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Development of Composite Meat Chocolate Fortified with Calcium and Plant Extracts
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Abstract

An attempt was made to improve the nutritional perception and textural stability of
chocolate at higher tropical temperatures by developing a composite meat chocolate using meat
protein powder and animal fat. The composite meat chocolate was fortified with calcium to
reduce the cariogenicity (anticaries activity) and enriched with blueberry and raspberry extract
(1%, 2% and 3%) as a preservative. The products were evaluated at 0, 2, 4, and 6 months of
storage (25+1°C). Both, the protein and calcium content of the optimized meat chocolate
increased (p <0.05) by 93% and a significant (p <0.05) decrease in fat, carbohydrate and total
calories was recorded without any increase (p >0.05) in cholesterol content. Addition of
blueberry and raspberry extracts, particularly at 3% level, improved (p <0.05) the lipid
oxidative [TBARS (mg malonaldehyde/kg), DPPH (% inhibition), total phenolic content
(mg/g)] and microbial [free fatty acids (% oleic acid), total plate count (logio cfu/g)] stability

while improving the sensory quality and functional value of the products.

Keywords: Composite chocolate, meat protein powder, calcium fortification, blueberry and

raspberry, storage quality

1. Introduction

Liked by people of all ages due to their desirable sensory characteristics (Oracz et al.,
2019), chocolates are cocoa-based products with complex multiphase systems of continuous
(cocoa butter, milk fat and emulsifiers) and particulate (cocoa, sugar, milk components) phases
(Li et al., 2021; Toker et al., 2020). While primary categories of chocolate (milk, dark, white
and ruby) differ in their amount of cocoa solids, cocoa butter and milk fat (Tuenter et al., 2021),

a product which contains more than 60 percent of chocolate by weight is known as a composite


https://www-sciencedirect-com.ezproxy.lincoln.ac.nz/science/article/pii/S0308814620322597#b0130
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chocolate. It may also contain more than 10 percent by weight of the final product of some
edible wholesome substances, such as fruits and nuts (FSSAI, 2011).

While chocolate is one of the most popular products throughout the world, chocolate-
based products are often associated with a negative perception due to a high proportion of fat
and sugar in their composition (Toker et al., 2018). Studies have suggested an association
between consumption of diets rich in sugars and fats, such as chocolates, with the occurrence
of several degenerative diseases such as obesity and cardio-vascular diseases (Li et al., 2021;
Verde et al., 2021). Several authors have developed low calorie chocolates using
noncarbohydrate nutritive sweeteners, such as polyols (Petkovi¢, 2019), however, their usage
is not free from health risks and hazards (Tandel, 2011). This requires urgent scientific attention
and there is a need for development of chocolates which contain greater proportion of proteins
(replacing fats and carbohydrates) and other healthful compounds to improve the nutritional
perception of the product (Kaur et al., 2017).

In the present study, a calcium-fortified and protein-rich composite chocolate was
developed using chicken protein powder and calcium lactate and the cocoa butter was partly
replaced with animal fat. Chicken protein powder was used due to its excellent nutritional
characteristics such as high protein, low fat and low carbohydrate content, a high ratio of
unsaturated fatty acids (polyunsaturated fatty acids and omega (®)-3 fatty acids) and ease of
digestion (Alagawany et al., 2019; Bhat et al., 20153, b; Bhat and Bhat, 2011; Bhat and Pathak,
2009). Given the fact that calcium lactate is a tasteless and non-toxic compound that is
commonly used in food industry, there is a possibility for its use in chocolate as an anticaries
food additive for children. Calcium lactate has been reported to reduce the cariogenicity
(enamel dissolution) of sugar candies significantly in both in vitro and in vivo studies (Turssi
et al., 2014; Suda et al., 2006; Shrestha et al., 1982) and calcium has been reported to reduce

the absorption of saturated fats in chocolate in human digestive system (Murata et al., 2001).
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Replacing cocoa butter with some animal fats having comparatively higher melting point can
be helpful in managing the textural and melting stability at higher tropical temperatures by
increasing the heat-resistance of the milk chocolates (Kaur et al., 2017). The results of our
study replacing cocoa butter with goat fat have been published in Kaur et al. (2017). Further,
to improve the functional and sensory characteristics and storage quality of the developed
products, three levels (1%, 2% and 3%) of blueberry and raspberry extract were used,
separately, as a natural preservative. The developed products were stored at room temperature
(251 °C) for six months and were evaluated for physicochemical parameters, lipid and
microbial stability, oxidative stability, and sensory quality. The objective of the present study
was to develop a composite meat chocolate using meat protein powder and animal fat to
improve the nutritional perception and textural stability of chocolate at higher tropical
temperatures. The composite meat chocolate was fortified with calcium to reduce the

cariogenicity and enriched with blueberry and raspberry extract as a preservative.

