J Korean Soc Food Sci Nutr
34(8), 1274 ~1283(2005)

Bt ol 2=

ojzZlst - a2’ - A

(hL)
1

A Eod ek a] A

Optimizing Ingredients Mixing Ratio of Mungbean Pancake
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Abstract

The sensory acceptability, texture profile analysis and nutritional evaluation were performed in Korean
traditional mungbean pancake (MPC) and modified MPC containing squid meat and soybean to standardize
the recipes for healthy fast food market potentiality. Optimal ingredient formulations were revealed as mung—
bean 55%, pork 13% and vegetables 32% for traditional MPC, and pork 3%, squid 42% and soybean 55% for
modified MPC using response surface methodology. Flavor and hardness correlated highly with overall accept—
ability rather than appearance and color of traditional MPC. Higher squid levels raised adhesiveness, springi—
ness and resiliences of modified MPC, but soybean decreased these textural attributes. Protein, lipid and total
calorie of modified MPC were lower than those of traditional MPC. Computed protein efficiency ratio (C-PER)
and degree of gelatinization of modified MPC were superior than traditional MPC.
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Fig. 1. Three component simplex centroid design.

X1 (mungbean) ranged from 0.3 to 1.0 and X2 (pork) and X3
(vegetables) ranged from 0.0 to 0.7 for traditional mungbean pan
cake. X'1 (pork), X'2 (squid) and X'3 (soybean) ranged form 0.0
to 1.0 for modified mungbean pan cake. Numbers (1~10) repre-
sents ten formulations and correspond to the numbers in Table 1.

o=, TMPC; traditional mungbean pancake)®] & &%
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wk-g %9 B4 (response surface methodology)ell ]3]
o= o) A AR RE QY 37HA] LW HAETNNE, X F
T, Xo MR 2], Xe £ A g, X HA 2],
X'y &40, X'z o) e} #53 SA 24A Sz v
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Y = b,X1+ 5:X5+ by Xy + b X Xo+ b1a X1 X+ by X0 Xy
Y: predicted dependent variables
X, independent variables

X,;X; interaction of independent variables
b;, by regression coefficients

o] 3| HAle] AEtA o] R normal probability plot of
residuals 4] 12313 ol 7122 HAF A (res-
ponse optimization curve)®} 3% HF2 ¥ A3 (surface

plot) e & vielyc).
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Table 1. Mixture ratio of ten formulations in a three component simplex centroid design”

Ingredients of mungbean pancake

F‘r’lrur?n”ng"“ Traditional MPC” Modified MPC” Total
MB (X)) Pork (X3) eg.” (Xs) Pork (X';) Squid (X'2) SB (X'3)
1 1.000 0.000 0.000 1.000 0.000 0.000 1
2 0.650 0.350 0.000 0.500 0.500 0.000 1
3 0.650 0.000 0.350 0.500 0.000 0.500 1
4 0.300 0.700 0.000 0.000 1.000 0.000 1
5 0.300 0.350 0.350 0.000 0.500 0.500 1
6 0.300 0.000 0.700 0.000 0.000 1.000 1
7 0533 0.233 0.233 0333 0.333 0.333 1
8 0.767 0117 0.117 0.667 0.167 0.167 ]
9 0.417 0.467 0117 0.167 0.667 0.167 1
10 0.417 0.117 0.467 0.167 0.167 0.667 1

})Experimental runs were performed in random order by MINITAB (Minitab, 2000).

YFormulation numbers correspond to the numbers shown as Fig. 1.

All formulations contained 2.5% (w/w) of chopped garlic, 2.5% (w/w) of sesame oil, and 1% (w/w) of salt pepper mixture.
3’MB (mungbean) ranged from 0.3 to 1.0, pork and vegetables ranged from 0.0 to 0.7.

Pork squid and SB (soybean) ranged from 0.0 to 1.0.

Vegetables were assorted with mungbean sprouts, bracken, bellflower root, green onion, green and red pepper-as. a.weight ratio

of 5:5:5:5:2.

