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Physicochemical, Antioxidant and Sensory Properties of Wheat Flour Cracker
Substituted with Riceberry Flour
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ABSTRACT

This study aimed to investigate the effect of partial substitution of wheat flour with riceberry flour (0, 5, 10,
15 and 20% of wheat flour weight) on physicochemical, antioxidant and sensory properties of crackers. Our results
indicated that redness (a*) and hardness values of crackers significantly increased, while the lightness (L*) and
yellowness (b*) values significantly decreased with an increase of riceberry flour levels (P < 0.05). In addition, total
polyphenols, anthocyanins and antioxidant property significantly increased in crackers incorporated with riceberry flour
(P < 0.05). Surprisingly, the substitution of wheat flour with 20% riceberry flour showed the highest score of flavor,
taste and overall acceptability when compared to control. Thus, the replacement of wheat flour with 20% riceberry
flour can enhance antioxidant property without affecting consumer acceptance of the food products.
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Introduction

Crackers, thin and crisp wafer or biscuits made by unsweetened and unleavened dough are one of the bakery
products which are highly consumed by worldwide consumers. However, they are usually high in fat and low nutritive
value (Sedej et al., 2011; Shukla, 1994). Since consumers are increasingly interested in healthy and safe products, many
food industries try to develop foods with additional health benefits such as anthocyanin-rich food because of its
antioxidant properties (Ahmed and Abozed, 2014). Recently, many scientific evidences have illustrated an important
role of food with high antioxidants properties in order to prevent degenerative diseases such as cancer cardiovascular
diseases and diabetes mellitus. Therefore, there is a lot of interest in incorporation of raw materials from natural plants
and fruits such as blueberries (Scibisz et al., 2012), black rice (Mau et al., 2016), purple corn (Guo et al., 2018), purple
sweet potato (Li et al., 2017), and cherry (Casedas et al., 2018) into the products due to their high in phytochemical
compounds, especially anthocyanin resulting in improving the quality of food products.

In Thailand, Rice (Oryza Stiva L.), is the most important staple food as a daily meal which provides health benefits
and contains several nutrients. Riceberry rice, black purple rice variety, a cross-bred between the Khao Hom Nin Rice and
Khao Hom Mali 105 which is a newly registered rice variety from Thailand developed by the Rice Science Center, Kasetsart
University (Sirichokworrakit et al., 2015). It has high anthocyanin content especially cyanidin-3-glucoside and peonidin-3-
glucoside which have strong antioxidant effects (Yodmanee et al., 2011). Nowadays, riceberry rice is one of the most popular
rice consumed among consumers because it has shown health-promoting properties including attenuating a rise of blood glucose
(Kongkachuichai et al., 2013), anti-inflammation (Adriano et al., 2006) and anti-aging (Chiang et al., 2006). In addition,
riceberry rice has been used as a raw material to increase nutrient density in many food products. Moreover, recent published
works have demonstrated the effect of partial substitution of wheat flour with riceberry flour on quality of food products
including noodles (Sirichokworrakit et al., 2015) which could improve the quality and also provided a source of colorant in the
products. Furthermore, the supplementation of riceberry flour into low-fat ice-cream (Chuaykarn et al., 2013) and salad dressing
(Tantivirasut et al., 2014) showed the increase of total phenolic content, total anthocyanin content and antioxidant activities.
However, no study demonstrates the development of high nutritive value and functionality of riceberry rice crackers. Therefore,

the new riceberry cracker would be good functional food choices which present a good source of antioxidants.

Objectives of the study
The aim of this study was to investigate the effect of partial substitution of wheat flour with riceberry flour

on physicochemical, antioxidant properties and sensory evaluation of crackers.

Materials and Methods

Materials

All ingredients used for the crackers were purchased from a supermarket in Bangkok, Thailand including, riceberry
flour (Sunfood Corp Co., Ltd., Samutprakan, Thailand), an all-purpose flour (United Flour Mill Public Co., Ltd., Samutprakan,
Thailand), salt (Thai Refined Salt Co., Ltd., Nakhonratchasima, Thailand), sugar (Mitr Phol Sugar Corp Co., Ltd., Suphanburi,
Thailand), yeast (Greathill Co., Ltd., Bangkok, Thailand), butter (KCG Corp Co., Ltd., Bangkok, Thailand) and shortening
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(Thai Vegetable Oil Public Co., Ltd., Bangkok, Thailand). The riceberry flour was passed through a 100-mesh screen and was
sealed in an aluminum bag and kept at room temperature before use. Methanol, hydrochloric acid, Folin-Ciocalteau reagent,
sodium carbonate, gallic acid were purchased from Fluka® Analytical (St. Louis, MO, USA). Potassium chloride, Sodium
acetate, Ascorbic acid and DPPH (2,2-diphenyl-1-picrylhydrazyl) were purchased from Sigma-Aldrich Co. (St. Louis, MO,
USA).

