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ABSTRACT

This study aimed to develop fiber-enriched cookies by partially replacing wheat flour (WF) with alternative
fiber sources including yellow lentil flour (YLF), green lentil flour (GLF), banana powder (BP), and banana
peel powder (BPP). The ratios of YLF, GLF, and WF were identified as 24.5, 10.7, and 64.8 % (flour basis),
respectively, considering the mixture experimental design for an optimal breaking strength of cookies. Four
types of cookies were studied: (i) wheat-based cookies (WC), (ii) lentil flour, BP and BPP-incorporated
cookies (LBC), (iii) BP and BPP-incorporated cookies (BC), (iv) lentil flour-incorporated cookie (LC). LC
showed a higher spread ratio and lightness than LBC and BC. Although alternative ingredients enhanced
dietary fiber content compared to wheat-only cookies, the liking degree of sensory attributes was lower in
LBC and BC. Overall, LC was supetior to LBC and BC samples, indicating possible use of lentil flours for
partial replacement of wheat flour for desired physical, chemical, and sensory attributes.
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MERCIMEK UNU, MUZ MEYVE VE MUZ KABUK TOZU GIBI DIYET LIiFi
KAYNAKLARI iLE ZENGINLESTIRILEN BiSKUVI URETIMINDE D-
OPTIMAL KARISIM TASARIMI YAKLASIMI

oz

Bu caligma, sart mercimek unu (YLF), yesil mercimek unu (GLF), muz tozu (BP) ve muz kabugu tozu
(BPP) gibi alternatif lif kaynaklar1 kullanarak bugday unu (WF) miktari kismen azaltilmis ve diyet lif
icerigi acisindan zenginlestirilmis bisktavi gelistirmeyi hedeflemektedir. YLF, GLF ve WEFnin un
bazindaki oranlart karisim deney tasarimi cercevesinde sirasiyla %24,5, %10,7, 64,8 olarak
belirlenmistir. Dort cesit biskiivinin kalite 6zellikleri tzerinde c¢alisimustir: (i) bugday unu bazh
biskivi (WC), (i) mercimek unu, muz meyve ve kabuk tozu katkili biskiavi (LBC), (iii) muz meyve ve
kabuk tozu katkilt bisktivi (BC), (iv) mercimek unu katkili biskivi (ILC). LC numuneleri, LBC ve
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D-optimal mixture design for enrichment of cookies

BC'den daha yiksek yayilma orant ve agik renk Ozellikleri géstermistir. Alternatif Lf kaynaklari,
yalnizca bugday unu igeren Uriine kiyasla diyet lifi icerigini arttirsa da LBC ve BC numunelerinin
duyusal 6zelliklerinin begeni derecesi daha dusik kalmistir. Genel olarak, mercimek unu katkils
biskiivi (LC), LBC ve BC érneklerinden daha iistiin nitelikler gbstermis olup istenen fiziksel, kimyasal
ve duyusal 6zelliklerdeki biskiivi tiretimini saglamak icin baklagil unu kullanimiyla bugday ununun
kismi olarak azaltilmasinin miimkiin olabilecegine isaret etmektedir.

Anahtar kelimeler: D-optimal deneysel tasarim, bisktivi, mercimek unu, diyet lifi, optimizasyon,

muz, tekstir

INTRODUCTION

The food industry needs to make advancements
in ingredients and formulations due to the
growing consumer demand for functional foods
that provide advantages in addition to basic
nutrition (Falguera et al., 2012). Cookie-type
biscuits are suitable products for designing
alternative formulations for diversified nutrition
due to their consumption worldwide, extended
shelf life, and appealing characteristics.

Legume flours have been gaining attention to
enrich cakes and cookies because of their
nutritional composition and positive health
effects (Bravo-Nufiez and Gémez, 2021). Lentils
are considered one of the alternative ingredients
to enhance cookie formulations or substitute
wheat flour since they are good sources of
protein, fiber, iron, vitamin B, and phenolic
compounds (Sen Gupta et al.,, 2013; Hall et al.,
2017). Valorization of agricultural and industrial
wastes and by-products is also a critical approach
for developing value-added food products
considering  sustainable  processing  and
production strategies. Currently, wastes and by-
products of fruit and vegetables are highly
recognized as a source of bioactive compounds,
dietary fiber, polysaccharides, and proteins
(Narayanan et al., 2017). Fruit peels can be utilized
as an ingredient in cookie formulations since they
can provide dietary fiber and bioactive
compounds for the final product. Consumption
of dietary fiber is associated with several health
benefits, including lowering the risk of diabetes,
cancer, and intestinal diseases and promoting
healthy gut microflora (Weickert and Pfeiffer,
2008; He et al., 2022).

