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ABSTRACT

Objective: Gluten-free (GF) cookies are usually deficient in dietary fibers as compared to
traditional wheat cookies. So, we aimed to formulate GF cookies with different levels of
psyllium husk (fiber) from oats flour. Methods: Three types of GF cookies were made; T0,
T1, and T2 containing 0%, 2.5%, and 5% psyllium husk respectively. Analysis of functional
properties of the dough, physicochemical andsensory characteristics of the cookies was
performed. Results: Addition of 5% psyllium husk (T2) led to enhanced functional properties
of dough (% swelling capacity SC =635.0+15.00, % water absorption capacity WAC
=132.3342.51, % oil absorption capacity OAC =28.00+2.00, % emulsion activity
=59.93+0.25, % emulsion stability =60.23£0.25) and the most desirable spread factor
(8.71+0.572). The total fiber content of T2 cookies was 19.41%. The mean sensory
evaluation score for the overall acceptability of T2 cookies (6.32+1.096) was significantly
(P=0.050) higher than the T1 cookies (5.49+0.785). 5% psyllium husk cookies (T2) surpassed
0% and 2.5% psyllium husk cookies in all parameters under study. Conclusion: The
integration of psyllium husk into oat-based GF cookies resulted in excellent properties and
acceptability and it can be added as a healthy snack option in diets of people with gluten
intolerance.
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1. INTRODUCTION

Celiac disease (CD) is an autoimmune disorder of the gastrointestinal tract (GIT) triggered by gluten protein;
present in various foods such as wheat, barley, and rye, to name a few. It takes a long time for the CD to develop
and reflect its full metamorphic nature. So timely diagnosis and identification of CD have remained a challenging
task. A large volume of clinical and experimental studies deciphered that over activated immune system
prompted by gluten is the basis for bowel abnormalities leading to the damaged intestinal villi (Fasano & Catassi,
2012) and affect the absorption of vitamins, minerals, proteins, and fat. Moreover, CD cases may also present
with secondary lactose intolerance, bone health issues, type 1 diabetes mellitus, Crohn’s disease, and thyroid
problems (Rodrigo, 2006). Over the past 50 years, the prevalence of undiagnosed cases of CD has increased
tremendously in United States (Larson et al., 2017). Around 6 million people are suffering from this disease in
Europe and the US combined (Singh et al., 2018). It is also common inSouth Asian countries, 26 to 49% of Indian
children presenting with the classical symptoms of diarrhea are diagnosed with celiac disease (Bhatnagar et al.,
2005). Although the epidemiological data on the prevalence of CD in Pakistan is not available currently, yet there
can be nearly 2 million undiagnosed cases in the country, according to the fact that 1% of the world population
suffers from this disease (Rashid & Rashid, 2019).

To manage CD, adjuvant therapies that include a gluten-free (GF) diet in combination with a pharmacological
agent such as larazotide acetate are the approaches that improve intestinal barrier function, and gluten
detoxification (McCarville, Caminero, & Verdu, 2015). Despite the evidence for a significant role of fiber in
metabolic health, commonly used GF diets are starch-based and lack dietary fiber (Taetzsch et al., 2018).
Individuals must replace the whole wheat grains with other fiber-rich GF alternatives like oats instead of
starchy nutritionally inadequate choices like rice and potatoes thatfurther aggravate Gl disorders and causes
constipation (McRorie Jr, 2015). Adequate dietary fiber intake has always been a challenge in strict GF diets due
to the lack of food choices and low fiber content of market-based GF products (Cornicelli, Saba, Machello, Silano,
& Neuhold, 2018). Currently there are only few GF snacksavailable in market, which are low in fiber and nutrients
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and does not fulfil the requirements of consumers. Following four important features should be kept in
consideration while formulating GF product; a) it should be cost effective and easy to prepare; b) it should be
nutrient dense and rich infiber; c) it should have functional and textural stability; d) it should have sufficient
sensory acceptability.

The present study was conducted to formulate psyllium husk enriched oat-based GF cookies keepingin view the
above-mentioned essential features of an excellent GF snack. Oatmeal is naturally gluten-free and contains
soluble fiber (B-glucan) that boosts probiotics. Psyllium husk is a bulk- forming laxative and resolves Gl disorders
(Semeco, 2017). The objective of this study was to makeGF cookies with such a recipe that have good nutritive
quality complemented with dietary fiber andsensory appeal.

2. MATERIAL AND METHODS

2.1. Raw Material Procurement

All the ingredients including, psyllium husk, oats flour, pumpkin seeds flour, brown sugar, honey, salt, butter,
eggs, dates and milk powder were collected from the local market. Oats and pumpkin seeds were grounded to
a fine texture. Dates were chopped into equal size chunks.

