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Effects of sodium hypochlorite on the physicochemical

characteristics of arrowhead starch
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Abstract: Objective: The effect of sodium hypochlorite on the

physicochemical properties and digestive characteristics of

arrowhead starch was studied. Methods: In a weakly alkaline
environment, sodium hypochlorite was used as an oxidant, and
the added amounts were 0%, 1%, 3%, 5%, 7%, and 9%
(based on the mass fraction of available chlorine in dry basis

Following a 4-hour oxidation reaction with

modified

arrowhead starch).

arrowhead starch, the starch’s amylose content,
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swelling power, solubility, coagulation stability, color
difference, light transmittance, scanning electron microscopy,
X-ray diffraction, and other physical and chemical properties
were measured, along with its digestibility. Results: The amylose
concentration, solubility and transparency all arose as the
additive amount was increased. The amylose content increased
from 55.59% to 79.02%. When the addition amount was 5% ,
7%, and 9%, the light transmittance reached more than 90%.
When the addition amount was 9% . the light transmittance
reached 97.13%.

amount, the solubility increased from 4.01% to 32.59%, while

At 80 C, with the increase of the addition

the swelling power decreased, and the crystallinity of starch

decreased from 43.99% to about 25.00% . The surface of starch
became rough gradually, the crystal structure of starch was
destroyed, and the content of amylose increased. Conclusion:
Sodium hypochlorite could significantly change the properties of
arrowhead starch, and the changes in properties vary with the
amount of addition.

Keywords: arrowhead starch; sodium hypochlorite; oxidation;

physical and chemical properties; digestibility
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Figure 1 Carboxyl content of arrowhead starch

modified with hypochlorous acid

B 5 A TR AN R I B 3G, R I S AR L TE RN R
5% A EI T 10.57% , B JE R AL AR LOR B L, HAT
A D DR ot SRR PR 1 44 o 2 R A R i 3
T V&R URE 25 55 I B W AR L 3 SRR TE A 8RS T
7.
2.2 EHHEEHME=R

USRS T %ok 26 1 S o T U R R A R LR 2,
YRR B TS TR N 0 %6 B FE I BE A Y T A UE R A D
5596 A A o Bt 2 K SR BV N R 0 1 0, T R Y 2R I T
M R VE R S G, R RS LA W
0 Yo I, BLAE T8 & B ANCR 55.59 %0 AR I A 9% i, B
BEVER A TR L BT 79.02% . X ATRESEH T
FEAR G S XA M b SR T T M SRR O R, B
I g A5 1 F o b 2 B ARCAK RIS T E A IR 4 N 4
A, Ao 12 DX 0 1Y) T R A S ROk . MR N S T
e Y A T v 1Y 2R 6 VT R RE A 02 T A MR L
it b BL AR 22 B Tl R
2.3 EMEBBENE

WE 3 Fros , BilE U RR B TR A A B 0 , 2E 0 UE K
BT KRB, TR, B R R RO B, BT oK R R
Wids K. B — R UR Rl B, Aok 26 1.58% EFHB T
60.39% . WEBREN TSN N 9 Y0 Ik, B K R K. Bk
T B YRS RR B BT SR Y R Lk TR VR AR S AR 2%
407 0% 1% [E3% BEE5% 7% EE9%
"
25

20
15

AR IE
Solubility/%

iy
Temperature/ °C
(a) HIRIE
B4 AR B R AR A BN G Bk R 6 7 R JE A I 1A

Solubility and swelling degree of arrowhead starch with different sodium hypochlorite addition

Figure 4
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Figure 2 Amylose content of arrowhead starch modified

with hypochlorous acid

W6 2 a8 im0 38, VR RS e M S M BE AR, A
RS W2 TE R A S H TR R E Ik E L
Fr AT RE S B UE M S5 A & A T ROAE  TLAE TE AR S 1k
i G
2.4 BRBEMEEAN

