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Abstract: Despite the World Health Organization’s advice to limit sugar consumption, consumers unwillingly rely on 
table, refined, or added sugars owing to a lack of suitable alternatives. Date powder (DP) is a potential nutraceutical 
reservoir that can be an excellent natural sugar or table sugar (TS) replacer. Since Dhaki is one premium date fruit 
variety, it was utilized in its Tamer stage for developing DP owing to its higher sugar content, shelf-life stability, and 
low moisture. The date fruit was cleaned, depitted, thermally dehydrated (50±1○C for 2 days), powdered, and utilized 
as a TS replacer in cakes. A total of four formulations of cake sweeteners were set (i.e., T0 = control/ cake without DP, 
T1 = 10% DP + 90% TS, T2 = 20% DP + 80% TS, T3 = 30% DP + 70% TS). DP and cake formulations were subjected 
to assessment as per standard analytical methods. Findings showed that DP had 3.45% moisture, 5.22% protein, 0.78% 
fat, 6.84% fiber, 5.23% ash, 21.34% carbohydrate, 68.18% reducing sugar, 3.33% non-reducing sugar and 71.51% 
total sugar with pH value 5.4. The nutritional and sensorial properties of all cake samples (T0-T3) remained statistically 
different (p < 0.05). Among all samples T3 had significantly higher (p < 0.05) average values for fat (19.03%), protein 
(15.44%), ash (5.77%), carbohydrate (61.36%), fiber (3.51%), non-reducing sugar (6.85%), energy value (478.47 
kcal/100g), color (8.33), texture (8.33), taste (9.0), aroma (8.33), and overall acceptability (8.50) followed by T2, T1, 
and T0. Findings conclude that increasing DP proportion in cakes not merely improved sweetness but also enhanced 
their nutritional value (fiber content, energy value, etc.), and sensorial attributes. DP is therefore recommended to be 
used as one suitable TS replacer in a variety of food products. 
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1.	 INTRODUCTION

Date (Phoenix dactylifera L.) being a significant 
crop of the Arecaceae family has been cultivated 
for over 4,000 years in many arid regions of the 
Middle East and Northern Africa for date fruit [1, 2]. 
Pakistan ranks fifth in the world among date fruit-
producing countries while date fruit is the country’s 
fourth most popular fruit [3]. This fruit is versatile 
since having immense nutritional, medicinal, 
nutraceutical, etc. attributes [4]. It contains high 
quantities of sugars (fructose and glucose), dietary 
fibers, micronutrients, etc., [5]. Date fruit sugars 
have a low glycemic index and can be absorbed 

more promptly in blood and tissues than refined 
sugars [6]. An excessive intake of refined or 
table sugar (TS) has been recognized as a crucial 
risk factor for type 2 diabetes, obesity, cancer, 
cardiovascular diseases, etc. [7]. Despite this fact, 
the consumption rate of table sugar is quite high 
in most Asian countries. Researchers are therefore 
exploring appropriate interventions to substitute TS 
with fruit-based natural sugar for acquiring a sweet 
taste in foods to limit consumers’ health risks. A 
substantial review of scientific literature suggests 
the adequacy of using date fruit as a TS replacer [8-
11]. In Pakistan, the provinces of Baluchistan and 
Sindh are major contributors to date fruit production 



with leading varieties, i.e., Mozawati, Aseel, Dhaki, 
Zahidi, Fasli, etc., [1, 12]. The date fruit has four 
maturity stages, it achieves firm texture, dark 
brown color, and maximum sweetness in the Tamer 
stage (last stage of maturation) hence is the ultimate 
fruit stage to be utilized for developing date powder 
(DP). Date fruit in various forms may serve as a 
suitable TS replacer (i.e., date syrup, paste, and 
powder). Since, among various baked foods, cakes 
acquire a premium place due to their sweetness 
and richness of taste. In the present study, DP was 
developed from var. Dhaki and utilized against 
table sugar as a TS replacer in cakes. However, the 
nutritional and sensory quality characteristics of the 
cake samples were also determined to assess their 
suitability.  

