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Table 1 Formulations of chocolate treatments in the present study

Cocoa Cocoa cor s

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 0.91
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 CTLg,
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 CC 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° +
%
4 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 b>< 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

S 58 Sl VL Slel wals Wpes Slas ulesl Ll
03 ML 53 ged uilal oge iy e Js 4 Yl
Shael 5 llas ghyls el & sl daeISCE Ol s Lo
EAT L ol dald 4sed 55 5 05 OLL5)) K 51 S 5y

A otz /Y 50e L CTLs OF & €505 o 5 wlis oS
Ll 1 o ladised e DLl B Lash 2
R S 313 O Jguams Sl 5 ab Ghae (K55 il
oxgd A Aoy Vo ool Wl 4 by e S ke
Caud b b (o5 b W a e (p S 5 e
L s pm Sl s [A] 5 AW Ao Vsl
dop3 Ve s (L 35D oo don V 2alS sls ol oos

5 Jdsle [VIss s 1y oLl slael o VG (L5 53 4) A3

Vo

s elal 5 3886 63,86 oLl —A-Y

> Sl g
or b il osed el 5 5880 o
ui:ﬁ.,\.ij;.,\m.,w..? ‘Q_;LAA U’*'L'“?‘ 0 9 LCJL: 6[.&)},50
J.E.'» )l j&:J L)‘“JL’“\ E) J}SKU 8> Lo ol )Lo.; s
dals wiged b Glas plesl &.’Ja (Bl Ol s
Olyen mal53l a8 sls OLAS il s (P<Se/e0) Wis sl
;w 5o sla,sSU s Ll e oS -l JAL<;~.;:
Losl ﬁ.&bd)\)ﬁ@jw ol JL@:JJ.LAL.: ‘U'j».'v



VEY e 8 0y58 OTY 6l

CLA -0

[1] Faccinetto-Beltran, P., Gomez-Fernandez,
A.R., Santacruz, A. and Jacobo-Velazquez,
D.A. 2021. Chocolate as carrier to deliver
bioactive ingredients: current advances and
future perspectives, Foods, 10(9):2065.

[2] Chin Tan, T.Y., Lim, X.Y., Hui Yeo, J.H.,
Lee, SW.H. and Ming Lai, N. 2021. The
health effects of chocolate and cocoa: a
systematic Review, Nutrients, 13(9):2909.

[3] Dong, J.Y., Hiroyasu, I., Kazumasa, Y.,
Norie, S. and Shoichiro, T. 2017. Chocolate
consumption and risk of stroke among men
and women: A large population-based,
prospective cohort study, Atherosclerosis,
260:8-12.

[4] Shoorideh, M., Taslimi, A., Azizi, M. H. and
Mohammadifar, M.A. 2011. Study of effects
of D-tagatose and inulin as sugar substitutes on
the physical, chemical and rheological
properties of milk chocolate, Journal of Food
Science and Technology, 8 (30):113-125.

[5] Tayefeh Ashrafiyeh, N., Azizi, M.H.,
Taslimi, A., Mohamadi Far, M.A., Shorideh,
M. and Mohammadi, M. 2014. The effect of
collagen hydrolysate as a partial replacement
of cocoa butter on the rheological and sensory
properties of milk chocolate, Journal of Food
Science and Technology, 11 (42):141-153.

[6] Mohammadi, A., Asadolahi, S. and Eshaghi,
M.R. 2018. Effect of replacing sucrose and fat
with date powder and soy flour on physical
and chemical properties of dark low- calorie
chocolate, Journal of Food Science and
Technology, 78(15):311-319.

[7] Javidi Pejman, 1., karazhyan, R. and Gord-
Noshahri, N. 2022. Evaluation of the effect of
Arabica coffee pulp waste as a sugar substitute
on the antioxidant, textural and sensory
properties of beneficial chocolate, Journal of
Food Science and Technology, 19 (126):217-
225.

[8] Ramya, P. and Bhasker, V. 2018.
Development of chocolate center filled with
lemon marmalade and its sensory studies,
International Journal of Food Science and
Nutrition, 3(2):155-159.

