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Abstract

Chocolate is a very popular food product that is relished by millions of people
for its unique, rich and sweet taste. The health benefits of chocolate are im-
mense which is attributed to its high polyphenolic content. In the current
study, the diet chocolates using natural and artificial sweeteners were devel-
oped. Also, the jackfruit seed powder after fermentation (anaerobic and aero-
bic) was used to replace cocoa powder by 10%. The physiochemical and gly-
cemic index of the chocolates were analyzed. The physiochemical analysis of
the chocolates indicated that substitution of jackfruit seed powder did not al-
ter significantly the proximate composition. It was found out that the gly-
cemic index and glycemic load of the chocolates were significantly lower than
commercial milk chocolate, which makes it a suitable food product for di-
abetic and other groups. The samples were packed in pouches made of metal-
lised polyester films laminated with polyethylene for storage studies. Instru-
mental textural studies were in concordance with sensory observation, indi-
cating that the product remained stable for 3 months at room temperature
(26°C + 2°C). The color of the product remained similar throughout the sto-
rage period indicating stable structural and surface characteristics. Hence, the
chocolates developed using natural and artificial sweeteners have low GI and
will minimize the risk of several chronic diseases including diabetes and the
use of jackfruit seed powder as a substitute for cocoa powder has not altered
any of the characteristic features of chocolate.
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1. Introduction

Chocolate is highly complex and is known as indulgent confection. It is a versa-
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tile food that can give completely different taste and textural sensations. It is
generally consumed for its delicious taste, characteristic texture, softening nature
in the mouth, unusual aroma and a slightly bittersweet taste. Chocolates are rich
in fat (saturated fat) and sugar. Cocoa is the principle component of chocolate
and is rich in polyphenolic compounds (flavan-3-ols such as, catechins, epicate-
chins and procyanidins), which contribute to health benefits. These also are rich
in minerals, flavonols, biogenic amines, methylxanthines (theobromine), ali-
phatic alcohols and cannabinoid-like fatty acids [1] [2]. Studies imply that high
intake of dietary flavanoids contributes to reduced risk of coronary heart diseas-
es and other related disorders [3] [4] [5].

Chocolates are also consumed for its healing properties [6]. The medicinal
application of chocolate also includes drug-delivery system [6] [7]. Dark choco-
lates were consistently associated with better physical health, body composition
and are recommended to have short-term benefits on reducing blood pressure
and serum cholesterol, improving insulin sensitivity and lower the risk of cardi-
ovascular disease and diabetes [8] [9] [10] [11] [12] [13]. It is also considered as
mood enhancer and improves cognitive performance [14].

The chocolate is also considered as complete food and its chief ingredients in-
clude cocoa powder (containing cocoa liquor), cocoa butter and sugar. Milk
powder, sweeteners and other ingredients such as emulsifier (lecithin) are also
added to it to improve nutritional and textural characteristics [15]. These con-
tribute to the chief components such as fat (oleic, palmitic and stearic acid), an-
tioxidants (flavonoids, epicatechin, catechin and procyanidins), nitrogenous
compounds (proteins, methylxanthines-theobromine and caffeine) and minerals
(potassium, phosphorus, copper, iron, zinc, magnesium), which modulate the
health conditions.

The current study investigates the effect of natural and artificial sweetener on
chocolate physico-chemical characteristics. It also investigates the feasibility for
the utilization of jackfruit seed powder as a replacement for cocoa powder and
its effect on the palatability and physiochemical characteristics. The effect of
sweeteners and jackfruit seed substitution on the glycemic index is also investi-

gated in the present study.