2. Materials and methods
2.1. Meat protein powder

Commercially available dressed broiler chicken was procured from local market and
deboned manually under strict hygienic conditions. The lean meat obtained after removal of all
the tendons and separable body fat and connective tissues was minced in Sirman mincer
(MOD-TC 32 R10 U.P. INOX, Marsango, Italy) using 6 mm plate. The minced chicken meat
was evenly spread over aluminium trays and dehydrated at 75 °C in a hot air oven for 5 hours
followed by grinding in a mixer to a powder form as per the method described by Ilansuriyan,
Marimuthu, & Sasikala (2015). The coarse particles were removed using a sieve and the

powder contained less than 5% moisture content.
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2.2. Animal fat and other ingredients

Cocoa powder of brand “Cadbury” (Cadbury, Mumbai, India), cocoa butter of brand
“Morde” (Morde, Mumbai, India) and milk powder of “Nestle” brand (Nestle, Haryana, India)
were used in the preparation of the products. Soy lecithin (Product code RM637, Hi Media,
Mumbai, India) and calcium lactate (Product code RM495, Hi Media, Mumbai, India) were
purchased from Hi Media. Goat fat was used as a source of animal fat and was heated to 75 °C
for 15 minutes in a hot air oven. All the chemicals used were of analytical grade and were
purchased from standard firms (Hi Media and Sigma). Aluminium foil and low-density
polyethylene (LDPE) film pouches (200 pm thickness) in natural colour were used for
packaging of the product, pouches were sterilized by U.V. light.
2.3. Blueberry (Vaccinium corymbosum) and raspberry (Rubus idaeus) fruit extract

“Nature's Answer” blueberry fruit extract (Nature’s Answer, Hauppauge, New York,
USA) containing 155 mg/ml blue berry extract (water based, alcohol and gluten free) and
“Herb Pharm” red raspberry extract (Herb Pharm, Oregon, USA) containing 628 mg/0.7 ml
(organic cane alcohol based) were used.
2.4. Preparation of composite meat chocolate

The method described by Jeffery et al. (1977) was modified for the preparation of
composite meat chocolate. A milk chocolate was prepared by thorough mixing of cocoa solids
(10.5%), cocoa butter (36.0%), milk solids (11.0%), sugar (42.0%), emulsifier (lecithin 0.5%,
added after half of conching time) and ethyl vanillin (0.1%). Said percentages were based on
the total weight of the milk chocolate to produce an emulsion. The emulsion was subjected to
conching process for minimum 6 hours using Prestige PWG 03 wet grinder (TTK Prestige Ltd,
New Delhi, India). This was followed by tempering at 30-40 °C for 15-20 minutes. Emulsion
was then put into moulds to obtain milk chocolate of desired shape. The product was wrapped

in aluminium foil followed by LDPE packaging (outer packaging) and stored at room
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temperature (25£1°C) for six months. The developed product was assigned as control C1 (milk
chocolate without animal fat and without meat protein powder). The product samples were
drawn at 0-, 2-, 4- and 6-months intervals and assessed for storage quality and sensory
parameters.
2.4.1. Optimization of animal fat

The cocoa butter was replaced with animal fat at 0, 10, 20 and 30% levels and rest of
the ingredients were kept same. Based on sensory analysis and other quality parameters, the
milk chocolate with 10% animal fat was chosen as optimum [cocoa solids (10.50%), cocoa
butter (32.40%), milk solids (11.0%), animal fat (3.60%), sugar (42.0%), lecithin (0.50%) and
ethyl vanillin (0.10%)]. The developed product was assigned as control C2 (milk chocolate
containing optimized animal fat and no meat protein powder).
2.4.2. Optimization of meat protein powder

The composite meat chocolate was prepared by replacing milk chocolate emulsion
containing animal fat (C2) with chicken meat protein powder at 0, 10, 20 and 30% levels and
conching was done for at least 2 hours. Based on sensory analysis and other quality parameters,
the milk chocolate with 10% meat protein powder was chosen as optimum [cocoa solids
(9.45%), cocoa butter (29.16%), milk solids (9.90%), animal fat (3.24%), chicken meat powder
(10.0%), sugar (37.80%), lecithin (0.45%) and ethyl vanillin (0.10%)]. The developed product
was assigned as control C3 (milk chocolate containing optimized animal fat and meat protein
powder).
2.4.3. Optimization of calcium lactate and addition of fruit extracts

Calcium fortified composite meat chocolate was developed by incorporation of calcium
lactate at 0, 0.5, 1.0 and 1.5 % levels (by weight of composite meat chocolate) into the product.
The product was assessed for acceptability based on quality parameters and sensory analysis

and was optimized to 1% level [cocoa solids (9.45%), cocoa butter (29.16%), milk solids
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(9.90%), animal fat (3.24%), chicken meat powder (10.0%), sugar (37.80%), lecithin (0.45%),
ethyl vanillin (0.10%) and calcium lactate (1% of composite meat chocolate emulsion by
weight)]. The developed product was assigned as control C4 (milk chocolate containing
optimized animal fat, meat protein powder and calcium lactate). This was followed by addition
of fruit extracts (1, 2 and 3% levels by weight) into the emulsion and was followed by conching
for 30 minutes. The products developed were assigned as B1 (C4 containing 1% blueberry
extract), B2 (C4 containing 2% blueberry extract), B3 (C4 containing 3% blueberry extract),
R1 (C4 containing 1% raspberry extract), R2 (C4 containing 2% raspberry extract) and R3 (C4
containing 3% raspberry extract).

