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Influence of z-amylase in saliva on rheological and textural properties of

starch-containing thickened fluid

SU Wei LIU Yun CHEN Yilin WANG Xinmiao CHEN Jianshe HU Xiaoxue
(School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou, Zhejiang 310018, China)

Abstract: [Objective] To explore the mechanism underlying perception of texture of starch-containing thickened fluids by a-amylase in
saliva. [Methods] This work characterizes the rheological and textural properties of a starch-containing thickened fluid in the presence of
authentic saliva or artificial saliva containing a-amylase. [ Results] Dynamic rheological test results show that the presence of a-amylase in
saliva can reduce the viscoelasticity of the starch-containing thickened fluid, and the loss factor of the gel system increases with an increase
in the concentration of a-amylase. Static rheological test results reveal that a-amylase enhances both the apparent viscosity coefficient K and
the thixotropic loop area of the starch-containing thickened fluid. Examination of texture reveals no notable disparities in the texture of the
authentic saliva (without/with enzyme inactivation) group, in contrast to the significant variances seen in the artificial saliva (without/with
enzyme) group. There is a marked reduction in the hardness and chewiness of the enzyme-added system. [Conclusion] The findings
indicate that a-amylase decomposes starch in the starch-containing thickened fluid into small molecules such as oligosaccharides, resulting
in the disintegration of the three-dimensional gel network linking starch and pectin.
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Figure 1

Dynamic rheology curves of starch-pectin mixed fluid after blending with saliva
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Figure 2 Loss factor of starch-pectin mixed fluid after

blending with saliva
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Figure 3  Static rheology curves of starch-pectin mixed fluid after blending with saliva
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Table 1  Fitting results of static shear curves of starch-pectin mixed fluid after blending with saliva
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Table 2 Textural properties of starch-pectin mixed fluid after blending with saliva
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Table 3  Textural properties of starch-pectin mixed fluid at

different adding amounts of a-amylase

mif‘f)@ i 15 /N ﬁﬁliﬁ_? WL 44
0.0 1.59+0.05"  1.5940.05° 124.77+14.03"
1.0 1.51+0.05"  1.5140.05° 118.28+13.23"
1.5 1.4820.02" 1.484+0.02" 119.42+16.98"
2.0 1.4740.04"  1.4740.04" 112.48+17.87"
2.5 1.42+0.02°  1.4240.02°  115.21+12.39"
3.0 1.41£0.06" 1.4140.06" 109.59+18.57

T *ER P<0.05,



F&M | Vol.41, No.3

3 g

P 5 7 4o T W S T - B R X A A 1
Vi TR P TR G B R ) R Y T L
S 43 i B VE M K BN L O o A B /N ) T e B
S T VR 40 T R A T 4 I I 4
B B oM A VI T R L VR 0 TR A 0
B T B 78 A L O 1, B 6 i 7
Y4 T 4 A/ 4 T RORS 5 ( SROR , 4 IR 4 2%
WL - R 2 B A R 10 75
VX 72 0 B0 T 28 3 15 7 A 1 10 95 6 22 4
BRI . AL BT MR YRR - VE K R R —
R A A 2R U R A R B0 5T 30— A A
S LS W WP Al R 4 KR A K R 9 AR 2 7 O R
Vi HERR 10 B

2% Lk

[1] BRA B, PR % B R T 5 2 8 5 i Tl iy Pk
HHLB ). & ERE, 2015, 36(21): 310-315.

CHEN J S, LU Z H. Eating disorders of elderly: challenges and
opportunities of food industry[J]. Food Science, 2015, 36(21):
310-315.

[2] TORRES O, YAMADA A, RIGBY N M, et al. Gellan gum: a
new member in the dysphagia thickener family[J]. Biotribology,
2019, 17: 8-18.

[3] Wi fla, Bt 8 . £ a1 BT iy e HEE B (0], o & 22 4, 2021,
21(1): 377-384.

CHEN W, CHEN J S. Food texture and properties[J]. Journal of
Chinese Institute of Food Science and Technology, 2021, 21(1):
377-384.

[4]LTU W M, WANG R R, LI J W, et al. Effects of different
hydrocolloids on gelatinization and gels structure of chestnut
starch[J]. Food Hydrocolloids, 2021, 120: 106925.