Banana is one of the most popular fruits
worldwide. Banana peel contributes about 40% of
the total weight of fruit (Anhwange et al., 2009).

Banana fruit and banana peel are well known for
their content of nutrients and dietary fiber (Sidhu
and Zafar, 2018); therefore, they could be a good
to produce fiber-enriched cookies.
Different dietary fiber sources have been included
in the cookie formulation including cereals (Sudha
et al, 2007), mango peel (Ajila et al, 2008),
pumpkin and carrot pomace (Turksoy and
Ozkaya, 2011), pomegranate peel (Colantuono et
al., 2016), raspberry and blueberry pomace (Sari¢
et al,, 2019). Lentil flours are also suggested as a
promising ingredient for the enhancement of
nutritional and sensory quality of bakery products
including gluten-free cookies (Hajas et al., 2022).

source

The incorporation of dietary fiber sources into
biscuit-type cookie production system to replace
wheat flour leads to changes in the rheological
properties of dough as well as the
physicochemical,  textural, and  sensory
characteristics of the product (Sudha et al., 2007).
Since development of new foods is directly
associated with consumer approval, proper
optimization actions should be considered for
desired color, texture, sensory, and nutritional
properties. Experimental design is important in
food science because it provides crucial
knowledge on the effect of ingredients and
processing parameters on the quality of final
products that satisfy consumers’ demands. Use of
the experimental design is a systematic approach
to optimizing new food formulations with
minimum  effort, time, and  resources
(Montgomery, 2001). Mixture design is one of the
effective data collection methods to identify
optimal formulation of a specific mixture
(Ellouze-Ghorbel et al., 2010).

This study aims to evaluate the possibility of using
different dietary fiber sources in developing a
cookie-type biscuit formulation to partially
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replace wheat flour with lentil flour (green and
yellow), banana fruit powder, and banana peel
powder. Fiber-enriched cookie formulation was
developed  considering  mixture  design
methodology. The optimized cookies were
compared with the standard wheat-based cookie
in terms of physicochemical, textural, and sensory
properties. This study contributes to product
development strategies using alternative dietary
fiber sources including agricultural and industrial
food by-products and waste.

MATERIALS AND METHODS

Materials

Commercial yellow lentil flour (YLF) and green
lentil flour (GLF) were purchased from Tito
(Izmir, Turkey). All-purpose shortening (Marsa,
Adana, Turkey), high fructose corn syrup (42%
HFCS), fine-granulated brown-
granulated sugar, skimmed milk powder, salt
(NaCl), and wheat flour (13% moisture basis)
were used in this study. Bananas were purchased
from a local market in Sakarya at their commercial
maturity. Banana fruit and banana peel were
separated, sliced into pieces, and freeze-dried by
using a lyophilizer (Labconco freezone 6.0., U.K.)
at 0.045 mbar for 48 hours. Dried banana fruit
and banana peel pieces were ground using a
Waring blender, and the banana fruit powder (BP)
and banana peel powder (BPP) were then used in
the cookie formulation.

sucrose,

Preparation of cookies

Cookies were prepared according to the approved
method 10-54.01 (AACC, 2000) with slight
modifications. Formulation of a standard cookie
using 100 % wheat flour (WF) is given in Table 1.
BP and BPP were tested at 5 and 10 % levels (on
flour basis) by examining the taste and odor of the
cookies (data not shown). The proportions of the
BP and BPP were then set at 5 % considering the
sensory characteristics of the final product. Wheat
flour was partially replaced with yellow and green
lentil flours based on an experimental mixture
design.

Fine-granulated sucrose, brown-granulated sugar,
skimmed milk powder, salt, and all-purpose
shortening were mixed using a dough mixer

(KitchenAid, USA) to get a uniform creamed
mixture, followed by the addition of 42% HFCS
and water. After the addition of flours and
powders, the mixture was kneaded to obtain a
uniform dough. Then the dough was rolled to 7
mm thick and shaped with a circular cookie cutter
with a 6.5 cm diameter. Baking was performed at
205°C for 11 min in a rotary oven (Simsek
Laborteknik, Ankara Turkey).

