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ABSTRACT
Nowadays, food trends are heading towards gluten-free and healthier food, including cookies, due to the rising prevalence of ce-
liac disease and other gluten-related disorders. One way to keep up with the trend is to use agrowaste flour. However, consumers’ 
acceptance of such cookies may be lower compared to that of cookies made with conventional wheat flour. To enhance both the 
sensory quality and nutritional value, food additives such as lecithin and low-glycemic sweeteners can be incorporated. Lecithin 
improves the texture and appearance of crispy cookies, while low-glycemic sweeteners help reduce the glycemic index and gly-
cemic load without compromising consumer preference. The objective of this study was to evaluate and optimize the physical 
characteristics, sensory attributes, proximate composition, glycemic index, and glycemic load of crispy cookies formulated with 
durian and papaya seed flours, lecithin, and low-glycemic sweeteners. The research was conducted in two stages: (1) improving 
texture by determining the optimal concentration of lecithin and (2) replacing refined sugar with an optimal combination of 
low-glycemic sweeteners such as erythritol, xylitol, and stevia. The optimal concentration of lecithin was found to be 0.5%, while 
the most effective sweetener formulation based on the De Garmo effectiveness index consisted of 28.10% erythritol and 0.02% 
stevia. The resulting crispy cookies exhibited improved texture and appearance, a low glycemic index (32.55), and a low glycemic 
load (4.64), while maintaining good consumer acceptance. These findings highlight the potential of this formulation to be devel-
oped further as a functional cookie product suitable for health-conscious consumers.

1. Introduction

Recent food trends have increasingly favored gluten-free prod-
ucts, driven by the rising prevalence of gluten-related disorders 
and growing public awareness [1]. This trend presents a valuable 
opportunity for countries like Indonesia, as wheat is the primary 
source of gluten in baked goods, which cannot be cultivated 
and must be imported. Reducing reliance on wheat through 

alternative, locally sourced ingredients could not only support 
health-focused food innovations but also help decrease national 
wheat import volumes, which are 12.14 million tons in 2024 [2].

One way to keep up with the trend is to use agricultural waste 
(agrowaste) flours, such as durian seed and papaya seed flours 
(PSFs). These flours are naturally gluten-free and possess consid-
erable nutritional potential, particularly in terms of dietary fiber, 
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which is typically low in conventional cookies (approximately 2.1%) 
[3]. In certain instances, specific agrowaste fractions may exhibit 
concentrated levels of bioactive compounds or dietary fiber that 
can surpass those found in the primary edible portions of the fruit 
[4]. Several studies have reported the potential of agrowaste-de-
rived flours—such as mango kernel, jackfruit seed, and banana 
peel flours—in improving the nutritional and functional quality of 
bakery products while reducing glycemic impact [5, 6].

Durian seed flour (DSF) and PSF represent underutilized 
by-products with significant potential as wheat substitutes. 
Both durian and PSFs were expected to contribute not only 
to structural and textural improvements in gluten-free cook-
ies but also to enhance their functional and nutritional profile 
through bioactive and fiber-rich components. These bioactive 
constituents are expected to enhance the functional quality 
and shelf life of the cookies while contributing to their po-
tential health benefits. Previous analyses have shown that 
DSF contains approximately 70%–75% carbohydrates (mainly 
starch), 7%–9% protein, and 4%–5% crude fiber, with signif-
icant levels of resistant starch and polysaccharides that can 
contribute to lower postprandial glycemic responses [7]. 
Meanwhile, PSF contains around 25%–30% protein, 20%–25% 
dietary fiber, and bioactive phenolic compounds such as caf-
feic acid and p-coumaric acid, which possess antioxidant and 
antimicrobial properties [8]. The combination of these nutri-
ent-dense agrowaste flours may improve both texture and nu-
tritional quality by increasing fiber and protein content while 
reducing the glycemic index (GI) through slower carbohydrate 
digestion. These characteristics support the rationale for using 
durian and PSFs as functional, gluten-free ingredients for de-
veloping healthier bakery products.

However, the incorporation of these agrowaste flours into bak-
ery products presents significant challenges due to consum-
er’s acceptance for agrowaste cookies can be lower than using 
wheat flour. A previous study [9] formulated crispy cookies 
by partially replacing wheat flour with durian and PSFs [10]. 
The cookies exhibited noticeable changes in their sensory 
properties, including a darker color (resembling burnt cook-
ies), a firmer texture, and a distinctive taste due to the PSF. 
Formulation with 50% wheat flour, 40% DSF, and 10% PSF 
showed the most promising results. However, sensory eval-
uations indicated moderate acceptance. Moreover, the phys-
icochemical properties of the cookies were not investigated 
in the previous research, so further optimization is needed. 
Most existing research has prioritized the nutritional fortifica-
tion of these flours, leaving a notable gap in the optimization 
required to achieve the “snap” and “crispiness” expected in 
commercial cookie products [5, 6, 9, 10].

This study is aimed at improving the formulation by imple-
menting two key strategies: (1) improving the texture by finding 
the optimal concentration of lecithin and (2) replacing refined 
sugar with the optimal combination of low-glycemic sweeteners 
such as erythritol, xylitol, and stevia. Lecithin, a natural emul-
sifier from phospholipids, can enhance dough homogeneity and 
soften cookie texture, which may improve overall texture and 
increase consumer acceptance [11]. The concentrations that 
will be used are 0%, 0.5%, 1.0%, and 1.5% of the batter weight 
[12]. To further improve taste and appearance, this study will 

incorporate cocoa powder into the cookie formulation, creating 
a chocolate-flavored variant. The dark brown hue of cocoa pow-
der complements the naturally dark color of cookies made with 
both seed flours, while the rich chocolate taste is expected to 
mask the pungent flavor of PSF, which is less desirable in the 
original flavor [9].

In 2022, Indonesia’s total sugar consumption reached 8.47 
million tons—a more than 10% increase from the previous 
year [13]. High sugar intake is closely linked to the rising 
incidence of diabetes, which caused over 3.4 million deaths 
worldwide yearly. Replacing refined sugar with low-glycemic 
sweeteners offers a healthier alternative that supports blood 
sugar control, reduces calorie intake, and contributes to dia-
betic-friendly diets. Erythritol, a sugar alcohol found in fruits 
and fermented foods, provides about 70% of sucrose’s sweet-
ness with negligible calories and minimal glycemic impact 
[14]. Xylitol, another sugar alcohol, offers similar sweetness 
with fewer calories (2.4 kcal/g) and additional health bene-
fits, including antimicrobial and anti-inflammatory proper-
ties [15]. Stevia (Stevia rebaudiana), a high-intensity natural 
sweetener, is 150–300 times sweeter than sucrose, contains no 
calories, and has demonstrated antihyperglycemic, antioxi-
dant, and antimicrobial activities [16].

Although these sweeteners can reduce GI and glycemic load 
(GL) [17], their use may alter texture and taste, potentially re-
ducing consumer acceptance [18, 19]. Therefore, the purpose 
of this study is to evaluate and optimize the physical charac-
teristics, sensory attributes, proximate composition, GI, and 
GL of crispy cookies made with durian and PSFs, lecithin, 
and low-glycemic sweeteners. While previous studies have ex-
plored the individual nutritional profiles of durian and papaya 
seeds, research on their synergistic application in a composite 
flour system remains scarce. Specifically, there is a lack of evi-
dence regarding how these flours interact within a gluten-free 
matrix when stabilized by lecithin. Most existing studies 
focus on simple nutritional fortification, failing to address 
the gap between high-fiber inclusion and the “crispy” struc-
tural requirements of a commercial cookie. Furthermore, the 
combined effect of a low GI sweetener system on the sensory 
perception and GL of such agrowaste-based composites has 
not been systematically optimized. The final product is ex-
pected to be nutritious, gluten-free, and environmentally sus-
tainable, with a low GI and GL, making it appropriate and safe 
for consumption by individuals with diabetes. In addition, the 
chocolate flavor is anticipated to enhance sensory attributes, 
particularly taste and texture, which may improve overall 
consumer acceptance.

2 | Materials and Methods

2.1 | Materials

The raw materials used in this study included seeds of the 
California papaya variety (Carica papaya L.), which were locally 
sourced and processed into flour. DSF (Durio zibethinus) was 
obtained from Hasil Bumiku (Indonesia). Durian and papaya 
fruits were collected between September and November 2024, at 
the end of the dry season in Malang, Indonesia.
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Other dry ingredients consisted of maize flour (Maizenaku, 
Indonesia), alkalized cocoa powder (Van Houten), vanilla pow-
der (Polar Bear), and salt. The lipid source used was premium 
butter (Wijsman, Netherlands). For the sweetener system, pow-
dered sugar (Mawar) was used for the control, while the low-gly-
cemic formulations utilized erythritol (Greenara), xylitol (NOW 
Foods, United States), and a high-purity stevia extract (Sweet 
Story Stevia). Additional ingredients for texture and flavor in-
cluded sliced almonds (Almonesia) and cheddar cheese (Kraft). 
Laboratory-grade consumables included mineral water (Club) 
and aluminum foil (Klinpak).

All food ingredients were of food-grade quality. All chemical re-
agents used in this study were of analytical grade and purchased 
from Sigma-Aldrich.

2.2 | Preparation of DSF

DSF was prepared following the method described in a previ-
ous study [9], with modifications. Durian seeds were sorted, 
washed, and boiled (90°C–100°C, 15 min). Then, they were 
drained, peeled, and thinly sliced. The boiled seeds were then 
drained, peeled, and thinly sliced before being soaked in a 5% 
NaCl solution for 2 h to remove the high concentration of surface 
mucilage (gum) and to prevent enzymatic browning. This step 
is essential for durian seeds to produce a stable, workable flour. 
After that, they were drained and dried using a cabinet dryer 
(Omron E5CSL, Jakarta, Indonesia) at 60°C for 23 h. The dried 
seeds were ground with a semiautomatic grinder (Fomac FCT-
Z200, Jakarta, Indonesia) for 5 min (high-speed swing-type, 
25,000 RPM) and sieved through a 70-mesh sieve (MBT Utama 
[ASTM Standard Test Sieve], Jakarta, Indonesia).

2.3 | Preparation of PSF

PSF was prepared following a modified method from a previous 
study [9]. The seeds were sorted, washed, and drained to remove 
the pulp, sarcotesta, and other impurities. Then, they were dried 
in a cabinet dryer (Omron E5CSL, Jakarta, Indonesia) at 60°C 
for 23 h, ground with a semiautomatic grinder for 5 min, and 
sieved through a 70-mesh sieve (MBT Utama [ASTM Standard 
Test Sieve], Jakarta, Indonesia). Preparation of papaya seeds did 
not require this treatment because they lack the specific muci-
laginous structure found in durian seeds. Furthermore, skip-
ping the saline soak for papaya seeds preserved the bioactive 
compounds and specific flavor notes required to complement 
the cocoa powder in the final formulation.

2.4 | Preparation of the Chocolate Crispy Cookies 
With Lecithin

The formulation of chocolate crispy cookies is shown in Table 1. 
Cocoa powder was added at a fixed level of 6 g per 100 g total 
flour mixture (equivalent to 6% w∕w), which was chosen based 
on preliminary trials to provide an optimal chocolate flavor 
and color without masking the sensory characteristics of the 
agrowaste flours.

