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Abstract

Background: The cashew nut processing industry generates large quantities of cashew nut testa annually, which are commonly con-
sidered by-products. However, cashew nut testa is a rich source of bioactive compounds with strong antioxidant activity, while cashew
kernels possess high nutritional value. This study investigated the incorporation of whole cashew nut flour with testa (CNF) as a par-
tial replacement for wheat flour in cookie formulations. Methods: A control cookie prepared with 100% wheat flour (WF) and four
CNF-supplemented substitutions (5%, 10%, 15%, and 20%) were developed. Physicochemical analyses of the substituted flours, and
physical and textural properties, bioactivities, and sensory of cookies made from the substituted flours were evaluated. Results: The
results revealed that CNF supplementation significantly influenced viscosity, swelling power, solubility, hardness, and water-related
properties. Higher CNF levels were associated with reduced moisture content and softer cookie texture. Nutritional analysis showed
progressive increases in lipid, protein, and mineral contents with increasing amounts of CNF. Moreover, total phenolic content (TPC),
total flavonoid content (TFC), and total catechin content (TCC) increased markedly, accompanied by enhanced antioxidant activity as
indicated by 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging capacity. An in vitro digestion model showed that CNF10 was
the optimal formulation, significantly improving the intestinal release of phenolics and flavonoids (higher than TCC, which peaked in the
gastric phase). Conclusion: Overall, CNF10 achieved the best balance of physicochemical, nutritional, bioactive, and sensory qualities,
supporting its potential for developing functionally enhanced cookies. These findings highlight the potential of CNF as a functional in-
gredient for developing nutritionally enhanced and health-promoting cashew-based cookie products, with improved antioxidant capacity,
potential reduction of oxidative stress, and supportive effects on cardiovascular health and lipid metabolism.
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1. Introduction tive stress, cardiovascular diseases, cancer, and diabetes,
while catechins also play an important role in health protec-
tion [4,5,6]. Numerous animal studies have demonstrated
that dietary polyphenols, particularly flavonoids and tea
catechins, can inhibit carcinogenesis in multiple organs, in-
cluding the skin, lungs, esophagus, stomach, liver, small in-
testine, colon, bladder, prostate, and mammary glands [7,8].
Furthermore, cashew nut testa extract exhibits strong free
radical scavenging activity, antibacterial activity against
bacterial strains such as Escherichia coli and Staphylo-
coccus aureus, and cytotoxic activity against liver cancer

Cashew nut (Anacardium occidentale L.) is a nutrient-
rich nut, with the kernel characterized by a high content
of lipids, protein, and dietary fiber [1,2]. It also provides
sugars, B vitamins, calcium, magnesium, phosphorus, and
potassium [2]. Owing to its nutritional value, desirable fla-
vor, and associated health benefits, the global cashew in-
dustry has expanded considerably in recent years [3]. In
addition to the kernel, cashew nut testa and shells are rich
in bioactive compounds, including carotenoids zeaxanthin,

y-tocopherol, fatty acids (e.g., stearic, oleic, and linoleic
acid), and phenolic compounds such as catechin, epicate-
chin, epigallocatechin, flavonoids, and other polyphenols
[4,5]. These compounds are beneficial to health and show
significant potential for applications in food technology.
Polyphenols, particularly flavonoids, constitute a class of
secondary metabolites that have attracted increasing atten-
tion in recent years due to their capacity to mitigate oxida-

(HepG2), breast cancer (MCF-7) [9,10].

In recent years, there has been increasing interest in
fortifying food products with functional ingredients de-
rived from cereals, seeds, plants, and agro-industrial by-
products to enhance nutritional quality and health bene-
fits. Within this context, cookies represent a suitable food
matrix for incorporating such ingredients. Previous stud-
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ies have explored partial substitution of wheat flour with
various natural sources, including cereals [11], green tea,
millet [12], flaxseed [13], vegetables and fruits, or agricul-
tural by-products [14,15]. These approaches improve nu-
tritional profiles by increasing protein, dietary fiber, and
mineral contents, while also enriching products with bioac-
tive compounds such as polyphenols, flavonoids, and un-
saturated fatty acids. Despite these advances, the utiliza-
tion of cashew-derived materials, particularly those retain-
ing the testa, remains limited. Most existing studies have
focused on polished cashew kernels without testa for de-
veloping value-added products, such as ultrasound-assisted
cashew milk [16], fermented cashew-based beverages using
kefir and kombucha cultures [17], as well as cookie produc-
tion [1]. Consequently, the potential of cashew kernels with
intact testa combining both nutritional and bioactive com-
ponents has not been fully explored in food applications.
Furthermore, limited information is available regarding the
behavior and release of these bioactive compounds during
digestion when incorporated into complex food matrices.
Therefore, this study aimed to evaluate the effects of
incorporating roasted cashew kernels with intact testa into
cookies on their physicochemical properties, nutritional
compositions, and the release of bioactive compounds un-
der simulated in vitro gastrointestinal digestion conditions.