2. Materials and Methods
2.1. Materials

Commercial cocoa powder, milk powder and emulsifier purchased from a local
supermarket (Cochin, Kerala, India) were used for the chocolate production.
The chokita (cocoa butter equivalent) was purchased from Aak Kamani, Mum-
bai, India. The sweeteners, stevia (Sugar Free, Green, Zydus wellness, India) and
sucralose (Sugar Free, Natura, Zydus wellness, India) were purchased online
from Amazon, India. Other analytical grade chemicals used in the experiments
were obtained from HiMedia® and Sigma-Aldrich® (Cochin, Kerala, India). Wa-

ter used in the experiments was deionized unless specified otherwise.
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2.2. Jackfruit Seed Fermentation

Jackfruit seed powder was produced after fermentation of whole jackfruit. The
seeds were placed in mud pots with jackfruit pulp and perianth and allowed to
ferment anaerobically for 8 days in the presence of yeast (0.5%) and sugar (15%).
The boxes were tightly closed to promote anaerobic fermentation. After anae-
robic fermentation, the boxes were opened as shown in Figure 1(a), mixed tho-
roughly daily and subjected to aerobic fermentation for 8 days to promote oxi-
dation (Figure 1(b)). The seeds were collected and spermoderm were removed.
The cleaned seeds were dried using hot air drier (183°C/48 h, Excalibur, US);
roasted and powdered and yield was calculated [16] (Figure 1).

2.3. Preparation of Chocolates

Chocolate base, chokita was melted until it becomes free flowing liquid (50°C.).
To this, cocoa powder, milk powder, lecithin and sweetener were added mixed
thoroughly and ground using mechanical grinder to ensure uniform mixing.
These were then poured in a polycarbonate set mould and refrigerated for 15
min till it solidified (Figure 2). In jackfruit seed powder incorporated chocolates,
the cocoa powder was replaced with 10% jackfruit seed powder (Table 1).

2.4. Physio-Chemical Characterization

The moisture (method 925.10), ash (method 923.03), protein (N x 6.25) (960.52)
(KEL PLUS digestion (KES 06 R) and distillation systems (DISTYL EM S), M/s

Jackfruit seed cleaned with
pulp and spermodern

l

Anaerobic Fermentation (8
d), with yeast and sugar

|

Aerobic fermentation (8 d)
with daily stirring

!

Seeds collected separated
from pulp and cleaned

l

Dried (183°C, 2d)

l

Roasted and powdered

Figure 1. Flow chart showing the preparation of jackfruit
seed powder. Figures (a) After anaerobic fermentation
for 8 days, (b) aerobic fermentation (8 days).
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Melted cocoa butter
substitute

!

Mixed cocoa powder, milk fe—o
powder, lecithin, sweetener

Jackfruit seed
powder

Mixed thoroughly

l

Poured in chocolate mould

)

Setting under refrigeration

Figure 2. Flow chart showing the protocol for the
preparation of chocolate.

Table 1. Composition of chocolates.

Composition Diet chocolate (100 g) Jackfruit seed powder (JF) incorporated chocolate (100 g)
Control Sucralose-C ~ Stevia-C JE-Control JE-Sucralose JE-Stevia

Cocoa powder (g) 16 16 16 12 14 14
Jackfruit seed powder (g) 0 0 0 4 2 2
Cocoa butter substitute (g) 32 39 39 32 39 39
Milk powder (g) 27 33 33 27 33 33
Emulsifier (g) 7 11 11 7 11 11
Sugar (g) 18 0 0 18 0 0
Sucralose (g) 0 0.085 0 0 0.085 0
Stevia (g) 0 0 1 0 0 1

Pelican Equipments, Tamil Nadu, India) and lipid contents (2003.05) (SOCS
PLUS SCS2 R, M/s Pelican Equipments, Tamil Nadu, India) were determined
according to AOAC (2005). The total dietary fiber (TDF) was determined using
FIBRA PLUS FES 02 E (M/s Pelican Equipments, Tamil Nadu, India). The ca-
loric value of the chocolates was calculated using the Atwater conversion factors,
where by the major biochemical constituents were converted into calorific values
using standard calorific equivalents (5.65, 9.45, and 4.20 for proteins, lipids, and
carbohydrates, respectively) [17] [18].

Total carbohydrate(g/100 g) =100 —(moisture + protein + lipid + ash)
Calorific value (kcal/g)=(4.20x P +9.45x L +4.20xC)/100

where P = protein content, L = crude lipid content, C= carbohydrate content
The reducing and non-reducing sugars were determined by Lane and Eynon
method [19].

