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Abstract

This study investigates the impact of sugar content on the physicochemical properties of oven-
dried dates powder from four distinct cultivars—Ajwa, Safawi, Sukkary, and Medjool. The drying
process reduced moisture content by approximately 55% (Ajwa), 58% (Safawi), 76% (Sukkary),
and 60% (Medjool). Quantification of sugars using High Performance Liquid Chromatography
equipped with refractive index detector (HPLC-RI) revealed varying sugar compositions, with
Ajwa, Safawi, and Sukkary containing a mix of fructose, glucose, sucrose, maltose, and lactose,
while Medjool lacked lactose. Sukkary date powder exhibited superior flowability properties due
to lower sugar and moisture content, meeting industry standards, although it displayed a higher
tendency to cake compared to white and coconut sugars. Other physicochemical characterisation
(pH, colour properties L*(lightness), a*(redness/greenness), b* (blueness/yellowness) values,
hygroscopicity, solubility, morphology and chemical structure of all date sugar were also explored
in comparison with commercial sugars (white sugar and, brown sugar and coconut sugar) as
controls. Notably, Sukkary date powder emerged as a promising cultivar for production, offering
reduced clumpiness and stickiness in comparison to Ajwa, Safawi, and Medjool date powders.
These findings provide valuable insights for food manufacturers, formulators, and researchers
interested in using Sukkary date powder in various foods. The potential use of Sukkary as a sugar
substitute or carbohydrate source, suitable for both normal and diabetic individuals, underscores
its versatility and highlights avenues for innovation in the food industry especially in

confectionary, bakeries, beverages, snack foods or other natural, health-oriented food industries.
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1.0 Introduction

Sucrose, commonly known as sugar, is a disaccharide comprising glucose and fructose,
naturally present in fruits and vegetables. Sugar cane and sugar beet contain the highest
concentrations of sucrose. The Codex Alimentarius Commission specifies that white sugar is
purified and crystallised sucrose, with a minimum purity level of 99.7% (Mermelstein et al. 2015).
Overindulgence in sweetened beverages is linked to metabolic disorders, including type 2
diabetes mellitus (T2DM), obesity, and cardiovascular diseases (Prinz, 2019). The World Health
Organization (WHO) advises that the daily intake of sugars should not exceed 5% -10 % of the
total daily caloric intake (Yang et al. 2014). The issues arising from excessive consumption of
simple sugars include obesity and, consequently, insulin resistance. Insulin resistance, in turn, has
a negative impact on the serum levels of brain-derived neurotrophic factor (BDNF) (Rozanska et
al. 2020). As a result, there has been a growing interest in natural sweeteners and a shift towards
healthier alternatives. Other than milk and egg powders that are commonly produced today, fruit
powders are growing as this will benefit in terms of longer shelf life, ease of handling and
transportation and also storage security. However, it is undeniable that fruits contain very high in

sugar, which may lead to a problem of stickiness during production (Jaya et al., 2006).

Date powder or date sugar, derived from dehydrated date fruits, is a natural sweetener with
a high sugar content, presenting both opportunities and challenges in its production and
application. It has a low to medium glycemic index, which means it does not cause blood sugar
spikes, making it a suitable option for those concerned about sugar intake (Alkaabi et al., 2023).
Additionally, date sugar is high in fibre, antioxidants, and various minerals such as potassium,

magnesium, selenium and copper (Al-Farsi & Lee, 2008). These nutrients contribute to improved



digestion, bone health, and overall well-being. Date sugar is considered a healthier alternative to
refined sugars due to its naturalness and nutrient density. It can be used as a substitute for white
or brown sugar in recipes, offering a sweet taste along with its health benefits (Alsenaien et al.,
2015). It is well-established that date fruit exhibits diverse nutraceutical properties attributed to
its significant content of dietary fibre, vitamins, carotenoids, phenolics, and antioxidants. These
categories have been scientifically proven to offer various health advantages, including
nephroprotection, neuroprotection, and hepatoprotection. Additionally, there is potential for
anticarcinogenic, antihyperlipidemic, and anti-inflammatory properties in date fruit
(Chandrasekaran & Bahkali, 2013; Dayem et al., 2016; Khalid et al., 2017). In this present study,
four different date cultivars are used: Ajwa, Safawi, Sukkary, and Medjool. According to previous
studies, the total sugar content of all of the date flesh varieties is 74.3 g/100g, 75.3 g/100g, 78.5
g/100g and 66.2 g/100g for Ajwa, Safawi, Sukkary, and Medjool, respectively (Assirey, 2015; Al-
Farsi & Lee, 2008). Except for Medjool, which lack lactose, other date cultivars used in the present

study prove the presence of glucose, fructose, maltose and sucrose.