2.    MATERIALS AND METHODS

2.1. Collection of Raw Materials

Date fruit (var. Dhaki) was purchased from the 
National Super Mart near Hala Naka, Hyderabad 
City, Pakistan. Raw materials for preparing cake 
samples (i.e., fine wheat flour, butter, table sugar, 
baking powder, fresh eggs, etc. were procured from 
a grocery store in Hyderabad City, Pakistan.

2.2. Preparation of Raw Materials

2.2.1. Drying of date fruit/ development of date 
          powder

Date powder was prepared as per the method 
described by Manickavasagan et al. [13] with slight 

modifications. The date fruits were cleaned/sorted 
manually to remove any bruised or unhealthy fruit 
from the entire lot. The selected date fruits were 
properly washed with running tap water to remove 
dust and debris, air dried at room temperature, de-
pitted manually using a stainless-steel knife, sliced 
(0.5 cm thickness), and subsequently set on to the 
perforated trays of cabinet dehydrator at 50 ± 1○C 
for 2 days. After drying, dried date fruit slices were 
milled in an electric mill to obtain date powder. 
Finally, the date powder was sieved through 80 
mesh sieve and kept in an air-tight glass jar till 
further use.  

2.2.2. Development of cake samples

The method described by Ghasemi et al. [14] was 
followed for developing date powder-enriched cake 
samples with some minor modifications. The batter 
of cake was prepared using ingredients such as fine 
wheat flour, butter, table sugar/icing sugar, date 
fruit powder, baking powder, milk powder, eggs, 
etc., (the detailed ingredients used for making cake 
samples are given in Table 1). The fine wheat flour 
and icing sugar were sifted, eggs were beaten, and 
other ingredients to be used were weighed. Later, 
all ingredients were taken in a bowl mixed properly 
using an electric beater, poured into the mold, and 
baked in an electric oven for about 25 minutes at 180 
ºC. After baking, the cake samples were removed 
from the oven and cooled at room temperature. The 
cakes were sliced (1.5 cm), packed into the box, 
properly labeled, and used for sensory evaluation 
from panelists and chemical analysis. 

Ingredients
Treatments of cakes

Control/T0 T1 T2 T3

Fine wheat flour (g) 100 100 100 100
Date powder (g) - 8 16 24
Table sugar (g) 80 72 64 56
Egg whole 1 1 1 1
Milk powder (g) 10 10 10 10
Baking powder (g) 1 1 1 1
Butter (g) 20 20 20 20
Fat (g) 20 20 20 20
Salt (g) 1 1 1 1
Vanilla essence (drops) 2 2 2 2

Table 1. List of ingredients used for making cake samples.
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2.3.  Sample Analysis

2.3.1. Nutritional assessment

The pH value of date powder and cake samples was 
determined by using a digital pH meter (Model HI, 
Hanna Instruments, Italy) according to the method 
of AOAC [15]. By following the standard methods 
of AOAC [16], i.e., moisture (%), fat (%), protein 
(%), ash (%), carbohydrate (%), and fiber (%) were 
analyzed. The energy value (kcal/100g) of date 
powder and cake samples was calculated as per the 
method by Paul and Southgate [17]. The method 
described by Awan [18] was used to examine the 
reducing sugar (%) and total sugar (%) of date 
powder and cake samples. Non-reducing sugar (%) 
was determined as per the difference method by 
using the formula given below:

2.3.2. Determination of sensorial attributes

For descriptive sensory evaluation, a group of 10 
trained panelists with 50:50 (male: female) gender 
ratio, aged 22-56 years was requested to participate 
in the study by taking formal consent for sensory 
evaluation of cake samples. The sensorial attributes, 
i.e., color, texture, taste, aroma, and overall 
acceptability of cake samples were determined as 
per the method described by Iwe [19] using nine-
point hedonic scale (i.e., 9 = like extremely to 1 = 
dislike extremely). 

