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Abstract The gluten-free cookies were produced by

replacing rice flour (RF) and sucrose content with almond

flour (AF) and stevia. Supplementation of AF caused to

decrease the moisture content of the gluten-free cookies;

while ash, total protein, total fat and total dietary fiber

content increased. Regarding of total phenolics; extrac-

table, hydrolyzable and bioaccessible fractions of gluten-

free cookie samples that were produced with 30% of AF

supplementation, were increased by 43.69–73% compared

with the control group that was prepared with 100% RF

(p B 0.01). Gluten was detected in the cookies with neither

RF nor AF. No cross-contamination was detected during

the production, too. Quality characteristics of the gluten-

free cookies reached the acceptable level while AF and

stevia contents were increased. Protein and dietary fiber

contents of the cookie with AF and stevia were enriched to

82 and 96%, while the total carbohydrate amount decreased

19% (p B 0.01). The contents of TEACABTS and

TEACFRAP of gluten-free cookies with AF and stevia were

5.72 ± 0.07 and 26.08 ± 0.49 lmol Trolox/g and higher

than the control (100% RF ? sucrose). It has found that

physicochemical, nutrition and sensorial properties of

gluten-free cookies that were produced with AF ? stevia

supplementation provided to produce more

acceptable products.
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Introduction

Gluten is a food component available in some cereals.

When some people consumed the foods containing gluten,

they are faced with significant health problems, e.g. celiac

disease. Celiac disease (CD) is one of the most common

disorders associated with food consumption. Due to new

ingredients explored and rapidly changing eating habits,

the number of people that have been suffered from these

health problems is getting increased. However, scientific

studies and consumer awareness that were focused on the

disorders, intensify day by day. CD has been considered as

a global health problem among the most common chronic

and autoimmune diseases in recent years (Rubin and

Crowe 2020).

Due to CD, protein fractions (glutenin and gliadin)

cause inflammation in the upper small intestine and this

leads to the destruction of the surface epithelium and flat-

tening of the villi occurs (Green and Cellier 2007). Because

of this, foods cannot be absorbed and digested, properly.

Therefore, it has been defined that it is a chronic and

inflammatory intestine disease triggered by gluten con-

sumption, and continue lifelong. For this reason, the people

with CD have to consume gluten-free foods during life-

time (Theethira and Dennis 2015). Thus, the consumption

of gluten-free foods has great importance for those patients.

On the other side, gluten proteins play a key role in the

quality of bakery products, as they are responsible for

water absorption capacity, viscosity, and flexibility of the

dough production (Wieser 2007). Eventually, the devel-

opment of gluten-free products is unavoidable for bakery

producers if the consumption demands of CD patients are

considered.

A cookie is one of the most consumed bakery products

with attractive palatability in society. It has been preferred

as a snack that is cheap, satisfactory food and it has a high

nutritional quality according to ingredients added. Rice,

bran, starches (potatoes, rice, corn, etc.), buckwheat, tam-

bourine, sorghum, millet, and soy can be used as an

alternative ingredient in the production of gluten-free

cookie instead of wheat flour (Demirceken 2011). How-

ever; rice flour, cornflour, and starches are the ingredients

that have been commonly used in the production of gluten-

free cookies, their glycemic index (GI) tends to increase
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depending on their starch-based composition. Therefore,

their consumption is risky for the patient suffering from

metabolic disorders, e.g. obesity and diabetes. In many

studies, it has been aimed to use alternative ingredients to

eliminate negative properties of gluten-free cookies,

increase their nutritional quality, improve their functional

properties and develop sensory properties (Di Cairano et al.

2018). Rice flour is an important and functional ingredient

to compose a good dough quality in the production.

Therefore, some gluten-free additives are needed to

develop in order to produce new cookies that can be con-

sumed by CD patients (Demirceken 2011, Sakač et al.

2015, Di Cairano et al. 2018).

Almond (Prunus amygdalus) contain 35–40% fat,

20–25% protein, 10–15% carbohydrate, and 15–18% total

dietary fiber can be used as an alternative gluten-free

ingredient. It is a rich nut regarding protein, monounsatu-

rated fatty acids, especially oleic acid (18:1 9 9), toco-

pherols, dietary fiber, minerals (Ca, P, Cu, Mg, etc.)

vitamin E and phytochemicals (phytosterols and polyphe-

nols). Almond has a higher content of phenolic compounds

than other nuts such as hazelnut, peanut, cashew, peanut,

and macadamia nuts (Takemoto et al. 2001). In addition to

its rich nutritional value, almond is a healthy ingredient for

bakery applications due to its high dietary fiber content and

taste. It was found that almond has a cholesterol-lowering

effect. It helps to enrich protein content, amino acid profile,

and dietary fiber composition when it is used and ingre-

dient (Mukuddem-Petersen et al. 2005).

Stevia (Stevia rebaudiana Bertoni) is a plant-based

natural (100%) and non-toxic sweetener that has been used

in food product development in recent years. It has no

energy value thus, no effect to change the level of the blood

sugar comparing to sucrose. It is 250–300 times sweeter

than sucrose. Stevia has been recommended to people with

diabetes and obesity, because of its beneficial properties for

human health (Panpatil and Polasa 2008).

From the consumer point of view; in addition to nutri-

tional properties, foods can also be preferred to consume

due to their health benefits such as antioxidant capacity.

During the consumption and digestion of foods, various

complex reactions, and processes that include some

physicochemical and physiological mechanisms occur

(McClements et al. 2008). Due to these complex reactions,

it is not possible to digest every part of the food or food

component completely. Antioxidants and phenolics are the

compounds that can also be affected by these complex

digestion processes and therefore, are not fully absorbed

and benefitted by the human body. There are two basic

terms to define and evaluate absorption capability and

readiness to absorption for food components: bioavail-

ability and bioaccessibility. Bioavailability is the amount

of ingested component that passes to systemic circulation

unchanged while, bioaccessibility is the amount of food

component that is released from the food matrix in the

intestine and available to absorb and pass to the systemic

circulation (Bermúdez-Soto et al. 2007, Porrini and Riso

2008). Bioaccessible contents of the foods are determined

by the mimic intestinal digestion procedure that includes

extraction and determination of total phenolic content and

antioxidant capacity (Apak et al. 2008; Bouayed et al.