2. Materials and Methods
2.1 Materials

The cashew nuts with testa intact originated from
Dong Nai Province, Vietnam and supplied by the Golden
Cashew Company, wheat flour was purchased from the
Interflour Vietnam, and other ingredients such as butter,
sugar, eggs, and salt were purchased from a local super-
market. The chemicals and analytical reagents used in the
study were obtained from the Sigma-Aldrich Company (St.
Louis, MO, USA) and Merck (Merck, Darmstadt, Ger-
many).

2.2 Preparation of Whole Cashew Nut Powder and Wheat
Flour Blends

Whole cashew nuts with the testa intact were washed,
drained, and roasted at 130 °C for 20 min using a rotary
drum roaster to achieve a moisture content of less than 5%.
After roasting, the nuts were finely ground to a particle size
of less than 1 mm using a specialized nut grinder. The
whole cashew nut powder was used to substitute wheat flour
(WF) at levels of 5%, 10%, 15%, and 20% (w/w), and coded
as CNF5, CNF10, CNF15, and CNF20, respectively. Cook-
ies made from 100% wheat flour were used as the control
sample.

2.3 Cookie Making

The cookies were formulated according to the meth-
ods of Aravind (2025) [15] with minor modifications. The
dry ingredients consisted of wheat flour (250 g), salt (2 g),

baking powder (3 g), and cashew nut powder added at dif-
ferent ratios as described above. To distinguish cookie sam-
ples from composite flours, the baked cookies were coded
using a different system. Specifically, cookies prepared
from WF, CNF5, CNF10, CNF15, and CNF20 were coded
as WFC, C-CNF5, C-CNF10, C-CNF15, and C-CNF20.
The mixture was thoroughly blended and sieved twice to en-
sure homogeneity. The mixing process was carefully con-
trolled to avoid overmixing and thereby limit gluten for-
mation. Butter (150 g) and granulated sugar (150 g) were
manually creamed for 10 min to obtain a light and fluffy
mass. Subsequently, vanilla flavoring solution (3 mL) was
added and mixed for an additional 5 min. Finally, the dry in-
gredient was gradually incorporated into the creamed mass
and mixed for 2 min. When a uniform and suitable dough
structure was achieved, the dough was sheeted to a thick-
ness of 0.8 cm and cut using a circular mold with a diam-
eter of 5 cm. The cookie samples were placed on bak-
ing trays and baked at 160 °C for 20 min in an electric
oven (Berjaya, BJY-E20KW-2BD, 2 Decks, Kuala Lumpur,
Malaysia). After baking, the cookies were cooled to room
temperature.

2.4 Physicochemical Properties of Blended Whole Cashew
Nut Powder and Wheat Flour

The pasting properties of wheat flour and composite
flours containing different levels of whole cashew nut pow-
der substitution, including gelatinization temperature, peak
viscosity, trough viscosity, final viscosity, breakdown, and
setback, were determined according to the procedure de-
scribed by Tien et al. [18]. Specifically, the wheat flour
and cashew nut powder blends were prepared by mixing the
flours with water at an appropriate ratio to obtain a suspen-
sion (15%, w/v), which was then heated from 30 °Cto 93
°C at 7.5 °C/min, holding for 15 min, cooled to 30 °C at the
same rate, and finally maintained for an additional 15 min.
The swelling index was determined by dispersing the flour
mixture (1.0 g) in water (20 mL) and vortexing for 1 min.
The mixture was incubated in a shaking water bath (200
xg, 30 min, 93 °C), followed by cooling (tap water for 30
s and ice bath for 10 min) and centrifugation (4500 xg, 10
min, 20 °C). The supernatant was removed, and the residue
was weighed to calculate the swelling index. Water absorp-
tion capacity (WAC) was determined according to AACC
Method No. 56-20 [19] with minor modification. Flour sus-
pensions (1:20, w/v) were vortexed and centrifuged (3000
Xg, 15 min, 25 + 2 °C). WAC was expressed as grams of
water absorbed per gram of dry flour, while solubility was
calculated as the percentage of dry matter lost after drying
the residue at 50 °C for 24 h.

2.5 Texture Analysis

The hardness of cookies prepared from blended whole
cashew nut powder and wheat flour was determined us-
ing a CT3 Texture Analyzer (Brookfield Engineering, Mas-
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sachusetts, USA). Texture measurements were performed
within 24 h after baking. A three point bending test was
conducted using a three-point bend rig probe equipped with
a 5 kg load cell and an automatic trigger. The test parame-
ters were set as follows: a test distance of 5 mm, a pre-test
speed of 2 mm/s, a test speed of 1 mmy/s, and a post-test
speed of 10 mm/s.

