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Effects of Adding Boiled Black Soybeans and their Eluate on the Sensory Characteristics
and Preserved Condition of Kowameshi, Cooked Glutinous Rice
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The use of black soybeans and their eluate, which were expected to have functional properties, was investigated
by adding to four types of Kowameshi, cooked glutinous rice, using different buffers: sample S, distilled water ;
sample A, pH 3; sample B, pH5; sample C, pH 7; and sample W, soybean—-free. We compared the chemical and
physical properties of the cooked rice samples, and we discuss the most suitable cooking conditions.

The textural properties of sample A containing black soybeans were significantly higher than those of sample S,
while Kowameshi sample C was significantly softer (both »<0.05). The total polyphenol content and radical scav-
enging activity of Kowameshi were significantly higher with samples A and B than with sample W, showing highly
significant positive correlation (r=0.93). The growth of bacteria was suppressed in samples A and B when com-
pared with sample S. A weakly acidic condition (sample B, pH5) was suitable for rice cooking, the color tone of
sample B being lighter than sample S. Although sample B was judged to be slightly acidic, no significant difference
was evaluated in the taste. The preserved condition of sample B was better than that of sample S.
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Table 1. Change of the pH during the making process of the

REMZROERILIE, 14/E<5VIZR), ZofEld, A

Kowameshi Y D 13~1.4 K52 i L3 L7
Eluate of black | Eluate of black | Eluate before Glutinous 3. WKERBOERAERBRFLURIEBEOBHRATL
Sample soybeans soybeans after |  cooking of rice in KB OBERTEY B L UCBREOLENEOEE 2
before heating heating rice Kowameshi o )
S | 6.0£0.05 | 6.6+0.07 | 6.5£0.10 | 6.5%0.05 Table3 (=7 L 72
A | 3.2%0.04 | 3.340.06 | 4.240.03 | 4.5%0.04 %*3§&@L1ﬁi:%ﬁsmm&f%ﬁﬁ®ﬁﬂA
B | 5.0%0.04 | 514004 | 55%£0.07 | 5.8+0.04 (pH3), B(pHB) BHEIIE D, " HE D ELA
C 7.24£0.09 | 9.5+0.13 | 7.4£0.07 | 8.4+0.24 FiCHmL7 L*o#H2 soJEFHE B (pH5) 7°% b
il - - 6540.03 | 64%0.02 iz, WWTHHA EES HECOMEZY, WA

Buffer used for soaking black soybeans ;

Sample S and W (without black soybeans) : distilled water
Sample A : pH 3 buffer

Sample B : pH 5 buffer

Sample C : pH 7 buffer

Each value represents the mean + SD of 8 determinations
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BRI L > CpH X 2o 720
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Table 2. Ratio of suction water after soaking
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X TEZE->TREOND ] BETH- 7225, RBCEM
Z2iF TR&EWw] 12 b L 72,

BREN OO EARIE, BRMRICH A3 A (pH3) Tik, BHE
ROBEVHIHELCEY 7BEEL, TV o T7To0Mm
HAPBEUEME T TREL, BReh RO Ea L0k
EZxbhb, —Ji, TVWAUEEBIZHAHEKC PHT?) T
BRI, Hofawrsl L CERBETE L, ¥

(%) RIS 2308 B (pH5) 1308 S # 38 & U7z AE 755
Sample Black soybeans Glutinous rice LS, WOBERBERE L, MBORFELIZESE
S 133.8+2.2 28.6+1.7 RUEREBLUETO pH 2K E {MEH L, MBOBFRIC
A 107.6+2.8" 28.61.5 BEREFOT Y M T VBB L EZLND,
2 1£§i;j ?Bﬂi 4. HEBHEOBAE S LUBRBOWIBRISHEORT
o 8511 IR BA T OB ORISR R E Table 4-1 (2R

Sample S, A, B, C: see the legend of Table 1.
Each value represents the mean + SD of 8 determinations
**p<0.01 compared with Sample S

L7ze BAE O A (pH3) ORBETIESI S X U8 &
VE—IF, RS (EAR) LB TABICEML %Y

Table 3. Color of the skin of black soybeans and glutinous rice after cooking

Item Sample L* a* b* AE
. S 19.7+2.0 3.1£0.5 2.5+1.1 —
%?%?fm@k A 23.1%+1.6" 13.7+2.3"* 7.3+1.8" 12.1
;iwziiﬁ B 23.341.4" 9.3+£1.4" 7.8+1.7" 8.9
C 15.5+1.5%* 4.0£0.7 3.7x1.3 4.4
S 48.9+1.9 5.7+£0.4 8.3+0.7 —
Glutinous rice A 51.3+1.4 9.2+0.7 7.8£0.8 4.3
in Kowameshi B 52.3+1.6" 6.8+0.7° 10.2+1.3" 4.0
C 38.8+2.4%* 9.14+1.4™* 12.3+£1.0"** 11.4
Sample S, A, B, C: see the legend of Table 1.
Each value represents the mean + SD of 6 determinations
*0<0.05, **p<0.01, **p<0.001 compared with Sample S.
(33) 33
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Table 4-1. Rupture properties of the cooked black soybeans
Rupture properties
Item Sample Rupture stress X 10° Rupture strain Rupture energy X 10°
(Pa) (m/m) (J/m%