Initially, a small amount of butter was mixed with lecithin (0%, 
0.5%, 1%, and 1.5%). Then, the mixture was combined with the 
remaining butter, powdered sugar, and vanilla powder. Then, 
egg whites were added until evenly mixed. Then, the sifted dry 
ingredients (cornstarch, cocoa powder, DSF, and PSF) were 
added. For the control formulation (K), only wheat flour was 
used, without lecithin or agrowaste flours.

TABLE 1   |   Formulation of chocolate crispy cookies with different concentrations of lecithin.

No. Ingredients Unit

Amount

K P1 P2 P3 P4

1 Low-protein wheat flour g 10 0 0 0 0

2 Durian seed flour (DSF) g 0 8 8 8 8

3 Papaya seed flour (PSF) g 0 2 2 2 2

4 Lecithin g 0 0 0.94 1.87 2.81

5 Cocoa powder g 6 6 6 6 6

6 Butter g 50 50 50 50 50

7 Powdered sugar g 40 40 40 40 40

8 Egg whites g 60 60 60 60 60

9 Vanilla powder g 1 1 1 1 1

10 Maize flour g 20 20 20 20 20

11 Almond slice (topping) g 20 20 20 20 20

12 Grated cheese (topping) g 10 10 10 10 10

Note: K = 100% wheat flour, without lecithin; P1 = 80% DSF, 20% PSF, and lecithin 0%; P2 = DSF, PSF, and lecithin 0.5%; P3 = DSF, PSF, and lecithin 1%; P4 = DSF, PSF, 
and lecithin 1.5%.
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The dough was transferred into a piping bag with a 0.5 cm cut tip 
and shaped into 20 spirals on a baking sheet lined with a baking 
mat and a silicone almond crispy mold. Each spiral was formed by 
rotating the piping bag five times, then thinned and flattened by 
pressing clockwise five times with a spoon. The prebacking cook-
ies were assured to weigh around 5 g each with 2 mm thickness. 
Roasted almond slices and grated cheddar cheese were sprinkled 
on top before baking (electric convection oven, Modena BO-
2635, Surabaya, Indonesia; preheated at 120◦

C ± 2
◦

C for 30 min, 
40 ± 2 min baking time). After baking, the cookies were cooled 
at room temperature (25°C, 5 min) and subsequently packaged in 
airtight containers lined with baking paper and silica gel. The re-
sulting baked cookies measured approximately 6 cm in diameter 
and 0.1–0.15 cm in thickness. Each formulation was prepared in 
triplicate batches to ensure reproducibility.

2.5 | Preparation of the Chocolate Crispy Cookies 
With Low-Glycemic Sweeteners

The formulation containing the optimal lecithin concentration 
was selected as the reference formula for preparing cookies with 
various combinations of low-glycemic sweeteners, with the for-
mulation shown in Table 2. The cocoa powder concentration 
(6% w∕w) was maintained constant across all formulations to 
ensure comparable color and flavor intensity. The preparation 
procedure followed that described in Section 2.4.

2.6 | Sensory Analysis

The sensory evaluation was conducted following the method-
ology described in [9], with modifications to the procedure, 

hedonic scale, and evaluated parameters. The analysis com-
prised two sequential steps: First, assessed cookies formulated 
with varying lecithin concentrations, while the second, focused 
on cookies prepared with the optimal lecithin level combined 
with different low-glycemic sweeteners.

A total of 30 untrained panelists (18–60 years old; 17 females and 
13 males) participated in each session. Panelists were recruited 
from the University of Surabaya community (students and staff) 
based on specific criteria: aged 18–60; good health status; absence 
of allergies to gluten, dairy, or nuts; and a general preference for 
crispy and chocolate-flavored cookies. While the age range was 
18–60, 80% of participants fell within the 18–25 age bracket (uni-
versity students). Demographic data, including gender and fre-
quency of snack consumption, were recorded but did not show 
statistically significant effects on the hedonic scores (p > 0.05). 
Each sensory test was conducted in a sensory evaluation room 
under controlled lighting (6500 K, neutral white) and temperature 
(25◦

C ± 2
◦

C). Samples were coded using three-digit codes and pre-
sented to panelists in randomized and balanced order to minimize 
bias. Each panelist evaluated all samples in one session, and water 
was provided for palate cleansing between samples. All cookie 
samples complied with the microbial standards regulated in the 
Indonesian National Standard for biscuits (SNI 2973:2022).

Panelists completed a questionnaire containing instructions and 
a 6-point hedonic scale ranging from 1 (dislike very much) to 6 
(like very much) to evaluate color, aroma, texture, and taste. In 
the first phase, texture was further subdivided into four attri-
butes: texture during biting, chewing, swallowing, and overall 
texture. Additionally, panelists rated hardness (when bitten), 
crispness (when chewed), and smoothness (when swallowed) on 
6-point scales defined as follows:

TABLE 2   |   Chocolate crispy cookies formulation with a combination of low-glycemic sweeteners.

No. Ingredients Unit

Amount

P2 P5 P6 P7 P8

1 Durian seed flour (DSF) g 8 8 8 8 8

2 Papaya seed flour (PSF) g 2 2 2 2 2

3 Lecithin g 0.94 0.94 0.94 0.94 0.94

4 Cocoa powder g 6 6 6 6 6

5 Butter g 50 50 50 50 50

6 Powdered sugar g 40 0 0 0 0

7 Erythritol g 0 50 46.67 50 50

8 Xylitol g 0 10 12 0 5

9 Stevia g 0 0 0 0.032 0.028

10 Egg whites g 60 60 60 60 60

11 Vanilla powder g 1 1 1 1 1

12 Maize flour g 20 20 20 20 20

13 Almond slice (topping) g 20 20 20 20 20

14 Grated cheese (topping) g 10 10 10 10 10

Note: P2 = 22.48% powdered sucrose; P5 = 28.10% erythritol and 5.62% xylitol; P6 = 26.23% erythritol and 6.74% xylitol; P7 = 28.10% erythritol and 0.02% stevia; 
P8 = 28.10% erythritol, 2.81% xylitol, and 0.016% stevia.
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•	 Hardness (when bitten): 1 = very soft to 6 = very hard

•	 Crispness (chewed): 1 = not very crispy to 6 = very crispy

•	 Smoothness (swallowed): 1 = very rough to 6 = very smooth

In the second phase, texture was assessed without the hardness 
and smoothness subparameters. Instead, three additional attri-
butes were included: sweetness (related to taste), aftertaste, and 
overall acceptance.

Each sensory session lasted approximately 45 min. Data were 
collected in triplicate sessions for reliability. Sensory evaluation 
results were analyzed to determine the optimal formulation 
using de Garmo’s effectiveness index [20].

2.7 | Physical Analysis

Texture properties, including hardness and fracturability, 
were assessed using a texture analyzer (Agrosta V2, Agrosta, 
France) equipped with a conical probe. Cookie samples 
(thickness = 2 mm) were positioned between the probe and the 
base platform. The analysis was performed under the following 
settings: pull force of 1 g, high speed of 21 mm/s, low speed of 
5 mm/s, and a stroke after contact of 1 mm. Hardness was deter-
mined as the maximum peak force recorded, while fracturabil-
ity was defined as the force corresponding to the first positive 
peak in the force–distance curve.

Surface color (L ∗ , a ∗ , and b ∗ values) of cookies formulated 
with low-glycemic sweeteners was measured at the center 
using a color reader (Konica Minolta CR20, Minolta Co., 
Japan).

Water activity of lecithin-containing cookies was measured 
using a water activity meter (Rotronic HP-23-AW Set14, 
Rotronic AG, Sweden). Samples were filled to the indicated line 
in the sample container. Then, the container was secured in the 
sample holder. Readings were taken after stabilization (approx-
imately 4–5 min).

All measurements were conducted in triplicate using different 
cookie samples for each replicate.

2.8 | Proximate Analysis

The proximate analysis was determined on cookies with the op-
timal formulation on both steps (P2 with 0.5% lecithin and P7 
with 28.10% erythritol and 0.02% stevia). The proximate analy-
sis parameters for both cookies include moisture, ash, fat, pro-
tein, crude fiber [21], carbohydrate (by difference), and dietary 
fiber [22].

2.9 | Determination of GI and Load

The determination of GI and GL was only conducted for the 
cookie formulation with the optimal lecithin concentration 
(P2, 0.5% lecithin) and low-glycemic sweetener combination 
(P7, 28.10% erythritol and 0.02% stevia). The study involved 

10 healthy adult subjects who met the inclusion criteria: aged 
20–25, normal fasting blood glucose (70–100 mg/dL), BMI 18.5–
25.0, no complications, no metabolic disorders, and no diet reg-
imen in the previous 3 months. Exclusion criteria include use 
of medications, smoking, alcohol consumption, pregnancy or 
lactation, and history of chronic or metabolic diseases (e.g., dia-
betes, liver, and kidney disorders).

The protocol followed guidelines from the Indonesian Food 
and Drug Control Agency [23] and was approved by the 
Institutional Ethical Committee of the University of Surabaya 
(No. 485/KE/I/2025). After 10–12 h of fasting, blood glu-
cose was measured by finger-prick capillary blood sampling. 
Subjects consumed 50 g of glucose in 200 mL of water (refer-
ence food), and glucose levels were measured at 0, 30, 60, 90, 
and 120 min. After a 4-day washout period, the procedure was 
repeated using the cookie sample (P2 or P7), containing 25 g 
of available carbohydrates. The portion size of cookies equiva-
lent to 25 g of available carbohydrates was calculated based on 
the carbohydrate content obtained from proximate analysis, 
corresponding to approximately 51.9 g of cookies for P2 and 
52.6 g for P7.

GI was calculated by comparing the area under the curve (AUC) 
of the test food to that of the reference food. The AUC, GI, and 
GL were calculated using the following formula:

2.10 | Statistical Analysis

Data normality and homogeneity were assessed using Shapiro–
Wilk and Levene’s tests, respectively. Organoleptic data were 
analyzed using the Kruskal–Wallis test, followed by Mann–
Whitney (first development step) or Dunn’s post hoc test (second 
development step). Physical characteristics were analyzed using 
one-way ANOVA with DMRT post hoc test or independent t-test 
(second step). Proximate analysis was also performed using an 
independent t-test. All tests used a significance level (�) of 5% 
and were carried out using IBM SPSS Statistics Version 29.0. 
(IBM Corp., Armonk, New York, United States).

3 | Results and Discussion

3.1 | The Development of Cookies With Lecithin

3.1.1 | Physical Analysis

Cookies made with DSF, PSF, and lecithin exhibited signifi-
cantly higher hardness and fracturability compared to the 
control sample made with 100% wheat flour (Table 3). These 
findings suggest that incorporating agrowaste flours increases 
the force required to break the cookies, consistent with the re-
sults reported in the previous study [24]. This effect is likely 
due to differences in textural components such as amylose, 

AUC=
Δ30t

2
+Δ60t+

(Δ30−Δ60)t

2
+Δ90t+

(Δ60−Δ90)t

2
+Δ120t+

(Δ90−Δ120)t

2
,

Glycemic index (GI)=
AUCof test food×2

AUCof reference food
×100,

Glycemic load (GL)=
IG× total carbohydrate in one serving

100
.



