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Development of gluten-free spinach snack products fortified with dietary fiber
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This research aimed to develop a gluten-free snack product fortified with spinach and dietary

fiber. The study focused on determining the optimal ratio of rice flour to glutinous rice flour and the

appropriate amount of xanthan gum. The results showed that the optimal formulation consisted of
a rice flour to glutinous rice flour ratio of 50:50 with spinach powder, inulin and xanthan gum at
6%, 15% and 1% of flour weight, respectively. The snack product had a moisture content of

3.89%, water activity of 0.28 and color values of L* = 55.10, a* =-4.37 and b*=29.71. The

hardness and bulk density were 18.44 N and 0.47 g/cm?®, respectively. Sensory evaluation

revealed that the product achieved an overall acceptability score of 7.1, corresponding to a

moderate liking level. The antioxidant activities, determined using the DPPH and FRAP assays,

were 0.32 and 0./78 mg Trolox equivalents per gram of snack product, respectively. One serving of

the snack (30 g) contained 1.2 g of crude dietary fiber and 2.68 g of total dietary fiber. This

represents an added value for gluten-free snack products and contributes positively to consumer

health.
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Table 1 Moisture content, water activity, color, hardness and bulk density of gluten-free spinach snack products.

_ Rice flour to glutinous rice flour
Quality

100:0 75:25 50:50 25:75 0:100

Moisture content (%) 3.51+0.09°  3.62+0.00%° 3.57+0.02° 3.70+0.02° 3.63+0.11%°
Water activity 0.29+0.01° 0.26+0.00° 0.29+0.04° 0.25+0.01° 0.28+0.01°
Color L* 53.84+2.38°  55.17+0.75®°  56.06+1.87%  57.14+1.49®  57.39+0.77°
a* -8.04+0.36°  -8.14+0.26°  -7.72+0.17%°  -7.64+0.16®°  -7.65+0.33%
b* 31.08+£1.30°  32.19+0.80° 31.44+1.56%°  32.0240.94®* 31.57+1.85%
Hardness (N) 33.04+2.61%  30.11+2.67%° 25.88+11.67° 20.42+13.64°° 16.50+23.59°
Bulk density (g/cm®) 0.87+1.20° 0.84+0.85° 0.75+1.19° 0.69+1.48 0.67+1.30°
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Table 2 Moisture content, water activity, color, hardness and bulk density of gluten-free spinach snack products
fortified with dietary fiber.

Xanthan gum

Quality

Moisture content (%)™ 3.84+0.16 3.89+0.00 3.91+0.10 3.88+0.06
Water activity™ 0.28+0.10 0.28+0.03 0.26+0.00 0.27+0.02
Color L* 56.35+0.60° 55.10+1.49° 55.96+2.07°° 57.64+1.07°
a* -4.10+0.15" -4.37+0.24° -4.30+0.26° -5.10+0.282
b*"s 31.65+1.05 29.71+1.25 30.60+1.04 31.64+2.53
Hardness (N) 25.76+8.42° 18.44+8.12° 52.60+5.42° 73.50+12.77°
Bulk density (g/cm®) 0.73+0.86° 0.47+1.26"° 0.54+0.70° 0.67+1.00%°
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Fig. 1 Gluten-free spinach snack products fortified with dietary fiber containing different levels of xanthan gum:
(A) 0%, (B) 1%, (C) 2%, and (D) 3%
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