2.6 Proximate Composition of Cookies

The proximate composition of the cookies was ana-
lyzed according to AACC International Approved Methods
[19]. Moisture content was determined using an infrared
moisture analyzer (Method no. 44-01.01), ash content by
incineration in a muffle furnace (Method no. 08-01.01),
protein content by the Kjeldahl method (Method no. 46-
10.01), and lipid content using a Soxhlet apparatus (Method
no. 30-10.01). Carbohydrate content was calculated by dif-
ference as 100% minus the sum of the remaining compo-
nents.

2.7 Bioactive Compounds Analysis
2.7.1 Sample Extraction

Bioactive compounds in cookie samples were ex-
tracted following the method described by Tomsone et al.
[20] with a slight modification. Briefly, 2.5 g of each cookie
sample was finely ground and extracted with 10 mL of an
ethanol-water solution (80:20, v/v). The extraction was
conducted at 25 + 2 °C using an ultrasonic bath (Elmasonic
S300H, Hohentwiel, Germany) operating at a frequency
of 37 kHz for 30 min. Following extraction, the samples
were centrifuged at 4500 xg for 10 min at 4 °C using a
Z326K centrifuge (Hermle Labortechnik, Wehingen, Ger-
many). The supernatant was carefully collected, while the
remaining residue was subjected to a second extraction un-
der identical ultrasonic conditions for an additional 10 min.
All supernatants obtained from both extraction steps were
combined in a 25 mL volumetric flask and adjusted to vol-
ume with the extraction solvent. All extracts were prepared
in triplicate and filtered through a 0.45 pm membrane filter
prior to subsequent analysis of bioactive compounds.

2.7.2 Quantitative Analysis of Bioactive Compounds

The total phenolic content (TPC) of each sample was
determined using the Folin—Ciocalteu reagent according to
the method previously reported by Thanh et al. [9]. The
absorbance of the reaction mixture was measured against
a blank at a wavelength of 725 nm. The results were ex-
pressed as milligrams of gallic acid equivalents per gram
of extract (mg GAE/g), calculated on a dry weight (DW)
basis, using a calibration curve.

The total flavonoid content (TFC) of each sample
was determined using a colorimetric method [9]. The ab-
sorbance of the reaction mixture was measured against a
blank at a wavelength of 415 nm. The results were ex-
pressed as milligrams of rutin equivalents per gram of ex-
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tract (mg RE/g), calculated on a dry weight (DW) basis,
using a calibration curve.

The total catechin content (TCC) of each sample was
determined using the vanillin assay [9]. The absorbance
of the reaction mixture was measured against a blank at
a wavelength of 500 nm. The results were expressed as
milligrams of catechin equivalents per gram of extract (mg
CE/g), calculated on a dry weight (DW) basis, using a cal-
ibration curve.

The antioxidant activities of the samples were deter-
mined using the DPPH radical scavenging [9]. After incu-
bation, the absorbance of the reaction mixture was immedi-
ately measured at 515 nm using a spectrophotometer.

2.8 In-Vitro Gastrointestinal Digestion

The release of bioactive compounds was evaluated un-
der in vitro conditions simulating the gastric and intestinal
digestion stages according to the method of Rutz et al. [21]
with minor modifications. The cookie powder (10 g) was
transferred into a 50 mL centrifuge tube, followed by the
addition of 30 mL of simulated gastric fluid and incuba-
tion at 37 °C. The simulated gastric fluid was prepared by
dissolving NaCl (2 g/L) and pepsin (300 U/mL) in solution,
and the pH was adjusted to 2.0 using concentrated HCI solu-
tion. The solution was then incubated at 37 °C in a shaking
water bath for 2 h at a speed of 50 rpm. At the end of the
gastric digestion phase, the pH was adjusted to 7.0-7.5 us-
ing NaHCOj3 before the addition of pancreatin (0.8 g/L) and
bile salts (25 mg/mL). The solution was incubated at 37 °C
in a shaking water bath for 1, 2, 3, 4, and 6 h. At different
time points, samples were withdrawn, rapidly cooled, and
centrifuged at 3000 xg for 10 min prior to analysis. The
release profile of total phenolic compounds (TPC), total
flavonoid compounds (TFC), and total catechin compounds
(TCC) was monitored at different time points.

2.9 Sensory Evaluation

The cookie samples were subjected to sensory evalu-
ation focusing on color, flavor, texture, and overall quality.
The evaluation panel consisted of 15 male and female ex-
perts aged 22-45 years, most of whom had studied food
technology and had undergone training in sensory evalua-
tion. This panel size is considered adequate for preliminary
sensory evaluation. Samples were coded with random num-
bers and presented in randomized order to minimize bias.
All participants provided informed consent prior to the eval-
uation. Sensory attributes were scored on a 9-point hedonic
scale (1 =extremely dislike, 5 = neither like nor dislike, and
9 = extremely like) [22].