2.4.  Statistical Analysis

A total of three replications were studied during 
the studies for all tests (nutritional and sensorial 
properties). The data obtained from the present 
study was tabulated in Excel and analyzed using 
Statistical Package for the Social Sciences-20 
for one-way ANOVA. The mean values range 
(maximum and minimum) at p-value < 0.05 were 
evaluated.

3.    RESULTS

During the study, freshly developed date fruit 
powder was evaluated for nutritional analysis. 
The results regarding the nutritional and sensorial 
properties of all cake treatments are presented in 
this section.

3.1.  Nutritional Analysis of Date Fruit Powder

The results regarding the nutritional analysis of date 
fruit powder are presented in Table 2. The result 
revealed that date fruit powder showed to have 
3.45% moisture, 5.22% protein, 0.78% fat, 6.84% 
fiber, 5.23% ash, 21.34% carbohydrate, 68.18% 
reducing sugar, 3.33% non-reducing sugar, and 
71.51% total sugar while pH value remained 5.4.  

3.2.	 Nutritional Attributes of Cake Samples 
with Different Levels of Table Sugar and 
Date Fruit Powder

The results regarding the average nutritional 
attributes of cake samples prepared with different 
levels of sugar and date powder are presented in 
Tables 3 and 4. The observed results revealed 
that all treatments showed statistically different 
(p<0.05) mean values. 

The moisture content in cake samples varied 
from 17.61% to 23.12%, with T0 showing the 
highest moisture content (23.12%), followed by T1 
(20.34%), T2 (19.03%), and T3 (17.61%). The pH 
values ranged from 5.67 to 6.94, with T3 having the 
highest pH (6.94) followed by T2 (6.33), T1 (5.81), 
and T0 (5.67). Fat content ranged from 17.23% to 
19.03%, with T3 showing the highest fat content 
(19.03%), followed by T2 (18.88%), T1 (18.07%), 
and T0 (17.23%). Protein content ranged from 
12.03% to 15.44%, with T3 having the highest 
protein content (15.44%), followed by T2 (14.54%), 
T1 (13.92%), and T0 (12.03%). Ash content varied 
from 1.89% to 5.77%, with T3 showing the highest 

Nutritional attributes Average values
Moisture (%) 3.45
Protein (%) 5.22
Fat (%) 0.78
Fiber (%) 6.84
Ash (%) 5.23
Carbohydrate (%) 21.34
Reducing sugar (%) 68.18
Non-reducing sugar (%) 3.33
Total sugar (%) 71.51
pH value 5.4

Table 2. Nutritional attributes of date fruit powder. 
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ash content (5.77%), followed by T2 (4.56%), T1 
(3.89%) and T0 (1.89%). Carbohydrate content 
in cake samples ranged from 56.18% to 61.36%, 
with T3 having the highest carbohydrate content 
(61.36%), followed by T2 (59.98%), T1 (58.49%) 
and T0 (56.18%). Fiber content ranged from 1.91% 
to 3.51%, with T3 showing the highest fiber content 
(3.51%), followed by T2 (2.97%), T1 (2.27%) and 
T0 (1.91%). Reducing sugar content varied from 
17.23% to 23.45%, with T0 showing the highest 
reducing sugar content (23.45%), followed by 
T1 (21.11%), T2 (19.03%) and T3 (17.23%). Non-
reducing sugar content ranged from 3.33% to 
6.85%, with T3 having the highest non-reducing 
sugar content (6.85%), followed by T2 (5.12%), 
T1 (4.52%) and T0 (3.33%). Total sugar content 
varied from 24.08% to 26.78% with T0 showing the 
highest total sugar content (26.78%), followed by 

T1 (25.63%), T2 (24.15%), and T3 (24.08%). The 
energy value ranged between 427.88 to 478.47 
kcal/100g, with T3 having the highest energy value 
(6.94 kcal/100g), followed by T2 (468 kcal/100g), 
T1 (452.27 kcal/100g) and T0 (5.67 kcal/100g).

