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Introduction

Wheat starch granules are composed of amylose and amylopectin, which are responsible for the functions of starch
such as swelling, gelatinization, pasting, gel formation, and retrogradation. The retrogradation changes the functional
properties, it is an undesirable phenomenon in some starch-based foods which reduces the acceptability of food, and
shortens the shelf life. Delaying or preventing of starch retrogradation is a major challenge in the food industry. Various
ingredients such as carbohydrates imply an important role in improving the functional properties, decreasing amylose
leaching and retarding the retrogradation of starch gels. Cress seed gum (CSG), as an emerging galactomannan, has
shown the ability to improve the textural and rheological features of food systems based on its unique properties.
Addition of CSG to the composite wheat-rice bread increased dough stability and improved the staleness of bread
compared to guar gum. Also, the addition of CSG and xanthan gum to gluten-free bread stabilized the texture of bread
during storage. Sucrose (SUC) is a common additive in food formulations which is useful as a sweetening agent and
textural modification. Sugars have been able to reduce amylose leaching and accelerate or delay starch gel formation.
They also delay retrogradation of starch gels during storage. Therefore, the objectives of this study were to determine
the impact of different substitution levels of CSG (0, 5, 10 and 15%), SUC (0, 5 and 10%), and their blend on the
functional properties (swelling strength and solubility), microstructure features, retrogradation kinetics and synthesis of
native wheat starch (NWS) gel (4% w/w).
Materials and Methods

Cress seeds were purchased from a local medicinal market. NWS and SUC were supplied from Sigma Aldrich
(Spain) and Merck (Germany) respectively. Starch suspensions (0.6 gr powder/20 ml water) substituted with CSG (0, 5,
10, and 15% w/w) and SUC (0, 5, and 10% wi/w) were prepared to estimate the swelling power and solubility index. To
produce starch gel, the 4% w/w suspensions of NWS-CSG-SUC were prepared by dissolving the appropriate amount of
CSG powder and SUC in deionized water. Then, each suspension was poured into a stainless-steel cylindrical container
and was heated to 95 °C and held at 95 °C for 3 min and then cooled to 50 °C while stirring continuously at 160 rpm
with a mechanical mixer. Finally, the pastes were kept at ambient temperature (25 °C) for 1 h. To assess gel structure,
imaging of the gels was performed by scanning electron microscopy (SEM). The retrogradation kinetics and syneresis
of gel samples were determined after storage at 4 °C for 0, 1, 7 and 14 days.
Results and Discussions

The swelling power and solubility index of NWS increased with increasing the replacement level of CSG. CSG
promotes adhesive interactions among the gelatinized granules. This can enhance the forces applied to them, facilitating
water entering (increasing swelling), amylose solubilization and its exudation. In contrast, SUC compete with starch
molecules for water in the system and thus preventing gelatinization and mobility of starch molecules reduced the
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swelling power. The starch-gum-sugar mixtures had a higher swelling power compared to the starch and starch-sugar
samples. The mixed samples had higher solubility values than each of them individually. SEM images showed that the
pore size of starch gel decreased and increased from 33.01 to 29.44 um and to 45.37 um with increasing the substitution
levels of CSG and SUC, respectively. NWS-15% CSG-5% SUC gel had 31.34 um pore size. After storage for 14 days
at 4 °C, the CSG substitution with NWS reduced the rate of retrogradation and syneresis from 0.101 to 0.52 (s%) and
from 50% to 23%, respectively. It could be related to creating a film around the granules by the leaked amylose and the
CSG in the continuous phase, so inhibiting further swelling and polymers leaking out and related to high water holding
capacity of CSG. The addition of SUC reduced the rate of the process to 0.096 (s') but because of its low water holding
capacity, the value of syneresis enhanced to 57%. In the mixed gels, more reduction of the retrogradation rate and
syneresis was observed which was clearly at high CSG replacement. The retrogradation rate of the NWS-15%CSG-
5%SUC was 0.057 (s1) and its syneresis was 45%. According to the results, it can be concluded that 15% CSG and 5%
SUC replacement levels can effectively improve the functional properties and reduce the rate of retrogradation and
syneresis of NWS during storage.
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Table 1- The treatments including the levels of each treatment and the weight amount of the components (Native wheat
starch (NWS), Crees seed gum (CSG) and Sucrose (SUC))
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NWS CSG SUC
1 0 4 0 0
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Table 2- Swelling power (SP) and solubility index (SI) of native wheat starch gel (NWS, 4%)
In the presence of cress seed gum (CSG) and sucrose (SUC)

