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ABSTRACT

Objective: To determine the physical and chemical characteristics of three types of semi-industrial chocolate.
Design/Methodology/Approach: Three types of semi-industrial chocolate made from dry fermented
cocoa were analyzed in triplicate. Five nutrients were evaluated: total fat, protein, crude fiber, moisture, and
carbohydrates. A completely randomized experimental design was applied. Significant differences between
treatments were identified using Analysis of Variance (ANOVA) at a 95% confidence level, followed by Tukey’s
multiple mean comparison test.

Results: Milk chocolate contained 6.37% protein, 48% carbohydrates, 38.99% fat, 3.38% fiber, and 1.55%
moisture. Semi-dark chocolate showed 6.83% protein, 36.06% carbohydrates, 50.25% fat, 3.27% fiber, and
1.91% moisture. Dark chocolate exhibited 7.74% protein, 35.51% carbohydrates, 48.42% fat, 3.95% fiber, and
2.29% moisture. Significant differences were observed in protein, fat, carbohydrates, and fiber, except for
moisture.

Study Limitations/Implications: The study was limited to a single type of cocoa cultivated under conventional
agricultural practices. Consequently, the findings are applicable primarily to producers combining traditional
and modern techniques in cocoa cultivation.

Findings/Conclusions: The nutrient analysis of semi-industrial chocolates highlights their nutritional quality,
supporting their marketing potential, labeling with origin traceability, and disclosure of nutritional content.
Chocolates with higher protein, cocoa fat, and cocoa percentages were identified as nutritious options for
consumers.
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INTRODUCTION

In Mexico, cacao (Theobroma cacao L.) is a millenary, ancestral, medicinal, and cultural
food that has been intertwined with the traditions and customs of Indigenous peoples in the
Americas, including Ecuador, Brazil, Venezuela, Colombia, Peru, and Mexico (Battcock
et al., 2022; Fins et al., 2013). Since pre-Hispanic times, cacao has been used in human

nutrition. Following the Spanish arrival in Mexico, cacao consumption expanded to

Europe (Huamanchumo, 2017; Coe & Coe, 2013). The per capita consumption of chocolate
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in Europe is 10 kg, while in Mexico it increased from 600 to 700 g between 2016 and 2023
(Camacho-Gémez, 2017), with milk chocolate being the consumers’ favorite due to its
flavor and aroma (Arvelo-Sdnchez, 2017). Today, consumers seek high-quality chocolates
with good nutritional content (Brambila, 2008). Chocolate with a higher cocoa content, at
least 70%, is considered beneficial to human health (Cérdova et al., 2023). However, micro-
enterprises producing chocolate face several limitations in their production processes,
such as challenges accessing markets, lack of nutritional labeling for their products, and
insufficient training in technological innovation for adding value. There is also a lack of
financing, subsidies, and specialized advice for developing individual and collective brands.
These factors highlight the need for bromatological analysis to comply with regulatory
standards (Martinez-Salvador & Martinez-Salvador, 2020). Considering these challenges,
the aim of this research is to analyze the nutritional content of the chocolates produced at
the chocolate school/factory of the Colegio de Postgraduados Campus Tabasco, with the
aim of transferring this innovation model to cacao producers in Tabasco.

MATERIALS AND METHODS
Location of the study area
The research was carried out in the chocolate school laboratory of the Tabasco

Campus, College of Postgraduates, located in the Rancheria Rio Seco second section of
Huimanguillo, Tabasco (17° 58 34” N, 93° 23° 117 W).

Preparation process of the three types of chocolates

The cocoa was purchased from a producer in the José Maria Morelos y Pavén Ejido,
located in Gdrdenas, Tabasco. Its quality was determined based on NMX-FI-118, 2014,
using a cut test conducted at the chocolate school, classifying it as extra-fine cocoa,
fermented and sun-dried, of the Patastillo variety (NMX-FI-118, 2014; Aguilar, 2016).
The moisture content was 6%, measured with a DICKEY-John (GAC500 XT, United
States) device.