6 of 12 International Journal of Food Science, 2026

carbohydrates, fat, dietary fiber, and protein content. Higher 
levels of lecithin increased batter viscosity as a result of its 
emulsifying properties, which reduced air incorporation and 
led to denser, harder cookies.

The lowest water activity (Aw) was observed in sample P2 (DSF, 
PSF, and 0.5% lecithin). Formulations containing lecithin (P2 
and P3) generally had lower Aw values than the wheat-based 
formulation (K), which can be attributed to lecithin’s amphi-
philic nature—its hydrophilic head binds water molecules, 
thereby reducing the amount of free water [25]. As the amount 
of free water decreases, the Aw value correspondingly declines. 
However, at higher lecithin concentrations (e.g., P4), the Aw 
value increased beyond that of the control, which could po-
tentially compromise shelf life and cause undesirable textural 
changes, such as sogginess.

3.1.2 | Organoleptic Analysis

The addition of lecithin significantly affected consumer pref-
erence of the color (Table 4). Formulations P2–P4 (0.5%–1.5% 
lecithin) differed significantly from K and P1 (without lecithin), 
though no differences were observed in P2–P4, likely due to 
the dominant dark color of cocoa powder. The Maillard reac-
tion, which produces melanoidin compounds, may also have 
contributed to the browning effect [26]. Cookies containing lec-
ithin appeared smoother, brighter, and more uniform, thereby 
enhancing their visual appeal.

Aroma preference was also improved in lecithin-containing 
formulations (P2–P4) (Table 4). Lecithin’s amphiphilic nature 
facilitates better homogenization of both hydrophilic and lipo-
philic aroma compounds [25], which likely enhanced aroma 
distribution. The characteristic scent of lecithin itself was not 
prominent, possibly masked by stronger aromatic ingredients 
such as cocoa, butter, and cheese.

Texture preference during biting showed no statistically signif-
icant differences; however, the scores for P2–P4 were higher 
than those for K and P1 (Table 4). During chewing, K was de-
scribed as sticky, whereas P1 was perceived as gritty, potentially 
due to the coarse particle morphology of PSF, as observed under 
SEM [27]. P3 (1% lecithin) received the highest preference score, 
being characterized by its crispy and nongritty texture. A no-
table divergence was observed between instrumental hardness 
values and sensory texture scores. While instrumental analysis 
indicated that higher lecithin concentrations (P4) resulted in 
increased peak force (hardness), sensory panelists rated these 
cookies as having a more desirable “softness” and “crispiness.” 
This phenomenon can be attributed to lecithin’s role as an emul-
sifier, which facilitates the formation of a more uniform and 
aerated microstructure. While the machine measures the ab-
solute force required for initial fracture, the panelists perceive 
the “ease of mastication” and “shatter-rate.” In the absence of 
lecithin (P1/K), the lack of emulsification likely led to a denser, 
more compacted matrix that felt “tougher” or more “unpleas-
ant” to the human palate, despite having different instrumental 
force profiles.

TABLE 3   |   Physical properties of crispy cookies with variation of lecithin concentration.

Formulation K P1 P2 P3 P4

Hardness (cN) 59 ± 17a 151 ± 6b 165 ± 11b 242 ± 12c 274 ± 9d

Fracturability (cN) 53 ± 13a 107 ± 16b 129 ± 18b 206 ± 36c 223 ± 42c

Water activity (Aw) 0.30 ± 0.02a 0.38 ± 0.04b 0.27 ± 0.01a 0.30 ± 0.02a 0.33 ± 0.07ab

Note: Values refer to the arithmetic mean ± standard deviation. Different letters in the same row indicate significant differences between formulations based on the 
DMRT post hoc test (p < 0.05).

TABLE 4   |   Organoleptic properties of crispy cookies with various lecithin concentrations.

Parameter

Formulation

K P1 P2 P3 P4

Color 4.00 ± 1.15a 3.96 ± 1.37a 4.96 ± 1.05b 5.07 ± 0.89b 4.91 ± 0.90b

Aroma 4.67 ± 1.18ab 4.41 ± 1.12a 4.89 ± 1.18b 5.07 ± 0.95b 4.69 ± 1.13ab

Texture when bitten 4.39 ± 1.38a 4.48 ± 1.33a 4.78 ± 0.86a 4.81 ± 1.15a 4.80 ± 1.20a

Texture when chewed 4.28 ± 1.41a 4.44 ± 1.11a 4.70 ± 1.00a 4.91 ± 1.07b 4.87 ± 1.17b

Texture when swallowed 4.44 ± 1.24ab 4.30 ± 1.13a 4.63 ± 1.00ab 4.78 ± 1.16bc 5.06 ± 0.81c

Texture (overall) 4.11 ± 1.48a 4.22 ± 1.24a 4.89 ± 1.02b 5.00 ± 0.91b 4.87 ± 1.03b

Taste 4.44 ± 1.24ab 4.24 ± 1.18a 5.02 ± 1.00c 4.98 ± 1.18c 4.87 ± 1.01bc

Note: Values refer to the arithmetic mean ± standard deviation . Different letters in the same row indicate significant differences between formulations based on the 
Mann–Whitney post hoc test (p < 0.05 ). K = 100% wheat flour, 0% lecithin; P1 = DSF, PSF, and lecithin 0%; P2 = DSF, PSF, and lecithin 0.5%; P3 = DSF, PSF, and lecithin 
1%; P4 = DSF, PSF, and lecithin 1.5%. Scale 1 = dislike very much, 2 = dislike moderately, 3 = slightly dislike, 4 = slightly like, 5 = like moderately, and 6 = like very much.
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Overall, lecithin inclusion showed a positive trend in en-
hancing textural attributes; however, the differences in “tex-
ture when bitten” were not statistically significant (p > 0.05) 
as shown in Table 5. Nevertheless, the overall acceptability 
scores suggest that lecithin contributes to a more cohesive and 
commercially viable gluten-free structure. Taste preference 
also improved with the addition of lecithin. Its amphiphilic 
and zwitterionic properties promote emulsification and flavor 
uniformity [25], likely resulting in a more balanced and palat-
able taste profile.

3.1.3 | Determination of the Optimal Formulation

The optimal formulation of crispy cookies with lecithin was de-
termined by the de Garmo effectiveness index [20] (Table 6). The 
parameters considered in the optimization were sensory attri-
butes, including color, aroma, overall texture, and taste.

Parameter values were determined based on the research objec-
tive—to optimize the texture of crispy cookies—and consumer 
input from the ranking test, which indicated that taste and tex-
ture were equally important (data not shown). Accordingly, taste 
and texture were assigned equal weights (0.350). The optimal 
formulation was identified as the one with the highest Nh (pro-
ductivity value). Both P2 and P3 achieved identical productivity 
values; however, P2 (0.5% lecithin) was selected as the optimum 
formulation due to its effectiveness and cost-efficiency. Notably, 
the addition of only 0.5% lecithin produced sensory results 

comparable to P3, while requiring less lecithin. These findings 
suggest that P2 provides the best balance between product qual-
ity and economic feasibility for crispy cookie production. The 
similarity in textural performance between 0.5% and 1% lec-
ithin (P2 and P3) suggests a possible saturation effect, where 
available hydrophilic and lipophilic interfaces in the dough 
become fully occupied at approximately 0.5% lecithin. Beyond 
this concentration, additional lecithin molecules may aggregate 
rather than contribute to further emulsification, limiting their 
ability to enhance air incorporation and structural homogene-
ity. Furthermore, lecithin may interact with proteins through 
hydrogen bonding and with dietary fibers through hydropho-
bic association, strengthening the dough matrix and increasing 
hardness up to the saturation point. Once this limit is reached, 
the system becomes more viscous and compact, but without pro-
portional improvement in texture, explaining why 0.5% lecithin 
yielded similar or even superior results compared to 1%.

3.2 | The Development of Cookies With Combined 
Low-Glycemic Sweeteners

3.2.1 | Organoleptic Analysis

The combination of low-glycemic sweeteners significantly in-
fluenced color preference (Table 7). Crispy cookies in formula-
tion P2 received the lowest score, whereas P7 and P8 were rated 
the highest. The reddish-brown hue of P2, attributed to pow-
dered sugar, may have been less appealing to consumers. This 

TABLE 5   |   Hardness level (when bitten), crispness (when chewed), and smoothness level (when swallowed) of crispy cookies with various lecithin 
concentrations.

Parameter

Formulation

K P1 P2 P3 P4

Hardness 3.46 ± 1.19b 4.04 ± 0.89c 2.87 ± 1.03a 2.72 ± 1.20a 2.59 ± 1.22a

Crispness 5.30 ± 0.86b 5.24 ± 0.78b 4.52 ± 1.04a 4.39 ± 1.05a 4.31 ± 0.99a

Smoothness 3.67 ± 1.17a 3.41 ± 1.07a 4.35 ± 1.20b 4.80 ± 1.05bc 4.94 ± 1.00c

Note: Hardness level: Scale 1 = very soft; 2 = soft; 3 = slightly soft; 4 = slightly hard; 5 = hard; 6 = very hard. Crispness level: Scale 1 = not very crispy; 2 = not crispy; 
3 = slightly not crispy; 4 = slightly crispy; 5 = crispy; 6 = very crispy. Smoothness level: Scale 1 = very rough; 2 = rough; 3 = slightly rough; 4 = slightly smooth; 5 = smooth; 
6 = very crispy.

TABLE 6   |   De Garmo effectiveness index for cookies with various concentrations of lecithin.

Parameter Value

Formulation

K P1 P2 P3 P4

NE Nh NE Nh NE Nh NE Nh NE Nh

Color 0.10 0.00 0.00 0.000 0.00 1.00 0.10 1.00 0.10 1.00 0.10

Aroma 0.20 0.47 0.10 0.000 0.00 1.00 0.20 1.00 0.20 0.47 0.10

Texture (overall) 0.35 0.00 0.00 0.000 0.00 1.00 0.35 1.00 0.35 1.00 0.35

Taste 0.35 0.26 0.09 0.000 0.00 1.00 0.35 1.00 0.35 0.83 0.29

Total 1.00 0.19 0.00 1.00a 1.00 0.84

Note: NE = effectiveness value; Nh = productivity value; K = 100% wheat flour, 0% lecithin; P1 = DSF, PSF, and lecithin 0%; P2 = DSF, PSF, and lecithin 0.5%; P3 = DSF, 
PSF, and lecithin 1%; P4 = DSF, PSF, and lecithin 1.5%.
aThe optimal formulation.



8 of 12 International Journal of Food Science, 2026

coloration likely resulted from intensified Maillard reactions 
and caramelization, which produce brown pigments [26].

Low-glycemic sweeteners did not cause significant differences 
in aroma (Table 7). The cookies’ aroma mainly originated from 
chemical reactions such as the Maillard reaction [28]. However, 
cookies sweetened with erythritol, xylitol, or stevia (P5–P8) ex-
hibited milder aromas than P2, likely due to their lower content 
of reducing sugars. Despite this, their aroma was generally well 
accepted, indicating no negative impact on consumer preference.