[57 7l 5, X e R, 5 ik, A5 BT R AR X R R O e
REATRAL[T]. & S LA, 2023, 39(6): 186-194.

MAN H, LIU F F J, GE ] H, et al. Optimization of compound
shrimp mince gel based on texture properties[J]. Food &
Machinery, 2023, 39(6): 186-194.

[6] F L, AR AR . 24 15 22 0 0] i [0 6% 00 KL B R 55 0 J5T 1 52
WELT). €5 & S HLBK, 2024, 40(9): 106-115.

XUE S, LIN J J.Effect of chicory polysaccharide on the texture
and storage quality of round scad fish ball[J]. Food &
Machinery, 2024, 40(9): 106-115.

[7]1 2540, MR, W52, 45 . M- Br — /N2 B TR 4 i A i J A A
R AR 2 R ME[T]. B R S LA, 2023, 39(4): 14-18.

LI M, SHEN Z, YANG Y W, et al. Study on properties of the

texture and fermentation rheology of coconut flour-wheat flour

7 BE B oM E XM B AR AR TR RS R R0

mixed dough[J]. Food & Machinery, 2023, 39(4): 14-18.

[8] B/ . SR —VE M IR 45 7 % A 58 M R 3 AL Ak BT BF 52 (D). 79
B H B K, 2018: 21-34,

HU X X. Research on gel and digestion properties of pecttin-
starch mixed system[D]. Nanchang: Nanchang University,
2018: 21-24.

[91 FRIED M, ABRAMSON S, MEYER J H. Passage of salivary
amylase through the stomach in humans[J]. Digestive Diseases
and Sciences, 1987, 32(10): 1 097-1 103.

[10] LAVOISIER A, BOUDRAG S, RAMAIOLI M. Effect of
o-amylase and pH on the rheological properties of thickened
liquids containing starch in in vitro conditions relevant to oral
processing and swallowing[J]. Journal of Texture Studies,
2022, 53(4): 550-557.

(1] 522298 0 3 20 A -5 K £ 5 A AR SG AR BT 52 [D]. WM - #77T T
FiK2%, 2019: 34-36.

QIN L X. Inverstigation of the correlation between salivary
secretion and food preference[D]. Hangzhou: Zhejiang
Gongshang University, 2019: 34-36.

[12] XURK . I J A SRR | PO 9 L 4% 45 1 5 G 5 L Vgg ) ) 5 R

WFFE[D]. HLM - WL T RT KA, 2019: 27-29.
LIU H. Relationship study between oral physiological
characteristics, salivary rheological properties and chewing
ability[D]. Hangzhou: Zhejiang Gongshang University, 2019:
27-29.

[13] 4505 . 1 7 482 1 SO SR B A4 B BT 52 [D]. BTN -
WiV T/ K%, 2017: 28-31.

CAI H F. Applications of "Oral" Tribology in studying texture
and sensory perception[D]. Hangzhou: Zhejiang Gongshang
University, 2017: 28-31.

[14] YUAN B, RITZOULIS C, CHEN 1J S. Extensional and shear
rheology of okra hydrocolloid-saliva mixtures[J]. Food
Research International, 2018, 106: 204-212.

[15] SHAMA F, SHERMAN P. Identification of stimuli controlling
the sensory evaluation of viscosity ii. oral methods[J]. Journal
of Texture Studies, 1973, 4(1): 111-118.

[16] CHAISAWANG M, SUPHANTHARIKA M. Effects of guar
gum and xanthan gum additions on physical and rheological
properties of cationic tapioca starch[J]. Carbohydrate
Polymers, 2005, 61(3): 288-295.

[171LI G T, ZHU F. Rheological properties in relation to molecular
structure of quinoa starch[J]. International Journal of
Biological Macromolecules, 2018, 114: 767-775.

[18] XING B, YANG X S, ZOU L, et al. Starch chain-length
distributions determine cooked foxtail millet texture and starch
physicochemical properties[J]. Carbohydrate Polymers, 2023,

320: 121240.