Preparation of crackers

The basic crackers formula consisted of 54.4 g of all-purpose flour, 0.3 g of salt, 0.6 g of yeast, 13 g of butter,
4.3 g of shortening, 1 g of sugar, and 26.1 g of water. Riceberry crackers were prepared by substitution of wheat flour
with 5%, 10%, 15% and 20% riceberry flour. All ingredients were blended and mixed to form a cohesive dough. The
dough was wrapped with plastic wrap for 10 min at room temperature. Then, the dough was rolled into 3 mm thickness
and cut by pressing rectangle mold (40 mm diameter) into pieces. The crackers were baked at 180 °C for 10 min. Baked
crackers were cooled at ambient temperature. Finally, the crackers were packed in an aluminum bag until
physicochemical, phytochemicals, antioxidants properties and sensory evaluations were analyzed (Klunklin and
Savage, 2018).

Physicochemical properties of crackers

Texture analysis

The texture analysis of the crackers was measured by a texture analyzer TA.XT. Plus (UK). The hardness and
fracturability of the crackers were measured using a spherical stainless probe, 5 mm thick. The following settings was
used: pre-test speed 5.0 mm s, test speed 1.0 mm s™, post-test speed 5.0 mm s~ distance 7.0 mm. Fifteen replicates of
crackers were determined (Sattasuwan et al., 2010).

Color analysis

The lightness (L*), redness (a*) and yellowness (b*) values of the crackers were determined by using Hunter
Lab colorimeter (Model: ColorFlex 4.5/0, USA). The instrument was calibrated with black and white standard tiles
before color measurement. Five replicates of crackers were determined (Ahmed and Abozed, 2014).

Samples extraction

Samples (5 g) were extracted with 25 ml of methanol containing 15% HCI in shaking water bath at 25 °C for
24 h. The extracted were filtered using filter paper (Whatman No. 1) and were then centrifuged at 3000 rpm for 15 min.
The supernatant was removed and dried using a rotary evaporator at 50 °C. The crude extract was kept at -20 °C until
the phytochemicals and antioxidant capacity analysis (Shen et al., 2009).

Determination of total phenolic content

The total phenolic content (TPC) was determined by the Folin-Ciocalteu assay. Briefly, the extracted samples
(20 pl) were mixed with 150 pl of the freshly diluted 10-times Folin-Ciocalteu reagent. After incubation at room
temperature for 5 min, 150 pl of sodium carbonate (6% w/v) were added to the mixture and incubated at room
temperature for 1 h. The absorbance at 760 nm was measured using a spectrophotometer (BiotTek instruments, USA).

Gallic acid (0-0.2 mg/ml) was used as a standard (Shen et al., 2009).

982



\ = = -~ . — = . — t_J
<"+ @ 20‘“ NGRC MsUs:ussimsiauanaviuides:auininadnuudond ason 20 MMO23-4

/' March 15, 2019 3UA 15 DuIAU 2562 fU UHYINE1dgUdULAU

Determination of total anthocyanins content

The total anthocyanins contents (TAC) were determined using pH colorimetric method. The extracts were
measured at 510 and 700 nm in pH 1.0 of 0.025 M potassium chloride (KCI) buffer and in pH 4.5 of 0.4 M sodium
acetate (CH,COONa) buffer. The sample (600 pl) was mixed with 600 pl of each buffer and incubated for 20 min at
room temperature. The absorbance (Abs) was calculated using an equation of A = (Abs;,— Abs,y) ;0 - (Absg—

Abs, ) MW = molecular weight of cyanidin-3-glucoside = 449.2 g/mol, DF = dilution factor, 1 = path length in

pH4.5 >
cm, € =26,900 molar extinction coefficient, in L/mol/cm for cyanidin-3-glucoside, 10° = factor for conversion from g
to mg (Lee et al., 2005).

