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Abstract; In order to optimize the quality of vermicelli of purple
potato starch, the formula of five kinds of starch from purple po-
tato, sweet potato, tapioca, potato and purple potato residue
powder, were investigated with the D-optimal mixture design.
The principal component analysis and  dimensionless
normalization method were used to comprehensively assess the
quality of vermicelli from purple potato starch. During the

mixture design experiment, the linear regression models were

built based on the response values of the three synthesis scores of
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the texture characteristics (T7), cooking characteristics (T5) and
sensory characteristics (T3). The results indicated that the effects of
the five components and their interactions on the texture
characteristics (T1) and sensory characteristics (T3) were significant
(R?=0.921 1,P<C0.001; R?=0.883 8,P=0.005 3). According to
the relative results of indicators correlation analysis and the
model fitting, T'; and T3 values were selected as the optimal indi-
ces of the mixture design. The final optimized formula was found
to contain the different kinds of starch with 35.0% from purple
potato, 15.0% from sweet potato, 18.5% from tapioca, 9.5%
from potato, and 22.0% from purple potato residue powder. This
new vermicelli of purple sweet potato tasted smooth with bright
color. The research provided a technology support for the pro-
cessing new type of purple potato vermicelli.

vermicelli; mixing design;
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Table 1 The mixture design of optimal on raw material
proportions