sSuUcC Parameters
((:OSA)(); (%) Py &8 Cldls
SP (9/9) S1 (%)
0 13.1140.84°"  8.28+2.11
0 5 12.03+0.41F  11.67+1.67
10 11.66+0.22F  16.67+0.00
0 15.74+0.14%  21.11+0.96
5 5 14.82+0.31% 24.45+1.93
10 14.39+0.41%  26.61+0.10
0 18.15+0.16°  20.56+0.96
10 5 17.60+1.03" 20.89+0.84
10 17.41£1.24%  25.33+1.76
0 22.17+£0.34%¢  16.67+1.67
15 5 21.72+0.57¢  17.50+0.83
10 19.124+0.24°> 22.15+1.87
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Fig. 1- Scanning electron micrographs (SEM) of native wheat starch gel (A) with 5%S (B), 10%6S (C), 5%G (D), 10%G (G),

15%G (J), 5%G-5%S (E), 5%G-10%S (F), 10%G-5%S (H), 10%6G-10%S (1), 15%G-5%S (K), 15%G-10%S (L).
S, sucrose and G, cress seed gum
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Table 3- Mean pores diameter values for native wheat starch gel containing cress seed gum (CSG) and sucrose (SUC)

koo 5

CSG  SuC Sy 8 busgle
(%) (%) ean pore diameter (um)
0 33.01+9.09¢
0 5 38.09+16.89¢
10 45.37+11.43¢
0 30.10+4.914
5 5 87.20+19.202
10 92.144+12.452
0 79.00+6.212
10 5 33.89+10.35¢
10 88.18+17.792
0 29.44+6.814
15 5 31.34+16.31¢
10 56.85+17.42"¢

Sl Culd | a8 A8 e 2l gl S GlLbl s Wb S dtwgu
b piSany cde by S S5l okl slasSUse
S o S5l jokel s sSlge S gy waa i1 RSy
OSer g (Swp cul ond Sl g GRS 4 e oS
atwlis b Oly Cawg 15,5 5,155 5.5 (Berski et al., 2018)
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Table 4- The Avrami equation parameters determined for retrogradation kinetic of native wheat starch gel in the presence of
cress seed gum (CSG) and sucrose (SUC)

oo 5L oL
Parameters
CSG SuC
(%) (%) Ho H o Ho—Ho/Ho k R2
) @) (1/s)
0] 47.74+1.472 173.40+14.288 2.63+0.19° 0.101+0.0218cde (0,960
0 5 44.79+0.58%¢  152.40+10.322  2.40+0.27,  0.076+0.005%F  0.942
10 36.50+3.10¢ 111.50+5.668  2.06+0.10°  0.096:0.0200cdf  0.978
0 44.96+1.40%  171.60+10.042 2.8240.10°  0.073+0.011%f  0.905
5 5 38.8142.09d 143.30+5.668  2.70+0.34>  0.085+0.006°%f  0.937
10 38.47+0.14%  186.00+15.842 3.84+0.43? 0.028+0.002f 0.970
0 43,9142 6030cd 77.66+2.542 0.77+£0.16¢ 0.168+0.002 0.992
10 5 41.07-0,12bcde 63.27+4.33?2 0.54+0.10°  0.139+0.0012cd  0.974
10 39.0140.52¢de 47.85+1.712 0.23+£0.06°  0.157+0.006%>  0.979
0 44,3340,77abcd 65.81+0.712 0.48+0.01¢ 0.052+0.001¢F  0.975
15 5 42.25+0.343cde 58 53+7.422 0.39+0.19¢ 0.057+0.035¢F  0.957
10 38.8340.43¢e 44.11+1.172 0.14+0.04¢ 0.15440.0420c 0.973

(P> +1+0) )l K05 b (g5 gime d)L"‘l M Gl By b gl 1 Siho sl ST dwr gl Hlire Blyoul £,k &gy gl
All data are expressed as mean =+ standard deviation of three determinations. Values followed by the same letters show no significant
differences (P > 0.05).
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Fig. 2- The values of syneresis (%) of native wheat starch (NWS) gel containing cress seed gum (CSG) and sucrose (SUC)
during storage time
(a-h, means followed by the different letters in the each raw for substitution levels of CSG and SUC are significantly different

(P < 0.05). A-D, means followed by the different letters in the each column for storage times are significantly different (P <
0.05))
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