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Fig.1 Steady shear curve of imitative dough
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Tab.1 Herschel —Bulkley fitting parameters and thixotropy of imitative dough

205 7,/Pa K/(Pa-s) n R? D,/ (s ' Pa-s)

SPO — — — — 28.11 +2. 76*

SP2 160. 26 = 12. 09¢ 305. 37 +25. 36" 0.33 +0.05° 0.991 1927.26 +154. 47"
SP4 218.72 +8.74° 648. 43 +14.79° 0.49 +0. 08" 0.997 3466.49 £251.43°
SP6 222.73 +6. 56° 1288.70 6. 131 0.51 0. 05" 0.999 4614.70 +308. 25"
SP8 230.51 6. 31° 1838.19 +2. 83° 0.48 +0. 04" 0.998 5575. 96 +360. 22°
SP10 255.45 £7.70" 2975.39 4. 63" 0.45 +0.03™ 0. 998 8 199. 15 +190. 90"
SP12 297.77 £10.31° 4065.90 +11. 19* 0.39 +0.01" 0.997 10 091. 08 +685. 23*
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Fig.2 Hysteresis loops of imitative dough
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Fig.3 Dynamic strain curves of imitative dough
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Tab.2 Power —law model fitting parameters in dynamic frequency scan of imitative dough
o o
215
K/(Pa-s) n R? K/ (Pa-s) n R?
SPO 363.74 +65. 861 0.23 £0.01¢ 0. 989 319.51 £12.19¢ 0. 12 0. 00" 0. 955
SP2 8.68 +1.97° 0.55 0. 06" 0.989 19. 50 +10. 29¢ 0.25£0.01% 0.972
SP4 16.51 £3.05¢ 0.59 +0. 03" 0.989 91.20 3. 684 0.26 0. 02 0.992
SP6 37.25 +3. 88° 0.71 +0.07* 0.985 125.76 +2. 60¢ 0.31 0. 15° 0. 996
SP8 865. 91 +106. 69¢ 0.26 +0.01°¢ 0. 997 973. 60 +23. 85¢ 0.16 +0. 01 0. 967
SP10 1201. 10 +180. 83" 0.21 0. 00! 0.994 1469.70 +196. 60" 0. 12 0. 00" 0.990
SP12 1751. 65 +221.76° 0.16 £0.01¢ 0. 994 2280. 90 +321. 00* 0. 10 £0. 04° 0. 991

ARV NG FRER R RIS 22 5+ 25 (P <0.05)

FHIR ARSI, D0 AT R I s PR 3 285 T 1 ) £ 6
BRI AT B B M 45 S M AT BRI AR

K B 2R A0 AT 4 B L K (R R e
YRR R, 25 SR B, B PHP 78t Y 3
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FEARNNIE A TE BLEEE , R A PHP H CWF JE Y

SSBEME , HED Yy B8 B2 Y b T 32 2 0 55 BRI
AT A %
2.5 BRYUEARIRERSES

A R [ S T LA B e T AT A S B o T A
AR WL o, A ) 2 A 32 B b A s BT AL 4Rt
JIRA S o REAU T AT ) A A it 2k dnsT 4 A
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Fig.4 Creep response curve of imitative dough
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Tab.3  Creep response test fitting parameters of imitative dough

AR B B a1 52 B B
2157
Jo/ x107* J./ x107* A 1o/ x 10* T/ X 1072 Jo/ x107* J./ x107* A

SPO 3.53£0.11° 11.5+0.42° 16.80=1.20° 14.41+1.21" 28.87£0.70° 2.04 +0.03*  6.18 =0.14* 11.64 +0.29"
SP2 2.38£0.09"  6.42+0.44> 13.25+3.94" 26.15+6.55" 20.52+0.15" 1.56+0.03" 5.26+0.22" 12.70 +0. 89"
SP4  2.29£0.35"  6.6420.18"  9.96 £4.41* 29.32+4.09" 16.39£0.21° 1.61+0.23" 571 £1.10° 12.83 +0. 67*
SP6  1.77 £0.16°  6.65=0.22"  9.56 £5.03* 36.30=13.11°" 16.16 £0.22° 1.19+0.03° 4.55+0.23" 12.75 +1.22*
SP8  1.60 +0.08°!  5.27 £0.40° 16.50 £0.07"° 25.86+0.33" 15.33+0.30" 1.04=0.03°* 3.61 £0.07°" 10.92 =0.06™
SPI0  1.20 +£0.02%  4.38+0.75° 18.71 £4.17% 29.42 +6.45" 12.1020.25° 0.84 +0.05" 2.76 £0.18%  9.95 +0. 80"
SPI2  0.99 £0.07°  3.86%0.34" 15.30 £4.69" 46.48 +15.76* 9.46 +0.15"  0.61 £0.05°  2.21 £0.08° 11.16 +1.93"