3.3.	 Sensorial Attributes of Cake Samples with 
Different Levels of Table Sugar and Date 
Fruit Powder

The results regarding average sensorial attributes 
of cake samples prepared with different levels of 
sugar and date powders are presented in Figure 1. 
The observed results revealed that all treatments 
showed statistically different (p < 0.05) mean 
values for sensory attributes. The color scores 
across treatments ranged from 6.33 to 8.33, with 
T3 significantly outperforming other treatments at 

Treatments Moisture % pH Value Fat % Protein % Ash % Carbohydrate %
T0 23.12 a 5.67 d 17.23 d 12.03 d 1.89 d 56.18 c
T1 20.34 b 5.81 c 18.07 c 13.92 c 3.89 c 58.49 b
T2 19.03 bc 6.33 b 18.88 b 14.54 b 4.56 b 59.98 ab
T3 17.61 c 6.94 a 19.03 a 15.44 a 5.77 a 61.36 a
SE ± 0.8186 0.0312 0.0216 0.0286 0.0252 0.7049
LSD (0.05)

SD

1.8877

2.1898

0.0719

0.4995

0.0498

0.7191

0.0659

1.2504

0.0580

1.4062

1.6255

2.0451

Table 3. Nutritional attributes of cake samples with different levels of sugar and date powder.

T0 = control/ cake without DP; T1 = 10% DP + 90% added sugar; T2 = 20% DP + 80% added sugar; T3 = 30% DP + 70% 
added sugar; SE = Standard Error; LSD = Least Significant Difference; SD = Standard Deviation; Mean values with 
different letters across rows are significantly different at (p < 0.05).

Treatments Fiber % Reducing sugar 
%

Non-reducing

sugar %
Total sugar % Energy value 

(kcal/100 g)

T0 1.91 d 23.45 a 3.33 d 26.78 a 427.88 d
T1 2.27 c 21.11 b 4.52 c 25.63 ab 452.27 c
T2 2.97 b 19.03 c 5.12 b 24.15 b 468.00 b
T3 3.51 a 17.23 c 6.85 a 24.08 b 478.47 a
SE ± 0.0216 0.8084 0.0242 0.8085 1.0724
LSD (0.05)

SD

0.0498

0.0498

1.8642

2.4593

0.0557

1.2698

1.8643

1.3826

2.4730

19.0816

T0 = control/ cake without DP; T1 = 10% DP + 90% added sugar; T2 = 20% DP + 80% added sugar; T3 = 30% DP + 70% 
added sugar; SE = Standard Error; LSD = Least Significant Difference; SD = Standard Deviation; Mean values with 
different letters across rows are significantly different at (p < 0.05).

Table 4. Nutritional attributes of cake samples with different levels of sugar and date powder.
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8.33, followed by T2 (8) and T1 (7), while T0 had 
the lowest score at 6.33. Scores for texture varied 
between 7 and 8.33, with T3 having the highest 
score (8.33), followed by T2 (8) and T1 (7.33), 
while T0 scored significantly lower at 7. For taste, 
scores ranged from 6.33 to 9, with T3 leading at 
9, followed by T2 (8.33) and T1 (7), while T0 had 
the lowest score at 6.33. Scores for aroma ranged 
from 6 to 8.33, with T3 scoring significantly higher 
at 8.33, followed by T2 (7.33) and T1 (7), while T0 
had the lowest score at 6. The scores for overall 
acceptability ranged from 6.42 to 8.50, with T3 
having significantly higher acceptability at 8.50, 
followed by T2 (7.92) and T1 (7.08), while T0 had 
the lowest score at 6.42. 