2012).

In this research, rice and almond flour-based gluten-free

cookies were produced according to the pre-described

formulations for patients with celiac and no-celiac patients

with gluten sensitivity.

Materials and methods

Materials

RF (Ege Glutensiz, Istanbul, Turkey), AF (Guzel Gida,

Istanbul, Turkey), high fructose corn syrup (Cargill Inc.

Minnesota, USA), NaHCO3 (Sigma-Aldrich Corp. Mis-

souri, USA) and NH4HCO3 (Sigma-Aldrich Corp. Mis-

souri, USA) was used for gluten-free cookie production.

All the other ingredients purchased from a local market

from Bursa, Turkey.

Methods

Cookie production

In the gluten-free cookie production, almond flour (AF)

was replaced with rice flour (RF) at different ratios (0, 10,

20 and 30%) in order to increase its nutritional composition

and sensorial properties. The sucrose content of gluten-free

cookies was also replaced with stevia that was used in

different ratios (0, 25 and 50%) in order to produce car-

bohydrate-reduced and gluten-free cookies. The sweetness

equivalent principle was considered to adjust added stevia

amount instead of sucrose. Gluten-free cookie samples

were analyzed in terms of physicochemical, mechanical,

textural, nutritional and sensorial properties. The cookie

formulations were given in Table 1. Wire-cut cookie pro-

cedure was carried out in cookie production specified by

AACCI (1995) (Method No: 10.54). Considering that ste-

via is 200 times sweeter than sucrose (Kulthe et al. 2014);

every 8 g of sucrose replaced with 0.04 g stevia powder

(8 g/200 = 0.04 g).

Cookies were baked in a convection oven (Inoksan FKE

006, TR) at 170 ± 2 �C for 8 min. After baking, cookies

were cooled down at room temperature for 30 min. Phys-

ical analyzes such as size measurements, color measure-

ments, texture analysis, and sensorial evaluation were
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performed 2 h after baking. Then the cookie samples were

grounded (Delonghi Kg 49, Italy) and kept in the freezer

(- 18 �C) in the sealed bags.

Physico-chemical analysis

Analyses of moisture, ash, protein and fat according to

AOAC (1990), dietary fiber with AACC (2000), gluten

with AOAC (2015), and total carbohydrates with FAO

(2003) were performed. The diameter and thickness of the

cookies were measured by caliper and the spread ratio of

cookies was determined by the ratio of diameter to thick-

ness for each cookie sample. The color characteristics

(Minolta CM-3600d, Osaka, Japan) of the cookies were

evaluated in terms of L, a, b values. The hardness of the

cookies was evaluated by TA. Texture analyzer (TX2,

Stable Micro Systems Ltd., Surrey, UK) equipped with

HDP/3BP knife set and HDP/90 heavy-duty platforms. The

maximum force required for breaking the cookies was

determined in Newton (N).

Antioxidant capacity and phenolic content

Antioxidant capacity (AC) and total phenolic content

(TPC) of gluten-free cookie samples analyzed in terms of

extractable, hydrolyzable, bioaccessible fractions of phe-

nolics (Bouayed et al. 2012, Vitali et al. 2009). AC was

determined with ABTS (2,2-azinobis-[3-

ethylbenzothiazoline-6-sulphoni-cacid]) as mentioned by

Apak et al. (2008). Ferric Reducing Antioxidant Power

Assay (FRAP) was conducted according to Benzie and

Strain (1996). The absorbance of the extracts was measured

by a spectrophotometer (Jenway 6405 UV/Vis, Mettler

Toledo, Milano, Italy), a calibration curve of

y = 1978.3x - 4.7115 (R2 = 0.999) was obtained for

TEACABTS, a calibration curve of y = 23.343x ? 0.0193

(R2 = 0.998) was obtained for TEACFRAP in-between

range of 0.02–0.08 lmol Trolox and the results were

expressed as lmol Trolox equivalent (TE)/g sample. TPC

was evaluated by the Folin-Ciocalteu method according to

the procedures of Apak et al. (2008). The absorbance of the

extracts was determined spectrophotometrically and a

gallic acid calibration curve of y = 0.0026x ? 0.0626

(R2 = 0.998) utilized for calculation. The results were

expressed as mg gallic acid equivalents (GAE)/100 g. The

bioaccessibility rate of phenolics and antioxidant com-

pounds was calculated according to Anson et al. (2009).

Sensorial analysis

Sensory analysis was performed with the participation of

32 (untrained) panelists aged between 22 and 35. Based on

the nine-point hedonic scale, cookies were evaluated in

terms of color, odor, mouthfeel, taste, overall acceptability.

The cookies were scored 5 and over, considered as a

consumable gluten-free product.

