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Background: Caffeine and carbohydrates are significant components in chocolate and confectionery
products, influencing both their sensory appeal and health impact. Accurate quantification of these
components is essential to provide consumers with reliable nutritional information and to inform
healthier dietary choices.

Aims: This study aims to quantify the moisture and ash content, as well as determine the
concentrations of caffeine and carbohydrates, using UV-Visible spectrophotometry, in selections of
chocolates and candies commercially available in Dhaka, Bangladesh. Additionally, the study secks to
elucidate variations in these components across different brands and product types, thereby
contributing to a better understanding of their compositional profiles.

Methods: Samples from six chocolate brands and two coffee candy brands were procured from local
markets and supermarkets in Dhaka. Standard analytical methodologies were employed to determine
moisture and ash content. For the quantification of caffeine and carbohydrates, standard solutions
were prepared, and absorbance measurements were conducted using a UV-Visible spectrophotometer
at specified wavelengths. Moisture and ash content were calculated using standard formulas, while
caffeine and carbohydrate concentrations were derived from calibration curves.

Results: The moisture content in the analyzed samples ranged from 0.25% to 1.88%, while ash
content varied between 5.22% and 6.90%. Caffeine concentrations were found to range from 24.18
+2.51 mg kg™ in Perk chocolate to 60.12 + 0.85 mg.kg™" in KitKat (70% Dark). Carbohydrate content
exhibited considerable variation, with values ranging from 2.03 + 0.01 g/100 g in Coffee Bite to 41.05
+ 0.46 g/100 g in Perk chocolate per 100 g. Dark chocolate samples demonstrated higher caffeine
levels compared to milk and white chocolate varieties, consistent with their elevated cocoa solid
content.

Conclusions: The study revealed significant variability in moisture, ash, caffeine, and carbohydrate
content across different chocolate and candy brands. These findings emphasize the necessity of
rigorous compositional analysis for quality assurance and public health considerations.
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The global consumption of chocolates and confectionery
products, particularly among children and young adults,
continues to rise, including in Bangladesh. In 2022,
Bangladesh’s chocolate exports reached USD 6.94 million,
ranking it 83" globally. Chocolate constituted the 135™ most
exported product from the nation that year, with primary
destinations including India (USD 3.98 million), Vietnam
(USD 838,000), Australia (USD 610,000), Nepal (USD
543,000), and Bolivia (USD 196,000) (OEC, 2022). In
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2022, Bangladesh imported USD 17.9 million worth of
chocolate, positioning it as the 104™ largest importer
worldwide. Chocolate represented the 396" most imported
product within the country. Major supplying nations
comprised Malaysia, India, Sri Lanka, Singapore, and the
Netherlands with the most rapid import growth observed
from Malaysia, India, and Sri Lanka (OEC, 2022). The
primary consumers of chocolate and confectionery are
children, adolescents, and young adults, driven by a
preference for sweet flavors. Urban populations and middle-
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to-high-income groups also contribute significantly to
consumption, especially during celebrations and festive
occasions. This substantial consumption can be attributed to
chocolate's capacity to elicit sensory pleasure and induce
positive emotional responses (Kusumadevi ez al, 2021).
Chocolate's distinctive qualities contribute to its widespread
appeal. It is available in three varieties: dark chocolate, white
chocolate, and milk chocolate. Milk chocolate constitutes the
largest segment of consumption accounting for 40% of the
total (Nafingah e 4/, 2019). The olfactory profile of
chocolate is determined not solely by the specific cocoa
variety utilized but also, significantly by the presence of
amorphous sugar. This interaction between cocoa type and
sugar morphology is crucial in defining the aromatic
characteristics of the final chocolate product (Saputro et al.,
2017).

Moisture content is a key determinant of food quality,
preservation, and shelf-life (Nielsen, 2017). Accurate
moisture measurement is essential for the analysis of other
food components; the remaining residue after analysis,
termed total solids, is vital for carbohydrate calculation.
Elevated moisture levels can accelerate spoilage and reduce
shelf life, making its assessment crucial for storage and
processing considerations (Kirk & Sawyer, 1991). Although
various methods exist for moisture determination, achieving
precise and reliable results can be challenging. Ash content,
the inorganic residue remaining after the complete oxidation
or ignition of organic matter, primarily reflects the mineral
content of food (Pomeranz & Meloan, 1994). Ash content
measurement is an integral aspect of proximate analysis for
nutritional evaluation (Ismail, 2017), serving as an indicator
of product quality, potential adulteration, and nutritional
value (Harris & Marshall, 2017). Collectively, these
measurements offer valuable insights into a sample's
characteristics, supporting quality control procedures and
ensuring compliance with industry standards (Del Rio-
Celestino & Font, 2020).

Caffeine (1,3,7-Trimethylxanthine; CsHiN4O2) is a
naturally occurring xanthine alkaloid predominantly found in
Coffea arabica (coffee), Camellia sinensis (tea), and Theobroma
cacao (cocoa) (Institute of Medicine CMNR, 2001).
Characterized by its stimulant, antioxidant, anti-
inflammatory, and analgesic properties, caffeine is a key
ingredient in several over-the-counter medications (Vieira et
al., 2020). As the most prominent compound in coffee, it is
also prevalent in soft drinks, chocolates, confectionery, and
energy drinks, making it one of the most consumed
substances globally (Saraiva er al., 2023). Cocoa beans, the
source of cocoa mass and cocoa butter, are fundamental to
the production of dark, milk, and white chocolate, with
regional variations in ingredient proportions (Katz et al.,
2011). Additionally, caffeine is present in over 60 other plant
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species (Ashihara ez al, 2017). Coffee, valued for its
distinctive flavor and significant stimulant and psychoactive
effects, is a globally ubiquitous beverage (Roehrs & Roth,
2008). This widespread consumption is driven by coffee's
unique organoleptic attributes and its capacity to enhance
physiological alertness and cognitive performance (Bhandari
et al., 2023). Health and regulatory bodies have recently
emphasized the potential risks associated with caffeine
consumption for specific populations, including pregnant
and breastfeeding women, children, adolescents, young
adults, and individuals with pre-existing cardiovascular
conditions and other specific health concerns, underscoring
the significant disparity in effects between normal and
excessive doses (Temple ez al., 2017).

Chocolate contains substantial amount of carbohydrates,
primarily from added sugars and smaller quantities of
naturally occurring starches, the content of which varies by
type. While cocoa beans naturally contain carbohydrates,
additional sugars and other carbohydrate sources are
frequently incorporated during chocolate production to
achieve the desired organoleptic characteristics (Khowala ez
al., 2008). Carbohydrates, the most abundant organic
compounds, are essential nutrients and the primary energy
source. Even non-digestible carbohydrates are crucial for a
balanced diet (Belitz et 4/., 2009). Carbohydrates constitute a
major component of chocolates, confectionery, and energy
drinks. Determination of total carbohydrate content is
essential for several reasons, including the assessment of food
quality based on sweetness, stability, appearance, and texture.
This information is also vital for energy evaluation,
nutritional labeling, and detecting adulteration. Moreover,
understanding carbohydrate content facilitates the correlation
of dietary intake with health outcomes (Menezes ez al., 2004).

While advanced analytical techniques such as High-
Performance Liquid Chromatography (HPLC) and Gas
Chromatography (GC) (Miiller e al., 2014) are commonly
employed for caffeine and carbohydrate analysis, their
accessibility I soften limited to their complexity and cost.
Caffeine concentrations are typically measured using HPLC-
Mass Spectrometry/Mass Spectrometry (HPLC-MS/MS) in
human biological samples (Geraghty ez al., 2015), and GC
with Nitrogen-Phosphorus Detection (GC-NPD) (Sereshti
& Samadi, 2014) or HPLC with Photodiode Array Detection
(HPLC-PDAD) (Zhao er al., 2014) for beverages such as
coffee and tea. GC-MS/MS is also employed for caffeine
analysis in chocolate and other matrices, although research on
caffeine in chocolates and confectionery in Bangladesh is
limited (Lisko ez al, 2016). Conversely, UV-Visible
spectrophotometry offers a cost-effective and straightforward
method for determining caffeine and total carbohydrate
content, providing high accuracy and reproducibility even
with small sample quantities (Al-Bratty ez 4/, 2020). The
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limitations of UV-Visible spectrophotometry in Bangladesh
include outdated equipment, substandard reagents, and
inadequate maintenance, all of which compromise analytical
accuracy. Adverse environmental conditions further degrade
instrument performance and sample stability, reducing the
method's reliability for rigorous studies. This study aims to
analyze moisture and ash content, and to quantitatively
determine caffeine and carbohydrate levels in various
chocolates and confectionery, including dark, milk, and white
varieties, available in Dhaka, Bangladesh, using UV-Visible
spectrophotometry. The study will elucidate variations in
caffeine and carbohydrate compositions, providing insights
into the diverse profiles of these confectionery products.

2 METHODS
2.1 Samples

In the investigation of caffeine and carbohydrate content in
chocolate and confectionery products sourced from Dhaka
city, Bangladesh, a rigorous and systematic sample collection
protocol was implemented. Six brands of chocolate, namely
Amul Milk Chocolate, Cadbury Dairy Milk, Snickers,
KitKat (70% Dark), Perk and Toblerone, alongside two
brands of coffee-flavored candies. Coffee Bite and Kopiko,
were procured from local markets and supermarkets. To
preserve their chemical integrity, the collected samples were
immediately refrigerated, thereby preventing potential
alterations or degradation in their composition (Ouhakki ez
al., 2024). Additionally, meticulous verification of batch
numbers and expiration dates was conducted to ensure that
only fresh and valid products in the analysis. This step was
critical to eliminate any potential biases arising from the use
of expired or compromised samples.