S 3.43+0.77 0.30£0.07 5.65+2.52
Black soybeans A 4.68+0.85"* 0.33%0.06 7.82+2.40™
after cooking B 3.70+0.82 0.30+0.14 6.21+2.00

C 2.84+1.11 0.26+0.15 4.95+2.78

Sample S, A, B, C: see the legend of Table 1.
Each value represents the mean = SD of 20 determinations
**0<0.01, **p<0.001, compared with Sample S.

Table 4-2. Texture properties of black soybeans and glutinous rice in Kowameshi
Texture properties
Item Sample Hardness X 10" Cohesiveness Adhesiveness X 10*
(Pa) (J/m%
S 3.51+0.75 0.42+0.22 4.60+1.21
Black soybeans in A 4.05+0.81" 0.52+0.21 4.19+1.19
Kowameshi B 3.64+0.86 0.40x0.19 4.37+1.43
C 3.14+1.12 0.40+0.12 4.44+1.34
S 2.12x0.33 0.55+0.17 0.83%+0.53
Glutino ice in A 2.27+0.27 0.59+0.17 1.474+0.26™*
K“ i ‘fsiilce‘ B 2.21+0.34 0.58+0.12 1.03+0.44
owam C 1.82+0.27* 0.50+0.22 0.68+0.22
W 2.77+0.07"* 0.62x0.09 1.5240.18*

Sample S, A, B, C: see the legend of Table 1.

Sample W : glutinous rice after cooked using distilled water without soybeans
Each value represents the mean *+ SD of 20 determinations

*0<0.05, **p<0.01, compared with Sample S.
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Table 5-1. Total Polyphenols in black soybeans and glutinous
rice in Kowameshi
(mg/g)
Sample Black soybeans in Glutinous rice in
Kowameshi Kowameshi
S 0.5740.02 0.06+0,00***
A 0.70+0.04** 0.07+0.01"*2
B 0.63+0.04" 0.07+0.01"*
C 0.54+0.02** 0.06+0.01"**
W — 0.02+0.00

Sample S, A, B, C: see the legend of Table 4-2.

Each value represents the mean + SD of 6 determinations

" p<0.05, ™ p<0.01,

1 p<0.001, compared with sample S in the black soybeans.
»<0.001, compared with sample W.
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Table 5-2.

Radical scavenging activity

(mg

/g)

Sample Back soybeans in Glutinous rice in
Kowameshi Kowameshi
S 0.2540.03 0.04%0.01**
A 0.30+0.05 0.05+0.01**
B 0.25+0.02 0.04+0.01*"*2
C 0.1540.02"* 0.05+0.01****
w — 0.0140.00

Sample S, A, B, C: see the legend of Table 4-2.

Each value represents the mean £ SD of 6 determinations
***1 »<0.001, compared with sample S in the black soybeans.
2 <0.01, ***2 p<0.001, compared with sample W.
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REC) OV HIVEREEERE S L IkEd s L, BR
GORBCEBRLIRNTCTHEEN R P72 2 TR
HWERBLZLEZAFAEL S SBEOT Y H VIR
HrRL, WIS EBICHERLE S5 72

X512, BAKEoBE) 7)) —VERE TV H VTR
EHOMBEE T8 25, HBERE r=0.93) 7'
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Table 6. Sensory evaluation
Item Sample Color Flavors Hardness | Stickiness | Elasticity Acidity Taste
S 29** 51 45 41 50 49 31
Black soybeans A 64" 31* 35 58** 39 227* 68""
in Kowameshi B 51 48 38 44 37 41 30
C 26™* 40 52 27 44 58** 41
S 39 59** 39 45 51 48 31
Glutinous rice A 56™* 27 50 36 25** 20™* 66™*
in Kowameshi B 58** 46 40 47 43 39 35
C 19** 38 41 42 51 63** 38

Sample S, A, B, C: see the legend of Table 3

17 panelists (average age of 21) ranked the black soybeans and glutinous rice in Kowameshi, in order of their
palatability. Differences between the total scores were evaluated by Kramer's test.