. ASHE  Ba¥  CA¥E DOKE ERHE
I 7 S 2 S S S
1 0.301 0.261 0.167 0.051 0.220
2 0.326 0.289 0.195 0.050 0.140
3 0.286 0.350 0.147 0.069 0.148
4 0.314 0.346 0.100 0.100 0.140
5 0.250 0.350 0.100 0.089 0.211
6 0.350 0.150 0.200 0.100 0.200
7 0.325 0.284 0.111 0.061 0.220
8 0.284 0.280 0.154 0.100 0.182
9 0.284 0.280 0.154 0.100 0.182
10 0.335 0.237 0.113 0.095 0.220
11 0.309 0.236 0.200 0.075 0.180
12 0.350 0.193 0.177 0.061 0.220
13 0.350 0.293 0.117 0.100 0.140
14 0.286 0.350 0.147 0.069 0.148
15 0.250 0.321 0.187 0.050 0.192
16 0.350 0.196 0.200 0.100 0.154
17 0.335 0.238 0.150 0.091 0.187
18 0.309 0.236 0.200 0.075 0.180
19 0.250 0.315 0.200 0.095 0.140
20 0.265 0.222 0.199 0.094 0.220
21 0.335 0.237 0.113 0.095 0.220
22 0.350 0.254 0.164 0.089 0.143
23 0.289 0.340 0.101 0.050 0.220
24 0.265 0.222 0.199 0.094 0.220
25 0.350 0.316 0.100 0.058 0.177
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Table 3 The eigenvalues and cumulative percentage of correlation matrix
WAy RREME TTEREE O MHWEE SRS Bk Wk RCEME RIfpsREE SYYINC HEJ)
1 4.077 50.965 0.935 0.904 0.900 0.772 0.719 0.594 —0.096 0.345
2 1.463 18.292 0.056 —0.189 0.167 —0.364 —0.120 0.462 0.919 0.436
3 0.985 12.312 —0.080 —0.168 —0.291 0.359 0.232 —0.361 0.020 0.754
4 0.752 9.402 —0.275 —0.279 —0.203 0.107 0.585 0.429 —0.008 —0.195
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Table 4 Comprehensive value of textural ,Cooking and sensory properties
RN Fy F; F3 F, Z Z, Z; G G, Gy Gy T, T, Ts
1 —0.585 —1.702  0.682 —0.206 —0.771 —0.349 —1.894 17.92 15.73 19.58  20.19 —0.545 2.316 73.42
2 —0.203 —0.461 0.397  0.244 —0.771 —0.316 —0.801 16.35 15.73 18.89 18.66 —0.116 1.256 69.63
3 1.159  0.246 —0.293 —0.301 —0.083 1.925 —1.154 18.07 17.31 20.61 22.43  0.571 3.162 78.42
4 —0.126 —1.523 0.892 0.320 —0.771 0.787 —0.386 16.15 16.98 19.44  20.10 —0.203 1.945 72.67
5 —1.203  0.175 —0.615 1.198 —0.771 —0.030 —1.094 17.40 16.67 21.25  22.13 —0.544 1.835 77.45
6 22.440 —0.618  0.906 —2.197 —0.083 —0.561 —1.744 19.90 16.46 22.22  22.13 1.036 1.265  80.71
7 1.107 1.109 —1.180 —0.039 —0.083 0.918  0.476 19.48 17.40 20.14 19.63  0.618  0.525 76.65
8 —0.348 —0.272  0.326 1.010 —0.083 1.219 1.330 17.50 16.98 19.31 19.68 —0.092 —0.029 73.47
9 —0.315 —0.254 0.271 0.987 —0.083 1.207 1.329 16.46 17.92 19.58 19.21 —0.081 —0.040 73.17
10 0.606 —0.667 —0.758  0.641 —0.771 0.212 1.144  20.01 17.92 20.56  21.20  0.154 —0.161 79.69
11 —1.951 —0.076 0.028 —2.394 0.606 —1.816 —1.065 19.87 15.31 20.51 19.03 —1.230 —1.357 74.72
12 —0.589 —0.618 0.138 0.434 —0.771 —1.011 0.839 18.44 17.71 19.86  20.97 —0.355 —1.079 76.98
13 —1.157 1.808 —1.077  0.565 2.671 0.066  0.628 18.13 16.77 21.25  21.16 —0.338 —3.230 77.31
14 1.252 0.186 —0.336 —0.456 —0.083 1.925 —1.176 18.13 17.19 20.14 22.04 0.588 3.184 77.50
15 —0.551 0.516 —0.389 —0.158 2.671 —0.973 0.487 20.03 19.17 21.25 22.13 —0.249 —4.132 82.58
16 0.764 —0.659 —0.593  0.436 —0.771 0.672 —0.334 17.40 16.46 19.86  21.76  0.237 1.777 75.48
17 —0.484 —1.236  0.592 1.249 —0.771 —0.436  0.338 18.13 15.73 20.42  20.46 —0.283 —0.003 74.74
18 —1.892 —0.047 0.011 —2.358 0.606 —1.811 —1.034 19.79 16.46 20.69 21.44 —1.193 —1.384 78.38
19 0.491 —0.158 0.213 0.124 —0.083 0.054 0.712 16.15 16.04 20.69 20.51 0.259 —0.575 73.39
20 0.664 1.722 —0.719 —0.264 1.294 —0.549  0.690 20.83 19.17 21.94  21.57 0.540 —2.532  83.51
21 0.423 —0.726 —0.767  0.691 —0.771 0.211 1.122 19.17 16.98 20.03  21.46  0.053 —0.140 77.64
22 0.126 —0.094  0.002  0.199 —0.771 0.728 —0.330 16.35 16.67 19.58  21.11 0.066 1.829 73.71
23 0.028 2.458  3.694 0.688 —0.771 —0.919  0.956 19.58 18.44 20.97 18.98  0.984 —1.104 77.97
24 —0.243  0.892 —1.484 0.011 0.606 —0.495  0.710 19.58 17.50 21.81 21.16 —0.142 —1.811 80.05
25 0.587 —0.001 0.061 —0.425 0.606 —0.661 0.250 17.81 17.50 21.94  20.23  0.266 —1.518 77.48
T Fi Fo Fy JFoar ik B 25 4 36 b5 804 4 T 3R TR 0 4 A £ R85 TN R R R 25 & R SR B 18 005 20 2o Zs 53 B

W 2 LI ik

BT W E LG W

T,=21.276 71A +61.805 81B — 115.628 30C +
511.011 34D+ 182. 330 35E 71. 140 28AB +
108.831 23AC— 662. 189 34AD — 254. 144 07TAE +
109.787 04BC— 865. 897 92BD — 368. 809 42BE —

51.620 22CD—159.922 48CE —744.462 23DE, (6)
X IR BT A I A W B (T3 R AT 5 2545 F 0 Z2 3 [m] 19

A A TS Tk Z W I 5 7 .