Determination of DPPH radical-scavenging

The extracts (100 pl) were mixed with 100 ul of a DPPH solution (0.2 mM in methanol) and incubated for
30 min at room temperature. The absorbance was measured at 517 nm and extract concentration providing 50%
inhibition (IC,, value) was calculated from the plotted graph of percentage inhibition against the concentrations of the
extracts. Ascorbic acid was used as standard curve which was prepared within the range of 0-50 pg/ml
(Jariyapamornkoon et al., 2013).

Sensory evaluation

The untrained panelists (n = 50) were recruited from Chulalongkorn University. A 9-point hedonic scale was
used to evaluate all attributes including appearance, color, flavor, taste, hardness, and overall acceptance. The samples
were presented to the panelists in a random order with a white plate labeled with three-digit random codes. Attributes
were scored on a scale varying from “9 = like extremely” to “1 = dislike extremely”. Drinking water were provided to
the panelists to rinse their mouth between the samples (Mir et al., 2015).

Statistical analysis

Data were reported as mean of values + SEM. Statistical analysis were performed by one-way analysis of
variance (ANOVA) followed by Duncan’s multiple range test using SPSS 17.0 (SPSS Inc., Chicago, USA) The

significance different test was used for mean comparison and P-value < 0.05 was considered statistically significant.

Results

The physical characteristics (texture and color properties) of crackers substituted with riceberry flour were
presented in Table 1. The incorporation of riceberry flour affected the hardness of riceberry cracker by increasing its
value from 4112.98 + 14.10 to 5354.81 + 65.93 g when compared to control. In addition, the results of the hunter L*,
a* and b* values corresponding to lightness, redness, and yellowness, respectively showed variation depended on the
incorporation of riceberry flour level. As expected, the replacement of wheat flour with riceberry flour affected the
color of the crackers. The incorporation of riceberry flour significantly reduced L* and b* values in the crackers with
increased riceberry flour level (P < 0.05). In contrast, a* value of the cracker was significantly increased when the
replacement of riceberry flour with wheat flour level increase (P < 0.05).

As shown in Table 2, riceberry flour contained total phenolic content (525.85 + 11.18 mg GAE/100 g flour)

and total anthocyanins (52.57 + 3.87 mg Cy-3-glu /100 g flour). Moreover, riceberry flour also demonstrated
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antioxidant properties via scavenging DPPH, a stable free radical, with IC,, value of 0.22 + 0.01 mg/ml. It was found
that the incorporation of riceberry flour into crackers significantly increased total phenolic and total anthocyanins
contents of riceberry crackers with the increased level of riceberry flour compared to control crackers (Table 3). Total
phenolic and total anthocyanins contents of cracker significantly increased from 2.33 + 0.28 (control) to 8.94 + 0.14
mg GAE/10g cracker (20%RBF) and from 31.26 & 0.28 (control) to 803.92 + 5.29 ug Cy-3-glu/10g cracker (20%RBF),
respectively (Table 3). In addition, the substitution of wheat flour with riceberry flour considerably enhanced
antioxidant properties in the cracker with the increased level of substitution of riceberry flour. The IC,, value of DPPH
radical scavenging ability in the crackers significantly reduced from 0.69 + 0.01 to 0.41 + 0.01 mg/ml with the
incorporation of riceberry flour increase in the cracker (P < 0.05) as demonstrated in Table 3.

Crackers incorporated with different level of riceberry flour were evaluated for their sensory qualities in all
attributes including appearance, color, flavor, taste, hardness and overall acceptability as shown in Table 4. The results
indicated that no statistically significant differences in appearance and color scores between the control cracker and
cracker incorporated with riceberry flour (5-20%) were found but the addition of 20%RBEF in the cracker significantly
decreased hardness score from 7.32 + 0.11 (control) to 6.90 + 0.20 (20%RBF). However, these scores were still in
slightly to moderately acceptable level (score 6-7). Surprisingly, the flavor, taste and overall acceptability scores of

crackers significantly increased when 20% riceberry flour was added in the crackers (P < 0.05) as shown in Table 4.

Table 1 Physical characteristics of cracker substituted with various levels of riceberry flour (RBF).