AR/NG PR R E SRR 22 5 B3 (P <0.05) .

2.6 MBI REPEMEBRANREETN

T f1 BE 2R (R HWE 35 25 78 i #4518 i st
JE, BOHE— 2T T n A i v A AOL T A ) 2
AL EERANE 6, AT tand IEHZA/NT 1,
X WASTALL AT P 78 TIN5 0T DA B4 i 1 e i A
55 AL A H, HEAY ALY and 3594 38 KR Y 32
15, I TR 8 ) R G A o) R 2 2 —

HIE 6(c) ATLAE Y, Alifa BEFL I T 2 ANHFRE
W 391 BRAE 40 °C 1 70 C R, B A BFFEIE X

2 R T BE LR B 1 S AR LSRR 1 B AR P
ESEEPY, KEE PHP BUMIA, X 2 AN FFAE 16 %
HAE R FEAE N L ASFFHBAE 57 CH$IL, Farahnaky
AEBUHEAT T 4l PHP B AR (L S2 5, 45 SR & A
40 C TG & AR B IE YA i Ze v 3R
T 1AM, AT RESE PHP & A4 T 28400 UE M 58 I AT
R E Sy o R SRR R AR T IR R E A T e
PHP ¢ FE R A E W, HILkRE, ABEE
FEAEAE R BB i 7 AT A1 PHP f 9 R,



H42 6 H 3 7]

AR AT e — AT AL BEAS DL T AT B A S I S 121

ey, 870,
100 - — —

80

143.54%| 143.29%]

RYXEIN

54.81% [56.46%)| [56.71%]

I

40+ 45.19
73.77%]

11

68.95%
73.65%]
| [7840%) [31.05%

201 hease 26.35%

21.60%]

1 | I I| 1 Il Il

SPO SP2 SP4 SP6 SP8 SPI0 SPI2
il

P 5 AU A7 [ 2 I B 1 e R A2 SR A Y
FROAS L ARG A 20 L

Fig.5 Relative elastic and sticky portion of maximum

creep flexibility of imitative dough during

recovery phase

XA RE AR (X PHP B ZEE R DL B A S
PHP XK FRITEF AR R, Kk, BT
PHP R0 A1, HoARE 1E VA fh 2 R A7 78 2 A~
T ARIEAY 1 ANFE 32 CREIE, 7540 1 AN7E 84 C I,
HEMIIX 2 > 52 CWE FI HWF 4359 & A2 T Bk i

., ARl A 2 S E, A 2ZEHED,
TXCURHA 2 N2 53 TE 11 B G 30 Sy 5558 fise L Jie i Jo
HHZEARK,
2.7 SRS HUE B AR B0 B AR AR I AT
B M iR B 2 A7 0 JBE S o T Y T BEAR AR 2
— RIS BRSO AR T T B R s I, 25 SR
WE 7 (a) . MWEEERTHL BN PHP J5 , 5545 1 A 1
IR B BT e TR TR, SPe 4 i #E
JB 5 B 3K B e KAE 4 305. 74 g - mm, 1] B 19 J5 P 4
Tl T EEE A PHP 0] DB s, 2
I A EAE B AT i &S R B s faBE R A S
PHP 245> T 2 [AIfF A6 59585 42, HLIX 2 Fr s
TR T, EANZ A 7T e I F AN 2
RAEARAYES T DN AE AR PHP 5 i 5 A5 401 1 141
R TR A LA 1T PHP /E A FEARAEE T
BT = AEBE S M 25 2548 s 76 7% PHP B8 062 A A
P A PHP o HWF &A= T BERARTE B 1 BE AL )
26 0 o PR/ NI B 2 1 NI A S S A 53 BT S
JeH, 4 PHP USIIRAE 5T 734X 6% MR, PHP i
VT HCBIE 2 T T — s R 1) B 2R B P 45 45

