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Abstract: Sagittaria sagittifolia, Eleocharis dulcis and Trapa natans are chief aguatic izomatous crops in southern China. Their proper

combination can create novel food products with new texture and nutritional values. In the paper, mixture design approach was used to
investigate the effects of the composition of these three starches on the textural properties of gels, and to characterize the gelatinization process
of different starch blends ratio by using differential scanning calorimetry (DSC). The results showed that the mixture starches presented
antagonistic effect for Sagittaria sagittifolia starch and synergistic effect for Trapa natans starch. These two actions interacted and finally
displayed the antagonistic effect on hardness, cohesiveness, elasticity; consistency and chewiness, but not on adhesiveness. The DSC results
indicated that components of the mixture dependently gelatinized, as evidenced by the two endathermic peaks corresponding to the individual
components. The starches of Sagittaria sagittifolia and Eleocharis dulcis inhibited the recovery of Trapa natans starch, which led to less
swellingof the starch granules. The research can provide a reference for efficient use of special starches from southern China.
Key words: starch; food processing; gelation properties; differential scanning calorimetry; interactions
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Table 1 Level and code of variables for starch blends design
%A _A(X100%) - B(><100%) C(><100%)

1 0 0.7 0.3
2 1 0 0
3 0 1 0
4 0.7 0 0.3
5 0 0.4 0.6
6 0.5 0.5 0
7 0.4 0 0.6
8 0.35 0.35 0.3
9 0.2 0.2 0.6

E: A=EA, B=FF, C=%A.

K H Design-Expert 2 (Statsoft 7.1.3) H VR K}
W IR« IRBRE T PR 2o iR S i) =Fp e
s AT S E 2 BRI T 100%. JREHE A
THIACE, SRS H ARG Y BTG . i
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Table 2 Mean values of starch gels textural parameters corresponding to the first day of storage at4 C

G AN RN FPE RSMEPEN mm) A oHL
1 1354002 0434001 1474001 0.2140.06 0.5840.02  0.8540.03
2 0.8240.02 0.3640.01 1.09+0.08 0.3240.04 0.304#0.02 0.35#0.01
3 1312003 0392001 1054005 0.3540.08 0.5140.02  0.7540.03
4 1.02+).04 0.3640.03 1.58+).09 0.2940.02 0.3940.08  0.59+0.09
5 1.4440.01 0.4640.02 2.4740.09 0.1840.03 0.6740.03  1.0940.05
6 1012000 036001  0.9020.01 0.3140.03 0.3640.01  0.4140,03
7 1.1640.07 0.3640.01 2.3440.07 0.1640.02 0.4240.02 = 0.6530.02
8 1.12+40.01 0.3740.01 1.80+0.04 0.3040.09 0.4140.02 0.5840.01
9 1262004 0402001  1.7140.00 0.2140.01 0514001  0.7320.04

*® 3 BB EAEARA N E AR ES T

Table 3 Mathematical modeling of textural properties: regression coefficients and analysis of variance(ANOVA)

Bk MR

LA

BAL  TRFHK

A B B2 B3 [ Bis B2z Bizs FWP) . CVI% R’ R*
Y1 083 131 137 -024* 014 033 . -1.84*  <0.0001 238 09905 0.9848
2 036 038 043 -005% -0.15%% 020% -058**  <0.0001 139 09862 0.9779
Y3 1.09 1.02 2.93 -0.42 0.22 0.59 -0.44 0.0001 14.48 0.9049 0.8478
\Z 003 004 002 -001 -001 -001° 018%  <0.0001 713 09494  0.9190
Ys 003 005 006 -0.02* -002 004* -016** <0.0001 411 09866 0.9786
Ys 0.35 0.73 0.90 -0.49* -0.02 0.85 -2.95 <0.0001 8.44 0.9706  0.9529

iE: R R FEP<0.05); M ATALLFE(P<O0L); AHILARNHAIIEFKF. Y=PA +BoBHaCHProXoXrHpraXoXe+BaXoX
atP1aXiXoXs, P Y1=ALE s Y=AbR b Yo=Yl ey Ys=IR A ; Yo= "HuiiE; A= #dd, B=%3, C=3% f ; CV=coefficient