2R} 7|2 A

A BE U HE 7 FA, A4 Feloddal 1354
Aol Fol B3} Al AlF-8k31 3, #]FH(appearance), AA¢
(color), #vl{flavor), 7d %(hardness), ¥+ 2] 713 % (over-
all acceptability)E& H7}3l %35 dlgich A8 HAF A4
AlA & 5 9l L3HF Fol7] 9)s] MINITAB(minitab, re-
lease 13.20, 2000)oll 4] AAI7E 5249 A E A 8E AAL
HA| st AP 2
stionnaire test)S ©] 83 934 7] 33 =¥ (9-point hedomc
scale)o.2 stgd o, 9. & ddds] Fo}, 732 F}, 5
FA X AR % v}, 32 do), 1AL didd] o2 ‘/}E}‘ﬂ
o] T5A EAo] H2E4E =2 4 E FEE I
1:]-(36,37) ZALN AL Fa A -2 40T o)Ak gt o
o} F8 329 (43L26.241, ¥ 129, of: 209) 2= i)

’d ¥ A] (consumer acceptability que-

SMAAL
ddw e 2AEAL e et A H texture analyzer
(TA-XT?2i, stable micro system, England)E AF-&-3}e] 4]
7o Az b2 RS two bite compression testZ 103
ui8. =359} Texture analyzer® AF8-3l0] PBoix] =
force-time curveZ %] TPA(texture profile analysis) pa-
= 3sle, 7144 9l 7 E(hardness), 249 (ad-
hesiveness), 83 A (springiness), &% A (cohesiveness), &
ZA (gumminess), % ¥4 (chewiness), B4l (resilience)2]
EAXE Borne®F-H o whel ¥A13ked 23} s AA A S
F3AT}(3R). B 2 F A BY 2EE /3% £41¢)
=2 37| 98te, 7 Ed A7kl

2e ¢
F& 3 108 olujel, AzEE 1054 24 s}deh

rameter&

st W THojo|im el B
H =)
H

ate|
| —
o whe 42 sl Fhed A, 2R £ semi-

)

=
=

micro kjeldahl®, Zxu}k& Soxhlet, 3] 22 743 3}
£ 2 A=Fsldth(39). T4 obw] Ak 6 N HCIS- o] -8-3F 4
b o2 AR A8l obrl Al A} 54 7] (Bio-
chrom 20, Pharmacia Biotech., UK) 2 ¥4 3}l¢)c}. Cystein
2 Felker2} Waines$] "} ol w}2}(40), tryptophan< Spies
9} Chamber®] Waiol weldl) 54349

o>

oobME EA]
OO O [ |
KB 3% AP $3 5= Yamasitad] vl o o}

i FA (in mtro) chald 4382 Satterlee 5-9]
W (43)8 A% AOACH ez, whilal §89)(C-PER;
computed protein efficiency ratio)2} il &4 3-8 (DC-PER;
discriminant computed protein efficiency ratio)= AOACH
22 A4kslsd oh39).

TBA value2} Z¥ % : TBA valuet™ Turneri (44) 2. &,
Z¥ % Chung¥ Masamichi¥] (45) 2.8 &3] 3}l4 o).

EAHAMZ

Mo o] Ana) 3 e AR EAZ AR # A3
2 MINITAB(MINITAB, release 13.20, 2000)2] mixture
design® o] 43t 23} AAYAHLE F3L o] F V&=
response optimization curves$}t surface plots2 73}ic}.
o] JukAgR, Al 43 wiAl §§8), TBA

value, ZH X, _ii}ig] BnA Z]-E'i SPSS/PC(version
10.0)el] 28] A £43l96 12, BE 25 Aol wpe} 3

@9 BEUAE P, F AL AR Ao)rh Wy
b, o sshg, whald 5§ (C-PER), o &4}
£ (DC-PER), TBA value2} 2w ol v x| 3388 t-test

= FAstein,



ks

.-

Table 2. Regression for each dependent sensory attributes
of traditional MPC in the older than forties group' from
consumer acceptability test
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Table 3. Regression for each dependent sensory attributes
of modified MPC in the older than forties group ) from con-
sumer acceptability test

Dependent variables Predictive models p-value”

Overall acceptability 0.000
Y1=5.576x, +4.498x,+ 1.441x3+0.998x X
+11.295x1%3+ 12.74235x5"

Appearance 0.000
Y2=5.869x; +4.414x,+1.934x3— 0.042x:x»
+10.366x1x3+ 10.255X2x3

Color 0.002
Y3=5.998x; +5.703x2 +3.742x3— 2.672x1X3
+6.679x1x3+6.401x2x3

Flavor 0.000
Y3=5.731x1 +5.057x2+3.262x3+ 0.516x1x2
+7.474x1x3+ 6.806x2x3
Hardness 0.005
Y5=5.944x,+7.152x2+ 2.894x3— 1.473x1x%2
+6.598x1x3+ 5.930x2x3

YBased on 320 observations.