25000

20 000

15 000

G"/Pa

10000 -

5000

0F

_5 OOO 1 1 1 1 1 1 |
20 30 40 50 60 70 80 90

HEC
(b) BIFERTE

100 000
——SPO
——SP2
80000F . gpy
—— SP6
gooool  ——SP8
[+
& 40000
<
20 000 F
O -
720 000 1 1 1 Il 1 1 ]
20 30 40 50 60 70 80 90
RE/C
(a) GRERLE:
0.40
035
0.30F
S
T 025F
0.20F
0.15 !
20 30 40

1
50 60 70 80 90
REIC

(c) BAFEIE VI

6 AU AT 4 3l Al E 14 Hh £k

Fig. 6

Dynamic temperature scanning curve of imitative dough



122 BB AR 2024 4E5 A

Ay, DUMCHCBE e o B 5t MELMRRPE M AT 04SSR, FEOMEDRAO LA SR REAT — i DRSS ; T e ik — S i
W& PHP (7RI, MEDFOIEEE e B VB R R B BRI DA OB B . AR (r, ) 2
SRS FEAR AT B 6% Pk BHRK, B 222 50 A P ZE RIS S A9 15 5 LA i )

N T PRGN R s e R BRI AT LUfE, s Ul b iy . SR LA
P BRI AT 25 R BE S VIDF 22 Fohr SN PHP Ji5 38 15 w0 1) 4E 5 14 52 B0 56 3 5 B A1
AR SR 7 (b) o ML (E) ARk AoBaS FEd e o B 70 %0 6% I, AR X R fifi 45k
A BE%E PHP OUSIN, SP4 AL L T iR M8, 25 W B T RORME, B OF 22 REBS R 2= I A K2 Y 1. 74
B, X U] PHP AU ES i/ N T it o 8 4% I B A% IR T BRSO RO SE RAFIE LT

6000 6 o 125
Sl
N3 3%
5000 sl xR N
a a .
£ 4000 N ~4 be fov e SE
& L Re Ne 115
#3000 E3l a4 4 o
a0
j§ ¢ 5 b 410
2000 2+
8 c
c C
1000 | 1k d | 105
0 , I —— L , Lo
SP2 SP4 SP6 SP8 SPIO SPI2 SPO SP2 SP4 SP6 SP8 SPI0 SPI2
5 4151
(o) BEE S (b) LR

AR ING R R A R RO 22 5+ B2 (P <0.05)
BT A AL TR AT 1) I 5 3 B v i e

Fig.7  Gel strength of imitative dough and tensile properties of pancakes after heating

2.8 HHHORTEHTIE L2 R T B AL P 0 S 9 5 B
T RUEZ G TARSN B AR AR T A 7 9 R 4 55 08 e 1 %, 1 90 1 ik o

P BEREHETRAOHEN 31t — 50058 T BRI DRIO RO 10 s~ J5 JU25 b B BE SR, 45 $00 6T A1 o {82 90 1
ghH G5 8. IS FTIAE  WIRALIOZE Ky PR RO PHP VIR I AL Sl M5 ks A
SRR ARG IV 25 FLIRATT 2, vl PHP  WUEERSSR. T8 LA 26 154 50 F PHIP o i) 25 2 ] 1L
S5 BERSHE R FLIR B s B TR SR gE A AETE SRS RO TR SR B0 EURE , PHP S N O i
SR T BRI S S AN At SR 6% AR O 2 B AN AR ST e . B
RS (0 RTF 2K, 24 PHP s d  PHP ASINEEROIEIN, J, A1 J,, 2% e A, FLBRE 7 4
(RSP WK E 6% I, T LI SRR Do 45 4% T 6% TS I 1) PHP T8 AT % 5801 0] 52 P d 11K
Fas R 25— LR e ane deert TTPTERIIRS ST 0T EOP sk RO BER I, L& 1R
FEAR T B RS B AUE LA T S ey, POFFTEDIR AR 1 PHP BORFERIL, BOILZE A L
TESCAE IR DT LB DRI T Bcspgxy  AEATRERD, PHP UL Jy Uit 54 6% Y , #15
BUONAIL ARG, bR TR T 60 PR — ALI M AT AN, BFSU5 R AR UL PP
PHP FREIE O FLA Bl i e gyt RV BE LT 6% I, £ SEEE P PHP 260
. iz PHP ﬁﬁﬂ%ﬂ’\]%ﬁiﬁn,ﬁﬂ%%&%%éﬁ?l@ MBI R T B 25 RIS 7 4% H KT 6% Bt , 1 g
AT BN A A Moty 1 VRESRA PHP ZRLIVECN ST 6% T, PHP
FRHEE 24 £ o AR, T eIl it T LI BER T 3. ASemni bk
TR SO AR G, RO R0 O 0% Bl 9 - R