2.5. Calcium content (mg/g) and total cholesterol (mg/100g)

Calcium content of the samples was determined according to the method of AOAC
(1999). The lipid extract of the samples was prepared using the method of Folch et al. (1957)
and the total cholesterol in the lipid extract was estimated as per the method described by Hanel
and Dam (1995).

2.6. pH

The pH of the samples was determined by the method of Bhat et al. (2018) as modified
by Bhat et al. (2020a) using Ultra Turrex T10 tissue homogenizer (Janke and Kenkel, IKA
labor Technik, Germany) and a digital pH meter (Product code 35613424, Oakton instruments,
Singapore).

2.7. Proximate parameters (%)
The moisture (%), protein (%), fat (%) and carbohydrate content (%) of the samples

were determined using standard methods (AOAC, 1999) as described by Singh et al. (2014).
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2.8. Thiobarbituric acid reacting substances (TBARS) value

The TBARS value of composite meat chocolate was determined using the distillation
method described by Bhat and Pathak (2012). The optical density was recorded at 538 nm and
the value was expressed as mg malondialdehyde per kg of sample.
2.9. Free fatty acids (%o oleic acid)

Free fatty acids (FFA) were determined by the method described by Noor et al. (2018)
using the given formula.

Free fatty acids (% oleic acid) = (0.1 x ml of KOH used x 0.282) x 100
wt. of sample

2.10. DPPH radical scavenging activity

The ability to scavenge 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical (% inhibition)
by the samples was determined by the method of Blois (1958) with minor modifications. The
radical scavenging was determined by adding different concentrations of methanolic extract of
samples (1 ml) and DPPH solution (0.1 mM, 2 ml) in test tubes which were stored in dark for
30 minutes and the absorbance was estimated at 517 nm using Systronics UV-VIS
Spectrophotometer (Ahmedabad, Gujrat, India) against control (only vehicle solvent).
Ascorbic acid was used as a standard.

DPPH (% inhibition) = Ao — Ay X 100
Ao

Where, Ao is absorbance of DPPH solution. Az is the absorbance of the reaction mixture
(containing test compound and DPPH solution).
2.11. Total phenolics

Total soluble phenolics were determined with Folin-Ciocalteu (FC) reagent according
to the method of Yu et al. (2002). The defatted sample (0.1 ml) was added to 0.5 ml of double
distilled water and 0.5 ml of FC reagent was added to this mix. This was followed by the

addition of 5 ml of 20% sodium carbonate after 5 min. The mixture was shaken thoroughly and
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allowed to stand for 2 h or more. The volume of the mixture was made to 6 ml using double
distilled water and its absorbance was measured at 765 nm using Systronics UV-VIS
Spectrophotometer. Gallic acid was used as a standard and the amount of total phenolic content
was calculated as mg Gallic acid equivalents (GAE)/g of defatted sample.
2.12. Microbial counts

All the microbiological counts (total plate, psychrophilic, coliforms, yeast and mould)
were determined according to the standard methods (APHA, 1984) as described by Bhat et al.
(2010). Readymade media (Hi media, India) were used for the analysis. Stored samples of
composite meat chocolate were opened in a laminar flow chamber sterilized by ultraviolet
irradiation. Ten grams of the sample was taken aseptically and blended with 90 ml of 0.1
percent sterile peptone water with a pre-sterilized blend. Serial ten-fold dilution was made in
pre-sterilized tubes containing 9 ml volume of 0.1 percent peptone water. The sample
preparation was done near flame under laminar flow (Thermo Electron Corporation D-63505
Langenselbold, Robert Boschstr. 1, Germany).
2.12.1. Total plate count

Duplicate sets of sterilized Petri plates containing total plate agar were inoculated
aseptically with 1 ml of aliquots from appropriate dilution. The plates were incubated at
35+2°C for 24 hours. Following incubation, plates showing 30-300 colonies were counted and
expressed as logio cfu/g of the sample.
2.12.2. Psychrophilic count

The same procedure was followed as used for total plate counts. The plates were

incubated at 4+1 °C for 10-14 days.
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2.12.3. Coliform count

The inoculated violet-red bile agar plates were incubated at 352 °C for 24 hrs. The
number of red or purple colonies of about 0.5 mm diameter surrounded by a zone of
precipitated bile were counted.
2.12.4. Yeast and mould count

The inoculated potato dextrose agar plates were incubated at 35+2°C for 5 days.
2.13. Sensory evaluation