However, the high sugar content of date fruits can lead to clumping during powder formation,
affecting flow characteristics and caking behaviour (Hasan et al., 2022). Understanding the impact
of sugar content on these attributes is crucial for optimising date powder production. Moreover,
date powder has shown promise as a sugar substitute in various food products, such as cookies,
with sensory evaluation studies indicating its potential for partial sugar replacement (Alsenaien
et al., 2015). Therefore, investigating the influence of sugar content on the flow characteristics,
caking behavior, and solubility attributes of different date powder cultivars is essential for

enhancing the quality and applicability of date powder in food and beverage industries. This study



aims to address this gap by examining the effects of sugar content on the mentioned attributes,

providing valuable insights for the production and utilisation of date powder.

2.0 Materials & Methods

2.1 Materials

Four types of date cultivars were used in this study: Safawi, Sukkary, Ajwa, and Medjool. The
samples were bought at Makkah & Almadinah Market, Wholesale Yemen Trading Sdn. Bhd.,
Bangi, Selangor, Malaysia. Meanwhile, commercial white sugar, brown sugar and coconut sugar
were purchased from local markets as a comparison. All chemicals and reagents used in the study

are either food grade or analytical grade.

2.2 Dehydration of date fruits

Three hundred grams of pitted dates were sliced into small segments measuring approximately
0.5 cm x 0.5 cm and evenly distributed on trays to ensure a consistent drying area for all date
samples. Subsequently, the sliced dates underwent oven drying at 70°C for a duration of 72 hours,
following the recommended dehydration method outlined by Hasan et al. (2022). After drying, all
dates were finely ground into a powder using a grinder for approximately 10 minutes, or until the

finest powder achievable was attained. The resulting powdered date sugars are depicted in Figure



c) Safawi sugar d) Sukkary sugar

Figure 1. Date sugars from four different date cultivars

2.3 Physicochemical analyses



The moisture content was determined following the AOAC 950.46 standard method, and pH was
measured in a 1:4 (w/w) solution according to the procedure outlined by Segui et al. (2015) using
a pH meter (Model 320, Metler-Toledo Ltd., Essex, UK). Water activity was assessed using a water
activity meter (Aqualab Pawkit, Decagon Devices, Pullman, WA, USA). For solubility assessment,
2 g of powder was dissolved in 25 ml of distilled water, and the solution was centrifuged at 7000
rpm for 15 min. The supernatant was discarded, and the sediment was oven-dried at 80 °C until
a constant weight was achieved. Solubility (%) was then calculated using the formula: Solubility =
(Sample weight - Dried sediment weight / Sample weight) x 100 (Hasan et al. 2022).
Hygroscopicity of the fine and coarse powders was determined following the method described
by Manickavasagan et al. (2015). A 1 g sample of date powder was placed on a petri dish and
exposed to a desiccator with a saturated NaCl solution (relative humidity approximately 76%) for
one week, expressing hygroscopicity as weight gain per 100 g of powder. The colour of the date
powder was analysed using a Hunter Lab colorimeter (WR-10, FRU, Shenzen, China), recording
the parameters of lightness 'L', redness/greenness 'a’, and blueness/yellowness 'b' (Ghnimi et al.

2017).

2.4 Sugar profile analysis

The quantification of monosaccharides and disaccharides was carried out using a high-
performance liquid chromatography (HPLC) (Waters Alliance 2695, Waters Corporation, Milford,
MA, USA) instrument equipped with a refractive index (RI) detector (Waters 2414, Waters

Corporation, Milford, MA, USA). The methodology, as established by Baroyi et al. (2022), was



followed. A 20% (w/v) sugar solution in deionised water was prepared, and sugars were extracted
by adding methanol. The resulting solution underwent filtration using a 0.45 pum nylon syringe
filter before being introduced into the HPLC system. The LiChroCART-NH2 column (250 mm x 4.6
mm, particle size 5 um) from Merck (Darmstadt, Germany) was employed, with a fixed column
temperature of 40 °C. Injection of 20 microliters of the filtered sample into the system, coupled
with an isocratic elution using 80:20 (v/v) HPLC grade acetonitrile and deionised water at a flow
rate of 1.5 mL/min, facilitated the separation of sugars. The retention time for both standards and
samples was approximately 15 minutes, and the entire process was managed by computer
software (Waters Empower 2, Waters Corporation, Milford, MA, USA) for direct sugar

guantification.

2.5 Morphology of dates powders by employing SEM analysis

The examination of date powder particle morphology involved the utilisation of a scanning
electron microscope (SEM) (Model S-3400N Hitachi, Hiscope Systems Company, New Jersey, USA).
Microscopic images of the date powder from all treatments were captured and analysed at

magnification of 50x.

2.6 Flow characteristics of date powders

2.6.1 Bulk and tapped density



About 2 grams of sugar sample (denoted as m) were placed into a 10 ml graduated cylinder, and
the volume occupied by the sample powder (V,) was duly noted. The calculation for bulk density

was undertaken using the following Equation 1.

Pb=m/v,, (Equation 1)

Around 2 grams of sugar sample, denoted as m, were poured into a 10 ml graduated cylinder
subjected to mechanical tapping up and down for 100 repetitions. Subsequently, the volume
occupied by the sample powder (V:) was documented, and the tapped density was determined

using the provided Equation 2.