Samples Control 5%RBF 10%RBF 15%RBF 20%RBF
Texture
Hardness (g) 4112.98 £ 14.10°  4238.65+70.64"  4384.56 £85.08"°  4471.74+12.79°  5354.81 % 65.93"
Color
L* 402+021° 2248 £0.22° 17.00 +0.24° 15.66 +0.15° 12.34+0.17°
a* 0.22 +0.003" 3.15£0.05" 3.68 = 0.06° 3.72£0.07° 3.97+0.02°
b* 10.31 +£0.32° 3.16+0.10° 2.39 +0.09° 2.00+0.11° 1.28 +0.03"

Values are expressed as mean = SEM (n = 3). Mean with different superscript letter within a row are significantly
different (P < 0.05).

RBF = Riceberry flour

Table 2 Phytochemical contents and antioxidant properties of riceberry flour.

Total Phenolic content Total Anthocyanins DPPH
Sample
(mg GAE/100 g) (mg Cy-3-glu /100 g) IC,, (mg/ml)
Riceberry flour 525.85+11.18 52.57+3.87 0.22 +0.01

GAE = Gallic Acid Equivalent; Cy-3-glu = Cyanidins-3-glucosides.

Values are expressed as mean = SEM (n = 3).
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Table 3 Phytochemical and antioxidant properties of cracker substituted with various levels of riceberry flour (RBF).

Sample Total Phenolic Total Anthocyanins DPPH

(mg GAE/10g cracker) (ug Cy-3-glu /10g cracker) IC,, (mg/ml)

Control 2.33+0.28" 31.26 +0.28" 0.69+£0.01"
5%RBF 3.30+0.05° 153.45 + 14.77° 0.62+0.02°
10%RBF 4.17 £0.08° 369.48 + 34.09° 0.57+0.01°
15%RBF 7.44+032° 623.90 = 31.79° 0.44 +0.02°
20%RBF 8.94 +0.14° 803.92 +5.29° 0.41+0.01°

GAE = Gallic Acid Equivalent; Cy-3-glu = Cyanidins-3-glucosides.
Values are expressed as mean + SEM (n = 3). Mean with different superscript letter within a column are significantly
different (P < 0.05).

RBF = Riceberry flour

Table 4 Sensory evaluation scores of cracker substituted with various levels of riceberry flour (RBF).

Samples Appearance Color Flavor Taste Hardness Overall acceptability
Control 726+0.15° 7.12+0.19° 626+0.19° 682+0.11" 7.32+0.11° 7.12+0.13"
5%RBF 7.08+0.10° 7.04+£008° 7.02+0.10° 6.94+0.09" 7.38=0.11" 7.08+0.11°
10%RBF  7.12+0.12"  7.10£0.08" 7.12+0.11" 7.06+0.14" 7.16+0.13" 7.24+0.11"
15%RBF  7.18+0.14"  726+0.12° 7404011 726+0.14° 7.04+0.19° 7.50£0.13"
20%RBF  734+0.14" 730+0.14" 7.50+0.09° 7.54£0.10° 6.90+0.20" 7.70 £0.09"

Mean with different superscript letter within a column are significantly different (P < 0.05).

RBF = Riceberry flour

Discussion

The incorporation of riceberry flour into the crackers clearly affected texture quality with increasing hardness
of cracker fortified with riceberry flour due to the lower gluten content in crackers. Gluten protein helps dough rise by
trapping carbon dioxide during dough fermentation (Klunklin and Savage, 2018). Therefore, Riceberry flour, a gluten-
free flour, cannot generate a viscoelastic network like gluten protein in wheat flour. In addition, total phenolic and
anthocyanin contents containing in the riceberry flour may also cause conformation changes of the protein in the
products resulting in decreasing elasticity of crackers (Saikia et al., 2012). These texture characteristic qualities are in
agreement with the other previous findings that studied of cracker incorporation with buckwheat flour (Torbica et al.,
2012) and waxy rice flour (Giuberti et al., 2017). Recently, Pasukamonset and colleague also demonstrated that the
sponge cakes fortified with Clitoria ternatea extract (CTE), high anthocyanin containing product, increased hardness
when increasing level of the extract in the sponge cakes (Pasukamonset et al., 2018).

Since color and appearance play a crucial role in the purchase process, the L*, a*, and b* color scale is
important to determine in cracker incorporated with riceberry cracker (Sozer et al., 2014; Klunklin and Savage, 2018).

