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Enhancing the Quality of Sweet Potato Powder with Four Polysaccharides

Instead of Alum
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Abstract: Alum in the traditional production of sweet potato powder was replaced by four kinds of natural polysaccharides: Arabic gum,
sodium alginate, xanthan gum, and pectin. By quantifying additive types as the factors and additive dosage levels, the quality of sweet potato
powder was tested by single factor and compound composition experiments. The experiments showed that the four additives had different
effects on sweet potato powder quality. Arabic gum had a great influence on the breaking rate of the sample, and when the addition amount of
Arabic gum was 0.1%, the breaking rate of the sample was the lowest, at 23.51%. Sodium alginate mainly affected the rheological properties of
the sweet potato starch. At an addition level of 0.5%, the corresponding stress, viscosity, and normal stress were 76.97 Pa, 3.85 Pas, and -12.53
Pa, respectively. The effect of xanthan gum on sweet potato powder hardness was great. When the addition level was 0.2%, the hardness reached
18.83 N. Pectin mainly affected sample cohesion and chewiness. When the addition levels were 0.3% and 0.1%, the cohesion and chewiness of
the sample reached 0.70 ratio and 20.51 mJ, respectively. The composite additives consisting of 0.1% arabic gum, 0.4% sodium alginate, 0.4%
xanthan gum, 0.3% pectin, and that containing 0.2% arabic gum, 0.3% sodium alginate, 0.4% xanthan gum, and 0.1% pectin significantly
improved the sweet potato powder properties and quality. The tensile forces of the samples were 0.60 N and 0.62 N, respectively, and the
breaking rates were 23.25% and 24.66%, respectively. This result shows that the harmful substance alum that is used in the production of sweet
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potato powder can be effectively replaced by the method of compounding natural polysaccharides.
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Table 1 Single-factor experiment table

K A%
A FTEAIR Y B RN % C HRIR/ % D RJ&/%
1 0.1 0.1 0.1 0.1
2 0.2 0.2 0.2 0.2
3 0.3 0.3 0.3 0.3
4 0.4 0.4 0.4 0.4
5 0.5 0.5 0.5 0.5
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Table 2 Effect of different additives on the starch properties

FAaF AP R BIE/% JL 71/Pa %5/%/(Pa-s) 1] FL 7] /Pa
4= 0 0.19+0.01 0.0120.01 -90.52+5.62
0.1 0.74+0.05" 0.03+0.01° -71.6146.83
02 1.53+0.08" 0.07+0.03° -66.71+3.22°
[GEEREY 03 4.53+0.24° 0.2240.01° -66.30:£5.43"
0.4 7.35+0.71¢ 0.36:0.02¢ -56.30+4.81°
0.5 14.32+0.91° 0.7120.02¢ -54.60+3.25
0.1 1.150.19* 0.06+0.01° -44.36:+4.94*
0.2 2.17+0.16° 0.11+0.01° -55.67+4.37°
R B AN 0.3 23.64+2.36° 1.18+0.06 -30.7442.15°
0.4 35.50+2.97 1.77£0.12° -33.48+2.33¢
0.5 76.97+5.98° 3.85+0.28° -12.53+0.87°
0.1 1.91+0.17° 0.09+0.01° -59.49+5.62°
0.2 2.03+0.14° 0.10+0.01° -60.12+45.14
H IR 0.3 15.2742.33° 0.76+0.03° 21.49+1.89°
0.4 18.37+1.67° 0.92:0.08° -42.92+1.65°
0.5 26.89+2.38¢ 1.34+0.12¢ -14.35+1.02¢
0.1 2.74+0.21° 0.140.02° -37.5243.23°
0.2 16.63+1.33° 0.83+0.06° 20.71+1.88°
IR 0.3 11.87+1.02¢ 0.59+0.04° -32.7442 44°
0.4 17.35+0.99° 0.876+0.07° -15.49+0.09¢
0.5 27.08+1.32¢ 1.35+0.09¢ -3.59+0.29°

E: ARAFIE S F AR FEEATEAMEE (p<0.05).
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Table 3 Correlation coefficient between the characteristics of sweet potato starch and the properties of sweet potato powder

BE/N 5 /mm FEAb AN W45 /% AIKE %
L 71/Pa 0.61" 0.66”" 0.61" -0.51" 0.54"
F5%/(Pass) 0.72" 0.59" 0.71" -0.54 0.61"
€ L A /Pa 0.58" 0.53" 0.58" -0.48 0.31
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Hedr . RIESR T, AZRHIRI). FE
R ] B A R SN IR R IEARSE, AR
BRTUERT AR TE BRI R, I INEIAE] 0.5%
BF, BRSO 7 B LA R 340 508 76.97 Pa
3.85 Pas DL -12.53 Pa, 2 m T HE 5 o
(p<0.05); BT h AP AT St A AR PR AR XS SR/,
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X, PRETEARIEEMIER: MNnE RN, 25
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CLEER BRI R PR MR, 3 SRS I &N 0.2%-
0.3%- 0.4%FF, FEAIORERE . REFHE. PISRME. FRPE.
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ISR i PRI PR PR D FR TR s SR 3 2 A ot T A
RvE. MHEE, UERRIBINERN 0.1%0), 2L
TR RGBS RORGTE. PHIE R BB E, 25
17.43 N, 0.09 mJ. 10.87 N, 20.51 mJ, S5HEEINK