2.5. Estimation of Glycemic Index of Chocolates

The modified procedure of Giri et al [20] was used to estimate glycemic index
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(GI) of chocolates. The percent available starch and starch hydrolysis index 90
(HI 90) was calculated as per the formula given by Goni ef a/. [21] and Holm et
al. [22].

The chocolate samples (250 mg) were homogenized with 5 ml distilled water
(DW) and then made up to 10 ml with DW. It was then treated with 200 pl
a-amylase (heat stable) enzyme (M/s Sigma, Cochin, India) for 15 min in a boil-
ing water bath with mixing after every 5 min. The suspension was cooled and
diluted to a final volume of 25 ml with DW. The clear solution from top (1 ml)
was incubated with 2 ml of sodium phosphate buffer (pH 4.75) and 1 ml of
amyloglucosidase solution (5 mg amyloglucosidase dissolved in 25 ml of same
buffer) (M/s Sigma, Cochin, India) at 60°C for 30 min with gentle mixing every
5 min. It was then diluted to 10 ml with DW. Glucose was estimated by using
GOD-POD kit and the percentage available starch was estimated using the equa-
tion:

Percent available starch = (ug glucose x 25 x 0.9)/sample wt. (mg, dry weight
basis)

For the estimation of hydrolysis index (HI90), chocolate (1 g) was homoge-
nized and suspended in 50 ml of 0.1 M phosphate buffer (pH 6.9); and then in-
cubated with 5 ml of same buffer containing 500 mg pancreatin (M/s Sigma,
Cochin, India) was added and the mixture was incubated at 37°C with gentle
mixing for 90 min. Clear sample solution (0.1 ml) was drawn and analyzed for
maltose using the DNSA method [21]. Results were expressed as mg maltose re-
leased after 90 min of hydrolysis of 1 g sample (dry weight). Using these values
and percent available starch, hydrolysis index was calculated using the formula,

HI90 =100x 0.9x mg maltose/mg starch

Using the values of percent available starch and HI 90, GI was calculated using

the formula as given by Goni ef al [21].
Gl =39.21+0.803x HI90

2.6. Storage Studies

The products were packed in 50 gauge metallised polyester laminated with 220
gauge Polyethylene packets to analyze the shelf life of the product. The changes
that occurred in the product during the period of storage (0, 30, 60, 90 and 120
days) were analyzed based on melting characteristics, Texture profile analysis,

color analysis and sensory evaluation.

2.6.1. Texture Profile Analysis

The chocolate samples were analyzed for texture profile analysis using a Shi-
madzu Texture Analyzer (EZ LX HS). Trapezium Software was used to deter-
mine the parameters like Hardness 1, Hardness 2, Cohessiveness, Springiness
and Chewiness. The Texture analyzer is equipped with a load cell of 100 N. Cy-
lindrical probe of 35 mm diameter was used at a test speed of 1 mm/s and trigger

force: 9.8 N. The samples were Compressed to an extent of 48%. All values are
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given as an average of three measurements and the total texture change were
evaluated [23].

2.6.2. Sensory Evaluation

The sensory evaluation of chocolate samples was carried out for consumer ac-
ceptance and preference by 10-panel members, using a ten-point Hedonic Scale
(1 and 10, representing extreme dislike and extreme like, respectively). Coded

samples of the same size were served to participants in identical containers.

2.6.3. Color Analysis

The CIE Lab coordinate of the chocolate samples were determined using Color
Flex EZ (Hunterlab, USA) reporting lightness (L*), redness (a*), and yellowness
(b*). Measurements were done at nine different points and mean values were

reported for each sample.

2.6.4. Whiteness Index
Whiteness Index (WI) was calculated according to [24] [25].

2 /2
Wi =1oo-[(100— L*) +(a*2 +b* )}

where, L*, a* and b* refer to the CIE Lab coordinates determined using Color
Flex EZ. The whiteness index is useful information about changes in texture
properties of samples [26] [27] [28]. The whiteness index measures the kinetics
of color changes on the surface of chocolate caused by fat migration from the
interior, which leads to certain changes in the structure and texture of the prod-
uct [29] [30] [31].

