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Abstract: Evidence from the scientific community suggests that high levels of added sugar con-
sumption contribute to the global epidemics of glucose intolerance, diabetes, and cardiovascular
disease. The study aims to develop a local traditional food product (Kleicha) with healthy ingredients
and to take advantage of the most productive crops in Saudi Arabia, namely dates, where Khalas
date powder and molasses will be manufactured as an alternative to sugar in the Kleicha product.
Six Kleicha samples with different fillings were manufactured as follows: Kleicha filled with sugar
filling (KS), Kleicha with Khalas date powder filling (KD), Kleicha filled with Khalas date molasses
filling (KM), Kleicha filled with sugar and Khalas date powder (1:1) filling (KSD), Kleicha filled
with sugar and Khalas date molasses (1:1) filling (KSM), and Kleicha filled with Khalas date powder
and Khalas date molasses (1:1) filling (KDM). In order to evaluate the prepared Kleicha samples,
the proximate chemical composition, mineral content, phytochemical content and their antioxidant
activities, sugar profiles using HPLC, in vitro glycemic index, glycemic load, and sensory evaluation
were investigated. The results indicated that KM had the highest moisture content, while the KS
sample had the lowest content. KD and KM had significantly higher ash contents compared with the
other Kleicha samples. The protein and fat contents did not differ significantly. KD, KSD, and KDM
demonstrated a significantly higher dietary fiber content than the other Kleicha samples. KS had
the highest value of available carbohydrates. Regarding mineral content, the KDM sample had the
highest K, Na, Ca, and P contents, while KD and KM had the highest Mg, Fe, and Mn contents. The
Cu content indicated that KM had the highest content, representing a 25% increase compared with KS.
Similarly, the Zn content in KM and KSD was significantly higher than in the other Kleicha samples.
Replacing sucrose with Khalas date or molasses significantly changed the sucrose, glucose, and
fructose contents. The phenolic content in KD, KM, and KDM was higher compared with KS, KSM,
and KSD. Furthermore, the oxidative activity increased associatively with the addition of Khalas
date powder and molasses. The percentage of sucrose decreased in KD and KDM. There was no
significant difference in the general acceptance rate between the control sample and the other samples
containing Khalas date powder, Khalas date molasses, and sugar or their mixture. In conclusion, it is
possible to replace the sugar in the filling of the Kleicha with Khalas date powder and molasses or
their mixture as it increases the health benefits; scaling up is recommended.

Keywords: Kleicha; dates; Khalas date powder; Khalas date molasses; sugar substitution; nutrition

1. Introduction

Dates are rich in certain nutrients and are widely consumed in many countries, partic-
ularly in the Arab countries. Date palm is the highest fruit that contains sugars, and these
ingredients vary according to the nature of the fruit, while dates are a concentrated source
of sugar [1]. It is easily absorbed by the body and quickly reaches the blood and tissues.
They are considered to have a lower glycemic load than other refined sugars. Dates are
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a rich source of multiple vitamins, minerals, polyphenols [2], and fiber [3]. The date fruit
industry in Saudi Arabia is the largest in the world.

Date fruit (P. dactylifera) is one of the most important crops. It has been cultivated
primarily for cultural, nutritional, environmental, religious, and social development pur-
poses [4,5]. Dates can be found in numerous varieties, which differ from each other based
on shape and organoleptic properties [4,6–8]. Date sugar, a by-product of date fruit pro-
cessing, has the potential to replace white sugar in some recipes. Nutritionally, 100 g of
cane sugar has 387 kcal of energy, 0 g of fiber, 0.05 mg of iron, 2 mg of potassium, 0.01 mg
of zinc, and 0.007 mg of copper. On the other hand, 100 g of dates contains 282 calories, 8 g
of fiber, 1.02 mg of iron, 656 mg of potassium, 0.29 mg of zinc, and 0.206 mg of copper [1,9].
As an alternative to sugar cane, date sugar may be used as a sweetener and would supply
more than simply calories because of its high nutrient content and possible health benefits.
Date fruit mainly comprises carbohydrates, ranging from 40 to more than 80% based on
dry weight, depending on the cultivated variety. The evaluated sugars in dates, such as
glucose, fructose, and sucrose, were found to vary in amounts, ranging from 2 to 95%,
depending on the dates’ variety; the highest glucose content of 95.4% was found in the
Khalas variety. Date fruit is considered to be a rich source of dietary fiber, ranging from 2 to
8%; the highest fiber content of 8% was found in the Deglet-Noor variety, mostly cultivated
in Algerian and Tunisia. The well-known Moroccan date variety Medjool also contains a
high amount of fiber, reaching 6.7%. In comparison, the lowest amount of 2.7% was found
in the Lulu variety from the United Arab Emirates [10]. Median amounts of fiber of 4.35%
were found in Sukkari dates cultivated from Saudi Arabia [11]. Dates’ dietary fiber consists
of good quality fiber fractions such as β-glucans, arabinoxylans, and cellulose, providing an
excellent source of dietary fiber, even better than that of cereals [8]. Dates contain extremely
low amounts of fat and protein [7,12,13]. Dates are considered a relatively good source of
different vitamins, mainly B complex: thiamine, riboflavin, and niacin [10]. Other studies
have reported a relatively high content of tocopherols based on fresh weight for α-, β-, and
γ-tocopherol [14]. Some date varieties may also contain vitamin C in relative amounts but
higher than that found in dried fruits such as apricots, figs, and raisins [7,13]. Minerals
such as potassium, calcium, and magnesium are found in relatively high amounts in dates,
ranging from 0.05–0.9%. The highest element found in dates is mostly potassium, followed
by calcium, iron, phosphorus, sodium, and copper [5,12]. The high potassium and low
sodium content in dates provide an excellent product for hypertensive individuals [15].
Several detected phenolic compounds were found in various date varieties [16], represent-
ing date fruits as rich sources of polyphenols. Such a high and wide variety of phenolic
compounds can play a major role in elevating the antioxidant potential by inhibiting lipid
peroxidation and evaluating antioxidant activities [17]. Dates also contain carotenoids
and phytosterols, which are reported to have a strong antioxidant capacity [8]. Dates’
bioactive components have been demonstrated to promote several health-beneficial effects.
Incorporating other nutritive ingredients besides dates can provide intensive boosters to
dates’ functional properties [1,18].

