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Abstract

The objective of this research was to study the effect of xanthan gum (XG) and carboxymethyl cellulose
(CMC) addition on the properties of gluten-free brownies. XG and CMC were added at ratios of 0: 1, 0.25:0.75,
0.5:0.5, 0.75:0.25 and 1:0 (% flour weight basis). The study was found that adding different ratios of XG and CMC
to gluten-free brownies brought about increased batter consistency while batter density decreased. Moisture
content of gluten-free brownies with different ratios of XG and CMC addition were significantly higher (p<0.05) than
that of gluten-free brownie without XG and CMC addition ( Control 2). Water activity (a,) values of wheat brownie
(Control 1), gluten-free brownies without XG and CMC addition (Control 2) and with different ratios of XG and CMC
addition were in range of 0.7414-0.7579. Specific volume and height of gluten-free brownies with XG and CMC
addition at ratios of 0.75:0.25 and 0.50:0.50 (% flour weight basis) were not significantly different (p>0.05) from
those of wheat brownie (Control 1). In contrast, weight loss after baking of gluten-free brownies with different ratios
of XG and CMC addition were significantly lower (p<0.05) than that of gluten-free brownie without XG and CMC
addition (Control 2). Crust and crumb lightness (L*) of gluten-free brownies without XG and CMC addition
(Control 2) and with different ratios of XG and CMC addition were in range of 31.15-41.16 and 30.17-32.41,
respectively. Firmness values of gluten-free brownies with XG and CMC addition at ratios of 0.75:0.25 and 0.50:0.50
(% flour weight basis) were not significantly different (p>0.05) from that of wheat brownie (Control 1). This research
indicated the possible use of XG and CMC for improving the properties of gluten-free brownies similar to the normal

one with wheat flour.
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Table 1 Addition of xanthan gum and carboxymethyl cellulose at different ratios in gluten-free brownies.

Xanthan gum Carboxymethyl cellulose
Sample
(% flour weight basis) (% flour weight basis)
WF (Control 1) - -
RF (Control 2) - -
RF+XG:CMC (1:0) 1 -
RF+XG:CMC (0:1) - 1
RF+XG:CMC (0.75:0.25) 0.75 0.25
RF+XG:CMC (0.50:0.50) 0.50 0.50
RF+XG:CMC (0.25:0.75) 0.25 0.75

WE, wheat flour; RF, rice flour; XG, xanthan gum and CMC, carboxymethy! cellulose.
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Table 2 Consistency (Bostwick number) and density of brownie batters.

Sample Bostwick number (cm) Density (g/ml)
WF (Control 1) 4.300.26" 0.79+0.01°
RF (Control 2) 6.63+0.28° 0.87+0.02°
RF+XG:CMC (1:0) 3.52+0.13° 0.77+0.02"
RF+XG:CMC (0:1) 4.02+0.15° 0.82+0.02°
RF+XG:CMC (0.75:0.25) 3.63+0.18° 0.82+0.01"
RF+XG:CMC (0.50:0.50) 3.72+0.12% 0.80+0.01°
RF+XG:CMC (0.25:0.75) 3.90£0.09% 0.79+0.02%

Values with different superscripts within a column indicate significant differences (p<0.05).

WF, wheat flour; RF, rice flour; XG, xanthan gum and CMC, carboxymethy! cellulose.
e —
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Table 3 Moisture content, water activity (aw) and weight loss after baking of brownies.

Moisture content Water activity Weight loss after baking
Sample
(%) (a,) (%)
WF (Control 1) 14.18+1.19° 0.7579+0.0083" 6.50+0.05"
RF (Control 2) 12.01+1.19° 0.7435+0.0074" 7.13+0.12°
RF+XG:CMC (1:0) 15.53+0.47° 0.7414+0.0077° 5.24+0.23°
RF+XG:CMC (0:1) 13.72+0.48" 0.7508+0.0031° 6.26+0.05°
RF+XG:CMC (0.75:0.25) 14.71+0.38%° 0.7459+0.0052" 5.85+0.04°
RF-+XG:CMC (0.50:0.50) 14.18+0.99" 0.7495+0.0046° 5.98+0.08°
RF+XG:CMC (0.25:0.75) 13.80+0.22° 0.7503+0.0027° 6.33+0.09°

Values with different superscripts within a column indicate significant differences (p<0.05).

