514 % 912 ) LERT e i T R 4 Vol. 14 No. 12
2023 4 6 J Journal of Food Safety and Quality Jun. , 2023

RRA, Hrust, ZFA, AR, Diask, FRE. 5 A
(RERFAAL M TEARE A ELERE, KE  130022)

o OE: BW REAETER S0 I A 0 SR PSRRI . AR AT o- WA R RS il
(a-glucanotransferase, a-GT)F1 Th44 B IE M 45 040 > 22 200G, JEXF HarFak | o S A AR PESEA T 5 & SR
TS AR AL . BRAE . B R . R SR N SE R 5 Al T8 M T 55 4 S 52 2P WA 1S AR
RO PEBCEFRRCRE | FRE R = A SRR R BT L S S IR, T IR AR
I BTN GRS R RIS T RAE . B8R T S TR 4 TR 2.78%10° g/mol, R
4 % (degree of polymerization, DP)<<5 R BE St 52.09%, THALR T ERRAK . AR A BT YR A th 757 &
Herschel-Bulkley B (P 40 R*>0.99), W BRI HE 2 > o o> SR> R > Bk, IR R B e R &
JBE> b J5e> TR 2 e > B B> I e o R T AR W 2 R W, B A TR G, ARRER I . BIFEATR
FHAEMIEY) tand XM, TR G0 B RGP IR A T O 1) T 3PE [ K . (B E2LAMIE S5 R, BEE
T IR S B, TSGR TR 458 o-GT et T TR, mTLAHIA B —Fh 4y L
GrF AR H B G208 W AR (04155 3 SRS o 5 Bl S84 22 WX 7T 190 5 43 S 2 2P IR n B o Re 1k, HL M
SOWING 5 SRR BT LRy 501 0, BREEROR, Bk, IRA AR BA LR P RIS B .

XRi: dEIEH 20 FEWG Mo SRS, R AR

Enhancement of viscoelastic properties of high-branched maltodextrin
by non-starchy polysaccharides
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ABSTRACT: Objective To investigate the effect of non-starch polysaccharides on viscoelastic properties of
high-branched maltodextrin prepared by enzymatic method. Methods High-branched maltodextrin was prepared by
using a-glucosyl transferase (a-GT) and potato starch, and its molecular weight, branching degree and digestibility
were determined. The thickening effect of 5 kinds of non-starch polysaccharides, including xanthan gum, peach gum,
fenugreek gum, locust bean gum and konjac gum, on high-branched maltodextrin was tested by dynamic rheometer.

Coumarin gum with moderate thickening effect and high stability was mixed with high-branched maltodextrin
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according to different mass ratios, and the oscillatory rheological test was carried out. The structure of the hybrid
system was characterized by Fourier infrared spectroscopy. Results The weight average molecular weight of the
obtained high-branched maltodextrin was 2.78x10° g/mol, the content of ultra-short chains with degree of
polymerization (DP)<5 was 52.09%, and the digestibility was significantly reduced. The measured shear rheological
curves were in accordance with Herschel-Bulkley model (coefficient of determination R>>0.99). The thickening effect
of konjac gum>locust bean gum>fenugreek gum>xanthan gum>peach gum, system stability of fenugreek gum>peach
gum>locust bean gum>konjac gum>xanthan gum. The oscillatory rheological measurement results show that the
storage modulus, loss modulus and loss Angle tangent tand gradually decrease with the increase of the content of
gummy gum, and the mixed system gradually shifts from viscous liquid to elastic solid. The results of Fourier
transform infrared spectroscopy showed that the peak intensity of the fingerprint region decreased with the increase
of the content of coumarin gum in the system. Conclusion A highly branched dextrin with high branching degree,
low molecular weight and slow digestion property can be prepared by modification of potato starch with a-GT. All
the 5 kinds of non-starch polysaccharides can increase the viscoelastic properties of high-branched maltodextrin.
When the mass ratio of high-branched dextrin to coumarin is 5:1, the viscosity is the maximum and the elasticity was
the minimum, and the mixed system has better synergistic thickening effect.
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FH. {6,351 ( H A< Showa DenkoK.K /A 7)); Centrifuge5430 /&
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Table 1 Side chain length distribution of potato starch and
high-branched maltodextrin

