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Fig 1 Acetylation of protein compounds [7]
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1. Generally Recognized as Safe (GRAS)
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Absorbance (335 nm)
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Fig 2 Standard curve of lysine concentration for
determining of free amino group
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2. Freeze drier
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3. Hardness
4. Cohesiveness

5. Adhessiveness

6. Springiness

7. Gumminess

8. Chewiness

9. Creep

10. Analysis of variance

11. Test Multiple Range Duncans
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Table 1 Chemical composition of native and acetylated protein *

Carbohydrate (%) Ash (%) Fat (%) Protein (%) Moisture (%)
Gluten 10.96+ 0.53 ¢ 1.07+0.01° 1.68+0.03° 86.27+°0.59 6.70+0.05
Gliadin 8.51+0.34° 1.23+0.04¢ 1.80+0.03* 88.60+0.63" 5.70+0.03¢
Glutenin 11.45+0.55° 0.94+0.03" 1.30+0.02¢ 86.31+0.84° 6.00+£0.02°
AC gluten 14.49+0.81° 1.82+0.03° 1.42+0.03¢ 82.28+0.37° 5.35+0.03¢
AC gliadin 12.20+0.37° 2.13+0.02° 1.2540.01° 84.42+°0.45 5.01£0.07"
AC glutenin 12.82+0.39" 1.62+0.03¢ 1.20+0.01° 84.36+0.49" 5.55+0.07"

* Multiple comparison procedure according to Duncan’s test was carried out for the data shown in
each row and each column, separately. Values are the average of triplicates + standard deviation.
Different small letters in each column indicate significant statistical difference (p < 0.05).
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Table 2 Isoelectric point (IEF) of gluten
protein subunits

Protein IEP
N Gluten 6.240.2°
AC Gluten 4.4+0.1°
N Gliadin 6.0£0.0°
AC Gliadin 4.6+0.0°
N Glutenin 7.6+0.1%
AC Glutenin 5.8+0.0"

a Multiple comparison procedure according to
Duncan’s test was carried out for the data shown in
each row and each column, separately. Values are
the average of triplicates + standard deviation.
Different small letters in each column indicate
significant statistical difference (p < 0.05).
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Table 3 Extent of modification of acetylated gluten, gliadin and glutenin at various pHs

Extent of
modification (%) pH 3 pH 6 pH9
10 min 120 min 10 min 120 min 10 min 120 min
Gliadin 27.45+0.144 14.07+0.158 28.46+0.16°*  26.27+0.45° 28.56+ 0.26* 27.8440.25 4
Gluten 41.60+0.39°4 29.18+0.19"8 4458+ 0.15"*  42.66+0.31°8 44.99+0.51%* 44.27+0.18 A
Glutenin 52.66 £0.10°%* 40.72+ 0.41°8 53.88+0.34% 52.69+ 0.27* 54.544+0.31% 53.96+0.20**

*Values are the average of triplicates standard deviation. * Values are the average of triplicates standard
deviation. Different small letters in each column and capital letters in each row indicate statistical difference
between the values (p<0.05).
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Table 4 Water holding capacity (g/g) of the N and AC gluten, gliadin and glutenin at different pH

values*.
Samples 3 pH values6 9
N gluten 8.90+0.02°" 6.32+0.18" 10.35+0.18**
AC gluten 15.09:£0.02°" 16.76+0.02°" 19.30£0.02°"
N gliadin 7.08+0.17 5.96+0.29° 8.78+0.08"
AC gliadin 11.52:0.02°" 14.57+0.02°" 17.10£0.02°"
N glutenin 9.18+0.02° 8.05+0.07* 10.1440.59**

AC glutenin 16.56+0.02°"

12.74+0.02°8 18.79+0.02°8

a Multiple comparison procedure according to Duncan’s test was carried out for the data shown in each row and
each column, separately. Values are the average of triplicates + standard deviation. For each characteristic,
different small letters in each column and capital letters in each row indicate significant statistical difference
(p <0.05).
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Table 5 Texture profile analyzer of gluten, gliadin and glutenin in 35% concentration at various pHs