2.7. Statistics

All results are expressed given as means and standard deviation. Analysis of va-
riance was conducted using one-way ANOVA and Tukey test by pair-wise anal-

ysis with significance defined at p < 0.05.

3. Results and Discussion

3.1. Physiochemcial Characterization of Chocolates

The physio-chemical composition of chocolates is given in Table 2. The results
showed that moisture content ranged between 2.7 and 4.1 g%, with control
(sugar) showing the lowest moisture content, which was in accordance with ear-
lier reports [32]. The chemical nature and the initial moisture content of the al-
ternative sweeteners and other ingredients influence the ultimate moisture con-
tent of the chocolate; thus, affecting its sensory properties and flow characteris-
tics of the chocolate [32]. The mineral contents ranged between 2.6 and 4.4 g%,
with lowest being in jackfruit control. The fat content in the chocolates ranged
between55.0 and 58.9 g%. The carbohydrate content ranged between 22.5 and
34.5 g%, with highest being in jackfruit control.
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Table 2. Physicochemical composition of chocolates.

Moisture (g%)
Ash (g%)
Fat (g%)

Protein (g%)
Carbohydrate (g%)
Fiber (g%)
Reducing sugar (g%)
Non-reducing sugar (g%)
Total sugar (g%)

Calories (kcal/g)

Control Stevia-C Sucralose-C JF-control JE-Stevia JE-Sucralose
2.7+0.1 3.9+£0.7 4.0x04 3.9+£0.7 41+£05 39107
4.0 £0.1 4.4+0.2 4.3 +0.0 2.6 £0.01 44+0.1 4.2+0.0
55.0 £0.03 56.0 £ 0.6 58.9 £0.02 51.6 £ 0.01 57.3%0.1 58.7 £ 0.04
7.910.2 10.03 £ 0.3 10.3 £ 0.04 74+0.1 8.6x+1.3 10.3+0.3
30.4+0.1 25.7+0.5 22.5+0.3 345+0.1 254+0.1 22.9+0.2
6.8+0.2 7.1+0.2 7.4+0.2 6.5+0.2 7.1 +£0.02 7.31+0.1
6.0£0 166 £ 0 14.7+£0 57+0 84+0 58+0
520 1.2+0 20£0 50£0 830 520
11.3+0 178+ 0 16.7 £ 0 10.7 £ 0 16.7x0 1140
6.9 6.9 7.1 6.7 7.0 7.1

Stevia-C: Stevia chocolate, Sucralose-C: Sucralose chocolate, JF-Jackfruit.

3.2. Glycemic Index and Glycemic Load of Chocolates

The glycemic index and glycemic load for the chocolates are shown in Table 3.
The earlier reports indicate that foods with Glycemic Index (GI) less than 55 are
classified as low GI, 56 - 69 as medium GI and greater than 70 as high GI [33].
The results clearly show that the chocolates fall under the category of low gly-
cemic Index foods. Low GI diet has therapeutic value in type 1 and type 2 di-
abetic patients [34]. According to Bjorck and Asp [35] GI has an effect on the
nutritional quality of food. Low GI foods are recommended not only for diabetic
individuals but also for normal population. The glycemic index for a commercial
milk chocolate shows that it comes under high GI and thus is not suitable for

diabetic patients.