15



16

E Al 33 FUNDAMENTAL RESEARCH

[19]LEON A, DURAN E, DE BARBER C B. Firming of starch
gels and amylopectin retrogradation as related to dextrin
production by a-amylase[J]. Zeitschrift Fiir Lebensmitteluntersuchung
und -Forschung A, 1997, 205(2): 131-134.

[20] TECHAWIPHARAT J, SUPHANTHARIKA M, BEMILLER J
N. Effects of cellulose derivatives and carrageenans on the
pasting, starches[J].
Carbohydrate Polymers, 2008, 73(3): 417-426.

[211 KASIM N, ARIFFIN S, SHAHIDAN M, et al. Stability of

paste, and gel properties of rice

lactate dehydrogenase, aspartate aminotransferase, alkaline
phosphatase and tartrate resistant acid phosphatase in human
saliva and gingival crevicular fluid in the presence of protease
inhibitor[J]. Archives of Biological Sciences, 2013, 65(3):
1 131-1 140.

[22] BARRANCO T, RUBIO C P, TVARIJONAVICIUTE A, et al.
Changes of salivary biomarkers under different storage
conditions: effects of temperature and length of storage[J].
Biochemia Medica, 2019, 29(1): 010706.

[23] PARKINSON C, SHERMAN P. The influence of turbulent
flow on the sensory assessment of viscosity in the mouth[J].
Journal of Texture Studies, 1971, 2(4): 451-459.

[24] DENNY P, HAGEN F K, HARDT M, et al. The proteomes of
human parotid and submandibular/sublingual gland salivas
collected as the ductal secretions[J]. Journal of Proteome
Research, 2008, 7(5): 1 994-2 006.

[25] HERRANZ B, CRIADO C, POZO-BAYON M A, et al. Effect
of addition of human saliva on steady and viscoelastic
rheological properties of some commercial dysphagia-oriented
products[J]. Food Hydrocolloids, 2021, 111: 106403.

[26] % FME, ARHL: e FAORHAL R (M. 2 . e aT: m A
A R, 2014: 27-33.

WU Q Y, WU J A. Polymer rheology[M]. 2nd ed. Beijing:
Higher Education Press, 2014: 27-33.

B 2818 | 20254 3 A | BR&RSHM

[27] 7 U0 DL . 5 o B T R o A8 A R HG 55 08 e A 1Y 6 AR
[D]. VU4 BePiR K2, 2017: 44-47.
DONG B B. Pasting,

rheological properties and the

relationship with gel properties of eight kinds of starch[D].
Xi'an: Shaanxi University of Science & Technology, 2017:
44-47.

[28] JIANG C Y, YANG X, LIN S Y, et al. Impact of corn starch
molecular  structures  on water

texture, dynamics,

microstructure, and protein structure in silver carp
(Hypophthalmichthys molitrix) surimi gel[J]. Foods, 2024, 13
(5): 675.

[29] KAUR L, SINGH J, SINGH H, et al. Starch-cassia gum
interactions: a microstructure-rheology  study[J]. Food
Chemistry, 2008, 111(1): 1-10.

[30] PELEG M. The instrumental texture profile analysis revisited
[J]. Journal of Texture Studies, 2019, 50(5): 362-368.

[31] B42 . DR 2B R T 298 B B9 (D] I T &
K, 2018: 27-28.

MA'Y. Study on the process and quality of potato podwer cake
[D]. Yinchuan: Ningxia University, 2018: 27-28.

[32] EKSTROM J, KHOSRAVANI N, CASTAGNOLA M, et al.
Saliva and the control of its secretion[M]// Dysphagia. Berlin:
Springer Berlin Heidelberg, 2011: 19-47.

[33] DODDS M W J, JOHNSON D A, YEH C K. Health benefits
of saliva: a review[J]. Journal of Dentistry, 2005, 33(3):
223-233.

[34] LAGUNA L, MANICKAM I, ARANCIBIA C, et al. Viscosity

Food

decay of hydrocolloids under oral

Research International, 2020, 136: 109300.

conditions[J].

[35] WANG N, WU L R, YANG J L, et al. Lotus starch/bamboo
shoot polysaccharide composite system treated via ultrasound:
Pasting, gelling properties and multiscale structure[J]. Food

Research International, 2023, 174: 113605.