2.2 Instrumentation and chemicals

This study utilized a comprehensive array of laboratory
instruments and chemical reagents to quantify the caffeine
and carbohydrate content in the chocolate and candy
samples. Distilled water was utilized as the primary solvent
throughout the analysis. Concentrated sulfuric acid (H2SOs,
98%) and phenol were procured from Merck, Germany.
Standard caffeine was obtained from Beximco-Pharma
Limited; Bangladesh and extra pure D-glucose was
purchased from Aldrich Chemical Co. Ltd and stored at 0°C
in a refrigerated environment. All glassware and plasticware
were thoroughly cleaned and sterilized prior to use to avoid
contamination. The analytical instruments employed
included an analytical balance (Model AL 104, Mettler
Toledo, USA), an Electric balance (Model FR-200, NDO-
450ND, Japan), a double-beam UV spectrophotometer
(Model UV-1800, Shimadzu), an oven and furnace (Model
GSM 11/8, Hope Valley, S336RB, England), and a vortex
mixer (Cat/Art No, 444-1372, Germany). These
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instruments were integral to ensuring the accuracy and
reliability of the analytical procedures.

2.3 Moisture content and ash content

The Moisture and ash content of the samples were
determined in accordance with established standard methods
(Ahn et al, 2014; AOAC, 2001). For moisture content
determination, pre-clean and dried porcelain crucibles were
weighed empty and subsequently filled with a measured
quantity of powdered sample. The crucibles were then
placed in an oven and dried at 105°C for three hours. After
cooling in a desiccator, the final weight of the crucible
containing the dried sample was recorded to calculate the
moisture content. For ash content determination, the
crucibles were heated at 105°C for three hours, followed by
further heating at 700°C for about four hours. After cooling,
the weight of the crucible containing the residual ash was
measured to determine the ash content. The moisture and
ash content were calculated using the following equations
provided, ensuring precise quantification of the samples'
composition:

weight before heating-weight after heating
X

Moisture content(%)= 100

weight before heating

weight of ash
Ash content(%)= ——————x100
weight of the sample

2.4 Preparation of standard caffeine

solutions

The standard caffeine, stored at 0°C under refrigerated
conditions, was prepared for analytical purposes by dissolving
0.01 g of the compound in 100 mL of distilled water. This
primary standard solution was meticulously labeled with
details including the identity of the standard, the solvent
used, and its concentration. The primary solution served as
the foundation for preparing secondary standard solutions
through precise volumetric transfers. Working standard
solutions were subsequently generated via serial dilution of
the secondary standard solution, yielding concentrations of 1,
2, 4, 10, 20, 40, and 60 mg L. The absorbance of these
solutions was measured using a double-beam UV-
spectrophotometer to construct a calibration curve, which
facilitated the accurate quantification of caffeine
concentrations in the analyzed confectionery products. The
maximum absorbance wavelength (A-max) for the working
standard solutions was identified at 273 nm (Habtamu &
Belay, 2020). The resulting calibration curve is illustrated in
Figure 1.

Nor. Afr. J. Food Nutr. Res. ® Volume 9 ¢ Issue 19 © 2025




M. Islam et al.

Quantification of Caffeine and Carbohydrates in Confectionery

3.00 -
Caffeine

230 1 y=0.046x - 0.012

2.00 R2=1.000

Absorbance
—
in
S

0 10 20 30 40 50 60 70

Concentration (mgL-!)

Figure 1. Calibration curve of standard solutions of caffeine

2.5 Quantification of caffeine in samples

For the determination of caffeine, 0.50 g of each finely
powdered chocolate and candy sample was dissolved in 100
mL of distilled water. A vortex mixer was employed to ensure
the formation of a homogenous mixture. The resulting
solution was carefully filtered, and the filtrate was used to

uv

spectrophotometer equipped with a 1 cm cell made of quartz

measure  absorbance  with a  double-beam
cuvette. Prior to sample analysis, the spectrometer was
calibrated using a blank solution, which consisted of distilled
water in the case of caffeine determination. All sample
solutions were prepared following this protocol, and
absorbance measurements were recorded in triplicate for each
sample to calculate the mean caffeine concentration, standard
deviation (SD), and relative standard deviation (RSD). The
absorbance conducted within a

measurements were

wavelength range of 240 — 350 nm, as depicted in Figure 2.

0.00 ! ! ! ]
240.00 300.00 350.00
nm
Cadbury Dairy Milk
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Figure 2. UV-Spectrum of two chocolate samples
Abs. Absorbance

2.6 Preparation of standard D-Glucose
solutions

A 2 mg quantity of D-glucose was combined with 3 mL of
concentrated sulfuric acid (H2.SO4, 98%). The mixture was
thoroughly agitated using a vortex for one minute to ensure
complete dissolution. Following the preparation of the
standard solution, a series of diluted solutions with varying
concentrations were prepared by withdrawing precise
volumes of the initial solution and diluting them with
concentrated H2SO4. The concentrations of the resulting
solutions were 12.5, 60, 100, 150, and 200 mg L.
Subsequently, 3 mL aliquots from each volumetric flask were
transferred into separate test tubes, and 50 pL of 80%

1.20 -
D-glucose

LO0 1 v —0.004x - 0.014

0.80 A R*=0.995
o
2 0.60 -
s
= 0.40 A
w
2 0.20 A

000 T T T T 1
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Figure 3. Calibration curve for standard D-glucose at
different concentration

aqueous phenol was added to each tube. The mixtures were
vortexed for 1 minute to ensure homogeneity. The A-max for
the working standard solutions was identified at 489 nm

G,
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(Sultana ez al., 2012). The calibration curve derived from
these measurements is presented in Figure 3.

2.7 Quantification of total carbohydrate
content

For the determination of total carbohydrate content, 0.10 g
of each sample was dissolved in 100 mL of distilled water. A
homogenous mixture was achieved using a combination of
sonication and vortex mixing. A 50 mL aliquot of this
solution was further diluted with distilled water to a final
volume of 100 mL. From this diluted solution, 3 mL was
transferred to a test tube, and 50 pL of 80% aqueous phenol
and 3 mL of concentrated H.SO4 (98%) were added. Fach
sample solution was prepared uniformly following this
standardized protocol. The Absorbances of the solutions was
measured using a double-beam UV spectrophotometer
equipped with a 1 cm quartz cuvette. Prior to sample analysis,
the spectrophotometer was calibrated using a blank solution,
which consisted of sulfuric acid for carbohydrate
determination. Absorbance measurements were conducted
within a wavelength range of 400 — 600 nm. At these

; 0.150
-1
=
0.100
0.063 - | -
1 1
400.00 750.00 500.00 350.00 £00.00
nm
Perk
T T T
0.200 |- i
s 0.150
=
=
0.100
0.063 |
1 1
400.00 750.00 300.00 330.00 500.00
nm
Toblerone

Figure 4. UV-Spectrum of two chocolate samples

containing D-glucose
Abs. Absorbance
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specified wavelengths, the absorbance of each sample solution
was recorded, as depicted in (Figure 4).

3 RESULTS AND DISCUSSION

Chocolate is characterized as a low-moisture food product
with high concentrations of sugar and fat (Sun et al., 2023).
To ensure optimal quality and safety, moisture levels in
chocolate are meticulously monitored and regulated (AZoM,
2021). Moisture content plays a critical role in determining
the texture of confectionery products, influencing whether
they exhibit a hard or soft consistency (Jackson, 1995).
Confections generally possess lower moisture content
compared to various other food categories; for instance, the
moisture content in hard candies ranges from 1% and 2%
(Ergun ez al., 2010). When moisture levels fall below 0.60%,
microbial growth is effectively inhibited, rendering products
such as caramel, toffee, jellies, gum, hard candy, and
chocolate resistant to microbial contamination (Minifie,
1999). Moisture levels between 0.5% and 1.5% do not
significantly affect the rheological properties of chocolate.
However, when water content exceeds 2%, the product
exhibits anomalous rheological behavior. Elevated moisture
levels cause chocolate particles to adhere, leading to
agglomeration, which increases viscosity and hardness,
ultimately compromising the flow properties of the chocolate
matrix (Afoakwa ez /., 2008).

As illustrated in Figure 5, the moisture content of the
analyzed samples varied slightly, with none exceeding 2%.
This indicates that the quality, texture, and hardness of the
chocolate and candy samples were maintained within
acceptable limits. The highest moisture content was observed
in Toblerone (1.88%), while the lowest was recorded in
Cadbury Dairy Milk (0.25%). These variations in moisture
content can be attributed to differences in the ingredients

Toblerone 11,85 I —
KitKat (70% Dark) [I1.00 R

g Coffee Bite 0.77/ NN —
Z Amul Milk Chocolate J0.73 N
2 Perk J0.67H—
E Snickers Jo.57—
Kopiko .56/

Cadbury Dairy Milk §0.25—

0.00 0.50 1.00 1.50 200 250
Moisture Content (%)

Figure 5. Graphical representation of moisture content in
different chocolate and candy
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used by various brands, highlighting the influence of
formulation on moisture levels.

