &% 39.3 36.6 30.3 26.5 23.3
Qo "R % 100 93.1 771 67.4 59.3
) B, 1&% 103 10.2 103 10.4 9.9
*R % 100 99.0 100 101 96.1

* Milling yield 94.147,.

94%, 36 hrs BT L T1% Th -7, LinL, RI L
HORBEG2—EI{T-7 20T, BOHOiRKE L
N, #Ot:oNBETHRSKRGLHES Kooz
»n, BiOBEENRLCH~XTY, $-—BOFRE
RICHRTLELLETL, WERME, L{icak
EF¥NYr—0 B MBI KE A ERESZ TWSZ
LEHS T,

BEX K1) 74 REEEXDORIERN B, B

Table 12 i1 13 %, Table 13 it K ) 7 4 R&@ALE K
ORBOBET, AEXROENBEEMD 1/6 T
HoT:MFET, 00 B -RBETH - 1203,

SR HFhiE B St HWEET 5 2
LLA[lETH S, 2oz, BIEERL ERL 2,

WIRE&D B BESEBHETHL:D, ZOEF0
HOWEFELSROAZKFEMOBETL, RO
HERAE OO IR EET S, KDY T4 258{EA%
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Table 10  B,. B, retention of the cooked half-milled rices during warming in 1.5 / cooker.
Warmi
Rice No. rarming 0 5 12 24 36
time hrs
g H8% 74.9 64.4 59.7 52.1 46.6
"R 7% 100 945 85.9 75.0 67.1
R 1 g, “8% 13.1 13.0 12.0 12.7 11.8
'R, 100 99.1 92.1 96.4 90.0
Moisture % 66.6 66.0 65.8 65.5
g 48% 93.9 745 68.6 43.8 324
R 2 "R 2 100 79.3 73.0 46.6 345
B g, “8% 13.3 125 11.1 13.0 13.8
'R Y 100 94.0 83.5 97.7 104
g, M&% 83.0 80.0 69.4 46.8 31.2
"R % 100 96.4 83.6 56.4 37.6
R 3 B, 8% 15.2 13.4 14.7 15.5 14.9
* R 100 87.9 96.1 101 97.4
Moisture %; 64.0 61.2
Milling yield: R1, R3 96.0%,R2 95.3%;.
Table 11 B,, B, retention of the cooked brown rices during warming in 1.5 / cooker.
Narmi
Rice No. \varming 0 5 12 24 36
time hrs
g “8% 135 124 128 103 95.6
"R 9 100 91.7 94.3 76.2 70.7
R 1* B, 8% 22.4 20.6 21.2 21.3 19.2
*'R % 100 92.0 94.6 95.1 85.
Moisture % 65.0 64.8 63.5 62.7 =
B 48% 147 133 94.4 57.6 36.7
"R % 100 90.5 64.2 40.5 25.0
R 3** g, “&% 188 18.6 19.1 18.2 16.9
*R Y 100 98.9 102 96.8 89.9
Moisture %, 62.9 62.5 62.9 61.6 59.5

* Ordinary cooking was repeated twice with addition of hot water.
** Ordinary cooking was not suitable for the brown rice.
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Table 12 B,. B, retention of the cooked ‘Hakubakumai’ added white rice® during warming
in 1.5/ cooker.

Rice No. varming 0 5 12 24 36

time hrs

B ug% 16.4 15.7 14.7 13.9 13.1

Added "R % 100 95.7 89.6 84.8 79.9

white B ﬂggg 12.0 13.0 11.0 10.9 10.8

rice Y R % 100 108 91.7 90.8 89.9

Moisture % 64.9 60.1

ug% 14.2 118 11.3 7.6 7.3

White "R % 100 83.8 80.0 53.8 515

rice 18% 12.0 11.0 10.5 11.0 9.9

R1) 'R % 100 93.3 87.5 91.7 82.5

Moisture %, 64.6 61.2

* White rice B, 64.4 »g%, Hakubakumai B, 111.3 .g%.
White rice containing low B, content was enriched with Hakubakumai. (White rice and Hakubaku-

mai, 5: 1)
Table 13 B,. B, retention of the cooked enriched white rices* during warming in 1.5 / cooker.
Rice No. Warming 0 5 12 24 36
time hrs
g, 8% 405 361 268 (121) (67.0)
'R 9 100 89.3 66.2 {29.8) (16.5)
R 1 B, “8% 189 19.6 17.2 17.7 15.4
Ry 100 103.7 91.0 93.7 81.5
Moisture % 64.0 63.5 63.1 58.5 56.1
B, 8% 255 — 253 194 153
R 2 "R % 100 99.0 76.0 59.7
- p, HE% 18.5 - 17.5 183 16.0
"R 100 94.6 98.9 86.5
g, #8% 399 389 365 186 127
R 3 "R % 100 97.4 91.5 46.6 31.9
p, 18% 245 22.4 23.4 23.0 22.8
"R Y% 100 91.4 95.7 93.9 93.1

* All enriched rice samples were made of polyrice and white rice, and R1 and R2 samples were
mixed unequally, but R3 sample was well mixed equally when analysed.

R : Retention.
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