WE, wheat flour; RF, rice flour; XG, xanthan gum and CMC, carboxymethyl! cellulose.
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Table 4 Specific volume and height of brownies.

Sample Specific volume (ml/g) Height (mm)
WF (Control 1) 1.65+0.04" 35.50+0.74°
RF (Control 2) 1.56+0.02° 32.63+0.81¢
RF+XG:CMC (1:0) 1.69+0.04° 37.48+0.86°
RF+XG:CMC (0:1) 1.60+0.03° 34.43+0.72°
RF+XG:CMC (0.75:0.25) 1.68+0.05%° 36.04+0.65°
RF+XG:CMC (0.50:0.50) 1.65+0.03" 35.41+0.97°
RF+XG:CMC (0.25:0.75) 1.60+0.04° 34.52+0.88°

Values with different superscripts within a column indicate significant differences (p<0.05).

WE, wheat flour; RF, rice flour; XG, xanthan gum and CMC, carboxymethyl! cellulose.
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WF (Control 1) F (Control 2) RF+XG:CMC ( RF+XG:CMC (0:1)

RF+XG:CMC (0.75:0.25) RF+XG:CMC (0.50:0.50) RF+XG:CMC (0.25:0.75)

Figure 1 Cross section views of wheat brownie (Control 1), gluten-free brownie without XG and CMC (Control 2)
and gluten-free brownies with different ratios of XG and CMC addition.

WE, wheat flour; RF, rice flour; XG, xanthan gum and CMC, carboxymethy! cellulose.
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Table 5 Crust colour of brownies.

Sample L* a* b* =
WF (Control 1) 38.52+1.72° 7.42+0.13° 2.22+0.23° -
RF (Control 2) 37.61+1.04° 7.53+0.30° 2.34+0.53° 0.42
RF+XG:CMC (1:0) 41.16+1.58" 7.54+0.46° 2.28+0.43° 3.50
RF+XG:CMC (0:1) 37.32+0.90° 7.52+0.54° 2.24+0.12° 0.72
RF+XG:CMC (0.75:0.25) 39.82+0.09" 7.56+0.39° 2.25+0.41° 0.86
RF+XG:CMC (0.50:0.50) 37.20+2.36° 7.50%0.30° 2.21+0.41° 0.88
RF+XG:CMC (0.25:0.75) 37.15+1.91° 7.52+0.46° 2.24+0.17° 0.94

Values with different superscripts within a column indicate significant differences (p<0.05).

WEF, wheat flour; RF, rice flour; XG, xanthan gum and CMC, carboxymethyl! cellulose.

Table 6 Crumb colour of brownies.

Sample L* a* b* AE*
WF (Control 1) 31.23+1.71% 6.34+0.41° 0.85+0.31° -
RF (Control 2) 30.17+1.36° 6.1620.29 0.84+0.21° 0.57
RF+XG:CMC (1:0) 32.41+1.77° 6.22+0.36° 0.83+0.10° 0.70
RF+XG:CMC (0:1) 30.47+1.48° 6.37+0.40° 0.81+0.20° 0.29
RF+XG:CMC (0.75:0.25)  31.59+1.48%° 6.24+0.29 0.84+0.27° 0.07
RF+XG:CMC (0.50:0.50) 32.33+2.22° 6.34+0.24° 0.82+0.21° 0.60
RF+XG:CMC (0.25:0.75) 31.33+1.71% 6.10+0.34° 0.85+0.20° 0.03

Values with different superscripts within a column indicate significant differences (p<0.05).

