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1. Generally recognized as safe
2. Citral

3. Limonene

4. Myrcene

5. Octanal
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Table 1 Formulations of chocolate treatments in the present study

Cocoa

Cocoa

Code  Sugar butter powder Lecithin
CcC 52.30 31 16 0.6
CTL, 2236 31 16 0.6
CTL, 2236 31 16 0.6
CTL; 38.84 31 16 0.6
CTL, 38.84 31 16 0.6
CTL; 0 31 16 0.6
CTL, 0 31 16 0.6

Lemon

Vanillin essential oil D-Tagatose

0.1 0 0

0.1 0.1 29.84
0.1 0.2 29.74
0.1 0.1 13.36
0.1 0.2 13.26
0.1 0.1 47.80
0.1 0.2 47.90

CC: Control Chocolate
CTL: Chocolate containing D-tagatose and lemon essential oil
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Table 2. The comparison effects of D-tagatose and lemon essential oil on moisture (%), fat (%), and
sugar (%) before and after hydrolysis in chocolate treatments

Treatments C(% CTL, CTL, CTI;3 CTL, CTIst CTL,
. 0.99" + d 1.34°+ 1.50° + 1.61%*+ 1.05' + 1.13°+
0,

Moisture (%) 005  120E0IL 5069 0.03 0.07 0.12 0.05
Fat (%) 33.40° + 33.41°+ 3339°+  3340°+  3341°t  3340°=  3339%+
at (%o 0.03 0.02 0.04 0.02 0.01 0.05 0.01

0,
S“bgafr (%) 8.29% & 1560+ 1541+«  1074°+ 1039+  22.11°%  22.00°+
efore. 0.02 0.021 0.05 0.33 0.06 0.09 0.10
hydrolysis
0,
S“g?tr (%) 5091°+ 5010+  50.00°+  49.84°+  49.80°+  5037°+  50.40°+
atter 0.53 0.86 1.01 0.89 1.06 0.78 091
hydrolysis

+Standard deviation (a-f): Different uppercase letters with statistical differences in the studied level (p<0.05) related
to the studied times
CC: Control chocolate, CTL,. Chocolate treated with 29.84 (%) D-tagatose and 0.1 (%) lemon essential oil, CTL,.
Chocolate treated with 29.74 (%) D-tagatose and 0.2 (%) lemon essential oil, CTL;. Chocolate treated with 13.36
(%) D-tagatose and 0.1 (%) lemon essential oil, CTL,. Chocolate treated with 13.26 (%) D-tagatose and 0.2 (%)
lemon essential oil, CTLs. Chocolate treated with 47.80 (%) D-tagatose and 0.1 (%) lemon essential oil and CTLs,
Chocolate treated with 47.90 (%) D-tagatose and 0.2 (%) lemon essential oil
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Table 3. The comparison effects of D-tagatose and lemon essential oil on color, hardness and antioxidant
attributes in chocolate treatments

Treatments CcC CTL, CTL, CTL, CTL, CTLs CTL,
I 1628+  19.39°% 18.75+ 17.50°+ 1630+  20.56°+  20.10°%
0.01 0.09 0.07 0.05 0.02 0.11 0.14
7.017+ 8.50¢ + d 7.73% &+ 7.44° + 9.52%+ 9.10° +
%
a 0.03 0.10 7.927£0.15 0.06 0.17 0.20 0.09
6.00" + 7.30% 6.20' + 6.72°+ 8.61°+ 8.80% +
% C
b 0.17 0.09 6.97°£0.10 "4 0.36 0.06 0.11
Maximum 17.10° + 15.23%+ 15.05% + 1490°+ 1487+ 1685+  16.61™+
compression 0.34 0.07 1.16 0.19 0.03 0.25 1.01
force (N)
1C50 11.32% + 7.41° 520° % 0.71 7.54° + 2.14°+ 7.48° + 1.27° +
(mg/mgDPPH) 0.12 0.14 : : 0.15 0.31 0.50 0.11