Table 1 Cookie formulations

Sample RF:AF

(g)

Stevia

(g)

Sucrose

(g)

Brown Sugar

(g)

HFCS

(g)

SMP

(g)

Salt

(g)

NaHCO3

(g)

NH4HCO3

(g)

Shortening

(g)

RF AF

R1S1 100 0 0 32 10 1.5 1.0 1.25 1.0 0.5 40

R1S2 100 0 0.04 24 10 1.5 1.0 1.25 1.0 0.5 40

R1S3 100 0 0.08 16 10 1.5 1.0 1.25 1.0 0.5 40

R2S1A1 90 10 0 32 10 1.5 1.0 1.25 1.0 0.5 40

R2S2A1 90 10 0.04 24 10 1.5 1.0 1.25 1.0 0.5 40

R2S3A1 90 10 0.08 16 10 1.5 1.0 1.25 1.0 0.5 40

R3S1A2 80 20 0 32 10 1.5 1.0 1.25 1.0 0.5 40

R3S2A2 80 20 0.04 24 10 1.5 1.0 1.25 1.0 0.5 40

R3S3A2 80 20 0.08 16 10 1.5 1.0 1.25 1.0 0.5 40

R4S1A3 70 30 0 32 10 1.5 1.0 1.25 1.0 0.5 40

R4S2A3 70 30 0.04 24 10 1.5 1.0 1.25 1.0 0.5 40

R4S3A3 70 30 0.08 16 10 1.5 1.0 1.25 1.0 0.5 40

R1S1:100% rice flour, 0% stevia; R1S2: 100% rice flour, 25% stevia; R1S3: 100% rice flour, 50% stevia; R2S1A1: 90% rice flour, 10% almond

flour, 0% stevia; R2S2A1: 90% rice flour, 10% almond flour, 25% stevia; R2S3A1: 90% rice flour, 10% almond flour, 50% stevia; R3S1A2: 80%
rice flour, 20% almond flour, 0% stevia; R3S2A2: 80% rice flour, 20% almond flour, 25% stevia; R3S3A2: 80% rice flour, 20% almond flour,

50% stevia; R4S1A3: 70% rice flour, 30% almond flour, 0% stevia; R4S2A3: 70% rice flour, 30% almond flour, 25% stevia; R4S3A3: 70% rice

flour, 30% almond flour, 50% stevia

RF rice flour, AF almond flour, HFCS high fructose corn syrup, SMP skimmed milk powder
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Statistical evaluation

Data obtained from cookie analyzes were evaluated sta-

tistically by using variance analysis with JMP IN 7.0.0

(Statistical Discovery from SAS 2005. Institute Inc.). The

LSD test (Least Significant Differences) was used to

determine the statistical difference between the mean val-

ues obtained.

Results and discussion

The results obtained for chemical properties of RF, AF and

cookie samples are given in Table 2. AF was come to the

forefront with higher in content of dietary fiber

(9.79 ± 0.13%), protein (23.63 ± 0.23%) and fat

(57.29 ± 1.23%) than RF with content of dietary fiber

(3.02 ± 0.11%), protein (6.71 ± 0.14%) and fat

(0.57 ± 0.01%). On the other hand, the moisture content of

AF (4.82 ± 0.54%) was lower than the RF

(12.04 ± 0.23%). Similar results were observed in previ-

ous studies. Sacchetti et al. (2004) determined the content

of dietary fiber, ash, fat, protein and moisture belongs to

RF respectively as 0.20, 0.60, 1.00, 9.00, 14.00%, while De

Pilli et al. (2008) determined the content of ash, moisture,

protein, fat belongs to AF respectively as 3.32, 4.67, 22.24,

58.7%. Partial differences have probably arisen from

variation between flour varieties, environment and growth

conditions and the production methods.

Physicochemical and nutritional characteristics

of cookies

Moisture and ash content

Moisture content has an important effect on the crunchi-

ness and mechanical strength (crumbliness) of the cookies

(Hoseney 1994). As the AF ratio increased in cookie for-

mulation, moisture content of cookies (5.82–5.93%) were

decreased significantly compared to control group with

100% RF (5.94–5.97%). AF has a higher total dietary fiber

compared to RF. It is thought that dietary fiber absorbs

water during kneading, reduces the amount of free water

remaining in the system without being absorbed and it

helps to reduce the moisture content of the final product.

The lower moisture content of AF has an influence over

reducing the moisture of cookies. It was also observed that

as the stevia amount was increased, moisture content was

Table 2 Chemical composition of flour and cookie samples

Sample Moisture (%) Ash (%) Crude protein

(%)

Crude fat (%) Total dietary fibre

(%)

Carbohyrate

(%)

Gluten presence (mg/

g)

RF 12.04 ± 0.23B 0.41 ± 0.02B 6.71 ± 0.14B 0.57 ± 0.01B 3.02 ± 0.11B 80.27 ± 0.17A nd

AF 4.82 ± 0.54A 3.54 ± 0.45A 23.63 ± 0.23A 57.29 ± 1.23A 9.79 ± 0.13A 10.72 ± 0.21B nd

R1S1 5.98 ± 0.01a 1.07 ± 0.01j 4.47 ± 0.10a 24.73 ± 0.76h 0.85 ± 0.01a 63.75 ± 0.19b nd

R1S2 5.95 ± 0.04b 1.11 ± 0.01ı 4.71 ± 0.11a,b 24.26 ± 0.75i 0.97 ± 0.03b 63.97 ± 0.11b nd

R1S3 5.94 ± 0.03b 1.13 ± 0.00h 5.05 ± 0.12b 22.93 ± 0.71j 1.01 ± 0.02b 64.95 ± 0.20a nd

R2S1A1 5.93 ± 0.01b 1.18 ± 0.01g 5.51 ± 0.13c 29.32 ± 0.91e 1.10 ± 0.01c 58.06 ± 0.17e nd

R2S2A1 5.91 ± 0.06c 1.21 ± 0.02f 5.68 ± 0.13c,d 27.77 ± 0.73f 1.16 ± 0.01d 59.43 ± 0.10d nd

R2S3A1 5.86 ± 0.04d 1.25 ± 0.00e 5.79 ± 0.13d 26.84 ± 0.60g 1.21 ± 0.03e 60.26 ± 0.13c nd

R3S1A2 5.85 ± 0.01d 1.29 ± 0.00e 6.16 ± 0.14e 35.71 ± 1.11g 1.30 ± 0.02f 50.99 ± 0.21i nd