it e A

3 & B RS T IR LA 7 AR R AR
f o 1) A ER 141 PHP 20840 T2 0 1 A6 1 1

ARG RS I T PHP 55K BV f 6 BE BT, 35 7EHLIM 1 B0 25 4 P AREFL, 2) PHP -



42 % 3 B A ERTT o0 - AR B BRI P A A e BRI B 123

(d) SP6

) SPI0

(c) SP4

(e) SP8

© SP12

(L 7 eV o)
Fig. 8 SEM micrograph of pancakes

AR A B T2 2 T AL R TR AR RIS
3) AT 4] v f JBE A 1 R PHP 2 7E 5
B ARAT O S LR

SE 3k

(1] RhEEZay, sp80%, Yook, 5. MRk LG ikoe
AR NPT ST R [ T]. FRTEE 2, 2021, 33(12)
1231 - 1235.
LU Y Y,GUO H L,SHEN F, et al. Research progress of
low-carbohydrate diet in controlling overweight obesity
[J]. Preventive Medicine 2021, 33(12); 1231 - 1235.

[2] SAINSBURY E, KIZIRIAN N V, PARTRIDGE S R,
et al. Effect of dietary carbohydrate restriction on glyce-
mic control in adults with diabetes: a systematic review
and meta-analysis [ J ]. Diabetes Research and Clinical
Practice, 2018, 139(5) ; 239 -252.

[3] ZHANG J X, WEN C T, ZHANG H H, et al. Review of
isolation, structural properties, chain conformation, and

bioactivities of psyllium polysaccharides [ J]. International

(4]

(5]

(6]

(7]

(8]

Journal of Biological Macromolecules, 2019, 139, 409 —420.
BELORIO M, GOMEZ M. Psyllium ; a useful functional
ingredient in food systems[ J]. Critical Reviews in Food

Science and Nutrition, 2022, 62(2) : 527 —538.
ZIEMICHOD A, WOJCIK M, ROZYEO R. Seeds of

Plantago psyllium and Plantago ovata: mineral composi-
tion, grinding, and use for gluten-free bread as substi-
tutes for hydrocolloids[ J]. Journal of Food Process Engi-
neering, 2019, 42(1) : e12931.

FARBO M G, FADDA C, MARCEDDU 8, et al. Impro-
ving the quality of dough obtained with old durum wheat
using hydrocolloids[ J]. Food Hydrocolloids, 2020, 101 .
105467.

KARAKUS S, ILGAR M, KAHYAOGLU I M, et al. In-
fluence of ultrasound irradiation on the intrinsic viscosity
of guar gum-PEG/rosin glycerol ester nanoparticles[ ] ].
International Journal of Biological Macromolecules, 2019,
141, 1118 —1127.

