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Optimization of the Formula of Dragon Taro
Grain Biscuits by Response Surface Method
SHI Shuai, XU Hai-xiang, LI Zhi—fang,ZONG Hu

(Jiangsu Agri— Animal Husbandry Vocational College, Taizhou 225300, China)

Abstract ; Taro powder, yolk and butter were used as the main raw materials to produce dragon taro grain biscuits in this
experiment.Based on single—factor experiments, the effects of four factors( the addition of taro powder, butter, ratio of sugar and
xylitol, yolk ) on the properties including texture , color—comparison and sensory analysis were investigated by response surface
methodology.The physical indicators, chemical indicators and nutrient indicators of dragon taro grain biscuits were analyzed.he
results showed the influence order was follows ; Taro powder addition butter addition > yolk addition > ratio of sugar and xylitol , the
optimum parameters of the experiment were taro powder addition 300.54 g, butter addition 30.06 g, ratio of sugar and xylitol
1:1.02(20.20 g) ,yolk addition 30.07 g,which sensory properties was highest.Under the optimum conditions, the sensory score
could reach 90.40, and the error was 0.25% with the theoretical value, the model fitted well. The product obtained by this
formula met the requirements of physical and chemical indicators and nutrients.
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CKTF-32GS BUEFT  Ph 1l ik g A R
Fl;TP-313 W7 RF  deE 2 R as A R A
)3 TA=XT2i MR #9{Y L [E Stable Micro Systems;
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PR RI AL KA Avance Collection Innergizer;
HeAEWs AN AR m ) FEi TSy Hiw A
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1.2 RBEFAVHTIMELZRE

F ok & H b — R o B IR E e R AT 6 A
FH—IANE S F i QAR RS K kB
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1.3.1  RRER L

L3101 0By i n f %) il s BT Ry 2 [ E H
bHE 10 g AKERE 10 g A0S 2.5 mL (87 30 g 3%
W 30 g, B EEAN [A) 3 Sk 8y S 0 & 43 51 2 200,250
300,350,400 g X 8 A it JBT F 5200

1.3.1.2 myli s hn s X0 i & BT sz [ e 3 b
K10 g AHEEE 10 g FFHOKY 2.5 mL XG4 30 ¢ 3¢
S Hr 300 g, 25 0l S & 43 5 D 20,25 .30 .35,
40 g X i i i JBT Y S ]

1.3.1.3 RO oA MR s 5 0 LG 49 X6 30 o o B 1
M [ E RSBy 300 ¢ FFEDKS 2.5 mL XS E T 30 g,
L RS HE ABE B A0 Le 4] ( 35 B D &4 5 45
K6 Al 14 g(3:7) .8 A1 12 g(2:3) .10 110 g
(1:1) (12 F18 g(3:2) 14 F1 6 g(7:3) ) XJ il i it JBi
AT

1.3.1.4  EIE XS O BT S [EE b
K10 g ARHEREE 10 g 7 HORS 2.5 mL ZE 3083 300 g, 2%
ZEXG B WU INE 43 5 2 20 .25 30 .35 .40 g XTAh h
JoT S
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Table 1  Factors and levels of response surface experiment
SES
op AEXB BiGH CHBEE D&M
wE A AR 7
(g) (g) A re s (g)
-1 250 25 2:3 25
0 300 30 1:1 30
350 35 3:2 35

1.4 S+ REERSNE
1.4.1 EREIFEMHE S IE(GB7100-2015 ¥ F)

Vol.40,N0.21,2019
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Table 2  Evaluation criteria of dragon taro grain biscuits
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SRR 3RS 15220
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(20 43) B5 i )
AR e 8, T 06
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it B3 5], F G 15~20
(2/0‘ ey R R 10~14
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. BRET, & oA Sk bRk, JE S 28~35
S R N S
WA T EEELER 0~16
HAT ARG s 2 LB AR, 1115
Gh AT KAL
(15 71) TR TR 225 ¥ A T A 6~10
J2 TR AN 0-~5
EApit T2 6~10
(10 43) RS 0~5

