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Effects on Quality of Adding the Powdered Seed Coat of Adzuki Beans and Konnyaku
Gel to Muffin.
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The seed coat of Adzuki bean, which is removed for producing Adzuki bean jam, can be dried and milled for po-
tential use, as a food material. We studied the effects on quality of adding the powdered seed coat and konnyaku
gel to the mix for baked muffins.

The average yield of the powdered seed coat was 28.8%. The water—holding capacity and oil absorption of the
powdered seed coat were respectively 3 times and 1.6 times higher than those of soft wheat flour. The powder
contained a large amount of such functional components as dietary fiber, mineral compound, and polyphenols. Ob-
servation of the tissue by scanning electron microscopy indicated depressions and wrinkles on the surface of the
powder particles, unlike that of wheat flour. Compared with the control muffin (no powdered seed coat added),
the muffin with up to 20% of wheat flour replaced by the powdered seed coat had the hue of adzuki beans, small
specific volume, hard and brittle texture inside, and was more preferred in flavor, taste and overall rating. The
further addition of konnyaku gel to the muffin mix at 2.2% was favorable for the baked texture and preservation
characteristics.
¥—TJ—K:/NEHEH seed coat powder of adzuki beans : % E {4 nutritional composition : ¥ 7 1 >
muffin ; ¥ physical properties ; BERFFE  sensory properties ; fEAH  quality evaluation
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Table 1. Formulas of the muffin samples
(g)
Wheat Baking . Skim Distilled Konnyaku
i} )
Sample flour SPA powder Shortening Sugar Egg milk water gelz’
S (Control) 100 0 3 30 28 30 8 74 0
SPA-1 90 10 3 30 28 30 8 74 10
SPA-2 80 20 3 30 28 30 8 74 0
SPA-3 70 30 3 30 28 30 8 74 0
SPA-2-D 80 20 3 30 28 30 8 71 3
SPA-2-2 80 20 3 30 28 30 8 63 6
SPA-2-(® 80 20 3 30 28 30 8 65 9
SPA-2-® 80 20 3 30 28 30 8 62 12

Y SPA : seed coat powder of adzuki beans
? Konnyaku :
6505

commercial “Pier mannan” Kannetsy Co., moisture 98.2%. dietart fiber 1.7%, pH
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Table 2. Comparison of the water—holding and oil-absorption capacity
of seed coat powder of aszuki beans with that of wheat flour

Sample Water-holding capacity(g/g) Oil-absorption capacity (g/10g)
Wheat flour 1.28+0.04 4.02+0.05
SPAY 384=011** 643006 "

" SPA : seed coat powder of adzuki beans

Each value represents the mean *SD of 5 determinations.
* *Significantly different from wheat flour (p<0.01)
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Table 3. Analytical data for seed coat powder of adzuki 720 BERERC S TIE, SPA WX/NERIZHRTK %1% < EHE
_ beans and wheat flour B % L AA LT
lem T Sample  Wheat flour Spa' B TIZSPAIZL ( E}% 1> 412%01, BB a i Gk
Approximate content (%) DEE) 160£01, bfE (HOEAV) 15601 TH ",
Moisture 134 (=) 40 (—) NEEOREL R L W N EERIZE o0 T
Protein 8.0 (9.2) 76 (7.9 ANBFEETUMNTOBENEEL, Ty NVTLRE
Lipid B b0 08 DTV AVESTZT Y EFNT 4 2V THY, L
Ash 0.5 (0.6) 18 (19 N
Carbohvdrate” 763 (880) 859  (895) DHEGIZLVHERDHALNDL LHEL T2, & A
Total dietary fiber 26 (300 892  (930) SREEEIANTOER) 7 2/ = VDK 0% HERH S
_ N NTEH, MEOEARSTESNLTAT Y b T2D Y
Minerals (mg 100g) e o N ’ -
Na 20 (23) 4190 (4364) [=) ﬁ? %) 96% L I & % < &% ﬂ /J\ Z H@@‘uﬁ'@ Fit[.?‘
K 1200 (1387) 462  (481) DB AECEERIIESG LT LR Twnb,
Ca 220 (1064) 1020 (1062) SPA DR 72/ —VEBFEIZ0542006% ThH o7,
cu vl 09 L Fig. 112/ 45 & SPA O K O#k#HE % SEMIZ LD
e B B L7 (1) 0SPA DK T-0£E EFETT, 20~
NMn 05 (0.6) 09 (0.9) 160/1 m @j( § é ’Cﬁk%«lﬂ(@%%ﬂﬁ‘%&?ﬁ‘ﬂg é j(L, /J‘z*ﬁ@
p 702 (8L1) 1132 (1179) FFORES 4~65um I~ TFHKRED -7z, (2) T
n , 03 03 14 15 . REO—E % 1,000 fEEIIER L 22818 Tld SPA 14
' SPA :seed coat powder of adzuki beans. WHEROBHEBI CEARE AR, NEEE PN T L
: Carbohydrate : 100-moisture—Protein—Lipid—Ash MO —ATiEh Wb fEEIN L, —F. INETIIANE