Table 1. Standard cookie formulation

Ingredients Weight
)
All-purpose shortening 32
Fine-granulated sucrose 25.6
Brown-granulated sugar 8
Salt 0.5
Nonfat dry milk powder 0.8
High fructose corn syrup (42% 1.2
HFCS)
Water 17.5
Sodium bicarbonate 1
Wheat flour* 40

*13% moisture basis.

Experimental mixture design

D-optimal experimental design was used to
formulate the 3-component mixture system on
flour basis. A mixture design was constructed
using the Design Expert (version 7.0.0, Stat-Ease,
USA) software to analyze the effect of varying
proportions of YLF (x1), GLF (x2), and WF (x3)
on the breaking strength of cookies. The
relationship between the component composition
and cookie textural properties (i.c., breaking
strength) evaluated by performing 18
experiments. Linear, quadratic, and special cubic
mathematical equations were developed in which
x; represents the fractional constrained
proportion of 7t ingredient, 0 < x; < 1,/=1,2,
...q.

Linear Y = fB,x1 + B,x; + f;x3

was

Quadratic Y = Byxq + Byx, + B3x3 + B12X1x,
+ B13x1x3 + Bazxyx3

Special cubic Y = Byx; + Box, + B3x3 + BiaXx1 X,
+ B13X1x3 + BaaxzX3
+ B123X1X2X3
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where Y represents the dependent variable (i.e.,
breaking strength). B refers to the linear and cross
constituent coefficients in the models. The sum
of components (Yiix; = X +x, +x3) is
equal to 1 or equivalent to 100% in the mixture
design. The upper limit for YLF and GLF was set
at 44 % while the proportion of wheat flour varied
between 56% and 100 %. Triangular contour
plots and 3-D surface graphs were constructed
based on the selected regression model.

Physicochemical properties

Weight, diameter, thickness, and spread ratio

Weight, diameter, and thickness were measured
after cooling the cookies for 24 h. Six
measurements were conducted using three
different cookies. The spread ratio of each cookie
was calculated by dividing the average diameter by
the average thickness.

Color

Instrumental color measurement was conducted
using a portable colorimeter PCE-CSM 7
(Alicante, Spain). The surface color of each
cookie was expressed in the CIELab coordinate
system. Nine measurements were performed to
estimate lightness (L*), redness-greenness (a*),
and yellowness-blueness (b*) of cookies. The
instrument was standardized by black and white
calibration before analysis.

Moisture, ash, and total dietary fiber content

The moisture content (%o) of flours, powders and
cookies was measured using a moisture analyzer
with infrared heating (AND MX-50) at 105 °C.
Ash content was determined based on AOAC
Official Method 923.03 (AOAC, 2000). The total
dietary fiber contents of flours, powders and
cookies were determined using the enzymatic-
gravimetric method according to the approved

method 32-07 (AACC, 2000).

Texture

Textural properties of cookies were identified
according to the procedure of Tyagi et al. (2007)
with some modifications. Stable Micro Systems
TATX2 texture analyzer (Surrey, UK) was used
to determine the breaking strength and hardness
of the cookies. The breaking strength values of

cookies were measured in triplicate by using
HDP/BS blade set probe at a pre-test speed of 2
mm/s, test speed of 3 mm/s, post-test speed of
10 mm/s, and a distance of 5 mm. The maximum
force (N) required to break the cookie samples
was recorded as breaking strength. Regarding
hardness, HDP/90 blade set and P/2 probe were
used at pre-test speed of 2 mm/s, test speed of
0.5 mm/s, post-test speed of 10 mm/s, and a
distance of 5 mm. The first peak force was
recorded as hardness and all measurements were
repeated four times for each cookie type.

Sensory analysis

The sensorial properties of cookies were
examined by 25 semi-trained panelists who were
familiar with the quality aspects of baked products
and randomly selected from students and staff of
the Food Engineering Department (Sakarya
University, Turkey). The cookie samples were
assigned three-digit codes and served to panelists
on white plates. The samples were evaluated in
terms of appearance, color, odor, hardness,
fracturability, taste, mouth feel, after-taste, and
overall acceptability on a 9-point hedonic scale
(1= disliked extremely, 9= extremely liked).