4 B A, B 2O AR TR RE B TR SR B
BN, B VE R WA R AR R. ERLIRE N
50 “C o 0 5] 2 vk S IR M N 2 % B O R A R K )
I R E 9 VoI, A B A 5 A B B R AR Ak T IR E N
17.95% ; 246 BEAE 80,90 °C A, #if 52 BBl 325 48 0 2k 114 348 o
T 3G, 76 90 C i, FL i B R BOH R il v B 5 =2
80
70
601
50r
40
30F
20+

10+
0

[ 0% E=1% ER3% 5% E97% BB 9%

ek
Water evolution rate/%

i

YRR AL
Freeze thaw times

B 3 BAmRRERABRANBOLEE fdd el ka2

Figure 3 Freeze thaw stability of arrowhead starch with

different sodium hypochlorite addition
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Figure 5 Coagulation stability of arrowhead starch with

different amounts of sodium hypochlorite
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Table 1
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Color difference of arrowhead starch with

different amount of sodium hypochlorite

W/ % L” a’ I
0 70.9540.29¢  2.874:0.08*  11.5220.23°
1 71.26£0.06"  2.764-0.07*  11.302£0.20°
3 71.3940.28%  2,684-0.15*  11.0220.12%
5 71.4540.072>¢  2.5840.19% 10.74+0.30"
7 71.5440.30"  2.554:0.09*  9.8440.18°
9 71.9740.19°  2.4340.15% 9.514:0.16°
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Figure 6 Transparency of arrowhead starch with

different amounts of sodium hypochlorite
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sodium hypochlorite addition



&M | Vol.39, No.12

8.53% .1 RS & ML MIHFLL 1 F, 45 B, K EABR WA
AR REAR T 28 00 Y B 1) T Ak 1k L B A b, I 325 S o o 1 484
TR A B A 20> o 106 W VR o R R e T o U T
B TE A A VR Y, RE AR 47 b i35 0 TR . 1B U
A0 TE WS B I T R g 2R U b v Bk L A R R B T
MERFAL AR TS S E S HEEER &
i RLIE L,
2.9 EBERAMH

rr P8 AT, I R A A T A B E R URE
0 o' T R U D L 1 0 A AT R T A bR O,
Ty UL /N I A B g A (E 3 by ] B A L 358 40 T A T
TR A3 /N PSURL E M M B E OMORLTE By B . B 0~
3YORT L YER A T8 R U B A A B . R A —E W
S RE R INRD 9 %6 Y VE K JURL 35 S KA . /N UKL E A 4
G FEE A o B . ST AR R Ok SR A A b
By o BOAE T K T R R A5 L RS TE A AT T
2.10  £I5M3tig

WE 9 T/, 26 I v # AR Ak B R UE R TE
3300 cm™ ' 4b 77 FE TE Mg, Oh—OH B 45 4k o B
1155,1 073,992 em™ ' b g (A B/ AP B2 JEAH 19 C—O
IR AL BRI C—O MR 3%, F b5 0%
e SIERMTEM AL, F 1 636 e ™' 224 B IR
W e R R L W A e A A T4, e B e Bk ik Bl U i B
SR . SR Ak TE R PR AR A o B R U R A O L

(a) 0%(500x) (b) 1%(500x )

(¢) 3%(500 x) (d) 5%(500 x)

(e) 7%(500 x)
B8 HRMmARETRABRMBME LI RN BEaH
Figure 8

(£) 9%(500 x )

Scanning electron microscope of arrowhead

starch with different amounts of

sodium hypochlorite

BREE REBRM ZWHENELFENZMN

2001

180
160 9%
. 140 7%
il % 120 A
52 100f
= £ sof 3%
"= eor 1%
40+ 0%
201
U ‘ ‘ ‘ ‘ ‘ ‘ o
4000 3 500 3 000 2 500 2 000 1 500 1 000 500
W EL
Wavenumber/cm™