3.3. Storage Studies

3.3.1. Texture Profile Analysis

The different parameters in texture profile analysis was evaluated during storage
periods (0, 30, 60, 90 and 120 days) and the changes in the textural parameters
such as Hardness 1, Hardness 2, Cohessiveness, Springiness and chewiness are
shown in Figures 3(a)-(e), respectively. The results showed that the chocolate
samples with sugar as the sweetener (Control, con and Jackfruit Control, JF C)
had high hardness values than other samples. In samples with sucralose and ste-
via as sweetener (Sucralose Chocolate, Suc C; Stevia chocolate, St C; Jackfruit
Sucralose, JF Su; Jackfruit Stevia, JF St) showed less hardness than sugar choco-
lates. The samples were stored at room temperature which was found to have a
profound effect on the hardness 1 and 2 of the sample. The texture profile analy-
sis on the fourth month (120" day) clearly showed a significant decrease in the
hardness of the samples. The sensory evaluation results were in accordance with
the instrumental results. The cohesiveness, springiness and chewiness values

were almost the same for all the samples and did not show any significant
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Hardness 1 Hardness 2
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g 80 g 60
o~
- 50
3
& 60 8
c < 40
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S 40 £30
20
. I I h I I I
0 0
SucC stc JFC JFSU JF st SuciG 8t JFC JFSU JF st
mO0th day m30th day 60th day H90th day ®120th day u0th day ®30th day » 60th day ® 90th day ¥120th day
(a) (b)
Cohessiveness Springiness
0.35 0.8
0.3 0.7
0.25 £ 0.6
@ £
@ <05
£ 02 2
2 €04
n k)
%015 £
S 503
o 7]
01 0.2
0.05 0.1
0 0
Suc C stC JFC JF SU JF St SucC stC JFC JF SU JF St
HOth day B30th day ¥ 60th day M90th day M120th day 8 0th day B30th day ¥ 60th day B 90th day ¥ 120th day
(c) (d)
Chewiness
1.8
1.6
= 14
€
£ 12
@
) 1
£
E 0.8
(3]
0.6
0.4
|i I
0
SucC JFC JF SU

H oth day B 30th day 1 60th day B 90th day B 120th day

(e)

Figure 3. Texture profile characteristics of the product during the period of storage. (a) Changes in Hardness 1 during storage (P
< 0.05); (b) Changes in Hardness 2 during storage (P < 0.05); (c) Changes in Cohessiveness during storage; (d) Changes in Sprin-
giness during storage.
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Table 3. Glycemic Index and Glycemic Load of chocolates.

Stevia C Sucralose C JF Stevia JF Sucralose Commercial chocolate
Glycaemic Index (GI) 42.8 £0.15 42.8 £0.01 448+ 0 43.6 £0.01 70.8 +1.9
Glycaemic Load (GL) 13.2 £ 0.04 12.0 £ 0.001 12.3 £ 0.005 13.7 £ 0.0002 42.8+1.18
Stevia-C: Stevia chocolate, Sucralose-C: Sucralose chocolate, JF-Jackfruit.
TASTE ODOUR

9 9
8 8
7 7
6 6
5 5
4 4
3 3
2 2
1 1
0 0

Suc C JF Su JF St Con SucC JF Su JF St

Hoth day H1st month H2nd month 0 3rd month § 4th month Hoth day 0l 1st month [2nd month I 3rd month [ 4th month
(@) (b)
APPEARANCE OVERALL ACCEPTABILITY

9 9
8 8
7 7
6 6
5 5
4 4
3 3
2 2
1 1
0 0

Con Suc C JF Su JF St Con SucC JF Su JF st

Hoth day H1st month 2nd month l3rd month H4th month

(c)

l 0th day N 1st month [l 2nd month |l 3rd month § 4th month

(d)

Figure 4. (a) Sensory score for taste; (b) Sensory Score for Odour; (c) Sensory score for appearance; (d) Overall acceptability.
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Table 4. Color characteristics of chocolates during the period of storage.

Days Control Stevia-C Sucralose-C JE-control JE-Stevia JF-Sucralose

L)('