2.2. Dough Formulation

The dough was prepared by the standardized recipe of Qaisrani, Butt, Anjum, and Sheikh (2013). using the
weighed ingredients mentioned in Table 1 with help of an electric hand mixer. Three different types of dough
were made based on different concentrations of added fiber. T0 means no extra fiber was added, inT1, 2.5% of
fiber of the total weight of dough was added while in T2 treatment 5% of fiber was added(Figure 1). As the
amount of fiber increased, the number of oats was decreased to make approximately 208 g of the total weight
of the dough.

2.3. Determination of Functional Properties of Dough

Functional properties of dough including swelling capacity (SC), oil absorption capacity (OAC), water absorption
capacity (WAC), emulsion activity, and stability were determined using the methods of Okezie and Bello (1988).
Percentage swelling capacity was calculated by measuring the rise in the dough volume placed in the graduated
measuring cylinder overnight. For oil and water absorption capacity, the sample was mixed in a centrifuge tube
with oil and water, respectively. Tubes were centrifuged at 3000 rpm for 10 minutes, the supernatant was
weighed andused to determine percentage OAC and WAC. Emulsion activity was determined by adding both
water and oil to the sample in the centrifuge tube. The height of the emulsion layer after centrifugation was
used to calculate the percentage emulsion activity. Emulsion stability was calculated by the same method but
the tubes we placed in the water bath for 30 minutes at 80°C before centrifugation.

2.4. Baking Process of Cookies

50 g of dough was weighed on the weighing scale and then it was molded to the final shape by handand placed
on the baking tray lined with butter paper. Cookies were baked in the preheated oven at 1800C for 16-18
minutes (Figure 2).

2.5. Physical Analysis

Physical analysis of all three types of cookies including diameter, thickness, spread factor, and weight was
performed. Diameter and thickness were determined with the help of Vernier caliper and were measured up to
0.01cm. The weight of the cookies was measured with the help of an electronic weight scale in grams up to 0.01
g. The following formula was used to determine the spread factor of cookies:

Spread factor= Diameter/ Thickness

2.6. Proximate Analysis

Proximate analysis was performed using the standard methods of AOAC (1990) to determine moisture, protein,
fat, ash, and fiber content of the cookies. Drying oven was used to determine moisture content, ninhydrin
reagent was used to determine protein content by using UV spectrophotometer, Soxhlet apparatus was used
for fat analysis, for ash content muffle furnace was used and standard acid-alkali wash treatment for fiber
analysis.
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2.7. Sensory Evaluation

A double-blind sensory evaluation of the cookies was performed by a semi-trained test panel of 25members
that were randomly selected to fill a 10cm unstructured line scale-based sensory evaluation proforma. Data was
converted to the numerical score using a standard metric scale by taking 1cm as highly unacceptable and 10cm
as highly acceptable. Parameters included in the sensory evaluation were color, flavor, taste, crispiness, and
overall quality.

2.8. Statistical Analysis

Microsoft Excel 2016 and Statisticx version 10 was used for the statistical analysis to calculate mean and standard
deviation and the analysis of variance along with significance was checked in Statisticx by using factorial design
followed by Tukey’s test. P value= 0.05 was considered significant in all analyses. SigmaPlot version 14.0 was
used to draw the standard curve for protein analysis.

3. RESULTS

3.1. Functional Properties of Dough

The functional properties of the dough are given in Table 2. According to the results, SC of the dough T0, T1, and
T2 was 243%, 351%, and 635% respectively. Regarding the WAC of the dough, TQ, T1, and T2 showed 185%, 171
%, and 132% respectively. OAC for TQ and T1 are higher such as 95%, 77% as compared to T2 that has oil
absorption capacity least of all (28%). The emulsion stability and activity for all three kinds of cookie dough were
high and they were in the range of 50% to 61%. All the results were statistically significant (P<0.05).

3.2. Physical Analysis

T1 had the highest mean spread factor (9.296+1.270) and T had the smallest mean spread factor (7.67+0.3697)
but the highest value of mean thickness (1.025+0.041). The spread factor was high inT1 and T2 due to psyllium
husk addition. The results based on mean diameter and weight showed a non-significant difference (P=0.05)
(Table 3).

Table 1. Ingredients of gluten-free cookies dough with different psyllium husk levels

Ingredients To (0% psylliumhusk) ~ T1 (2.5% psylliumhusk) T2 (5% psylliumhusk)
Psyllium Husk Og 5g 10g
Oats Flour 70.5g 65.5g 60.5g
Pumpkin Seeds Flour 33.5g 33.5g 33.5g
Brown Sugar 19g 19g 19g
Honey 15.85g 15.85g 15.85g
Salt 1.3g 1.3g 1.3g
Butter 8g 8g 8g
Egg 23.8g 23.8g 23.8g
Dates 27.8g 27.8g 27.8g
Milk Powder 8.2g 8.2g 8.2g
Total 208g 208g 208g

Baking powder and vanilla essence were also used in minute quantity.