2.10 Statistical Analysis

The experiments were performed using three indepen-
dently prepared cookie batches for each formulation. All
analytical measurements were then conducted on samples
collected from these independent batches, and the results
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Table 1. Pasting properties of composite flours from wheat and whole cashew nut flours.

Sample Pasting temperature (°C) Peak viscosity (BU) Trough viscosity (BU) Final viscosity (BU) Breakdown (BU) Setback (BU)

WF 60.5 + 0.2% 804 £ 14* 502 £ 92 1245 + 32 302 + 112 743 £ 7%
CNF5 60.6 + 0.2* 720 + 19° 459 + 3% 1095 + 6° 261 £ 17° 636 + 4°
CNF10 60.9 + 0.4* 613 £17° 416 £ 5¢ 1018 £ 5¢ 197 £ 21¢ 602 + 4¢
CNF15 60.8 + 0.5% 532 + 134 369 + 34 903.7 = 21¢ 163 + 10 534 + 244
CNF20 61.8 +0.2° 476 £ 1° 350+ 17¢ 820 + &¢ 126 = 164 470 £ 19¢

'WF, wheat flour; CNF5, CNF10, CNF15, CNF20, composite flours substituted with 5%, 10%, 15%, and 20% of whole cashew nut flour,

respectively.

2Data followed by the same superscript letters in the same column are not significantly different (p < 0.05).

are presented as mean =+ standard deviation (n = 3). Differ-
ences among samples were analyzed using analysis of vari-
ance (ANOVA). Statistical analyses were carried out using
SPSS Statistics version 22 (IBM, New York, United States),
and differences were considered statistically significant at
p <0.05.

3. Results and Discussion

3.1 Pasting Properties of Composite Flours From Wheat
and WholeCashew Nut Flours

The pasting properties of composite flours from wheat
and whole cashew nut flours are presented in Table 1. The
pasting temperature of CNF5, CNF10 and CNF15 sam-
ples did not differ significantly from that of the WF sam-
ple, whereas the CNF20 sample showed a slight increase
in pasting temperature. The peak, trough, final, and set-
back viscosities of the composite flours exhibited a lin-
ear decrease with higher CNF substitution levels. These
results were due to the difference in compositional char-
acteristics of whole cashew nut flour and their interac-
tions with wheat flour components, which strongly affected
starch gelatinization and pasting properties of the compos-
ite flours. Whole cashew nut flour contained high amounts
of proteins, lipids, and dietary fiber, which competed with
starch for available water, reducing the amount of free wa-
ter accessible for starch hydration. Furthermore, these non-
starch components can act as physical barriers surrounding
starch granules, reducing their ability to swell freely. Con-
sequently, the peak and trough viscosities of the compos-
ite flours decreased [23]. During cooling, the interactions
among starch, proteins, lipids, and fiber in the composite
flour limited the reassociation of amylose and amylopectin
chains into an ordered gel network. As a result, the final
and setback viscosities decreased, reflecting a weaker gel
structure and reduced gel stability [24]. In addition, lipids
might interact with amylose to form amylose—lipid com-
plexes, which required higher thermal energy for gelatiniza-
tion, resulting in a higher pasting temperature [23]. The
lower viscosity of the composite flour indicates restricted
starch swelling and gelatinization, which allows the dough
to remain more fluid in the early stages of baking. This can
promote greater spread of cookies, contributing to a thinner,
wider cookie with a desirable crisp texture [25].

3.2 Swelling Index, Solubility, and Water Absorption
Capacity of Wheat Cashew Composite Flours

Table 2 shows the swelling index, solubility, and water
absorption capacity of the composite flours prepared from
wheat and whole cashew nut flours. No significant differ-
ences (p > 0.05) were observed in the swelling index among
all samples. In contrast, wheat flour exhibited higher solu-
bility than the composite flours, while CNF20 showed the
lowest value. No significant differences in solubility were
found among CNF5, CNF10, and CNF15. The most pro-
nounced difference was observed in the water absorption
capacity of the composite flours. Significant differences (p
< 0.05) were observed in water absorption capacity. Wheat
flour showed the lowest value (1.24 = 0.06 g/g), whereas
the composite flours exhibited higher values ranging from
1.39 + 0.05 to 2.03 £ 0.05 g/g, with the highest value ob-
served for CNF15. These findings indicate that the partial
replacement of wheat flour with whole cashew nut flour sig-
nificantly enhanced the water-holding capacity of the com-
posite system. The observed increase in water absorption
capacity can be attributed to the higher protein and dietary
fiber contents in CNF, which possess greater water-binding
capacity than starch. The enhanced water retention within
the matrix may also restrict the leaching of soluble compo-
nents into the aqueous phase, thereby contributing to the de-
creasing trend in solubility [26]. Overall, the higher affin-
ity of protein and fiber rich components in CNF for water,
compared with wheat starch, plays a key role in modifying
the functional properties of the composite flours.