Crispness and texture were significantly affected by the type of 
sweetener used. P2, prepared with powdered sugar, underwent 
Maillard reactions, caramelization, and uniform sugar melting, 
leading to well-developed porosity and crispness [28]. In con-
trast, erythritol and xylitol—which recrystallize rapidly and do 
not participate in the Maillard reaction—produced denser, less 
porous cookies with harder textures, consistent with previous 
findings [17].

Sweetness, taste, and aftertaste scores also varied significantly 
(Table 7). P2 had the lowest sweetness score, while P8 achieved 
the highest across all three parameters. P6 received the lowest 
taste and aftertaste scores, likely due to the fermented note asso-
ciated with xylitol, which may be off-putting to consumers [29]. 
Conversely, P7 and P8 were preferred, possibly due to erythri-
tol’s cooling effect, which can enhance flavor perception and 
mask bitterness [30].

Overall acceptance differed significantly among the samples, 
with P6 being the least favored and P7 receiving the highest 
preference score (Table 7).

3.2.2 | Determination of Optimal Formulation

The combination of low-glycemic sweeteners significantly in-
fluenced the sensory attributes of the crispy cookies. Among all 
formulations, P7 (28.10% erythritol and 0.02% stevia) exhibited 

TABLE 7   |   Organoleptic properties of crispy cookies with a combination of low-glycemic sweeteners.

Parameter

Formulation

P2 P5 P6 P7 P8

Color 4.13 ± 1.33a 4.60 ± 0.72ab 4.69 ± 0.82ab 4.89 ± 0.98b 4.89 ± 0.83b

Aroma 4.56 ± 0.89a 4.98 ± 0.75a 4.78 ± 0.80a 4.71 ± 1.10a 4.89 ± 1.01a

Crispness 5.56 ± 0.69d 3.98 ± 0.97a 4.38 ± 1.09ab 5.20 ± 0.87cd 4.76 ± 0.80bc

Texture (overall) 5.13 ± 0.89c 4.16 ± 0.88a 4.31 ± 1.08ab 5.00 ± 0.98c 4.93 ± 0.72bc

Sweetness 4.51 ± 1.04ab 4.56 ± 0.94ab 4.27 ± 1.03a 4.89 ± 1.07b 5.7 ± 0.75b

Taste 4.51 ± 1.24ab 4.51 ± 0.90ab 4.11 ± 1.05a 4.98 ± 1.06b 5.022 ± 0.75b

Aftertaste 4.29 ± 1.25ab 4.09 ± 0.10a 3.89 ± 1.07a 4.87 ± 1.04b 4.91 ± 0.923

Overall acceptance 4.62 ± 1.01ab 4.38 ± 0.75a 4.18 ± 0.91a 5.04 ± 0.95b 5.02 ± 0.75b

Note: Values refer to the arithmetic mean ± standard deviation. Different letters in the same row indicate significant differences between formulations based on the 
Dunn post hoc test (p < 0.05). P2 = 22.48% sucrose; P5 = 28.10% erythritol and 5.62% xylitol; P6 = 26.23% erythritol and 6.74% xylitol; P7 = 28.10% erythritol and 0.02% 
stevia; P8 = 28.10% erythritol, 2.81% xylitol, and 0.016% stevia.

TABLE 8   |   De Garmo effectiveness index for cookies with low-glycemic sweeteners (second development step).

Parameter Value

Formulation

P2 P5 P6 P7 P8

NE Nh NE Nh NE Nh NE Nh NE Nh

Crispness 0.25 1.00 0.25 0.00 0.00 0.25 0.06 0.78 0.19 0.49 0.12

Texture 0.21 1.00 0.21 0.00 0.00 0.17 0.04 1.00 0.21 0.85 0.18

Sweetmess 0.18 0.37 0.07 0.37 0.07 0.00 0.00 1.00 0.18 1.00 0.18

Taste 0.14 0.45 0.06 0.45 0.06 0.00 0.00 1.00 0.14 1.00 0.14

Aftertaste 0.11 0.33 0.04 0.00 0.00 0.00 0.00 1.00 0.11 1.00 0.11

Color 0.07 0.00 0.00 0.68 0.05 0.68 0.05 1.00 0.07 1.00 0.07

Overall acceptance 0.04 0.46 0.02 0.00 0.00 0.00 0.00 1.00 0.04 1.00 0.04

Total 1.00 3.61 0.65 1.50 0.18 1.10 0.15 6.78 0.94 a 6.35 0.84

Note: NE = effectiveness value; Nh = productivity value. P2 = 22.48% sugar; P5 = 28.10% erythritol and 5.62% xylitol; P6 = 26.23% erythritol and 6.74% xylitol; 
P7 = 28.10% erythritol and 0.02% stevia; P8 = 28.10% erythritol, 2.81% xylitol, and 0.016% stevia.
aThe optimal formulation.
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the highest overall productivity value (Table 8). This formula-
tion achieved the greatest effectiveness and productivity scores 
across all evaluated parameters, except for crispness, which 
ranked second. Despite its slightly lower crispness score, P7 
remained highly acceptable to panelists, suggesting that it pro-
vides a favorable balance of taste, texture, and overall consumer 
appeal. Therefore, P7 can be considered the optimal formula-
tion, offering both functional and sensory advantages for the 
development of low-glycemic crispy cookies.

3.2.3 | Physical Analysis

Objectively, the addition of low-glycemic sweeteners did not sig-
nificantly affect the color parameters of the cookies (Table 9). 
Both formulations showed low L ∗ values, indicating a darker 
color, while the positive a ∗ and b ∗ values reflected reddish 
and yellowish hues. These color characteristics likely resulted 
from the natural pigments present in cocoa powder, PSF, and 
DSF, as well as from Maillard and caramelization reactions [31]. 
Although the difference was not statistically significant, P7 re-
ceived slightly higher color preference scores than the control 
(P2), with panelists favoring a dark brown appearance featuring 
subtle reddish-yellow tones.

The use of erythritol and stevia increased hardness and fractur-
ability, consistent with previous findings in cookies made with 
ashitaba (Angelica keiskei) flour and erythritol [32] and those 
made with black glutinous rice flour [17]. The rapid recrystalli-
zation of sugar alcohols compared to sucrose likely contributed 
to a denser structure and reduced porosity, resulting in a firmer, 
less crispy texture.

Our observations that erythritol- and xylitol-containing cookies 
(P5–P8) tended to be denser and harder than the sucrose control 
(P2) are consistent with prior reports on the physical behavior 
of polyols in baked systems [33]. Unlike sucrose, sugar alcohols 
such as erythritol and xylitol crystallize and recrystallize rap-
idly during cooling, which promotes the formation of fine crys-
tals and reduces the continuity of the amorphous sugar phase. 
This recrystallization increases solid packing and reduces pore 
formation during baking, producing a denser crumb structure 
and higher hardness/fracturability. In addition, erythritol and 
xylitol do not participate in Maillard reactions (or do so negligi-
bly), so they do not contribute to the uniform melting and glassy 
matrix formation that sucrose often provides; this difference 

also reduces the formation of continuous gas-holding films and 
porosity, further explaining the reduced crispness.

Erythritol’s characteristic cooling effect may also modulate 
perceived sweetness and aftertaste, improving overall lik-
ing in formulations where crystallization does not produce 
an undesirable grainy mouthfeel. Xylitol has been reported 
to impart a fermented or off-note in some bakery contexts, 
which aligns with the lower taste/aftertaste scores for P6. The 
combined sensory outcome therefore depends on a balance 
between recrystallization kinetics (affecting microstructure), 
hygroscopicity (influencing moisture retention and shelf be-
havior), and flavor interactions. Our results (higher hardness 
and fracturability in P7 relative to P2) fit this multifactor 
explanation and echo findings from other studies on poly-
ol-sweetened baked goods.

3.2.4 | Proximate Analysis

The use of low-glycemic sweeteners such as erythritol and stevia 
(in P7) did not significantly affect the protein, fat, ash, or crude 

TABLE 9   |   Physical properties for cookies with a combination of 
sweeteners.

Parameters P2 P7

L ∗ (lightness) 38.90 ± 0.20a 39.00 ± 0.44a

a ∗ (redness) 6.03 ± 0.45a 5.37 ± 0.45a

b ∗ (yellowness) 6.37 ± 0.45a 5.30 ± 0.56a

Hardness (cN) 161.67 ± 26.76a 243.33 ± 17.47b

Fracturability (cN) 132.67 ± 30.29a 216.00 ± 26.00b

Note: Values refer to the arithmetic mean ± standard deviation. Different letters 
in the same row indicate significant differences between formulations based on 
the DMRT post hoc test (p < 0.05).

TABLE 10   |   Chemical properties of cookies with a combination of 
low-glycemic sweeteners.

Composition P2 P7

Protein (%) 13.63 ± 0.14a 13.48 ± 0.25a

Fat (%) 35.11 ± 0.04a 34.94 ± 0.37a

Moisture (%) 1.64 ± 0.08a 2.68 ± 0.02b

Ash (%) 1.43 ± 0.00a 1.41 ± 0.01a

Carbohydrate (%) 48.19 ± 0.24b 47.49 ± 0.36a

Crude fiber (%) 4.34 ± 0.07a 4.19 ± 0.10a

Dietary fiber (%) 10.74 10.48

Note: Values refer to the arithmetic mean ± standard deviation. Different letters 
in the same row indicate significant differences between formulations based on 
a t -test (p < 0.05). P2 = cookies with 22.48% sucrose as sweetener; P7 = cookies 
with 28.10% erythritol and 0.02% stevia as sweetener.

87.60

124.40
114.10

105.70
99.90

87.20

101.50 97.40 93.70
89.10

85.50

93.20 89.80 87.60
85.80

50.0
60.0
70.0
80.0
90.0

100.0
110.0
120.0
130.0

0 30 60 90 120

Bl
oo

d 
su

ga
r l

ev
el

s (
m

g/
dL

)

Time (minutes)

Pure glucose
P2
P7

FIGURE 1   |   Blood sugar levels of crispy cookies with a combination 
of low-glycemic sweeteners. P2 = cookies with 22.48% sucrose as sweet-
ener; P7 = cookies with 28.10% erythritol and 0.02% stevia as sweetener.
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fiber contents of the cookies (Table 10), consistent with the nu-
tritional profile of stevia, which contains negligible macronutri-
ents. Although mineral content from unrefined sweeteners may 
influence ash levels [34], no significant changes were observed. 
Both P2 and P7 met the Indonesian National Standard (SNI 
2973:2022) minimum protein requirement of 4.5%.

The low-glycemic sweeteners, however, affected the moisture 
content of the cookies. P7 exhibited significantly higher mois-
ture content than P2 (Table 10), likely due to erythritol’s rapid 
recrystallization and the formation of a denser matrix that re-
tains moisture despite its lower hygroscopicity [17,  28,  35]. In 
contrast, powdered sugar in P2 promoted better water evap-
oration through pore formation during baking. Both samples 
complied with the maximum moisture limit of 5% set by the 
Indonesian National Standard.