Pt=m/v, (Equation 2)

The bulk and tapped densities were used to calculate the Hausner ratio (HR) and Carr’s Index (Cl).
Hausner ratio (HR) is an index correlated to the flowability of a powder (Hausner, 1967) (Equation

3). The Carr's index (Cl) is defined as the compressibility of a powder (Carr, 1965) (Equation 4).

HR_,,/p, (Equation 3)

Cl=((p¢-pp)/ppx100  (Equation 4)
The Hausner ratio and Carr’s Index showed the flowability as per the scale described in Table 1.

Table 1. Scale of flowability

Hausner Ratio Carr’s Index Flow Characteristics

1.00-1.11 10 Excellent




1.12-1.18 11-15 Good

1.19-1.25 16.20 Fair

1.26-1.34 21-25 Passable
1.35-1.45 26-31 Poor

1.46-1.59 32-37 Very Poor
>1.60 >38 Very, Very Poor

2.6.2 Flow property measurement by powder flow analyser

The determination of flow behavior was conducted using a Powder Flow Analyzer, connected to
a Texture Analyzer (TA. XT Plus Stable Micro Systems, Surrey, UK). The apparatus consisted of a
vertical glass container (120 mm height x 50 mm internal diameter) and a specific rotating blade
(48 mm diameter x 10 mm height) that could move both up and down and rotate in either
direction. The assessment of flow measurements involved displacing the rotating blade in a
controlled manner within the glass container containing the powder sample, following the
methodology established by Mukherjee & Bhattacharya (2006). Three distinct tests were carried

out, namely, caking and powder flow speed dependency (PFSD) test.

The caking process occurs when the powder undergoes a transition from an amorphous state to
a sticky state, typically leading to a decline in the quality and functionality of the powder
(Aguilera, del Valle, & Karel, 1995). In these assessments, two parameters, namely cake strength
and mean cake strength, were evaluated. Initial calibration involved force, torque, and distance
measurements. Subsequently, a 90 cm? volume sample was placed in a cylindrical vessel on the

texture analyser during setup. Following this, two conditioning cycles were conducted. The



instrument blades verified the level surface of the powder, and the powder column was
compressed until reaching the specified force. The compaction cycle process was then repeated
five times, recording the change in column height at each cycle. The Texture Exponent 32 software
(TA. XTplus, Stable Micro Systems) was utilised to determine the cake strength and mean cake

strength of the powder.

Powder flow speed dependence (PFSD) is a crucial tool for assessing the flowability of a powder
at specific speeds, and in this study, it was employed to quantify a powder's characteristics at
various flow speeds. The test focused on measuring the flow stability of the powder. Initial
calibration covered force, torque, and distance measurements. Subsequently, a 90 cm? volume
sample was placed in a cylindrical vessel on the texture analyser during setup. Two conditioning
cycles were followed by the addition of five sets of two conditioning cycles at selected speeds
(10, 20, 50, and 100 mm/s). The final conditioning comprised two cycles at 10 mm/s. During the
downward part of the cycle (moving up), the powder was compacted, while the upward stroke
(moving down) involved a lifting action. The Texture Exponent 32 software (TA. XTplus, Stable
Micro Systems) calculated the compaction coefficient (g mm) by integrating the positive areas
displayed in the force-distance curves. This compaction coefficient was defined as the compaction
coefficient (g mm). The stability index value ranged from 0 to 1, with values below 1 indicating
granulation effects and values above 1 associated with no granulation effects. All methods used
in the flow property measurement were followed according to the methods by Rosland Abel et

al. (2019).



2.7 Fourier Transmittance Infrared (FTIR) analysis

The infrared spectroscopy (Model Spectrum-100 from PerkinElmer, Inc. in Connecticut, USA),
utilising the ATR technique is well-suited for examining IR solids. Potassium bromide (KBr) served
as the diluent in this analysis. All the sugar powder samples and KBr were ground to reduce the
particle size to less than 5 mm in diameter. KBr, added to an agate mortar, was finely ground.
Subsequently, the sample was mixed with the KBr powder and ground for 3 to 5 minutes. The
mixture was then placed into a 7 mm collar and pressed with a small hydraulic press to form a
pellet. This pellet was positioned on the sample holder for scanning. FTIR spectra were collected
in the mid-infrared region (4000 — 650 cm-1) through 32 scans. Software (OriginLab, OriginLab
Corporation in Massachusetts, USA), was employed for the analysis of the FTIR spectra (Aridi et

al. 2022).

2.8 Statistical design and analysis

All analyses were conducted in triplicate unless otherwise stated, and results are expressed as
mean * standard deviation. The statistical analysis was performed using Minitab Statistical
Software (Version 17, Minitab Inc.). Tukey's test was used for post—hoc analysis, and results were
reported as mean * standard deviation. All graphical representations and plots were made using

Microsoft Excel 2019 (Microsoft, USA).