The analysis of ash content in chocolate and candy samples
revealed minor variations among the products, as illustrated
in Figure 6. Ash content, which reflects the total mineral
content, is a critical factor for assessing the nutritional value
and quality of food products (Ismail, 2017). The results
indicated that Toblerone chocolate samples exhibited the

Toblerone  fi6.90 IEEEEGEG_—_— -
Perk Ji6. 7¢I
Snickers [l6.7s
KitKat (70% Dark) [i6.3c I
Cadbury Dairy Milk Ji6.29 I
E Amul Milk Chocolate 6.1 1 INEG_—-
Coffee Bite |I5.83
Kopiko [I5.22 I

0.00 200 400 6.00 8.00
Ash content (%)

ple Name

Figure 6. Graphical representation of Ash content in

different chocolate and candy

This finding aligns with numerous studies indicating that
dark chocolates contain higher caffeine levels compared to
other chocolate varieties (Ludwig er al., 2014; Jeon et al.,
2019). In contrast, the lowest caffeine content was observed
in Perk, a wafer chocolate. Wafer chocolates typically contain
additional ingredients such as sugar, hydrogenated vegetable
fat, refined wheat flour, milk solids, starch, cocoa solids, and
emulsifiers, which contribute to their lower caffeine content.
Milk chocolate intermediate caffeine levels.

The European Food Safety Authority (EFSA) has established
that a daily caffeine intake of up to 400 mg for adults, 200
mg for pregnant or lactating women, and 100 mg for children
is considered safe (EFSA, 2015; AACAP, 2020). Exceeding
these thresholds or abruptdy discontinuing caffeine
consumption can lead to adverse physiological effects,
including anxiety, insomnia, hallucinations, hypertension,
headaches, gastrointestinal disturbances, diuresis,
dehydration, tremors, palpitations, and cardiac arrhythmias
due to the stimulant properties of caffeine (Addicott ez al.,
2009; Jahrami et al., 2020; Weibel et al., 2021). The EFSA
has also noted a lack of sufficient data regarding the safety of
caffeine consumption in children and adolescents (Saraiva ez
al., 2023). None of the analyzed samples contained caffeine

Table 1. Determination of caffeine and carbohydrate content in the target samples

Brand Name (n=8) Caffeine content (mgkg™) Carbohydrate content (g/100g)
Mean + SD RSD (%) Mean + SD (g/100g) RSD (%)
Amul Milk Chocolate 36.93 +1.13 2.06 18.94 + 0.68 1.44
Cadbury Dairy Milk 28.60 + 5.38 1.88 13.86 + 0.35 2.54
Snickers 33.29 + 1.68 1.56 15.54 + 0.17 1.09
KitKat (70% Dark) 60.12  0.85 1.42 12.03 + 0.33 2.76
Perk 24.18 +2.51 1.33 41.05 + 0.46 1.12
Toblerone 49.19 + 0.46 0.93 7.78 £0.14 1.84
Coffee Bite 30.24 +0.13 0.42 2.03 +0.01 0.99
Kopiko 28.80 + 0.72 2.50 2.68 +0.05 1.93

Note. Three replicates were done for each type of brand

highest ash content (6.90%), indicative of a higher mineral
composition. These variations can be attributed to differences
in product composition and the inclusion of various
additives. The ash content across all samples ranged from
5.22 - 6.90%. The observed variability in ash content among
different types of chocolates and candies underscores the
influence of ingredients and processing methods on mineral
composition. Higher ash content is often associated with
enhanced nutritional benefits, such as elevated levels of
essential minerals including magnesium, iron, and potassium.

The study revealed that the average caffeine content in the
chocolate and candy samples ranged from 24.18 + 2.51 to
60.12 + 0.85 mg kg (Table 1). The highest caffeine content
was detected in KitKat (70% Dark), a dark chocolate sample.

Nor. Afr. J. Food Nutr. Res. ® Volume 9  Issue 19 © 2025

levels exceeding the permissible limit of 400 mg kg (EFSA,
2015). These regulatory limits are in place to ensure that
chocolates maintain safe caffeine levels, especially given the
potential for cumulative caffeine intake from other dietary
sources. Excessive caffeine consumption can lead to adverse
health effects, necessitating careful monitoring of caffeine
content in food products. The standard deviation (SD) values
ranged from 0.13 to 5.38, reflecting the variability and
diversity of the measured caffeine concentrations.

Carbohydrates play a vital role in providing energy,
influencing blood sugar levels, and supplying dietary fiber. An
analysis on chocolate and candy samples revealed
carbohydrate contents ranging from 2.03 + 0.01 to 41.05 +
0.46 g/100 g. Wafer chocolates, such as Perk, exhibited the
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highest carbohydrate content which can be attributed to the
inclusion of additional ingredients. In contrast, dark
chocolates generally contained lower carbohydrate content
compared to milk chocolates. Among the samples, Kopiko
and Coffee Bite, both coffee-flavored candies, recorded the
lowest carbohydrate content. The low standard deviations
(ranging from 0.01 to 0.68) indicate consistent and
reproducible measurement results, underscoring the
reliability of the analytical methodology employed. The
observed variability in carbohydrate content is attributed to
the inclusion of ingredients such as nuts, caramel, or fillings,
which contribute to significant differences in the total
carbohydrate content of chocolates and candies.

The relative standard deviation (RSD) values, presented in
Table 1, demonstrate the precision and reproducibility of the
analytical methods wused to determine caffeine and
carbohydrate content in the chocolate and candy samples. For
caffeine analysis, RSD values ranged from 0.42% in Coffee
Bite, indicating high precision, to 2.50% in Kopiko,
suggesting greater variability. All RSD values for caffeine were
below 3%, confirming the reliability of the results. For
carbohydrate analysis, RSD values varied from 0.99% in
Coffee Bite, reflecting excellent precision, to 2.76% in KitKat
(70% Dark), which exhibited more variability likely due to
the complex composition of dark chocolate. Overall, the
analytical method employed in this study demonstrated
robustness and consistency, ensuring accurate quantification
of the target analytes.

The analysis of caffeine content across various chocolate and
candy brands revealed significant variability in the maximum
permissible  daily consumption levels for different
demographic groups, as detailed in Table 2.

For adults, Amul Milk Chocolate can be consumed in
quantities of up to 271 packs daily, while Toblerone, which
contains the highest caffeine content per pack, has a lower
limit of 81 packs. Pregnant women and children, being more
sensitive to caffeine, have substantially lower thresholds.

Coffee Bite and Kopiko, owing to their minimal caffeine
content, allow the highest number of packs per day for these
groups. Importantly, the recommended consumption limits
for each brand far exceed the actual caffeine content, which is
a positive indicator for consumer safety. This variability
highlights the importance of monitoring caffeine intake,
particularly for sensitive populations, to prevent potential
health risks associated with excessive consumption.

The comprehensive analysis of moisture and ash content, as
well as caffeine and carbohydrate levels, in various chocolate
and candy samples from Dhaka, Bangladesh, revealed
significant variability influenced by product type and
composition. Dark chocolates were found to contain the
highest caffeine levels, while wafer chocolates exhibited
elevated carbohydrate levels due to additional ingredients.
The UV-Visible Spectrophotometric method proved to be an
effective and reliable technique for the accurate quantification
of these components. These findings emphasize the
importance of monitoring these parameters for quality
control and public health, especially given the widespread
consumption of these products. This study underscores the
necessity for stringent regulatory standards to ensure
consumer safety and product consistency in the confectionery
industry.

4 CONCLUSIONS

The analysis of chocolate and candy samples revealed minor
variations of moisture and ash content, alongside significant
differences in caffeine and carbohydrate contents, which were
primarily influenced by product type and ingredient
composition. Moisture content ranged from 0.25% in
Cadbury Dairy Milk to 1.88% in Toblerone, ensuring that
all samples maintained appropriate texture and quality
standards. Ash content was highest in Toblerone (6.90%),
indicative of its superior mineral composition relative to other
samples. Caffeine content was most concentrated in dark
chocolates, such as KitKat (70% Dark), with a value of 60.12

Table 2. Maximum consumption level of the targeted chocolates and candy for the adult, pregnant women and children

Adult

Packing
(Volume)
(®

Caffeine

Brand Name Daily

(mgfpack) 4 ke

Amul Milk Chocolate 40.0 1.477

Cadbury Dairy Milk 20.0 0.572

Snickers 53.0 1.765

KitKat (70% Dark) 41.0 2.465 400 mg
Perk 25.0 0.605 maximum
Toblerone 100.0 4.919

Coffee Bite 4.0 0.121

Kopiko 4.0 0.115

Note. Max. Cons.: maximum consumption

G,

AfAc

Cons. X Cons.

(pack)/ day

Pregnant women Children
Daily Cons.

(pack)/ day intake (pack)/ day

271 135

699 350 175
227 113 57
163 200 mg 81 100 mg 41
661 maximum 330 maximum 165
81 41 20

3305 1653 826

3478 1739 869
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mg kg!, whereas wafer chocolates, such as Perk exhibited the
lowest caffeine levels at 24.18 mg kg', underscoring the
influence of ingredient composition on caffeine
concentration.

With respect to carbohydrate content, Perk, a wafer
chocolate, recorded the highest value at 41.05 g/100g, while
products such as Coffee Bite and Kopiko demonstrated
significantly lower levels, reflecting the variability in
ingredient profile. These differences highlight the distinct
characteristics of each product type and emphasize the
importance of considering ingredient composition in
determining nutritional value and quality.