Sensory evaluation of the product samples was carried out for appearance, taste, aroma,
hardness, mouth feel and overall acceptability by a mixed gender panel of trained members
composed of scientists and research scholars based on a 9-point hedonic scale, wherein 9
denoted “extremely liked” and 1 denoted “extremely disliked” (Singh et al., 2015a). The
panellists were trained according to the guidelines of American Meat Science Association
(1995) and were trained on product descriptions and terminology. Ten members of the panel
replicated the experiment thrice. Samples were presented to the panellists and the serving order
of the samples was randomized. Three-digit coded samples were served at room temperature
(25 °C) and water was given for oral rinsing between the samples to avoid carry-over effect.
2.14. Statistical analysis

The experiments were repeated six times (n=6) and six independent batches of the
products (control and treatments) were prepared. The data compiled were analysed by one-way
ANOVA (calcium content and cholesterol) or two-way ANOVA (other parameters) except for
sensory evaluation that was analysed using a repeated measurements ANOVA to investigate
the effect of treatments and storage time by General Linear Model using Statistical Package for
Social Sciences version 21.0 (SPSS Inc., Chicago, IL, USA). The measured variables were set
as dependent variables and the results were presented as means + standard errors. The fixed

effects included in the model were treatments, storage time and their interactions. The random
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effects in the model were effects for batches and their interactions with fixed effects. For
sensory analysis, treatment was considered as the main effect and panellists as random variable.
The effect of storage time and treatments were analysed using Duncan’s multiple range tests at

0.05 level of significance (Snedecor and Cochran, 1994).

3. Results and discussion
3.1. Physicochemical and proximate parameters
3.1.1. Cholesterol (mg/100g) and calcium (mg/g)

The mean values of cholesterol (mg/100g) of the products containing animal fat and
meat protein powder are presented in figure 1. Both the replacement of cocoa butter with animal
fat and the addition of meat protein powder (0, 10, 20 and 30%) resulted in a significant (p
<0.05) increase in cholesterol content of the products, however, no increase (p >0.05) was
observed at 10% level. Cholesterol is present in all animal cells as a structural component of
cell membranes and is an important precursor for steroid hormones, bile acid and vitamin D.
Increased dietary cholesterol has been reported to decrease the synthesis of endogenous
cholesterol to maintain a constant cholesterol homeostasis (Hu et al., 2010; Lin et al., 1992)
and its role in the development of cardiovascular diseases is not experimentally proven yet.
Subsequently the recommendations of limiting the intake of cholesterol to 300 mg/day was
removed from Dietary Guidelines for Americans during 2015-2020 (Soliman, 2018).

The mean values of calcium (mg/g) of the products containing different levels of
calcium lactate are presented in figure 2. Calcium content, which reduces the cariogenicity
(Shrestha et al., 1982) and absorption of saturated fats in chocolate (Murata et al., 2001),
increased significantly (p <0.05) at 0.5% level of incorporation and above. Dietary calcium has
several health benefits such as reduced LDL- and increased HDL-cholesterol; blood pressure

reduction; and prevention of osteoporosis, pregnancy induced hypertensive disorders and

11
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colorectal adenomas (Cormick and Belizan, 2019). Depending on the reference guidelines,
dietary requirement of calcium may vary from 1000 to 1300 mg/day for human adults over 19
years of age (Cormick and Belizan, 2019).

3.1.2. Proximate parameters

The mean values of protein (%), fat (%) and carbohydrate (%) of the products
containing meat protein powder are presented in figure 3. A significant (p <0.05) increasing
trend was observed in the protein (%) with increasing level of meat protein powder showing
an increase of 93% at 10% level of incorporation (optimum level). Both fat (%) as well as
carbohydrate (%) showed a significant (p <0.05) decline with increasing level of meat protein
powder. The total calories (fat + carbohydrate + protein) also decreased with addition of meat
protein powder which can help in improving the nutritional perception of the product.

3.1.3. pH and moisture (%o)

Table 1 presents the effect of storage and extracts (blueberry and raspberry) on
physicochemical parameters (pH and moisture %) of composite meat chocolate. Both storage
time as well as extracts showed a significant (p <0.05) lowering effect on pH of the products.
A significant (p <0.05) decrease in pH of all the products with storage time may be explained
by the Maillard’s reaction which produces formic acid due to isomerization and degradation of
lactose in milk and dairy products (van Boekel, 1998). Changes that occur during storage and
induce protein cross-linking or dephosphorylation of caseins also result in a decrease in pH due
to the release of protons (Karlsson et al., 2019). Decrease in the pH of the milk chocolate has
been reported during storage (Pandey and Singh, 2011). The lower pH values of the extracts
which contain high amounts of bioactive phytochemicals such as polyphenols including
anthocyanins, proanthocyanidins and phenolic acids (Asakura and Kitahora, 2018) may be

attributed to the lower pH values of the products containing blueberry and raspberry extract.
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The decline in pH may also be attributed to lower pH of meat protein powder in comparison to
milk chocolate (FDA, 2015).