B9 AmERFZRABMBMNE &4 RHehLsr A
Figure 9  Infrared diagram of arrowhead starch with

different amounts of sodium hypochlorite

1047 em "5 1022 em ™' AYWOGJE B AE S e 38 K3 10 R
PR B RN 2 B2 0T SR Y 2 0ol T A WO B R AR Uk /S
ZIN 1,284 FEARE] 1.201 2247, FE R E IR BT N &= 9%
ek ) 28 0 by P O O B LR A B 1,128, R AL S AT
FEREAR , J0 8 T8 DX HG 0, € B 1 285 & BE A B BRIk, 5 XA
s A —2
2.11  X-fi7gt

WE 10 Br 7, 26 4 %€/ #E 15.05°, 17.05°, 17.76°,
22.89°4bA W AW O, JE T LB A A RIZE R TR ONR
I7) e R TR 1 5P ) 2R U g R R R A A AL WY A3
BRARARRL . E AL SO IS 19 UE B 45 0 B 2 R BB 3, i
43.99 Yo BEARE 25 06 2 A, YR SRR 4 7T X U8 A3 1Y i Ak 45 4
T R TR L VRS TR B I i B S 4 4 R A O A
Frzsl.
3 &k

WA N5 28 0 € By & A 09 S Ak R B, 00 28 0
MR 258 R A TS N T X T, M 4 M E T
R o BE A TR B = 04 38, 28 Ll VE R AT K 3R E
BREm O R N E BN ES A, K B EEL
T4 W 2L E R 1 BT Ak PR AR AT B T MR R Bk
BT KR 1S 0 UE Y 2 I TE R 0 R AR A 2R L

14 OOOW
AN
7%
. 10000+
8 000
i A N
NN
2 000
0%
0 ) . . 7 ¥ 1

510 15 20 25 30 35 40
20/(°)

B 10 FmAREZRABMKEE &4 ZHe9 XRD B
Figure 10

1t
T
E
X

TR

Intens

Infrared diagram of arrowhead starch with

different amount of sodium hypochlorit

27



28

HAH 3 FUNDAMENTAL RESEARCH

P TE B AN T T 0% R R . RS R SE R D T
FOHRTS AL vE A B i N T PR vE R A R SRR [
T B ORI M AR VE N L O T B RO A i, —
FRJE b4 R T 2R U8 B 1 D9 L AR ST T R A B R
i D5 T A9 25 L AT LUK HCSE B AT TR Al Tl B H b 9
Lo A SR G A A e O 3k TR AL SR A R 20 R
114 B0 AL PR T 32 AR TR AR AL L X G T 2 I 5T

5% Uk

[1] E M, 8 540, bR, 55, A M 0] £ i 5%
i Tk, 2008, 34(10): 40-43.

WANG S Y, CAO C J, YANG X R, et al. Study on properties of
arrowhead starch[J]. Food and Fermentation Industry, 2008, 34(10):
40-43.

[2] BRIGEW, IR E, S AEF°. 200 v b Y BEAL VL T [0]. v Il o 27
%, 2010, 25(7): 57-61.

CHEN X M, FU C Y, JIN Z Y. Properties of starch ftom sagittaria
latifoliais[J]. Chinese Journal of Grain and Oil, 2010, 25(7): 57-61.

[31 M) 75 3%, i dH, B AR T, 55, 20 2 M X AR TR 14 IR s I s I
BT B AR AP A T[], th A rh R 25 2 A, 2019, 34(10): 4 796-4 799.
KE X H, DONG R J, GE D Y, et al. Protective effect of Sagitta
sagittifolia polysaccharide on liver injury of non-alcohol fatty liver
disease[J]. Chinese Journal of Traditional Chinese Medicine, 2019,
34(10): 4 796-4 799.

[4] ZHANG J X, WEN C T, CHEN M, et al. Antioxidant activities of
Sagittaria sagittifolia L. polysaccharides with subcritical water
extraction[J]. International Journal of Biological Macromolecules,
2019, 134: 172-179.