Overall, the current study underscores the necessity of
monitoring these components to ensure product consistency
and safeguard consumer safety. The findings provide valuable
insights that can enhance consumer awareness, inform health
considerations, and support regulatory compliance within the
food industry. By offering detailed nutritional insights, this
research contributes to a deeper understanding of the
compositional differences among chocolate and candy
products, ultimately promoting informed decision-making
and improved product standards.
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	1 Introduction
	The global consumption of chocolates and confectionery products, particularly among children and young adults, continues to rise, including in Bangladesh. In 2022, Bangladesh’s chocolate exports reached USD 6.94 million, ranking it 83rd globally. Chocolate constituted the 135th most exported product from the nation that year, with primary destinations including India (USD 3.98 million), Vietnam (USD 838,000), Australia (USD 610,000), Nepal (USD 543,000), and Bolivia (USD 196,000) (OEC, 2022). In 2022, Bangladesh imported USD 17.9 million worth of chocolate, positioning it as the 104th largest importer worldwide. Chocolate represented the 396th most imported product within the country. Major supplying nations comprised Malaysia, India, Sri Lanka, Singapore, and the Netherlands with the most rapid import growth observed from Malaysia, India, and Sri Lanka (OEC, 2022). The primary consumers of chocolate and confectionery are children, adolescents, and young adults, driven by a preference for sweet flavors. Urban populations and middle-to-high-income groups also contribute significantly to consumption, especially during celebrations and festive occasions. This substantial consumption can be attributed to chocolate's capacity to elicit sensory pleasure and induce positive emotional responses (Kusumadevi et al., 2021). Chocolate's distinctive qualities contribute to its widespread appeal. It is available in three varieties: dark chocolate, white chocolate, and milk chocolate. Milk chocolate constitutes the largest segment of consumption accounting for 40% of the total (Nafingah et al., 2019). The olfactory profile of chocolate is determined not solely by the specific cocoa variety utilized but also, significantly by the presence of amorphous sugar. This interaction between cocoa type and sugar morphology is crucial in defining the aromatic characteristics of the final chocolate product (Saputro et al., 2017).
	Moisture content is a key determinant of food quality, preservation, and shelf-life (Nielsen, 2017). Accurate moisture measurement is essential for the analysis of other food components; the remaining residue after analysis, termed total solids, is vital for carbohydrate calculation. Elevated moisture levels can accelerate spoilage and reduce shelf life, making its assessment crucial for storage and processing considerations (Kirk & Sawyer, 1991). Although various methods exist for moisture determination, achieving precise and reliable results can be challenging. Ash content, the inorganic residue remaining after the complete oxidation or ignition of organic matter, primarily reflects the mineral content of food (Pomeranz & Meloan, 1994). Ash content measurement is an integral aspect of proximate analysis for nutritional evaluation (Ismail, 2017), serving as an indicator of product quality, potential adulteration, and nutritional value (Harris & Marshall, 2017). Collectively, these measurements offer valuable insights into a sample's characteristics, supporting quality control procedures and ensuring compliance with industry standards (Del Río-Celestino & Font, 2020). 
	Caffeine (1,3,7-Trimethylxanthine; C8H10N4O2) is a naturally occurring xanthine alkaloid predominantly found in Coffea arabica (coffee), Camellia sinensis (tea), and Theobroma cacao (cocoa) (Institute of Medicine CMNR, 2001). Characterized by its stimulant, antioxidant, anti-inflammatory, and analgesic properties, caffeine is a key ingredient in several over-the-counter medications (Vieira et al., 2020). As the most prominent compound in coffee, it is also prevalent in soft drinks, chocolates, confectionery, and energy drinks, making it one of the most consumed substances globally (Saraiva et al., 2023). Cocoa beans, the source of cocoa mass and cocoa butter, are fundamental to the production of dark, milk, and white chocolate, with regional variations in ingredient proportions (Katz et al., 2011). Additionally, caffeine is present in over 60 other plant species (Ashihara et al., 2017). Coffee, valued for its distinctive flavor and significant stimulant and psychoactive effects, is a globally ubiquitous beverage (Roehrs & Roth, 2008). This widespread consumption is driven by coffee's unique organoleptic attributes and its capacity to enhance physiological alertness and cognitive performance (Bhandari et al., 2023). Health and regulatory bodies have recently emphasized the potential risks associated with caffeine consumption for specific populations, including pregnant and breastfeeding women, children, adolescents, young adults, and individuals with pre-existing cardiovascular conditions and other specific health concerns, underscoring the significant disparity in effects between normal and excessive doses (Temple et al., 2017). 
	Chocolate contains substantial amount of carbohydrates, primarily from added sugars and smaller quantities of naturally occurring starches, the content of which varies by type. While cocoa beans naturally contain carbohydrates, additional sugars and other carbohydrate sources are frequently incorporated during chocolate production to achieve the desired organoleptic characteristics (Khowala et al., 2008). Carbohydrates, the most abundant organic compounds, are essential nutrients and the primary energy source. Even non-digestible carbohydrates are crucial for a balanced diet (Belitz et al., 2009). Carbohydrates constitute a major component of chocolates, confectionery, and energy drinks. Determination of total carbohydrate content is essential for several reasons, including the assessment of food quality based on sweetness, stability, appearance, and texture. This information is also vital for energy evaluation, nutritional labeling, and detecting adulteration. Moreover, understanding carbohydrate content facilitates the correlation of dietary intake with health outcomes (Menezes et al., 2004).
	While advanced analytical techniques such as High-Performance Liquid Chromatography (HPLC) and Gas Chromatography (GC) (Müller et al., 2014) are commonly employed for caffeine and carbohydrate analysis, their accessibility I soften limited to their complexity and cost. Caffeine concentrations are typically measured using HPLC-Mass Spectrometry/Mass Spectrometry (HPLC-MS/MS) in human biological samples (Geraghty et al., 2015), and GC with Nitrogen-Phosphorus Detection (GC-NPD) (Sereshti & Samadi, 2014) or HPLC with Photodiode Array Detection (HPLC-PDAD) (Zhao et al., 2014) for beverages such as coffee and tea. GC-MS/MS is also employed for caffeine analysis in chocolate and other matrices, although research on caffeine in chocolates and confectionery in Bangladesh is limited (Lisko et al., 2016). Conversely, UV-Visible spectrophotometry offers a cost-effective and straightforward method for determining caffeine and total carbohydrate content, providing high accuracy and reproducibility even with small sample quantities (Al-Bratty et al., 2020). The limitations of UV-Visible spectrophotometry in Bangladesh include outdated equipment, substandard reagents, and inadequate maintenance, all of which compromise analytical accuracy. Adverse environmental conditions further degrade instrument performance and sample stability, reducing the method's reliability for rigorous studies. This study aims to analyze moisture and ash content, and to quantitatively determine caffeine and carbohydrate levels in various chocolates and confectionery, including dark, milk, and white varieties, available in Dhaka, Bangladesh, using UV-Visible spectrophotometry. The study will elucidate variations in caffeine and carbohydrate compositions, providing insights into the diverse profiles of these confectionery products. 
	2 Methods  
	2.1 Samples
	In the investigation of caffeine and carbohydrate content in chocolate and confectionery products sourced from Dhaka city, Bangladesh, a rigorous and systematic sample collection protocol was implemented. Six brands of chocolate, namely Amul Milk Chocolate, Cadbury Dairy Milk, Snickers, KitKat (70% Dark), Perk and Toblerone, alongside two brands of coffee-flavored candies. Coffee Bite and Kopiko, were procured from local markets and supermarkets. To preserve their chemical integrity, the collected samples were immediately refrigerated, thereby preventing potential alterations or degradation in their composition (Ouhakki et al., 2024). Additionally, meticulous verification of batch numbers and expiration dates was conducted to ensure that only fresh and valid products in the analysis. This step was critical to eliminate any potential biases arising from the use of expired or compromised samples.
	2.2 Instrumentation and chemicals
	This study utilized a comprehensive array of laboratory instruments and chemical reagents to quantify the caffeine and carbohydrate content in the chocolate and candy samples. Distilled water was utilized as the primary solvent throughout the analysis. Concentrated sulfuric acid (H2SO4, 98%) and phenol were procured from Merck, Germany. Standard caffeine was obtained from Beximco-Pharma Limited; Bangladesh and extra pure D-glucose was purchased from Aldrich Chemical Co. Ltd and stored at 0°C in a refrigerated environment. All glassware and plasticware were thoroughly cleaned and sterilized prior to use to avoid contamination. The analytical instruments employed included an analytical balance (Model AL 104, Mettler Toledo, USA), an Electric balance (Model FR-200, NDO-450ND, Japan), a double-beam UV spectrophotometer (Model UV-1800, Shimadzu), an oven and furnace (Model GSM 11/8, Hope Valley, S336RB, England), and a vortex mixer (Cat/Art No, 444-1372, Germany). These instruments were integral to ensuring the accuracy and reliability of the analytical procedures.
	2.3 Moisture content and ash content
	The Moisture and ash content of the samples were determined in accordance with established standard methods (Ahn et al., 2014; AOAC, 2001). For moisture content determination, pre-clean and dried porcelain crucibles were weighed empty and subsequently filled with a measured quantity of powdered sample. The crucibles were then placed in an oven and dried at 105°C for three hours. After cooling in a desiccator, the final weight of the crucible containing the dried sample was recorded to calculate the moisture content. For ash content determination, the crucibles were heated at 105°C for three hours, followed by further heating at 700°C for about four hours. After cooling, the weight of the crucible containing the residual ash was measured to determine the ash content. The moisture and ash content were calculated using the following equations provided, ensuring precise quantification of the samples' composition:
	Moisture content%=weight before heating-weight after heatingweight before heating×100
	Ash content%=weight of ashweight of the sample×100
	2.4 Preparation of standard caffeine solutions 
	The standard caffeine, stored at 0°C under refrigerated conditions, was prepared for analytical purposes by dissolving 0.01 g of the compound in 100 mL of distilled water. This primary standard solution was meticulously labeled with details including the identity of the standard, the solvent used, and its concentration. The primary solution served as the foundation for preparing secondary standard solutions through precise volumetric transfers. Working standard solutions were subsequently generated via serial dilution of the secondary standard solution, yielding concentrations of 1, 2, 4, 10, 20, 40, and 60 mg L-1. The absorbance of these solutions was measured using a double-beam UV-spectrophotometer to construct a calibration curve, which facilitated the accurate quantification of caffeine concentrations in the analyzed confectionery products. The maximum absorbance wavelength (λ-max) for the working standard solutions was identified at 273 nm (Habtamu & Belay, 2020). The resulting calibration curve is illustrated in Figure 1.
	2.5 Quantification of caffeine in samples
	For the determination of caffeine, 0.50 g of each finely powdered chocolate and candy sample was dissolved in 100 mL of distilled water. A vortex mixer was employed to ensure the formation of a homogenous mixture. The resulting solution was carefully filtered, and the filtrate was used to measure absorbance with a double-beam UV spectrophotometer equipped with a 1 cm cell made of quartz cuvette. Prior to sample analysis, the spectrometer was calibrated using a blank solution, which consisted of distilled water in the case of caffeine determination. All sample solutions were prepared following this protocol, and absorbance measurements were recorded in triplicate for each sample to calculate the mean caffeine concentration, standard deviation (SD), and relative standard deviation (RSD). The absorbance measurements were conducted within a wavelength range of 240 – 350 nm, as depicted in Figure 2.