T,=445.675 96A +319.274 98B + 424.375 29C —
4652.108 96D+ 227. 533 10E — 994. 398 96AB —
1 764.519 82AC+6 105.813 24AD —1 137.220 24AE —
485.528 47BC + 4 095.239 09BD — 410. 762 59BE +
5 013.617 28CD+198.577 55CE +5 559.488 27DE, (7)

6 XTI C6) HAT T 2/ TR P F =8.33,P<
0.001, {5 I I B HIBR 1 2 5 R LI FF=1.52,P=0.328 5,

EEBVRIAREAR . T WA B R EM R B0 561 G2 (G Gy 23 B D O VRS PRI ANTE AR VLU F

REABE ;e ZE R =0.921 1, Kz 5 BD,
BE TE42 #0450 Rtk b 28 T A B 1R 4L B T B
(B) F 44 2 3¢ B (D) 1 58 BRI A] #3050 Sk 25 1Y

Jﬁ*@%ﬁﬂﬁél%i}f%(kﬂ)%ﬂ%%%ié%(@E@s*c‘tﬂ'pﬁﬁﬂ
RER BRI Em R E R AT E. X7 RB D #

ﬁﬁ%ﬁ:ﬁﬁﬁéﬁﬂ,F:&m,P:o.oos 3 U I LA TR AR
F RPN F {HR 0.96,P fH R 0.518 6, K3 B3 1 E
ZHUR*=0.883 8, Hp AC.DE Z M HAEHAERT
AR B R PR T M B PR A R EE R (A IR
BVER (OB JE F B0 1 T By » 78 R IIE 52 30k 4% 1 b
JOE R 0T 58 S U S 0 A B I B TR R AR

TRE BT, R 3H 5E R (B AR T 5 R A 1 R
EAT 1) T 48 10 55 0 A% A0 Bl B TE RE A £R B A% U

B 2% PR 4R v SR S Y TS 0B 1 TR R 5 R Y R



&M | Vol.35, No.4

B,

g5 b Bk R AR
TR BERI T LT 0 45 3 A 0 i S W 56 5 ) 2%
B BT IR B AR
2.4 EEBMEBEBBEAHRUSRIE

7E Design-Expert 8.0 H, Fi 5 It 1R B} 1% & 45 41 70 1)

Rt 2 255 48 AR . B LA
g o # 5%

EEAE.DEMBHEHTRAERENEEMNRET

AR AL Bl HL 5 SR 25 A OB i H AR E A
WARMENY . BITRGA R EA SR “%ﬁ% 35.0% .
LLEVERT 15.0% A EFER 18.5%0 R HIE K 9.5% (&
kb 22.0% LR A VR BOMME BT 25 45 W B Ty =1.24.
JE LEA SR T, = 83.2, i & Uk 56 B 45 X I {H
(T,=1.2540.26, T, =82.71+1.78) 55 Tl I { #1 I

A B
VBB ZEA R

RO ISIREE RS

Table 5 Correlation analysis of indicators

AH 2 L* i ik MK W7 4% itk A BE4S T B i LI 1
L’ 1.000
T fik 0.386 1.000
HEBR —0.310 0.054 1.000
W7 4 —0.225 —0.300 0.071 1.000
FhiE 0.190 0.601" * 0.258 —0.264 1.000
R —0.102 0.487 " 0.055 —0.406 " 0.720 * 1.000
LS —0.193 —0.070 0.142 —0.130 0.256 0.339 1.000
e B —0.056 0.360 —0.127 0.081 0.464 " 0.604 0.214 1.000
LN —0.192 —0.136 0.182 —0.139 0.141 0.181 0.973* 0.005 1.000
lal & g —0.206 —0.053 0.087 —0.137 0.226 0.356 0.986" * 0.205 0.956 " *
B R g —0.097 —0.130 0.255 0.535** —0.137 —0.305 0.330 0.053 0.358
BL A8 Jig —0.019 0.500 * 0.422* 0.040 0.484 % 0.293 0.197 0.615* * 0.092
HMIE —0.577**  —0.483* 0.074 0.489 * —0.367 —0.201 0.252 0.273 0.214
Rk —0.379 0.067 0.539 * 0.417 0.280 0.022 0.347 0.251 0.319
HYURE —0.328 —0.386 —0.005 0.570**  —0.073 —0.121 0.254 0.355 0.169
Ik —0.009 0.138 —0.243 0.324 0.136 —0.049 —0.188 0.402 " —0.281
R MY —0.460.  —0.248 0.113 0.608* *  —0.047 —0.131 0.221 0.431" 0.141

AR EF=0) /R DA B A 1K1Y HME LN HLURE =y JRH B4y
I
i ik
EEMK
it
P
W45 h
i i
NEL Vg 1
EN=Wi] 1.000
B YIR; ) 0.249 1.000
PL o i 0.159 0.246 1.000
biyiz 0.268 0.244 0.245 1.000
Tk 0.320 0.436 0.486 " 0.415" 1.000
LUK A 0.240 0.407 * 0.281 0.594 " * 0.355 1.000
Ik —0.157 —0.105 0.370 0.264 0.230 0.453 1.000