R3S2A2 5.83 ± 0.02e,f 1.31 ± 0.00d 6.62 ± 0.15f 32.21 ± 1.00c 1.38 ± 0.02g 54.03 ± 0.15g nd

R3S3A2 5.82 ± 0.01f 1.34 ± 0.01c 7.02 ± 0.16g 30.36 ± 0.94d 1.46 ± 0.03h 55.46 ± 0.12f nd

R4S1A3 5.84 ± 0.19e 1.38 ± 0.00b 7.43 ± 0.17h 37.64 ± 1.17a 1.49 ± 0.05h 47.71 ± 0.15j nd

R4S2A3 5.83 ± 0.01f 1.44 ± 0.01a 7.60 ± 0.17h,i 34.17 ± 1.06b 1.57 ± 0.02i 50.96 ± 0.10i nd

R4S3A3 5.82 ± 0.06f 1.46 ± 0.01a 8.18 ± 0.19ı 33.14 ± 1.03b 1.67 ± 0.03j 51.40 ± 0.01h nd

Mean values ± standard deviation with different superscript (Upper case for flour samples; lower case for cookie samples) the same colon are

significantly different (p B 0.01)

Detection limit of the Elisa Test for gluten determination:4.69 ppm; nd.: no detection

R1S1:100% rice flour, 0% stevia; R1S2: 100% rice flour, 25% stevia; R1S3: 100% rice flour, 50% stevia; R2S1A1: 90% rice flour, 10% almond

flour, 0% stevia; R2S2A1: 90% rice flour, 10% almond flour, 25% stevia; R2S3A1: 90% rice flour, 10% almond flour, 50% stevia; R3S1A2: 80%
rice flour, 20% almond flour, 0% stevia; R3S2A2: 80% rice flour, 20% almond flour, 25% stevia; R3S3A2: 80% rice flour, 20% almond flour,

50% stevia; R4S1A3: 70% rice flour, 30% almond flour, 0% stevia; R4S2A3: 70% rice flour, 30% almond flour, 25% stevia; R4S3A3: 70% rice

flour, 30% almond flour, 50% stevia

RF rice flour, AF almond flour
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decreased significantly in the cookies (p B 0.01). The

lower moisture content at the final product is important for

providing a longer shelf life and an expected crunchy

structure.

The richer ash content of AF (3.54 ± 0.45%) provided

an increase in the ash amount of the AF cookies signifi-

cantly (1.18–1.46%) (p B 0.01), and probably provided the

richer mineral content. Ahmed et al. (2014), similarly,

reported in their study about cookies with tiger nut, as the

amount of nut content was increased, ash and mineral

content of cookie samples were increased correspondingly.

Also, the replacement of sucrose with stevia provided an

increase in the ash amount of the cookies as well

(p B 0.01).

Protein

The significant increase in the amount of protein content of

the cookie samples can be attributed to the higher protein

content of the AF (23.63%) than the RF (6.71%) (p

B 0.01). Stevia substitution affected the %protein amounts

of cookies the same as the study of Kulthe et al. (2014).

They associated the increase of the protein content with the

replacement of the stevia in the formulation. By reducing

the amount of the sucrose in the formulations (replacement

with 8 g sucrose to 0.04 g stevia), the dough amount

decreases and the ratio of the protein increases in the

dough. Sakač et al. (2015) evaluated the gluten-free rice

and buckwheat cookies and determined the protein amount

of cookies respectively 4.40, 4.48, 4.60, 4.90 g/100 g in

control (100% RF), 10%, 20%, 30% buckwheat flour

(BWF) replaced cookie samples. The protein content of the

control sample (4.40 g/100 g) was in accordance with our

control sample (4.47 g/100 g) but AF provided a greater

increase in the protein content of gluten-free cookies than

the BWF and the protein amount of AF cookies ranged

between 5.51 and 8.18 g/100 g.

Fat

The higher fat content of AF (54.53%) provided a signifi-

cant increase in the fat amount of the rice-based AF gluten-

free cookies (p B 0.01). While the control group of cookies

with 100% RF were ranged between 22.93 and 24.73 g/

100 g, AF cookies were changed between 26.84 and

37.64 g/100 g. Sakač et al. (2015) also determined the fat

content of gluten-free RF cookies between 19.60 and

19.9 g/100 g. The shortening amount of the formulation

and the high fat content of AF were probable reasons for

higher fat content in our gluten-free cookies.

Almonds are one of the recommended foods for human

diet owing to their high-fat content (45–55%), and the ratio

of monounsaturated and polyunsaturated fatty acids

(46–76%) in this fat content (Lapsley and Huang 2004).

According to FDA, a daily intake of 11 g almond, meets

the required daily amount of low saturated fat and

cholesterol amount that should be consumed (Lapsley and

Huang 2004). In many publications, AF has been reported

to have beneficial effects on human health, such as regu-

lating the blood lipid profile and preventing the risks of

cardiovascular diseases, especially owing to the amount of

monounsaturated oleic acid and polyunsaturated linoleic

acid (Kamil and Chen 2012). In this context, enrichment of

cookies with AF, resulted in the improvement of the

nutritional potential belongs to the gluten-free cookie

formulation.

Dietary fiber

The noticeable dietary fiber content of the AF

(9.79 ± 0.13%) was led to improve in dietary fiber content

in rice-based gluten-free AF cookies (1.10–1.67%). Stevia

replacement in cookie formulation also had an adjuvant

effect on dietary fiber content in the final product.

According to the EU Regulation (EC No: 1924/2006), the

food containing at least 6% dietary fiber content is defined

as ‘‘food with high dietary fiber source’’, and almond is

complying with the definition. By the inclusion of AF into

the gluten-free cookie formulation, total dietary fiber con-

tent (R4S1A3 sample; 1.49 ± 0.05%) was nearly doubled

(R1S1 sample; 0.85 ± 0.01%) in cookies. Dhingra et al.