Statistical analysis

Data analysis was conducted using Microsoft
Excel (2016) and Minitab 16 (Minitab Inc. State
College, PA). The significance of the differences
was determined based on an analysis of variance
using the Tukey test at a 95% confidence interval
(p<0.05).

RESULTS and DISCUSSION
Optimization of the flour
components

The addition of YLF and GLF to partially replace
the WF in the cookie formulation was evaluated
using contour and 3-D response surface graphs
obtained from the mixture experimental design
(Figure 1). Based on the preliminary experiments,
lower and upper limits on the proportions (w/w)
of the mixture components were selected as
follows:

0.00 < xq, x, < 0.44

056< x3< 1

mixture
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where X1, X, and X3 correspond to YLF, GLF,
and W, respectively.

The 18-run mixture experiment design generated
by Design Expert (7.0) is shown in Table 2,
representing the change in the breaking strength

of cookies as affected by the proportions of YLF,
GLF, and WF. Breaking strength of cookie
decreased as the proportion of lentil flours was
increased (Figure 1).

Table 2. D-optimal experimental design to optimize flour proportions based on breaking strength of
cookies

Proportion of flour (%)

Run Yellow lentil Green lentil Wheat Breaking strength (N)
R1 26.3 17.7 56 17.03
R2 22 0 78 20.57
R3 0 35 65 25.25
R4 44 0 56 24.04
R5 7.2 7.4 85.4 25.59
R6 14.7 14.7 70.7 26.66
R7 10.2 27.8 62 19.04
R8 0 44 56 22.34
R9 0 22 78 24.85
R10 14.7 14.7 70.7 19.94
R11 0 44 56 21.18
R12 22 0 78 25.97
R13 44 0 56 23.84
R14 14.7 14.7 70.7 25.61
R15 16.6 13.9 69.5 26.91
R16 8 214 70.6 26.29
R17 0 0 100 29.38
R18 0 0 100 32.36

Linear, quadratic, and special cubic models were
developed in terms of actual components as
follows:

Linear Y = 11.16x; + 10.50x, + 29.76x;

Quadratic Y = 43.27x; — 11.53x, + 30.28x3
- 74.76x1x2 - 50.33x1X3
+ 39.10x,x3

Special cubic Y = 63.93x; + 17.63x, + 30.52x;
- 908.38x1x2 - 85.79x1X3
— 11.46x,x5 + 1365.46x;,x,x4

The coefficients of determination were 0.4887,
0.6077, and 0.7145 for linear, quadratic, and
special cubic models, respectively. Variance
analysis of the experimental design is given in
Table 3 based on the special cubic model that is
selected due to its higher R? value. The model was
found significant (p<<0.05) with an insignificant
lack of fit (p=0.7012). Linear terms and the

interaction of YLF (x1) and GLF (x2) wete
significant (p<<0.05) in the model. The mixture
that allowed reduction of wheat flour proportion
and resulted in optimal breaking strength was
identified for the final formulation on the flour
basis. In this respect, 24.5 %, 10.7 %, and 64.8 %
were selected for the addition of YLF, GLF, and
WF to obtain lentil-based cookies (LC),
respectively.

The optimized levels of flours were used with
banana fruit and banana peel powders to obtain
lentil- banana-based cookies. The proportions of
wheat and lentil flours were selected based on the
D-optimal mixture design, while banana fruit and
banana peel powder were limited to 5% each on
flour basis considering preliminary tests and
sensorial evaluation (data not shown). Selected
proportions of flours and powders are given in
Table 4. WC refers to the control cookie
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developed using 100 % wheat flour as described
in the standard cookie formulation. Lentil and
banana-based cookies (LBC) comprised of the
optimized lentil flour proportions (24.5 % YLF,
10.7 % GLF), 54.8 % wheat flour, 5 % banana
fruit powder (BP), and 5% banana peel powder
(BPP) to evaluate the incorporation of both lentil
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differentiate the effects of BP and BPP, banana
fruit and banana peel powder incorporated
cookies (BC) were developed using 90 % WI, 5%
BP, and 5% BPP.
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Figure 1. Contour and 3-D response surface graphs for linear (a), quadratic (b), and special cubic (c)
models of breaking strength of cookies as affected by the proportion of lentil and wheat flours.
YLF, GLF, and WF refer to yellow lentil flour, green lentil flour, and wheat flour, respectively.
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Table 3. Variance analysis of D-optimal experimental design considering a special cubic model