Consumer scores were based on a 9 point hedonic scale (1=
dislike extremely, 5=neither like nor dislike and 9=like ex-
tremely).

?)Statistically significant at the level of p-value represented.

‘”xli mungbean, x2: pork and x3' vegetables.
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X't 24 X'g tF)el] whE 5717 b, ZHbAQl
71 ZE(Y)), 93 (Y2), MAHYs), Fvl(Yy), AE(Ys)9] s
o thE Agdr 23 3] HubA A (Table 2, 3)7F response
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23, Ai(by=1.441)2] 3L ohE Al vshd AaH
22 29kt

NeFul o) o) 7 $-=(Table 3) 2171 (b'1=6.062), &A
o1 (h'5=6.149)¢} Hl F(b'5=6.368)2} 4 ko] A2 v|S=Y HE
Z eyl =& response optimization curve2} surface
plot-g ¥ (Fig. 2), 55 55%, X 127]13%, A4 32%°1 A
H 1A 675 vehd Aoz RG22 (2R d=
0.7), o} Bl&g MEFuod Eni o] 7| 2E Al £
Abol| A B 2SS #H 2 7] §hake] Blad AL A& Al
F3le Ao Ve VAL E SAl g s e
72 A o2 B 3% Park?} Chung d-1-2F o 2] 3}H(46).
o] A& ZAZFol dit wiedel ol yAg AL nalrt
(46,47). 74ER1 = 9] response optimization curve®} sur-

~ 2)
Dependent variables Predictive models p Values)
(R-sq)
Overall acceptability 0.495
Y1=6.062x"1+6.149x ', +6.368x 3+ 0.883x"1x "2 (0.412)

+0.411x" 1% 5+ 1.130x 5x 5"

Appearance 0.041
Y,=5.876x"1+6.231x",+6.335x"3+0.312x"1x "2 (0.561)
+0.337x’ 1X’3 + 1.775X'2X'3
Color 0.227
Y3=6.094x"1+6.057x 2 +6.214x"3+0.659x"1X "2 (0.394)
+0.609x " 1x"3+2.171x"2x"3

Flavor 0.491
Y4=6.018x"1+5.948x "2 +6.320x "3+ 0.803x"1x "2 (0.398)
- 0.089X’1X'3+ 1.225X'2X'3

Hardness 0.718
Y5=6.137x"1+6.385x "2 +6.141x"3—0.280x"1x"2 (0.411)
—0.404x’ 1X’3+ 0.638X'2X'3

PBased on 320 observations.
Consumer scores were based on a 9 point hedonic scale (1=
dislike extremely, 5=neither like nor dislike and 9=like ex-
_tremely).
YStatistically significant at level of p-value represented.
3'Rfsq is coefficient of determination.
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x'10 pork, x’20 squid and x'3' soybean.
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Fig. 2. Response optimization curve and surface plot for
overall acceptability of traditional MPC from consumer
acceptability test.

Mungbean (X;) ranged from 0.3 to 1.0 and pork (Xz) and
vegetables (X3) ranged from 0.0 to 0.7 for traditional mungbean
pan cake. The optimum ratio of mungbean : pork : vegetables
1s 0.55:0.13:0.32, at that point 6.7 was expected as sensory
score at 0.71 of desirability function.

face plotell 4 (Fig. 3) S| 37) 3%, 24 ¢] 42%, HF 55%
ol A} el 4A 65% vebHol(d=069) AFUHH ] 675}
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Overall ===
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Maximum
y = 6.5454
d=069318

1.0
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Fig. 3. Response optimization curve and surface plot for
overall acceptability of modified MPC from consumer ac-
ceptability test.

Pork (X’y), squid (X’2) and soybean (X's) ranged from 0.0 to
1.0 for modified mungbean pan cake. The optimum ratio of
pork : squid : soybean is 0.03:0.42:0.55, at that point 6.5 was
expected as sensory score at 0.69 of desirability function.