Both storage time as well as extracts showed a significant (p <0.05) effect on moisture
(%) of the products. A significant (p <0.05) decline was recorded in the moisture (%) of the
products containing blueberry and raspberry extract with advancement of the storage time.
Comparatively higher values of the products containing the extracts may be attributed to higher
moisture content of these extracts. A significant (p <0.05) effect of the storage time on moisture
content of compound chocolate developed with reduced sugar soy has been reported (Pandey
and Singh, 2011). Inclusion of other ingredients such as calcium lactate and meat protein
powder might also be responsible for minor variations in the moisture content of the products.
3.2. Lipid stability

Table 2 presents the effect of storage and extracts (blueberry and raspberry) on lipid
stability (TBARS value and free fatty acids) of composite meat chocolate. Lipid oxidation,
which can affect nutritional quality, safety, and shelf-life, is a serious problem in chocolates
due to a high percentage of fat from cocoa butter and milk (Rossini et al., 2011).

3.2.1. TBARS value (mg malonaldehyde/kg)

A significant effect of both storage time and extracts was recorded on the TBARS
values of the products. All the products showed a significant (p <0.05) increasing trend with
advancement of storage time and significantly (p <0.05) lower TBARS values were recorded
for the products containing blueberry and raspberry extract at the end of the storage period,
particularly at higher levels of incorporation (2% and 3%). Several studies have reported an
increase in lipid oxidation of stored chocolate products (Kita et al., 2020; Rafsanjani et al.,
2018; Rossini et al., 2011). A threshold value of up to 2.0 mg malondialdehyde/kg does not
affect the sensory quality of the food products with moderate fat content (Bhat et al., 2020b).

Raspberry and blueberry extracts, which are particularly rich in phenolic compounds such as

13
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ellagitannins, flavonoids, phenolic acids and flavan-3-ols, have strong antioxidant properties
(Krauze-Baranowska et al., 2014; Giovanelli et al., 2013) and by furnishing hydroxyl groups
can directly neutralize the radicals and inhibit the chain reactions of lipid oxidation. These free
radical chain reactions consume molecular oxygen and unsaturated fatty acids and produce
secondary oxidation products which leads to rancidity affecting the nutritive and sensory
attributes of foods. Similar results have been reported for several products containing plant
extracts during refrigerated storage (Singh et al., 2015b; Mahajan et al., 2015, 2016; Kumar et
al., 2011).

3.2.2. Free fatty acids (% oleic acid)

The mean values of free fatty acids (FFA) increased significantly (p <0.05) at the end
of the storage for all the products, however, the values of all the products remained within
acceptable limits which is expected to be less than 1.75% in cocoa butter and related products
(Jonfia-Essien and Navarro, 2010) and 1.8% in meat products (Kelam et al., 2018). Several
authors have reported a significant increase in FFA of chocolate products during storage
(Pandey and Singh, 2011; Yadav et al., 2009). Free fatty acids are produced during microbial
or enzymatic degradation of lipids and are highly vulnerable to oxidation and develop off-
flavours and odours (Dilnawaz et al., 2017). Similar results have been reported for several
products containing plant extracts during refrigerated storage (Dua et al., 2015; Jamwal et al.,
2015; Pathak et al., 2009).

3.3. Oxidative stability

Table 3 presents the effect of storage and extracts (blueberry and raspberry) on

oxidative stability (DPPH and total phenolic content) of composite meat chocolate.
3.3.1. DPPH (% inhibition)
A significant effect of both storage time and extracts was observed on the DPPH radical

scavenging activity of the products. A significant (p <0.05) decreasing trend was recorded in
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the DPPH values of all the products with advancement of storage time whereas significantly
(p <0.05) higher values were observed for the products containing blueberry and raspberry
extract, particularly at higher levels of incorporation (2% and 3%). Due to their high levels of
bioactive and phenolic compounds, chocolate and chocolate products are known to have high
antioxidant properties (Oracz et al., 2019). Blueberry and raspberry extracts (20-100 pg/ml)
have also been reported to have strong antioxidant properties with DPPH radical scavenging
activities in the range of 38.50-87.90% and 37.60-87.0%, respectively (Basu and Camelia,
2016). Ingredients with low antioxidant capacity, such as meat protein powder and calcium
lactate, caused a slight decrease in the antioxidant properties of the products.

3.3.2. Total phenolic content (mg gallic acid equivalents (GAE)/g)

A significant effect of storage time was recorded, and significant (p <0.05) declining
trend was observed with advancement of storage time for all the products. Arithmetically
higher values (p >0.05) were recorded for the products containing blueberry and raspberry
extract at higher levels of incorporation (2% and 3%) which might be attributed to their
antioxidant properties (Krauze-Baranowska et al., 2014; Giovanelli et al., 2013). Total phenolic
content of blueberry and raspberry extracts have been reported to range from 250.1 + 17.12 to
965.6 + 2.9 mg GAE/g (Basu and Camelia, 2016).

3.4. Microbial quality

Table 4 presents the effect of storage and extracts (blueberry and raspberry) on
microbial quality (total plate count, psychrophilic count, coliforms, yeast and mould) of
composite meat chocolate.

