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ABSTRACT: In this study, we investigated the changes in quality and antioxidant activity of sugar-snap cookies prepared 

with different blends of refined wheat (WHF) and oat flour (OAF). The crude protein contents of OAF and WHF were 

12.24% and 7.17%, respectively, and the fiber contents of were 3.45% and 0.31%, respectively; both were increased by 

adding OAF. However, the total starch contents were decreased by adding OAF. The β-glucan content of the samples in-

creased considerably upon the addition of OAF. The water-holding capacity was increased after adding OAF compared to 

WHF (79.21%). Water binding in wet gluten contents decreased on the addition of OAF. Final viscosity increased on the 

addition of OAF. Antioxidant activity and total phenolic acid were increased upon the addition of OAF. The thickness of 

cookies prepared with OAF, WHF, 20% of WHF with OAF (WOB20), and WOB40 were 11.28, 12.35, 9.74, and 9.81 mm, 

respectively. The hardness of cookies prepared with WHF and WOF20 did not differ significantly, and analysis of the ap-

pearance of cookies showed that the cookies were increasingly cracked as the OAF content increased. Therefore, sub-

stituting WHF with OAF improved the quality and nutrient value of the cookies.

Keywords: blends, refined wheat, oat flour, cookie quality, antioxidant activity

INTRODUCTION

Consumers are increasingly concerned about their health. 

Also, consumers are also demanding novel foods that are 

rich in nutrition (wholesome), with acceptable organo-

leptic qualities and those which have traditional values 

(1).

The addition of functional ingredients to baked goods 

has become popular, as they may reduce the risk of chron-

ic diseases in addition to their basic nutritional functions 

(2). Baked products range in complexity and include food 

stuffs such as breads, cakes, and biscuits (crackers and 

cookies); these products generally contain wheat flour as 

the main ingredient (3). However, the majority of wheat 

flour is consumed as refined flour, in which carbohy-

drates are the primary energy source.

Oat, a type of whole grain, has gained increasing popu-

larity, as it contains components such as bran and β-glu-

can, which are sources of dietary fiber for healthy food 

formulation (4). Moreover, oat is a commonly used grain 

and contains many phytochemicals that exhibit antioxi-

dant activity, such as tocols, flavonoids, phytic acid, and 

phenolic acids (5,6). β-Glucan together with other phy-

tochemicals are concentrated in the bran layer of oat grain 

that provide functional properties to the bran (7). Oats 

are consumed in whole-grain products including break-

fast cereals, infant foods, porridge, and specialty breads 

(8). Therefore, oat represents a healthy alternative to 

starch-based ingredients (7).

Cookies and crackers have become one of the most pop-

ularly consumed snacks owing to their low manufactur-

ing cost, convenience, long shelf-life, and ability to serve 

as a vehicle for important nutrients (9). Cookies are gen-

erally made using refined wheat flour, fat, egg, sugar, and 

baking agents (10). These ingredients make cookie dough 

a high-fat, high-sugar product with a relatively low water 

activity (11). However, they can be a major source of en-

ergy in the diet. 

The objectives of this study were to determine the phys-

icochemical properties of blends of refined wheat and 

oat flour, as well as the changes in quality of sugar-snap 

cookies made with different oat flour blends.



Quality Improvement of Cookie with Cereal Blends 161

MATERIALS AND METHODS

Sample preparation 

The refined low protein wheat flour was obtained from 

the Department of Rice and Winter Cereal Crop, Nation-

al Institute of Crop Science (Wanju, Jeonbuk, Korea). 

Oat flour (OAF) was purchased from local store in Jeong-

eup, Korea. Crude protein content of OAF was 12.24%. 

The blends were mixed with oat and wheat flour. Oat 

flour added into low protein containing refined wheat 

flour at concentration of 0% (WHF), 20% (WOB20), and 

40% (WOB40) (w/w), respectively. The sample was 

blended twice using a sieve.