3.0 Results and Discussions

3.1 The effects of dehydration of date fruit on moisture content and sugar analysis

3.1.1 Moisture content
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Figure 2. Moisture content of date before and after drying.

Figure 2 showed that the moisture contents of fresh date samples were 26.79 + 0.42%, 24.07 +
0.17%, 30.48 + 0.13% and 30.76 + 0.81% for Ajwa, Safawi, Sukkary and Medjool, respectively.
Based on the moisture content of the fresh dates, Ajwa and Safawi can be categorised as semi-
dry dates, while Sukkary and Medjool are categorised as soft dates (Ghnimi et al. (2017); Kamal-
Edlin et al. 2020; George et al., 2020). The moisture content of the fresh dates is in the range of
the reported review study by Al-Farsi & Lee (2017), where the moisture content of fresh dates is
in the average of 42.4% and differs significantly by cultivar. The decrement of moisture content of
dates before and after drying was plotted and shown in the Figure 2. After being oven-dried for

72 hrs. at 70°C, the moisture content of all dates reduced significantly. As the results of the drying



process, the moisture content of dates powder was 12.01 + 0.14%, 10.04 + 0.13%,7.45 + 0.13%
and 12.25 + 0.15% for Ajwa, Safawi, Sukkary and Medjool. The reduction of the moisture content
corresponds to about 55%, 58%, 76% and 60% in similar dates order. The highest moisture
reduction recorded was from Sukkary date powder. There is no significant difference (p > 0.05)
between Safawi and Medjool date powders, while the other date powders showed individually
significant differences (p < 0.05) from each other. Moisture content of dates powder obtained in
this study is comparable with the date powders studied by Akhobakoh et al. (2022) and Fikry &
Al-Awaadh (2016), which are 7.14 + 2.00% and 7.87 + 0.61%, respectively. According to Hasan et
al. (2022), fibrous dates will dry faster compared to less fibrous dates. However, there are a few
other factors that will affect drying performance and the final moisture content values of the
dates, such as drying methods, drying temperature and time, hygroscopic nature of the dates,

and the particle size of dates during drying and processing (Raza et al. (2019).

Meanwhile, the moisture content of the commercial sugars such as white sugar, brown sugar and
coconut sugar were also determined, exhibiting about 0.07 + 0.12%, 4.46 + 0.45% and 2.39 %
0.12%, respectively. The moisture content of the white sugar in this present study is lower than
the reported value by Segui et al. (2015). Meanwhile, the authors stated that the moisture
content of the brown sugars is in between 1.2 to 1.6% only, which contradicts the measured value
in this current work. However, coconut sugar was found in the similar range (1.33 — 3.44%) with
a study by Nurhadi et al. (2018) on varieties of drying methods. All date powders showed higher
moisture content compared to commercial sugars, which might be due to the initial moisture

content of the materials used and also drying and processing conditions in sugar production.



3.1.2 Sugar profile analysis
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Figure 3. Sugar content of date before and after drying.

Dates are known to possess more than 70% of sugars and mainly consist of fructose and glucose
at equal values (AlFarsi & Lee, 2008). Initially (Figure 3), Ajwa, Sukkary, and Medjools had similar
trends in sugar content, where it was dominant in fructose and glucose but low in sucrose
content. The amount of fructose, glucose and sucrose were 22.92 + 0.05%, 27.11 + 0.12% and
4.95 + 0.02% for Ajwa, 26.73 + 0.06%, 30.94 + 0.12% and 5.46 + 0.03% for Safawi, and 28.07 £
0.08%, 33.36 + 0.11% and 5.07 + 0.02% for Medjool, respectively. Sukkary showed a different
trend of sugar content, which is contradicted with Ajwa, Safawi and Medjool. Sukkary date
powder initially contained 9.6 £ 0.03% of fructose, 11.63 + 0.05% of glucose and 40.78 + 0.03%
of sucrose. Maltose and lactose were analysed to be present in not more than 6% each in all
dates. Lactose was not detected in Medjool date powder, and it is in agreement with the previous
study by El-Mergawi et al. (2019). Sugar analysis revealed that drying treatment affects the

fructose, glucose and sucrose value of all dates at all different cultivars, while maltose and lactose



were not really affected by the drying process, where the increment of maltose and lactose is
only 4% for all dates merely due to moisture loss. Sugar content is closely related to the moisture
content of the products. As Sukkary previously showed a high amount of moisture loss, therefore
that it is expected that the increment of sugar content of Sukkary would be the highest. Fructose,
glucose and sucrose of Sukkary increased by about 12%, 13% and 62%, respectively. In the
meantime, the increment of sugars for Ajwa, Safawi and Medjool are in the range of 37- 40%, 43-
46% and 4-6% for fructose, glucose and sucrose, respectively. In the review article by AlFarsi &
Lee (2008) showed that the average value fructose, glucose and sucrose in fresh dates are 19.4%,
22.8% and 4.0 %, respectively. Most of the dates reviewed by the authors did not detect any
presence of sucrose. Even so, none of the previous work has done sugar analysis of the Sukkary

date powder, which might be unexplainable for the uniqueness.
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Figure 4. Sugars content of dates powder and commercial sugars.