3.3 Physical Properties and Hardness of Cookies Made
From Composite Flours

Physical properties and hardness of cookies made
from composite flours are given in Table 3. The moisture
content of the cookies gradually decreased as the level of
whole cashew kernel flour (CNF) used to partially replace
wheat flour increased. The lower the moisture content of
a food product, the greater its ability to inhibit microbial
growth when stored in appropriate packaging, thereby ex-
tending its shelf life [27]. The cookie diameter showed sta-
tistically significant differences (p < 0.05). Compared with
the WFEC sample, C-CNF5, C-CNF10, C-CNF15, and C-
CNF20 exhibited a gradual increase in diameter, with the
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Table 2. Physical properties of composite flours from wheat and whole cashew nut flours.

Sample Swelling index (g/g) Water absorption capacity (g/g) Solubility %
WF 17.7 £ 0.42 1.24 + 0.06° 21.4 +4.2°
CNF5 17.2 £0.52 1.39 + 0.05% 14.9 +£2.1%
CNF10 17.5 £0.92 1.83 +£0.12% 15.4 + 1.0%
CNF15 174 £0.72 2.03 = 0.05* 15.3 £2.2%
CNF20 17.7 £ 0.52 1.70 + 0.55% 13.4+£32b

'WF, wheat flour; CNF5, CNF10, CNF15, CNF20, composite flours substituted with
5%, 10%, 15%, and 20% of whole cashew nut flour, respectively.

Data followed by the same superscript letters in the same column are not signifi-

cantly different (p < 0.05).

Table 3. Physical properties and hardness of cookies made from composite flours.

Sample Moisture (%) Diameter (mm) Thickness (mm) Hardness (N)
WFC 3.23 +£0.02? 60.1 £ 0.2¢ 10.4 + 0.5% 140 £ 1.12
C-CNF5  2.33+0.01° 64.3 +0.8° 10.1 + 0.1 123 £ 1.4
C-CNF10 1.98 + 0.02¢ 64.6 + 0.5° 10.6 £ 0.12 9.2 +0.3b
C-CNF15 1.92 +0.034 64.9 + 0.9° 10.4 £0.22 7.8 + 0.5b°
C-CNF20 1.65 = 0.04¢ 67.6 +1.52 9.8 +0.2b 6.1 +1.0°

I'WEC: control cookies (100% wheat flour); C-CNF5-C-CNF20: cookies with

5-20% substitution of wheat flour by whole cashew nut flour.

2Data followed by the same superscript letters in the same column are not signif-

icantly different (p < 0.05).

greatest difference observed for C-CNF20. The increase
in cookie diameter (spread) was found to be influenced by
the type of substituting ingredients and processing temper-
ature, whereas no statistically significant differences were
observed in cookie thickness [28]. Similar trends have
been reported in previous studies, where the incorporation
of flaxseed into cookie formulations led to an increase in
cookie diameter with increasing substitution levels, while
changes in cookie thickness remained insignificant [13].

The results also showeCenter for Experiment and
Practiced that the breaking force of the cookies gradually
decreased with increasing levels of CNF. Compared with
the WFC sample, C-CNF10, C-CNF15, and C-CNF20 re-
quired lower breaking force. This may be attributed to the
higher water absorption capacity of cashew nut flour; ; The
decreased hardness of cookies containing CNF may be as-
sociated with gluten dilution and the higher water absorp-
tion capacity of CNF, which weakened the cookie structure
and promoted a softer texture. This result is consistent with
previous studies in which the incorporation of flaxseed [13]
or whole amaranth flour [29] into cookie formulations re-
sulted in a progressive reduction in cookie hardness as the
substitution level of these ingredients increased. The spread
and diameter of cookies are influenced by gluten formation
and the fat content in the cookie formulation [30,31].

3.4 Proximate Composition of Cookies Made From
Composite Flours

Table 4 shows the proximate chemical composition of
cookies supplemented with whole cashew nut kernel flour
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(CNF) with different substitution levels. The protein, lipids
and ash contents of cookies made from the composite flours
significantly increased with increasing amount of CNF. In
contrast, the carbohydrate content also tended to decrease
gradually as the level of whole cashew nut supplementation
in the cookie formulation increased. These results are also
consistent with cookie formulations supplemented with soy
protein isolate and quinoa protein isolate reported by Canti
et al. (2025) [32]. The protein, fat, and carbohydrate com-
positions likewise showed similar results when cocoa husk
was incorporated into cookie formulations [14]. Higher
protein from whole cashew nut flour may dilute the gluten
network of wheat flour, which promotes the spread and ten-
derness of the cookies. The high lipid content may improve
dough plasticity, spread, mouthfeel, and browning, while
the ash content may contribute to darker color. Overall,
these components can improve cookie quality when used at
appropriate levels but require careful formulation to main-
tain structural integrity and handling properties.

