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Optimization of aluminum-free process for sweet potato powder producing
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Abstract: The sweet potato starch was modified by isoamylase,
and the natural polysaccharide was used instead of alum as
additive to study the process of making sweet potato powder
without alum. Moreover, several key factors including water
quantity, heating temperature, polysaccharide addition amount
and aging time were optimized. The effects of different conditions
on the properties of sweet potato starch were examined by using
gelatinization characteristic value, gel properties, cooking proper-
ties, shear force, breaking rate and tensile force of sweet potato
starch as indexes. The results showed that isoamylase could in-
crease amylose content and enhance starch gel properties, and
guar gum could effectively replace alum and improve the quality
of sweet potato powder. The order of the influence of each factor
on the index was as follows. From high to low, they were water

addition, heating temperature, aging time, and addition amount
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of guar bean gum. The optimal process combination was found to
be adding 80% water and 0.3% guar bean gum, heating at 90 °C ,
and aging for 10 h.
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Table 2 Effect of different water quantity on

starch paste state

ke, FiE/ NEJT/
. ' BRI
% (Pa«s) Pa
) ARFETH L Bk 25 A # 0 VE M
60 3.86% 9.27%
ELR W N R 3
B L i I eI R et T SR 14
70 1.85P 38.64¢
s e, 5 o B b
i ) A B IS, U Bl M AT, T
80 1.77¢ 35.504
e, G hitk
) R WS M AR 5
90 0.864 5.17¢
ek
o OWARAR, WA R L A Y
100 0.16¢ 1.13%
eIk

35.0r
°
18 Z 32.50
b1 2
2 £30.08
H e
# z
H<075¢
M2
25.0+
22.5 1 1 1 1 1 1 1 J
0 40 80 120 160 200 240
TS o ik
Enzyme content/(U * g ™)
Bl FRHBM N ALAERSSZHH
Figure 1  Effect of different enzyme quantity on
amylose content
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Table 1 Effects of different enzymes on the properties
of starch gel
Fs N/ R/ MR/ RHEME/ MR/
e
(Ueg™ b N mm N m]
0 27.82¢ 0.38% 1.45% 13.67 22.64*
40 31.64° 0.41 1.43* 14.25% 28.72°
80 33.85¢ 0.43" 1.53" 14.82" 30.48¢
120 34.814 0.48¢ 1.66¢ 16.71¢ 34.824
160 37.95¢ 0.51¢ 1.744 17.924 38.95¢
200 38.32f 0.534 1.784 17,994 39.04¢
240 38.51f 0.534 1.73¢d 18,144 39.01¢

T FREAR TR R 28 5 3 (P<C0.05)

T FRARR RN 2 57 % (P<0.05) .
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Table 3 Effect of different water addition on the charac-

teristic value of starch gelatinization

JK R/ AR AERE/ RAFRE/ B/ A/
% (Pass) (Pass) (Pa+s) (Pass) (Pa-ss)
60 985.64*  674.10"  886.48"  827.66° 305.02°
70 1085.61°  730.65% 1 174.07" 672.06> 342.02°
80 1120.52¢  825.33° 1323.52°¢ 732.52¢ 287.10°
90 986.75¢  719.01* 1 056.259 542,914 251,684

100 874,914 577.349  864.22°  657.20° 294.60°

T PR R 257 B (P<0.05),
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Table 4 Effect of different temperature on gel

properties of sweet potato starch

WAL/ WEEE/ Wb/ MR/ W/
. AR
C N mm N m)J
60 27.68% 0.38* 1.62¢ 14.85° 28.06°
70 35.70° 0.52" 1.75° 18.77¢ 32.45°
80 39.14¢ 0.58¢ 1.74° 22.644 36.82¢
90 30.75% 0.434 1.28¢ 14.90° 20.444

