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Introduction: Cocoa-based products such as chocolate drinks, are very popular due to their distinctive
taste, aroma and color. This product is produced and sold as simple products such as “instant hot
chocolate”. During the processing of hot chocolate base powder, nutrient loss occurs. Therefore,
fortification of hot chocolate powder seems to be a necessity. Carrot is a highly nutritious root vegetable
recognized as a polynutrient food source, rich in natural bioactive compounds such as phenolics,
carotenoids, polyphenols, ascorbic acid, fiber, and minerals. Due to its valuable nutritional profile, carrot
can serve as a functional ingredient to enhance the biological and nutritional value of various products.
In this study, dried carrot powder was incorporated into the hot chocolate formulation at levels of 0%,
5%, 10%, and 15%, and its effect on the overall properties of the product was evaluated.

Materials and Methods: Magush brand hot chocolate powder from Aynaz Maku Company (Magush
Coffee) was used in this study, along with all chemicals and reagents sourced from Merck, Germany.
Fresh carrots were purchased from the Maku market and thoroughly washed with water. After peeling,
the carrots were sliced thinly and blanched with steam for 3 minutes. They were then dried in an electric
oven at 50+5°C for 12 hours. Once dried, the carrots were ground into powder using an electric grinder
and passed through a shaker-sieve with a 250-mesh size (60 microns). The hot chocolate was formulated
based on the Aynaz Maku Company’s standard formulation, with carrot powder incorporated at levels

of 0%, 5%, 10%, and 15% (w/w). The mixture was thoroughly blended for 10 minutes and then
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packaged in metallized bags. The physical, chemical, sensory, and microbial properties of the hot
chocolate were analyzed following the Iranian National Standard No. 16884. The total phenolic content
(TPC), total flavonoid content, and antioxidant capacity were determined using the Singleton-Rossi,
Udayaprakash et al., and DPPH methods, respectively. Vitamin C content was measured by titration
using 2,6-dichlorophenol-indophenol, while total carotenoid content was assessed using a modified
method by Koca et al.

Results and Discussion: Incorporating up to 10% carrot powder into the hot chocolate formulation had
no significant impact on the appearance of the hot chocolate powder. All treatments, except for the 15%
formulation, met the standard requirements for appearance, with no foreign materials detected in the
samples. However, in the 15% treatment, the low solubility of carrot powder led to the presence of
particles on the surface. The results also indicated that as the level of carrot powder increased, moisture,
total sugar, and fat content significantly decreased, while total ash, pH, and acid-soluble ash content
increased. Carrot powder influenced the levels of phenolic and flavonoid compounds in the product,
with the highest total phenolic content observed in the 15% carrot powder sample. As the percentage of
carrot powder increased, the flavonoid content and antioxidant capacity also improved. Additionally,
incorporating carrot powder into the hot chocolate formulation enhanced the total carotenoid and
vitamin C content. However, the total microbial count increased with higher carrot powder levels,
though no mold or yeast was detected in any of the treatments.

The organoleptic properties of the samples were assessed by a panel of 10 trained evaluators. According
to the sensory panelists, the 15% carrot powder treatment received the lowest score for apparent color,
while increasing the carrot powder content up to 10% had no significant effect on the color rating. The
addition of 15% carrot powder negatively impacted the product’s appearance due to its lower color
intensity and reduced solubility. The results also indicated that the taste and aroma scores varied
significantly among the different experimental treatments. The highest taste and smell score was given
to the 10% treatment and the lowest to the 15% carrot powder treatment. Increasing the carrot powder
content did not significantly affect the taste and aroma of the product. The texture or consistency scores
of the different treatments were found to be significantly different according to the sensory evaluators.
The highest texture scores were given to the 0%, 5%, and 10% carrot powder treatments, while the 15%
treatment received the lowest score. As the percentage of carrot powder increased, the texture
acceptability improved up to the 10% level, but the addition of 15% carrot powder negatively impacted
the product’s consistency due to its poor solubility.