Source Sum of df Mean F Value p-value
Squares Square Prob > F
Model 172.87 6 28.81 4.59 0.0142 significant
Linear Mixture 118.23 2 59.11 9.42 0.0041
X1X2 38.93 1 38.93 6.20 0.0300
X1X3 23.14 1 23.14 3.69 0.0812
X2X3 0.31 1 0.31 0.049 0.8284
X1X2X3 25.84 1 25.84 4.12 0.0674
Residual 69.06 11 6.28
Lack of Fit 23.15 5 4.63 0.60 0.7012 not significant
Pure Error 45.9158 6 7.65
Cor Total 241.925 17
Table 4. Selected proportions of lentil flour, banana fruit, and banana peel powder

Sample Proportion of flour and powders (%)

YLF GLF WF BP BPP
WC (control) 0 0 100 0 0
LBC 24.5 10.7 54.8 5 5
BC 0 0 90 5 5
LC 24.5 10.7 64.8 0 0

YLF: yellow lentil flour, GLF: green lentil flour, WE: wheat flour, BP: banana powder, BPP: banana peel powder.
Control refers to wheat-only cookies (WC). LBC: lentil flour, banana fruit and banana peel powder incorporated

cookies, BC: banana fruit and peel powder incorporated cookies, LC: lentil flour incorporated cookies.

Physicochemical properties of cookies

Weight, diameter, thickness, and spread ratio

The cookies prepared using the selected flour and
powder proportions are shown in Figure 2. The
cookie quality in terms of weight, diameter,
thickness, and spread ratio is presented in Table
5. The weights of the cookies were in the range of
24.32 — 2590 g. The diameter and thickness of
cookies were in the range of 7.12 — 7.96 cm and
0.91 —0.98 cm, respectively. Therefore, the spread
ratio varied between 7.31 — 8.79, representing the
ratio of the diameter and thickness of cookies.
Yellow and green lentil flour incorporated cookies
(LC) resulted in a higher cookie diameter and
spread ratio compared to control (WC) and the
banana fruit and banana peel powder
incorporated cookies (LBC and BC). LBC sample
had diameter, thickness and spread ratio values
similar to WC sample. Similarly, Portman et al.
(2019) demonstrated that cookies prepared with
wheat and lentil flour blends showed flatter and
wider geometry with significant increases in
cookie diameter and surface area compared to the
cookies prepared from 100% wheat flour. This

finding was also in accordance with the study of
Hajas et al. (2022).

Color attributes

The color properties of WC, LBC, BC, and LC
samples are represented in Table 5 in terms of L*,
a*, b* values. Lightness values were in the range
of 56.99 — 72.63 which was significantly reduced
by the addition of BP and BPP compared to
wheat flour (WC) and lentil-incorporated (LC)
cookies. This finding is attributed to the
enzymatic browning reactions during cookie
production in addition to the non-enzymatic
browning during baking. Polyphenol oxidase is
likely to be present in banana peel as a quality-
degrading enzyme that could further cause a
certain  degree of  enzymatic  browning
(Thipayarat, 2007). Maillard reaction, on the other
hand, results in darker products because of the
formation of melanoidin in the formulations with
high protein and sugar content (Zucco et al,
2011). a* values varied between 8.65 — 11.92,
indicating significant increases in redness of the
cookies as the wheat flour was partially replaced
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with GLF, YLF, BP, and BPP. Redness was
significantly increased with the incorporation of

proportion of lentil flours increased due to the
green and yellow colors originating from the

BP and BPP. On the other hand, b* values were lentils.

significantly increased from 25.75 to 31.98 as the

I (a) I (b)
(c) (d)

Figure 2. Picture of cookies formulated using lentil flours, banana fruit and peel powder

(D) and (II) represent the front and bottom side of the cookies, respectively. a) Control: standard
cookie formulation with 100% wheat flour (WC). b) Lentil flour, banana fruit and banana peel powder
incorporated cookie (LBC): 24.5 % of yellow lentil flour, 10.7% of green lentil flour, 54.8 % of wheat
flour, 5% of banana fruit powder, 5% of banana peel powder. ¢) banana fruit and banana peel powder

incorporated cookie (BC): 90 % of wheat flour, 5 % of banana fruit powder, 5% of banana peel

powder. d) Lentil flour incorporated cookie (LC): 24.5 % of yellow lentil flour, 10.7% of green lentil
flour, 64.8 % of wheat flour.