3.5 Bioactivity of Cookies Made From Composite Flour

Table 5 shows that the total phenolic content (TPC),
total catechin content (TCC), total flavonoid content (TFC),
and free radical scavenging capacity (%DPPH scavenging)
increased as CNF supplementation rose from 5% to 20%,
compared with the control sample. Cookie supplemented
with 5% CNF to 20% CNF showed increases in TPC from
6.07 £ 0.19 to 13.80 + 0.40 (mg GAE/g dried cookie), TCC
from 0.98 + 0.02 to 1.51 + 0.10 (mg CE/g dried cookie),
TFC from 0.35 = 0.01 to 0.60 £ 0.03 (mg RE/g dried
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Table 4. Proximate composition of cookies made from composite flours.

Sample Protein (%)  Lipid (%) Ash (%) Carbohydrate (%)
WFC 6.26 +0.22° 209+0.9¢ 1.09+0.17° 72.0 +£0.32
C-CNF5 6.53+0.15¢ 22.5+13° 125+0.16° 69.6 + 1.4°
C-CNF10 6.91+0.18> 242 +03> 129 +0.04° 67.6 £ 0.4¢
C-CNF15 7.66 +£0.08 259+0.7* 1.31+0.19° 65.2 +£0.94
C-CNF20 7.89 £0.26* 27.1 £0.3*2 1.54 +0.06* 63.5 +0.5°

'"WFC: control cookies (100% wheat flour); C-CNF5-C-CNF20: cookies
with 5-20% substitution of wheat flour by whole cashew nut flour.
2Data followed by the same superscript letters in the same column are not

significantly different (p < 0.05).

cookie), and %DPPH scavenging from 13.0 + 1.01% to
27.50 + 0.92%. Similar results were reported in studies on
cookie formulations supplemented with sorghum and mil-
let [22]. The increase in TPC, TFC, and TCC with higher
substitution levels is primarily attributed to the greater con-
tribution of native bioactive compounds from the added in-
gredients and the enhanced release of bound forms during
baking. In addition, thermal processing promotes Maillard
reactions and phenolic transformations, leading to the for-
mation of melanoidins and other compounds with antiox-
idant activity. These Maillard-derived products may also
react with analytical reagents, contributing to an apparent
increase in measured values rather than a true rise in native
phenolic content [15,33,34]. The increase in TPC content
was also observed in cookie formulations with increased
supplementation of cocoa husk powder [14], banana peel
powder [15] to partially replace wheat flour, or in gluten-
free cookie formulations, where increasing the proportion
of alfalfa seed powder also led to a gradual increase in
TPC and free radical scavenging activity [34]. TPC, TFC,
and free radical scavenging activity increased compared
with the control sample in improved cookie formulations
supplemented with green tea and millet [12]. Plant-based
raw materials often contain high levels of bioactive com-
pounds such as polyphenols, flavonoids, and antioxidant
activity, especially in seeds [12]. Polyphenols, particularly
flavonoids, are considered among the most important nat-
ural food constituents and are widely distributed in the hu-
man diet due to their unique antioxidant and antimicrobial
properties [35]. The use of whole cashew kernels retaining
the testa to supplement cookie formulations contributes to
enhanced bioactivity, antioxidant capacity, and nutritional
value of the cookies. Furthermore, supplementing cook-
ies with whole cashew kernels not only utilizes the existing
bioactive compounds and nutritional value but also con-
tributes to the reuse of cashew testa by-products, thereby
enhancing product value and reducing environmental pol-
lution. This is considered a potential raw material source
for the extraction of bioactive compounds for applications
in the food and pharmaceutical industries.