Figure 4 shows a comparison of the sugar content of date powders with commercial sugars. Unlike
date powders, white sugars only consist of sucrose and are absent of all reducing sugars.
Meanwhile, brown and coconut sugar consists of fructose, glucose and sucrose. All commercial
sugars exhibit a high amount of sucrose content, whereas Sukkary is the only date powder that
possesses similar characteristics. As for white sugar, with the purity of about 99.9% of sucrose
contributed to poor nutritional value or that also claimed to provide high amount of ‘empty
calories’ (Segui et al. 2015). The authors also mentioned in their work that although fructose and
glucose are present in the raw material, it cannot be neglected that the reduced sugars might be
the product of sucrose inversion during post-harvesting and processing. In the other hand, the
sucrose content of the brown sugar studied by Asikin et al. (2014) remained at the same level of
90% for over one year of storage. In this current study, the value of sucrose in commercial brown
sugar is about 98.21 + 0.28% which is higher than reported by Asikin et al. (2014). Coconut sugar
showed a lower amount of reducing sugars compared to brown sugar. In the study by
Somawiharja et al. (2018) showed that coconut sugar consists of 14.15% of fructose, 15.60% of
glucose and 49.41% of sucrose. Then, the coconut sugar was added with a preservative that led
to an increment of sucrose and a decrement in fructose and glucose. Therefore, the commercial
coconut sugar that is used in the current study might be one of the effects of the addition of
preservative that resulted in a similar trend as the coconut sugar reported by Somawiharja et al.

(2018).



3.2 The physicochemical properties of date powders in comparison with commercial sugars

3.2.1 pH

Table 2 presents the physicochemical properties of date powder in comparison with commercial
sugars. pH value of date powders Ajwa, Safawi, Sukkary and Medjool are 5.35 + 0.08, 5.40 + 0.04,
5.67 £ 0.09 and 5.21 £ 0.05, respectively. This is comparable to the reported pH value of Rotana
and Nabtat Ali oven-dried date powders, which corresponds to 5.85 and 5.71, respectively (El
Sharnouby, 2007). Meanwhile, the pH value measured for white sugar is 7.46 + 0.05, brown sugar
is 4.52 +0.03, and coconut sugar is 6.14 + 0.04. Previous study by Segui et al. (2015) showed that
the pH value of white and brown sugar is 6.30 £ 0.20 and 6.25 + 0.12, respectively. Measured pH
value in the current study is slightly higher for white sugar, and a lower pH value was observed in
brown sugar. The pH value of crystal sugar is slightly higher, which might be due to few reasons.
Carbonation occurs during the sugar production procedure, aiding in the formation of unwanted
impurities' solid particles and elevating the syrup's pH level. Variations in pH might also be rooted
in additional elements like organic acids and the inclusion of citric acid, used as a preservative in
instances involving CH (Segui et al., 2015). This also might be a good explanation for the lower pH

value in dates powder as it is preservative-free and has minimum processing involved.

3.2.2 Water activity

Water activity refers to the proportion of water vapour pressure within a food item in relation to
the vapour pressure of pure water under identical temperature conditions (Ahmed et al., 2005).
In simpler terms, water activity gauges the accessible "unbound water" in a food product and is

employed as a criterion to ascertain microbial proliferation. Notably, microorganisms typically do



not thrive when the water activity falls below specific thresholds: 0.90 for many disease-causing
bacteria, 0.70 for moulds causing spoilage, and 0.60 for all microorganisms (Mermelstein, 2009).
In this current study, water activity measured for all dates powders is 0.33 + 0.03, 0.33 = 0.02,
0.41 £ 0.04 and 0.32 + 0.01 for Ajwa, Safawi, Sukkary and Medjool, respectively. All of the water
activity value of date powder falls below 0.60 and have the ability to prevent microorganisms’
growth. According to Manickavasagan et al. (2015), there are a few factors that affects water
activity value of dates powders. They are differences in date cultivars, the presence and the
amount of carrier agents such as maltodextrin added, and the processing type used to produce
the product. A study by Sablani et al. (2008) showed that date powders with the addition of
maltodextrin at different ratio resulted in water activity value of 0.29-0.33, which is slightly lower
than the date powders in this present work without addition of any carrier agent used.
Meanwhile, the water activity measured for commercial sugars is 0.72 £ 0.01, 0.67 + 0.03 and
0.44 £ 0.04 for white sugar, brown sugar and coconut sugar, respectively. The value is comparable
with the study by Segui et al. (2015) for white sugar 0.68 + 0.07, and 0.61 + 0.04 for brown sugar.
Water activity of coconut sugar reported by Nurhadi et al. (2018) is 0.29, which is lower than the
water activity measured in this present study, which corresponds to the value of 0.44 + 0.04. The
differences are directly related to the moisture content of the coconut sugar, where the higher

moisture content within the coconut sugar resulted in higher water activity.