	2.6 Preparation of standard D-Glucose solutions
	A 2 mg quantity of D-glucose was combined with 3 mL of concentrated sulfuric acid (H2SO4, 98%). The mixture was thoroughly agitated using a vortex for one minute to ensure complete dissolution. Following the preparation of the standard solution, a series of diluted solutions with varying concentrations were prepared by withdrawing precise volumes of the initial solution and diluting them with concentrated H2SO4. The concentrations of the resulting solutions were 12.5, 60, 100, 150, and 200 mg L-1. Subsequently, 3 mL aliquots from each volumetric flask were transferred into separate test tubes, and 50 µL of 80% aqueous phenol was added to each tube. The mixtures were vortexed for 1 minute to ensure homogeneity. The λ-max for the working standard solutions was identified at 489 nm (Sultana et al., 2012). The calibration curve derived from these measurements is presented in Figure 3.
	2.7 Quantification of total carbohydrate content
	For the determination of total carbohydrate content, 0.10 g of each sample was dissolved in 100 mL of distilled water. A homogenous mixture was achieved using a combination of sonication and vortex mixing. A 50 mL aliquot of this solution was further diluted with distilled water to a final volume of 100 mL. From this diluted solution, 3 mL was transferred to a test tube, and 50 µL of 80% aqueous phenol and 3 mL of concentrated H2SO4 (98%) were added. Each sample solution was prepared uniformly following this standardized protocol. The Absorbances of the solutions was measured using a double-beam UV spectrophotometer equipped with a 1 cm quartz cuvette. Prior to sample analysis, the spectrophotometer was calibrated using a blank solution, which consisted of sulfuric acid for carbohydrate determination. Absorbance measurements were conducted within a wavelength range of 400 – 600 nm. At these specified wavelengths, the absorbance of each sample solution was recorded, as depicted in (Figure 4).
	3 Results and discussion
	Chocolate is characterized as a low-moisture food product with high concentrations of sugar and fat (Sun et al., 2023). To ensure optimal quality and safety, moisture levels in chocolate are meticulously monitored and regulated (AZoM, 2021). Moisture content plays a critical role in determining the texture of confectionery products, influencing whether they exhibit a hard or soft consistency (Jackson, 1995). Confections generally possess lower moisture content compared to various other food categories; for instance, the moisture content in hard candies ranges from 1% and 2% (Ergun et al., 2010). When moisture levels fall below 0.60%, microbial growth is effectively inhibited, rendering products such as caramel, toffee, jellies, gum, hard candy, and chocolate resistant to microbial contamination (Minifie, 1999). Moisture levels between 0.5% and 1.5% do not significantly affect the rheological properties of chocolate. However, when water content exceeds 2%, the product exhibits anomalous rheological behavior. Elevated moisture levels cause chocolate particles to adhere, leading to agglomeration, which increases viscosity and hardness, ultimately compromising the flow properties of the chocolate matrix (Afoakwa et al., 2008). 
	As illustrated in Figure 5,  the moisture content of the analyzed samples varied slightly, with none exceeding 2%. This indicates that the quality, texture, and hardness of the chocolate and candy samples were maintained within acceptable limits. The highest moisture content was observed in Toblerone (1.88%), while the lowest was recorded in Cadbury Dairy Milk (0.25%). These variations in moisture content can be attributed to differences in the ingredients used by various brands, highlighting the influence of formulation on moisture levels.
	The analysis of ash content in chocolate and candy samples revealed minor variations among the products, as illustrated in Figure 6. Ash content, which reflects the total mineral content, is a critical factor for assessing the nutritional value and quality of food products (Ismail, 2017). The results indicated that Toblerone chocolate samples exhibited the highest ash content (6.90%), indicative of a higher mineral composition. These variations can be attributed to differences in product composition and the inclusion of various additives. The ash content across all samples ranged from 5.22 – 6.90%. The observed variability in ash content among different types of chocolates and candies underscores the influence of ingredients and processing methods on mineral composition. Higher ash content is often associated with enhanced nutritional benefits, such as elevated levels of essential minerals including magnesium, iron, and potassium.
	The study revealed that the average caffeine content in the chocolate and candy samples ranged from 24.18 ± 2.51 to 60.12 ± 0.85 mg kg-1 (Table 1). The highest caffeine content was detected in KitKat (70% Dark), a dark chocolate sample. This finding aligns with numerous studies indicating that dark chocolates contain higher caffeine levels compared to other chocolate varieties (Ludwig et al., 2014; Jeon et al., 2019). In contrast, the lowest caffeine content was observed in Perk, a wafer chocolate. Wafer chocolates typically contain additional ingredients such as sugar, hydrogenated vegetable fat, refined wheat flour, milk solids, starch, cocoa solids, and emulsifiers, which contribute to their lower caffeine content. Milk chocolate intermediate caffeine levels. 
	The European Food Safety Authority (EFSA) has established that a daily caffeine intake of up to 400 mg for adults, 200 mg for pregnant or lactating women, and 100 mg for children is considered safe (EFSA, 2015; AACAP, 2020). Exceeding these thresholds or abruptly discontinuing caffeine consumption can lead to adverse physiological effects, including anxiety, insomnia, hallucinations, hypertension, headaches, gastrointestinal disturbances, diuresis, dehydration, tremors, palpitations, and cardiac arrhythmias due to the stimulant properties of caffeine (Addicott et al., 2009; Jahrami et al., 2020; Weibel et al., 2021). The EFSA has also noted a lack of sufficient data regarding the safety of caffeine consumption in children and adolescents (Saraiva et al., 2023). None of the analyzed samples contained caffeine levels exceeding the permissible limit of 400 mg kg-1 (EFSA, 2015). These regulatory limits are in place to ensure that chocolates maintain safe caffeine levels, especially given the potential for cumulative caffeine intake from other dietary sources. Excessive caffeine consumption can lead to adverse health effects, necessitating careful monitoring of caffeine content in food products. The standard deviation (SD) values ranged from 0.13 to 5.38, reflecting the variability and diversity of the measured caffeine concentrations.
	Carbohydrates play a vital role in providing energy, influencing blood sugar levels, and supplying dietary fiber. An analysis on chocolate and candy samples revealed carbohydrate contents ranging from 2.03 ± 0.01 to 41.05 ± 0.46 g/100 g. Wafer chocolates, such as Perk, exhibited the highest carbohydrate content which can be attributed to the inclusion of additional ingredients. In contrast, dark chocolates generally contained lower carbohydrate content compared to milk chocolates. Among the samples, Kopiko and Coffee Bite, both coffee-flavored candies, recorded the lowest carbohydrate content. The low standard deviations (ranging from 0.01 to 0.68) indicate consistent and reproducible measurement results, underscoring the reliability of the analytical methodology employed. The observed variability in carbohydrate content is attributed to the inclusion of ingredients such as nuts, caramel, or fillings, which contribute to significant differences in the total carbohydrate content of chocolates and candies. 
	The relative standard deviation (RSD) values, presented in Table 1, demonstrate the precision and reproducibility of the analytical methods used to determine caffeine and carbohydrate content in the chocolate and candy samples. For caffeine analysis, RSD values ranged from 0.42% in Coffee Bite, indicating high precision, to 2.50% in Kopiko, suggesting greater variability. All RSD values for caffeine were below 3%, confirming the reliability of the results. For carbohydrate analysis, RSD values varied from 0.99% in Coffee Bite, reflecting excellent precision, to 2.76% in KitKat (70% Dark), which exhibited more variability likely due to the complex composition of dark chocolate. Overall, the analytical method employed in this study demonstrated robustness and consistency, ensuring accurate quantification of the target analytes. 
	The analysis of caffeine content across various chocolate and candy brands revealed significant variability in the maximum permissible daily consumption levels for different demographic groups, as detailed in Table 2.
	For adults, Amul Milk Chocolate can be consumed in quantities of up to 271 packs daily, while Toblerone, which contains the highest caffeine content per pack, has a lower limit of 81 packs. Pregnant women and children, being more sensitive to caffeine, have substantially lower thresholds. Coffee Bite and Kopiko, owing to their minimal caffeine content, allow the highest number of packs per day for these groups. Importantly, the recommended consumption limits for each brand far exceed the actual caffeine content, which is a positive indicator for consumer safety. This variability highlights the importance of monitoring caffeine intake, particularly for sensitive populations, to prevent potential health risks associated with excessive consumption.
	The comprehensive analysis of moisture and ash content, as well as caffeine and carbohydrate levels, in various chocolate and candy samples from Dhaka, Bangladesh, revealed significant variability influenced by product type and composition. Dark chocolates were found to contain the highest caffeine levels, while wafer chocolates exhibited elevated carbohydrate levels due to additional ingredients. The UV-Visible Spectrophotometric method proved to be an effective and reliable technique for the accurate quantification of these components. These findings emphasize the importance of monitoring these parameters for quality control and public health, especially given the widespread consumption of these products. This study underscores the necessity for stringent regulatory standards to ensure consumer safety and product consistency in the confectionery industry.
	4 Conclusions
	The analysis of chocolate and candy samples revealed minor variations of moisture and ash content, alongside significant differences in caffeine and carbohydrate contents, which were primarily influenced by product type and ingredient composition. Moisture content ranged from 0.25% in Cadbury Dairy Milk to 1.88% in Toblerone, ensuring that all samples maintained appropriate texture and quality standards. Ash content was highest in Toblerone (6.90%), indicative of its superior mineral composition relative to other samples. Caffeine content was most concentrated in dark chocolates, such as KitKat (70% Dark), with a value of 60.12 mg kg-1, whereas wafer chocolates, such as Perk exhibited the lowest caffeine levels at 24.18 mg kg-1, underscoring the influence of ingredient composition on caffeine concentration. 
	With respect to carbohydrate content, Perk, a wafer chocolate, recorded the highest value at 41.05 g/100g, while products such as Coffee Bite and Kopiko demonstrated significantly lower levels, reflecting the variability in ingredient profile. These differences highlight the distinct characteristics of each product type and emphasize the importance of considering ingredient composition in determining nutritional value and quality. 
	Overall, the current study underscores the necessity of monitoring these components to ensure product consistency and safeguard consumer safety. The findings provide valuable insights that can enhance consumer awareness, inform health considerations, and support regulatory compliance within the food industry. By offering detailed nutritional insights, this research contributes to a deeper understanding of the compositional differences among chocolate and candy products, ultimately promoting informed decision-making and improved product standards.
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		Background: Caffeine and carbohydrates are significant components in chocolate and confectionery products, influencing both their sensory appeal and health impact. Accurate quantification of these components is essential to provide consumers with reliable nutritional information and to inform healthier dietary choices. 