Khalas dates are considered one of the best dates in the Al Qassim region and one
of the excellent commercial varieties desired in the markets as they retain their good
flavor when stored for a long time. It is a great source of carbohydrates, dietary fiber,
and important minerals [19], and the high sources of antioxidants help protect the body
against harm from harmful free radicals [20]. In addition, it is common in Middle Eastern
cooking and can be eaten fresh or dried. Date powder is a raw product of dates that varies
according to the type and quality of dates. Dates were dried and ground only and not
separated from all their properties and nutritional benefits due to their soluble sugars,
fiber, polyphenols, vitamins, and mineral content [1,18]. Today, it could provide a healthier
substitute for white sugar and other artificial sweeteners [1]. It is also added to many
products, foods, and sweets because of its benefits, as it is used as an alternative to sugar
in many food industries [18,21,22]. Date powder helps lower blood cholesterol; prevent
atherosclerosis, cancer of the large intestine, and hemorrhoids; reduce the formation of
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gallstones; and facilitate pregnancy, childbirth, and puerperium because it contains good
fiber and fast-digesting sugar [23–25]. Date molasses is a dark brown drink of thick texture,
tastes very sweet, and is extracted from the fruits of dates. The methods of making molasses
are as follows: The extraction process either occurs warmly or without heat, producing
molasses. But, for each method, a different molasses quality in color grade is obtained; the
cold method produces yellowish-red molasses (golden), and the hot method results in a
dark brown color [26].

Traditional foods in Saudi Arabia are integral to the country’s culture and heritage.
These foods have been passed down from generation to generation and reflect the region’s
unique history, geography, and climate. One is the traditional sweet (Kleicha), which
contains flour dough with sugar and fat, and is filled with sugar. It is a local product high in
calories and added sugar. According to the traditional method, a cup of wheat flour, white
flour, two tablespoons of powdered milk, two tablespoons of sugar, half a cup of olive oil,
and a cup of warm water re mixed to form a dough. The dough is filled with a cup of fine
sugar; a tablespoon of ground black lemon; a pinch of salt; and a teaspoon of cardamom,
cinnamon, and ginger. Then, the surface of the Kleicha is brushed with whipped eggs
with milk mix. Khalas date powder and molasses could be used as a substitute for their
great health benefits. The idea came to replace the processed sugar used in manufacturing
Kleicha with natural sweeteners to protect the consumer and the national economy. The
effect of the replacement process according to different proportions and its impact on
nutritional and sensory specifications will be studied in this study.

2. Materials and Methods
2.1. Ingredients

Khalas date fruits, date molasses, brown wheat flour, white flour, olive oil, powdered
milk, and sugar were obtained from the date market in Buriydah City, Qassim region, SA.
Date fruits were dried with a multi-functional dryer (Didactaitalia, cod 947227, Torino,
Italy) for 3 days at a temperature of 50 ◦C. Then, in the labs of the Food Science and Human
Nutrition, College of Agriculture and Veterinary Medicine, Qassim University, dried dates
were ground with a powerful grinder (Santos, VITA-MAX CORP-Light Industrial Food
Preparing Machine Model, VM0122E, St Joseph, MO, USA) to obtain homogenous Khalas
date powder.

2.2. Formulation of Different Fillings of Kleicha

The flavoring spices and condiments added to all of the samples were tested and fixed:
ground black lemon, ground cinnamon, ginger, ground cardamom, and citric acids. These
spices were mixed in the portion of 24.5, 24.5, 24.5, 24.5, and 2 g to create a 100 g mix,
respectively. Then, 50 g was added to each 1 kg of the filling mix, and the Kleicha samples
were prepared as follows: Kleicha filled with flavored sucrose (KS) with prepared flavoring
spices and condiments (1 kg mixed with 50 g); Kleicha filled with flavored Khalas date
(KD) at the same flavoring portion; Kleicha filled with flavored Khalas date molasses (KM);
Kleicha filled with a mix of flavored sucrose and Khalas date (1:1, w:w) (KSD); Kleicha filled
with a mix of flavored sucrose and Khalas date molasses (1:1, w:w) (KSM); and Kleicha
filled with a mix of flavored Khalas dates and Khalas date molasses (1:1, w:w) (KDM).

2.3. Manufacturing of Kleicha

The Kleicha was manufactured in the College of Agriculture and Veterinary Medicine
factories on Saturday, 21 January 2023. The ingredients were prepared, then the dry
materials were kneaded (5 kg of white flour, 5 kg of wheat flour, 400 g of sugar, 400 g
of powdered milk, 30 g of salt, 90 g of cardamoms, and 90 g of ginger) with the fatty
substance (2.5 L of virgin olive oil) for 15 min, and then approximately 5 L of water was
gradually added until the desired consistency and texture were reached. The kneading
process was carried out in a spiral arm kneader (Gam 16—Kneading dough machine,
Thermotechnika Crown Cool, Bratislava, Slovakia). The dough was left for half an hour
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before shaping. The Kleicha samples were standardized at 50 g dough and then filled with
10 g of different filling mixtures. Then, the Kleicha ball dough was topically stamped with
the traditional shape of the Kleicha. Then, the surface of the prepared Kleicha was brushed
with approximately 5 g of whipped eggs with milk mix (8:2, w:w). The Kleicha was left for
10 min before baking; then, it was baked in a rotating oven at a temperature of 190 ◦C for
30 min. Then, the Kleicha was taken out and left to cool down before packaging.