3.6 Sensory Evaluation of Cookies Made From Composite
Flour

Sensory evaluation of cookies supplemented with
whole cashew nut flour (CNF) is presented in Table 6.
Incorporation at 0-20% CNF affected sensory attributes,
with optimal improvements observed at C-CNF10, beyond
which quality declined. Color scores differed significantly
(p < 0.05), with the C-CNF10 achieving the highest score
(7.87 £ 1.06), significantly exceeding the C-CNF5, C-
CNF15, and C-CNF20, while the C-CNF20 scored lowest.
The observed decrease in color quality at higher supple-
mentation levels may be attributed to the presence of fiber
and natural compounds in the testa of cashew nut flour,
which can influence color development. In addition, in-
tensified Maillard reactions and sugar caramelization dur-
ing baking could further contribute to the darker color ob-
served in samples with higher CNF levels [1,11,36]. Al-
though the CNF substitution also enhanced aroma, the taste
scores were not significantly with the control cookie (p <
0.05). The C-CNF10 sample scored 6.93 + 1.58, indicat-
ing a higher preference than the control and other substitu-
tion levels, although the difference was not statistically sig-
nificant (p > 0.05), whereas the C-CNF5 sample received
the lowest score (6.20 + 1.82). Reduced taste at C-CNF15
and C-CNF20 may be attributed to a stringency from tan-
nins and phenolics [15,37]. Texture scores also differed
(p < 0.05), with the C-CNF10 was the highest (7.67 =+
0.90), indicating improved structure. Higher supplemen-
tation levels reduced preference, likely due to altered tex-
ture, moisture, or off-flavors. Overall acceptability was sig-
nificantly different (p < 0.05) among the cookies. The C-
CNF 10 was rated highest, significantly exceeding C-CNF5
and C-CNF20, while WFC and C-CNF15 were intermedi-
ate. These results demonstrate that 10% CNF supplementa-
tion provided the optimal balance of color, aroma, texture,
and flavor, yielding the highest consumer acceptance.

3.7 Release of Bioactive Components From Cookies After
In Vitro Simulated Digestion

Fig. 1 illustrates the impact of cookies with supple-
mentation of CNF at levels from 5% to 20% on the release
of bioactive compounds, including total phenolic content
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Table 5. Concentration of bioactive compounds and antioxidant capacity of cookies made from composite flours.

Sample  TPC (mg GAE/g dried cookie) TCC (mg CE/g dried cookie) TFC (mg RE/g dried cookie) DPPH scavenging (%)
WFC 4.63 +£0.31° 0.59 + 0.06° 0.23 +0.014 4.62 + 0.99¢
C-CNF5 6.07 +£0.194 0.98 + 0.024 0.35+0.01°¢ 13.02 + 1.01¢
C-CNF10 8.59 £0.31¢ 1.21 £ 0.01°¢ 0.46 + 0.05° 19.71 £ 1.11°¢
C-CNF15 10.40 + 0.50° 1.35 + 0.09° 0.52 +£0.07° 23.50 + 0.97°
C-CNF20 13.80 = 0.40? 1.51 £0.102 0.60 + 0.03? 27.50 £ 0.92°

'WFC: control cookies (100% wheat flour); C-CNF5-C-CNF20: cookies with 5-20% substitution of wheat flour by

whole cashew nut flour.

Data followed by the same superscript letters in the same column are not significantly different (p < 0.05).

Table 6. Sensory evaluation of cookies made from composite flours.

Sample Color Aroma Taste Texture Overall acceptability
WFC 6.53 £1.41% 673 +1.44* 733 +1.04* 727 +1.032 7.13 £0.92%
C-CNF5 5.67 +£1.40* 573 +1.28 620+ 1.82% 6.87+0.99* 6.67 £ 1.05°
C-CNF10 7.87 £1.06*° 6.93 +1.58* 7.46+1.13* 7.67 +0.90* 7.87 +0.64%
C-CNF15 5.40+ 1.24> 586+ 1.68* 7.26+1.032 6.93 + 1.622 6.80 + 1.0120
C-CNF20 4.73 £1.22¢ 573+ 1.71* 6.26+2.02* 6.13 +1.46* 6.20 + 1.47°

IWEC: control cookies (100% wheat flour); C-CNF5-C-CNF20: cookies with 5-20% substi-

tution of wheat flour by whole cashew nut flour.

2Data followed by the same superscript letters in the same column are not significantly different

(p <0.05).