Protein H Co G E A
pH pH pH pH pH
3 6 9 3 6 9 3 6 9 3 6 9 3 6 9
Gliadin 0422 13.88+  27.77+ 064(;1; 065(;‘; 0.63+  6.04+ 755+  17.56+ 405+ 875+ 17.49+ Np 12051 3435+
0.32< 0.43°8 0.77¢ B CAB 0.06"  0.12¢ 036 125 023 1.19%® 0.73 41.89 335%
Gluteni  239.34+ 32572+ 454.86+ 066062* 06705; 0.84+ ifzég f‘%ﬁg 382.68+ 25.59+ :51“(‘;; 48.74+ 33553‘; 27.12+ 515+
n 23.52%¢ 1028  34.02* B oA 0.08* e B 1733 2.94% B 146 dg 3.85*  0.097
Gluten 1974 6176+  192.06+ 06801; 068(;‘; 0.86+  16.00+ 54.60+ 16642+ 30.64=+ :‘(‘)‘56‘; 69.97+ j%‘%; 51.00&£ 17.81=
0.79¢ 2138 3.52% B AB 0.02*  030°  1.10°® 1525 1.72% s 1.24% A 1.74"®  0.89<
Ac 771+ 8.46+ 14.79+ OdSOGIi 06602; 0.84+ 431+ 524+ 1243+ 290+ 644+ 10.81*1.41 1371271 4941+  27.58+
Gliadin ~ 0.56°C 099"  0.81¢* e B 0.03* 053 099 081%™ 214 096F fa b5 486"  2.03%
Glﬁtini 18.48+ 2950+ 21533+ 06207; 06406; 0.71+ 561720i 13.89+ 19585+ 13.40+ 1371“;% 66.41£1.76  9.95+ 791+  633%
o 1.23<¢ 517% 1046 e B 0.02% deC 2.78%®  10.60" 2.86°C o8 oA 0.83* 033" 158«
Ac 1561 3634+ 15571+ 063015 06502; 0.68+ 481+ 1884+ 137.02+ 26.50+ fﬁ;@ 31.41+0.49 371%% 2056  9.35%
Gluten 1369  895%®  463% © B 0.02%  0.52¢  200® 638" 031 o @ on 1528 323
*Means (n=3) + standard deviations
**A: Adhesiveness, Co: Cohesiveness, G: Gumminess, Ch: Chewiness, E: Elasticity, H: hardness, S:
Springiness
***Springiness of whole N and Ac protein were 0.99-1.00.
****ND mean not detection
Table 6 The results of Ward’s method or clustering of factors and responses at various pH
WHC Hardness = Cohesiveness  Springiness Adhesiveness Gumminess Chewiness  Elasticity
pH=3, N gluten 2 1 2 2 3 1 1 1
pH=3, Ac gluten 1 1 2 2 1 2 2 1
pH=3, N gliadin 1 1 2 2 2 1 1 2
pH=3, Ac gliadin 2 1 2 2 1 1 1 1
pH=3, N glutenin 2 1 2 2 2 1 1 2
pH=3, Ac glutenin 1 1 2 2 1 2 2 1
pH=6, N gluten 2 1 2 2 1 1 1 1
pH=6, Ac gluten 1 1 2 2 1 1 1 1
pH=6, N gliadin 1 1 1 1 2 1 1 1
pH=6, Ac gliadin 2 1 2 2 1 1 1 1
pH=6, N glutenin 2 1 2 2 2 1 1 2
pH=6, Ac glutenin 2 1 2 2 2 2 2 1
pH=9, N gluten 2 1 2 2 2 1 1 2
pH=9, Ac gluten 2 1 2 2 2 1 1 2
pH=9, N gliadin 2 1 2 2 1 1 1 1
pH=9, Ac gliadin 2 1 2 2 2 1 1 1
pH=9, N glutenin 2 1 2 2 2 1 2 2
pH=9, Ac glutenin 2 1 2 2 2 2 2 2

#1: cluster 1, 2: cluster 2.

**The same numbers means are classified in the same clusters
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Dendrogram using Ward Linkage
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Fig 3 Ward’s method for clustering the pH=3, N gluten (a) and Ac gluten (b); pH=3, N gliadin (c) and Ac
gliadin (d); pH=3, N glutenin (e) and Ac glutenin (f).
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Wheat gluten is one of the most important plant proteins of fairly low price consisting of glutenins and
gliadins. The hydrophobic nature and low water solubility of gluten has limited its applications in
many food and non-food products. In order to improve the applications of gluten, it was first
fractionated into its main components; gliadins and gluteneins and then they were acetylated using
acetic anhydride. In the next stage, the rhelogical properties of these proteins at different pH values (3,
6 and 9) were compared with their corresponding controls. The pH had a great impact on the degree of
acetylation. Glutenin had the highest, while gliadin had the lowest degree of acetylation at different
pH values. Moreover, all these proteins were de-aceytelated at pH 3. Hardness, gumminess, chewiness
and elasticity of the acetylated gluten and glutenin decreased significantly at pH 3.

Keywords: Acetylation, textural property, pH, protein, cluster analysis
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