2.4. Proximate Chemical Composition and Minerals of Kleicha

The formulated Kleicha were subjected to chemical analysis (moisture, ash, dietary
fibers, and available carbohydrates) according to established methods [27]. The content of
minerals, including sodium and potassium, was determined using flame photometry. In
contrast, the calcium, magnesium, iron, copper, manganese, and zinc contents were ana-
lyzed using atomic absorption spectroscopy using the protocol of A.O.A.C. [27]. According
to the description of Borah et al. [28], phosphorus was measured using a conventional
colorimetric technique.

2.5. Phytochemicals Analysis of Kleicha

The TPC in the Kleicha samples was determined using the Folin–Ciocalteu reagent,
according to Nsimba et al. [29], with slight modifications. Next, a microplate reader was
used to determine the absorbance at 765 nm (BioTek, Winooski, VT, USA). Gallic acid (GA)
solution was used to create a standard curve against which the results could be compared.
Measurements of TPC were reported in terms of milligrams of gallic acid equivalents (GAE)
per 100 g (mg of GAE 100 g−1 dw). The TFs content of Kleicha samples using the same
extract was determined as Mohdaly et al. [30] described. By reacting the methanolic extract
aliquots with sodium acetate (5%), the TFL concentrations in the Kleicha samples were
calculated. Optical density (OD) was measured at 440 nm after 150 min with the addition of
AlCl3 (2%), as reported by Kumaran and Karunakaran [31]. The TF and TFL contents were
then expressed as quercetin equivalents (QE mg) per 100 g dry matter (mg QE 100 g−1).
The total carotenoids (TCs) were determined by performing repeated extractions of 1 g of
dried sample with a combination of acetone and petroleum ether (1:1, v:v), as described
by Yuan et al. [32]. The top layer was gathered, rinsed thoroughly with water, and then
mixed with the unfiltered extracts. The volume of the solution was calibrated by adding
petroleum ether. The amount of TCs was calculated as mg 100 g−1 dry weight after the OD
was spectrophotometrically measured at 450 nm.

2.6. Antioxidant Capacity Determination

For the purpose of determining the radical scavenging activity, Khalifa et al. [33]
used a spectrophotometric method based on the bleaching of DPPH radicals in a purple
solution with minor modifications. After that, a microplate reader (BioTek, Winooski, USA)
detected absorbance at 517 nm. Trolox was utilized to create a standard curve and draw
the Trolox calibration curve using the DPPH radical scavenging activity. The antiradical
activity was assessed in µmol TE 100 g−1 of Trolox equivalents (TE) against ABTS radicals
cation. The customized Lu et al. method of [34] was used to assess the Kleicha samples’
radical scavenging ability (RSA). A Trolox calibration curve was plotted as a function of the
percentage of the ABTS radical cation scavenging activity. The final results were expressed
as micromoles of Trolox equivalents (TE) per 100 g (µmol of TE 100 g−1).

2.7. Sugar Profile by HPLC

The Kleicha samples were prepared and homogenized to obtain homogeneous Kleicha
powder, and then appropriately extracted. The sucrose, glucose, and fructose contents in
the Kleicha samples were tested following the modified method of AOAC 982.14 using
HPLC [35]. In brief, the appropriate crushed Kleicha samples were extracted three times
with aqueous ethanolic solution (50%, v:v); the volume reached 100 mL, was centrifuged at
5000× g for 15 min, and filtered using 0.45 µm filter and injected into the HPLC. An HPLC
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system (Agilent Technologies, Palo Alto, CA, USA) equipped with an autosampler and
Refractive index detector (RID) was used. The solvent system contained acetonitrile/d.H2O
(80:20, v:v) as the mobile phase. Then, 20 µL of the prepared sample extract was automati-
cally injected, the flow rate was adjusted at 2 mL min−1, and separation was performed
at 30 ◦C. The areas under the present peaks were calculated, and sugar profile data were
presented as a g 100 g−1 Kleicha sample.

2.8. In Vitro Glycemic Index of Kleicha

The Kleicha samples were digested according to Englyst et al. [36]. For this, 100 mg of
the material was weighed into 50 mL tubes with 10 glass beads (5 mm diameter). The tubes
received 2 mL of HCl (0.05 M) with pepsin (5 mg mL−1, The Curated Chemical Collection,
Old Dutch Road Victor, NY, USA). The tubes were incubated for 30 min in a shaking water
bath at 37 ◦C. Next, we added 4 mL of sodium acetate buffer (0.5 M, pH 5.2), 1 mL of
enzyme solution with 0.104 g pancreatin (Sigma, Steinheim, Germany, P7545), and 14.45 U
amyloglucosidase (260 U mL−1, Sigma-Aldrich, Steinheim, Germany) to each tube. In a
shaking water bath, the tubes were incubated horizontally at 37 ◦C. Eppendorf tubes were
filled with 100 µL aliquots every 20 min at 0 to 160 min intervals and mixed with 1 mL
of 100% ethanol. These solutions were centrifuged at 800× g for 10 min and analyzed
for glucose content using Glucose liquicolor (GOD-POP) reagent (human, Wiesbaden,
Germany) on a microplate reader (BioTek, Winooski, USA) at 510 nm. The hydrolysis index
(HI) measured starch digestion, and the predicted glycemic index (GI) measured sample
digestibility against white bread. The hydrolysis index (HI) is the ratio of the sample’s
hydrolysis curve area to the white bread sample’s hydrolysis curve. HI was estimated as
follows (Equation (1)):

HI =
The area under the curve of the sample
The area under the curve of white bread

(1)

The in vitro GI was determined using the following equation (Equation (2)) of
Goñi et al. [37]

GI = 39.71 + 0.549HI (2)

Glycemic Load (GL) =
GI × Available carbohydrate (g)

100
(3)

2.9. Sensory Evaluation of Kleicha

A sensory assessment of the samples was carried out by appointing 14 qualified and
experienced arbitrators. The sensory assessment was carried out at room temperature
of 25 ◦C, and an evaluation was carried out on numbered dishes containing the samples
in terms of appearance, external color, internal color, texture, taste, aroma, and general
acceptance using the 7-Hedonic scale method, where 7 indicates strong liking, 4 indicates
neutrality, and 1 indicates a low level of liking. The results of the sensory assessment traits
are reported according to the method described [38].