The incorporation of riceberry flour caused the dark purple color of cracker as expected. This could be due to the
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anthocyanins in riceberry flour which are water-soluble pigments responsible for red, purple and blue colors in plants,
fruit, and vegetables (Khoo et al., 2017). In addition, the oxidation reaction of total phenolic content in rice berry flour
during the thermal process also involved in color changes of the crackers (Al-Sayed et al., 2013; Mau et al., 2016). The
similar findings in the previous studies showed that the addition of apple pomace (Mir et al., 2015) and Hibiscus
sabdariffa by-product in the cracker (Ahmed and Abozed, 2014) caused a reduction of L* value together with an
increasing of a*, and b* values.

The increasing of all phytochemical compounds (total phenolic and total anthocyanins) and antioxidant
activity (DPPH) were found in crackers enriched riceberry flour. These results might be due to the high amount of
polyphenolic and anthocyanins contents presented in riceberry flour. The previous study suggested that the purple rice
is an excellent source of phenolic compounds, especially anthocyanins as the present of the dark-purple pigment in the
rice (Jang, Xu 2009; Loypimai et al., 2016). The major abundant anthocyanins of purple or black rice were cyanidin 3-
glucoside (C3G) and peodinin-3-glucoside (P3G) which have been recognized as health-enhancing substances owing
to their antioxidant activity (Abdel-Aal et al., 2006; Klunklin and Savage, 2018). The strong effect of antioxidant
activities of the crackers enriched riceberry flour may link to the concentration of total phenolic and total anthocyanins.
Similar results were also demonstrated in sponge cakes fortified with CTE (Pasukamonset et al., 2018), the addition of
mango peel powder by-products into crackers (Ajila et al., 2010) and biscuits supplementation with purple rice flour
(Klunklin and Savage, 2018). However, the phytochemical compounds and antioxidant activity in the food products
may decrease because the thermal process such as baking method lessen total polyphenolic, flavonoids, and
anthocyanins compounds by breakdown or conversion of these active compounds to other products resulting in
decreasing their antioxidants properties (Saikia et al., 2012; Sirichokworrakit et al., 2015; Pasukamonset et al., 2018).

Regarding the sensory evaluation, the 9-point hedonic scale is the most often used to test foods, beverages
and consumer products because of its simple and effective method (Tuorila, 2015). In the present findings, it was found
that sensory evaluation scores related to the changes of physical characteristics of cracker incorporated with riceberry
flour. The hardness of the riceberry rice crackers increased with an increase of riceberry flour levels resulted in lower
the likeness score of the hardness. The same trend was also found in sponge cake supplemented with CTE
(Pasukamonset et al., 2018). The flavor and taste scores of riceberry rice crackers increased when increasing in riceberry
flour substitution levels. Similar results were also reported in gluten-free rice flour biscuits which prepared by
incorporated brown rice into biscuits (More et al., 2013). The increase of liking scores of the taste in the crackers
incorporated with riceberry cracker indicated that riceberry flour has developed the satisfiable flavor of the products.
Although the addition of riceberry flour affected the color different of cracker, the liking scores of appearance and color
were comparable with control crackers. However, it should be mentioned that the combination of the ingredients
together with baking process have an important effect on the quality and color of the final product (Sudha et al., 2007).
In this study, the score of overall acceptability significantly increased with the higher level of riceberry flour
incorporated in the crackers. Therefore, a partial replacement of wheat flour with 20% riceberry flour in crackers is

well accepted by consumer.

986



\ = = e — = . — t_J
<"+ @ 20‘“ NGRC MsUs:gussimsiauanaviuides:auininadnuudond ason 20 MMO23-8

/' March 15, 2019 3UA 15 DuIAU 2562 fU UHYINE1dgUdULAU

Conclusion

The addition of riceberry flour into crackers significantly increased hardness and redness together with a
concomitant decrease lightness and yellowness of the food products. Additionally, cracker incorporated with riceberry
flour increased total phenolic content and anthocyanins resulted in increasing antioxidant property with an increased
level of riceberry flour. Moreover, the replacement of wheat flour with 20% of riceberry flour not only improved flavor
of the products but also increased overall appreciation score of the crackers. Therefore, riceberry flour could be used
as an ingredient for developing novel high nutritional value crackers with enhancing antioxidant property and well

accepted by the consumers.