3.2.3 Colour analysis

The literature review has demonstrated the various ways in which colour impacts the perception
of taste and flavor. Multiple pieces of evidence converge to indicate that the colour of food and

beverages plays a role in establishing expectations for taste and flavor. These anticipations,



seemingly formed automatically before actually tasting, tend to influence the subsequent
multisensory experience of flavor (Spence & Levitan, 2022). The colour attributes were
represented by L* value for the lightness, +a* is redness and +b* is for yellowness of the product.
Based on the results presented in Table 2, L* for Ajwa, Safawi and Medjool dates powder are very
low and not significantly different (p > 0.05) as the original date fruits of those three cultivars are
very dark brownish in colour. Meanwhile for Sukkary, the natural colour of the Sukkary dates are
light brown in colour, and this is reciprocated with a higher value of L*, which is 14.48 £ 1.14. The
L* value of Sukkary is statistically in between the lightness value of brown and coconut sugar.
According to Raza et al. (2018), oven-dried date powder exhibited a lower L* value compared to
spray-dried date powders. This statement is supported by El-Sharnouby (2007) where oven-dried
date powder has the lowest L* value in comparison with microwave oven, solar drier and oven
under vacuum drying methods in producing dates powders. White sugar has the highest L* value
compared to all other sugars. As for redness (+a*), Safawi and Medjool are not significantly
different in redness (p = 0.05). In the other hand, yellowness (+b*) showed that Ajwa, Safawi and
Medjool are not significantly different (p > 0.05), and Sukkary, brown and coconut sugar are also

not significantly different (p = 0.05) from each other.

3.2.4 Hygroscopicity

Table 2 presented hygroscopicity of the date powders in comparison with commercial sugars. The
hygroscopicity was tabulated and defined as the amount of water in a gram absorbed of date
powder also in gram. The hygroscopicity was not significantly affected (p = 0.05) by date cultivars.
The results exhibited that there is a significant difference of hygroscopicity between all date

sugars and commercial sugars. Dates powder with lower moisture content tend to absorb more



moisture from the surroundings (Hasan et al. 2022). However, the results obtained in this study
is contradicting the previous statement and also was found to be higher than Manickavasagan et
al. (2015) and Sablani et al. (2008), which the hygroscopicity of date powder from 0.03 to 0.08
g/gram of powder. However, according to Moghbeli et al. (2020), low hygroscopicity might also
be related to glass transition temperature of the product, which is not yet determined in this
current study. Further research is needed to support this statement. Besides that, adding carrier
agents such as maltodextrin or acacia gum will also help to lower the hygroscopicity of the

powders, that eventually enhances the storage stability of the powders (Sablani et al., 2008).

3.2.5 Solubility

According to research findings, the solubility index of date powders was discovered to vary
between 67% and 88%, depending on factors such as carrier agents, preparation conditions, and
the specific type of raw material employed (Manickavasagan et al., 2015; Sablani et al., 2008). As
shown in the Table 2, only Medjool date falls in the stated range. However, it is not negligible that
solubility of date powder is significantly (p < 0.05) affected by date cultivars varieties. White sugar
and coconut sugar exhibit more than 100% of solubility. Meanwhile, the solubility of Safawi,
Medjool and brown sugar are not significantly different (p = 0.05). Date cultivars rich in dietary
fibre may lead to decreased hygroscopicity, yet their powders are anticipated to exhibit lessened
solubility (Dhingra et al. 2012). As Sukkary powders contained the lowest moisture content and
sugar content, this can be hypothesised that Sukkary might consist of high dietary fibre or
minerals contents that contributed to its low solubility (51.98 + 1.05%) compared to the other

dates powders.



Date pH Water L* a* b* Hygroscopicity Solubility
Cultivars Activity (g of water/g of (%)
powder)
i + < d + + c
Alwa >33t 033:003 434:134 14 ‘NG 49.85 + 0.48
de ab b
0.08 1.12 0.73 0.71 £ 0.04¢
i + c d + + +
Safawi 540+ 033 +0.02 334+1.06 16.07 21.23 + 63.52 +
d a b abc
0.04 1.20 0.87 0.72 £ 0.00¢ 28.80
+ b + + + be
Sukkary 5.67 0.41+0.04 14.48 + 1351+ 28.36 51.98 + 1.05
c bc bc a
0.09 1.14 0.08 0.68 0.57 £0.00¢
H + c d + + abc
Medjool >21f  532+001 352+024 1608 19832 87.38+7.84
e a b
0.05 0.70 0.29 0.69 +0.01°¢




H + a + e
White Sugar 7.46 % 0.72 +0.01 5949t 5954523 523£0.12 106.40 + 5.20
0.04 +0.01¢
a a
0.05 1.09
f a + d + +
BrownSugar /o5 4.003 0.67+0.03 1530+ 4814029 27.67+% 88.34 ¢
3.23 +0.24°
b a abc
1.18 0.20 11.90
+ b + + + +
Coconut 6.14 + 0.44 £ 0.04 12.03 + 12.76 + 27.66 + 100.24 +
d 1.96 + 0.15P X
C C a a
Sugar 0.04 0.47 0.03 0.35 2.05

Table 2. Physicochemical properties of date powders in comparison with commercial sugars.