Each value represents the mean of 3 determinations.

BB ORI TH 2 KDL OBMRL T2 E S h, £l
WiEOEVWHDEE SN,

Values in parenthesis are percentages to dry weight.

Wheat flour

SPA ! seed coat powder of adzuki beans

Fig. 1 SEM photographs of seed coat powder of adzuki beans and wheat flour
Magnification is X 200 or x 1,000, and the scsle corresponds to 10 gm or 100 xm
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N, R) 72/ —-Va2EELTWEDT, <7140 0O0E BEBSICEEPEEIINES o7z, T1IESPA
UROBBEESEME L TCOMAPRETE S, LaL, @ﬁ%%ﬁﬁ’ﬁa‘i (Table 3) A& n -7 L, INEHD

INTAEBZ R DORLT RIS BN FEOF 100 4 m Y %
Rl L TRE L72AY, SEM BB O/NEEEHH I,
WHEIROTAREEZ R L, Lo b/ NEEEDIIBKIZE

Teble 4. Specific muffin volume, rate of weight reduc-
tion and moisture in the muffin with added coat
powder of adzuki bean

BEI ORGSR © 12~ 13650 L, <71 >0k —
RS . # BATE 3 L - . , pecliic mutfin ate ot weignt oisture
S FRGCRDRADEL LD, INEURT Semple’ Volume (ml/g) reduction (%) (%)

B 7202 GRAK RN/ R A AR O L R ‘ _
BN A FENLETH D LB SN 5 aoE0u 161205 6504
(2) NEERBMEMTT « > ORKEFEICRIFTHE SPA-1 251=006 160+04 362+03
D %71 Y ORI BN Az mSsom 19204 %005
. — A= 27005 2.7*04 35905
KEBEBIRIC B 2 AN OREE(LE Fig 2175 L T Sy
oo BRES (ERMES) 12z SPA-1, SPA-2, SPA—H%T: 248+0.05 15302 370+02
5 N . — SPA-2-2  249+005 152%03 372+02%
SPA- -2-(2 o A7 2K % ~ - )
S?A 3.,«SPA‘ 2 Q@m"s OREERVEBFE LA SPA-2-3  248%0.02 151202 373+04*’
2% 1T RTTL00C L e b, €020 pRCiEL o SPA-2-D 244004 150402%  375+04**
R MR L 72 SPA TR CHIC BUES AL TN P —
= s \ L - : oampl o - control muiin
T(mf*‘*i) < o722 2124, SPA ORIAKT) (Table 2) Sample SPA : muffin with seed coat powder of adzuki
WEHLTW2LOEEZLN D,

beans added
Sample SPA-2-D@®3®@ : muffin with 20%
coat powder of adzuki beans and konnyaku gel added

YT OLEN ERRIFELLUKTEREE Table

seed

190 Y AE (color difference) : 12~ very large
:32 - e . - - Each value reresents the mean £SD of 10 determinations.
S 160 - - *ISignificantly different from sample S (p<0.05)
< 150 **Significantly different from sample SPA-2 (p<005)
&E__ 140 **I5ionificantly different from sample SPA-2 (p<0.01)
3 130
E 120 Teble 5. Effect of the seed coat powder of adzuki beans on
© 110 h f muffi
® the color of muffin
~ 100
é 90 Hunter value AR
2. 30 Semple"
E 10 L a b (N.B.S)
+ 60
g 50 S 628+05 -44+02 23.1=0.10 Standard
b
£ gg SPA-1  333=09**"  32+03**  54=02**" 351
= 5 |EFE SPA-2  256%05%*"  33x03"*"  42x02**" 424
10 SPA-3  22107**1 35+02"*"  36+04™*' 458
012345678 91011121314151617181920 SPA-2-1D 250=09 3‘6t0.3*.2 4.bi()44*“ 419
Baking time (min) SPA-2-2 256+06 36+02"  46=03%" 419
SPA-2-3) 263%05***  36+03"  46=01%** 409
Fig. 2 Time — temperature curves for the inside of maffin during SPA-2-1) 264=07%* 39+(09** 48=09**2 407
baking
Temperature inside oven "' Sampl S : control muffin