(2012) indicated that fiber-rich flours have great potential

for improving the nutritional value and food properties.

The dietary fiber might change the solubility, viscosity and

hydration in bakery products; in terms of health properties

they help to stimulate the intestinal process, slowing glu-

cose absorption, decreasing total cholesterol and LDL,

promoting the short-chain fatty acid production.

Gluten

According to the results of immunological gluten deter-

mination with ELISA gliadin allergen test kit, no gluten

was detected in RF nor AF (LOD: 4.69 ppm, Table 2).

These results are important in terms of determining that the

RF and AF used in production did not contain gluten and

they were suitable for the cookie production for celiac

patients. Mostly, the immunological gluten determination

is not performed within the studies about gluten-free food

production; this is an important deficiency in terms of

revealing cross-contamination of gluten during the pro-

duction. As an exceptional study, Sarabhai et al. (2015)

applied the Elisa test for gluten-free RF and gliadin content

was determined as 2.1 ppm. As a result of the ELISA test,

there was also no cross-contamination in our gluten-free

cookie production (Detection limit: 4.69 ppm, Table 2).
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For gluten-sensitive individuals, less than 10 mg daily

intake of gluten is determined as a critical level. For the

international restrictions; in Spain, Italy, England, Canada,

and USA, the gluten limit is 20 ppm, while in Argentina

10 ppm; 3 ppm in Australia, New Zealand and Chile

(Bascunan et al. 2017). As a result of the gluten analysis, it

was confirmed that the right raw materials were selected

and produced correctly in production.

Carbohydrate

For the purpose of obtaining more nutritious gluten-free

cookies, the sucrose content of the formulation was

replaced with the stevia partially in sweetness equivalent.

By the increasing level of AF replacement, the carbohy-

drate content of gluten-free cookies were decreased sig-

nificantly (p B 0.01, Table 2). Not only the lower

carbohydrate value of AF (10.72 ± 0.21%) in regard to RF

(80.27 ± 0.17%) but also the stevia replacement was

associated with the reduced carbohydrate content of

cookies. Comparing the R1S1 sample (63.75 ± 0.19%)

with the R4S1A3 sample (47.71 ± 0.15%), there was an

approximately 25% decrease in carbohydrate level. When

the stevia replacement is evaluated, the carbohydrate

amount of cookies was increased by the increasing

replacement amounts; this arose from decreasing the

amount of dough because of the weight difference of

sucrose and stevia (8 g sucrose vs. 0.04 gr stevia) same in

protein and fat content of cookies. Similar results were also

obtained by the study of Kulthe et al. (2014), the decrease

was observed in the carbohydrate amount of cookies by the

defatted soy flour and the stevia leaves powder replace-

ment. Di Cairano et al. (2018) evaluated the gluten-free

biscuits in terms of ingredients and their challenges in

gluten-free bakery products. The necessity of decreasing

the glycemic index of starchy gluten-free products was

emphasized. Also, increasing the protein and dietary fiber

content by replacing with the carbohydrate in formulations

was also advised. Being associated with the quantity of

carbohydrate amount, GI is considered as glycemic load.

For this purpose, inserting the AF and stevia into the glu-

ten-free cookie formulation helped to produce carbohy-

drate reduced; protein, dietary fiber, phenolic content

enriched gluten-free cookie production.

Phenols, antioxidant capacity and bioaccessibility

TPC of gluten-free cookies were evaluated in terms of

extractable, hydrolysable and in-vitro bioaccessible phe-

nolic fractions. Results of analysis are given in Fig. 1. AF

added gluten-free cookie samples were determined to have

higher TPC than the control group of cookie samples

(100% RF samples). There were 43%, 69%, 73% increases

respectively in extractable, hydrolysable, bioaccessible

fractions in 30% AF cookie samples comparing to the

control group of 100% RF samples. Increasing levels of

stevia replacement also provided enrichment of the TPC in

cookie samples significantly (Fig. 1, p B 0.01). According

to % bioaccessibility of phenolics which determined by the

calculation of Anson et al. (2009), outstanding raises were

observed as 54.12%, 52.42%, 54.60%, 57.55% respectively

in R1S2, R2S2A1, R3S2A2, R4S2A3 samples with stevia

replacement.

TEACABTS and TEACFRAP results are also seen in

Fig. 1. The bioaccessible fractions for TEACABTS ranged

between 2.71 ± 0.02 and 3.09 ± 0.02 lmol Trolox/g

sample for 100% RF cookies, TEACFRAP ranged between

3.73 ± 0.04 and 5.72 ± 0.07 lmol Trolox/g sample for

the AF containing gluten-free cookies. AF replacement was

found more effective in promoting the antioxidant capacity

than the stevia replacement according to AC and TPC

results. FRAP and ABTS antioxidant capacity assays both

have the same reaction mechanism (ET based AC assays)

but they have different pH, redox potentials, chemical

sensitivity for the different reactive components (Apak

et al. 2008). The gluten-free cookies exhibited higher AC

results in TEACFRAP than TEACABTS. Antoniewska et al.

(2019) associated the antioxidant potential of cookies with

polyphenol content and also the compounds forming during

the Maillard reactions. Mainly melanoidins were deter-

mined to be able to scavenge ABTS and peroxyl radicals in

bakery products (Michalska et al. 2008).

TPC and AC results were in accordance with the phy-

sico-chemical analysis results, by the increase in AF and

stevia amounts, the recipes were enriched in nutritional

potential. The hydrolysable fractions were higher than

extractable and bioaccessible fractions according to all

three antioxidant assays. Depending on the H2SO4-ethanol

extraction, higher temperature (85 �C) and longer timer

(20 h), the extraction procedure possibly helped for

releasing the more phenolic content. Vitali et al. (2009),

also found that the ratio of the releasing extractable and

hydrolysable fractions of bakery products was affected by

the baking process. Bouayed et al. (2011) indicated that the

lower bioaccessible phenolic fraction content compared to

the total of the extractable and hydrolysable fractions might

be the reason for uncompleted degradation or releasing

after the in-vitro gastrointestinal digestion. Bioaccessibility

of food may also change depending on several factors such

as nature of the compound, food matrix, molecular linkage

properties, interaction with other compounds, the amount

of the compound, intestinal conditions and their absorption

(Porrini and Riso 2008).