Determination of the proximate composition, total starch, 

and β-glucan contents of samples

The proximate composition (e.g., water, ash, and crude 

protein) of samples was analyzed using the official meth-

ods of the American Association of Cereal Chemists us-

ing 44-15A, 08-01, and 46-12, respectively (12). Total 

crude fiber content was determined with a dietary fiber 

analyzer (Dosi-fiber, J.P Selecta s.a, Barcelona, Spain). 

β-Glucan and total starch content was analyzed using 

Megazyme assay kit (K-RSTAR; Megazyme, Wicklow, 

Ireland). Total starch content was measured using AOAC 

Official Method 996.11 (13).

Water-holding capacity, pasting profiles, and gluten prop-

erties of the samples

The water-holding capacity (WHC) of the samples was 

measured using the method of Medcalf and Gilles (14), 

with slight modifications (15). The samples (1 g) were 

mixed with 40 mL of distilled water, stirred at room tem-

perature for 1 h, and centrifuged at 2,000 g for 30 min. 

The WHC was expressed by moisture absorption per g 

of samples. 

Pasting properties of the starch suspension (3.0 g sam-

ple in 25 mL water) were determined with a Rapid Visco 

analyzer (RVA4, Newport Scientific Ltd., Warriewood, 

Australia). The peak viscosity, final viscosity and setback 

viscosity of the samples were determined using the past-

ing curve. 

The gluten index, wet gluten content, and water bind-

ing in wet gluten of the samples were measured using a 

Glutomatic system (Perten Instruments AB, Hägersten, 

Sweden). 

Preparation of cookies

Cookie preparation was carried out as previously de-

scribed using cookie flour (12). Creamed mass was pre-

pared using sugar, shortening, sodium bicarbonate, skim 

milk powder, ammonium chloride, and sodium chloride 

into a micro-mixer bowl and mixed for 3 min using a 

mixer (5k5ss; KitchenAid Europa Inc., Bever, Belgium). 

The sample was divided into three portion for the creamed 

mass and mixed for 3 min to make dough. The dough was 

then evenly spread on a cookie sheet, cut with a cookie 

cutter, baked for 11 min at 190oC, and allowed to cool 

for 30 min at room temperature. 

Evaluation of sugar-snap cookies quality

The quality of cookies was analyzed by examining the 

thickness, diameter, spread factor, and hardness of cook-

ies. The color values of the cookie were measured with a 

spectrophotometer (CM-5; Konica Minolta Inc., Tokyo, 

Japan) and expressed by L value, a value, and b value, 

respectively. The thickness and diameter of cookies was 

measured using a Model G Peacock dial thickness gauge 

(Ozaki Mfg. Co., Ltd., Tokyo, Japan). Cookie spread fac-

tor was calculated by dividing the diameter by the height. 

The hardness of the samples was analyzed using a tex-

ture analyzer (TA1; Lloyd Instruments Ltd., Chichester, 

UK). The samples were compressed up to 62.5% and 

evaluated using stainless steel probe of 5 mm diameter.

Total phenolic acids and antioxidant activity

Total phenolic contents were measured using the Folin- 

Ciocalteau colorimetric method (16). The total phenolic 

content was expressed as gallic acid equivalents. 

Antioxidant activity was examined using 2,2-diphenyl- 

1-picrylhydrazyl (DPPH) radical scavenging activity and 

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid di-

ammonium salts)(ABTS) radical scavenging activity. 

DPPH radical scavenging activity was estimated accord-

ing to the method of Blois (17) with some modification. 

The scavenging activity of the DPPH radicals in percent-

age points was calculated by absorbance of the sample 

relative to the absorbance of the blank. ABTS radical cat-

ion was measured using the method of Zhao et al. (18) 

with slight modifications. The Trolox calibration curve 

was plotted as a function of the percentage of ABTS rad-

ical scavenging activity. The final results were expressed 

as micromoles of Trolox equivalents/g.

Statistical analysis 

Data are shown as the mean and standard deviation. The 

differences between mean values were analyzed using 

ANOVA with SAS software (version 7.0; SAS Institute 

Inc., Cary, NC, USA). The probability value was identi-

fied at the 5% probability level using Duncan’s post hoc 

tests.