Sample SPA : muffin with seed coat powder of adzuki beans
added
Sample SPA-2-D@®@ : muffin with 20% seed coat powder

Sample 1 : control maffin (no added seed coat powder of
adzuki beans)

Sample SPA-1 : maffin with 10% seed coat powder of ad-

zuki beans added

Sample SPA-2 : maffin with 20% seed coat powder of ad-
zuki beans added

Sample SPA-3 : maffin with 30% seed coat powder of ad-
zuki beans added

Sample SPA-2-2) : maffin with 20% seed coat powder of
adzuki beans and 2.2% konnyaku gel added

<&
.
—o—
.

O

of adzuki beans and konnyaku gel added
ZAE (color difference) : 12~ very large
Each value reresents the mean *SD of 10 determinations.
“Signiﬁcantly different from sample S (p<<0.05)
**!Significantly different from sample S (p<<0.01)
*“Significantly different from sample SPA-2 (p<0.05)
**ISignificantly different from sample SPA-2 (p<<0.01)
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E27 ) =L FT4 N Tho Iz HEHRMORE SPA-1,
SPA-2, SPA-3 3K SICH~ LEbEiEbIZ1% D
ERETHEIMEI/NS ), SPA OFEMEOHEMIZ
PENL & bfie IR T Z R L72AS, afiTidsich
BICREL A ERMER LI, RA¥S %ML L7 AE
T SPA RMEAWEMT B 12 2NEAKE L % A%
AL, B NEROBEVINEL ol
3 w74 rOYHENEEIIRITT/NEEESIRINORE
T4 Y OHBDOT 7 AF ¥ —FFE L B EOZ L%

Table 6 (2R L7ze 727 AF ¥ —RHHOES (FEFT0%
FEREIGST) (508 S 12~ T3K SPA-1, SPA-2, SPA-
SOMBIXEEIIKE (HEILL 720 BEMTIE, SPA g
DI CEDS NS R BB H S, HAB S
NTHADVFE PR RS VBB SNz Ran%
WA L) BREDTI OIRKE L 2 ZTEMTIG S Tk, HAS I
~HH SPA-1, SPA-2, SPA-3DEIIHEZEICKE 2o
7eHi, EAIEAINE R B E R LT,

4) %74 Y OERIRITT /NI IR O L
SPA ZIIL 727 7 1 » OWEGFIERLO &5 5% Table 7
R L7 BB S (RN 13S0 SOEE THEILE
FNzo BB SPA-1 (10% hN) 3&THHE THEE
WD NIz droFz0 B SPA-2 (20% RN EFED IR,
REWSHADOHEE THAEICF LNz, 3B SPA-3 (30

S

% @) T3, F YIS D BRI B 2o 7298,

Teble 6. Physical proprties of muffin added with seed coat powder of adzuki

beans

Texture properties

Rupture properties

Semple”’ Hardness Cohesiveness Rupture stress Rupture strain
x10° (Pa) x10° (Pa) (m/m)

S 163+0.16 0.56 *0.04 0.92+0.09 0.46 = 0.04
SPA-1 195+014**"  056+002 1.02+009*! 049003
SPA-2 224+013**" 051£002**"  106+008**'  046=003
SPA-3 286+0.18**! 045+003**'  125+006**'  043+003
SPA-2-D 234+0.13 051 %003 1.09+0.08 046 0.04
SPA-2-2 236+0.10%*  052=002 1.11£0.06 0.48+0.03
SPA-2-3) 237+014*** 052%003 1.13£005** 0.49 = 0.04
SPA-2-® 245+0.11**? 052+003 1.20£007**%  052+004%*2

b Sampl S © control muffin

Sample SPA : muffin with seed coat powder of adzuki beans added

Sample SPA-2-0@®@® :

muffin with 20%
adzuki beans and konnyaku gel added

seed coat powder of

Each value reresents the mean *=SD of 10 determinations.