Table 5. Physical characteristics of cookies

Sample Di?cmme)ter Thézlr(rgess Sf:teizd Weight (@) — C(;}kor —

WC (Control) 7.51+0.09°  0.93+0.04>  8.11+0.34>  25.90+1.54 72.63£0.40? 8.65£0.17¢ 25.7510.24¢
LBC 7.50+0.13>  0.94%0.042>  8.03+0.43>  24.86+0.64* 57.4110.44¢ 11.9240.262 30.27£0.20°
BC 7.124£0.09¢  0.98%+0.04*  7.31+0.36°  25.86%0.85* 56.99£1.10¢ 11.30+0.672>  25.36%0.261¢
LC 7.96+0.09¢  0.91%£0.04>  8.79%0.51*  24.32+1.012 68.2412.04° 9.84+1.77b 31.9840.592

Different letters in the same column indicate significant differences among cookies (p<<0.05). Control refers to
wheat-only cookies (WC). LBC: lentil flour, banana fruit and peel powder incorporated cookies, BC: banana fruit
and peel powder incorporated cookies, LC: lentil flour incorporated cookies

Moisture, ash, and total dietary fiber content

Moisture and total dietary fiber contents of flours
and powders are given in Table 6. The moisture
was in the range of 9.87 — 12.65 % for flours while
BP and BPP had 4.31 and 7.66 % moisture,

respectively. BPP had the highest fiber content
(46.89 £ 1.58 %) followed by GLF (22.45 + 0.21
%), YLF (14.66 £ 1.33 %), BP (10.77 £ 0.05 %),
and WF (4.56 £ 2.15 %).
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Table 6. Total dietary fiber and moisture content of flour and powders used in cookie formulation

Ingredient Moisture content (%o) Fiber content (%)
Wheat flour (WF) 12.65%0.23 4.56£2.15
Green lentil flour (GLF) 9.87£0.11 22.45%0.21
Yellow lentil flour (YLF) 10.06%0.01 14.66%+1.33
Banana powder (BP) 4.31£0.12 10.77%0.05
Banana peel powder (BPP) 7.66%0.11 46.89£1.58

Moisture levels and fiber content in ingredients
have an influence on the quality properties of the
tinal product. The chemical properties of cookies
in terms of moisture, dietary fiber, and ash
contents are shown in Table 7. The moisture
content of cookies with substituted ingredients
varied between 6.42 — 7.40 % which was not
significantly ~ different from the wheat-only
control cookies. Hajas et al. (2022) recently
demonstrated varying moisture levels between
8.2% and 10.0% for gluten-free cookies produced
by using different lentil flour varieties. Dietary
fiber content was 4.41 % in WC samples, and

significantly increased to 8.83 % in LBC samples
by the addition GLF, YLF, BP, and BPP. Ash
contents showed a similar trend, resulting in the
highest ash in LBC samples (1.56 %) followed by
BC (1.27 %), LC (1.19 %), and WC (0.85 %).
Thus, the addition of banana fruit powder (5%)
and banana peel powder (5%) significantly
increased the total dietary fiber and ash content of
cookies. Portman et al. (2019) also demonstrated
that the cookies containing lentil flour at a ratio of
25% and 50 % showed higher fiber content
(approximately 3 — 7 %) than cookies produced
with 100% wheat flour.

Table 7. Physicochemical properties of cookies

Sample Moisture (%o) Ash (%) Dietary fiber (%) Hardness (N)
WC (Control) 7.19£0.09 @b 0.85£0.01° 4.41£0.13° 8.03£0.532
LBC 6.57£0.09 @® 1.56£0.29 2 8.83%+0.75% 8.51£0.742
BC 7.40£0.07 1.27£0.10 6.14 £0.34 #® 6.5810.49°
LC 6.4210.41° 1.19£0.10 #® 5.93%£1.76 7.92%1.04

Different letters in the same column indicate significant differences among cookies (p<0.05). Control refers to
wheat-only cookies (WC). LBC: lentil flour, banana fruit and peel powder incorporated cookies, BC: banana fruit
and peel powder incorporated cookies, LC: lentil flour incorporated cookies