2.10. Statistical Analysis

One-way analysis of variance (ANOVA) was used for the statistical analysis, and SPSS
version 25 was used to compile the results (IBM Corp., Armonk, NY, USA, Released 2013).
Tukey’s test was used for multiple comparisons, and the significance threshold was set
at 0.05. The data were interpreted as though they came from a fully randomized study.
Numbers were shown as means and standard deviations, according to Steel et al. [39].
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3. Results
3.1. Proximate Composition of Kleicha

The proximate chemical composition of the manufactured Kleicha samples with
different filling mixtures is presented in Table 1. Based on the table, the KM sample had
the highest moisture content, measuring 14.18 g 100 g−1, while the KS sample had the
lowest moisture content at 8.23 g 100 g−1. The KD and KM samples had significantly higher
ash contents, measuring 1.45 g 100 g−1 each, compared with the other Kleicha samples
filled with sugar/date powder, sugar/date molasses, or a mixture of date powder and date
molasses, which had ash contents of 1.3, 1.17, and 1.32 g 100 g−1, respectively. These results
indicate that filling Kleicha with Khalas dried dates increased the ash content, as Khalas
dried dates contain ash content. Only the KS sample was significantly lower in crud fat
than all of the Kleicha samples, with 17.66 g 100 g−1, whereas no significant difference
was found among the other samples. The Kleicha sample containing different fillings did
not present a significant protein content difference. The findings showed that Kleicha
filled with Khalas dried dates, Khalas date molasses, or their mixture presented slightly
higher protein content. Furthermore, the KD, KSD, and KDM samples demonstrated a
significantly higher dietary fiber content than the other Kleicha samples, with values of
6.22, 6.07, and 6.09 g 100 g−1, respectively. Regarding the available carbohydrate content,
the KS sample had the highest value of 57.72 g 100 g−1.

Table 1. Proximate composition of Kleicha filled with different filling mixtures (mean ± SE), n = 3.

Treatment *

Chemical Composition g 100 g−1 fw

Moisture Ash Curd Fat Crude Protein Dietary Fiber Available
Carbohydrates

KS 8.23 ± 0.02 e 1.15 ± 0.01 c 17.66 ± 0.08 b 15.25 ± 0.23 ab 4.97 ± 0.12 bc 57.72 ± 0.28 a

KD 9.95 ± 0.14 d 1.45 ± 0.01 a 18.24 ± 0.14 a 15.65 ± 0.15 a 6.22 ± 0.14 a 54.72 ± 0.31 b

KM 14.18 ± 0.25 a 1.45 ± 0.01 a 18.27 ± 0.08 a 14.76 ± 0.23 b 4.87 ± 0.11 c 51.36 ± 0.12 d

KSD 9.51 ± 0.11 d 1.3 ± 0.02 b 18.65 ± 0.07 a 15.24 ± 0.15 ab 6.07 ± 0.14 a 55.30 ± 0.20 b

KSM 11.02 ± 0.06 c 1.17 ± 0.01 c 18.66 ± 0.12 a 15.59 ± 0.11 a 5.47 ± 0.13 b 53.56 ± 0.16 c

KDM 11.6325 ± 0.08 b 1.32 ± 0.03 b 18.43 ± 0.20 a 15.33 ± 0.16 ab 6.09 ± 0.14 a 53.29 ± 0.32 c

* Treatments: KS: Kleicha filled with sugar filling; KD: Kleicha with Khalas date powder filling; KM: Kleicha
filled with Khalas date molasses filling; KSD: Kleicha filled with sugar and Khalas date powder (1:1) filling; KSM:
Kleicha filled with sugar and Khalas date molasses (1:1) filling; KDM: Kleicha filled with Khalas date powder and
Khalas date molasses (1:1) filling, a–e: No significant difference (p > 0.05) between any two means within the same
column have the same superscripted letters.

3.2. Minerals Content in Kleicha

The mineral content of the manufactured Kleicha samples with different filling mix-
tures is presented in Table 2. Among the Kleicha samples, the KDM sample had the highest
K, Na, Ca, and P contents, measuring 1696.44, 1136.06, 209.24, and 28.78 mg 100 g−1, re-
spectively. Regarding the Mg, Fe, and Mn content, the KD and KM samples had the highest
values, measuring 450.81 mg 100 g−1 and 450.58 mg 100 g−1 for Mg, 12.94 mg 100 g−1 and
12.37 mg 100 g−1 for Fe, and 10.29 mg 100 g−1 and 10.16 mg 100 g−1 for Mn. The copper
content exhibited significant differences among the samples, with the KM sample having
the highest content at 131.97 mg 100 g−1, representing a 25% increase compared with KS
(control sample). This confirms that the copper content of Khalas molasses was higher
than that of the dates and sugar. Similarly, the Zn content of the KM and KSD samples
was significantly higher than that of the other samples, measuring 54.85 mg 100 g−1 and
51.14 mg 100 g−1, respectively.
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Table 2. The mineral contents of Kleicha filled with different filling mixtures (mean ± SE), n = 3.