2358 7k i)
2] (Y, appearance) : {32} 23} 3| HubAg A oA, A
El 9] 2 9-(Table 2) 5F(b1=5.869)9} =& 127](hy=

.
B i

- A

B
o

4.414)2] <d8Fo] Z 3 ANA(bs=1.934)9] 332 27| vebyt
o} JHEFRl o E & (Table 3) G A AREA Q) 7| 229} B] 5238}
Al, HA 3271 (b"1=5.876), 23] (b'3=6.231)e}t tlF(b'5=6.335)
2] of gko] v| gt A== vtebyith A HE FA L2 39S
o] FHAW &S B, AFHNHE =5 65%, ==

0%, A 31%elA <A 69 & ek, Hekald
H =) 27] 2%, 24 2147%, HF 51%0 4] dAkx] 675 B
=], AFRNH Y 699 v]EtA b Holx| = AL E v}
et Ao} ot HrbEd, e g de] HelA
Azz7h GA 2 22 Belci(Table 4). ¢l gt
surface plot2- Fig. 4 =), Fig. 507N Fal o =)o z}
Zh epd o},

A A (Y3, color), vl (Y, flavor)®} 7 %.(Ys, hard-
ness) 1 AT Fujo v)x] = g 23 AW FE
viebl|, A Z 9= 8] 7-9-=(Table 2) =74 4b,=5.998,
Fa)h=5.731)¢} =& 7] (B Athe= 5.703, &F¥1he=5.057)7} ¥l
< AxR gy Ao g vlwA A oh(AAtbs=
3742, vb;=3.262). Mt A 32719 HE FI7LE T b=
7.152)= 552 AX S/ A Hb=5.944) M) A E A
3} AT (h=2.80) Kot B4 Zcks & 4= Qo) Ak o5 o
7d%=(Table 3) A7), LA e} 77} Ak, o)}
e vxi= ggFe] ZA ghEA] Pgtrh
EAl 9] surface plotse] AukAHal 7|3 %9} &
2 93 A, gajo] gl o v (Fig. 4, 5).
71220 RS FE Ao Bt

I.7]
1z
s}

K2
.

el

A

Table 4. Optimum mixture ratio and predicted sensory score of traditional and modified MPC from consumer acceptability

test
Mungbean Pork Vegetables Predicted score
Traditional Overall acceptability 0.55 0.13 0.32 6.7
mungbean @ppearance 0.69 0.00 0.31 6.9
pancake Color 0.68 0.00 0.32 6.7
Flavor 0.65 0.00 0.35 6.6
Hardness 0.30 0.45 0.25 6.7
Pork Squid Soybean Predicted score
Modified Overall acceptability 0.03 0.42 0.::)5 6.5
mungb Appearance : 0.02 0.47 0.51 6.7
gbean ‘ M
k Color 0.02 0.45 0.53 6.7
pancake

Flavor 0.00 0.34 0.66 6.5
Hardness 0.01 0.71 0.28 6.4
Appearance Color Hardness
v , B
2 ,,1.;;:7,1:11 XK

st Pt s

Wy K

o S TR

A

o7
Vegetables

Fig. 4. Surface plots for appearance, color, flavor and hardness of traditional MPC from

07
Vegetables

consumer acceptability test.
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Fig. 5. Surface plots for appearance, color, flavor and hardness of modified MPC from consumer acceptability test.
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Table 6. Regression for each texture attributes of modified

MPC"
Table b. Regression for each texture attributes of traditional
MPC Dependent variables Predictive models (Rvaslctlx)eB)
. " 2)
Dependent variables Predictive models p-value Hardness 0.000
Hardness 0.000 Y'1=1867x"1+1243x "2+ 1201x"3—683x"1x "2
Y'1=2830x; +2755x 2+ 497x3 — 2948x, X2 — 377X X3+ 12x x5
—2523x1x3— 1931x2x5” Adhesi
esiveness 0.009
Adhesiveness 0.000 Y',=—52.08x"1—33.56x'2—33.43x "3
Y'o=—21.10x1—~17.04x2—95.98x3+ 41 .50x %2 +121.37x"1x"2+9.27x"1x '3~ 39.93x 2% '3
+82.47x1x3 1 36.59%2X3 Springiness 0.010
Springiness ‘ 0.000 Y’'3=0.240x"1 +0.256x 2 +0.168x "3
Y’3=0.349x, + 0.496x2 + 0.303x3— 0.436x1%2 —0.032x"1x"2—0.019x"1x 3+ 0.063x '2x "3
—0.508x1x3—0.151x9x3 Cohesiveness 0.001
Cohesiveness 0.000 Y'4=0.134x"1+0.165x "2 +0.152x "3
Y'4=0.218x1+0.308x2 +0.192x3— 0.289x1x> —0.092x"1x"2+0.058x"1x"3+0.067x"2x '3
~0.220x1x3—0.008x2x3 Gumminess 0.393
Gumminess 0.000 Y'5=252.2x"1+201.9x'2+187.3x "3 (0.410)
Y'5=632x1 +820x2 + 207x35— 1343x1%2 + 66.14x"1x"2+23.03x " 1x"3+ 94.03x"2x '3
— 1092x1x3— 567x1x3 Chewiness 0.315
Chewiness 0.000 Y's=64.50x"1+56.62x "2+ 34.32x "3 (0.340)
Y '6=244.Tx +377. 1%+ 103.3x3— 744.0x1%> +29.04x"1x"2—3.85x " 1x"3+43.68x"2x"3
—584.2x1x3— 326.8x2x3 Resilience 0.042
Resilience 0.000 Y'7=0.035x"1+0.038x";+0.041x "3
Y’'7=10.064x; +0.084x2+ 0.049x3— 0.087x1x2 +0.030x"1x"2+0.019%"1x "3+ 0.018x "9x '3
—0.078x1x3— 0.017x2x3 Based on 10 observations.
PBased on 10 observations. Statlstlcally significant at the level of p-value represented.
“Statistically significant at the level of p-value represented. "R-sq is coefficient of determination.