*p<0.05, **p<0.01

(35) 35
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Fig. 1. Sensory evaluation of black soybeans and glutinous BOREHEB L o0 = —%% Table 7 12R L77o 30k
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point scale (3, extremely strong; —3, extremely weak), and T5hHE, HESIE3.4%x10° cfu/g, A BIE8.0X 10°% cfu/
the total impression by a 7-point scale (3, extremely liked; —3, g =28 C 1L 5.0% 10° cfu/g Chrotr, FITC—AE
tremely disliked). NS ' o .
Sﬁé%%?**;;oém : compared with sample S. BlEhi T LMl & XM-G ¥t B L, RIBH -
KBEBEOREZFAR-E 25, §XRTCEHETH 72, &
HIZT T AGBICL2EOEERBEZ T, ARSI
Fig 2-1. Glutinous rice before cooking (X2,000)
Sample S : distilled water
Sample B : pH 5 buffer
Fig. 2-2.  Glutinous rice after coocking (X2,000)
Sample S ! distilled water
Sample B @ pH 5 buffer
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Table 7. Preservation test of glutinous rice after cooking

Sample Preservation period Bacterial colonies
b (days) (cfu/g)

S 5 3.4x10°

A 12 non

B 6~7 8.0x 10

C 3 5.0x10*

Sample S, A, B, C: see the legend of Table 3.
Preserved during 12 days in the incubator at 36-37C.

S AEHARE, RE BRI ABHAERE, MECEST
LGHERETHL I LA HR L2, O-F 7 AT, &
MO Staphylococcus aureus V&, /55 7 4 Y ERBROEE
b oTEBERELZOT, B (FLa—-2) OR#
DHEH SN, Escherichia coli 1X, FIEEIZ, &b ?r
2L, BMOWERSHEE SN, —F, S NIRER I,
RT T4 YEBTIIFEOE T, EREEL CIE RBIE
xR Lz, o THOBMILW D EITHER S I, Micro-
coccus /O T EEENTREB SN0 WINORED 48 FifH
FTCRHOBEPRON G o/zZ Eh s, HMERTER 2
HE F COREUIPHERTE,

NAT—ICZ OB A D#ESREE 2 TRIZEIA, &
Bosgrk e @ K U228, REENE L, fofmfis Ky
sEBERHTHY, FOL, BERINICE D EE D BEE
ENBEHET, b6 LERSLIHLERZEFFHAE LT
OFMHIIIHFTFTH o720

2 M

ERTAREBLOZ0HET % b BRKEUZARFITT 5
TEERHBE L, PR BIE - B L Vo 2 REBOERIC B
%, BRE - BIEIEHKOILFEN - WEFAEIRE &
ORI Z L, @B E 2R L.

) EERBEATOWARKIE ERASORAEISE, b
HROPAKZ T TG 28.5% HifeTH o 72

2) GRfOBIL, BMEEICH LEE A (pH3) TiE, B
B, ROBSVWSHELTE Yy roMarEL, —F, T
V) S LK C (pHT7) TIdBEIZKL, #o
AW L CRAEEYE L. TEEICHLHEB
(pH5) 3RS 2L U2 AE R O/NE L, W
EROEE L7,

3)  BEWTHEEEARE T, KBBROBRKLOBIISII, R
BCHRLRLDLLPL, pHAWMEWITIEWL ol 7
7 AF v T, EEOFEE A RO BIZHEKRSIC
AT, MEFUIAREICE L, pHAPEEICE o
THHETEDHE L 72,

4) BEREN RSB OB KT OPER LY, pH 25K
ERL, wmibiEsaE L7z, BERY 72— LER
T VA IVIRIE S OBE T, EOHEE ¢=0.93) 23
FLoLCY (W

5) ERERFNTIZEMUC MR EF D Db O, BT
WHBHOVEEBEICHIN o720, AR BIIEERS
CTELSWKHEBELER o7

6) HUREBIZ T, 3B B 0BT TARAMBAA X
CEALL, WMHBEIHR T hoT,

7)) BAEYEERRIERE 12 HEICB W CEE A ITITE S
HELdol. BB BiXZ6~7HH, #(AKSE5HH,
HAHRCIEHIHETHVRE L. V72 5M0ICLLH
DOEBWTIIEARS RUHEABIZ7 7 ABEHEE, 38
ClZ7 o AR TH Y, O-F 7 A M ORI S Mi-
crococcus TH o 72,

ULoEErs, BRERKTBITEOETEZFHL
BRIHEFORIGETEII BT A8 2 MBS E, 308 B
(pH5) OFEMREDRMFAEGT T, HES (EA) &L
LTEFAVPEL Y, HTHRRER LKL STIRHE
BEEIZPo7. Leb il B I REEIERL T,

MO

AWFFEDFATICHE L, ETHMSI L 2 HBBECTH
NIAE E LA U RERASHOMHBK, ERTIWH
NEE T LRI R R EORMIMER, RS EK
TR AL LB 1T E T,
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