Treatments *
Minerals Content mg 100 g−1

K Na Ca P Mg Fe Mn Cu Zn

KS 1151.33 ± 7.77 d 905.04 ± 23.45 b 163.92 ± 3.27 c 25.61 ± 0.48 bc 402.87 ± 4.75 c 9.83 ± 0.22 bc 8.88 ± 0.27 c 98.26 ± 0.77 c 34.31 ± 0.68 b

KD 1578.37 ± 30.31 b 948.85 ± 8.33 b 190.08 ± 4.19 ab 24.01 ± 0.41 c 450.81 ± 2.64 a 12.94 ± 0.9 a 10.29 ± 0.08 a 67.91 ± 2.19 e 33.55 ± 1.12 b

KM 1598.37 ± 25.89 b 1014.82 ± 20.95 b 177.42 ± 5.93 bc 25.29 ± 1.14 bc 450.58 ± 8.68 a 12.37 ± 0.12 a 10.16 ± 0.1 a 131.97 ± 1.31 a 54.85 ± 0.76 a

KSD 1450.42 ± 12.27 c 963.88 ± 20.87 ab 182.43 ± 4.28 bc 26.06 ± 0.48 abc 415.64 ± 6.34 bc 11.49 ± 0.31 ab 10.04 ± 0.2 ab 114.87 ± 0.92 b 51.14 ± 2.76 a

KSM 1463.58 ± 2.21 c 1024.86 ± 15.59 ab 187.59 ± 7.45 ab 27.6 ± 0.33 ab 421 ± 4.55 bc 9.45 ± 0.26 c 9.49 ± 0.06 bc 75.22 ± 2.08 d 36.56 ± 3.52 b

KDM 1696.44 ± 6.38 a 1136.06 ± 83.3 a 209.24 ± 5.85 a 28.78 ± 1.01 a 433.47 ± 3.08 ab 10.24 ± 0.22 bc 9.85 ± 0.1 ab 42.67 ± 1.68 f 21.42 ± 2.4 c

* Treatments: KS: Kleicha filled with sugar filling; KD: Kleicha with Khalas date powder filling; KM: Kleicha filled with Khalas date molasses filling; KSD: Kleicha filled with sugar and
Khalas date powder (1:1) filling; KSM: Kleicha filled with sugar and Khalas date molasses (1:1) filling; KDM: Kleicha filled with Khalas date powder and Khalas date molasses (1:1)
filling, a–f: No significant difference (p > 0.05) between any two means within the same column have the same superscripted letters.
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3.3. Sugar Profile by HPLC

The sucrose content in the Kleicha samples varied (Figure 1), with KS having the
highest content at 17.69 g 100 g−1, while the KM, KD, and KDM samples had the lowest.
Consequently, the samples containing Khalas date powder and molasses had a lower
percentage of sucrose. Regarding the glucose content, the KS, KD, KM, KSD, KSM, and
KDM samples contained 1.52, 5.67, 3.62, 3.25, 3.17, and 5.22 g 100 g−1, respectively. Similarly,
the fructose content in these samples was 1.7, 6.35, 3.96, 3.57, 3.56, and 5.92 g 100 g−1,
respectively. Kleicha filled with Khalas date powder or a mixture of Khalas date powder
and molasses showed slightly higher glucose and fructose contents than the other samples.
Conversely, the KS sample had the lowest glucose and fructose content.
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Figure 1. The sugar profile using HPLC of Kleicha filled with different filling mixtures. Treatments:
KS: Kleicha filled with sugar filling; KD: Kleicha with Khalas date powder filling; KM: Kleicha filled
with Khalas date molasses filling; KSD: Kleicha filled with sugar and Khalas date powder (1:1) filling;
KSM: Kleicha filled with sugar and Khalas date molasses (1:1) filling; KDM: Kleicha filled with Khalas
date powder and Khalas date molasses (1:1) filling (mean ± SE), n = 3. a–c: Bars of each sugar kind
that do not share similar letters differ significantly (p > 0.05).

3.4. In Vitro Glycemic Index

The results of the in vitro glycemic index (GI) for Kleicha samples are presented
in Table 3. The Kleicha sample filled with Khalas date molasses had the highest GI,
significantly differing from the other samples, with a value of 40.30. On the other hand, the
Kleicha samples filled with a mixture of Khalas date powder and molasses had the lowest
GI at 40.15. According to the classification of foods based on GI values, the glycemic index
in this study is considered low, as it is less than 55. Furthermore, the glycemic load (GL)
was evaluated, and the KS sample had the highest GL at 21.21, while the KM sample had
the lowest at 18.73. Foods are classified based on their glycemic load as low (GL ≤ 10),
medium (GL 11–19), and high (GL ≥ 20).
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Table 3. Glycemic index and glycemic load of Kleicha filled with different filling mixtures
(mean ± SE), n = 3.

Treatment * Glycemic Index Glycemic Load

KS 40.21 ± 0.01 bc 21.21 ± 0.01 a

KD 40.18 ± 0.01 cd 19.49 ± 0.02 c

KM 40.30 ± 0.01 a 18.73 ± 0.01 f

KSD 40.19 ± 0.01 bc 19.78 ± 0.01 b

KSM 40.21 ± 0.02 b 19.34 ± 0.03 d

KDM 40.15 ± 0.02 d 18.95 ± 0.01 e

* Treatments: KS: Kleicha filled with sugar filling; KD: Kleicha with Khalas date powder filling; KM: Kleicha
filled with Khalas date molasses filling; KSD: Kleicha filled with sugar and Khalas date powder (1:1) filling; KSM:
Kleicha filled with sugar and Khalas date molasses (1:1) filling; KDM: Kleicha filled with Khalas date powder and
Khalas date molasses (1:1) filling, a–f: No significant difference (p > 0.05) between any two means within the same
column have the same superscripted letters.