4)
¥x1: mungbean, x» pork and xs vegetables. / x'1" pork, X'z squid and x’s soybean.
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Table 7. Proximate composition and calorie amount of MPC with optimum mixture ratio from consumer acceptability test"

Traditional MPC” Modified MPC” t-value
Moisture (%) 68.49+0.69 69.86+0.97 2.00°°
Crude protein (%) 9.85£0.57 7.72£1.39 1.247°
Crude lipid (%) 466044 427+031 1.247°
Ash (%) 4.93+0.02 5.40+0.78 085"
Carbohydrates (%) 13.63+0.86 12.92+1.62 055>
Calorie (Cal/100 g) 130.27=£4.01 119.33+5.49 2.28%%

YValue represents mean T standard deviation of triplicate analysis.

PThe mixture ratio of traditional MPC is 55% soybean, 13% pork and 32% assorted vegetables.

DThe mixture ratio of modified MPC is 3% pork, 42% squid and 55% soybean.

Table 8. Total amino acid profile of MPC with optimum mixture ratio from consumer acceptability test (g/16 g N)
Amino acids Traditional MPC Modified MPC Amino acids Traditional MPC Modified MPC -
Aspartic acid 5.069 9.579 Tyrosine 3.380 5.023
Threonine™ 4481 3476 Phenylalanine” 4716 4701
Serine 4,744 3.831 Histidine” 6.220 5.805
Glutamic acid 18.013 15.053 Lysine” 8.493 8.378
Proline 5517 7.135 Methionine” 6.275 7.211
Glycine 5.542 4.373 Arginine” 1.389 1.196
Alanine 6.086 . 5.417 Cysteine 0.797 0.743
Valine” 2.685 4.285 Tryptophan’ 0.902 0.827
Isoleucine” 4.483 5.534 Ammonia 1.448 1.196
Leucine” 8.191 ‘ 8.050 SUM 99.331 101.813

*Essential amino acid.

VIt is bold that the amino acids amount of modified MPC are lower than those of traditional MPC.
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Table 9. Degree of gelatinization, protein digestibility, C-PER and DC-~PER, TBA-value, developed brown- plgment of MPC
with optimum mixture ratio from consumer acceptability test

Traditional MPC” Modified MPC® t-value
Degree of gelatinization (%) 74.13+10.15 70.83£11.00 0.38"
Protein digestibility (%) 88.31+0.35 87.24£0.17 3.86™
C-PER? 1.07+0.01 1.36+0.01 0.002™
DC-PER” 1.40 1.60 -
TBA-value (OD x 100) 57.20+5.39 62.82+1.82 1717
Brown-pigment
Hydrophilic (ODX% 100 0.24+0.06 1.05£021 633
Lipophilic (ODx 100) 860+ 1.45 13.80£2.27 3.33"

"Value represents mean*standard deviation of triplicate analysis.

YC-PER; Computed protein efficiency ratio.
¥DC-PER,; Discriminant computed protein efficiency ratio.

“The mixture ratio of traditional MPC is 55% soybean, 13% pork and 32% assorted vegetables
®The mixture ratio of modified MPC is 3% pork, 42% squid and 55% soybean.

*™ were significant at level of p<0.05, p<0.01, respectively.
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