Giuberti et al. (2018) produced gluten-free RF cookies

with alfalfa seed (Medicago sativa L.) flour and evaluated

the nutritional properties of cookies by TPC and AC
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analysis. AF incorporated rice-based gluten-free cookies in

our study had higher TPC results (37.3–56.3 mg GAE/g

cookie sample) than these gluten-free alfalfa seed incor-

porated RF gluten-free cookies (22.9 to 112.9 mg GAE/

100 g).

Žilić et al. (2016) determined the TPC of anthocyanin-

rich corn flour cookies between 192.9 and 251.2 mg GAE/

100 g and Jan et al. (2016) determined the TPC of raw and

germinated Chenopodium album flour gluten-free cookies

as 323.0 and 671.0 mg GAE/100 g. Sakač et al. (2015) also

determined the AC of gluten-free rice and buckwheat

cookies in terms of DPPH assay and Fe?2 chelating activity

as IC50. In DPPH assay, 30% BWF replacement rice-based

gluten-free cookies were determined to increase by 60% of

the AC. Fe?2 chelating activity had higher antioxidant

potential like our TEACFRAP results and provided four

times more AC in 30% BWF replaced gluten-free cookies.

They also expressed that, the studies about gluten-free

cookies generally concentrated on sensorial and physico-

chemical properties without any functional analysis such as

antioxidant activity. The studies which have been con-

ducted in recent years have not yet filled the gap about the

gluten-free studies.

The higher TPC and AC content of rice-based gluten-

free AF cookies in our study can be attributed to the rich

content of protein, monounsaturated fatty acids, toco-

pherols, dietary fiber, minerals, vitamin E and phyto-

chemicals (Takemoto et al. 2001) of AF. Fatty acid profile

and dietary fiber contents of AF were especially responsi-

ble for the higher bioaccessible phenolic fractions. Cassady

et al. (2009) indicated that the fat content of almond nuts

are determined to be effective on the energy balance of

human. The dietary fiber content and its impact on

decreasing the free fatty acid absorption provide strong

satiety properties for humans. Phytochemicals to be pre-

sented in almonds and other nuts have bioactive properties

on health such as antiproliferative, antiviral, antioxidant,

anti-inflammatory and hypocholesterolaemia (Bolling et al.

2010). Because of the rich content and dietary inclusion,

nuts are found to be recommended for cardiovascular

Fig.1 Total phenolic content and antioxidant capacity results of

cookies. R1S1:100% rice flour, 0% stevia; R1S2: 100% rice flour,

25% stevia; R1S3: 100% rice flour, 50% stevia; R2S1A1: 90% rice

flour, 10% almond flour, 0% stevia; R2S2A1: 90% rice flour, 10%

almond flour, 25% stevia; R2S3A1: 90% rice flour, 10% almond

flour, 50% stevia; R3S1A2: 80% rice flour, 20% almond flour, 0%

stevia; R3S2A2: 80% rice flour, 20% almond flour, 25% stevia;

R3S3A2: 80% rice flour, 20% almond flour, 50% stevia; R4S1A3:
70% rice flour, 30% almond flour, 0% stevia; R4S2A3: 70% rice

flour, 30% almond flour, 25% stevia; R4S3A3: 70% rice flour, 30%

almond flour, 50% stevia
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disease prevention and treatment (Lorenzon dos Santos

et al. 2020).

Dimensions of cookies

There are three basic quality criteria for cookies. These are:

‘‘Size (as diameter, thickness, and spread ratio)’’, ‘‘texture’’

and ‘‘color’’. Baking performances of the rice-based glu-

ten-free cookies are given in Table 3. The desirable quality

of the cookie has been associated with a larger diameter

and lower thickness values (Giuberti et al. 2018). There

was a significant increase in diameters of cookies by the

increasing amount of the AF amount and it was changed

between 0.82 and 0.98 cm (p B 0.01).

Spread ratio

The spread ratio is one of the quality criteria for cookies

and expected to show higher values (Giuberti et al. 2018).

The effect of change in diameter and thickness was also

observed in the spread ratio values, an increasing amount

of AF resulted in an inversely correlated decrease in the

spread ratio significantly (p B 0.01, Table 3). Higher

dietary fiber and protein content of the AF (compared

with RF) was probably responsible for the decrease in

spread ratio of the gluten-free cookie samples. Becker et al.

(2014), evaluated the spread ratio of gluten-free cookies

with buriti endocarp flour. They determined that the spread

ratio increased by a higher amount of the buriti endocarp

flour and this was progressed by the competition of the

constituents for the water present in the dough. Therefore,

dietary fiber from buriti endocarp flour may reduce the

spread ratio of gluten-free cookie samples. It is thought

that dietary fiber-rich AF reduced the amount of the free

water remaining without the absorption and this may cause

an increase in the viscosity and decrease in the spread ratio.

Textural aspects

The textural properties vary depending on the fat and flour

properties in the cookie formulation. Shortening and soft

wheat flour usage in production ensure the crunchy texture

of the desired characteristics of the cookies. The crunchi-

ness is one of the main factors, affecting the quality and

textural properties (Hoseney 1994). The AF addition

increased the hardness of the cookies significantly com-

pared to the control group of 100% RF samples (p B 0.01,

Table 3). The highest breaking force value (57.83 N) was

determined in the R4S1A3 sample and the lowest value

(57.51 N) was determined in the control group (R1S3).