3.5. Phytochemicals Analysis of Kleicha

The results of the quantitative analysis of phytochemicals, including the total phenolic
compounds (TPC), total flavonoids (TF), total flavonols (TFL), and total catechins (TC),
in the Kleicha filled with different filling mixtures are presented in Table 4. Among the
samples, the KD sample exhibited the highest concentration of TPC, measuring 1498.66 mg
GAE 100 g−1. In contrast, the Kleicha sugar-filled sample showed a significantly lower
TPC content. The KD sample exhibited the most significant increase in total flavonoid
(TF) content, measuring 340.67 mg QE 100 g−1. Conversely, the KS sample showed a
significant decrease in TF, with a 228.28 mg QE 100 g−1 content. Regarding the total
flavanols (TFL), the KD sample demonstrated a significant increase, reaching 148.05 mg
QE 100 g−1, higher than the other samples, except for KDM, which had a TFL content of
134.18 mg QE 100 g−1. In contrast, the KS sample had a significantly lower TFL content of
108.68 mg QE 100 g−1. Similarly, the TC content of Kleicha filled with different mixtures
was analyzed, and the KD and KDM samples showed the highest TC levels, measuring
425.66 mg 100 g−1 and 405.75 mg 100 g−1, respectively. In contrast, the KS sample had the
lowest TC content, with 334.46 mg 100 g−1. Interestingly, there was a significant increase in
TPC, TF, TFL, and TC in the KD and KDM samples compared with the Kleicha filled with
sugar. Conversely, the Kleicha filled with sugar exhibited the most significant decrease in
these phytochemical contents.

Table 4. The phytochemicals analysis of Kleicha filled with different filling mixtures (mean ± SE),
n = 3.

Treatment *

Phytochemicals Analysis

TPC
mg GAE 100 g−1

TF
mg QE 100 g−1

TFL
mg QE 100 g−1

Carotenoids
mg 100 g−1

KS 701.16 ± 29.92 d 228.28 ± 9.24 e 108.68 ± 8.16 c 334.46 ± 26.64 c

KD 1498.66 ± 22.52 a 340.67 ± 3.92 a 148.05 ± 6.15 a 425.66 ± 8.77 a

KM 1252.07 ± 33.27 b 299.19 ± 7.45 bc 115.67 ± 3.04 bc 365.31 ± 11.92 bc

KSD 1076.2 ± 32.20 c 267.74 ± 10.13 cd 120.01 ± 2.70 bc 359.24 ± 11.62 bc

KSM 971.63 ± 21.16 c 259.99 ± 11.18 de 120.94 ± 2.60 bc 366.56 ± 7.05 bc

KDM 1398.5 ± 39.71 a 310.45 ± 4.64 ab 134.18 ± 4.96 ab 405.75 ± 5.35 ab

* Treatments: KS: Kleicha filled with sugar filling; KD: Kleicha with Khalas date powder filling; KM: Kleicha
filled with Khalas date molasses filling; KSD: Kleicha filled with sugar and Khalas date powder (1:1) filling; KSM:
Kleicha filled with sugar and Khalas date molasses (1:1) filling; KDM: Kleicha filled with Khalas date powder and
Khalas date molasses (1:1) filling, a–e: No significant difference (p > 0.05) between any two means within the same
column have the same superscripted letters.

3.6. Antioxidant Capacity Determination

The antioxidant activities of the manufactured Kleicha samples with different filling
mixtures were evaluated using the DPPH and ABTS assays, as shown in Figure 2. The
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DPPH radical scavenging activity revealed that the KS sample had the lowest antioxidant
capacity, measuring 273.19 µmol 100 g−1. On the other hand, the KD sample exhibited the
highest antioxidant capacity, with a value of 1507.15 µmol 100 g−1. Similarly, the ABTS
radical scavenging activity was measured and showed values of 685.05, 1447.08, 1098.01,
921.1, 909.65, and 1345.14 for KS, KD, KM, KSD, KSM, and KDM, respectively. Notably, the
KD and KDM samples demonstrated the highest antioxidant capacities compared with the
other samples, while the KS sample had the lowest capacity.
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Figure 2. The DPPH and ABTS content of Kleicha filled with different filling mixtures. Treatments:
KS: Kleicha filled with sugar filling; KD: Kleicha with Khalas date powder filling; KM: Kleicha filled
with Khalas date molasses filling; KSD: Kleicha filled with sugar and Khalas date powder (1:1) filling;
KSM: Kleicha filled with sugar and Khalas date molasses (1:1) filling; KDM: Kleicha filled with Khalas
date powder and Khalas date molasses (1:1) filling (mean ± SE), n = 3. a–f: Bars not sharing similar
letters differed significantly (p > 0.05).

3.7. Sensory Evaluation

The sensory evaluation of the Kleicha samples filled with different filling mixtures was
conducted, assessing six aspects, namely: appearance, external color, internal color, taste,
texture, and aroma. The results of these characteristics were used to determine the general
acceptance rate. The general acceptance rates for the Kleicha samples were 94.43%, 81.64%,
76.07%, 87.21%, 87.93%, and 80.29% for KS, KD, KM, KSD, KSM, and KDM, respectively
(Figure 3).

Interestingly, filling the Kleicha with either Khalas date powder or Khalas date mo-
lasses alone did not indicate the highest general acceptance. However, incorporating a
sugar mixture with date powder or molasses did not significantly impact the general accep-
tance. This suggests that incorporating Khalas date powder or molasses can improve the
nutritional value of Kleicha compared with adding sugar alone.
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Figure 3. The general acceptance of Kleicha filled with different filling mixtures. Treatments: KS:
Kleicha filled with sugar filling; KD: Kleicha with Khalas date powder filling; KM: Kleicha filled with
Khalas date molasses filling; KSD: Kleicha filled with sugar and Khalas date powder (1:1) filling;
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date powder and Khalas date molasses (1:1) filling (mean ± SE), n = 3. a,b: Bars not sharing similar
letters differed significantly (p > 0.05).