[=g=Y 0.227 0.316 0.459 0.814" * 0.663 " * 0.798" * 0.653" * 1.000

Tox % R P<0.01 K EARSEYE B *

Fon P<<0.05 /K P FAHSGHE 3.
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Table 6 Variance analysis of textural and sensory properties regress model and factor
A5 S5 - J5 A A ¥ 5 FE P{H
KR pgi] W Bty RE i RE Jrigi] E 5] RE
1Y 7.01 227.13 14 14 0.50 16.22 8.33 5.43 0.000 9* 0.005 3*
LMERG 0.32 74.22 4 4 0.08 18.55 1.32 6.22 0.328 7 0.008 9* ¥
AB 0.10 20.43 1 1 0.10 20.43 1.74 6.84 0.216 2 0.025 8*
AC 0.12 32.73 1 1 0.12 32.73 2.07 10.96 0.180 3 0.007 9* ¥
AD 0.33 28.08 1 1 0.33 28.08 5.50 9.41 0.041 0* 0.011 9*
AE 0.37 7.42 1 1 0.37 7.42 6.18 2.49 0.032 3* 0.145 9
BC 0.25 4.84 1 1 0.25 4.84 4.12 1.62 0.069 9 0.231 8
BD 0.75 16.81 1 1 0.75 16.81 12.52 5.63 0.005 4** 0.039 1*
BE 1.31 1.62 1 1 1.31 1.62 21.84 0.54 0.000 9** 0.477 8
CD 2.47TE—03 23.28 1 1 2.47TE—03 23.28 0.04 7.80 0.843 5 0.019 0~
CE 0.17 0.26 1 1 0.17 0.26 2.79 0.09 0.125 9 0.774 6
DE 0.56 31.42 1 1 0.56 31.42 9.39 10.52 0.012 0 0.008 8* *
""" #% 060 208 10 10 0060 299
EE el 0.36 14.60 5 5 0.073 2.92 1.52 0.96 0.328 5 0.518 6
iR 0.24 15.25 5 5 0.048 3.05
Js¥ill 7.61 256.99 24 24

T % o« FIR P<0.01 /KT LAHSEME R « IR P<C0.05 /K LAHCME 3,

25 BRMETEEHRHMURE

XA AR 1 58 Y A% HEAT OO RAL L B & 4 B
75 °C ¥ 20 min. 3K & # 10 min F1 3k /K 2 H] 20 min
Wk 4. B 1 AT RS 1R 40l i 28 AR AL AR AR
R RR Ay R AR A G BB, HAL R AR R R, W
REJE 28 A L R v B WK SR N ik 2 B 2 9 . A2 7%
AL AR R B 2% 8 I TR S KR Al B P LUK 3% A
Sy 2R OEH BB X 53K 20 min ARy S A B
FB) VA AF AE NI L al & ML B A T AL AR B 2 T

ate: 10 Oct 2010

10 pm- EHT=15.00 kV
ime: 10:27:27

H WD=6.8 mm

(b) 7

Date: 10 Oct 2010
[ime: 10:24:53

B 1

R # 549 SEM B
The SEM photos of different samples

Figure 1
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DLER S Y B TR A R R R D
TE KD by 52 A A% 1 JE AR JEORE , A AS [ JEURE B AN [
I I P P9 52 AR S 7 i TR R i L L R A
¥ . H Design-Expert 8.0 8 it 1 25 41350 41, 3
T H A TS IR GRS AR JRCE T8 AR R A AR R 3R
O3 G3 AT TG A0 b T o A5 AR AR AT SR A PR . A3
JRH R ZR A MR (T FE B LA W (TH R E
FEELE A T (T i i} . 7 Design-Expert 8.0 4
AT LR VA A IR R ST BT, AR B 9 AR O 1 4
BRI B 1 B0 e & e 5 T M T A iR R 4k
Wi SN i 2% O AH 7 B A B T RS I Ol R A
35.0%0 LLHEYERY 15.0% A V8 M 18.5%6 . I 4% 3 vE 4
9.5% M 22.0% . RAKIUEL AP LERS M
B AR U TR R R T B R A O TR . SRR T
HREMANTIR A, F& T REM TR, &
VLT BB T M SE Rl B B R T A R — 2 gk .
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