1.42  WAHFRIFEFYUET B AME SR B S0
IR 2EBF YT R B | nE 0 AN e, RSk
P/36R, M A BE 2.0 mm/s (M A 3 1.0 mm/'s
FMRJE S 1.0 mm/s, FR45 e 60% , T 3 YRHL
S
1.43 BHFRE[YVETEZME  BORE S B0 0
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Table 3 Effect of different amounts of taro powder on taro grain biscuits quality

e 3] Ay = % a=ena
**ﬁf”i BEIE () Wtk (e-s) LR () — %ﬁ X we
200 1107.76 £91.32°  665.34 £51.39° 178631 £52.64"  14.03 £0.09°  29.67 +0.18° 5353 £027" 7523 +3.65"
250 1257.53 £79.53° 68570 +62.83*  1663.78 £38.21" 1564 £0.03°  30.18 £0.15°  57.26 +0.18" 7721 +7.83°
300 1328.27 £96.48° 112034 £3827" 134821 £51.27° 16,65 £0.06°  30.64 £+0.09° 6266 +0.71> 8579 335"
350 1531.15 £ 104.37>  976.85 £74.07"  1302.96 +64.92°  17.89 £0.07°  31.13%0.12° 5879 £+0.08"  78.98 +3.27°
400 1786.63 +101.26™ 784.32 +71.23*"  1254.86 +23.87*  17.50 £0.09° 31.96 £0.09*°  57.68 +0.23"  70.67 +6.41°
: FFE EAR AR R TR 227 B3 (P <0.05) , % 4~3%6 [f,
F 4 ORF AR I XY S B R
Table 4  Effect of different amounts of butter on taro grain biscuits quality
IR ity faF B PES
(2) #E (g) Wtk (g+s) MHIEE (g) a* b* L* (5)
20 611.23 £44.23"  568.39 £51.37° 1154.81 +24.87™  11.03 £0.09° 2776 £0.18" 5253 027" 6553 +3.65
25 73945 £96.28" 62174 £52.86"  1563.72 £3821"  14.64 +0.03°  30.83 +0.15° 5226 +0.18" 7823 +7.83°
30 1107.32 £89.82°  724.39 +71.23" 168632 £52.65"  15.66 £0.06°  33.46 £0.09°  64.66 +0.71°  82.77 +3.35"
35 1247.06 £79.10°  986.82 +74.07" 124827 £151.67° 16,85 £0.07° 3531 +0.12> 5779 £0.08"  80.92 +3.27"
40 1698.31 £97.10°  1041.36 +83.25" 1202.91 £164.93° 1652 £0.09°  39.69 +0.09" 5568 +0.23" 7547 +6.41°

AL, AE S AN I 200 g HEIER 400 g, Pt B2 3
i, Wt e b TS TR R, NELEE MR S BT B A, G mT
AE 4 DR 9= Sk vh SCEE R 52 PRI K RS 3] == [R] 5T
VEFH 25 A SR S0 0 s B 5 S Ry R in B 1 8 K,
Ta” o7, LT B BT E TR S, UL
ST AT 5 1 L IS s 254 B i > 300 ¢
i, e 22 ) o+ 00 IR P fe e, O 85.79 g
WA A TR AN B R, I LA B e
GBI s Ik Nt 22, O R NE, AN SRk, X AT
AEJ 1 Sob BE A 1% ek vy, 2 T 52 W 1 g 2 e 1 | 59
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i h B U IR
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WA YU HE AR PR 22 B BT, AN EAS 23 52 0 AT R
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B PRI vt TSR p I R B RSN
RSN, F T B A2 R NEL R BGOSR RE SR B B S
AR ACATE P IR i) T 55 2 PR TR i, A S #4) 11 Jied i 5
a’ b"HMILT BTV, T RESE SE T8 S N B9 45 2R 5 B
D55 AR T 5 I L A5 1 485 DK, R B AR A5 1 DR T R
B E e BRI RR AR fe . AR DA B 2RSS
B, L0 ACORE B2 A8 0 ) 1 1 C R Wl s i
10 g ABEEEAS NG 10 g Z247) NHL,

2,14 EBESIEXYEE SRR KR 6 nlLL
F b, BEAE S S b Tl e, A RE T E R AR, B
PEAF R s e B = A W OF T ICE V2R S BT R e
TR, A Z SR BT, UF T TR 2SOk O 58 R
I B A m AL, AR I 1 I 2 i 8, 3R
BN 30 g B B VR OME AR ik 83.67 3. A
I, FEEASINELLL 30 g Ze A N L.