Textural properties

The breaking strength and hardness are very
important quality parameters that describe the
textural characteristics of the final product. The
influence of the incorporated components on the
breaking strength and hardness of cookies is given
in Figure 3 and Table 7, respectively. Breaking
strength varied between 13.94 — 19.33 N with
insignificant changes among the samples
developed using the selected proportions of lentil
flours, banana fruit, and banana peel powders
(p<0.05). Nonetheless, there is a noticeable
decrease in breaking strength as the wheat flour
was partially replaced with GLF, YLF, BP, and
BPP (Figure 3). Breaking cookies can become

casier as the proportion of wheat flour decreases
(Duta and Culetu, 2015). Regarding the hardness
measurement, BC sample prepared with only BP
(5%) and BPP (5%) incorporation showed the
lowest hardness value than other formulations
(Table 7). This could be due to the higher
moisture content of BC sample. Addition of lentil
flours, on the other hand, resulted in hardness
values similar to those of wheat flour cookie
(WC). Kaur et al. (2019) also reported hardness
values of 12.01 — 13.55 N for raw and roasted
flaxseed flour incorporated in cookies up to 30%,
indicating a decrease in hardness as the amount of
flaxseed flour increased in cookie formulation.
On the contrary, Ganorkar and Jain (2014)
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reported harder cookies with incorporation of
flaxseed flour up to 15% due to the water
absorbing components such as fiber and proteins.
In study of Hajas et al. (2022), the authors
demonstrated significant increases in hardness of
cookies as the rice flour was replaced with brown,

20 -

-
(6]

Breaking force (N)
H
o

green, red, and yellow lentil flours. The changes in
hardness of cookies are attributed to the
differences in protein and starch contents as well
as the water binding capacity of flours used in the
cookie formulation (Hajas et al., 2022).

Time (S)

Figure 3. Change in applied force during measurement of breaking strength of cookies
WC refers to Wheat only Cookies as control. LBC: Lentil flour, Banana fruit and banana peel powder
incorporated Cookies, BC: Banana fruit and banana peel powder incorporated Cookies, LC: Lentil
flour incorporated Cookies.

Sensory attributes

Sensory attributes of cookies are given as a radar
plot in Figure 4. Lentil flour-incorporated cookies
(LC) without the addition of banana products
were superior to WC, BC, and LBC in terms of
appearance, color, hardness, fracturability, taste,
mouthfeel, after-taste, and overall acceptability.
Color is one of the primary quality criteria since
consumer attitudes are first influenced by the
color of the final product. There were no
significant differences in the degree of liking for
the surface color and appearance of cookies at the
selected proportions of flours and powders. In
accordance with the instrumental texture
measurements, panelists ranked the hardness and
fracturability in favor of lentil flour incorporated
cookies (LLC). BP and BPP additions resulted in

lower fracturability and hardness rankings for the
LBC and BC samples. Similarly, banana-based
cookies received significantly lower rankings than
wheat-only and lentil-based cookies in terms of
odor, taste, mouthfeel, after-taste, and overall
acceptability. In fact, the lentil-based cookies were
more preferred than other samples, indicating the
relevance of wusing lentil flour in cookie
formulations that can make the final product
more appealing to consumers. Hajas et al. (2022)
also reported higher liking degree in overall
acceptance for red and brown lentil cookies than
rice-based cookies. Both sensory analysis and
instrumental texture analysis reveal that the
cookies with less breaking strength are more
preferable.
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Appearance
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Hardness
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Figure 4. Sensory analysis of cookies supplemented with lentil flour, banana fruit powder, and banana
peel powder

CONCLUSION

In the present study, cookies were enriched with
dietary fiber by partially replacing the wheat flour
with green and -yellow lentil flours, banana fruit
powder, and banana peel powder. The mixture
design approach allowed optimization of the
proportions of the lentil and wheat flours.
Physicochemical,  textural, and  sensory
characteristics were examined while developing
fiber-enriched cookies using alternative sources.
The use of banana fruit and banana peel powders
enhanced the dietary fiber content; however, no
more than 5% is suggested for each powder in
order to avoid the likely undesired changes in taste
and color attributes of banana powder and banana
peel powder incorporated cookies. Enzymatic
and non-enzymatic browning reactions should be
further studied while incorporating agricultural
and industrial by-products into  cookie
formulations. Lentil flours can be suggested as an

alternative ingredient to partially replace wheat
flour in new food formulations and to develop
new food products with desired physicochemical,
textural, and sensory attributes.
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