[5] % leiher, HOAG AR, B WRER, 45, 2R LN E A M5 0 4k X 8 17 2% b A
R [I]. B S S ALK, 2022, 38C1): 217-223.

LUO TT,JIDR, LUO Y C, et al. Effect of arrowhead starch on the
quality of fresh noodles [J]. Food & Machinery, 2022, 38 ( 1):
217-223.

[6] % 4. A [5] il 48 77 12 X 28 40 0 1 0 3 5 A B AH G ) B 14 52 i

[D]. $EHYT: VT8 K2, 2020: 17.
QIN W. Influence on the structure and related functional
characteristics of arrowhead ( Sagittaria sagittifolia L.) resistant
starch prepared by different methods [D]. Zhenjiang: Jiangsu
University, 2020: 17.

[7] FAN Y F, PICCHIONI F. Modification of starch: A review on the
application of "green" solvents and controlled functionalization[J].
Carbohydrate Polymers, 2020, 241(C): 116350.

[8] H iR, Mk fk, Mk =, 45, JE B S AL B AR B IF 5T 1k Ji% Je H R,
J[I]. R 4R, 2018, 39(16): 12-18.

XIAY Y, YANG G H, LIN Z Y, et al. Progress on starch oxidation

technology and its application in paper industry[J]. Zhonghua Paper,
2018, 39(16): 12-18.
[9] sk i M, SESr AR, Ja R I, A5 TR AL VE B 1R A B AE ALk b

g 266 8 | 2023 £ 12 B | RS

R R E R (3], AR 5l g, 2015, 28(8): 8-11.

ZHANG G P, WU L G, QU L B, et al. Preparation and application
of oxidized potato starch in food industry[J]. Grain and Oil, 2015,
28(8): & 11.

[10] NATHAN L V, SHANISE L M E H, ALVARO R G D, et al.

Molecular structure, functionality and applications of oxidized

starches: A review[J]. Food Chemistry, 2017, 221: 1 546-1 559.

[11] CHONG W T, UTHUMPORN U, KARIM A A, et al. The influence

of ultrasound on the degree of oxidation of hypochlorite-oxidized
corn starch[J]. LWT-Food Science and Technology, 2013, 50(2):
439-443.

[12] JEIRURE, 25 8 ff, B A, 4. 401 A P A0 B0 X T 4% 38 32 4y

T RE R P 52 [1]. & i Tk BEEE, 2018, 39(15): 31-36.
ZHOU F C, LI Y R, ZHAO J M, et al. Effects of oxidation and
heat moisture treatments on functional properties of potato starch

[J]. Food Industry Science and Technology, 2018, 39(15): 31-36.

[13] PLBRIN, E2F, W, . AR AR Jr vk % ROk D BEVE B &

I 25 R 0 o (9], BRACTEDRS Tolk, 2021, 35(4): 25-27.
SHEN Y L, WANG R, GAO Y, et al. The effects of different
methods on the determination results of rice amylose content[J].

Modern Flour Industry, 2021, 35(4): 25-27.

[14] R, HOEE, GLZEME, 45, Bk 2 fLIE 0 i 2 E i T2 ik

B HE 4 M (9], MR B 59 Ag, 2022, 35(3): 53-56, 61.
WU S, SHEN J, BAO J P, et al. Optimization of multiple
modification process and property analysis of japonica rice porous

starch[J]. Grain and Oil, 2022, 35(3): 53-56, 61.

[15] e, 87 £ e, R W BE, S5 8 75 I Ak 28 X0 7 R UE B BELAL R A

PR IR (7], H AR 27 41, 2021, 36(9): 60-66.

BAI T, JIN Y L, ZHU M X, et al. Effect of ultrasonic treatment on
physicochemical properties of highland barley starch[J]. Chinese
Journal of Grain and Oil, 2021, 36(9): 60-66.