*!Significantly different from sample S (p<<0.05)
**ISignificantly different from sample S (p<0.01)

“Signiﬁcantly different from sample SPA-2 (p<0.05)
**Significantly different from sample SPA-2 (p<<0.01)

Table 7. Sensory evaluation of the muffin with seed coat powder of adzuki beans added

SPA Score for palatability
Sample added amount
(%) Color Flavor Smoothness Hardness Elasticity Taste Total
S 0 36 43 21** 35 28 45 29
SPA-1 10 46 34 35 33 40 31 41
SPA-2 20 35 27* 39 36 35 27* 23**
SPA-3 30 33 46 55%* 46 47** 47t 57

Sample SPA : muffin with seed coat powder of adzuki beans.
Fifteen panelists (average age of 21) ranked the muffin in order of their palatability.

Differeneces between the total scores were evaluated by Kramer's test.

Significant difference, *p<<0.05, * *p<<0.01.
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Table 8. Sensory evaluation of the muffin with 20% seed coat powder of adzuki beans and kon-

nyaku gel added

konnyaku gel

Score for palatability

Sample added amount
(%) Color  Flavor Smoothness Hardness Elasticity Taste Total
S 3 30 22 42 45 38 36 34
SPA-1 6 22 25 8** 36 22 20* 22
SPA-2 9 32 33 28 29 28 30 32
. SPA-3 12 36 40 32 40 32 34 32
Sample SPA : muffin with seed coat powder of adzuki beans.
Twelve panelists (average age of 21) ranked the muffin in order of their palatability.
Differeneces between the total scores were evaluated by Kramer's test.
Significant difference, *p<0.05, * *p<0.01.
Mean score
Parameter -3 -2 -1 0' 1 2 3
WODE, WA, K, BANAFAOEESEEIE T Color s+
L 720 2 OB REFFRIO G410 72 B A D i & I3 2 & oo I / I
SPA OFMNEIL 20% RRIFCTH o720 ITHIT/NEMEED L | |
N ™~ Hardness
BONPLEROMIZEBLDEEZSND, o TIELT R
Ei7 5 AT SPA 2RI L7227 4 V13, BRI H, Smoothness —t+— i7r* |
NTHLE, NEHD 0% FIN%E 51 & DiFE Lo Elnstiity —t— —+——
2D > TWDL I ENHLNII o/, NEFEGE . [ [ | |
aste
20% HEMTHE, 74> 100g1265g DEWHESE oo !
L. EMHS OIS 50T, HEET S EOM AT Toal prferonce f—f—— H—>—

2HrbnEEZOND,
5) WE T NA/NEREER 20% w7 1 O REILS
Py 2t

S SPA-2 12 Table 7 OB REATAli TIX A S 12X,
HON2OFFHMIMEL 78y FEBERH 722 LS, 2
NEWUBRTHEMTHESVERNTAZ L 2SI, &
By 20% RN 12 B THBH 7V ORERINE % B
THHIT, HBESVEMEL 1.1%, 22%, 33% $7:1% 44
% DABRECEZTHBEL 27 7 1~ OBEFIERN O &5
H % Table 8 IZ/8 L 720 #H SPA-2-Q) (#8571 22%
B EELSHSEROBEBHTHEEINFI N, BSOS
R EBR CMOIEE T, 38 SPA-2-O~@ D 3 EHH 2
HEEDED S NTFAREIZFMEI N, ULEoRE»S
HW3 2 &, AFSPA-2 2B AHH VIRINEIL 22%
WRRRHTH o7z,

#H# SPA-2-O~DDHERE, ERBLE, KFTEED
24t (Table 4) Ti¥, HEBMEERBAEIHHE VO
ININEDSE I ONEDPK T L, —F, KoEHEML 72
K EIZ SPA LHF SV OFEKIHFES L, BHEONE
HETINHEFE SNV L Y Rb S N A ITE K 2 A &
HHIENEZLSNE, BICHERENAES AT 5 ORF
FAPE S NBOEL T 5 2 & 2 HEY LTwbht
Y74 TOWHB T VIEINIEREIZB 2B GO Lo
HICHES L Tw2b0EELZ NS, #RF SPA-2-0O~®
DEFZEAL (Table 5) Tix, ¥ SPA-2 12~ L fEiL
WA SPA-2-3), @#H%, ®HiD a & bETIZHK SPA-2-

(423)

Contol (sample SPA-2)

Fig. 3 Sensory evaluation paired preference test of muffin
--control © sample SPA-2 with 20% seed coat powder of adzuki
beans added : O, sample SPA-2-2 with 20% seed coat powder of
adzuki beans and 2.2% konnyaku gel added.