The energy and carbohydrate contents of P7 were lower than 
those of P2 (Table 10), owing to the use of erythritol and stevia, 
which provide 0.24 and 0 kcal/g, respectively, compared to su-
crose’s 4 kcal/g [36, 37]. Erythritol, being a sugar alcohol, is also 
poorly metabolized, further reducing available carbohydrates.

Both cookie formulations contained approximately 10% dietary 
fiber (Table 10), attributed to the high fiber content of DSF and 
PSF, although these values may vary depending on the specific 
variety and processing conditions.

3.2.5 | GI and GL

Blood glucose measurements (Figure 1) represent the mean val-
ues obtained from 10 subjects. All formulations showed peak 
glucose levels 30 min after consumption, followed by a gradual 
decline. Among the samples, P7 produced the lowest glycemic 
response compared to both the glucose reference and the con-
trol (P2) (Table 11). This result aligns with its sweetener com-
position—erythritol and stevia—which both have a GI of 0, in 
contrast to sucrose in P2 (GI = 65), classified as a medium-GI 
carbohydrate [38–40].

GL was also calculated based on a standard 30 g serving size 
[41]. P2 exhibited a medium GL, while P7 demonstrated a low 
GL (Table 11). Diets with low GI and GL values have been associ-
ated with improved glycemic control and reduced postprandial 
glucose spikes [42–44].

Accordingly, P7 presents a promising functional snack option 
for individuals who require blood glucose management. A 30 g 
serving provides approximately 10 g of erythritol and 6.4 mg of 
stevia, making it suitable for individuals aged over 10 years and 
weighing at least 20 kg, thereby minimizing the potential risk of 
gastrointestinal discomfort in younger children.

From a commercial standpoint, P7 demonstrates strong market 
potential in Indonesia, where low-GI cookie products remain 
limited. Growing health awareness and increasing consumer 
demand for diabetic-friendly foods further enhance its prospects 
for successful market adoption.

Despite the significant findings regarding the metabolic im-
pact of the optimized cookie formulations, this study has cer-
tain limitations that should be acknowledged. Primarily, the 
GI and GL determinations were conducted with a relatively 
small sample size (n = 10). While this cohort size aligns with 
the minimum requirements set by international standards for 
preliminary glycemic testing (ISO 26642:2010), it may not fully 
account for the high interindividual variability in postprandial 
glucose responses across broader, more diverse populations. 
Furthermore, the sensory evaluation utilized a semitrained 
panel of 30 individuals, which, while sufficient for hedonic 
preference testing, may not capture the long-term consumer 
acceptance or the “satiety” effects of agrowaste-based snacks 
in a real-world setting. Future research should involve larger, 
multicenter clinical trials and longitudinal sensory studies to 
validate the health benefits and market viability of these func-
tional cookies.

4 | Conclusions

This study successfully demonstrated that a combination of du-
rian and PSFs can serve as a viable gluten-free base for functional 
crispy cookies. By optimizing the concentration of lecithin (0.5%) 
and using a binary sweetener system (28.10% erythritol and 
0.02% stevia), the research overcame the common textural and 
sensory hurdles associated with agrowaste-based products. The 
resulting formulation (P7) not only met consumer preference for 
sweetness and crispiness but also achieved a clinically signifi-
cant low GI (32.55) and low GL (4.64). These findings provide a 
technical framework for the food industry to valorize agrowaste 
into high-value, diabetic-friendly snacks. Future research should 
focus on evaluating the shelf life stability of these formulations, 
particularly the lipid oxidation of seed-based fats, and product 
diversification, such as fortification with additional functional 
ingredients, could further enhance its commercial viability and 
market acceptance.

Nomenclature

Aw		  water activity
ANOVA		  analysis of variance
DSF		  durian seed flour
GI		  glycemic index
GL		  glycemic load
PSF		  papaya seed flour
SEM		  scanning electron microscopy

TABLE 11   |   Chemical properties of cookies with the optimal 
concentration of lecithin.

Parameters

Formulation

P2 P7

Glycemic index (GI) 72.99 32.55

GI category High Low

Glycemic loada 10.55 4.64

GL category Medium Low

Note: P2 = cookies with 22.48% sucrose as sweetener; P7 = cookies with 28.10% 
erythritol and 0.02% stevia as sweetener.
aCalculation based on serving size 30 g.
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T1–T4		 treatment/formulation groups (lecithin 
optimization)

P1–P7		 panel/formulation groups (sweetener 
optimization)

Author Contributions

Tiffany Arista Sutanto and Giovanni Aurelia Belinda, B.Sc. in 
Biotechnology, performed most of the experiments and contributed 
to writing the paper, particularly the Methodology and Results and 
Discussion sections. Maria Goretti Marianti Purwanto, Ph.D. in 
Bioanalytical Chemistry, conceived and designed the experiments; 
analyzed and interpreted the data; secured the main research funding 
(covering reagents, materials, analytical tools, and data); wrote parts 
of the Introduction, Results and Discussion, and Conclusion sections; 
and served as the corresponding author. Ardhia Deasy Rosita Dewi, 
Ph.D. student in Food Technology analyzed and interpreted the data 
and contributed reagents and materials as part of the funded research 
team. Christina Mumpuni Erawati, Ph.D. student in Food Technology, 
analyzed and interpreted the data and contributed to manuscript writ-
ing, particularly in the Results and Discussion section. Tiffany Arista 
Sutanto and Giovanni Aurelia Belinda have contributed to the work 
equally and should be regarded as co-first authors.

Funding

The study was funded by Kementerian Riset Teknologi Dan Pendidikan 
Tinggi Republik Indonesia (10.13039/501100010447).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

1. V. D. Capriles, E. Valéria de Aguiar, F. Garcia dos Santos, 
et al., “Current Status and Future Prospects of Sensory and Consumer 
Research Approaches to Gluten-Free Bakery and Pasta Products,” Food 
Research International 173 (2023): Pt 2113389, https://doi.org/10.1016/j.
foodres.2023.113389.

2. Indonesian Ministry of Trade, Analysis of Strategic Food Commodity 
Imports: Wheat and Meslin 2024 (Indonesian Ministry of Trade, 2025).

3. Ministry of Health (Indonesia), Indonesian Food Composition Data 
- Home (Ministry of Health (Indonesia), 2023)Available: https://www.
panganku.org/en-EN/beranda.

4. A. P. Q. Larrosa, and D. M. Otero, “Flour Made From Fruit By-
Products: Characteristics, Processing Conditions, and Applications,” 
Journal of Food Processing and Preservation 45, no. 5 (2021): , https://
doi.org/10.1111/jfpp.15398e15398.

5. C. M. Ajila, K. Leelavathi, and U. J. S. Prasada Rao, “Improvement 
of Dietary Fiber Content and Antioxidant Properties in Soft Dough 
Biscuits With the Incorporation of Mango Peel Powder,” Journal of 
Cereal Science 48, no. 2 (2008): 319–326, https://doi.org/10.1016/j.
jcs.2007.10.001.

6. R. Premanath, M. L. Sudha, and K. Leelavathi, “Effect of Jackfruit 
Seed Flour on Physical, Nutritional, Sensory and Glycemic Index of 
Cookies,” Food Chemistry 297 (2019): 124132, https://doi.org/10.1016/j.
foodchem.2019.124132.

7. N. A. Aziz, L. H. Ho, B. Azahari, R. Bhat, L. H. Cheng, and M. N. M. 
Ibrahim, “Development and Validation of Analytical Methods for Ethyl 

Carbamate in Various Fermented Foods,” Food Chemisry 126, no. 3 
(2011): 1373–1379, https://doi.org/10.1016/j.foodchem.2010.11.110.

8. G. Aravind, B. Debjit, S. Duraivel, and G. Harish, “Traditional and 
Medicinal Uses of Carica Papaya,” Journal of Medicinal Plants Studies 
1, no. 1 (2013): 7–15.

9. T. A. Sutanto, D. C. G. Dealyn, J. Sukweenadhi, and M. G. M. 
Purwanto, “Sifat fisikokimia dan formulasi tepung biji durian (Durio 
zibethinus Murr.), tepung biji pepaya (Carica papaya), dan aplikasinya 
dalam crispy cheese cookies,” Teknologi Pangan: Media Informasi 
dan Komunikasi Ilmiah Teknologi Pertanian 15, no. 2 (2024): 181–194, 
https://doi.org/10.35891/tp.v15i2.4894.

10. E. Widiyawati, N. Ratnaningsih, and B. Lastariwati, “Daya terima 
dan zat gizi almond crispy coklat sebagai camilan alternatif berserat 
tinggi [Acceptability and Nutrient Content of Chocolate Crispy Almond 
as an Alternative High Fiber Snack],” Jurnal Teknologi & Industri Hasil 
Pertanian 26, no. 2 (2021): 91, https://doi.org/10.23960/jtihp.v26i2.94-101.

11. K. A. Kumar, and G. K. Sharma, “The Effect of Surfactants on 
Multigrain Incorporated Short Biscuit Dough and Its Baking Quality,” 
Journal of Food Measurement and Characterization 12, no. 2 (2018): 
1360–1368, https://doi.org/10.1007/s11694-018-9750-3.

12. A. Amandasari, “Utilization of Lecithin in Cookies: A Study on the 
Effect of Proportion of Brown Rice Flour and Peanut Tempeh Flour, 
and Concentration of Lecithin,” Undergraduate Thesis (Brawijaya 
University, 2009)Available: https://core.ac.uk/reader/290447000.

13. International Diabetes Federation, IDF Diabetes Atlas 11th Edition 
(International Diabetes Federation, 2025)Available: https://diabetesat-
las.org/resources/idf-diabetes-atlas-2025.

14. T. A. Mazi, and K. L. Stanhope, “Erythritol: An In-Depth Discussion 
of Its Potential to Be a Beneficial Dietary Component,” Nutrients 15, no. 
1 (2023): 204, https://doi.org/10.3390/nu15010204.

15. F. Fatmawati, I. A. Nuriah, S. F. Saefuddin, D. P. Azhary, and R. 
Santoso, “Xylitol Properties and Identification,” IOSR Journal of Applied 
Chemistry 14, no. 12 (2021): .

16. D. P. Singh, M. Kumari, H. G. Prakash, G. P. Rao, and S. Solomon, 
“Phytochemical and Pharmacological Importance of Stevia: A Calorie-
Free Natural Sweetener,” Sugar Tech 21, no. 2 (2019): 227–234, https://
doi.org/10.1007/s12355-019-00704-1.

17. E. Raczkowska, M. Bienkiewicz, and R. Gajda, “Modulation of the 
Glycaemic Index Value of Shortbread Cookies by the Use of Erythritol 
and Fruit Pomace,” Scientific Reports 14, no. 1 (2024): 14215, https://doi.
org/10.1038/s41598-024-65108-y.

18. E. Y. E. Sulistyawati, R. Rismaya, A. Fauziyyah, and M. Ulfah, 
“Effect of Stevia and Erythritol on Sensory, Microbiological, and 
Physicochemical Characteristics of Black Glutinous Rice Cookies,” 
Journal of Applied Agricultural Science and Technology 8, no. 3 (2024): 
331–346, https://doi.org/10.55043/jaast.v8i3.204.