Similarly, de Oliveira Pineli et al. (2015) determined that

the addition of baru almond flour increased the hardness of

the cookies and they reported that protein and fiber con-

tents are more effective on the texture of starch and lipid. A

similar relationship between dietary fiber content and

hardness of cookies was evaluated per Ajila et al. (2008) by

trying different mango peel levels in cookie samples.

Occurring mechanical changes were associated with the

increase in dietary fiber, fat and phenolic content, with a

decrease in carbohydrate content of samples. The findings

Table 3 Physical properties of cookies

R1S1Sample Thickness (cm) Diameter (cm) Spread ratio Hardness (N) L* a* b*

R1S1 0.81 ± 0.02g 6.00 ± 0.01a 7.41 ± 0.02f 57.65 ± 1.92a 48.74 ± 0.64a 6.95 ± 0.61f 23.09 ± 0.05a

R1S2 0.83 ± 0.03e,f 5.77 ± 0.04d 6.95 ± 0.03h 57.58 ± 1.56d 50.16 ± 0.98b 6.53 ± 0.56e 23.38 ± 0.13a

R1S3 0.86 ± 0.03c 5.69 ± 0.03g 6.62 ± 0.04j 57.51 ± 3.55g 50.96 ± 0.74c 5.95 ± 0.13d 23.57 ± 0.14a

R2S1A1 0.82 ± 0.02f,g 5.90 ± 0.07b 7.19 ± 0.11d 57.70 ± 3.21b 49.98 ± 0.69b 6.59 ± 0.34e 23.99 ± 0.13b

R2S2A1 0.85 ± 0.01c,d 5.75 ± 0.06e 6.77 ± 0.04g 57.63 ± 3.50e 51.03 ± 0.49c 5.21 ± 0.03c 24.19 ± 0.08b

R2S3A1 0.88 ± 0.01b 5.67 ± 0.01h 6.44 ± 0.06ı 57.54 ± 0.87h 51.58 ± 1.81c 4.71 ± 0.64b 24.47 ± 0.09b

R3S1A2 0.83 ± 0.04e,f 5.89 ± 0.08c 7.09 ± 0.03c 57.78 ± 0.28b 52.36 ± 0.73d 5.38 ± 0.23c 25.09 ± 0.43c

R3S2A2 0.85 ± 0.03c,d 5.72 ± 0.02f 6.73 ± 0.05e 57.68 ± 3.44f 52.50 ± 0.40d 5.11 ± 0.47c 25.30 ± 0.32c,d

R3S3A2 0.97 ± 0.04d,e 5.65 ± 0.04ı 5.82 ± 0.08h 57.59 ± 3.10ı 52.74 ± 0.63d 4.17 ± 0.13a 25.72 ± 0.15d

R4S1A3 0.84 ± 0.03d,e 5.85 ± 0.04d 6.96 ± 0.04b 57.83 ± 1.09c 53.36 ± 0.95e 4.82 ± 0.25b 25.49 ± 0.43c

R4S2A3 0.86 ± 0.04d 5.70 ± 0.01g 6.63 ± 0.07d 57.71 ± 4.05g 53.60 ± 0.27e 4.77 ± 0.34b 25.81 ± 0.24d

R4S3A3 0.98 ± 0.03a 5.57 ± 0.02j 5.68 ± 0.04a 57.63 ± 1.51e 53.82 ± 0.77e 3.94 ± 0.03a 26.03 ± 0.17e

Mean values ± standard deviation with different superscript in the same colon are significantly different (p B 0.01)

R1S1:100% rice flour, 0% stevia; R1S2: 100% rice flour, 25% stevia; R1S3: 100% rice flour, 50% stevia; R2S1A1: 90% rice flour, 10% almond

flour, 0% stevia; R2S2A1: 90% rice flour, 10% almond flour, 25% stevia; R2S3A1: 90% rice flour, 10% almond flour, 50% stevia; R3S1A2: 80%
rice flour, 20% almond flour, 0% stevia; R3S2A2: 80% rice flour, 20% almond flour, 25% stevia; R3S3A2: 80% rice flour, 20% almond flour,

50% stevia; R4S1A3: 70% rice flour, 30% almond flour, 0% stevia; R4S2A3: 70% rice flour, 30% almond flour, 25% stevia; R4S3A3: 70% rice

flour, 30% almond flour, 50% stevia
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of our study are in the same line with the literature, the

higher dietary fiber content of AF provided the increase in

the hardness of cookie texture.

Color

Color is one of the important quality parameters that pro-

vide the charming for the cookies. The properties of flour

and starch used in cookie production, have a remarkable

effect on color formation. Also, the Maillard reaction that

occurs during the cooking process is another effective

factor in the color of final products in the bakery (Giuberti

et al. 2018). Color properties of gluten-free RF-based

cookies are given in Table 3. According to Garcia-Serna

et al. (2014), sugar substitution with stevia was affected the

cookie color parameters. Non-enzymatic browning reac-

tions during cooking are found to be responsible for the

weak color development. AF and stevia had a complex

effect on the color development of the cookie, generally,

both, provided an increase in L and b values and decreased

in a value, and had the lighter color compared with RF-

sucrose cookies.

Sensorial properties

Generally, nutritious and healthy food products even if

their sensory properties are insufficient, they are consumed

by people. Consumers could ignore the sensorial satisfac-

tion and accept some negative sensory changes in a

healthier diet (Sabbe et al. 2009). Gluten-free bakery

products are also characterized by weaker sensorial prop-

erties. They could not provide the expectations, because of

the harder structure, darker color, unpleasant view and dry-

sandy feeling remaining in the mouth. When the overall

acceptance scores were evaluated, AF-cookie scores were

significantly higher than the RF-cookie scores (p B 0.01,

Table 4). AF-cookies were found acceptable by panelists,

due to getting 5 and higher points. Also, the score of

cookies with stevia replacement was significantly lower

than the control group of cookies (p B 0.01).