RESULTS AND DISCUSSION

Proximate composition, total starch content, β-glucan con-

tent, and gluten properties of samples 

The proximate composition of the samples, which in-
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Table 2. Water-holding capacity (WHC) and pasting properties of blends with refined wheat and oat flour

Samples WHC (%) Peak viscosity (RVA) Final viscosity (RVA) Setback viscosity (RVA)

OAF 137.03±3.79
a

125.77±1.17
c

281.97±2.23
a

156.20±3.40
a

WHF 79.21±1.99
c

151.52±2.64
b

199.39±0.47
c

47.88±2.17
c

WOB20 82.89±0.68
c

167.60±1.46
a

215.02±2.87
b

47.43±1.41
c

WOB40 90.32±2.33
b

162.25±4.45
a

219.42±0.18
b

57.17±4.63
b

Different letters (a-c) within the same column differ significantly (P<0.05). 
OAF, oat flour; WHF, refined wheat flour; WOB20, blends that replaced 20% of wheat with oat flour; WOB40, blends that replaced 
40% of wheat with oat flour.

Table 1. Proximate composition, total starch, and β-glucan content of blends with refined wheat and oat flour

Samples
Water 

contents (%)
Ash 

contents (%)
Crude protein 
contents (%)

Crude fiber 
contents (%)

Total starch 
content (%)

β-glucan 
content (%)

OAF 5.16±0.16
d

1.73±0.03
a

12.24±0.06
a

3.45±0.23
a

49.46±0.11
d

4.57±0.07
a

WHF 13.66±0.06
a

0.31±0.01
d

7.17±0.08
d

0.31±0.02
d

77.50±0.01
a

0.17±0.01
d

WOB20 12.75±0.06
b

0.77±0.03
c

10.57±0.13
c

0.82±0.11
c

73.17±0.31
b

0.96±0.01
c

WOB40 10.48±0.02
c

1.16±0.04
b

11.24±0.07
b

1.65±0.01
b

67.64±0.48
c

1.95±0.03
b

Different letters (a-d) within the same column differ significantly (P<0.05). 
OAF, oat flour; WHF, refined wheat flour; WOB20, blends that replaced 20% of wheat with oat flour; WOB40, blends that replaced 
40% of wheat with oat flour.

cludes the water, ash, crude protein, crude fiber, total 

starch, and β-glucan content, is presented in Table 1. 

The crude protein contents of OAF and WHF were 

12.24% and 7.17%, respectively; the fiber contents of 

OAF and WHF were 3.45% and 0.31%, respectively. The 

β-glucan content of OAF (4.57%) was higher than that 

of other samples. The β-glucan content of WHF was 

0.17%, which increased significantly upon the addition 

of OAF to proportions of up to 1.95% (P<0.05). The ash, 

protein, crude fiber, and β-glucan contents of blends in-

creased after the substitution of WHF with OAF. Howev-

er, the total starch contents of WOB40 were lower than 

those of WHF. Mancebo et al. (19) reported that fine- 

grained flour had a lower protein content than coarse- 

grained flours and that the water-holding and water-bind-

ing properties are primarily dependent on starch content. 

Morales-Polanco et al. (9) reported that the increase in the 

protein content in oat/pea protein isolate crackers flour 

could be attributed to a blend of dehulled oat grain flour 

and pea flour protein isolate. Duta and Culetu (7) re-

ported that the incorporation of oat bran increased pro-

tein weakening and decreased the stability of gelatinized 

starch. Our results showed the wet gluten contents of 

WHF and WOB20 were 28.40% and 21.70%, respective-

ly. Water binding in wet gluten contents decreased upon 

the addition of OAF. Moreover, water binding percen-

tages in wet gluten contents were 18.40% and 13.35% 

for WHF and WOB20, respectively, and the gluten index 

of WOB20 (97.68) was increased compared with that of 

OAF (94.72; data not shown).

WHC and pasting properties of samples

As the proportion of OAF increased in place of WHF, the 

WHC value increased significantly (P<0.05). The WHC 

of WHF, WOB20, and WOB40 were 79.21%, 82.89%, 

and 90.32%, respectively, and the WHC of WHF in-

creased following the addition of OAF compared to that 

of WHF (79.21%) (Table 2). Additionally, samples which 

had lower starch content and higher protein, fiber, and 

β-glucan contents had higher WHC. 