19. E. M. Kutyła-Kupidura, M. Sikora, M. Krystyjan, et al., “Properties 
of Sugar-Free Cookies with Xylitol, Sucralose, Acesulfame <scp>K</
scp> and Their Blends,” Journal of Food Process Engineering 39, no. 4 
(2016): 321–329, https://doi.org/10.1111/jfpe.12222.

20. E. P. de Garmo, W. G. Sullivan, and J. R. Canada, Engineering 
Economy (Collier Macmillan, 1984).

21. National Standardization Agency, SNI 01-2891-1992: How to Test 
Food and Beverage (National Standardization Agency, 1992).

22. Association of Official Analytical Collaboration (AOAC) 
International, (1985): AOAC Official Method 985.29 Total Dietary Fiber 
in Foods Enzymatic-Gravimetric Method (1985): Available: https://
www.scribd.com/document/664234855/AOAC-Official-Method-985-
29-Total-Dietary-Fiber-in-Foods-Enzymatic-Gravimetric-Method-2.

23. Indonesian Food and Drug Authority, The Indonesian Food and 
Drug Authority Regulation No. 1 Year 2022 on the Supervision of Claims 

https://doi.org/10.13039/501100010447
https://doi.org/10.1016/j.foodres.2023.113389
https://doi.org/10.1016/j.foodres.2023.113389
https://www.panganku.org/en-EN/beranda
https://www.panganku.org/en-EN/beranda
https://doi.org/10.1111/jfpp.15398
https://doi.org/10.1111/jfpp.15398
https://doi.org/10.1016/j.jcs.2007.10.001
https://doi.org/10.1016/j.jcs.2007.10.001
https://doi.org/10.1016/j.foodchem.2019.124132
https://doi.org/10.1016/j.foodchem.2019.124132
https://doi.org/10.1016/j.foodchem.2010.11.110
https://doi.org/10.35891/tp.v15i2.4894
https://doi.org/10.23960/jtihp.v26i2.94-101
https://doi.org/10.1007/s11694-018-9750-3
https://core.ac.uk/reader/290447000
https://diabetesatlas.org/resources/idf-diabetes-atlas-2025
https://diabetesatlas.org/resources/idf-diabetes-atlas-2025
https://doi.org/10.3390/nu15010204
https://doi.org/10.1007/s12355-019-00704-1
https://doi.org/10.1007/s12355-019-00704-1
https://doi.org/10.1038/s41598-024-65108-y
https://doi.org/10.1038/s41598-024-65108-y
https://doi.org/10.55043/jaast.v8i3.204
https://doi.org/10.1111/jfpe.12222
https://www.scribd.com/document/664234855/AOAC-Official-Method-985-29-Total-Dietary-Fiber-in-Foods-Enzymatic-Gravimetric-Method-2
https://www.scribd.com/document/664234855/AOAC-Official-Method-985-29-Total-Dietary-Fiber-in-Foods-Enzymatic-Gravimetric-Method-2
https://www.scribd.com/document/664234855/AOAC-Official-Method-985-29-Total-Dietary-Fiber-in-Foods-Enzymatic-Gravimetric-Method-2


12 of 12 International Journal of Food Science, 2026

on Labels and Advertisements of Processed Food (Indonesian Food 
and Drug Authority, 2022)Available: https://peraturan.bpk.go.id/
Details/223956/peraturan-bpom-no-1-tahun-2022.

24. V. Kohajdová, J. Karovičová, and M. Lauková, “Physical, Textural 
and Sensory Properties of Cookies Incorporated With Grape Skin and 
Seed Preparations,” Polish Journal of Food and Nutrition Sciences 68, no. 
4 (2018): 309–317, https://doi.org/10.2478/pjfns-2018-0004.

25. Q.-Q. Yang, Z. Sui, W. Lu, and H. Corke, “Soybean Lecithin-
Stabilized Oil-in-Water (O/W) Emulsions Increase the Stability and 
In Vitro Bioaccessibility of Bioactive Nutrients,” Food Chemistry 338 
(2021): 128071, https://doi.org/10.1016/j.foodchem.2020.128071.

26. A. Hosen, A. Al-Mamun, M. A. Robin, U. Habiba, and R. Sultana, 
“Maillard Reaction: Food Processing Aspects,” North American 
Academic Research (NAAR) Journal 4, no. 9 (2021): 44–52, https://doi.
org/10.5281/zenodo.5516169.

27. W. Joymak, S. Ngamukote, P. Chantarasinlapin, and S. 
Adisakwattana, “Unripe Papaya By-Product: From Food Wastes to 
Functional Ingredients in Pancakes,” Foods 10, no. 3 (2021): 615, https://
doi.org/10.3390/foods10030615.

28. M. Adna Ridhani, and N. Aini, “Potensi Penambahan Berbagai Jenis 
Gula Terhadap Sifat Sensori Dan Fisikokimia Roti Manis: Review,” 
Pasundan Food Technology Journal 8, no. 3 (2021): 61–68, https://doi.
org/10.23969/pftj.v8i3.4106.

29. N. L. Mohamad, S. M. Mustapa Kamal, and M. N. Mokhtar, “Xylitol 
Biological Production: A Review of Recent Studies,” Food Reviews 
International 31, no. 1 (2015): 74–89, https://doi.org/10.1080/87559129
.2014.961077.

30. K. Regnat, R. L. Mach, and A. R. Mach-Aigner, “Erythritol as 
Sweetener—Wherefrom and Whereto?,” Applied Microbiology and 
Biotechnology 102, no. 2 (2018): 587–595, https://doi.org/10.1007/
s00253-017-8654-1.

31. M. Vatankhah, F. Garavand, A. Elhamirad, and M. Yaghbani, 
“Influence of Sugar Replacement by Stevioside on Physicochemical and 
Sensory Properties of Biscuit,” Quality Assurance and Safety of Crops & 
Foods 7, no. 3 (2015): 393–400, https://doi.org/10.3920/QAS2014.0396.

32. S. Gong, B. Xu, X. Gu, et al., “Study on the Effects of Sugar 
Alcohols Andangelica Keiskeiflour on Cookie Quality, Antioxidant, 
and Nutrition,” Cereal Chemistry 97, no. 3 (2020): 714–722, https://doi.
org/10.1002/cche.10287.

33. B. Nastaj, B. G. Sołowiej, K. Terpiłowski, W. Kucia, I. B. Tomasevic, 
and S. Pérez-Huertas, “The Effect of Erythritol on the Physicochemical 
Properties of Reformulated, High-Protein, and Sugar-Free Macarons 
Produced From Whey Protein Isolate Intended for Diabetics, Athletes, 
and Physically Active People,” Foods 12, no. 7 (2023): 1547, https://doi.
org/10.3390/foods12071547.

34. B. Soetrisno, “The Effect of Using Stevia Leaves as a Natural 
Sweetener on the Organoleptic Characteristics of Pineapple Tart Jam,” 
J. Akad. Par. Majapahit 4, no. 2 (2018): .

35. K. Y. Wong, Y. Y. Thoo, C. P. Tan, and L. F. Siow, “Moisture 
Absorption Behavior and Thermal Properties of Sucrose Replacer 
Mixture Containing Inulin or Polydextrose,” Applied Food Research 2, 
no. 1 (2022): 100089, https://doi.org/10.1016/j.afres.2022.100089.

36. K. N. Mihooliya, J. Nandal, H. Verma, and D. K. Sahoo, “Erythritol: 
A Sugar Substitute,” in High Value Fermentation Products (Wiley, 2019), 
265–284, https://doi.org/10.1002/9781119460053.ch11.

37. S. J. Masoumi, S. Ranjbar, and V. Keshavarz, “The Effectiveness 
of Stevia in Diabetes Mellitus: A Review,” International Journal of 
Nutrition Sciences 5, no. 2 (2020): 45–49, https://doi.org/10.30476/
IJNS.2020.85311.1056.

38. W. Tan, S.-Y. Tan, and C. Henry, “Ethnic Variability in Glycemic 
Response to Sucrose and Isomaltulose,” Nutrients 9, no. 4 (2017): 347, 
https://doi.org/10.3390/nu9040347.

39. M. Grembecka, “Sugar Alcohols—Their Role in the Modern World 
of Sweeteners: A Review,” European Food Research and Technology 241, 
no. 1 (2015): 1–14, https://doi.org/10.1007/s00217-015-2437-7.

40. L. K. Dewi, R. Milenia, L. S. Islam, and B. Ismuyanto, “Pengaruh 
Suhu Ekstraksi dan Kecepatan Pengadukan terhadap Karakteristik 
Crude Ekstrak Stevia,” Jurnal Teknik Kimia USU 13, no. 2 (2024): 71–79, 
https://doi.org/10.32734/jtk.v13i2.17131.

41. Indonesian Food and Drug Authority, Indonesian Food and Drug 
Authority Regulation No. 26 of 2021 on Nutritional Information on 
Processed Food Labels (Indonesian Food and Drug Authority, 2021).

42. I. Kusumastuty, D. Handayani, Y. I. K. D. Affandy, N. Attamimi, 
A. M. Innayah, and D. A. Puspitasari, “Kepatuhan Diet Berbasis Beras 
Coklat terhadap Glukosa Darah dan Lemak Tubuh Pasien Diabetes 
Mellitus,” Indonesian Journal of Human Nutrition 8, no. 2 (2021): 182–
194, https://doi.org/10.21776/ub.ijhn.2021.008.02.9.

43. B. J. Venn, and T. J. Green, “Glycemic Index and Glycemic Load: 
Measurement Issues and Their Effect on Diet–Disease Relationships,” 
European Journal of Clinical Nutrition 61, no. S1 (2007): S122–S131, 
https://doi.org/10.1038/sj.ejcn.1602942.

44. S. Vega-López, B. J. Venn, and J. L. Slavin, “Relevance of the 
Glycemic Index and Glycemic Load for Body Weight, Diabetes, and 
Cardiovascular Disease,” Nutrients 10, no. 10 (2018): 1361, https://doi.
org/10.3390/nu10101361.

https://peraturan.bpk.go.id/Details/223956/peraturan-bpom-no-1-tahun-2022
https://peraturan.bpk.go.id/Details/223956/peraturan-bpom-no-1-tahun-2022
https://doi.org/10.2478/pjfns-2018-0004
https://doi.org/10.1016/j.foodchem.2020.128071
https://doi.org/10.5281/zenodo.5516169
https://doi.org/10.5281/zenodo.5516169
https://doi.org/10.3390/foods10030615
https://doi.org/10.3390/foods10030615
https://doi.org/10.23969/pftj.v8i3.4106
https://doi.org/10.23969/pftj.v8i3.4106
https://doi.org/10.1080/87559129.2014.961077
https://doi.org/10.1080/87559129.2014.961077
https://doi.org/10.1007/s00253-017-8654-1
https://doi.org/10.1007/s00253-017-8654-1
https://doi.org/10.3920/QAS2014.0396
https://doi.org/10.1002/cche.10287
https://doi.org/10.1002/cche.10287
https://doi.org/10.3390/foods12071547
https://doi.org/10.3390/foods12071547
https://doi.org/10.1016/j.afres.2022.100089
https://doi.org/10.1002/9781119460053.ch11
https://doi.org/10.30476/IJNS.2020.85311.1056
https://doi.org/10.30476/IJNS.2020.85311.1056
https://doi.org/10.3390/nu9040347
https://doi.org/10.1007/s00217-015-2437-7
https://doi.org/10.32734/jtk.v13i2.17131
https://doi.org/10.21776/ub.ijhn.2021.008.02.9
https://doi.org/10.1038/sj.ejcn.1602942
https://doi.org/10.3390/nu10101361
https://doi.org/10.3390/nu10101361




Editorial Board - International Journal of Food Science - Wiley Onlin... https://onlinelibrary.wiley.com/page/journal/1796/homepage/editorial...