3.4.1. Total plate count (TPC) and psychrophilic count (logio cfu/g)

The mean values of TPC of all the products showed a significant (p <0.05) increase

with increasing storage time and similar increasing trend was also recorded for psychrophilic

counts which were detected after 4 months of storage in all the products and increased
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significantly (p <0.05) at the end of the storage. Both TPC and psychrophiles did not exceed
the limit of acceptability of 5.33 log cfu/g and 4.6 log cfu/g, respectively, in all the products
(Noor etal., 2017). Chocolate is generally regarded as microbiologically stable and allows slow
microbial growth during long term storage. Increase in microbial counts has been recorded
during storage for chocolate and cholate-based products (Orleans, 2011; Pandey and Singh,
2011). Significant (p <0.05) effect of the extract was also recorded in the products containing
blueberry extract (3%) and arithmetically (p >0.05) lower values were recorded for the products
containing blueberry and raspberry extracts, particularly at higher levels of incorporation. Both
these extracts are rich in phenolic compounds with strong antimicrobial properties (Krauze-
Baranowska et al., 2014; Giovanelli et al., 2013) and have experimentally proven activity
against several bacteria such as Clostridium sporogenes, Bacillus subtilis, Neisseria
meningitidis, Staphylococcus epidermidis, Moraxella catarrhalis, Corynebacterium
diphtheriae, Helicobacter pylori, E. faecalis, Pseudomonas aeruginosa, Bacillus cereus,
Staphylococcus aureus and V. cholera (Krauze-Baranowska et al., 2014; Jelena et al., 2014;
Aleksandra et al., 2012).

3.4.2. Coliforms and yeast and mould count (logio cfu/g)

No coliforms and yeast and mould counts were detected in any of the samples during
six months of storage. Absence of coliforms means no contamination of the products has taken
place indicating hygienic practices, clean handling, and sterilized packaging.

3.5. Sensory quality

Table 5 presents the effect of storage and extracts (blueberry and raspberry) on sensory
quality of composite meat chocolate. A significant effect of storage time was observed on all
the sensory parameters (appearance, aroma, taste, hardness, mouthfeel, and overall
acceptability) whereas a significant effect of extracts was recorded on taste, aroma, mouthfeel,

and overall acceptability. A decreasing (p <0.05) trend was observed in the sensory scores of
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all the samples with storage time for all the sensory parameters and lowest scores were recorded
at the end of the storage. A similar decrease in sensory quality and acceptability of chocolate
and cocoa products has been reported (Bui and Coad, 2014; Popov-Ralji¢ et al., 2013; Pandey
and Singh, 2011) and has been attributed to various structural changes that occur during storage
(Engeseth and Pangan, 2018). Fat bloom is one of the changes that can affect the appearance
and sometimes the flavour and texture of the chocolate during storage (Bui and Coad, 2014).
Significant (p <0.05) decrease in the scores of overall acceptability with storage time might be
attributed to the decline in the scores of other sensory attributes.

While a significant (p <0.05) effect of extracts was recorded on taste, aroma, mouthfeel,
and overall acceptability at the end of the storage, arithmetically higher (p >0.05) values were
recorded even for other sensory parameters for the products containing blueberry and raspberry
extracts in comparison to the control. This might be attributed to aroma and polyphenolic
compounds of blueberry and raspberry extracts having strong antioxidant and antimicrobial
properties. These extracts have been reported to improve the sensory quality of other food
products in several studies (KryZevicute et al., 2017; Ozarda et al., 2015; Gok and Bor, 2012).
The higher sensory scores of the products containing these extracts might also be corelated
with their lower values for other quality parameters and deteriorative processes, such as
TBARS, FFA, and microbial counts, which have been reported to affect the lipid oxidation,
lipolysis, proteolysis, production of bitter compounds and loss of volatile flavour components

(Bhat et al., 2020b).

4. Conclusions
A composite meat chocolate was developed to improve the nutritional perception,
anticaries properties and textural stability of the product using meat protein powder, animal fat

and calcium lactate. Both the calcium as well as protein content of the optimized composite
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chocolate containing meat protein powder (10%), animal fat (10%) and calcium lactate (1.0%)
increased significantly (p <0.05) by 93%. A significant (p <0.05) decrease in fat, carbohydrate
and total calories was also recorded. Addition of blueberry and raspberry extracts, particularly
at 3% level, improved the lipid oxidative and microbial stability and sensory quality of the

products during storage.

Acknowledgement, funding received and conflict of interest
The authors declare that there is no conflict of interest. No outside funding was

received.

References

Alagawany, M., Elnesr, S. S., Farag, M. R., Abd El-Hack, M. E., Khafaga, A. F., Taha, A. E.,
Tiwari, R., Yatoo, M. I., Bhatt, P., Khurana, S. K., & Dhama, K. (2019). Omega-3 and
Omega-6 Fatty Acids in Poultry Nutrition: Effect on Production Performance and
Health. Animals, 9(8), 573.

Aleksandra, S., Velicanski, D., Cvetkovi¢, D., & Sinisa, L. M. (2012). Screening of
antibacterial activity of raspberry (Rubus idaeus) fruit and pomace extracts. BIBLID, 43,
305-313.