[9] Chahed, A., Nesler, A., Aziz, A., Barka,
E.A., Pertot, I. and Perazzolli, M. 2021. A

yov

(o b S Olsae AN e 0 S o Olge 4 358G (6o
S dm el Do a5y 5 b (S O3 Ol w525
o o gm e Ll cdas Ll | CSE G as
Bl Al Ly, aalsl b S ek 5 S ek Sad eab
sl ag OOE ls Olid e oLl Slslael o Sle Y]
2l b alio 53 do)3 00 Ol w0 Ll L S 0300 b
plod OLL3L axdl clls (6 3V o pas e S sl
Lol b S 0l doys VO B 1) oS gl ge

IV s

Fig 1 The effects of D-tagatose and lemon essential
oil on sensory features

S S ames -t

G 4 38 et Ulg el Sl s 4 4 L
Casby SRl 2 e ilal 5 5580 polie (il 5 Jhals
AT 5 s Sl 586 A aen
Gl ome gl Lol il 03 OIS 86 ot Sles glad gol
bl 5 3586 s il sdaline LSS o Ol o
bases b* ya* (L* K, gla,sSb wus sy 4 sed
S sod il Ol GBI (oo S35 (01 sre 36
SnS Bl ci b s S Ledss il e
sod bl Lol Sl OIS slak gl 3T GladISSsl,
OF b (slgmn s So ds S lad a5 L 5 2l 58
Ol 53 dls 3y odd sleg slawised 53 Soill nals
@B S embe 23l L CTLs sis Sl slawisel
S Ose¥sep Olge @ e OLLGLI Slael 5 S35 5




o bl 5 5580 o5 a3l 36 bl AET

e ) 5 S5 Ol e

production base on Celery and Blackberry
beverages by using Lactobacillus plantarum,
Journal of Food Science and Technology, 16
(91):157-167.

[19] Shourideh, M., Taslimi, A., Azizi, M.,
Mohammadifar, M. and Mashayekh, M. 2010.
Effects of D-Tagatose, inulin and stevia as
sugar substitutes on the physical, chemical,
rheological and sensory properties of dark
chocolate, Iranian Journal of Nutrition
Sciences & Food Technology, 5(3):29-38.

[20] Aji Muhammad, D.R., Tuenter, E., Patria,
G.D., Foubert. K., Luc, P. and Dewettinck K.
2021.  Phytochemical = composition and
antioxidant  activity of  Cinnamomum
burmannii Blume extracts and their potential
application in white chocolate, Food
Chemistry, 340:127983.

[21] Dimas, R.A.M., Vale'rie, L., Alderweireldt,
E., Vanoverberghe, P., Praseptiangga, D.,
Juvinal, J. G. and Dewettinck, K. 2019.
Antioxidant activity and quality attributes of
white chocolate incorporated with
cinnamomum burmannii blume essential oil,
Journal of Food Science and Technology,
57:1731-1739.

[22] Rad, H.A., Azizi, A. Darghahi, R.,
Bakhtiari, O., Javadi, M., Jafarzadeh, M.,
Homayuni Rad, H., Mirtajeddini, B.,
Mobaraki, N., Tayebali, M. and Rasouli
Pirouzian, H. 2018. Development of synbiotic
milk chocolate enriched with Lactobacillus
paracasei, D-tagatose and
galactooligosaccharide, Applied Food
Biotechnology, 5(2):59-68.

[23] Di Matteo, A., Simeone, G.D.R., Rao,
A.C.M. and Di Vaio, C. 2021. Morphological
characteristics, ascorbic acid and antioxidant
activity during fruit ripening of four lemon
(Citrus limon (L.) Burm. F.) cultivars, Scientia
Horticulturae, 276, 27.

[24] Institute of Standards and Industrial
Research of Iran. Microbiology of pastry and
confectionery products- specifications and test
methods. Number 2395.

[25] De Vuyst, L., Lefeber, T., Papalexandratou,
Z. and Camu, N. 2015. The functional role of
lactic acid bacteria in cocoa bean fermentation,
Biotechnology of Lactic Acid Bacteria: Novel
Applications, pp:301-325.

[26] Lecumberri, E., Mateos, R., Izquierdo-

YOA

review of knowledge on the mechanisms of
action of the rare sugar D-tagatose against
phytopathogenic oomycetes, Plant Pathology,
70:1979-1986.

[10] Shourideh, M., Taslimi, A., Azizi
Tabarizzad, M.H., Mohammadi far, M.A. and
Mashayekh, M. 2020. Effects of D-Tagatose,
Inulin and stevia as sugar substitutes on the
physical, chemical, rheological and sensory
properties of dark chocolate, Journal of
Nutrition Science and Food Technology,
3(18):29-38.