£k E DP<5 DP6~12 DP13~24 DP25~36 DP=37

TS BPERY34.10£0.15 30.4620.9025.51+0.72 9.47+0.26 2.82+0.15
A SOIRES2.0940.40731.72+1.4014.61£1.8171.57£0.22° —
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s n ORISR HIRAY I ROBIAS K 3.
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Table 2 Molecular weight and structural characteristics of potato and high-branched maltodextrin

. , P TR Bt 4y T4 " o) A e I TR AR
Mw/(g/mol) Mn/(g/mol) Rz/nm p/(g/mol/nm”) SVg/(cm’/g)

TR ETERY 1.39+0.11x10’ 5.42+0.91x10° 2.33+0.25 159.37+16.76 2.98+1.10 0.97+0.32
R0 S SE R 2.78+0.02x10°" 1.42+0.39x10 2.42+0.49 169.90+6.36" 0.82+0.47" 4.00+1.64"
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non-starch polysaccharides and high-branched dextrin
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REWAERETEAE, T RETE AR OIS Al 350 i 5 FE 1Y g

RN, ST RN G GUBERARIAR o B E T,
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Table 3 Fitting parameters of mixture equation between non-starch polysaccharlde and high-branched maltodextrin

AT T4k

e L T — ——

AR /(Pals) TRRTE L PERE e R WIARK EEES eE R
n K/(Pa/s) R? n K/(Pa/s) R?

14 SO - ﬁﬂ%ﬁ ke 54.21+11.85" 0.32+0.014° 8.48+1.59" 0.997  0.32+0.009¢  8.19+1.51° 0.997
15 43 SO -0 IS 155.87+38.77° 0.16+0.012¢ 3.88+1.34¢ 0.997  0.23+0.004°  3.71+1.18° 0.997
1593 SRR - S 137.53+18.39®  0.12+0.004° 11.34+0.83" 0.995  0.13+0.004°  10.65+0.64° 0.995
T 43 SRR -k A 29.90+8.33° 0.87+0.046° 0.01£0.01¢ 0.991  0.99+0.043*  0.01+0.01¢ 0.994
19T SIS - S 7.7940.004° 0.38+0.022° 7.39+1.12° 0.993  0.39+0.020  7.28+0.10° 0.997

TE: RIS NG PR B2 0] 22 5 1.3 (P<0.05),
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Fig.3 Curves of the relationship between storage modulus (A), loss modulus (B) and angular frequency in mixtures of
different proportions of fenugreek gum and high-branched maltodextrin
10 ¢
——1:1 o—2:1 —& 3:1 W 1:1
——4:1 8-5:1 2:1
x 3:1
:% 5{- W g{
! k) B
o o
o 3 SO
=
X
0.1 . 4000 3500 3000 2500 2000 1000 1500 500 0
0.4 4 40

FIH R w/(rad/s)

B4 OR[E LR S S s 4 S 2E IR &
BAFES IEV) 5 MR R AL
Fig.4 Curves of the relationship between the tangent of the loss

angle and the angular frequency of the mixture of different
proportions of fenugreek gum and high-branched maltodextrin

23 ENXHB-EERREEGERANEEMLIINE
B

& 5 BT, 7E 3400 em™' 42y O-H fASH4EHR SN,
2900 cm " BFHIT A 1A C-H A0 il 45 B W iU, 1600 em™!
Ibfy C=H (R4 4R SR I UG ; 930 em ' by C-O-Cy M
XRG4 Sh 12 R TN TR ] L B R TR A AR R
575 QAL IMEIE AT e, K PR 1 1 R A B
U B, I R AY S ARG S R IR R B EAE S,
VAT B SN B A, BRI o SOBRS 5 R i
R A B (U I 2 3 — ke . BEE T SRt
Hahn, FeECIX NI R TR, XU, RIS E S
Ji2 AR B R A — R R B T RS TN B IR 4 4,
F O G R, T S g R, XS
N S A O Ak K, e — e B R T
B A SIS SR 2, o SOMIRE -7 TR R T
YR O i [ 4R P S A

WK /em™

5 WASOWK 5EEIRIRA R FT-IR B
Fig.5 FT-IR chromatograms of the mixed system of
high-branched maltodextrin and fenugreek gum