+Standard deviation (a-f): Different uppercase letters with statistical differences in the studied level (p<0.05) related
to the studied times
CC: Control chocolate, CTL,. Chocolate treated with 29.84 (%) D-tagatose and 0.1 (%) lemon essential oil, CTL,,
Chocolate treated with 29.74 (%) D-tagatose and 0.2 (%) lemon essential oil, CTL;, Chocolate treated with 13.36
(%) D-tagatose and 0.1 (%) lemon essential oil, CTL,. Chocolate treated with 13.26 (%) D-tagatose and 0.2 (%)
lemon essential oil, CTLs. Chocolate treated with 47.80 (%) D-tagatose and 0.1 (%) lemon essential oil and CTLs,
Chocolate treated with 47.90 (%) D-tagatose and 0.2 (%) lemon essential oil
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Table 4 The effect of D-tagatose and lemon essential oil on the microbial population (CFU/g) of
chocolate treatments

Microorganism CccC CTL, CTL, CTL; CTL, CTL;s CTLg
3 7 7 7 T 7
Total viable count 3.103>< 10 1.07bX 10 1.24CX 10 410 x 10° 2.40 C>< 10 1.O6bX 10 1.65 CX 10
Spore-forming 1.50 x 10" 1.09 x 10" 1.00 x 10’ Lo x 100t 102 10" 1.14x10" 1.05x 10
bacteria a 2 a ' a a ?
Yeasts and molds - - - - - - -
Xerophilic molds - - - - - - -
2 1 1
Enterobacteriaceae 4.07 ax 10 6'34bX 10 - 527 x10'° - 3.45 bx 10
2 1 1
Enterococcus spp. 2.23 ax 10 1.06b>< 10 ) 210 x 10'® ) 2.58bx 10

Staphylococcus spp.
coagulase-positive

+Standard deviation (a-f): Different uppercase letters with statistical differences in the studied level (p<0.05) related
to the studied times
CC: Control chocolate, CTL,. Chocolate treated with 29.84 (%) D-tagatose and 0.1 (%) lemon essential oil, CTL,,
Chocolate treated with 29.74 (%) D-tagatose and 0.2 (%) lemon essential oil, CTL;, Chocolate treated with 13.36
(%) D-tagatose and 0.1 (%) lemon essential oil, CTL,. Chocolate treated with 13.26 (%) D-tagatose and 0.2 (%)
lemon essential oil, CTLs. Chocolate treated with 47.80 (%) D-tagatose and 0.1 (%) lemon essential oil and CTLg,
Chocolate treated with 47.90 (%) D-tagatose and 0.2 (%) lemon essential oil
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Chocolate is a popular and widely consumed product in different ages, however,
the demand of consumers has increased for healthy chocolate with free or low
sugar in recent years. The objective of present research is to substitute the
sucrose of chocolate with D-tagatose and lemon essential oil for improving
biological functions. The seven formulations of chocolate included distinct
percentages of D-tagatose (0, 13, 29 and 47 %) and lemon essential oil (0, 0.1
and 0.2 %). Afterwards, the tests were performed on chocolate treatments such
as moisture level, fat, sugar content before and after hydrolysis, color
perception, hardness, antioxidant, microbial and sensory evaluations. The results
demonstrated that moisture of treatments (except CTLS containing 47.80 % D-
tagatose and 0.1 % lemon essential oil) was noticeably different from the
control. A significant difference was observed between the average sugars of
treatments before hydrolysis, however, there was no considerable difference in
fat levels (33.39 to 33.41 %). The essential oil has led to a reduction in hardness,
so CTL6 (including 47.90 % D-tagatose and 0.2 % lemon essential oil) with
higher essential oil had a lower hardness (16.61 N). D-tagatose and lemon
essential oil had an influence on color features, but antioxidant functions were
affected only by essential oil and all treatments were within the standard range
in terms of microbial load. In sensory assessment, the overall acceptance score
was given to the control (4.96) and CTL5 (4.92). The conclusion of present
research introduced CTL5 as the most suitable treatment for production of
healthy chocolate.
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