ZHOU P Y, EID M, XIONG W F, et al. Comparative



124

BB ROR AR

2024 45 H

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

study between cold and hot water extracted polysaccha-
rides from Plantago ovata seed husk by using rheological
methods[ J]. Food Hydrocolloids, 2020, 101, 105465.
SUKHIJA S, SINGH S, RIAR C S. Analyzing the effect
of whey protein concentrate and psyllium husk on various
characteristics of biodegradable film from lotus ( Nelumbo
nucifera) rhizome starch. [ J]. Food Hydrocolloids,
2016, 60 128 —137.
ZANDONADI R P, BOTELHO R B A, Aragjo W M C.
Psyllium as a substitute for gluten in bread[ J]. Journal
of the American Dietetic Association, 2009, 109(10) ;
1781 - 1784.
FARBO M G, FADDA C, MARCEDDU S, et al. Im-
proving the quality of dough obtained with old durum
wheat using hydrocolloids [ J ]. Food Hydrocolloids,
2020, 101, 105467.
RBPETE. Yo VR RS UR KB o 0 B8 i B R R SR [ D ).
il BHEEAERE, 20212 -3,
XIONG Z Y. Study on the quality characteristics of fro-
zen and unrinsed large yellow croaker surimi [ D ].
Shanghai; Shanghai Ocean University, 2021 .2 —3.
Whig:, TR, AN, 55 AR MBE R fr i nin T
T2, SCE SR, 2022, 38(9) . 215 -227.
CHEN Y, JIANG C Y, ZHENG J, et al. Processing
technology of non-rinsed surimi instant food[ J]. Modern
Food Science and Technology, 2022, 38 (9). 215 -
227.
CHEN L, TIAN Y Q, BAI Y X, et al. Effect of frying
on the pasting and rheological properties of normal maize
starch[ J]. Food Hydrocolloids, 2018, 77 85 -95.
FENG Y Y, MU T H, ZHANG M, et al. Effects of dif-
ferent polysaccharides and proteins on dough rheological
properties, texture, structure and in vitro starch digesti-
bility of wet sweet potato vermicelli[ J]. International
Journal of Biological Macromolecules, 2020, 148. 1 -10.
FUZ Q, CHE L M, LI D, et al. Effect of partially ge-
latinized corn starch on the rheological properties of
wheat dough[ J]. LWT-Food Science and Technology,
2016, 66 324 —331.
KLU, THE, BT, 48 KIS RRFFIH A1 95
RN B A 0 BRSBTS [ )], B Tl R
2017, 38(18): 60 —64.
MI H B, WANG C, ZHAO B, et al. Effects of soy-
bean, flaxseed and perilla seed oils on the quality of
grass carp ( Ctenopharyngodon idellus) surimi gels[ J].
Science and Technology of Food Industry, 2017,
38(18): 60 —64.

[18]

[19]

[20]

[21]

(22]

(23]

[24]

[25]

[26]

(27]

[28]

[29]

CHEN Z, SAGIS L, LEGGER A, et al. Evaluation of
starch noodles made from three typical Chinese sweet-
potato starches [ J ]. Journal of Food Science, 2002,
67(9) : 3342 —3347.

CAO HW, FAN D M, JIAO X D, et al. Importance of
thickness in electromagnetic properties and gel charac-
teristics of surimi during microwave heating[ J]. Journal
of Food Engineering, 2019, 248 . 80 —88.
CRAWFORD N C, POPP L B, JOHNS K E, et al.
Shear thickening of corn starch suspensions: does con-
centration matter? [ J]. Journal of Colloid and Interface
Science, 2013, 396 83 —89.

WANG Y, YE F Y, LIU J, et al. Rheological nature
and dropping performance of sweet potato starch dough
as influenced by the binder pastes[ J]. Food Hydrocol-
loids, 2018, 85: 39 -50.

MI G, WANG T, LI J R, et al. Phase separation affects
the rheological properties of starch dough fortified with
fish actomyosin[ J]. RSC Advances, 2021, 11(16)
9303 -9314.

PHAN-THIEN N, SAFARI-ARDI M. Linear viscoelastic
properties of flour-water doughs at different water con-
centrations [ J ]. Journal of Non-Newtonian Fluid Me-
chanics, 1998, 74(1/2/3) . 137 - 150.
GUADARRAMA-LEZAMA A Y, CARRILLO-NAVAS
H, VERNON-CARTER E J, et al.

thermal properties of dough and textural and microstruc-

Rheological and

tural features of bread obtained from nixtamalized corn/
wheat flour blends [ J ].
2016, 69 158 —165.