1 of 6 24/06/2026, 14:23

I 
International Journal of 
Food Science 

Editorial Board 

Chief Editor 

:· Forward 
Series 

• Giorgia SpignCJO, OiSTAS, Department for Sustainable Food Process, Universita Cattolica del Sacro 
cuore, Italy 

Assistant Editor 
• Munmun Bardhan, Wiley, India 

Academic Editors 
• Sara AbldarO, Faculty of Sciences and Technology of Tangier, University Abdelmalek Essaadl, 

Morocxo 
• Palfse Adadl , University of Otago, New Zealand 
• lshtlaque Ahmad:). University of Veterinary and Animal Sciences, Pakistan 
• Narashans Alok Saga • • Chandigarh University, India 
• Mustafa ~mil Argur<}. selcuk University, Turkey 
• l.<llba Arshad:). Forman Christian College {A Chartet"ed University). Pakistan 
• Oguz AydemiJ'C, Cankiri Karatekin University, Turkey 
• Luqmon Azeezt). Osun State University. Nigeria 
• Ahmed Noah BadrQ. National Research Centre, Egypt 
• Alper Baran , Atat:Ork university, Turkey 
• Douglas Fernandes Barbin~ University of Camplnas. Brazil 
• cameron Bardsley , USDA·ARS SOutheastern Fruit and Tree-Nut Research l.<lboratory, USA 
• Andrea Bassanl, Unlverslttl Cattollca del Sacro Cuore. Campus dl Placenza e Cremona. Italy 
• Morte Be~ Waseda University, Japan 
• HOseyln Bozkuno;:, Department of Food Engineering Faculty of Engineering University of Gazlantep, 

Turkey 
• Sukan Braspaiboon:>, Faculty of Agro-lndustly, Chiang Mai University, Thailand 
• Luyun cal , Zllejlang University, China 
• Hi.ilya ~akmaiQ. Izmlr Klltip ~elebl University, Turkey 
• dalrmont Clementson:) North Dakota State UniVersity, USA 
• Rosana ColussiO, Federal University of Pefotas. Brazil 
• Rodrigo Contreras!) The Not Company, 01ile 



–

–

–

Editorial Board - International Journal of Food Science - Wiley Onlin... https://onlinelibrary.wiley.com/page/journal/1796/homepage/editorial...

2 of 6 24/06/2026, 14:23

• Philip W. Cox, School of Chemical Engineering, University of Birmingham, United Kingdom 
• Gustavo de Souza Matia , University State of Parana- UNESPAR, Brazil 
• Rang Di8 , Rutgers University, USA 
• Qingli Dong8 , University of Shanghai for Science and Technology, China 
• I mad Abdelhamid El Hacie , Centre de Recherche scientifique et technique en Analyses Physico­

Chimiques CRAPC, Algeria 
• Gamal EI-Sherbin , Professor of Medical Microbiology, Botany and Microbiology Dept. Faculty of 

Science, AI-Azhar University, Madient Nasr, Egypt 
• Arnold Elepano , University of the Philippines Los Banos, Philippines 
• Arputharaj Emmanuvel , University of Maryland Baltimore, USA 
• Oluwaseyi Fadele , Forestry Research Institute of Nigeria, Nigeria 
• Dima Faour-Kiingbeile , Michigan State University, Germany 
• Reis Felipe , Federal Institute of Parana, Brazil 
• Asnake Fikre, Erhiopian Agriculture research Institute, Ethiopia 
• Guilherme Furtado , Federal University of Sao Carlos (UFSCar), Brazil 
• Pratik Gaikwad8 , School of Biotechnology and Bioinformatics, D Y Patil Deemed to be University, 

Navi Mumbai 400614, Maharashtra, India 
• jose Alberto Gallegos-lnfantee , TecNM/Instituto Tecnologico de Durango, Mexico 
• Mohsen Gavahian , National Pingtung University of Science and Technology, Taiwan 
• Lukasz Gierze , Poznan University of Technology, Poland 
• Mary Gikungu, Natl Museums Kenya, Dept Zoo I, Nairobi, Kenya 
• Yeun-Hwa Gue , Department of Radiological Science, japan 
• Shailendra Gurav , Goa College of Pharmacy, Panaji, Goa University, India 
• Nestor Guth~rrez-Mendeze, Universidad Auto noma de Chihuahua, Mexico 
• Hadi Hashemi Gahrui , Shiraz University, Iran 
• Marcos Herkenhofftt, Santa Catarina State University, Brazil 
• Eduardo Hernandez Yaneze, Technical University of Catalonia, Spain 
• Khemayanto Hidayate , Soochow University, People's Republic of China 
• junming Hou. , Shenyang Agricultural University, China 
• Qingrong Huang, Rutgers University, USA 
• Shahzad Zafar lqbale , Government College University Faisalabad, Pakistan 
• Shigeru Itch, Kumamoto University, japan 
• Adams lyiola , Osun State University, Nigeria 
• lrwandi jaswir, Department of Biotechnology Engineering Faculty of Engineering International 

Islamic University Malaysia (IIUM) Gombak, Malaysia 
• Md. Fa had jubayere . Sylhet Agricultural University, Bangladesh 
• Senem Kamiloglue , Bursa Uludag University, Turkey 
• Pothiyappan Karthik, Karpagam Academy of Higher Education, India 
• Aydin Kilice , University of RTE, Faculty of Tourism, Department of Gastronomy, Turkey 
• Prasat Kittakoop , Chulabhorn Graduate Institute, Thailand 
• Navneet Kumare , Indian Council of Agricultural Research National Academy of Agricultural 

Research Management, India 
• Viktar Lemiasheuskie , Belarusian state university, Belarus 
• Anna lepecka , Institute of Agricultural and Food Biotechnology State Research Institute, Poland 
• Hugo Lisboae , Universidade Federal Campina Grande, Brazil 
• Archana Mahapatra, ICAR-Nationallnstitute of Secondary Agriculture, Ranchi, India 
• Santanu Malakare , NIFTEM-K, India 
• Yuezhong Mao , Zhejiang Gongshang University, China 
• Mohamed E. S. Mirghani, Nanoscience; Nanotechnology Research Group, Department of 

Biotechnology Engineering, Faculty of Engineering, International Islamic University Malaysia, 
Malaysia 



–

Editorial Board - International Journal of Food Science - Wiley Onlin... https://onlinelibrary.wiley.com/page/journal/1796/homepage/editorial...

3 of 6 24/06/2026, 14:23

• Chandra Mohan c.e , Anna University, India 
• Dimas Rahadian Aji Muhammad , Universitas Sebelas Maret, Indonesia 
• Avik Mukherjee , Central Institute of Technology Kokrajhar, India 
• joncer Naibaho , Teagasc Ashtown Food Research Centre, Ireland 
• Vikas Nandae , Sant Longowal institute of Engg. and Tech., India 
• llhami Okure, University of Nebraska-Lincoln, USA 
• Aylin Celile Oluk8, Republic of Turkiye Ministry of Agriculture and Forestry, General Directorate of 

Agricultural Research and Policies, Eastern Mediterranean Agricultural Research Institute, Turkey 
• Samson Oyeyinka. , University of Lincoln, United Kingdom 
• Antonio Manuel Pere , Institute Politecnico de Bragan~a. Portugal 
• Arshied Manzoore , Khalifa University, UAE, United Arab Emirates 
• Guillermo Petzold, Universidad del Bio-Bio, Chile 
• Pramod Prabhakare , National Institute of Food Technology Entrepreneurship and Management, 

Kundli, Sonepat, India 
• jose M. Prieto , University College London, d Kingdom 
• Mahendran Radhakrishnane , National Institute of Food Technology, Entrepreneurship and 

Management Thanjavur, India 
• Florencio Collado Reginio , Institute of Food Science and Technology, University of the Philippines 

Los Banos, Philippines 
• jesus Rodriguez-Miranda , Tecnologfco Nacional de Mexico Campus Tuxtepec, Mexico 
• Srutee Route , Indian Institute of Technology Kharagpur, India 
• Winny Routray , National Institute of Technology Rourkela, India 
• Swarup Roy , Department of Food Technology and Nutrition, School of Agriculture, Lovely 

Professional University, Phagwara, Punjab 144411, India 
• Arham Ruslie , Pangkep State Polytechnic of Agriculture, Indonesia 
• Murali S8 , !CAR-Central Institute of Fisheries Technology, Kechi, India 
• Donlaporn Saetaee , Mahidol University, Thailand 
• Deepanka Saikia , Centurion University of Technology and Management, India 
• Ivan Salmerone , Universidad Aut6noma de Chihuahua, Mexico 
• Oliver Schluter, Leibniz Institute for Agricultural Engineering, Germany 
• jose Segura • • Complutense University of Madrid, Spain 
• Eng Keng Seow , Universiti Teknologi MARA, Malaysia 
• Dr Ayaz Mukarram Shaikh , University of Debrecen, Hungary 
• Panagiotis Simitzis , Agricultural University of Athens, Greece 
• Amarat (Amy) Simonne , University of Florida, USA 
• Ajay Singh , Department of Food Technology, Mata Gujri College, India 
• Paramjeet Singh Panesal'i , Sant Longowallnstitute of Engineering and Technology, Longowal, 

India 
• jiajia Song, Southwest University, China 
• Mattia Spano, Department of Chemistry and Technology of Drugs, Sapienza University of Rome, 

Italy 
• Kandi Sridhare , IN RAe, lnstitut Agro Rennes Angers, Rennes, France 
• Clarice Steffens , Universidade Regionallntegrada do Alto Uruguai e das Missoes, Brazil 
• Ozge Sufere , Osmaniye Korkut Ata University, Turkey 
• Raj at Suhag , Free University of Bozen-Bolzano, Italy 
• Muhammad Sultane , Bahauddin Zakariya University, Pakistan 
• Biao Suo , Henan Agricultural University, China 
• Elad Taka , Cornell University, USA 
• Stephana Tambo Tenee , University of Dschang, Cameroon 
• jinlong Tian , Shenyang Agricultural University, China 
• Thierry Thomas-Danguin8 , IN RAE, France 



Enter email

Editorial Board - International Journal of Food Science - Wiley Onlin... https://onlinelibrary.wiley.com/page/journal/1796/homepage/editorial...