4.    DISCUSSION

DP not merely supplies energy, promotes digestive 
health due to its immense fiber content, exerts 
antioxidant activity [20] but also adds pleasant 
sweetness in foods therefore can be effectively 
used as a healthier replacer of TS. DP offers 
huge health benefits instead to refined TS due 
to its nutrient richness, low glycemic index, etc., 
[21]. It was noticeable that DP of var. Dhaki 
showed to have a substantial proportion of energy, 
carbohydrate, and total sugars. Moreover, reducing 
sugars were extremely higher than non-reducing 
sugars. The chief carbohydrate in DP is sugar, i.e., 
monosaccharides (mainly glucose and fructose) as 
reducing sugars and disaccharides (sucrose) as non-
reducing sugar [22]. The fiber content in DP found 
higher due to moisture removal during drying. In our 

findings, Dhaki DP contained substantial protein, 
which may be considered a reasonable quantity. 
Date fruit drying removes moisture resulting in a 
higher concentration of other components such as 
fiber, ash, protein, fats, etc., [23]. However, fat is 
one limiting component in date fruits [24]. The pH 
of DP was slightly acidic due to having different 
organic acids, i.e., malic, citric, and oxalic acid [5]. 

Cake is a popular food loaded with refined 
TS that links it to several health-related issues 
[25]. Present findings suggest that cake samples 
performed differently for nutritional characteristics 
and sensorial attributes due to having varying 
proportions of DP and TS. Among all cake samples, 
T0 exhibited lower average values for fat, protein, 
ash, carbohydrate, and fiber content while energy 
value was also minimal, whereas moisture content 
and total sugars were found higher in T0. The 
cake formulations in which TS was replaced with 
DP showed to have adequate levels of essential 
components such as fat, protein, ash, carbohydrate, 
and fiber content whereas the energy value was 
also higher. Among DP-added cake samples, T3 
performed appropriately for both nutritional and 
sensorial attributes. Fat serves as a shortening agent 
in cakes that elevates taste and calorific value. T3 
showed a higher percentage of fat indicating greater 
energy value than the counterpart samples. Studies 
by Mrabet et al. [26] show higher fat in cakes with 
date fruit. However, DP exhibited a low-fat content 
suggesting it is a poor source of fat. Majzoobi et al. 
[27] observed higher ash in date fruit press cake. 
Mrabet et al. [26] reported ash content in date-

Fig. 1. Cake samples with different levels of table sugar and date powder.
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enriched muffins ranging from 0.96 to 1.07 g/100g. 
However, in the current study higher ash was 
noted in T3 and DP. Dried date fruit contains fiber 
ranging from 8.09 to 20.25 g/100g [28], therefore, 
fiber remained higher in T3. In this study, the cake 
samples were subjected to sensorial evaluation and 
the result showed that T3 perceived a maximum 
average score for color, texture, taste, aroma, and 
overall acceptability. This proves that replacing TS 
with DP imparted richness in the sensorial attributes 
of the cake samples. It can be therefore interpreted 
that replacing TS with DP enhanced the overall 
nutritional and sensorial attributes of cake samples. 
DP can be a promising substitute for refined TS in 
cakes since it is concentrated with essential health-
promoting components [23]. 

5.    CONCLUSIONS

It is concluded from the present study that all cake 
samples attributed suitable nutritional properties 
and sensorial attributes. Among all treatments, T3 
(with the highest DP content, i.e., 30%) exhibited 
superior outcomes for most nutritional attributes 
followed by T2 and T1. Moreover, T3 showed to 
have significantly higher average values for all 
sensorial attributes followed by T1 and T2. These 
findings suggest that DP can be a vital TS replacer 
in various foods for potentially enhancing their 
nutritional value without compromising sensory 
enjoyment.

6.    RECOMMENDATIONS

Keeping in mind, the facts obtained from the present 
study that cake samples replaced with date powder 
against added sugar are nutritious and palatable 
therefore these can be commercialized to a market 
level so that consumers may get access.
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