PAFAE R 22 57 (p<0.05), 24U INZKTF-R 0.2%F1 0.3%
B, BRSO PR IMEA R KE, 435008 1.87 mm
F10.7 Ratioo MR IIKTH 0.1%. 0.2%F1 0.3%
B, ZERRE S I S R 1 o B R 3 s

R4 TEIRINFIRE R TPA L36
Table 4 Single-factor TPA test for different additives

F ) THE% BE/N RHAE/mMI AR/ Ratio 54 /mm JR BN b /m]
x 0 12.20+1.28 0.035+0.01 0.48+0.02 1.03+0.07 8.70+0.72 11.65+0.82
0.1 17.53£1.22®  0.09+0.01® 0.55+0.03" 1.6740.11° 9.67+0.64° 16.14+1.33°
0.2 18.70+1.04° 0.11+0.01° 0.55+0.03° 1.94+0.16" 10.13+1.76" 16.82+1.28
[GESZ 12N 0.3 17.10£1.64° 0.11£0.01° 0.60£0.05™ 1.84+0.21% 10.23+0.94° 18.87+0.95°
0.4 14.97+0.86° 0.06+0.01° 0.62+0.03° 1.62+0.09* 9.3(.88" 18.1+0.76
0.5 15.57+0.92¢ 0.05+0.01° 0.60+0.01™ 1.66+0.14% 9.43+0.43 16.2242.42°
0.1 15.97+0.98° 0.02+0.01° 0.63+0.07* 1.50+0.22° 10.13+1.83*  19.08+2.01®
0.2 15.97+1.31° 0.05+0.01° 0.64+0.04 1.91+0.17° 1023£1.01*  19.48+2.25°
R BRAN 0.3 14.43+0.81° 0.05+0.01° 0.62+0.04% 1.87+0.12° 8.97+0.67° 19.43+1.44°
0.4 18.23+1.11° 0.05+0.01° 0.57+0.03° 1.61£0.07" 1043£0.92°  16.75+1.08"
0.5 12.4+1.09¢ 0.02+0.01° 0.58+0.05* 1.54+0.09" 7.23+0.61° 13.24+0.85°
0.1 16.4+1.32° 0.02+0.01° 0.36+0.02° 1.50+0.13 5.90+0.41°* 6.95+0.40°"
0.2 18.83+2.11° 0.06+0.01° 0.39+0.03° 1.89+0.09° 7.30+0.56° 14.57+1.01°
FHRIE 0.3 18.73+1.86° 0.06+0.01° 0.39+0.01° 1.9440.07° 9.67+0.69° 11.96+0.98°
0.4 17.83+0.96 0.05+0.01° 0.54+0.04° 1.82+0.18° 7.37+0.51° 7.21+0.62°
0.5 14.8+1.01¢ 0.02+0.01° 0.5+0.03° 1.43+0.14° 7.37+0.32° 5.34+0.32°
0.1 17.43+1.66° 0.09+0.01° 0.62::0.06™ 1.59+0.26" 10.87+1.35*  20.51+2.66°
0.2 16.53+0.84° 0.05+0.01° 0.58+0.04° 1.87+0.23 8.60+1.06° 17.90+1.25"
Eh 0.3 8.47+0.79° 0.05+0.01° 0.70+0.08° 1.86+0.17° 5.87£0.48"  10.25£1.31°
0.4 9.63+1.19¢ 0.05£0.01° 0.660.06" 1.68+0.83 6.37+0.42° 8.14+0.62°
0.5 8.27+0.75° 0.07+0.01° 0.61£0.02% 1.45+0.16" 5.03+0.37° 9.9340.71¢

E: ARReFE S AR F AT ERAMEE (p<0.05).

2.3 FRB a4 ER T A 2 L 7 R

W7 2% 2 32 T R LT M A% RO PR, A
BRI TR AT, 3 S EN A )
FAR o FEAARIZEAE R a7 AR 22
ERWIRR. EKEL SR, gRNE S
Fi7ne EREERATAL, BUho R 5 EE e b 4k %,
BT RIS IR 0.1%~0.3%Z [AIR, FEAHBI&ZHR
A%, f/MEHN 23.33%, MUSINKFAR ST R, B
FRBEZ BT MR 03%0), FEAHIN
046N, H5HE/KPHAAEREZER (p<0.05), FjEh:
HDIFFUGEIR N AT REAE RSN i a2 B 43
THEEMITERS, VER o HENR I AR 25 T 52 2
SO, JERIN 22 G s 2 W, s R A RE .
WL, BURAA RIS RS TPA SEIGIEA—FL,
MO BB RTINS IR 0.1% 0.2%- 0.3% ="K
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BURMIKT, 454 TPA FINERSLIOLE R, EPEIEIR
FNRINE 0.2% 0.3%- 0.4%=2H/K T A IEAT KT,
TEE G RAE NGRS, S INE 0.3%M), Wisk3ik
FIERAR, 8 27.50%; MEIN/KFER 0.3%F1 0.4%HT,