4. Discussion

The traditional cuisine of the Kingdom of Saudi Arabia plays a significant role in the
history and identity of the country. These recipes have been passed down through the
generations and accurately reflect the history, geography, and climate of their respective
regions. Kleicha is a popular example of a traditional sweet; it is made of whole flour that
has been sweetened with sucrose and flavored by a special spice mix. It is considered a
sweet and calorie-dense local product. Date palm and its products, including date molasses
and date powder, have been used to achieve this goal of using unhealthy ingredients like
shortening and added sugars. The impact of the substitution process in varying proportions
on nutritional and sensory qualities was studied. For instance, Khalas dates are highly
prized as a commercial variety and are among the best in the Al Qassim area. Carbohy-
drates, fiber, and several essential minerals can all be found in abundant quantities [40]. It
is also a high source of antioxidants that help protect the body against harm from harmful
free radicals [41]. Date powder and molasses are used as an alternative to sugar in many
food industries [42]. With some functional components, such as its pectin content, it aids
in reducing blood cholesterol and warding off atherosclerosis. It also protects against
developing colon cancer, stops hemorrhoids, lessens the chances of gallstones, and causes
the nine months of pregnancy and the postpartum period to be easier [26].

In the current research, the proximate chemical composition of the manufactured
Kleicha samples with different filling mixtures was determined. The increase in moisture
content in the KM sample can be attributed to the formation of hydrogen bonds with water
molecules, which is associated with the higher hydroxyl group content in date molasses
than sugar. This results in reduced free water movement and an increase in the moisture
content of prepared Kleicha. A study by Nadeem et al. [21] focused on replacing sugar
with date powder in muffins showed similar results. Its samples, which had the highest
percentage of date substitution, exhibited an increased moisture content. The KD and KM
samples had significantly higher ash contents compared with the other Kleicha samples
filled with sugar/date powder, sugar/date molasses, or a mixture of date powder and date
molasses. These results indicate that filling Kleicha with Khalas dried dates increases the
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ash content, as Khalas dried dates have an ash content of 1.8 g 100 g−1 [20]. This finding
aligns with the study by [21], where the sample with the highest ash content had the highest
date content. Comparing the curd fat content with the Kleicha samples, the KS sample had
significantly lower crude fat content compared with the other Kleicha samples. However,
there were no significant differences observed among the remaining samples. It is worth
noting that dates generally have a low fat content, with dried dates containing only 0.38 g
of fat per 100 g [41]. Regarding the protein content, there was no clear significant difference
observed among the Kleicha samples with different fillings. However, Kleicha filled with
Khalas dried dates, Khalas date molasses, or a mixture of both showed a slightly higher
protein content. Dates contain proteins in small amounts, with an average protein content
of 2.14 g 100 g−1 in dried dates. The study conducted by Nadeem et al. [21] also confirmed
that the sample with the highest protein content was T4 (100% date powder), which is
consistent with the results of this study. Furthermore, the KD, KSD, and KDM samples
demonstrated a significantly higher dietary fiber content than the other Kleicha samples.
This increase in dietary fiber content can be attributed to incorporating Khalas date powder,
as dried Khalas dates have a dietary fiber content of 8.0 g 100 g−1 [20]. This finding is
consistent with the previous study by Nadeem et al. [21], which also showed increased
dietary fiber content by incorporating date powder. The remarkable changes in filled Kleich
with the date or its by-products might be related to the high nutritional values regarding
the macro- and micro-nutrients, as previously indicated [1,9].

The mineral content in the KDM sample had the highest K, Na, Ca, and P contents.
This can be attributed to the high mineral content in Khalas dates, which contain 742 mg
100 g−1, 82 mg 100 g−1, 85 mg 100 g−1, and 74 mg 100 g−1 of dry weight for K, Na, Ca, and
P, respectively [20,40]. Date molasses also contributes to the mineral content, with Ca and P
present at a rate of 21.8 mg 100 g−1 and 48.2 mg 100 g−1, respectively [40]. These findings
align with a study by Gamal et al. [41], which demonstrated increased potassium, sodium,
calcium, and phosphorus contents with the fortification of biscuits with wheat bran and
date fruit. Regarding the Mg, Fe, and Mn content, the KD and KM samples had the highest
values. Khalas dates contain 62 mg 100 g−1 of magnesium and 0.6 mg 100 g−1 of iron
in their dry weight [20,42], while date molasses contains 52.5 mg 100 g−1 of magnesium
and 0.4 mg 100 g−1 of iron [40]. These results are consistent with the study by Gamal
et al. [41], which also showed an increased Mg content with the fortification of biscuits
with dates. The copper content exhibited significant differences among the samples, with
the KM sample having the highest content. This confirms that the Cu content of Khalas
molasses is higher than that of dates and sugar. Similarly, the Zn content of the KM
and KSD samples was significantly higher than that of the other samples. Date molasses
contributes to the copper and zinc content, with Cu present at a rate of 0.08 mg 100 g−1

and Zn at 0.2 mg 100 g−1 [40]. These findings align with the study by Gamal et al. [41],
which demonstrated an increased zinc content and the percentage of dates in biscuits. The
obtained results agree with the reviewed data by Barakat and Alfheeaid [1]. Also, adding
dates and their by-products enriched the minerals content as relatively expected from
previous literature [5,12]. Interestingly, the newly formulated Kleisha could be a functional
product for diabetes and hypertensive individuals [15].