The peak viscosities of OAF and WHF were 125.77 

and 151.52 RVA, respectively (Table 2). Final viscosity of 

the samples increased following the addition of OAF, but 

was lower than OAF alone (281.97 RVA). The peak and 

final viscosity of WOB20 and WOB40 did not differ sig-

nificantly (P>0.05). The setback viscosities of WHF and 

WOB40 were 47.88 and 57.17 RVA, respectively. How-

ever, setback viscosity of the WHF and WOB20 scores 

were lower than those for OAF or WOB40, although the 

difference was not significant (P>0.05). Inglett et al. (20) 

reported that the trends in whole oat flour, oat bran con-

centrate, and Nutrim WHC were related to their β-glu-

can contents, suggesting that β-glucan may be an impor-

tant factor affecting WHC. The addition of oat β-glucan 

significantly increased water absorption and dough de-

velopment time (21). Larrea et al. (22) reported that di-

etary fiber may interact with water through polar and 

hydrophobic interactions, hydrogen bonding, and phys-

ical enclosure. Mancebo et al. (19) reported positive cor-

relations between damaged starch and hydration proper-

ties, including WHC, water binding capacity, and swelling 

volume, through correlation analysis. The pasting viscos-

ities of blends with oat and amaranth composites were 

similar to that of amaranth flour alone and were all high-

er than that of wheat flour (20). Moreover, high setback 

viscosity is a characteristic of oat starch and leads to the 
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Table 3. Total phenolic acid and antioxidant activity of blends 
with refined wheat flour and oat flour

Samples
Total phenolic 

acid (ppm)

DPPH radical 
scavenging 
activity (%)

ABTS radical 
scavenging 

activity 
(mM, Trolox)

OAF 149.36±6.16
a

70.48±0.01
a

0.100±0.01
ns

WHF 30.86±4.04
c

13.10±0.44
d

ND
1)

WOB20 40.86±2.02
c

28.04±0.76
c

0.022±0.01

WOB40 61.57±3.03
b

40.56±0.82
b

0.090±0.07

Different letters (a-d) within the same column differ sig-
nificantly (P<0.05).
OAF, oat flour; WHF, refined wheat flour; WOB20, blends that 
replaced 20% of wheat with oat flour; WOB40, blends that re-
placed 40% of wheat with oat flour.
1)
ND, not detected.

ns
Not significant.

Table 4. Color value, thickness, diameter, spread factor, and hardness of sugar-snap cookie made with blends with low-protein 
containing refined wheat and oat flour

Samples L value a value b value
Thickness of 
cookie sheet 

(mm)

Diameter of 
cookie sheet 

(mm)

Spread 
factor

Hardness of 
cookie (N)

OAF 44.15±0.86
c

12.59±0.08
c

27.71±0.38
d

11.28±0.39
b

94.89±0.80
b

8.42±0.36
b

41.58±4.41
a

WHF 57.53±1.32
a

16.02±0.26
a

38.16±0.36
a

12.35±0.53
a

88.22±1.00
c

7.15±0.36
c

25.13±2.10
b

WOB20 57.18±1.86
a

10.99±0.07
b

34.98±0.09
b

9.74±0.27
c

95.67±0.73
ab

9.83±0.29
a

30.85±4.59
b

WOB40 53.36±0.26
b

12.82±0.18
c

33.06±0.07
c

9.81±0.20
c

97.27±0.97
a

9.92±0.28
a

45.81±6.75
a

Different letters (a-d) within the same column differ significantly (P<0.05).
OAF, oat flour; WHF, refined wheat flour; WOB20, blends that replaced 20% of wheat with oat flour; WOB40, blends that replaced 
40% of wheat with oat flour.

onset of a thick gel (23). 