American Meat Science Association (1995). Research guidelines for cookery, sensory
evaluation, and instrumental tenderness measurements of fresh meat. American Meat
Science Association, Chicago, USA.

AOAC (1999). Officials Methods of Analysis of AOAC International. 16™ edition,
Gaithersburg, MD.

APHA (1984). Compendium of methods for the microbial examination of foods. 2" edition

(Speck, M. L.). American Public Health Association, Washington DC.

18



450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

Asakura, H., & Kitahora, T. (2018). Antioxidants and polyphenols in inflammatory bowel
disease: ulcerative colitis and crohn disease. In: Polyphenols: prevention and treatment
of human disease (2" edition), pp. 279-292.

Basu, P., & Camelia, M. (2016). In vitro antioxidant activities and polyphenol contents of
seven commercially available fruits. Pharmacognosy Research, 8(4), 258-264.

Bhat, Z. F., & Bhat, H. (2011). Fibre Based Functional Meat Products. Asian Journal of Food
and Agroindustry, 4(4), 261-273.

Bhat, Z. F., & Pathak, V. (2009). Effect of mung bean (Vigna radiata) on quality characteristics
of oven roasted chicken seekh kababs. Fleischwirtschaft International, 6, 58-60.

Bhat, Z. F., & Pathak, V. (2012). Quality evaluation of mutton Harrisa during one week
refrigerated storage. Journal of Food Science and Technology, 49, 620-625.

Bhat, Z. F., Kumar, S., & Kumar, L. (2015a). Effect of Ocimum sanctum Linn (Tulsi) on the
oxidative stability and storage quality of chicken sausages. Nutrition and Food Science,
45, 510-23.

Bhat, Z. F., Kumar, S., & Kumar, P. (2015b). Effect of Aloe vera on the lipid stability and
storage quality of chicken nuggets. Nutrition and Food Science, 45, 54-67.

Bhat, Z. F., Morton, J. D., Mason, S. L., & Bekhit, A. E. D. A. (2020b). The application of
pulsed electric field as a sodium reducing strategy for meat products. Food Chemistry,
306, https://doi.org/10.1016/j.foodchem.2019.125622.

Bhat, Z. F., Morton, J. D., Mason, S. L., & Bekhit, A. E. D. A. (2018). Pulsed electric field:
Role in protein digestion of beef Biceps femoris. Innovative Food Science and
Emerging Technologies, 50, 132-138

Bhat, Z. F., Morton, J. D., Zhang, X., Mason, S. L., & Bekhit, A. E. D. A. (2020a). Sous-vide

cooking improves the quality and in vitro digestibility of Semitendinosus from culled

19


https://www.sciencedirect.com/science/article/pii/B9780128130087000230#!
https://www.sciencedirect.com/science/article/pii/B9780128130087000230#!
https://www.sciencedirect.com/science/book/9780128130087
https://www.sciencedirect.com/science/book/9780128130087
http://www.phcogres.com/searchresult.asp?search=&author=Paramita+Basu&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.phcogres.com/searchresult.asp?search=&author=Camelia+Maier&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5004516/
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

dairy COWS. Food Research International, 127,
https://doi.org/10.1016/j.foodres.2019.108708.

Bhat, Z. F., Pathak, V., Bukhari, S. A. A., Ahmad, S. R., & Bhat, H. (2010). Quality changes
in chevon harrisa (meat-based product) during refrigerated storage. International
Journal of Meat Science, 1(1), 52-61.

Blois, M. S. (1958). Antioxidant determinations by the use of a stable free radical. Nature, 26,
1199-1200.

Bui, L. T. T., & Coad, R. (2014). Military ration chocolate: The effect of simulated tropical
storage on sensory quality, structure and bloom formation. Food Chemistry, 160, 365-
370.

Cormick, G., & Belizan, J. M. (2019). Calcium intake and health. Nutrients, 11(7), 1606.

Dilnawaz, H. M., Kumar, S., & Bhat, Z. F. (2017). Effect of green coffee bean extract on the
lipid oxidative stability and storage quality of restructured mutton blocks containing
Colocasia esculenta, a novel binding agent. Agricultural Research, 6, 443-454.

Dua, S., Bhat, Z. F., & Kumar, S. (2015). Effect of lemon peel extract on the oxidative stability
and storage quality of Tabak-Maz, traditional fried mutton ribs. Nutrition and Food
Science, 45, 662-676.

Engeseth, N. J., & Pangan, M. F. A. (2018). Current context on chocolate flavour development-
a review. Current Opinion in Food Science, 21, 84-91.

FDA (U.S. Food and Drug Administration) (2015). pH values of various foods. Appendix 3.
In: Bad bug book: Foodborne pathogenic microorganisms and natural toxins handbook.

Folch, J., Lees, M., & Slonane, S. (1957). A simple method for isolation and purification of

total lipids from animal tissues. Journal of Biological Chemistry, 226(1), 497-509.