22 MmEEIREERST
22,1 WS IATIRERAE R R T DR SR 4 R AR

& Box—Benhnken H1.002H 5163 T 4 KIZ 3 /KSR
D T I , S T SEAR PR 1 B R K3, 52
BaE R IR T,

i | Design— Expert 8.0.6 {4 X138 7 L 56 8 Pa
AT ZIC AU, 45 256 X 7 X ECE 3745 AT 4

RS NE ERPBEAREBE AN LA R 5T ) 82
Table 5 Effect of different amounts of sugar and xylitol on taro grain biscuits quality
D B A it} [uRES R T4y
e CIELES) Mtk (g-s) MHIEHE (g) a® b* L* (43)
3:7 67226 £44.23"  1142.36 £83.25" 1254.81 +32.87" 14.03 £0.09* 24.26 +0.18" 51.43 +0.27" 63.53 £3.65*
2:3 74631 £96.28"  987.84 +74.07" 1102.93 +144.95°  14.64 £0.03" 31.84 £0.15* 53.75 +0.18" 72.28 +7.83*"
1:1 111845 +61.84° 74428 £+71.23*" 124827 +151.67°  16.66 +0.06° 32.47 £0.09* 55.63 +0.23" 82.67 +3.35"
3:2 1247.32 £79.13¢  625.78 £52.86*  1663.75 +37.22" 16.85 £0.07° 37.80 £0.12" 57.29 £0.08" 81.51 £3.27°
7:3 1798.18 +74.10°  583.51 +51.37"  1786.34 +32.69" 16.52 £0.09¢ 39.83 +0.09" 68.60 £0.71*" 81.77 641"
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Table 6 Effect of different yolk on taro grain biscuits quality

Gegigl )=y it} % R VAT
(g) CELE) Mtk (g-s) NELIE (g) a” b* L* (73)
20 1798.28 +75.10*  583.51 +£51.37*¢ 1786.34 +32.69" 18.81 £0.07° 24.26 +0.18° 51.43 £0.27" 60.53 £3.65*
25 1248.25 £69.13°  625.78 +52.86*  1663.75 +37.22" 16.57 +0.09°¢ 31.84 £0.15* 53.75 £0.18" 70.28 +7.83°
30 1117.63 £21.84° 74428 +71.23*" 125481 +132.87"  15.63 +0.06° 32.47 £0.09° 55.63 +0.23" 83.67 +3.35"
35 746.38 +96.28" 987.84 +74.07"  1248.27 +151.67¢ 11.67 £0.03° 37.80 £0.12" 57.29 +0.08" 75.51 £3.27%
40 602.52 +44.23"  1142.36 £83.25" 1102.93 +144.95°  11.03 +0.09* 39.83 £0.09" 69.65 £0.71° 70.77 +6.41°

# 7 Box-Benhnken 25651511 5 45

Table 7 Design and results of Box—Benhnken experiment

oA BB Y
PN oass A B C D 4
1 1 0 0 1 83.6
2 -1 0 0 79.7
3 -1 0 -1 0 76.9
4 1 0 0 -1 82.7
5 0 1 1 0 87.2
6 0 0 0 0 89.2
7 1 1 0 0 82.1
8 0 -1 -1 0 81.2
9 -1 0 0 1 79.5
10 -1 0 0 -1 71.3
11 1 -1 0 0 80.6
12 0 -1 1 0 81.3
13 0 0 1 -1 85.7
14 0 0 -1 -1 81.3
15 0 0 0 0 89.1
16 -1 1 0 0 78.2
17 1 0 1 0 85.4
18 0 0 1 1 87.6
19 -1 -1 0 0 71.8
20 0 0 0 0 89.0
21 0 0 -1 1 87.3
22 0 0 0 0 89.0
23 1 0 -1 0 86.8
24 0 1 -1 0 85.7
25 0 -1 0 -1 71.8
26 0 0 0 0 88.2
27 0 -1 0 1 82.1
28 0 1 0 -1 83.2
29 0 1 0 1 80.4