The cocoa beans were selected by removing impurities, broken beans, insect-damaged
beans, moldy beans, and beans without cotyledons (CXS 87-1981, 2022). The selected
cocoa was roasted in a Micron 5 kg roaster. The grinding and shelling process was carried
out using a CITLALI sheller (CACDES003, Mexico). The grinding was performed with
a Pulvex 9 Hp mill (200, Mexico), resulting in cocoa paste, which was stored in a cooler
at 5° G for use the following day. For the preparation of the chocolate types used in the
bromatological characterization, a completely randomized design with three repetitions
was applied. The first treatment consisted of milk chocolate with 30% cocoa paste; the
second treatment was semi-dark chocolate with 50% cocoa paste; and the third treatment
was dark chocolate with 70% cocoa paste. The treatments were prepared according to the
proportions of fat, milk, sugar, cinnamon, and vanilla (Table 1).

Each sample was refined, tempered, molded, crystallized. The crystallized bars and
tablets were disassembled for wrapping, bagging, sealing, labeling and coding for our

analysis.
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Table 1. Semi-industrial chocolate treatments.

Type of semi-industrial chocolate

Ingredients T1 With milk | T2 Semi-bitter T3 Bitter
Cocoa paste 30% 50% 70%
Brown sugar 28% 30% 20%
Cocoa butter 20% 20% 10%
Whole milk powder 20% - -
Natural vanilla extract 2% - -

Methods and techniques of analysis

The techniques used to measure the five attributes were as follows: total fats were
determined using the SOXHLET method (NMX-F-615-NORMEX-2004); protein
content was measured using the assay method (NMX-F-608-NORMEX-2011); crude fiber
was analyzed using the general test method (NMX-F-613-NORMEX-2017); moisture
was determined through the desiccation method (NMX-F-030-1985); and carbohydrate

content was calculated.

Statistical analysis: model
The analysis model for the completely randomized design was as follows:

Vy=uttitey

Where: Y, represents the observation in the i-th experimental unit assigned to the j-th
treatment. u is the general or overall mean of all observations. 7; is the effect of the i-th
treatment. €, is the random error or residual, representing the variation not explained by

]
the treatments.

Hypothesis

Hy: T,=Ty=...=T,, meaning there is no interaction between the effect of cocoa
concentration on the nutrients in chocolate.

H,: Ti#Tj, meaning there is interaction, indicating that different cocoa concentrations
result in varying nutrient levels. The analyzed nutrients included protein, carbohydrates,
fats, fiber, and moisture. An Analysis of Variance (ANOVA) was conducted at a 95%
confidence level, followed by Tukey’s mean comparison test to identify significant
differences in the nutritional content among the types of chocolate.

RESULTS AND DISCUSSION

Of the analyzed nutrients, milk chocolate (30% cocoa) contained 6.37% protein, 48%
carbohydrates, 38.99% fat, 3.38% fiber, and 1.55% moisture. Semi-dark chocolate (50%
cocoa) had 6.83% protein, 36.06% carbohydrates, 50.25% fat, 3.27% fiber, and 1.91%
moisture. Dark chocolate (70% cocoa) showed 7.74% protein, 35.51% carbohydrates,
48.42% fat, 3.95% fiber, and 2.29% moisture. Significant differences were observed in
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protein, fats, carbohydrates, and fiber, while no significant differences were found in
moisture (see Table 2).

Protein: As observed in terms of protein, the null hypothesis was rejected, and H, was
accepted, as the p-value (0.05) was similar to the a value. The results showed a gradual
increase in protein content with higher cocoa concentrations, with dark chocolate (70%
cocoa) having the highest protein content. Protein values ranged between 6% and 7%,
aligning with the findings of Enriquez-Estrella and El Salous (2022), who reported a
protein content of 9.26%, and Sanchez et al. (2016), who observed 8.75% protein in
homemade dark chocolates from the Chontalpa region for pure 100% cocoa chocolates.
It is worth noting that the analyzed chocolates were made using cocoa paste, whereas
large multinational companies use cocoa with vegetable fat, as permitted by regulations.