3.3. Proximate Analysis of Cookies

TO cookies had 19.21% moisture, 15.18% moisture was present in T1 cookies and T2 cookies had 15.39%
moisture. Protein concentrations of the cookies, TQ, T1, and T2 were 0.28%, 0.27%, and 0.26%respectively. The
fat content of T, T1, and T2 was 4.97%, 4.96%, and 4.95% respectively. Ash content in the TQ, T1, and T2 cookies
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was 2.08%, 2.72%, and 2.94% respectively. Regarding the total fiber content in cookies, it was found that TQ i.e.,
0% added psyllium husk had 4.80% fiber content and T1,which contains 2.5% added psyllium husk had 12.20%

fiber present in these cookies while T2, having5% added psyllium husk had 19.41% fiber content. Fiber
percentage increased gradually as the added psyllium husk (g) increased in these cookies. (Table 3)

3.4. Sensory Evaluation

Overall acceptability showed a significant difference (P<0.05) between cookies having different levels of
psyllium husk but other attributes such as color, aroma, taste, and crispiness showed non-significant difference
on a 10 cm non-constructive hedonic scale. Overall acceptability of the TQ washighest (6.88+1.628) but the score
of T1 and T2 was still comparable to the control group (Table 3).

Table 2. Functional properties of gluten-free cookies dough with different psyllium husk levels

T0(0% psyllium T1(2.5% psyllium — T2(5% psyllium

Functional properties (%) husk) husk) husk) P-value
Swelling capacity 243.33 £16.07¢ 351.66 + 7.63° 635.0 £ 15.00° 0.000
Water absorption capacity 185.00 + 5.00° 171.66 + 2.88° 132.33 £ 2.51°¢ 0.000
Oil absorption capacity 95.66 + 4.041° 77.66 +2.51° 28.00 + 2.00°¢ 0.000
Emulsion activity 61.43 +1.20° 50.93 +0.87° 59.93 +0.25° 0.000
Emulsion stability 61.56 £ 0.30° 51.70 £ 0.43¢ 60.23 £ 0.25° 0.000
Data are represented as mean * SD for nf3.

a, b and c represent significantly different means in the ascending order. The same letter in the row represents the non significantly
different mean.

4. DISCUSSION

The objective of this study i.e., to formulate GF fiber-enriched cookies with improved functional, physical,
sensory, and nutrition value, was successfully achieved. T2 cookie has the highest SC due to the addition of 5%
psyllium husk which is soluble fiber and swells upon contact with water. Increasing psyllium husk reduced WAC
which is good for the prevention of microbial growth and stable shelf-life (Rolfe & Daryaei, 2020). However,
other researchers (Liu, Zhao, Wang, & Liu, 2020) reported an increase in water absorption capacity in response
to the addition of wheat bran dietary fiber. T2 hasthe lowest WAC and OAC because of the reduction in oat flour
with the addition of psyllium husk. When a lesser amount of oat flour was used in making cookies, starch and
protein, which are the two main components responsible for water and oil binding (Wolter, Hager, Zannini,
Czerny, & Arendt, 2014) also decreased (Table 3) leading to low WAC and OAC in T2 cookies. Overall rheological
properties of dough come from a variety of variables bringing to the dough cohesive and viscoelastic features
(Laguna et al., 2014). The highest emulsion activity and stability were found in 5% fiber cookie dough. As the recipe
was egg-based, which is an excellent natural emulsifier, the resultant dough also had good emulsion activity and
stability (Daimer & Kulozik, 2009; Santipanichwong & Suphantharika, 2009). Artificial emulsifiers are
predominantly added into dough formation to improve its overall quality (Hoque, Hossain, & Akter, 2009) but
can also aggravate hypersensitivity symptoms (Laura et al., 2019) thereforethis recipe is superior to other
market-based GF products with numerous chemical additives.

The visible diversification in the crumb size, spread factor, and thickness of the cookies is also attributed to the
additional psyllium husk. Although the highest spread factor is desirable (Barak, Mudgil, & Khatkar, 2013) and
T2 cookie spread factor (8.71+0.572) was moderately in between TQ and T1, yet it is very close to the optimized
spread factor (8.5 * 0.14) of similar soluble fiber cookies with good overall acceptability (Mudgil, Barak, &
Khatkar, 2017).
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Table 3. Physical properties, sensory evaluation, and proximate analysis of gluten-free cookies with different psyllium husk levels.