Conclusion

Gluten-free cookie formulation was produced by using RF

and sucrose; RF was replaced with AF 0, 10, 20, 30% ratio

and sucrose was replaced with stevia 0, 25 and 50% ratio

for new carbohydrate-reduced gluten-free cookie

formulation.

AF replacement was found to have richer in terms of

ash, protein, fat and dietary fiber contents while the

moisture content was lower. According to physical mea-

surements, thickness and hardness were increased while the

diameter and spread ratio were decreased in samples (p

Table 4 Sensorial evaluation of

cookies
Sample Color Odor Crispness Mouthfeel Taste Overall acceptability

R1S1 4.9 ± 1.64h 4.7 ± 1.60h 4.3 ± 1.64h 4.8 ± 1.98g 4.4 ± 1.95g 4.5 ± 1.71h

R1S2 4.7 ± 1.84ı 4.2 ± 1.76ı 4.1 ± 1.64ı 4.1 ± 1.98h 4.1 ± 1.80h 4.4 ± 1.50ı

R1S3 4.2 ± 1.86j 4.2 ± 1.57ı 3.4 ± 1.92j 3.9 ± 1.89ı 4.0 ± 1.80ı 4.0 ± 1.50j

R2S1A1 5.4 ± 1.54e 5.3 ± 1.63f 5.5 ± 1.98e 5.4 ± 1.55e 4.7 ± 1.93e 5.4 ± 1.80f

R2S2A1 5.4 ± 1.83e 5.3 ± 1.58f 5.4 ± 1.61f 5.4 ± 1.98e 4.6 ± 1.95f 5.3 ± 1.69g

R2S3A1 5.2 ± 1.30g 5.0 ± 1.46g 5.1 ± 2.06g 5.3 ± 1.80f 4.6 ± 1.72f 5.3 ± 1.62g

R3S1A2 5.8 ± 1.75d 5.6 ± 1.38d 5.8 ± 1.41d 5.5 ± 1.65d 5.9 ± 1.68e 5.7 ± 1.60d

R3S2A2 5.8 ± 1.78d 5.6 ± 1.50d 5.8 ± 1.84d 5.4 ± 1.80e 5.7 ± 1.79d 5.7 ± 1.75d

R3S3A2 5.3 ± 1.61f 5. 4 ± 1.61e 5.4 ± 1.69f 5.4 ± 1.68e 5.7 ± 2.27d 5.6 ± 1.93e

R4S1A3 6.5 ± 1.61a 6.0 ± 1.61a 6.3 ± 1.77a 5.9 ± 1.71a 6.2 ± 1.99a 6.0 ± 1.90a

R4S2A3 6.2 ± 1.72 b 5.9 ± 1.73b 6.2 ± 2.05b 5.8 ± 1.59b 6.0 ± 2.14b 5.8 ± 1.91c

R4S3A3 6.1 ± 1.59 c 5.7 ± 1.66c 6.0 ± 1.43c 5.6 ± 1.82c 6.0 ± 1.82b 5.9 ± 1.79b

9-point hedonic scale with 9-like extremely, 8-like very much, 7-like moderately, 6-like slightly, 5-neither

like or dislike, 4-dislike slightly, 3-dislike moderately, 2-dislike very much, and 1-dislike extremely was

used

Mean values ± standard deviation with different superscript in the same colon are significantly different

(p B 0.01)

R1S1:100% rice flour, 0% stevia; R1S2: 100% rice flour, 25% stevia; R1S3: 100% rice flour, 50% stevia;

R2S1A1: 90% rice flour, 10% almond flour, 0% stevia; R2S2A1: 90% rice flour, 10% almond flour, 25%

stevia; R2S3A1: 90% rice flour, 10% almond flour, 50% stevia; R3S1A2: 80% rice flour, 20% almond

flour, 0% stevia; R3S2A2: 80% rice flour, 20% almond flour, 25% stevia; R3S3A2: 80% rice flour, 20%

almond flour, 50% stevia; R4S1A3: 70% rice flour, 30% almond flour, 0% stevia; R4S2A3: 70% rice flour,

30% almond flour, 25% stevia; R4S3A3: 70% rice flour, 30% almond flour, 50% stevia
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B 0.01). AF and stevia had a complex effect on the color

development, generally, both increased the L and b values

and decreased in the a value, and the lighter color than the

control group of cookies was obtained in AF-stevia cookies

(p B 0.01). There was no gluten content (ELISA gliadin

allergen, R-Biopharm AG Darmstadt, Germany) deter-

mined in RF, AF nor gluten-free cookie samples. This is

indicating the preferring suitable ingredients and com-

pleting the gluten-free production without cross-contami-

nation of gluten.

In terms of TPC of cookie samples, 43%, 69%, 73%

increases were observed respectively in extractable,

hydrolyzable, bioaccessible fractions in 30% AF samples

comparing to the control group (100% RF samples).

TEACABTS values of the bioaccessible fractions were

ranged between 2.71 ± 0.02 and 3.09 ± 0.02 lmol Tro-

lox/g sample for the control group, TEACFRAP values were

ranged between 3.73 ± 0.04 and 5.72 ± 0.07 lmol Tro-

lox/g sample for the AF cookies. The highest results were

presented in the R4S3A3 sample with 30% AF and 50%

stevia replacement.

The high glycemic index of the starchy structure has

been an important problem in gluten-free products.

Including the AF and stevia into the gluten-free cookie

formulation; protein, dietary fiber, phenolic compound

contents were enriched and the carbohydrate amount was

reduced in produced gluten-free cookies. Besides the

nutritional enrichment, AF-stevia gluten-free cookies were

provided the quality characteristics and found accept-

able according to sensorial evaluation. AF and stevia are

determined to be good ingredients for gluten-free cookie

production within the context of this study.
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