[16] W8, 77K, BRil, . 22 B 5 38 B A A5 X Al S0 B 45

PR R [J]. 3 R ol K24 22 4l CA AR B2 /D, 2021, 42(5):
30-38.

XIE Y M, XU F, CHEN J, et al. Study on the interaction between
polyphenols and starch and its effect on chesnut starch properties
[J]. Journal of Henan University of Technology (Natural Science

Edition), 2021, 42(5): 30-38.

(7] B %A, F 4. 22 i 00 i AT E 77 2 B D). BRI RS

W%, 2014, 17(9): 1-4, 29.
YANG X Y, ZHOU W. Application, evaluation method and
measurement of color difference[J]. Modern Coatings and Coating,

2014, 17(9): 1-4, 29.

(18] A H, 458, 2T, 4. 2 TN A XT o B B T oK 3 by BE Ak 4

J (1 S0 7). 24104k T2, 2020, 49(8): 1 694-1 698.

FAN C Y, TONG Y, LI H, et al. Hydroxypropylation on

physicochemical properties of high-amylose corn starch [J].

Contemporary Chemical Industry, 2020, 49(8): 1 694-1 698.
(F4% 37 )



&M | Vol.39, No.12

[15] ANDRACA-ADAME J A. Sponge cake microstructure, starch
retrogradation and quality changes during frozen storage [J].
International Journal of Food Science and Technology, 2016, 51
(8): 1 744-1 753.

[16] 5K AfAT. Th 4% 25 SRS ] 4 S 2 AL Fr PR BT ST [D]. 22 M H AR
K2, 2018: 16-17.

ZHANG Z B. Study on potato cake preparation and aging
characteristics[D]. Lanzhou: Gansu Agricultural University, 2018:
16-17.

[17] CODIN G G, ISTRATE A M, GONTARIU 1, et al. Rheological
properties of wheat-flaxseed composite flours assessed by mixolab
and their relation to quality features[J]. Foods, 2019, 8(8): 2-8.

[18] BRIXGE, #5E58, 229K, 45 . AN [ it il UL 2 % K b B Ak 475 1
Fe AHORE 5 B 52 0 (7). & Tl BB, 2022, 43(2D): 75-82.
CHEN F L, SUN G Y, AN R, et al. Effects of different varieties
and particle size on gelatinization characteristics of rice flour and
quality of rice cake[J]. Science and Technology of Food Industry,
2022, 43(21): 75-82.

[19] DAS A B, BHATTACHARYA S. Characterization of the batter and
gluten-free cake from extruded red rice flour[J]. LWT, 2019, 102:
197-204.

[20] A ¥ H . R JIOHY X0 17 by B JHC 28 K% BT A S M [D]. 418 22 ek
K2, 2019: 19-21.

GUI Y Y. Effect of pumpkin flour on flour and its cake quality[D].
Hefei: Anhui Agricultural University, 2019: 19-21.

[21] SRR TS, B, F 0k, 45, 88 fHOb T 0 X5 40 BEORE & A 52 )
U] £ & S AU, 2022, 38¢7): 220-226.

HU X Y, MING J, WANG S, et al. Effect of ultra-micro chestnut

powder on the quality of sponge cake[J]. Food & Machinery, 2022,

FHEZ BB BRERBRERRREALHENINT

38(7): 220-226.

[22] ALEMAN R S, MORRIS A, PRINYAWIWATKUL W, et al.
Physicochemical properties of frontiere rice flour and its
application in a gluten-free cupcake[J]. Cereal Chemistry, 2021, 99
(2): 303-315.

(23] 8 3 2. = ool 52 o) JC W VA 4 7R B BT L BCRIFSE D). T
B: LRI K2, 2014: 20-31.

HAO Y H. A comparative study on the effects of three sugar
alcohols on the quality of sugar-free sponge cake [D]. Wuxi:
Jiangnan University, 2014: 20-31.