T ERERR . BUE PS> Y =88.90 +3.65A +2.33B +
0.64C + 2.04D—-1.23AB-1.05AC - 1.83AD + 0.35BC —
3.27BD-1.03CD-6.02A* —5.14B%> —0.080C* —-3.78D",
TZEEANTEERILEK 8, N 8 /R, FIHA
78.52,P {H <0.0001 , L/RIZER AW B ZF M. K
I F A& A 5.54, H P {8k 0.0566 > 0.05 , B[1 2 $) 351
2SN 2 B )Ty R X S LA . TR
IR =0.9874 R}, =0.9748 , Ui W A5 11 5 52 bR 52 46
W&, AT AT T 3 AT R T 2 Sk e A 2 A5 1 DF
THVRE VRS B FAEIKR/NATA, 25 B8 28 X mi o {8

FA B MR B 55 00 S« 2 SR IO 2 > el s g >
FEEINE > APV LB, A .B.D AD BD,
A? B® D’ XHEFME R B3 (P <0.01) ,C AB,
CD \AC XHEARMEIFZI B3 (P <0.05) .
222 WANIAEEAER AT S EL T AEHLS
DLIE 1 (a~f) o AFE 8 I la LI H, M A BEAR
PR 0 LU 9 0 2 0 34 S 22 A, 3 Sk N B T R
W Z A2 BEAE A — ) wErE, M3k
BB RS B AR ZE N, B HEESY TR EE
PEABE T B I S B B THE R N R R, B A
LR AR EE AT LU, =SB B B X B S A Y
o R P = 5 9B = i = - 8

M 8 FE 1b 0] LA H, 243 By Fn & 3 a3 hn
M S, RSB AR B AR B8 D 2 Sk R
INEWE Z A BAEAE — & mErE. M3 k6
ANyl |REE Nl ) i e S /K el N A S S il e 14
A B SN E A B B8 I B 0 . 24 RSB ACRE B
A0 LB i B — 2 AR, BB TSR A T 4%
21 PR AR B S0 BB S AR B, B8 2 S R S
BRI, BB VR 2 e B TR TR, [FAT,
P 45 ry R B 2% R BE TT LA AT, 2 SR B i i X e
XY ECE P43 1 5 1 58 F R AR B S 0 b
AT NN

FH 32 8 FIE 1c 1, 24 (R0 A Bl B2 S i Bk 451]
FIEE Y80 R ¥4 SRy 2 AR AR B RN S B s i
FHZ ML HEHAE —E N RFE ML
RAFET, A 245 W) OF T B0 BB PE 43 [ 25 B 4G i &
WS ETHE TR MR NI B AR, B
PEABEE SR A0 2 00 B B 85 B TS B8 R %
FEaSA . [RIA, Hh A5 e 2R R A R B T AR, S iy
WIS R ES YT BB VE5 0 52 W 4 28 85
n e B L i R

M8 FE 1d Al LG H , 22 B3 BC A2 B AR
FAXT B =AY 0TS PR S R

M 8 FIE 1e 0] LIFE H, 24 R0 HE A BE B 48
EU BRI 2SI 83 8 B ¥4 SR 2 A RS, 2R R B Il S i
EHWHZ R HAEAAE — S/ B3 MR
AN, e 2 A YO S 1 BB 1T 4y b AR B
PRSI B e BT S T B a3, (H 24 3 s i &
N E]— E (B, BB T B AR R B AN M AR B
BN ARAE B, B E PV 43 2 P T 38 i 2 00 18 i S
TR TR, [RIRT, DA S i R i R AT LA T,
IR F SO T BRE PR R m ok T &
HA IR S0 .