Carbohydrates: Regarding carbohydrates, the p-value (0.002) was less than « (0.05),
leading to the rejection of the null hypothesis (H;) and acceptance of H,. The results
indicate a gradual decrease in carbohydrate content as the cocoa percentage increases.
This is attributed to the formulation, as milk chocolate (30% cocoa) contains a higher
amount of cane sugar, resulting in a greater carbohydrate content compared to dark
chocolate. Clara-Nolasco (2017) reported a carbohydrate content of 88% in a chocolate
bar with a high sucrose formulation (78% sugar), which corroborates the findings
observed in this study.

Total fats: For total fats, the p-value (0.00662) was less than « (0.05), leading to the
acceptance of H |, indicating that different cocoa concentrations result in changes in fat
content. It was observed that semi-dark chocolate (50% cocoa) contained slightly more
fat on average compared to the other types, while milk chocolate (30% cocoa) had the
lowest fat content. Fat content ranged between 40% and 50%, aligning with the findings
of Quiréz-Martinez et al. (2023), who reported 39.68% fat in goat milk chocolate, and
Sanchez et al. (2016), who found fat percentages ranging from 10-30% in milk chocolates,
30-40% in semi-dark chocolates, and similar values for dark chocolates at 40%. Cocoa
fat, or cocoa butter, contains approximately 35% oleic acid, 35% stearic acid, and 25%
palmitic acid, with the remaining 5% composed of various short-chain fatty acids
(Valenzuela B., 2007). This composition provides cardiovascular health benefits, which
are absent in chocolates that replace cocoa butter with other vegetable fats.

Fiber: In terms of crude fiber, differences were observed based on cocoa concentration,
as the p-value (0.004) was less than & (0.05). This leads to the rejection of the null hypothesis
(H,) and acceptance of H,. Dark chocolate, with a fiber content of 3.95%, had the highest

Table 2. Difference in attributes according to cocoa concentration.

Treatment Protein(%) Carbohydrates(%) Fat(%) Fiber (%) Moisture (%)
T1 With milk 6.36+0.60a 47.99+0.96a 38.99+0.42a 3.38+0.08a 1.55 +£0.74a
T2 Semi-bitter 6.83£0.715ab 36.06+4.68b 50.25£4.63a 3.27x0.25b 1.91 +=1.60a
T3 Bitter 7.74+0.09b 35.51x1.27b 48.42+1.92b 3.95+0.07b 2.29 £0.65a
p-value 0.0536 0.00281 0.00662 0.00425 0.719

* Mean values * standard deviation. Means with the same letter in the same column are not significantly different according to Tukey’s test
(@=0.05).
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value, aligning with Ropero (n.d.), who reported fiber contents of 0.8%, 3.9%, and 3.1%
for milk chocolate, milk and almond chocolate, and milk chocolate with polyalcohols,
respectively, as well as 9.1% for dark chocolate with almonds. These findings confirm
that higher cocoa concentrations result in greater fiber content in the final product. Fiber
is essential for maintaining a healthy digestive tract and serves as an ally in preventing
metabolic diseases (Almeida-Alvarado et al., 2014).

Moisture: I'inally, with a p-value (0.7) greater than a (0.05), moisture levels across the
three cocoa concentrations were statistically similar, ranging between 1.55% and 2.3%.
These values are consistent with findings by Quiréz-Martinez et al. (2023), Enriquez-
Estrella and Salous (2022), and Clara-Nolasco (2017), who reported moisture levels of
1.59%, 1.81%, and 2.74%, respectively.

CONCLUSIONS

It is concluded that dark chocolate, with a higher cocoa concentration, offers superior
nutritional benefits in terms of protein and fiber. Conversely, chocolates with lower cocoa
concentrations tend to have higher carbohydrate content due to increased added sugar.
Overall, the results highlight the importance of considering cocoa concentration when
evaluating the nutritional properties of chocolate, which are vital for consumer health and
well-being. These benefits are particularly evident when opting for chocolates with a high

cocoa concentration.
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