[24] ZIXUAN Y, DAN X, HONGLING Z, et al. New insight into the
contribution of wheat starch and gluten to frozen dough bread
quality[J]. Food Bioscience, 2022, 48: 101-107.

[25] SIMSEK S T. Vacuum-combined baking to enhance quality
properties of gluten-free cake: Multi-response optimization study
[J]. LWT, 2019, 116: 108-112.

[26] £F. EKIEAR XS Par-baking #X L &y
M AR TR 2, 2018: 29-37.

WANG X. Study on the effect of hydrocolloidal on the quality of

J A 52 R F 52 (D). )

Par-baking chiffon cake[D]. Guangzhou: South China University
of Technology, 2018: 29-37.

[27]J1'Y, ZHU K, ZHOU H, et al. Study of the retrogradation
behaviour of rice cake using rapid visco analyser, Fourier
transform infrared spectroscopy and X-ray analysis [J].
International Journal of Food Science & Technology, 2010, 45(5):
871-876.

[28] FERNG L H, LIOU C M, YEH R, et al. Physicochemical property
and glycemic response of chiffon cakes with different rice flours

[J]. Food Hydrocolloids, 2016, 53: 172-179.

(L#% 28 7O

[19] k. Aok FE M) — R 5T 52 45 W0 1A 1 8 L 5 0 SR Ak S 30 A e
WFFE[D]. AU #7 VT TR K 2%, 2020: 26.

TONG S. Preparation, structural characterization and digestive
characteristics of indica rice starch lipid complex[D]. Hangzhou:
Zhejiang Industrial and Commercial University, 2020: 26.

[20] BRAS#%, T8, AW, A5 i S Ak SU/mR R i AL 25 I VE B Y
il 4 R Ak BT (9] B 5 A B Tk, 2020, 46(13): 209-216.
JID R, LEI M, XIE J M, et al. Preparation and properties analysis
of arrowhead starch oxidized by H, O,/CuSOs4 [J].
Fermentation Industry, 2020, 46(13): 209-216.

[21] BESEOBT, X BERK . YR SRR B 48 fh /)N 22 B B S g B G BT I F
L[] AR WAL, 2010, 26(8): 805-808.

HUANG L X. ZHAO B Q. Preparation of oxidized wheat starch by

Food and

sodium hypochlorite and its properties[J]. Modern Food Science
and Technology, 2010, 26(8): 805-808.

[22] B PG I, TR, X, A5 R VE R A R B v T A
FEHERE[N]. A% TR, 2022, 43(1D): 1-9.
ZHAO X P, BIAN W X, LIU J C, et al. Research progress in

modification and application of high-amylose starch materials[J].
Packaging Engineering, 2022, 43(1): 1-9.

[23] ARkAE L, AR, 2 WL Tk A BLEE A T ch 6 R % 0 5 R K e
AP T R W D], BRARAT SRR, 2013, 29(5): 945-947, 944,
LIN H S. HUANG W, LUO Z G. Properties of waxy corn starch
treated in different aanhydrous alcohols with hydrochloric acid[J].
Modern Food Science and Technology, 2013, 29(5): 945-947, 944.

[24] W5, A, XL, A 1 AL TR 09 ) 5 2 B AL 1 RE 1
WFFE[I]. B Toll, 2012, 33(12): 85-89.

GU B, CHA C Y, LIU T, et al. Preparation and physicochemical
properties of the edible oxidized cassava starch[J]. Food Industry,
2012, 33(12): 85-89.

[25] HOOVER R, ZHOU Y. In vitro and in vivo hydrolysis of legume
starches by a-amylase and resistant starch formation in legumes: A
review[J]. Carbohydrate Polymers, 2003, 54(4): 401-417.

[26] CHEN Y, HUANG S, TANG Z, et al. Structural changes of cassava
starch granules hydrolyzed by a mixture of a-amylase and

glucoamylase[J]. Carbohydrate Polymers, 2011, 85(1): 272-275.

37