Conclusion: In this study, carrot powder was added to the hot chocolate powder formulation in amounts
of 5%, 10%, and 15% to improve the nutritional value and sensory properties of the product. The

physicochemical properties, bioactive compounds, sensory attributes, and microbial characteristics of
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the product were evaluated. The results indicated that adding carrot powder up to 10% did not negatively
affect the physicochemical, microbial, or organoleptic properties of the product. However, in the 15%
treatment, the low solubility of carrot powder caused its particles to remain on the surface, making it
less acceptable to the panelists. As the level of carrot powder increased, there was a significant decrease
in moisture, total sugar, and fat content, while the pH, total ash, and acid-soluble ash increased.
However, all of these properties remained within the standard and acceptable ranges. Adding carrot
powder also resulted in increased levels of total phenolic content (TPC), flavonoid compounds, and
antioxidant capacity. The effect of carrot powder on the total carotenoid and vitamin C content of the
hot chocolate powder was also significant. The highest amounts of total carotenoids and vitamin C were
found to be 17.7 mg/100 g and 7.7 mg/100 g of powder, respectively, while the lowest amounts were
observed in the control sample, with 0.1 mg/100 g and 7.7 mg/100 g of powder, respectively. From the
perspective of the sensory evaluators, the 15% carrot powder sample was not accepted due to its low
solubility, while the 10% sample received the highest score. Although increasing the carrot powder
content raised the microbial load of the product, the total microbial count, as well as the mold and yeast
counts, remained within the standard and acceptable range for all samples. Overall, the results indicated
that carrot powder can be added to hot chocolate powder formulations up to 10% to enrich the product

and create a functional, nutritious version.
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Table 1. Effect of carrot powder on the physicochemical properties of hot chocolate powder

Acid-
Treatment pH insoluble Ash Fat Total sugar Moisture Apperance
ash
0,
0% 6.84 +£0.022 | 0.1+0.01* | 1.74+0.12 7.1+0.28 58.1 + 1.6¢ 4.62 £0.11° Acceptable
(Control)
5% 7.19+0.03° | 0.15+0.02° | 2.12 +0.2P 6.7+0.32 55.3+2.1° 4.49 +0.08P Acceptable
10% 7.13+£0.05° | 0.19£0.01° | 2.25+0.1° | 6.4+ 0.4 50.3 £ 1.7° 4.42+0.12° Acceptable
15% 7.09 £0.07° | 0.23+0.03¢ | 2.38 +0.2¢ 6.0+ 0.2° 48.6 £ 1.17 4.26 £0.13* | No acceptable

(p<0.05) ol 2o, B mhans j0 Jlo gime B 3925 il (gt ;0 50 Dglaie Bgy> L yolas

Values with different letters in each column indicate a significant difference at the 5% level (p<0.05).
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Table 1. Chemical and microbial properties of hot chocolate powder according to Iranian national standards No. (16884 and 3307)

Parameter Acceptable limits
Moisture (w/w) Max. 4%
Total sugar (w/w) Max. 65%
Fat (w/w) 10-20%
Total ash (w/w) Max. 4%

Solubility Solution in boiling water
Total Microbial count (cfu/g) 3000
Mold and yeast (cfu/g) 100
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Fig 1. Effect of carrot powder on the amount of TPC in hot chocolate
Values with different letters in each treatment indicate a significant difference (p<0.05).
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Fig 2. Effect of carrot fruit powder on the amount of flavonoid compounds in hot chocolate.
Values with different letters in each treatment indicate a significant difference (p<0.05).
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Fig 2. Effect of carrot powder on the antioxidant capacity of hot chocolate.
Values with different letters in each treatment indicate a significant difference (p<0.05).
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Table 2. Effect of carrot powder on vitamin C and total carotenoid content of hot chocolate powder

Treatment Vitamin C Total carotenoids
(mg/100 g powder) (mg/100 g powder)
0% (Control) 0.2+0.03? 0.1+0.3?
5% 2.7+0.08° 6.3+0.2°
10% 48+0.1¢ 124+05°¢
15% 7.7+0.2¢ 17.7+06¢

Values with different letters in each treatment indicate a significant difference (p<0.05)
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Table 4. Effect of carrot powder on total microbial count and mold and yeast

Treatment Mold and yeast Total microbial count (cfu/g)
0% Negetive 100 + 152
5% Negetive 500 + 22°
10% Negetive 2173 £ 27°¢
15% Negetive 2436 +19 ¢

(P<0.05) el Yo sima BB 0429 ,S5ko jles ;o 50 Sigliste gy b polie
Values with different letters in each treatment indicate a significant difference (p<0.05).
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Table 5. Effect of carrot powder on the sensory properties of hot chocolate powder

Treatment App();&ll;ermce Taste Aroma Consistency ac(ggs{::\lce
0% 48+0.2° 45+0.1° | 48+0.1°2 48+0.1° 45+0.1°
5% 47+0.3 47+0.2% | 47+0.22 47+0.3 4.6 +0.3
10% 47+0.3 48+0.1°¢ | 46+0.3% 48+0.2° 48+0.2°
15% 3.6+0.12 3.2+0.1* | 48+0.22 38+02% 35+0.2

Values with different letters in each treatment indicate a significant difference (p<0.05).
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