Acknowledgements
The authors would like to thank the Department of Nutrition and Dietetics, Faculty of Allied Health Sciences,

Chulalongkorn University for allowing us to use laboratory and all instrumental facilities.

References

Abdel-Aal ESM, Young JC, Rabalski I. Anthocyanin composition in black, blue, pink, purple, and red cereal grains.
Journal of agricultural and food chemistry 2006; 54: 4696-704.

Adriano GR, Deborah AS, Annemieke W, Carol W, Tara AS, Nicola AR, et al. Cyclin-dependent kinase inhibitors
enhance the resolution of inflammation by promoting inflammatory cell apoptosis. Nature medicine 2006; 12:
1056-64.

Ahmed ZS, Abozed SS. Functional and antioxidant properties of novel snack crackers incorporated with Hibiscus
sabdariffa by-product. Journal of advanced research 2014; 6(1): 79-87.

Ajila CM, Aalami M, Leelavathi K, Rao UJSP. Mango peel powder: a potential source of antioxidant and dietary fiber
in macaroni preparations. Innovative food science and emerging technologies 2010; 11(1): 219-24.

Al-Sayed HM, Ahmed AR. Utilization of watermelon rinds and sharlyn melon peels as a natural source of dietary fiber
and antioxidants in cake. Annals of agricultural science 2013; 58: 83-95.

Casedas G, Gonzalez-Burgos E, Smith C, Lopez V, Gomez-Serranillos MP. Sour cherry (Prunus cerasus L.) juice
protects against hydrogen peroxide-induced neurotoxicity by modulating the antioxidant response. Journal of
functional foods 2018; 46: 243-9.

Chiang AN, Wu HL, Yeh HI, Chu CS, Lin HC, Lee WC. Antioxidant effects of black rice extract through the induction
of superoxide dismutase and catalase activities. Lipids 2006; 41: 797-803.

Chuaykarn N, Laohakunjit N, Suttisansanee U, Hudthagosol C, Somboonpanyakul P. Effect of riceberry flour on
physico-chemical and sensory properties of low-fat Ice cream. Agricultural science journal 2013; 44(2):
589-92.

Giuberti G, Marti A, Fortunati P, Gallo A. Gluten free rice cookies with resistant starch ingredients from modified

waxy rice starches: Nutritional aspects and textural characteristics. Journal of cereal science 2017; 76: 157-64.

987



\ = = e — = . — t_J
<"+ @ 20‘“ NGRC MsUs:gussimsiauanaviu3des:auininadnuiudond ason 20 MMO23-9

/' March 15, 2019 3UA 15 DuIAU 2562 fU UHYINE1dgUdULAU

Guo J, Giusti MM, Kaletunc G. Encapsulation of purple corn and blueberry extracts in alginate-pectinhydrogel
particles: Impact of processing and storage parameters on encapsulation efficiency. Food research international
2018; 107: 414-22.

Jang S, Xu Z. Lipophilic and hydrophilic antioxidants and their antioxidant activities in purple rice bran. Journal of
agricultural and food chemistry 2009; 57(3): 858-62.

Jariyapamornkoon N, Yibchok-anun S, Adisakwattana S. Inhibition of advanced glycation end products by red grape
skin extract and its antioxidant activity. BMC complementary and alternative medicine 2013; 13: 171-9.

Khoo HE, Azlan A, Tang ST, Lim SM. Anthocyanidins and anthocyanins: colored pigments as food, pharmaceutical
ingredients, and the potential health benefits. Food and nutrition research 2017; 61(1): 1-21.

Klunklin W, Savage G. Biscuits: A substitution of wheat flour with purple rice flour. Advances in food science and
engineering 2018; 2(3): 81-97.

Kongkachuichai R, Prangthip P, Surasiang R, Posuwan J, Charoensiri R, Kettawan A, et al. Effect of riceberry oil (deep
purple oil; Oryza sativa Indica) supplementation on hyperglycemia and change in lipid profile in Streptozotocin
(STZ)-induced diabetic rats fed a high fat diet. International food research journal 2013; 20(2): 873-82.

Lee J, Durst RW, Wrolstad RE. Determination of total monomeric anthocyanin pigment content of fruit juice, beverage,
natural colorants, and wines by the pH different method: collaborative study. Journal of AOAC international
2005; 83(5): 1269-78.