ARG IR, o-GT BRIVEM T S BIEM, e
A & A SRR S IRG . MA T R AR R B IE R,
TR DP<5 MHESE S HINE 52.09%; B
T Mw FRIEE 2.78x10° g/mol, ELIMALTE B ERFAK, 5 fh
AR VEM 22 W AT G015 4 S FE SR MRS R B BRI . AR BT
VIR ARSI 25 1, SWRAEE . et SN E ERIER
EEXIE, A VARRE G5 S SR G . AR
JiE S BN, A T RN 2 2RI TR A R R 2 e B
LA Sy s AR, FLIR A A 2R B T sl S el = A X R
S EAUIX L BL-21 AN RS U RA 5 43 SRS A B E
S A EAE, MR R R SR, 5SS
i 1 VS A ELAE B R, TR A R O ) S T 25
b, BT OGN A SR R, 2 A SO
S5EGIKMERE BN 5:1 15, ZhEERK, sk, RBE
R EA B I RIS BRSCR, v LAY K4 3 2 2R
FEAIR GT £ il H 0 1 A3 L



256

B ah % A BR K I

1 %14

EE P

(1]

[6]

[10]

(1]

[12]

[13]

BIfR, FE, A5, A PRI IS RE AT B IR

[E MR, 2019, 34(12): 131-137.

YING X, LU Y, LI Y, et al. Advances in functional properties and

applications of maltodextrin [J]. J Chin Cereal Oil Ass, 2019, 34(12):

131-137.

JEIA, BRAS, BRI, 5. 22 2PMURE R (UIR T IGEL RO A 24

PERRZI[T]. B TR, 2012, 33(19): 155-158.

ZHOU SN, CHEN J, CHEN NJ, et al. Impact of rheological properties on

ice cream mixes with fat replaced by maltodextrin [J]. Sci Technol Food

Ind, 2012, 33(19): 155-158.

AW, AR, BUER, S5, 22 2PW0RE 09 S0 i 2 RS PR 5
[7]. HEE A, 2018, 18(10): 1-8.

LI CM, LI Y, GU ZB, et al. Research progress on the branching

modification and properties of maltodextrin [J]. J Chin Inst Food Sci

Technol, 2018, 18(10): 1-8.

BRISON Y, PIINING T, MALBERT Y, et al. Functional and structural

characterization of a-(1->2) branching sucrase derived from DSR-E

glucansucrases [J]. J Biol Chem, 2012, 287(11): 7915-7924.

MONCHOIS V, WILLEMOT RM, REMAUD-SIMEON M, et al. Cloning

and sequencing of a gene coding for a novel dextransucrase from

Leuconostoc mesenteroides NRRL B-1299 synthesizing only alpha (1-6)

and alpha (1-3) linkages [J]. Gene, 182(1-2): 23-32.

MAAREL MJ, LEEMHUIS H. Starch modification with microbial

alpha-glucanotransferase enzymes [J]. Carbohyd Polym, 2013, 93(1):

116-121.

dh, XEAR, J7 5%, A WA TE £ dh ok PRI []. £

TRk, 2010, 31(10): 426-429.

ZHANG J, LIU YW, FANG HB. Application of modified maltodextrin in

food industry [J]. Sci Technol Food Ind, 2010, 31(10): 426-429.

WEI B, XIA W, WANG L, et al. Diverse prebiotic effects of

isomaltodextrins with different glycosidic linkages and molecular weights

on human gut bacteria in vitro [J]. Carbohyd Polym, 2022, 279: 118986.

B, R, BUEOR, 5F. B FOK GER AL B 28 M Y

WEFE[T]. RS, 2007, (4): 31-32.

GU CS, ZHU SW, YAN JB, et al. The study of property of rheology and

characterization of enzymatic modified corn starch [J]. Sci Technol Cere

Oils Foods, 2007, (4): 31-32.

CHEN X, WANG Y, SHEN M, et al. The water-soluble non-starch

polysaccharides from natural resources against excessive oxidative stress:

A potential health-promoting effect and its mechanisms [J]. Int J Biol

Macromol, 2021, 171: 320-330.

WA, RE, L, MR AR PRI R R AL B

1. B DR, 2008, (9): 63-65, 68.

PENG J, ZHANG H, WANG L, et al. Study on rheological properties of

oat f-glucan-maltodextrin system [J]. Sci Technol Food Ind, 2008, (9):

63-65, 68.

CHEN J, LIU C, CHEN Y, et al. Structural characterization and properties

of starch/konjac glucomannan blend films [J]. Carbohyd Polym, 2008,

74(4): 946-952.

TR, - LRI SR

WL TR, 2020.

A BERE R PRI LB B i FI[D]. I

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

DU XN. Synergistic mechanism and application of x-carrageenan/locust
bean gum gel [D]. Wuhan: Hubei University of Technology, 2020.