3.2.6 SEM analysis
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Figure 5. SEM analysis of date powders and commercial sugars.



Irregular structure of dates powder particles under scanning electron microscopy were presented
in Figure 5. The images were taken on the surface of each powder particle. However, due to the
high clumping and agglomeration of dates powder, especially Ajwa, Safawi and Medjool, the
structure of a single powder particle is impossible to be captured. However, as for Sukkary and
white sugar, the particle powder structure is clearer. Meanwhile, brown and coconut sugar
exhibits almost similar surface texture but is smaller in particle size compared to all date powders.
SEM images of oven-dried date powders were rather scarce. Previous studies showed that SEM
analysis was done to study the surface morphology of the sprayed dried dates powder
(Manickavasagan et al., 2015; Moghbeli et al., 2020), which resulted in relatively smooth, uniform
and spherical particles. However, a previous study by Brishti et al. (2020) on the preparation
techniques of mung beans showed that oven-dried mung beans produced a crystalline structure
that might be a result of a long hour drying at a heated temperature (24 hrs. at 50°C), which
caused the water molecules that were transferred from the inner side and rapidly evaporated
from the surface. Another study by Balddn et al. (2021) studied the surface morphology of the
grape pomace powder (GPP) that was prepared by oven drying at 55°C and 75°C. SEM analysis
that was conducted by the authors resulted in irregular shapes of particles with diverse surface
morphologies of both GPP. Both powders showed a rough surface due to their porous and fibrous
structure. Therefore, as dates are also known to be as fibrous fruits, this explains the irregular

surface morphology of date powder in this present study.



3.3 Flowability of date powders

3.3.1 Bulk density, tapped density, Hausner Ratio and Carr Index

Bulk density is the response of a product during packing that depends on a number of variables,
including particle size, interparticle tensions, and the tensile strength of the contact sites (Raza et
al., 2018). Table 3 showed that Ajwa, Safawi and Medjool powders are not significantly different
(p 2 0.05) in both bulk and tapped density. There is also no significant difference for bulk and
tapped density (p 2 0.05) between Sukkary powder, brown sugar, and coconut sugar. White sugar
exhibits the highest bulk and tapped density of 0.88 + 0.00 g/cm3 and 0.94 + 0.00 g/cm3,
respectively, due to the largest particle size of white sugar compared to date powders, brown and
coconut sugar. The advantage of large particle size is to have less specific surface area, which
suggests reduced friction. As a result, the particles were able to flow readily, and the powder
became more compact when tapped, increasing the bulk and tapped densities (Rosland Abel et
al., 2019). Oven-dried date powders reported by Sablani et al. (2008) possessed bulk density in
the range of 0.66 to 0.79 g/cm3. The compressibility of the powders is defined by two equivalent
indices, which are Hausner Ratio (HR) and Carr’s Index (Cl). HR is a degree of interparticle friction,
and Cl is a degree of powder bridge strength and stability (Jan et al., 2015). Based on scale of
flowability, a good flowability powder must exhibit Cl within 15 and HR below 1.18. Based on the
results, only Sukkary date powder has Excellent flowability properties (HR of 1.04 + 0.04 and Cl of
3.66 + 3.57) compared to the other date powders, Ajwa, Safawi and Medjool. Meanwhile, both
white and coconut sugar also indicated Excellent flowability and brown sugar indicated Good
flowability. Hasan et al. (2022) studied Sukkary and Barakawi date powders, which resulted in

free-flow and medium-flow powders, respectively.



3.3.2 Caking strength and flow stability

Caking strength analysis and powder flow speed dependence test were only performed on three
samples (Sukkary powder, white and coconut sugar) as this sample exhibits Excellent flowability
according to the standard scale. Ajwa, Safawi, and Medjool were found to be too sticky and
clumpy for any further flowability analysis. Moisture content plays a crucial role in the caking and
cohesion of powders. Other factors affecting caking strength of the powders are particle size,
packing efficiency and interparticle interactions (Rosland Abel et al., 2019). The mean caking
strength of Sukkary powder is the highest, which is 490.59 + 52.19 g.mm. The result is followed
by coconut sugar (157.88 + 4.56 g.mm) and white sugar (149.88 + 52.97) in third place. As the
Sukkary powder contained the highest moisture content compared to coconut and white sugar,
it can be expected that the mean caking strength of the Sukkary powder would also be high. Even
though, by observation, white sugar is superior in size compared to Sukkary powder and expected
to exhibit the highest mean caking strength, but fine particle powder size also might lead to high
mean caking strength within the powder. As for flow stability, it offers crucial insight into how the
samples vary during the testing process. The research shows that values near to 1.00 reveal no
significant changes, good flowability and stable flow behavior but values more than 1.00 reflect
considerable changes and less flow stability behavior during handling of the powder. As white
sugar is larger in particle size, the flow stability of white sugar is reflected to be 1.40 + 0.13.
Conversely, the flow stability index for Sukkary and coconut sugar are 0.90 + 0.03 and 0.85 + 0.02,
respectively, which is less than 1.00 which indicates good flowability and more stable flow

behavior.