Total phenolic contents and antioxidant activities of sam-

ples

The total phenolic content of WHF, WOB20, and WOB40 

was 30.86, 40.86, and 61.57 ppm, respectively, as it in-

creased upon the addition of OAF (Table 3). The antiox-

idant activity was measured based on DPPH and ABTS 

radical scavenging activity. The DPPH radical scavenging 

activity of OAF, WHF, WOB20, and WOB40 were 70.48, 

13.10, 28.04, and 40.56%, respectively. Antioxidant ac-

tivity was similar to the results of total phenolic content 

which was also increased by the addition of OAF. Simi-

lar to our findings, Değirmencioğlu et al. (24) reported 

that the total phenolic content gradually increased with 

oat flour supplementation and that DPPH scavenging ca-

pacity was not always linearly related to ABTS radical 

scavenging capacity. However, according to our results, 

the DPPH and ABTS radical scavenging activities were 

similar among samples. Sharma and Gujral (25) reported 

that antioxidant activity, total phenolic content, metal 

chelating activity, and reducing power increased as the 

proportion of barley flour increased by replacing wheat 

flour. Ragaee et al. (26) demonstrated that breads en-

riched with whole-grain flours exhibited improved DPPH 

scavenging capacity, with a 2-fold increase compared to 

the control recipe without enrichment. The antioxidant 

potential of the wheat and oat flour blends is enhanced, 

as oats have a higher total phenolic and flavonoid con-

tent and higher reducing power (27).

Changes in the quality and appearance of sugar-snap cook-

ies made from blends of WHF and OAF

The sugar-snap cookies were prepared with blends of 

WHF and OAF. The color values, thicknesses, diameters, 

spread factors, and hardness of the cookies are shown in 

Table 4. The L values of cookies made with OAF and 

WHF were 44.15 and 57.53, respectively, and were de-

creased by the addition of OAF. The a and b value of 

sample was similar tendency with L value of cookie. The 

thickness of cookies made with OAF, WHF, WOB20, 

and WOB40 were 11.28, 12.35, 9.74, and 9.81 mm, re-

spectively. The hardness of cookies prepared with WHF 

and WOB20 was lower than other samples, but was not 

significantly different (P>0.05). In our study, the spread 

factor and hardness of cookies was increased by the re-

placement of WHF with OAF. The appearance of cook-

ies was observed, and they were found to be cracked as 

the OAF content increased (Fig. 1). Heiniö et al. (28) re-

ported that bran or whole-grain flour often caused de-

creased spread and changes in biscuit structure owing to 

its high WHC. Similarly, Chauhan et al. (29) reported that 

amaranth flour cookies showed the highest spread ratio, 

followed by wheat flour cookies. Chung et al. (30) also 

observed an increase in spread factor when wheat flour 

was substituted with white rice flour or brown rice flour. 

Morales-Polanco et al. (9) reported that oat and pea pro-

tein isolates exhibited lower hardness (19.04 N) and 

gumminess (4.07 N) and higher cohesiveness. In contrast 

to our findings, Sharma and Gujral (25) reported that 

the spread factor of cookies decreased as the proportion 

of barley flour increased, whereas the snap force and wa-

ter activity increased significantly. The decrease in hard-

ness with rice flour substitution in cookies could be at-

tributed to changes in gluten and moisture contents (30). 

However, Inglett et al. (20) reported that amaranth-oat 
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Fig. 1. Diagram of sugar-snap cookies made of blends with low protein containing refined wheat and oat flour. (A) Cookie made 
from wheat flour only. (B) Cookie made from blends of wheat and oat flour 20%. (C) Cookie made from blends of wheat and 
oat flour 40%.

cookies were acceptable in color, flavor, and texture, with 

no significant differences in sensory qualities compared 

with wheat flour cookies. Morales-Polanco (9) reported 

that crackers formulated with dehulled oat grain flour and 

pea protein showed improved texture properties (hard-

ness, resilience, cohesiveness, springiness, gumminess, 

and chewiness) and higher levels of certain nutraceutical 

components, such as total dietary fiber. In our results, 

substituting WHF with OAF increased the fiber content, 

β-glucan content, and hardness of cookies made from 

WOB20 was not different compared with WHF (P<0.05). 

Consequently, low protein containing refined wheat and 

oat blends could be used to improve the quality and nu-

trient values of cookies, which could be useful for the 

manufacture of healthier products.
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