A, XUett, TR, 4. p-H B RHEER KA TR B AR
NP, BARIEE, 2022, 43(9): 111-119.

LI T, LIU XY, WANG NN, ef al. Anti-aging effect of partially hydrolyzed
fenugreek gum by f-mannanase on naturally aging mice [J]. Food Sci,
2022, 43(9): 111-119.

XU, SlM2e, IR, 4. B ISUREN ST AR PYALAY BT
FE[T]. P E R, 2023, 48(1): 64-68.

LIU SP, ZHANG JM, LI LT, et al. Study on the effect of xanthan gum on
the quality of beef mealballs with black soybean tofu [J]. Chin. Cond,
2023, 48(1): 64-68.

[l LN, AR, PREEFS. JRBRBCRIPE BT, I TR St B
2N IAEELL]. £ ah kR, 2019, 40(19): 321-325

XIANG YR, LI ZD, CHEN JW. Study on the properties, processing and

E’/ ﬂﬂfﬁ

components of original peach gum and its application in food and
medicine [J]. Sci Technol Food Ind, 2019, 40(19): 321-325.

RYU JJ, LI X, LEE ES, et al. Slowly digestible property of highly
branched o-limit dextrins produced by 4,6-a-glucanotransferase from
Streptococcus thermophilus evaluated in vitro and in vivo [J]. Carbohyd
Polym, 2022, 275: 118685.

KIM KYH. The action mode of Thermus aquaticus YT-1
4-alpha-glucanotransferase and its chimeric enzymes introduced with
starch-binding domain on amylose and amylopectin [J]. Carbohyd Polym,
2007, 67(2): 164173

LEE CK, LE QT, KIM YH, et al. Enzymatic synthesis and properties of
highly branched rice starch amylose and amylopectin cluster [J]. J Agric
Food Chem, 2008, 56(1): 126-131.

LID, FEI T, WANG Y, ef al. A cold-active 1,4-a-glucan branching enzyme
from Bifidobacterium longum reduces the retrogradation and enhances the
slow digestibility of wheat starch [J]. Food Chem, 2020, 324: 126855.
SORNDECH W, SAGNELLI D, MEIER S, ef al. Structure of branching
enzyme and amylomaltase modified starch produced from well-defined
amylose to amylopectin substrates [J]. Carbohyd Polym, 2016, 152:
51-61.

LI X, WANG Y, MU S, et al. Structure, retrogradation and digestibility of
waxy corn starch modified by a GtfC enzyme from Geobacillus sp.
12AMORI [J]. Food Biosci, 2022, 46: 101527.

SHIN H, SEO DH, SEO I, et al. Optimization of in vitro carbohydrate
digestion by mammalian mucosal a-glucosidases and its applications to
hydrolyze the various sources of starches [J]. Food Hydrocolloid, 2019, 87:
470-476.

WiE, 5k, BEE, % HEKRS RER A YRS RE O
T[] B BRI, 2020, 11(24): 9221-9225

DAI LY, FU XX, JI XQ, et al. Study on rheological properties of the
mixture of coumarin gum and corn starch [J]. J Food Saf Qual, 2020,
11(24): 9221-9225.

5Pk, FINGE, IR, % BRUDS EAKTERR AR LRI ]
LA TR AAAR, 2020, 11(24): 9183-9186

FU XX, DAI LY, ZENG C, et al. Effect of yogurt on rheological
properties of corn starch [J]. J Food Saf Qual, 2020, 11(24): 9183-9186.
WORIR. BRSNS | T R R BRI [D]. 8-
TERIR, 2021

ﬁﬂﬂ



5512 4]