0 31.9+0.7 30.1 £ 0.6 30.5+0.5 31.8+0.2 30.4+0.2 30.0 £ 0.8

30 33.0+0.4 30.4+0.3 28.1+£0.4 31.3+0.4 30.8+£0.2 29.1+0.3

60 31.7£0.7 30.2+0.5 309x1.0 329+0.1 28.5+0.2 30.1 £0.02

90 31.2 £0.04 30.3+0.4 30.7 £ 0.7 31.7+0.3 29.6 £ 0.1 30.0 £ 0.01
a*

0 9.9+0.2 8.9+0.2 9.4+0.3 9.8+0.2 9.4+0.2 9.4+0.1

30 10.2 £ 0.01 9.0+0.1 8.5+0.2 10.1 £ 0.1 9.6+0.1 9.2+0.3

60 10.2+£ 0.8 9.0+ 0.3 9.9+0.1 9.9+0.2 9.8+04 10.0 £ 0.2

90 10.3+0.4 9.3+£0.3 9.5+£0.6 9.9+0.1 9.0 £ 0.04 8.9 £0.01
bX’

0 11.5+0.7 10.3+£0.3 109 £ 0.5 123+ 0.2 11.2+04 11.2+0.2

30 11.8 £ 0.5 10.6 £ 0.5 10.3 £ 0.7 13.0+ 0.9 11.8 £ 0.5 11.8+1.1

60 11.7 £ 0.6 10.1+04 11.1+£0.7 123+ 0.8 129+ 04 12.8+0.4

90 11.7 £ 0.7 11.2+0.1 11.8 £ 0.2 113+ 04 11.0+ 0.1 11.9+0.1

Whiteness index

0 30.2£0.6 28.8+ 0.6 29.0+ 0.6 30.0 £ 0.2 289+0.2 28.5+0.8

30 31.2+04 29.0+ 0.4 269 £ 0.5 29.3+0.5 29.1+0.2 27.6+ 0.5

60 299+0.9 29.0 £ 0.5 293 +1.1 31.0+0.3 26.7 £ 0.3 28.3+0.1

90 29.4+0.1 28.8+0.4 29.1£0.8 30.1 £0.2 28.2+0.9 284+ 0.0

Stevia-C: Stevia chocolate, Sucralose-C: Sucralose chocolate, JF-Jackfruit.

variation during the period of storage. The results also show that 10% replace-
ment of cocoa powder with jackfruit seed powder did not make significant cha-

racteristic changes in the product.

3.3.2. Sensory Evaluation

The results of sensory evaluation carried out by the sensory panel with respect to
the sensory parameters like taste, odour, appearance and overall acceptance are
shown in Figures 4(a)-(d) respectively. The sensory score is below 5 for all the
samples on the 4" month. For the first three months the products were well ac-
cepted by the sensory panel. There was no fat bloom or fungal growth during the
first three months of storage at room temperature (26°C + 2°C). The results

clearly show that the products had a good acceptance.

3.3.3. Color Characteristics and Whiteness Index

The colour values for the chocolates packed and stored in 50 gauge metalized
polyester films laminated with 220 gauge polyethylene is given in Table 4. Anal-
ysis of colour values L* (darkness to lightness), a* (redness to greenness), and b*
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(blueness to yellowness) during the period of storage indicates the physical
changes that occur in the product due to bloom formation. The results clearly
show that the product had a stable colour with respect to L*, a* and b* values for
a period of three months when stored at room temperature. After three months
of storage, the product developed fat bloom due to which colour analysis of the
samples were not carried out on the 4" month. Whiteness Index (W) (Table 4)
did not show any significant variation among the samples during the entire pe-
riod of storage possibly indicating no textural changes or changes in surface
characteristics [36]. Thus, the product retained a stable structural characteristic

during the storage study period.

4. Conclusion

The study was aimed for the development of diet chocolates and the utilization
of under-utilized jackfruit, a seasonal fruit. Ten percentage replacement of cocoa
powder with jackfruit seed powder was a success and did not alter any characte-
ristic features of chocolate. The physiological study clearly showed that the
chocolates have a low glycemic index and low glycemic load. Hence, it is a great
substitute for chocolates to diabetic patients. The storage study in 50 gauge me-
tallized polyester laminated with 220 gauge polyethylene pouches at room tem-
perature was carried out and monthly analysis was done for four months. After
three months the product developed fat bloom and also was not stable on the
basis of texture. The results revealed that the diet chocolates have a shelf life of
three months and did not undergo any significant changes at room temperature
(26°C £ 2°C).
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