Aims: This study aims to quantify the moisture and ash content, as well as determine the concentrations of caffeine and carbohydrates, using UV-Visible spectrophotometry, in selections of chocolates and candies commercially available in Dhaka, Bangladesh. Additionally, the study seeks to elucidate variations in these components across different brands and product types, thereby contributing to a better understanding of their compositional profiles. 

Methods: Samples from six chocolate brands and two coffee candy brands were procured from local markets and supermarkets in Dhaka. Standard analytical methodologies were employed to determine moisture and ash content. For the quantification of caffeine and carbohydrates, standard solutions were prepared, and absorbance measurements were conducted using a UV-Visible spectrophotometer at specified wavelengths. Moisture and ash content were calculated using standard formulas, while caffeine and carbohydrate concentrations were derived from calibration curves. 

Results: The moisture content in the analyzed samples ranged from 0.25% to 1.88%, while ash content varied between 5.22% and 6.90%. Caffeine concentrations were found to range from 24.18 ± 2.51 mg.kg-1 in Perk chocolate to 60.12 ± 0.85 mg.kg-1 in KitKat (70% Dark). Carbohydrate content exhibited considerable variation, with values ranging from 2.03 ± 0.01 g/100 g in Coffee Bite to 41.05 ± 0.46 g/100 g in Perk chocolate per 100 g. Dark chocolate samples demonstrated higher caffeine levels compared to milk and white chocolate varieties, consistent with their elevated cocoa solid content. 

Conclusions: The study revealed significant variability in moisture, ash, caffeine, and carbohydrate content across different chocolate and candy brands. These findings emphasize the necessity of rigorous compositional analysis for quality assurance and public health considerations.
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1 INTRODUCTION

The global consumption of chocolates and confectionery products, particularly among children and young adults, continues to rise, including in Bangladesh. In 2022, Bangladesh’s chocolate exports reached USD 6.94 million, ranking it 83rd globally. Chocolate constituted the 135th most exported product from the nation that year, with primary destinations including India (USD 3.98 million), Vietnam (USD 838,000), Australia (USD 610,000), Nepal (USD 543,000), and Bolivia (USD 196,000) (OEC, 2022). In 2022, Bangladesh imported USD 17.9 million worth of chocolate, positioning it as the 104th largest importer worldwide. Chocolate represented the 396th most imported product within the country. Major supplying nations comprised Malaysia, India, Sri Lanka, Singapore, and the Netherlands with the most rapid import growth observed from Malaysia, India, and Sri Lanka (OEC, 2022). The primary consumers of chocolate and confectionery are children, adolescents, and young adults, driven by a preference for sweet flavors. Urban populations and middle-to-high-income groups also contribute significantly to consumption, especially during celebrations and festive occasions. This substantial consumption can be attributed to chocolate's capacity to elicit sensory pleasure and induce positive emotional responses (Kusumadevi et al., 2021). Chocolate's distinctive qualities contribute to its widespread appeal. It is available in three varieties: dark chocolate, white chocolate, and milk chocolate. Milk chocolate constitutes the largest segment of consumption accounting for 40% of the total (Nafingah et al., 2019). The olfactory profile of chocolate is determined not solely by the specific cocoa variety utilized but also, significantly by the presence of amorphous sugar. This interaction between cocoa type and sugar morphology is crucial in defining the aromatic characteristics of the final chocolate product (Saputro et al., 2017).

Moisture content is a key determinant of food quality, preservation, and shelf-life (Nielsen, 2017). Accurate moisture measurement is essential for the analysis of other food components; the remaining residue after analysis, termed total solids, is vital for carbohydrate calculation. Elevated moisture levels can accelerate spoilage and reduce shelf life, making its assessment crucial for storage and processing considerations (Kirk & Sawyer, 1991). Although various methods exist for moisture determination, achieving precise and reliable results can be challenging. Ash content, the inorganic residue remaining after the complete oxidation or ignition of organic matter, primarily reflects the mineral content of food (Pomeranz & Meloan, 1994). Ash content measurement is an integral aspect of proximate analysis for nutritional evaluation (Ismail, 2017), serving as an indicator of product quality, potential adulteration, and nutritional value (Harris & Marshall, 2017). Collectively, these measurements offer valuable insights into a sample's characteristics, supporting quality control procedures and ensuring compliance with industry standards (Del Río-Celestino & Font, 2020). 

Caffeine (1,3,7-Trimethylxanthine; C8H10N4O2) is a naturally occurring xanthine alkaloid predominantly found in Coffea arabica (coffee), Camellia sinensis (tea), and Theobroma cacao (cocoa) (Institute of Medicine CMNR, 2001). Characterized by its stimulant, antioxidant, anti-inflammatory, and analgesic properties, caffeine is a key ingredient in several over-the-counter medications (Vieira et al., 2020). As the most prominent compound in coffee, it is also prevalent in soft drinks, chocolates, confectionery, and energy drinks, making it one of the most consumed substances globally (Saraiva et al., 2023). Cocoa beans, the source of cocoa mass and cocoa butter, are fundamental to the production of dark, milk, and white chocolate, with regional variations in ingredient proportions (Katz et al., 2011). Additionally, caffeine is present in over 60 other plant species (Ashihara et al., 2017). Coffee, valued for its distinctive flavor and significant stimulant and psychoactive effects, is a globally ubiquitous beverage (Roehrs & Roth, 2008). This widespread consumption is driven by coffee's unique organoleptic attributes and its capacity to enhance physiological alertness and cognitive performance (Bhandari et al., 2023). Health and regulatory bodies have recently emphasized the potential risks associated with caffeine consumption for specific populations, including pregnant and breastfeeding women, children, adolescents, young adults, and individuals with pre-existing cardiovascular conditions and other specific health concerns, underscoring the significant disparity in effects between normal and excessive doses (Temple et al., 2017). 

Chocolate contains substantial amount of carbohydrates, primarily from added sugars and smaller quantities of naturally occurring starches, the content of which varies by type. While cocoa beans naturally contain carbohydrates, additional sugars and other carbohydrate sources are frequently incorporated during chocolate production to achieve the desired organoleptic characteristics (Khowala et al., 2008). Carbohydrates, the most abundant organic compounds, are essential nutrients and the primary energy source. Even non-digestible carbohydrates are crucial for a balanced diet (Belitz et al., 2009). Carbohydrates constitute a major component of chocolates, confectionery, and energy drinks. Determination of total carbohydrate content is essential for several reasons, including the assessment of food quality based on sweetness, stability, appearance, and texture. This information is also vital for energy evaluation, nutritional labeling, and detecting adulteration. Moreover, understanding carbohydrate content facilitates the correlation of dietary intake with health outcomes (Menezes et al., 2004).