100 28.19® 0.36¢ 1.01® 11.26° 18.62¢

T FREAR TR R 28 5 3 (P<C0.05)
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Table 5 Effects of different polysaccharides on the properties of sweet potato powder
LU Wi/ % /N TYIRER/ % HEEBMER/ WAR/K Rl /N
2= H 0.0 4.26 74.92 9.97 31.05 0.51
0.1 4.98P 72.86% 6.05% 24.62% 0.55%
0.2 5.66% 73.68% 5.37° 18.75" 0.62"
HH iR 0.3 6.43¢ 78.82" 5.82¢ 15.34¢ 0.67¢
0.4 5.58% 75.50% 6.734 20.564 0.56%
0.5 4,494 77.63" 6.58¢ 23.25¢ 0.52%
0.1 4,422 69.75% 7.55% 30.67% 0.55°¢
0.2 4.83b 77.42° 6.88" 23.75° 0.594
R 0.3 5.58¢ 74.89%¢ 6.04¢ 25.25¢ 0.48¢
0.4 5.224 70.96% 5.254 26.34¢ 0.53b¢
0.5 4.06¢ 72.64¢ 8.91¢ 28.00¢ 0.49%
0.1 5.54% 71.65% 5.96% 28.35% 0.54b¢
0.2 7.590 78.50" 3.720 17.66" 0.59¢4
JVR 5B 0.3 6.59¢ 76.41° 4.54¢ 22.58¢ 0.62¢
0.4 6.12¢ 71.042 6.48¢ 27.384 0.53%
0.5 5.55% 77.53P 6.06¢ 26.044 0.48%
0.1 4.62% 69.76% 5.59¢ 23.247 0.52%
0.2 5.71P 75.82 5.96" 19.50¢ 0.56"
R 0.3 6.58¢ 74.75" 5.01¢ 25.42° 0.66¢
0.4 5.524 77.24"¢ 6.844 26.05° 0.62¢
0.5 5.72b 79.84¢ 7.62¢ 28.254 0.51*
T PR RN 25 B3 (P<0.05),
6.5 1.451
6.0 £ 140F
#Z
= L
5.5F = ?- 1.35
5.0F 1.30F
4573 6 8 10 12 14 W25 =% % % 10 12 14
AT IR AT IR
Aging time/h Aging time/h
. (a) BIYUIT) B (b) Ffpk
’ 0.54F
361 0.52f
Z
34t T 0.50"
Rz
'z 0.46F
30} £
£ 0.44F
28r 0.42}
2 6 8 10 12 14 0.40 2 4 8 10 12 14
AL IR AL IR
Aging time/h Aging time/h
(c) Wik (d) Fifi
B 2 ZACE R A SR 6 F R

Figure 2 Effect of different aging time on sample properties

193



194

F % Bz DEVELOPMENT &. APPLICATION

W . MBAGE D 8~12 h i, £f 5 A B B0 J7 sk L

B 226 8 | 2020 £ 8 A | RS

®6 BEFRKFR

TR W RN, R 8~12 h WA EH LKA EM Table 6 Level of factors for orthogonal test
B, AMKRE/ BN CUKEE D Efnf
2.6 Exl Ly gSC WME/Y R/
R 5 IR 3R 0 A 45 2R L 3 6 K o= OB Ak TR BE L IRR ] 70 70 0.2 3
TS I LS AR R R IR R DAL B ) L 5 %0 %0 03 10
PE W AR S R A ) S A AR #E AT IE S8R, B R KT
W 6, KL R R S BT R Fe 7. M v o -
R7T ExRBEHESSRSH
Table 7 Quality analysis of orthogonal test samples
K555 A B C D Sy Ji/N it/ mm Wi %%/ % Fofh Ji/N TELIT 73
1 1 1 1 1 6.122 1.66¢ 22.33% 0.42b¢ 70.05
2 1 2 2 2 6.34" 1.53b¢ 26.46" 0.484 68.35
3 1 3 3 3 6.71¢ 1.56¢ 20,754 0.44¢4 72.59
4 2 1 2 3 7.464 1.78f 18.43¢ 0.58¢# 84.33
5 2 2 3 1 6.38" 1.624% 20.854 0.53! 75.87
6 2 3 1 2 7.63¢ 1.66¢ 15.96¢ 0.60# 86.33
7 3 1 3 2 6.661 1.54be 27.041 0.45¢ 67.57
8 3 2 1 3 5.34¢# 1.41# 25.58¢# 0.37% 57.60
9 3 3 2 1 5.92h 1.48® 24,33" 0.39% 64.56
S k0 7033 73.98 7132 7006
o k2 82.17 67.27 72.41 74.08
¥ ks 63.24 74.49 72.01 71.51
o R 18.93 7.22 1.09 3.92

T FEEANR R 2 57 B (P<0.05),

B2 7 AT 6 S AR BT Y0 ) SR ) Rk 43 )
N 7.63,0.60 N, KA B AK, Ky 15.96 %6 54 5 B i ) 3L
KR L8 N7 S HE W 4 R B i . O 27.04% ;8 S HE
wi BT ) Jy SBE S A Iy B AL 43 0 5.34 N, 1.41 mm,
0.37 N AR AR 22 434 45 5 0] A1, 2% TR 3R 0] 48 7 52 ) /)N
BT A o 7K = 0 B B > S A s 1) > IR S5 AR
ORI A AN AB Co Dy BN K & 80% . Jin $4 i E
90 CJK/RE LI 0.3% & ALHT A 10 h,

2SI A A A B C D A HE IE R I
Gl e T x A RAFATHUE. BIESL L (0 =3) T34
ST Sy 7.82 NL#RPES 1.74 mm, K45 Ky 14.89% .
LR JI 2 0.57 NLMALPE 432 88.79, 4k T 1E A8 il B ik it
WAL EAS . TROE ABCD RS/ T,
3 g5

T b S U R R 1B U M A R R SR 2 WA S L
R B T R LB I TIE L2, S5RERW, I
FETC A B2 S04 4 2 SR ok 4 80 %6 L #RGi 90 °C |
JIR SRR 0.3% AL E] 10 h. MRt RE 5 59 87 6 F
S 7.82 N, Pk 1.74 mm, B 45K K 14.89% , fifh J1 ly
0.57 NLJIALPE > by 88.79, JESEw] ik —2b XF 2 Fh KoKk 2 4k
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