A 712055 0.4IN #1042 N, B & THERnK
F (p<0.05). &5E TPA SEIREEIR, EHF 0.2%. 0.3%-
0.4% = H/KPAE RIEAS SR s SRR s s
I, Al TR AR IR 0.2%~0.4% I b T A1
K B/MER 24.17%. MR 0.5%H, Fifd
FIMAEG IR 0.1%~0.3%f e K, B KIEN 045N,
BEETHERIKT (p<0.05). 44 TPA HKEK
RACEER, 3 0.1%. 0.2%F1 0.3%=A/KFAEHNIE
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LKA AN TR T AR, R R
IR JBEE RO 2L SIS, 24V IN7KF-29 10%
I, BN 15%. 30%. 45%F1 25%. Lz
T, ABFFAIIKTAE 0.5% 2 N, BERS B35 1T LI RUAR,
BA 2N
R 5 TELINFIRIHE b 5% 22 R R IR0 F2 A0
Table 5 Effects of different additives on the sample breaking
rate and tensile force

BmRFE  mE%  BEE% BB AN
=H 0 52.5042.04  0.12+0.02

0.1 23.33£1.17*  0.31+0.01°

0.2 28.33£3.11%  0.39+0.02°

[RESZLYA 0.3 30.00+2.04°  0.46£0.03°
0.4 36.67+£3.12°  0.31+0.03"

0.5 50.83+1.18¢  0.28+0.01¢

0.1 39.17+1.20°  0.31£0.02°

0.2 41.67£1.20°  0.46+0.04°

RSN 0.3 27.5042.10°  0.51%0.04°
0.4 4833+3.12°  0.56x0.06°

0.5 50.83+£1.74°  0.32+0.02°

0.1 36.37£2.36"  0.26+0.01°

0.2 30.83+1.18°  0.34+0.02°

HR 0.3 27.50£2.04°  0.41+0.02°
0.4 35.83+1.17°  0.42+0.03°

0.5 41.67£1.17°  0.2120.01¢

0.1 35.00+2.14°  0.39£0.03°

0.2 25.83+1.25% 0.45£0.05°

S 0.3 29.17+1.18°  0.41+0.03°

0.4 24.17+1.22°  0.23+0.01¢

0.5 45.00£2.10°  0.23+0.01¢

E: RRARAF RS REAR AR FEATEFEDE
(p<0.05).
*k 6 TRIE&ERMFRNIEER
Table 6 Test table for different composite additives

.. A&

B N FBAaR B AREMNY CRANS% D RE%
1 0.1 0.2 0.2 0.1
2 0.1 0.3 0.3 0.2
3 0.1 0.4 04 0.3
4 0.2 0.2 0.3 0.3
5 0.2 0.3 04 0.1
6 0.2 04 0.2 0.2
7 0.3 0.2 04 0.2
8 0.3 0.3 0.2 0.3
9 0.3 04 0.3 0.1

2.4 R BT S

MRIGERIR LIRSS, WREARTSIFCE, R
P IEAZ LR P YR SR =K P77, BT RSN
S, SIS 6 Fir. (HESERRgfErh, A
IR EFRACE R SN, Ao M,
EHHATHALRT R, ST R AT ER,
P 2 LB SR DY 73 2 — AT S0

25 TR A RARH AT BT B B Yo

32+
30
28 -
26 -
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Fig.1 Effect of different compound additives on stress of sweet
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Table 7 Effects of different composite additives on TPA properties of samples

BE 2 JE/N BB /m] P FEoH/Ratio 3#b4 /mm FECREPE/N B /m)
1 18.00+1.55 0.02+0.01° 0.66+0.05" 2.09+0.18" 9.74+0.73* 20.13+1.68"
2 19.53+1.83% 0.12+0.01° 0.79+0.08° 2.01+0.21° 10.67+0.93° 19.48+1.44°
3 22.03+2.02° 0.14+0.02° 0.97+0.11° 3.8740.29° 13.73+1.57° 20.1242.31%
4 20.6+1.54 0.1240.01° 0.68+0.04 1.95+0.11% 11.12+1.74¢ 19714247
5 25.1342.16° 0.18+0.02¢ 0.75+0.07° 3.13+0.24° 14.51+1.20° 24.33+1.76
6 18.93+1.62" 0.10+0.01° 0.59+0.04" 2.86+0.19" 9.37+0.82° 18.41+0.98°
7 16.83+1.33 0.1120.01° 0.63+0.06¢ 2.000.09° 9.70+0.77° 19.44+1.23°
8 22.1742.14° 0.23+0.028 0.62+0.06" 1.69+0.12¢ 8.91+0.52¢ 17.09+1.57°
9 20.23+1.88% 0.09+0.01" 0.53+0.04' 1.89+0.23¢ 9.57+1.03° 20.16+1.94°

E: R AR IR FEHEATEREREE (p<0.05).
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Fig.3 Effect of different compound additives on tensile force of
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