While advanced analytical techniques such as High-Performance Liquid Chromatography (HPLC) and Gas Chromatography (GC) (Müller et al., 2014) are commonly employed for caffeine and carbohydrate analysis, their accessibility I soften limited to their complexity and cost. Caffeine concentrations are typically measured using HPLC-Mass Spectrometry/Mass Spectrometry (HPLC-MS/MS) in human biological samples (Geraghty et al., 2015), and GC with Nitrogen-Phosphorus Detection (GC-NPD) (Sereshti & Samadi, 2014) or HPLC with Photodiode Array Detection (HPLC-PDAD) (Zhao et al., 2014) for beverages such as coffee and tea. GC-MS/MS is also employed for caffeine analysis in chocolate and other matrices, although research on caffeine in chocolates and confectionery in Bangladesh is limited (Lisko et al., 2016). Conversely, UV-Visible spectrophotometry offers a cost-effective and straightforward method for determining caffeine and total carbohydrate content, providing high accuracy and reproducibility even with small sample quantities (Al-Bratty et al., 2020). The limitations of UV-Visible spectrophotometry in Bangladesh include outdated equipment, substandard reagents, and inadequate maintenance, all of which compromise analytical accuracy. Adverse environmental conditions further degrade instrument performance and sample stability, reducing the method's reliability for rigorous studies. This study aims to analyze moisture and ash content, and to quantitatively determine caffeine and carbohydrate levels in various chocolates and confectionery, including dark, milk, and white varieties, available in Dhaka, Bangladesh, using UV-Visible spectrophotometry. The study will elucidate variations in caffeine and carbohydrate compositions, providing insights into the diverse profiles of these confectionery products. 

2 [bookmark: _Toc48297776][bookmark: _Hlk185874366]METHODS  

2.1 [bookmark: _Hlk185235941]Samples

In the investigation of caffeine and carbohydrate content in chocolate and confectionery products sourced from Dhaka city, Bangladesh, a rigorous and systematic sample collection protocol was implemented. Six brands of chocolate, namely Amul Milk Chocolate, Cadbury Dairy Milk, Snickers, KitKat (70% Dark), Perk and Toblerone, alongside two brands of coffee-flavored candies. Coffee Bite and Kopiko, were procured from local markets and supermarkets. To preserve their chemical integrity, the collected samples were immediately refrigerated, thereby preventing potential alterations or degradation in their composition (Ouhakki et al., 2024). Additionally, meticulous verification of batch numbers and expiration dates was conducted to ensure that only fresh and valid products in the analysis. This step was critical to eliminate any potential biases arising from the use of expired or compromised samples.

2.2 Instrumentation and chemicals

This study utilized a comprehensive array of laboratory instruments and chemical reagents to quantify the caffeine and carbohydrate content in the chocolate and candy samples. Distilled water was utilized as the primary solvent throughout the analysis. Concentrated sulfuric acid (H2SO4, 98%) and phenol were procured from Merck, Germany. Standard caffeine was obtained from Beximco-Pharma Limited; Bangladesh and extra pure D-glucose was purchased from Aldrich Chemical Co. Ltd and stored at 0°C in a refrigerated environment. All glassware and plasticware were thoroughly cleaned and sterilized prior to use to avoid contamination. The analytical instruments employed included an analytical balance (Model AL 104, Mettler Toledo, USA), an Electric balance (Model FR-200, NDO-450ND, Japan), a double-beam UV spectrophotometer (Model UV-1800, Shimadzu), an oven and furnace (Model GSM 11/8, Hope Valley, S336RB, England), and a vortex mixer (Cat/Art No, 444-1372, Germany). These instruments were integral to ensuring the accuracy and reliability of the analytical procedures.

2.3 Moisture content and ash content

The Moisture and ash content of the samples were determined in accordance with established standard methods (Ahn et al., 2014; AOAC, 2001). For moisture content determination, pre-clean and dried porcelain crucibles were weighed empty and subsequently filled with a measured quantity of powdered sample. The crucibles were then placed in an oven and dried at 105°C for three hours. After cooling in a desiccator, the final weight of the crucible containing the dried sample was recorded to calculate the moisture content. For ash content determination, the crucibles were heated at 105°C for three hours, followed by further heating at 700°C for about four hours. After cooling, the weight of the crucible containing the residual ash was measured to determine the ash content. The moisture and ash content were calculated using the following equations provided, ensuring precise quantification of the samples' composition:









2.4 Preparation of standard caffeine solutions 

[bookmark: _Hlk152156242]The standard caffeine, stored at 0°C under refrigerated conditions, was prepared for analytical purposes by dissolving 0.01 g of the compound in 100 mL of distilled water. This primary standard solution was meticulously labeled with details including the identity of the standard, the solvent used, and its concentration. The primary solution served as the foundation for preparing secondary standard solutions through precise volumetric transfers. Working standard solutions were subsequently generated via serial dilution of the secondary standard solution, yielding concentrations of 1, 2, 4, 10, 20, 40, and 60 mg L-1. The absorbance of these solutions was measured using a double-beam UV-spectrophotometer to construct a calibration curve, which facilitated the accurate quantification of caffeine concentrations in the analyzed confectionery products. The maximum absorbance wavelength (λ-max) for the working standard solutions was identified at 273 nm (Habtamu & Belay, 2020). The resulting calibration curve is illustrated in Figure 1.
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[bookmark: Figure2]Figure 2.  UV-Spectrum of two chocolate samples

Abs. Absorbance
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[bookmark: Figure1]Figure 1. Calibration curve of standard solutions of caffeine  





2.5 Quantification of caffeine in samples

For the determination of caffeine, 0.50 g of each finely powdered chocolate and candy sample was dissolved in 100 mL of distilled water. A vortex mixer was employed to ensure the formation of a homogenous mixture. The resulting solution was carefully filtered, and the filtrate was used to measure absorbance with a double-beam UV spectrophotometer equipped with a 1 cm cell made of quartz cuvette. Prior to sample analysis, the spectrometer was calibrated using a blank solution, which consisted of distilled water in the case of caffeine determination. All sample solutions were prepared following this protocol, and absorbance measurements were recorded in triplicate for each sample to calculate the mean caffeine concentration, standard deviation (SD), and relative standard deviation (RSD). The absorbance measurements were conducted within a wavelength range of 240 – 350 nm, as depicted in Figure 2.[image: ]
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[bookmark: _Hlk152630251]

2.6 Preparation of standard D-Glucose solutions

[bookmark: _Hlk189604120]A 2 mg quantity of D-glucose was combined with 3 mL of concentrated sulfuric acid (H2SO4, 98%). The mixture was thoroughly agitated using a vortex for one minute to ensure complete dissolution. Following the preparation of the standard solution, a series of diluted solutions with varying concentrations were prepared by withdrawing precise volumes of the initial solution and diluting them with concentrated H2SO4. The concentrations of the resulting solutions were 12.5, 60, 100, 150, and 200 mg L-1. Subsequently, 3 mL aliquots from each volumetric flask were transferred into separate test tubes, and 50 µL of 80% aqueous phenol was added to each tube. The mixtures were vortexed for 1 minute to ensure homogeneity. The λ-max for the working standard solutions was identified at 489 nm (Sultana et al., 2012). The calibration curve derived from these measurements is presented in Figure 3.[image: ]

[bookmark: Figure3]Figure 3. Calibration curve for standard D-glucose at different concentration





2.7 Quantification of total carbohydrate content

For the determination of total carbohydrate content, 0.10 g of each sample was dissolved in 100 mL of distilled water. A homogenous mixture was achieved using a combination of sonication and vortex mixing. A 50 mL aliquot of this solution was further diluted with distilled water to a final volume of 100 mL. From this diluted solution, 3 mL was transferred to a test tube, and 50 µL of 80% aqueous phenol and 3 mL of concentrated H2SO4 (98%) were added. Each sample solution was prepared uniformly following this standardized protocol. The Absorbances of the solutions was measured using a double-beam UV spectrophotometer equipped with a 1 cm quartz cuvette. Prior to sample analysis, the spectrophotometer was calibrated using a blank solution, which consisted of sulfuric acid for carbohydrate determination. Absorbance measurements were conducted within a wavelength range of 400 – 600 nm. At these specified wavelengths, the absorbance of each sample solution was recorded, as depicted in (Figure 4).[image: ]
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[bookmark: Figure4]

 Figure 4.  UV-Spectrum of two chocolate samples containing D-glucose

Abs. Absorbance 



3 [bookmark: _Hlk184163650]RESULTS AND DISCUSSION

Chocolate is characterized as a low-moisture food product with high concentrations of sugar and fat (Sun et al., 2023). To ensure optimal quality and safety, moisture levels in chocolate are meticulously monitored and regulated (AZoM, 2021). Moisture content plays a critical role in determining the texture of confectionery products, influencing whether they exhibit a hard or soft consistency (Jackson, 1995). Confections generally possess lower moisture content compared to various other food categories; for instance, the moisture content in hard candies ranges from 1% and 2% (Ergun et al., 2010). When moisture levels fall below 0.60%, microbial growth is effectively inhibited, rendering products such as caramel, toffee, jellies, gum, hard candy, and chocolate resistant to microbial contamination (Minifie, 1999). Moisture levels between 0.5% and 1.5% do not significantly affect the rheological properties of chocolate. However, when water content exceeds 2%, the product exhibits anomalous rheological behavior. Elevated moisture levels cause chocolate particles to adhere, leading to agglomeration, which increases viscosity and hardness, ultimately compromising the flow properties of the chocolate matrix (Afoakwa et al., 2008). 