Li S, An Y, Fu W, Sun X, Li W, Li T. Changes in anthocyanins and volatile components of purple sweet potato
fermented alcoholic beverage during aging. Food research international 2017; 100: 235-40.

Loypimai P, Moongngarm A, Chottanom P. Phyto-chemicals and antioxidant capacity of natural food colorant prepared
from black waxy rice bran. Food bioscience 2016; 15: 34-41.

Mau JL, Lee CC, Chen YP, Lin SD. Physicochemical, antioxidant and sensory characteristics of chiffon cake prepared
with black rice as replacement for wheat flour. LWT-Food science and technology 2016; 75: 434-9.

Mir SA, Bosco SID, Shah MA, Santhalakshmy S, Mir MM. Effect of apple pomace on quality characteristics of brown
rice-based cracker. Journal of the saudi society of agricultural sciences 2015; 16(1): 25-32.

More KD, Ghodke SV, Chavan DH. Preparation of gluten free rice flour biscuits. Food science research journal 2013;
4(2): 111-15.

Pasukamonset P, Pumalee T, Sanguansuk N, Chumyen C, Wongvasu P, Adisakwattana S, et al. Physicochemical,
antioxidant and sensory characteristics of sponge cakes fortified with Cliforia ternatea extract. Journal of food
science and technology 2018; 55(8): 2881-9.

Saikia S, Dutta H, Saikia D, Mahanta CL. Quality characterisation and estimation of phytochemicals content and
antioxidant capacity of aromatic pigmented and non-pigmented rice varieties. Food research international 2012;
46: 334-40.

Sattasuwan N, Nuengjamnong N, Suksomboon A. Development of rice crackers (arare) from black glutinous rice.

Agricultural science journal 2010; 41(3/1): 165-8.

988



3 = = e — = . — t_J
<"+ @ 20‘“ NGRC MsUs:gussimsiauanaviuides:auinunadnuudond ason 20 MVM(023-10

/' March 15, 2019 3UA 15 DuIAU 2562 fU UHYINE1dgUdULAU

Scibisz I, Ziarno M, Mitek M, Zareba D. Effect of probiotic cultures on the stability of anthocyanins in blueberry
yoghurts. LWT-Food science and technology 2012; 49: 208-12.

Sedej I, Sakac M, Mandic A, Misan A, Pestoric M, Simurina O, et al. Quality assessment of gluten-free crackers based
on buckwheat flour. LWT-Food science and technology 2011; 44(3): 694-9.

Shen Y, Jin L, Xiao P, Lu Y, Bao J. Total phenolics, flavonoids, antioxidant capacity in rice grain and their relations
to grain color, size and weight. Journal of cereal science 2009; 49(1): 106-11.

Shukla T. Future snacks and snack food technology. Cereal foods world 1994; 39: 704-15.

Sirichokworrakit S, Phetkhut J, Khommoon A, editors. Effect of partial substitution of wheat flour with riceberry flour
on quality of noodles. 7" World Conference on Educational Sciences; 2015 Feb 05-07; Athens Convention
Center, Greece. Athens: Elseveir; 2015.

Sozer N, Cicerelli L, Heinio RL, Poutanen K. Effect of wheat bran addition on in vitro starch digestibility, physico-
mechanical and sensory properties of biscuits. Journal of cereal science 2014; 60(1): 105-13.

Sudha M.L, Vetrimani R, Leelavathi K. Influence of fiber from different cereals on the rheological characteristics of
wheat flour dough and on biscuit quality. Food chemistry 2007; 100(4): 1365-370.

Tantivirasut P, Laohakunjit N, Suttisansanee U, Hudthagosol C. Somboonpanyakul P. Effect of pregelatinized riceberry
flour for reducing fat in salad dressing. Agricultural science journal 2014; 45(2): 125-8.

Torbica A, Hadnadev M, Hadnadev CT. Rice and buckwheat flour characterisation and its relation to cookie quality.
Food research international 2012; 48: 277-83.

Tuorila H, From sensory evaluation to sensory and consumer research of food: An autobiographical perspective. Food
quality and preference 2015; 40: 255-62.

Yodmanee S, Karrila TT, Pakdeechanuan P. Physical, chemical and antioxidant properties of pigmented rice grown in

Southern Thailand. International food research journal 2011; 18(3): 901-6.

989