[11] Hematian, A., Nouri, M. and Dolatabad
S.S. 2020. Kashk with caper (Capparisspinosa
L.) extract: quality during storage, Foods Raw
Material, 8(2):402-410.

[12] Sun, Y., Liu, Z., Wang, X., Zhang, F.,
Huang, X., Li, J., Sun, X., Guo, Y. and Han, X.
2021. Effect of HLB value on the properties of
chitosan/zein/lemon essential oil film-forming
emulsion and composite film, International
Journal of Food Science and Technology,
56(10): 4925-4933.

[13] Yazgan, H., Ozogul, Y. and Kuley, E. 2019.
Antimicrobial influence of nanoemulsified
lemon essential oil and pure lemon essential oil
on food-borne pathogens and fish spoilage
bacteria, International Journal of Food
Microbiology, 306:108266.

[14] AOAC (Association of Official Analytical
Chemists International). (2005). Official
methods of analysis. 18" ed. Maryland: AOAC
International, 31:33-44.

[15] Nouri, M., Ezzatpanah, H., Abbasi, S. and
Behmadi, H. 2013. Investigating the stability
of chemical and physical characteristics of
non-fat set yoghurt containing textured milk
during the storage time, Journal of Food
Science and Technology, 10 (40):66-57.

[16] Zyzelewicz, D., Budryn, G., Oracz, I.,
Antolak, H., Kregiel, D. and Kaczmarska, M.
2018. The effect on bioactive components and
characteristics of chocolate by
functionalization with raw cocoa beans, Food
Research International, 113:234-244.

[17] Basiri, M. and Nouri, M. 2021. Enrichment
of strawberry frozen yogurt by chia (Salvia
hispanica L.) seeds, Food & Health, 4(4):28-
34.

[18] Nouri, M. and Amin Moghadasil, A. 2019.
Investigating the possibility of probiotic



Ve L}"-C-"\q e)y‘\ﬁ‘ e)l.«.jz

Health Research in Community, 2(4):26-34.

[29] Gamarooni Pour, A. and Azizi, M.H. 2018.
Studying effect of omega-3 extracted of
Linseed oil on physicochemical properties of
functional milk chocolate, Journal of Food
Science and Technology, 78(15):183-190.

[30] Yang-Ju, S., Young Choi, S., Mi Yoo, K.,
Won Lee, K., Mee Lee, S., Hwang, 1. K. and
Kim, S. 2017. Anti-blooming effect of maltitol
and tagatose as sugar substitutes for chocolate
making, LWT - Food Science and Technology,
88: 87-94.

yo4

Pulido, M. P., Goya, L. and Bravo, L. 2007.
Dietary fibre composition, antioxidant capacity
and physico-chemical properties of a fibre-rich
product from cocoa (Theobroma cacao L.),
Food Chemistry, 3:948-954.

[27] Santos, R.X., Oliveira, D.A., Sodré, G.A.,
Gosmann, G., Brendel, M. and Pungartnik, C.
2014. Antimicrobial activity of fermented The
obroma cacao pod husk extract, Genetics and
Molecular Research, 13(3): 7725-7735.

[28] Nasehinia, H., rahimi, S., kiani, M.,
Ghaneapur, M. R. and Ajam, F. 2017.
Assessment of microbial contamination of
traditional sweets in Yazd, Iran, Journal of



JEST No. 132, Vol. 19, February 2023 ABSTRACT
Journal of Food Science and Technology (Iran) gj
Homepage:www.fsct.modares.ir R el

Scientific Research

The Effect of Adding D-tagatose and Lemon Essential Oil on

Quality of Chocolate

Nouri, M. '*, Agahi, A. H. 2

1. Assistant Professor, Department of Food Science and Technology, Roudehen Branch, Islamic Azad University,

Roudehen, Iran.

2. Department of Food Science and Technology, Roudehen Branch, Islamic Azad University, Roudehen, Iran.

ARTICLE INFO

ABSTRACT

Article History:

Received 2022/ 09/ 30
Accepted 2022/ 12/ 21

Keywords:

Lemon essential oil,
Antioxidant,
D-tagatose,
Chocolate,

Low sugar.

10.22034/FSCT.19.132.149
DOR: 20.1001.1.20088787.1401.19.132.11.4

*Corresponding Author E-Mail:
Marjan.nouri@iau.ac.ir

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.