(TPC), total flavonoid content (TFC), and total catechin
content (TCC) under in vitro conditions. The proportion
of cashew nuts partially replacing wheat flour influenced
both the content of these bioactive compounds in the cook-
ies and their release during simulated digestion. The re-
lease of TPC, TFC, and TCC during in vitro digestion was
influenced by both CNF level and digestion time, with no
clear dose-dependent trend observed at higher CNF substi-
tutions (15-20%). Cookies supplemented at approximately
10% CNF exhibited the highest or comparable values across
all three indicators, suggesting that beyond a certain thresh-
old, interactions between TPC, TFC, TCC and the protein,
starch, and fiber matrix may reduce their extractability and
quantification, particularly after baking. During in vitro di-
gestion, TPC (Fig. 1a) showed a progressive increase over
time, with the most pronounced increase observed in the
simulated intestinal phase (4—6 h). Similarly, El-Messery
et al. (2021) [38] reported higher polyphenol release in
intestinal fluids compared to gastric fluids. Similar trends
have been reported in chestnut-supplemented cookies [39],
reflecting the degradation of the matrix structure by diges-
tive enzymes in the stomach and intestine, which facilitates
the release of phenolics previously bound or trapped within
the starch protein network [39,40]. However, it should be
noted that the in vitro digestion model reflects the bioac-
cessibility of phenolic compounds rather than their actual
bioavailability, as physiological processes such as intesti-
nal absorption and metabolism are not considered. The
TFC release increased sharply during the early stage of di-
gestion, peaking at 4 h, and then gradually declined with
prolonged digestion (Fig. 1b). This pattern was also ob-
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served in chestnut cookie formulations [39], and may be
related to the limited stability of flavonoids under simu-
lated intestinal conditions, where alkaline pH and digestive
enzymes can promote oxidation or structural transforma-
tion. The C-CNF10 sample exhibited higher release levels
and greater relative stability of TFC, whereas samples with
higher substitution levels (C-CNF15-C-CNF20) showed an
earlier and more pronounced decline in TFC. Nevertheless,
these results are limited to in vitro conditions and do not
necessarily indicate the actual absorption efficiency or bi-
ological activity of flavonoids in vivo. Meanwhile, TCC
showed the greatest fluctuations during simulated digestion
(Fig. lc). Catechin was rapidly released during the early
stage, reaching a maximum at 2 h, followed by a slight de-
crease in later stages. This early release aligns with findings
by Ahmad et al. (2019) [8], where catechin content signif-
icantly increased during the first 2 h of the gastric phase.
The phenomenon is consistent with catechin’s susceptibil-
ity to pH changes, oxygen exposure, and digestive enzyme
activity, resulting in more pronounced release and degrada-
tion at the initial stage. For samples with higher substitu-
tion levels (C-CNF15—-C-CNF20), TCC release was signif-
icantly lower than that of the C-CNF10 sample, likely due
to stronger binding of catechin within the polysaccharide-
and fiber-rich testa matrix, limiting its accessibility and re-
lease under digestive conditions. Further studies using in
vivo models or intestinal cell systems are required to con-
firm the bioavailability and metabolic fate of catechin.
Overall, these results suggest that functional food de-
sign requires balancing the content of bioactive compounds
with their release potential. Among the tested formulations,
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Fig. 1. Release of bioactive components from cookies after in vitro simulated digestion. (a) Total phenolics content released. (b)

Total flavonoids content released. (c) Total catechin content released. C-CNF5—-C-CNF20: cookies with 5-20% substitution of wheat

flour by whole cashew nut flour.

the C-CNF10 sample showed the most favorable balance,
providing both high initial content and favorable in vitro
release of polyphenolic compounds. However, it should be
noted that these findings are based on in vitro digestion and
may not fully reflect in vivo bioavailability. These find-
ings offer an important scientific basis for developing func-
tional baked products with genuine nutritional and bioac-
tive value, rather than merely increasing the content of
bioactive-rich ingredients.

4. Conclusion

The study on the supplementation of cashew nuts with
intact testa into cookie formulations demonstrates signifi-
cant potential in enhancing nutritional value without sub-
stantially affecting the sensory quality of the product at ap-
propriate supplementation levels. The presence of the testa
contributes to increased contents of bioactive compounds
such as phenolics, catechin, flavonoids, and antioxidant
compounds, while simultaneously improving the functional
properties of the product in a beneficial manner. These

compounds can help reduce oxidative stress, thereby po-
tentially lowering the risk of chronic diseases such as car-
diovascular diseases and certain metabolic disorders. The
results indicated that a supplementation level of 10% CNF
maintained the structure, crispness, and characteristic fla-
vor of the cookie, while delivering enhanced antioxidant
capacity that may support cellular protection against free
radical damage. Additionally, the study demonstrates the
potential release of bioactive compounds under in vitro di-
gestion conditions. Due to the availability of raw materi-
als, low cost, and a technological process that does not re-
quire significant modifications, the application of cashew
nuts with intact testa in cookie production is entirely feasi-
ble at an industrial scale. This research opens a pathway for
the development of cookies enriched with bioactive com-
pounds from agricultural by-products, contributing to the
trend of functional and sustainable foods.
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5. Limitations

While the findings suggest that CNF may enhance
the nutritional and antioxidant properties of cashew-based
cookies, the study's conclusions regarding reductions in ox-
idative stress and benefits to cardiovascular health and lipid
metabolism are based on indirect indicators and do not es-
tablish clinical efficacy in humans. The bioavailability and
stability of the bioactive compounds after digestion were
not fully assessed, and the results may be influenced by
the specific formulation, processing conditions, and stor-
age parameters used in the study. Furthermore, sensory ac-
ceptance, long-term consumer compliance, and health out-
comes require validation through in vivo studies and con-
trolled human clinical trials before definitive health claims
can be made.
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