Table 3. Bulk density, tapped density and flow powder properties of date powders and commercial sugars.

Date Bulk Density Tapped Density = Hausner Carr’s Caking Strength Mean Caking Flow
Flowability
Cultivars (g/cm?3) (g/cm?3) Ratio Index (g.mm) Strength (g.mm) Stability
1.29+ 21.65¢+
Ajwa 0.30 £ 0.02°¢ 0.38 £0.07°¢ Passable NA NA NA
0.19° 10.73°
1.25¢+ 20.00 +
Safawi 0.25 £ 0.00¢ 0.31+£0.01¢ Fair NA NA NA
0.01% 0.33¢@
1.04 3.66 24647.30 £
Sukkary 0.58 + 0.05° 0.60 + 0.02° Excellent 490.59 £52.19 0.90+0.03
0.04° 3.57¢ 3513.69
121+ 17.58 +
Medjool 0.27 £ 0.02°¢ 0.32+0.03¢ Fair NA NA NA
0.03%b 1.83%
White 1.06 + 5.88 + 5785.71+
0.88 + 0.00° 0.94 +0.00° Excellent 149.88 + 52.97 1.40+0.13
Sugar 0.00P° 0.00b¢ 3231.10
Brown 1.17 £ 1442 +
0.54 +0.01° 0.63 +0.02° Good NA NA NA
Sugar 0.05%° 3.373%c




Journal Pre-proof

Coconut 1.04 + 3.75 % 3631.06 +
0.56 + 0.01° 0.58 £+ 0.01b Excellent 157.88 + 4.56 0.85 +0.02
Sugar 0.00b 0.08¢ 273.21

*Note: NA = Not Analyzed.



3.4 FTIR analysis of date powders
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Figure 6. FTIR analysis of date powders and commercial sugars.

4000

Figure 6 illustrates FTIR spectra of all dates Ajwa, Safawi, Sukkary and Medjool alongside

commercial sugars, white sugar, brown sugar, and coconut sugar as comparison in the range of

4000 - 650 cm™. Two primary absorption bands in two wave number regions of 3800 to 2800 cm-

1 and 1750 to 600 cm-1 were observed. The FTIR results demonstrated that the chemical

structure of the date powders was not affected by varieties of date cultivars. However, there is a

noticeable decrement of transmittance peaks at 3331 cm™ and an increment of transmittance

peaks at 3511 cm™, 2929 cm, 2860 cm™ and 1661 cm™ for white sugar. Another noticeable

difference was observed in transmittance peaks of coconut sugar, which decreased and

sharpened at 1740 cm™ and increased and sharpened at 1361 cm™. In the other hand, brown

sugar has almost coherent spectra with date powders. The identification of the absorption bands



is as follows where the wide bands observed in the range of 3331 to 3339 cm™ in all samples
correspond to O-H stretching vibrations that are hydrogen-bonded hydroxyl groups mainly from
water or protein (Moosavi-Nasab et al., 2010; Kurniyawan & Kustiningsih, 2019). The band at 2930
cm corresponds to the C-H stretching vibrations of all hydrocarbon constituents in the date
powders and commercial sugars (Harifi-Mood & Hadavand-Mirzaei, 2015). The other bands are
corresponding to C=C stretching at 1640 cm™ in all samples except Ajwa powder, white sugar and
coconut sugar; O-H bending at 1300 to 1400 cm%; C-O stretching at 1230 cm™!; the bands C-O of
C-O-C or C-O of -CsO at 1056 cm™ in all samples, C=C bending at 995 cm™ in all samples except

Safawi and Medjool date powders.

5.0 Conclusion

In conclusion, because Sukkary date powder contains less sugar and moisture than other date
powders, it has improved flowability and meets standards. Nonetheless, Sukkary powder was
more likely to produce clumps than white and coconut sugars. This study highlights Sukkary date
powder's production potential by demonstrating how less sticky and clumpy they are as
compared to powdered Ajwa, Safawi, and Medjool dates. It is undeniable that Sukkary's low
solubility in comparison to other date powders may have been due to its high dietary fibre or
mineral content. Food manufacturers, product developers, and scientists who intend to utilise

Sukkary date powder as a sugar substitute or carbohydrate source will find this material useful.
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Sweet Flow: Exploring the Flowability, Caking, Morphology, and
Solubility of Date Sugars as Promising Sugar Substitutes
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Highlights

Date powders contain fructose, glucose, sucrose, maltose, and lactose.

Lactose was not detected in Medjool composition.

Sukkary powder, white sugar, and coconut sugar exhibited Excellent flowability.
Sukkary powder showcased less stickiness and clumpiness of all date powders.
Sukkary date powder has the best attributes as potential sugar substitute.