The sucrose content in the Kleicha samples varied, with KS having the highest content
while the KM, KD, and KDM samples had the lowest. This can be attributed to the low
sucrose content in Khalas date powder and molasses, approximately 0.2 g per 100 g [40].
Consequently, the samples containing Khalas date powder and molasses had a lower
percentage of sucrose. Kleicha filled with Khalas date powder or a mixture of Khalas
date powder and molasses showed slightly higher glucose and fructose contents than the
other samples. Conversely, the KS sample had the lowest glucose and fructose content.
This can be attributed to the predominance of monosaccharides (glucose and fructose) in
Khalas dates, with approximately 26.6 g 100 g−1 and 22.8 g 100 g−1 of glucose and fructose,
respectively [43].
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The Kleicha sample filled with Khalas date molasses had the highest GI, significantly
differing from the other samples. On the other hand, the Kleicha samples filled with a
mixture of Khalas date powder and molasses had the lowest GI. According to the classi-
fication of foods based on GI values, the glycemic index in this study is considered low,
as it was less than 55. This can be attributed to Khalas dates having a low glycemic in-
dex of 35.5 [44]. A low-glycemic-index diet has been associated with protection against
obesity, colon cancer, and breast cancer. A study by Sameen et al. [45] found that date
molasses reduced the GI when used to replace sugar in ice cream. Furthermore, GL was
evaluated, and the KS sample had the highest GL, while the KM sample had the lowest
one. Foods are classified based on their GL as low (GL ≤ 10), medium (GL 11–19), and high
(GL ≥ 20). Date molasses is classified as having a low glycemic load with a value of
11.29 [46], and dates, in general, are considered to have a medium glycemic load of
13.58 [47]. A high glycemic load is associated with the rapid release of triglycerides
into the bloodstream [48].

The results of phytochemicals analysis in the prepared Kleicha filled with different
filling mixtures indicated the KD sample exhibited the highest concentration of TPC. In
contrast, the Kleicha sugar-filled sample showed a significantly lower TPC content. These
findings align with a study by Mohamed et al. [49], which investigated the phytochemical
composition of 16 commercial date cultivars, including Khalas, grown in Saudi Arabia. The
study reported that Khalas dates contain approximately 149 mg GAE 100 g−1 DW of TPC.
Additionally, the results of this study support the findings of a study by Manickavasagan
et al. [50]. The study demonstrated that incorporating dates and molasses into IDLI led
to an increase in TPC content. Specifically, the IDLI sample supplemented with chopped
dates contained 75.1 mg 100 g−1 of TPC. Supplemented samples with date syrup contained
82.1 mg 100 g−1, compared with the control sample, which had only 4.5 mg 100 g−1 TPC.
These results are consistent with the findings of Al-Farsi and Lee [51], who emphasized the
potential of dates and date molasses to enhance the phytochemical content of food products.
The KD sample exhibited the most significant increase in TF content. Conversely, the KS
sample showed a significant decrease in TF. Regarding TFL, the KD sample demonstrated
a significant increase higher than the other samples, except for KDM, which had a valuable
TFL content. The KS sample had a significantly lower TFL content. It is worth noting that
Khalas dates had a TF content of 27 mg QE 100 g−1 DW [49]. Similarly, the TC content of
the KD and KDM samples showed the highest TC levels. In contrast, the KS sample had
the lowest TC content. This difference can be attributed to the high carotene content in
dried Khalas dates, which contain approximately 2900 µg 100 g−1 [20]. Notably, the major
carotenoids found in dates are lutein, β-carotene, and neoxanthin [19]. Interestingly, there
was a significant increase in TPC, TF, TFL, and TC in the KD and KDM samples compared
with the Kleicha filled with sugar. Conversely, the Kleicha filled with sugar exhibited the
most significant decrease in these phytochemical contents. The antioxidant activities, such
as DPPH and ABTS radical scavenging activity, revealed that the KS sample had the lowest
antioxidant capacity. The KD sample exhibited the highest antioxidant capacity. Notably,
the KD and KDM samples demonstrated the highest antioxidant capacities compared with
the other samples, while the KS sample had the lowest capacity. This can be attributed to
the fact that Khalas dates contain significant levels of oxidative activity, with 8.25 mg GAE
of DPPH radical scavenging and 1.53 mg GAE of ABTS radical scavenging [49].

The sensory evaluation of Kleicha samples filled with different filling mixtures was
conducted, assessing six aspects. The KS sample scored the highest acceptance, followed
by KSM and KSD. Interestingly, filling the Kleicha with either Khalas date powder or
Khalas date molasses alone did not indicate the highest acceptance score. This suggests that
incorporating Khalas date powder or molasses can improve the nutritional value of Kleicha
compared with adding sugar alone. This finding aligns with a study by Assirey [12], where
the control sample with 100% sugar had a high general acceptance. There was no significant
difference between the control and cookie samples where sugar was replaced with 25%
and 50% date powder or 75% date molasses. In another study by Gamal et al. [41], the
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results indicated that the control sample had the highest general acceptance. There was no
significant difference between the control and biscuit samples fortified with 10% and 20%
date powder, while the sample fortified with 40% had the lowest acceptance score.

5. Conclusions

In conclusion, our research intended to create a less unhealthy version of the tradi-
tional food product Kleicha by substituting Khalas date powder and molasses for sugar.
Six samples of Kleicha were analyzed, all of which had different fillings such as sugar,
Khalas date powder, Khalas date molasses, and a few different mixes of these. Samples
supplemented with Khalas date powder or molasses showed an elevated phenolic content,
a marker of greater health benefits. Furthermore, the oxidative activity increased when
Khalas date powder was added, whereas the sucrose content dropped when Khalas date
powder and molasses were used. More importantly, there was no discernible difference
in acceptance rates between the control group and the group that had fillings based on
dates. Based on these results, replacing sugar with Khalas date powder, molasses, or a
combination of the two in Kleicha can have positive health effects while maintaining the
original flavor.
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