WEF, wheat flour; RF, rice flour; XG, xanthan gum and CMC, carboxymethyl! cellulose.

 Aniladutiareausail

A1n Table 7 WL91 m'ﬁmwLuiuvffmm‘umqﬁﬂ@@mnzgl,mu‘ﬁ'lﬁmLLenuLmuﬁ"mm:mﬁfu'aﬂ%Luﬁmeﬁ@zﬂm
291491 0.50: 0.50 Waz 0.25:0.75 (’é@mmmfmﬁmﬁﬂq) TANINAL 2,432.13 4ay 2,537.88 NFN AINANAL Fatln
TuAnFeTuAT AL LT 10U T a3 (Faeg19AuAN 1 19i1fiu 2,386.17 NFN) ag9ldadAtyn1eaa
(p>0.05) m'qum'wmmﬁmuﬂ;ummmwﬁﬂ@mﬂqmuﬁlﬁuLLGﬁuLmuﬁmL@:m%u'an%Luﬁmmg‘imﬁmwmurﬁm 7 {ein

gandnusatilaeanguuinldidiu (Fretaprunu 2) ag1eldedAnn1eadia (p<0.05) Tnausiatiuileanaayliie
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ANNEANEUGINEA (p<0.05) WWinriL 0.66 AaupIANAINNTANIZIINATUYaI LR aa ANgLAT LFN (Faaeng
PILIAN 2) uaziAnwTuIMUiNLazA fuendwiaaglasdnandausing o) Hanliuansnaii (p>0.05) Inefipegludos
0.25-0.28 Tnausafiuileand (Fratneaaunn 1) HA1AINAINITIINIZIINAIIUEINEA (p<0.05) Winfy 0.37
! U a | A ! d’j dl ¥ 2 o 1 ISP dl
AuAANNWBeTue19iTanIg uazAENUEENITRLIIesUsa Ui NaNA (FreteatuAN 1) HAN4NEA (p<0.05)
WinfiL 874.18 UAY 572.96 NFN AINAIAL waNSRNUTIWUNUANLAZANTUBNT T ag TagsnIdausng o) azvinlii
' - & - ' & o~ % \ ~ Ay My a o
AANtealiugnizan uaraunusianisaalui lingandnusatidaeanguui RN wawuuinuay

ASLENTLNAaLIAglaA (FRatinapILAN 2)

Table 7 Texture parameters of brownies.

Sample Firmness (g) Springiness  Cohesiveness Gumminess (g) Chewiness (g)
WF 2,386.17£173.1 8° 0.66+0.02° 0.37+0.02° 874.18+78.67° 572.96+49.76°
(Control 1)

RF 2,167.17+201.07° 0.34+0.03° 0.25+0.02° 543.30+83.01° 184.21+27.81°
(Control 2)

RF+XG:CMC 2,118.42+206.34°  0.41%0.05" 0.26+0.02° 558.30+49.87% 227.69+35.28%
(1:0)

RF+XG:CMC 2,669.53+180.47"  0.40+0.05" 0.27+0.04° 713.73+105.18° 285.85+49.63"
(0:1)

RF+XG:CMC 2,177.55+151.45°  0.41+0.08° 0.28+0.04° 602.70+63.35" 250.53+72.70%
(0.75:0.25)

RF+XG:CMC 2,432.13+233.99°  0.42+0.03° 0.25+0.02° 612.32+60.56" 258.74+37.48"
(0.50:0.50)

RF+XG:CMC  2,537.88+201.92°°  0.43+0.08" 0.25+0.04° 628.29+76.93° 260.36+62.94"
(0.25:0.75)

Values with different superscripts within a column indicate significant differences (p<0.05).

WF, wheat flour; RF, rice flour; XG, xanthan gum and CMC, carboxymethyl cellulose.
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