4 of 6 24/06/2026, 14:23



Editorial Board - International Journal of Food Science - Wiley Onlin... https://onlinelibrary.wiley.com/page/journal/1796/homepage/editorial...

5 of 6 24/06/2026, 14:23

ABOUT WILEY ONLINE LIBRARY 

Privacy Policy 

Terms of Use 

About Cookies 

Manage Cookies 

Accessibility 

Wiley Research DE&I Statement and Publishing Policies 

HELP & SUPPORT 

Contact Us 

Training and Support 

DMCA & Reporting Piracy 

Site map 

OPPORTUNITIES 



Editorial Board - International Journal of Food Science - Wiley Onlin... https://onlinelibrary.wiley.com/page/journal/1796/homepage/editorial...

6 of 6 24/06/2026, 14:23

Subscription Agents 

Advertisers & Corporate Partners 

CONNECT WITH WILEY 

The Wiley Network 

Wiley Press Room 

Copyright© 1999-2026 John Wiley & Sons, Inc or related companies. All rights reserved, including rights for text and data mining 

and training of artificial intelligence technologies or similar technologies. 



Article Index - International Journal of Food Science - Wiley Online ... https://onlinelibrary.wiley.com/index/1796

1 of 6 24/06/2026, 14:22

I 
International Journal of 

Food Science :· Forward 
Series 

All International journal of Food Science Articles 

..,.. Filters 

1-20 of873 results t~ Date v 

" Elcport Clt.alfon(s) 

Review Article ~ Open Access 

Effects of ttae Addition of Starches and Storage Duration on the Chemical 
Composition, Physicochemical, Rheoloalcal, and Sensory Properties ofYoahurt A 
Review 

Ngoualem ~ah Franklin, Ndjouenket~ Robert 

First published: 23 june 2.026 

Abstract F\111 text ePub PDF References 

RevieW Article ~ Op•n Ace us 

Microbial Ecology at the Nexus of Food Safety and Biotechnology With Ecololfcal 
Mechanisms, Risks, and Emergln, Innovations 

jackllne A. Tepson, Daniels. Agylrtfo 

First published: 23 june 2.026 

Abstract F\111 text ePub PDF References 

RevieW Article ~ Op•n Ace us 

Recent Advances In Microbial Levan Production: Strategies tor Yield Enhancement 
and Sustalnablllty 



Article Index - International Journal of Food Science - Wiley Online ... https://onlinelibrary.wiley.com/index/1796

2 of 6 24/06/2026, 14:22

Emmanuel N. Nkuruemma, Priscilla B.S. Albuquerque, lrapuan 0. Pinheiro 

First published: 22june 2026 

Abstract Full text ePub PDF References 

Research Article 8 Open Access 

Antioxidant Capacity Alterations in Bangladeshi Underutilized Fruits: lnsightsFrom In 
Vitro Gastrointestinal Digestion Studies 

Majbaul Alam, Shreef Mahmood, Nusratjahan, Towkir Ahmed Ove, 

Noor Hassan Mohammad Rubel Mozumder, Habiba Khatun 

First published: 20 june 2026 

Abstract Full text ePub PDF References 

Research Article 8 Open Access 

Microbial Contamination, Hygienic Practices, and Antimicrobial Resistance Patterns 
of Food Milling Machines in Somanya, Ghana 

Benjamin Atta Frimpong, Aboagye Kwarteng Dofuor, Seyram Kofi Loh 

First published: 17 june 2026 

Abstract Full text ePub PDF References 

Research Article 8 Open Access 

Chemophysical Characterization of Carotenoproteins From Crustacean Shell Waste 
for Pharmaceutical Applications 

Luisa Di Paola, Gabriella Caruso, Francesca Manganiello, Chiara Bianca Maria Platania, 

Adriana Albini, Douglas Noonan, Claudio Serangeli 

First published: 15 june 2026 

Collections: Sustainable Utilization of Seafood By-Products: From Waste to Valuable Biomolecules 

Abstract Full text ePub PDF References 

Review Article 8 Open Access 

The Effect of Ipomoea batatas on Glycemic Control and Lipid Profiles in Animal 
Models: A Systematic Review and Meta-Analysis 

Hapsari Sulistya Kusuma, Mohammad Sulchan, Heri-Nugroho H. 5., Suhartono Suhartono, 

Diana Nur Afifah, Endang Mahati, Arimi Fitri Mat Ludin, Adriyan Pramono 

First published: 15 june 2026 

Abstract Full text ePub PDF References 



Article Index - International Journal of Food Science - Wiley Online ... https://onlinelibrary.wiley.com/index/1796

3 of 6 24/06/2026, 14:22

Research Article 8 Open Access 

Ultrasound- and Enzyme-Assisted Protein Extracts From Sprouted Moringa o/eifera 

Seeds as Functional Egg Yolk Replacers in Sustainable Plant-Based Mayonnaise 

Ruth-Ann Yaa Frimpong, Nicole Sharon Affrifah,joris Gerald Niilante Amissah, Firibu Kwesi Saalia 

First published: 15 june 2026 

Abstract Full text ePub PDF References 

Research Article 8 Open Access 

Nutritional Composition, Phenolic Profile, Antioxidant, and Antimicrobial Activity of 

Bilberry, Lingonberry, and Blueberry Cultivars 

Emmanuel Duah Osei, Anthony Amotoe-Bondzie, Alfred Elikem Kwami Afedzi, Eva lvanisova, 

L:ubos Harangozo, julius Arvay, Dominika Durkacova, Christian R. Encina-Zelada, Branislav Galik, 

Miroslava Kacaniova, Newlove Akowuah Afoakwah 

First published: 13 june 2026 

Abstract Full text ePub PDF References 

Research Article 8 Open Access 

Optimization of Gluten-Free and Low-GI Crispy Cookies From Agrowaste Flours Using 
Nutritional Sweetener and Lecithin: A Qualitative and Functional Assessment 

Tiffany Arista Sutanto, Giovanni Aurelia Belinda, Christina Mumpuni Erawati, 

Ardhia Deasy Rosita Dewi, Maria Goretti Marianti Purwanto 

First published: 12june 2026 

Abstract Full text ePub PDF References 

Research Article 8 Open Access 

Antioxidant Potential of a Wide Range of Commercial Fruit Powders and Grits for 
Food Applications 

lga Rybicka, Ma~orzata Stanisz, Katarzyna Kupska, joanna Pawlicka-Kaczorowska, Beata Zielinska, 

Wtodzimierz Grajek, Anna Gliszczynska-Swig+o 

First published: 10 june 2026 

Abstract Full text PDF References 

Review Article 8 Open Access 

High-Value Transformation of Rice-Derived Bioactive Peptides for Multiscenario 
Applications: From AI-Aided Design to Molecular Modification 

Tianle Yao, jie Yao, Qian Zhang, Mengt ian Huang, Yu Han, Qin Li, Mengyuan Zhang, Li Li 

adminperpust
Highlight



’

Article Index - International Journal of Food Science - Wiley Online ... https://onlinelibrary.wiley.com/index/1796

4 of 6 24/06/2026, 14:22



‘ ’ ‘ ’

Article Index - International Journal of Food Science - Wiley Online ... https://onlinelibrary.wiley.com/index/1796

5 of 6 24/06/2026, 14:22

Hoang Thi Ngoc Nhon, Luu Thi Quynh Hoa, Nguyen Van Anh, Le Thi Hong Anh 

First published: 26 May 2026 

Abstract Full text PDF References 

Research Article 8 Open Access 

Assessment of Potato Postharvest Loss in Awi and South Gondar Zones, Amhara 
Region, Ethiopia 

Behailu Bisenebet Massie, Birhanu Ayitegeb Ambaw, Aynadis Molla Asemu, 

Wendu H/Michael H/Meskel, Mesfin Wogayehu Tenagashaw, Zenamarkos Bantie Sendekie 

First published: 26 May 2026 

Abstract Full text PDF References 

Research Article 8 Open Access 

Comparative Analysis of Organoleptic Preference and External Attractiveness of 
Encore and Nadorcott Mandarin Cultivars 

Beatriz Duarte, Pedro Matias, Ana Rita Trindade, Am ncar Duarte 

First published: 24 May 2026 

Abstract Full text PDF References 

Research Article 8 Open Access 

Preparation and Properties of Camellia o/eifera Fruit Shell Cellulose Nanoparticle 
Material for Selective Enrichment of Histidine Proteins From Foods 

Yunong Tian, We nyu an Li, Lu Li, Dandan Li, Yulin Liu, Xiaoyue Tang, Yong Ye 

First published: 22 May 2026 

Abstract Full text PDF References 

1 2 3 4 5 6 7 > 

ABOUT WILEY ONLINE LIBRARY 

Privacy Policy 

Terms of Use 

About Cookies 

Manage Cookies 

Accessibility 

Wiley Research DE&I Statement and Publishing Policies 



Article Index - International Journal of Food Science - Wiley Online ... https://onlinelibrary.wiley.com/index/1796

6 of 6 24/06/2026, 14:22

HELP & SUPPORT 

Contact Us 

Training and Support 

DMCA & Reporting Piracy 

Site map 

OPPORTUNITIES 

Subscription Agents 

Advertisers & Corporate Partners 

CONNECT WITH WILEY 

The Wiley Network 

Wiley Press Room 

Copyright© 1999-2026 john Wiley & Sons, Inc or related companies. All rights reserved, including rights for text and data mining 
and training of artificial intelligence technologies or similar technologies. 









α

κ α

α

<a href="https://www.scimagojr.com/journalsearch.p





International Journal of Food Science https://www.scimagojr.com/journalsearch.php?q=21100466403&tip=...

6 of 6 24/06/2026, 14:27





日本語版を表示する

蜼看简体中磷襔本

查看糍體中磷版本

Просмотр версии на русском языке


	IJFS Maria 2026 Glutenfree and Low GI crispy cookies.pdf
	Optimization of Gluten-Free and Low-GI Crispy Cookies From Agrowaste Flours Using Nutritional Sweetener and Lecithin: A Qualitative and Functional Assessment
	1. Introduction
	2 | Materials and Methods
	2.1 | Materials
	2.2 | Preparation of DSF
	2.3 | Preparation of PSF
	2.4 | Preparation of the Chocolate Crispy Cookies With Lecithin
	2.5 | Preparation of the Chocolate Crispy Cookies With Low-Glycemic Sweeteners
	2.6 | Sensory Analysis
	2.7 | Physical Analysis
	2.8 | Proximate Analysis
	2.9 | Determination of GI and Load
	2.10 | Statistical Analysis

	3 | Results and Discussion
	3.1 | The Development of Cookies With Lecithin
	3.1.1 | Physical Analysis
	3.1.2 | Organoleptic Analysis
	3.1.3 | Determination of the Optimal Formulation

	3.2 | The Development of Cookies With Combined Low-Glycemic Sweeteners
	3.2.1 | Organoleptic Analysis
	3.2.2 | Determination of Optimal Formulation
	3.2.3 | Physical Analysis
	3.2.4 | Proximate Analysis
	3.2.5 | GI and GL


	4 | Conclusions
	Author Contributions
	Funding
	Conflicts of Interest
	Data Availability Statement