M 8 FIE Lf 0] LLFE Y, 24 235 S A0 A v s i
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Table 8 Results of ANOVA of response surface experiment
T7 2K 7 A F 75 F g P{H(P>F)
i 749.30 14 53.52 78.52 <0.0001
A 159.87 1 159.87 234.54 <0.0001
B 65.33 1 65.33 95.85 <0.0001
C 4.94 1 4.94 7.25 0.0175
D 50.02 1 50.02 73.38 <0.0001
AB 6.00 1 6.00 8.81 0.0102
AC 4.41 1 441 6.47 0.0234
AD 13.32 1 13.32 19.54 <0.0001
BC 0.49 1 0.49 0.72 0.4108
BD 42.90 1 42.90 62.94 <0.0001
CDh 4.20 1 4.20 6.17 0.0263
A? 234.89 1 234.89 344.60 <0.0001
B’ 171.55 1 171.55 251.67 <0.0001
c? 0.04 1 0.04 0.06 0.8083
D’ 92.69 1 92.69 135.98 <0.0001
Hhs 9.54 14 0.68
L8 8.90 10 0.89 5.54 0.0566
ARz 0.64 4 0.16
S 758.84 28
i 22 0.83 R =0.9874
R}, =0.9748

Pred R* =0.9311

Adeq Precision

30.935

EEI AT, I RPE AR B ES N b R A S N &
Wi Z RIS BAE A —E . 24 AR
BTSN FE A AS AR B, e B 2 4 M OF T i IR PE 4 e
AN R B B TS N RS M E
E RN B B, BB T B AR i I B A /N s 24 R
BRI AN AR B, 8 1R B AR B AS i L 5 08 18
BB PEAT SR I A A, 2 bR AR B S n Eb 45
Hms]|— B, BRI A ks TR g, [T,
FH A5 i 2R B 2 R R AT DA A DT, RS N e 6 e A
AW IBCE PE 50 I 52 W 458 P APE AR B S N B A51)
PRSI R

223 GRUESCE: MR HE Box— Benhnken SZEG R4S 1
AR L5 R A0 BT #2 , f# ] Design—Expert.8.0.6 3 {7}
A IR, T LASRAS — 2 e 2E R YT i R B Ty -
BRI 300.54 g B A N 30.06 g RV
AEBEGS N LR 12 1.02 (3 20.20 ¢) AEE B INEE
30.07 g, ML A IR B R FESWIET 1 ERCE VP
Sy TINAEL A 90.63 . A B TE M 8 T 92 4 T A7, SR A
IR AR A S AT R A U B B R S
5, JfaE At 3 AT SR, RS YO T N EBCE T
4343514 90.40 90.70 90.10 , - H BB PE4 A 90.40
SIS EAE IR 25 R 0.25% , 3% B %R B 44 B
i, B I HMME

23 EEFAUHTHF R

23.1 JREFHE MBS, B A R
BICEE, A UARE S R, Wi &5 W16 20 UF TR m
To R
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Table 9  The physical and chemical indicators of

dragon taro grain biscuits

i H FEPRER 72 25 R
KAy <6.5% 6.32%
o (LABE A1) <5 mg KOH/g  2.57 mg KOH/g

A (LEIIT) <025 mg KOH/g  0.19 mg KOH/g

R AR AR TE B AR GB7100-2015 T2
JL R =2 P, IR o S AR P i o
233 EFERYIESAT t 2 10 mAEL, w16
oA S o IR B A5 4 1) & R X R Y 2.9 £i5, OBk
FORG W B S e PR T X AR

R0 HFERYUETEITY BT

Table 10 The nutrient indicators of dragon taro grain biscuits

WEmH Pl smia (k) RFEF0F TR
st 5.05 g/100 g 4.14 ¢/100 g
el 28.12 2/100 g 17.65 ¢/100 g

it B 21 4 0.10 mg/100 g 0.29 mg/100 g

3 Hit

DLty VAR B A B il o S 2 EORE, SR BRI
FE WY TT 2% , 30 S B DR 2R S 6 A e 0L T SR ST T
S B L RSP AR B IS EE A X B S 0
B2, 7453 B R AR B TT 0 - Sk By i EE 300.54 ¢ 35
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Fig.1 Response surface map of interaction of various factors
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