As illustrated in Figure 5,  the moisture content of the analyzed samples varied slightly, with none exceeding 2%. This indicates that the quality, texture, and hardness of the chocolate and candy samples were maintained within acceptable limits. The highest moisture content was observed in Toblerone (1.88%), while the lowest was recorded in Cadbury Dairy Milk (0.25%). These variations in moisture content can be attributed to differences in the ingredients used by various brands, highlighting the influence of formulation on moisture levels.[image: ]

[bookmark: Figure5]Figure 5. Graphical representation of moisture content in different chocolate and candy





The analysis of ash content in chocolate and candy samples revealed minor variations among the products, as illustrated in Figure 6. Ash content, which reflects the total mineral content, is a critical factor for assessing the nutritional value and quality of food products (Ismail, 2017). The results indicated that Toblerone chocolate samples exhibited the highest ash content (6.90%), indicative of a higher mineral composition. These variations can be attributed to differences in product composition and the inclusion of various additives. The ash content across all samples ranged from 5.22 – 6.90%. The observed variability in ash content among different types of chocolates and candies underscores the influence of ingredients and processing methods on mineral composition. Higher ash content is often associated with enhanced nutritional benefits, such as elevated levels of essential minerals including magnesium, iron, and potassium.[image: ]

[bookmark: Figure6]Figure 6. Graphical representation of Ash content in different chocolate and candy

[bookmark: Table1]Table 1. Determination of caffeine and carbohydrate content in the target samples

Brand Name (n=8)

Caffeine content (mgkg-1)

Carbohydrate content (g/100g)



Mean ± SD 

RSD (%)

Mean ± SD (g/100g)

RSD (%)

Amul Milk Chocolate

36.93 ± 1.13

2.06

18.94 ± 0.68

1.44

Cadbury Dairy Milk

28.60 ± 5.38

1.88

13.86 ± 0.35

2.54

Snickers

33.29 ± 1.68

1.56

15.54 ± 0.17

1.09

KitKat (70% Dark)

60.12 ± 0.85

1.42

12.03 ± 0.33

2.76

Perk

24.18 ± 2.51

1.33

41.05 ± 0.46

1.12

Toblerone

49.19 ± 0.46

0.93

7.78 ± 0.14

1.84

Coffee Bite

30.24 ± 0.13

0.42

2.03 ± 0.01

0.99

Kopiko

28.80 ± 0.72

2.50

2.68 ± 0.05

1.93

Note. Three replicates were done for each type of brand 





The study revealed that the average caffeine content in the chocolate and candy samples ranged from 24.18 ± 2.51 to 60.12 ± 0.85 mg kg-1 (Table 1). The highest caffeine content was detected in KitKat (70% Dark), a dark chocolate sample. This finding aligns with numerous studies indicating that dark chocolates contain higher caffeine levels compared to other chocolate varieties (Ludwig et al., 2014; Jeon et al., 2019). In contrast, the lowest caffeine content was observed in Perk, a wafer chocolate. Wafer chocolates typically contain additional ingredients such as sugar, hydrogenated vegetable fat, refined wheat flour, milk solids, starch, cocoa solids, and emulsifiers, which contribute to their lower caffeine content. Milk chocolate intermediate caffeine levels. 

[bookmark: _Hlk189677695][bookmark: _Hlk189677661]The European Food Safety Authority (EFSA) has established that a daily caffeine intake of up to 400 mg for adults, 200 mg for pregnant or lactating women, and 100 mg for children is considered safe (EFSA, 2015; AACAP, 2020). Exceeding these thresholds or abruptly discontinuing caffeine consumption can lead to adverse physiological effects, including anxiety, insomnia, hallucinations, hypertension, headaches, gastrointestinal disturbances, diuresis, dehydration, tremors, palpitations, and cardiac arrhythmias due to the stimulant properties of caffeine (Addicott et al., 2009; Jahrami et al., 2020; Weibel et al., 2021). The EFSA has also noted a lack of sufficient data regarding the safety of caffeine consumption in children and adolescents (Saraiva et al., 2023). None of the analyzed samples contained caffeine levels exceeding the permissible limit of 400 mg kg-1 (EFSA, 2015). These regulatory limits are in place to ensure that chocolates maintain safe caffeine levels, especially given the potential for cumulative caffeine intake from other dietary sources. Excessive caffeine consumption can lead to adverse health effects, necessitating careful monitoring of caffeine content in food products. The standard deviation (SD) values ranged from 0.13 to 5.38, reflecting the variability and diversity of the measured caffeine concentrations.

Carbohydrates play a vital role in providing energy, influencing blood sugar levels, and supplying dietary fiber. An analysis on chocolate and candy samples revealed carbohydrate contents ranging from 2.03 ± 0.01 to 41.05 ± 0.46 g/100 g. Wafer chocolates, such as Perk, exhibited the highest carbohydrate content which can be attributed to the inclusion of additional ingredients. In contrast, dark chocolates generally contained lower carbohydrate content compared to milk chocolates. Among the samples, Kopiko and Coffee Bite, both coffee-flavored candies, recorded the lowest carbohydrate content. The low standard deviations (ranging from 0.01 to 0.68) indicate consistent and reproducible measurement results, underscoring the reliability of the analytical methodology employed. The observed variability in carbohydrate content is attributed to the inclusion of ingredients such as nuts, caramel, or fillings, which contribute to significant differences in the total carbohydrate content of chocolates and candies. 

The relative standard deviation (RSD) values, presented in Table 1, demonstrate the precision and reproducibility of the analytical methods used to determine caffeine and carbohydrate content in the chocolate and candy samples. For caffeine analysis, RSD values ranged from 0.42% in Coffee Bite, indicating high precision, to 2.50% in Kopiko, suggesting greater variability. All RSD values for caffeine were below 3%, confirming the reliability of the results. For carbohydrate analysis, RSD values varied from 0.99% in Coffee Bite, reflecting excellent precision, to 2.76% in KitKat (70% Dark), which exhibited more variability likely due to the complex composition of dark chocolate. Overall, the analytical method employed in this study demonstrated robustness and consistency, ensuring accurate quantification of the target analytes. 

The analysis of caffeine content across various chocolate and candy brands revealed significant variability in the maximum permissible daily consumption levels for different demographic groups, as detailed in Table 2.[bookmark: Table2]Table 2. Maximum consumption level of the targeted chocolates and candy for the adult, pregnant women and children

Brand Name

Packing (Volume)

(g)

Caffeine (mg/pack)

Adult 

Pregnant women 

Children







Daily 

intake 

Max.

Cons. (pack)/ day 

Daily intake 

Max.

Cons. 

(pack)/ day

Daily 

intake 

Max.

Cons. (pack)/ day

Amul Milk Chocolate

40.0 

1.477

400 mg maximum

271

200 mg maximum

135

100 mg maximum

68 

Cadbury Dairy Milk

20.0 

0.572



699



350



175

Snickers

53.0  

1.765



227



113



57

KitKat (70% Dark)

41.0  

2.465



163



81



41

Perk

25.0  

0.605



661



330



165

Toblerone

100.0 

4.919



81



41



20

Coffee Bite

4.0  

0.121



3305



1653



826

Kopiko

4.0  

0.115



3478



1739



869

Note. Max. Cons.: maximum consumption



For adults, Amul Milk Chocolate can be consumed in quantities of up to 271 packs daily, while Toblerone, which contains the highest caffeine content per pack, has a lower limit of 81 packs. Pregnant women and children, being more sensitive to caffeine, have substantially lower thresholds. Coffee Bite and Kopiko, owing to their minimal caffeine content, allow the highest number of packs per day for these groups. Importantly, the recommended consumption limits for each brand far exceed the actual caffeine content, which is a positive indicator for consumer safety. This variability highlights the importance of monitoring caffeine intake, particularly for sensitive populations, to prevent potential health risks associated with excessive consumption.

The comprehensive analysis of moisture and ash content, as well as caffeine and carbohydrate levels, in various chocolate and candy samples from Dhaka, Bangladesh, revealed significant variability influenced by product type and composition. Dark chocolates were found to contain the highest caffeine levels, while wafer chocolates exhibited elevated carbohydrate levels due to additional ingredients. The UV-Visible Spectrophotometric method proved to be an effective and reliable technique for the accurate quantification of these components. These findings emphasize the importance of monitoring these parameters for quality control and public health, especially given the widespread consumption of these products. This study underscores the necessity for stringent regulatory standards to ensure consumer safety and product consistency in the confectionery industry.

4 CONCLUSIONS

The analysis of chocolate and candy samples revealed minor variations of moisture and ash content, alongside significant differences in caffeine and carbohydrate contents, which were primarily influenced by product type and ingredient composition. Moisture content ranged from 0.25% in Cadbury Dairy Milk to 1.88% in Toblerone, ensuring that all samples maintained appropriate texture and quality standards. Ash content was highest in Toblerone (6.90%), indicative of its superior mineral composition relative to other samples. Caffeine content was most concentrated in dark chocolates, such as KitKat (70% Dark), with a value of 60.12 mg kg-1, whereas wafer chocolates, such as Perk exhibited the lowest caffeine levels at 24.18 mg kg-1, underscoring the influence of ingredient composition on caffeine concentration. 

With respect to carbohydrate content, Perk, a wafer chocolate, recorded the highest value at 41.05 g/100g, while products such as Coffee Bite and Kopiko demonstrated significantly lower levels, reflecting the variability in ingredient profile. These differences highlight the distinct characteristics of each product type and emphasize the importance of considering ingredient composition in determining nutritional value and quality. 

Overall, the current study underscores the necessity of monitoring these components to ensure product consistency and safeguard consumer safety. The findings provide valuable insights that can enhance consumer awareness, inform health considerations, and support regulatory compliance within the food industry. By offering detailed nutritional insights, this research contributes to a deeper understanding of the compositional differences among chocolate and candy products, ultimately promoting informed decision-making and improved product standards.
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