of variation; R?=coefficient of determination..
= 4 B FRAMATUNEMI ISR

Table 4 \erificationofmathematical modeling of textural

properties

38 0.175:0.375:0.45 0.4:0.3:0.3

e G K E HMAME RIE KE
Y1 1.25 1.26 0.0094 1.09 1.09 0.0075
Y2 040 041 0.0021 0.36 0.36 -0.0006
Y3 1.96  1.60 -0.3649 163 178 0.1545
Ys 0.03 0.03 -0.0007 0.03 0.03 -0.0009
Ys 0.05 . 0.05 0.0003 0.04 0.04 0.0006
Ys 0.76 0.73  -0.0331 0.54 0.55 0.0133

E: YRR YRR Ya=HRE: YasAEFME: Ys=AR
ME; Ye= "L,

M 3 ATHN, 6 MNEURTTAREFIESE) [l A5 AL
KB EKE, RIEEW A E R HIL F
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Table 5 DSC measurements for Sagittaria sagittifolia, Eleocharis dulcis and Trapa natans starches and their blends

By Tol'C Tp/C Tp2l C TdC AH1/(J/g) AH/(J/g) 15 H AHI/g)

1 59.05 65.96 - 68.63 18.37 -

2 67.26 73.12 - 74.45 13.45 -

3 82.20 86.00 - 87.26 8.68 -

4 66.81 72.02 86.87 88.25 7.18 9.78 12.02
5 59.25 65.88 86.83 88.45 6.08 8.87 15.46
6 66.67 72,77 85.97 87.70 4.29 9.50 10.59
7 60.21 73.28 - 73.41 0.47 4.85 15.91
8 59.36 66.04 85.91 86.80 4.47 12.37 12.56
9 61.14 72.44 87.41 89.17 4.54 6.45 13.74
1 60.57 72.44 85.90 87.15 1.73 4.75 11.57

E: A=EdE, B=%FK, C=3%A; To, RIERE; T, H—AEEERE; T, FHAEMEL; Ty, £ TEE; AH, H—4o
Ve MR . AH, B WML HIE{A; Estimated AH, R4 54 P & 405 MK Heis) b 09 8 Fa,

MRAVER HREL . EFE S EEE (7T0%)
B, 32 ZZ MG ERE, T 56 17, it
L1 0.35:0.35:0.3 LUl i) B AR R oK, 1A% 1.41 °C,
XL T 264G ZEFEME IR A IR R TR0 25 A E
M A R, HE 2R 22U A BRI R LR
B, VSRR E SRk, U R ik,
1122 e BRI X BT R (7K o0 /b, AN RER o 1
Mo DHE, 4 3Me IR, B, ZReha s
BRI, PRSI R R SR B

Liu A, VR G VER PRI %520 50 AH R EE
5] (R RGBS (R S RTESY - 8 Htst L S PR A5 AR 5
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SZ VR K 2, TSI 1 d e k&
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K 0:0.7:0.3 IR AVEMBIRIN K RET d 54 051N
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Table 6 Water loss rate of starch blends in the process of

storage
Yy
524 el -
1d 2d 3d 5d 7d
0:0.7:0.3 0 0.37 3.97 6.63 8.04
0.7:0:0.3 0 0.66 2.15 4.81 6.98
0:0.4:0.6 4.11 9.25 13.08 16.10 16.84
0.5:0.5:0 0 0 0 0.17 3.04
0.4:0:0.6 3.10 8.02 12.72 1544 16.18
0.35:0.35:0.3 0 1.99 5.70 9.16 11.39
0.2:0.2:0.6 4.06 9.05 12.65 1497 16.02
i: A=t B=EE h, C=% A
3 Z5ip
B, =3, SEMEMREE, " HEEEAH

R FRIVE R o RIS A [ AR 3 e B,
h 2RIk A B R BB SN 280k
FHUEA IS EL AR L 5RO,
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25 R IR AL A R R Xl B R A DUk,
21
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