HREN, AR AR 2R S

545 B W B B -

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

CHANG RR. Study on preparation, digestion and glycolysis of
recrystallization resistant starch [D]. Wuxi: Jiangnan University, 2021.
BI'Y, ZHANG Y, JIANG H, et al. Molecular structure and digestibility of
banana flour and starch [J]. Food Hydrocolloid, 2017, 72: 219-227.
PARME, BHRLE, TRA, . MERPRDER A5 0T L S A SR R 1
WFFEHER ). B, 2005, (5): 77-83
LI CY, FENG CN, ZHANG R, et al. Advances in studies on the relationship
between starch structure and relevant enzymes in crop grains [J]. Chin Bull
Life Sci, 2005, (5): 77-83.
LI B, ZHANG Y, XU F, et al. Supramolecular structure of Artocarpus
heterophyllus Lam seed starch prepared by improved extrusion cooking
technology and its relationship with in vitro digestibility [J]. Food Chem,
2021, 336: 127716.
ZENG F, CHEN F, KONG F, et al. Structure and digestibility of
debranched and repeatedly crystallized waxy rice starch [J]. Food Chem,
2015, 187: 348-353.
LI D, FU X, MU S, et al. Potato starch modified by Streptococcus
thermophilus GtfB enzyme has low viscoelastic and slowly digestible
properties [J]. Int J Biol Macromol, 2021, 183: 1248-1256.
CHRONAKIS IS, KASAPIS S, RICHARDSON RK, ef al. Small
deformation rheological properties of maltodextrin-milk protein systems [J].
Carbohyd Polym, 1996, 29(2): 137-148.
WANG B, WANG LJ, LI D, et al. Rheological properties of waxy maize
starch and xanthan gum mixtures in the presence of sucrose [J]. Carbohyd
Polym, 2009, 77: 472-481.

SEFRRE. BRI TR SVE R IS R R R (D). B T A,
2007, 28(8): 115-117.
CHAI CX. The effect of xanthan gum on the rheological properties of
potato starch paste [J]. Sci Technol Food Ind, 2007, 28(8): 115-117.
JBUAR, B, BUER. TR R AT B ART AR I]. i S e Tl
2008, 34(4): 36-39.
GU J, HONG Y, GU ZB. Studies on the physical and chemical properties
of buckwheat starch [J]. Food Ferment Ind, 2008, 34(4): 36-39.

Ao, FUEE OB RIRR WAL A R B OSSR (D). WA 2K
# Adugel ke, 2007.
LI RH. The effect of milk protein on the rheological properties and
microstructure of coagulated yogurt [D]. Harbin: Northeast Agricultural
University, 2007.
/NS, AhgE, ok, ST I R S SR ).
4K, 2017, 36(11): 19-23.
YUE XP, DU X, XU YJ. Study on high temperature dynamic
viscoelasticity of high consistency bamboo pulp black liquor [J]. China
Pulp Pap, 2017, 36(11): 19-23.
BRdtdh, ALSeHE. BARTEM ML

SRR ]. P AR AR,
2016, 31(10): 31-38.

[41] A7, a4, TR, & BIRORIEAT BARTER SRR

[43] JhEL, VR, fL#

QIAN JJ, DU XF. Study on rheological properties of kudzu starch paste [J].
J Chin Cereal Oil Ass, 2016, 31(10): 31-38.

[39] FEULDL, BOUREE. \BIGERI LA A e ST S RERE R YL 5% 2R D]

P2 BRPERHE R, 2017,
DONG BB, HUANG JR. Pasting, rheological properties and the
relationship with gel properties of eight kinds of starch [D]. Xi’an:

Shaanxi University of Science and Technology, 2017.

[40] THARPH, WHCIE. TFH R TR & i AL PR REDT L ). K

PR AT, 2021, 31(6): 10-14.
MA CY, XIE CY. Study on rheological properties of common thickener
polymer in toothpaste [J]. Oral Care Ind, 2021, 31(6): 10-14.

5§

W RIEFELT] R A, 1998, 13(3): 13-15.

LI HJ, KAN JQ, WANG GC, et al. Effects of sugars and hydrocolloids on
rheological properties of puerariae starch [J]. J Chin Cereal Oil Ass, 1998,
13(3): 13-15.

[42] SIEVERT D, POMERANZ Y. Differential scanning calorimetry studies on

heat-treated starches and enzyme-resistant starch residues [J]. Cere Chem,
1990, 67(3): 217-221.

Wk 5T R OKTE KRR 2 2 BR A BRI A
AR BTRAFFEI]. KR S5, 2020, 33(10): 86-90.

ZHOU ZK, XU QQ, KONG J. Study on compound physical properties of
waxy corn starch and Ganoderma lucidum polysaccharide by mixed ball

milling [J]. Cere Oils, 2020, 33(10): 86-90.

(/%3 A W RBRE)

(E=TER

REMW, LtMRE, TEARFE
ATEEM R,
E-mail: 229484481 @qq.com

TERE, L, B, ETETRRAEA
TR M.
E-mail: xiaolei97@163.com

F i f#t, 8, FEMRFEA
hEEM R M.

E-mail: drlidan@sina.com