ZHANG D Q, MU T H, SUN H N. Comparative study

of the effect of starches from five different sources on the

Journal of Cereal Science,

theological properties of gluten-free model doughs[J].
Carbohydrate Polymers, 2017, 176, 345 —355.

KIM W W, YOO B. Rheological behaviour of acorn
starch dispersions ; effects of concentration and tempera-
ture[ J]. International Journal of Food Science & Tech-
nology, 2009, 44(3) : 503 —509.

ANVARI M, JOYNER MELITO H S. Effect of formulation
on structure-function relationships of concentrated emul-
sions: rtheological, tribological, and microstructural char-
acterization[ J ]. Food Hydrocolloids, 2017, 72 11 -26.
ROUILLE J, DELLA VALLE G, LEFEBVRE J, et al.
Shear and extensional properties of bread doughs affected
by their minor components [ J]. Journal of Cereal Sci-
ence, 2005, 42(1) . 45 -57.

ONYANGO C, MUTUNGI C, UNBEHEND G, et al.



a2 B3

¥

AR AT e — AT AL BEAS DL T AT B A S I S

125

Rheological and baking characteristics of batter and [31] FARAHNAKY A, ASKARI H, MAJZOOBI M, et al.
bread prepared from pregelatinised cassava starch and The impact of concentration, temperature and pH on dy-
sorghum and modified using microbial transglutaminase namic theology of psyllium gels[ J]. Journal of Food En-
[J]. Journal of Food Engineering, 2010, 97 (4): gineering, 2010, 100(2) ; 294 - 301.

465 -470. [32] ZHUANG X B, WANG L J, JIANG X P, et al. Insight

[30] RONDA F, PEREZ-QUIRCE S, ANGIOLONI A, et al. into the mechanism of myofibrillar protein gel influenced
Impact of viscous dietary fibers on the viscoelastic be- by konjac glucomannan: moisture stability and phase
haviour of gluten-free formulated rice doughs: a funda- separation behavior[ J]. Food Chemistry, 2021, 339
mental and empirical rheological approach [ J]. Food 127941.

Hydrocolloids, 2013, 32(2) . 252 -262.
Rheology and Gel Properties of Psyllium Husk Powder-Unrinsed
Surimi Imitative Dough
YANG Jing', LI Jianrong', LI Xuepeng', YI Shumin', MENG Yuqiong®, MA Rui’, MI Geng™"

(1. College of Food Science and Technology/National & Local Joint Engineering Research
Center of Storage, Processing and Safety Conirol Technology for Fresh Agricultural and
Aquatic Products, Bohai University, Jinzhou 121013, China;

2. College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, China;
3. College of Chemistry and Biological Engineering, Guangxi Normal University for Nationalities ,
Chongzuo 532200, China)

Abstract; Researching and developing dough with high dietary fiber, high protein, and low glycemic
index, along with corresponding staple foods, is of significant importance in meeting dietary requirements
and maintaining health. Psyllium husk powder ( PHP) and unrinsed mackerel surimi were replaced starch
and protein in traditional doughs, and were blended to prepare a novel imitative dough. The rheological
properties were systematically evaluated. The static rheological test showed that the thixotropy of all
samples increased with the addition level of PHP, while the fluidity, rigidity, and resilience of all
samples gradually weakened. Interaction analysis confirmed that weak bonds, such as hydrogen bonds,
existed between surimi protein and PHP polysaccharide molecules. The addition of mass fraction 6% PHP
resulted in the weakest interaction. During the heating process, all dough samples formed good gel, and
the presence of protein significantly increased the dissolution temperature of PHP. Further gel
characteristic analysis revealed that the addition of mass fraction 6% PHP resulted in the best gel
strength , reaching 4 305. 74 ¢+ mm, and the tensile property was also the best. Microstructure analysis
showed that at 6% PHP addition, the sample had a uniform structure and fine pores, indicating the
formation of a protein-polysaccharide interpenetrating gel network. PHP and unrinsed mackerel surimi
could be used to prepare high quality dough, with the best quality achieved at addition of PHP mass
fraction 6% and the gel staple food prepared based on PHP-unrinsed surimi dough also had the best
quality.

Keywords: psyllium husk powder; unrinsed sumiri; dough; rheological properties; gel properties
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