Twelve panel members rated rated the color, flaver. bardness,
smoothness, elasticity and teste intensity on a 7-point scale (3, ex-
tremely strong . — 3, extremely weak), and the total impression on
a 7-point scale (3, extremely liked ; — 3, etremely disliked).
*Significantly different from sample SPA-2 (p< 0.05) ,
*Significantly different from sample SPA-2 (p< 0.01)

O~@7%, HEICKEWEZRL, SPA20% FRNELGEIC
BT HWHBT VIENMORZENRD 57z, 38 SPA-2-O
~@OOYEEEE DL (Table 6) Tid, BEWHEMEE 7
7 AT v —FEEOEILEE SPA-2 12 ENEUE SPA-2-)
BDIIINDOELKREL R, WHSVOEELZIT .
WHETVEMBE 71 Y ORBKIIEZ LB ALH
1T, B SPA-2-@ (SPA 20% i & 367N 2.2% i
i) L FEBSPA-2 (SPA 20% iR EAR) # kL
7-ERFEM OB % Fig 312R L7z 3k SPA-2-Oi3 3%
FLSPA-2 I2HN, LS LMAMDEE TIZHE S »T
BN EEIZH L LM, BEWEFAOEETLE
Bl Ens,

o THF TN E 22% BINT 5 Z L2 X ) /NS
W T4 2Oy FOREHPUBENTDLDEEZ S
N5,
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6) L MBI & DV T 1 L O NI R B 5
VT A ORERE A SEM TEIZ L Fig 4 12 L7,
aUFE S (HERD TLEER R - R0k o 7 L 7 » Ok
;AL F SPA-2 TUld SPA 29 RER X 1,
AR D 70 7 o 25 L MRS S A & 7 -
o AFSPA-2-2 TR, rvavrF U T oOBREE *E%
Bk - OMEASHET T L 22 o L s o 2 bR e
L K SPA-2-2 O F 7 A F ¥ — X 8o fELEHL Ji%i
YL EEZSIL:
T NIRRT 7 o1 ORI - BRI R
SPA R~ 7 1 /m {712 A5 HIT, 5 30T,
e 1 80% HR o5 RS T THRES, SPA-2,
SPA-2-2 % 96 ”wfllﬁﬁ’d‘? L. Ko&EEEHANERE Fig

Seed coat A

4

.,\e .

Fig. 4 SEM photgraphs of muffin
control muffin
SPA-2:

Sample S
Sample
added
Sample SPA-2-2 © maffin with 20% seed coat powder of adzuki
beans and 2.2% konnvaku gel added

malffin with 209% seed coat powder of adzuki beans

Magniication is X500, and the scsle corresponds to 10 yum

HES

SUIIRL 7z, KK 2ReH R L L L7223 S Lk
SPA-2 DK 53 & 8 X AZHFAYIZ A B MR L 7228, é*:'t*ﬂr
SPA-2-2TIXHH T VO FETHMAEE L TH RS
SN Tz STHIEHEH 7 VORI L) § J\h#i?é
LEERDPEL D50 EZ SN, SEM BI% O
il bEHL T Zo ARBETHEAETOR
EAEL D FIFH”JM%T NESCEAROE TR N R ADL

40.0
390 ¢

Storage time ( h )

S(control) 0 SPA-2 M SPA-2-(

Fig. 5 Effect of added seed coat of adzuki beans on the moisture
of muffin during storage
Each value reresents the mean =SD of 10 determinations.
*Significantly different from sample S. SPA-2, and SPA-2-2
elapsed the fist 2 hours (p< 0.05)
**Significantly different from sample S, SPA-
elapsed the fist 2 hours (p<0.01)

2, and SPA-2-2

3.5
~ 30

©

&5t

20

4

15 r
10
05
0.0

Hardness X 10

777777 77777777772

2 24 48 72 96
Storage time (h)

S(control) C1SPA-2 B SPA-2-2)

Fig. 6 Effect of added seed coat of adzuki beans on the texture
ctaracteristics of muffin during storage
Each value reresents the mean =SD of 10 determinations.
*Significantly different from sample S, SPA-2, and SPA-2-2
elapsed the fist 2 hours (p< 0.05)
"*Significantly different from sample S, SPA-
elapsed the fist 2 hours (p< 0.01)

2. and SPA-2—2
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