T0(0% psyllium T1(2.5% psyllium T2(5% psyllium
Parameters husk) husk) husk) P-values
Physical properties
Diameter (cm) 7.85+0.1045 8.025+0.088"° 7.891+0.165™ 0.0668
Thickness(cm) 1.025+0.041° 0.875+0.108° 0.908+0.049° 0.0071
Spread factor 7.67+0.3697° 9.296%1.270° 8.71+0.572% 0.0131
Weight (g) 46.21+0.58N° 46.67+0.005M° 46.21+0.084N° 0.0514
Sensory evaluation
Color 7.4+1.260M 6.12+1.216" 6.67+1.653\S 0.138
Aroma 6.46+0.953\S 6.23+1.403\S 6.42+1.158\S 0.898
Taste 7.05+£1.312N 6.17+1.523\S 6.29+1.496"S 0.351
Crispiness 5.31+1.326M 5.66+1.033\S 5.25+0.985"S 0.682
Overall acceptability 6.88+1.628° 5.49+0.785° 6.32+1.096% 0.050
Proximate analysis
Moisture (%) 19.21 15.18 15.39 -
Ash (%) 2.08 2.72 2.94 -
Fat (%) 4.97 4.96 4.95 -
Protein (%) 0.28 0.27 0.26 -
Fiber (%) 4.80 12.20 19.41 -

Data are represented as mean * SD for n=6. NS stands for not significantly different means.
a and b represent significantly different means in descending order.

Figure 1. GF cookie dough with different psyllium husk levels: A. T (0% psyllium husk), B. T1 (2.5%
psyllium husk), C. T2 (5% psyllium husk).
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Figure 2. GF cookies after baking with different psyllium husk levels: A. Tg (0% psyllium
husk), B. T1(2.5% psyllium husk), C. T2 (5% psyllium husk).

Moisture content was lower in psyllium husk cookies as the WAC of the dough was also significantly lower as
compared to TQ. As expected, the amount of protein decreased in fiber-treated cookies (0.26% in T2). Decrease
in protein percentage was due to decreased amount of oats in T1 and T2 cookies, but the effect was not visibly
different. Another research supports our findings, in which psyllium husk cookies were compared with cookies
made with different variety of flours. The protein content of psyllium husk cookies (0.52 + 0.14) was significantly
lower than the others (Bashir et al., 2020). Psyllium husk itself is very low in fat (0.04% + 0.11) (Guo, Cui, Wang,
& Young, 2008) that’s why our cookies (T1 and T2) had lower fat content as compared to other oat-based GF
cookies (18.21 + 0.10)(Duta & Culetu, 2015). Ash content of T2 cookies was highest (2.94%) suggesting a greater
amountof inorganic minerals and better nutritive quality. The crude fiber content of T2 cookies with 5%

enrichment of psyllium husk was 19.41% which is remarkably greater than the average fiber content of GF biscuits
(2.72%) or snacks (2.56%) available in the market (Cornicelli et al., 2018). One T2 cookie can sufficiently provide
almost 35% (8.77g) of an adult’s daily recommended dietary allowance (RDA) of dietary fiber (i.e. 25-30g)
(Marlett, McBurney, & Slavin, 2002). These high fiber cookies will alleviate the long-term health complications
of CD including gastrointestinal disorders and extra-intestinal complications (Fischer et al., 2004; Saghir, Igbal,
Hussain, Koschella, & Heinze, 2008). Dietary fiber not only lowers blood glucose (Giacco et al., 2000) and
cholesterol levels (Soliman, 2019) but it also lowers low-density lipoproteins (LDL), that initiate several
inflammatory responses, worsening the CD prognosis (Verma & Mogra, 2013; Verspreet et al., 2016).

No statistically significant difference in the mean score for the color, aroma, taste, and crispiness of fiber-
enriched cookies (T1 and T2) from simple oat cookie (TQ), suggested that the addition of psyllium husk did not
affect the sensory appeal of cookies. However, the overall acceptability of T2 (6.32+1.096) was significantly
higher than T1. These results are notably higher as compared to the similar oat-based GF (Duta & Culetu, 2015)
and psyllium husk cookies (Qaisrani et al., 2013).

5. CONCLUSION

CD may have detrimental impacts on the nutritional status of the patient if not properly managed. This research
study was successful not only in formulating the recipe for psyllium husk enriched oat- based GF cookies but also
led to desirable functional, physical, nutritional, and sensory properties. Hence it is concluded that these high
fiber cookies can serve as a valuable alternative to wheat- based snacks for CD patients and may contribute to
dietary variety, palatability as well as nutrition.
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