20


https://www-sciencedirect-com.ezproxy.lincoln.ac.nz/science/article/pii/S0308814614004750
https://www-sciencedirect-com.ezproxy.lincoln.ac.nz/science/article/pii/S0308814614004750
https://www-sciencedirect-com.ezproxy.lincoln.ac.nz/science/journal/03088146
https://www-sciencedirect-com.ezproxy.lincoln.ac.nz/science/journal/03088146/160/supp/C
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cormick%20G%5BAuthor%5D&cauthor=true&cauthor_uid=31311164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beliz%26%23x000e1%3Bn%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=31311164
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6683260/
https://www-sciencedirect-com.ezproxy.lincoln.ac.nz/science/article/pii/S221479931730231X
https://www-sciencedirect-com.ezproxy.lincoln.ac.nz/science/article/pii/S221479931730231X
https://www-sciencedirect-com.ezproxy.lincoln.ac.nz/science/journal/22147993

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

FSSAI (Food Safety and Standards Authority of India) (2011). Food safety and standards (food
products standards and food additives) regulations. pp 380, The Gazette of India:
Extraordinary.

Giovanelli, G., Brambilla, A., & Sinelli, N. (2013). Effects of osmo-air dehydration treatments
on chemical, antioxidant and morphological characteristics of blueberries. LWT Food
Science and Technology, 54, 577-584.

Gok, V., & Bor, Y. (2012). Effect of olive leaf, blueberry and Zizyphus jujuba extracts on the
quality and shelf life of meatball during storage. Journal of Food, Agriculture and
Environment, 10(2), 190-195.

Hanel, H. K., & Dam, H. (1995). The estimation of cholesterol. Acta Chemica Scandinavica,
9, 667-683.

Hu, Y. W., Zheng, L., & Wang, Q. (2010). Regulation of cholesterol homeostasis by liver X
receptors. Clinica Chimica Acta, 411, 617-625.

Ilansuriyan, P., Marimuthu, M., & Sasikala, S. (2015). Physio-chemical, storage and sensory
characteristics of chicken drumstick dried powder. European Journal of Biotechnology
and Bioscience, 3, 12-16.

Jamwal, A., Kumar, S., Bhat, Z. F., Kumar, A., & Kaur, S. (2015). The quality and storage
stability of chicken patties prepared with different additives. Nutrition and Food
Science, 45, 728-739.

Jeffery, M. S., Glynn, P. A., & Khan, M. M. U (1977). Method of manufacturing a chocolate
product. United States Patent 4045583, Application number 05/705207, Publication
date 08/30/1977, Download from: https://www.freepatentsonline.com/4045583.html.

Jonfia-Essien, W. A., & Navarro, S. (2010). Effect of storage management on free fatty acid

content in dry cocoa beans. 10" International Working Conference on Stored Product

Protection, DOI:10.5073/jka.2010.425.167.160.

21


https://www.google.co.in/search?client=firefox-b&biw=1366&bih=657&q=acta+chemica+scandinavica&sa=X&sqi=2&ved=0ahUKEwi19efb4azRAhUHu48KHTFcD_IQ7xYIFygA
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5073%2Fjka.2010.425.167.160?_sg%5B0%5D=BfQWVgtOya7wQnN-2Sf0ACL2c2VgTOyzgEGjWawoSC4CQ8R1bYE5X02rq0MS7Ct-6DRqFQGsobrzEnCdXwCPHCUl9w.uQ0A_-nkm7Ll_uucwpIjAIGh9BCbvml0x6hjQVlVsjjgRqqh_EV9d9VvggGgOHhQZErHLjK5UTQkwcExipuO6A

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

Karlsson, M. A., Langton, M., Innings, F., Malmgren, B., Hojer, A., Wikstrém, M., & Lundh A.
(2019). Changes in stability and shelf-life of ultra-high temperature treated milk during
long term storage at different temperatures. Heliyon, 5(9), e02431.

Kaur, M., Kumar, S., Kumar, A., & Bhat, Z. (2017). Optimization of animal fat as a vegetable
fat replacer in the preparation of heat resistant milk chocolate. International Journal of
Livestock Research, 7, 133-140.

Kelam, I. K., Bhat, Z. F., Kumar, S., Wang, L., & Jayawardena, S. R. (2018). Tinospora
cordifolia: A novel bioactive ingredient for edible films for improved lipid oxidative
and microbial stability of meat products. Journal of Food Processing and Preservation,
2018e13774.

Kita, A., Lachowicz, S., & Filutowska, P. (2020). Effects of package type on the quality of
fruits and nuts panned in chocolate during long-time storage. LWT- Food Science and
Technology, 125, https://doi.org/10.1016/j.lwt.2020.109212.

Koniecko, E. S. (1979). Handbook for Meat Chemists. Avery Pub Group Inc, Wayne, New
Jersey.

Krauze-Baranowska, M., Gtod, D., Kula, M., Majdan, M., Hatasa, R., Matkowski, A.,
Koztowska, W., & Kawiak, A. (2014). Chemical composition and biological activity of
Rubus idaeus shoots-a traditional herbal remedy of Eastern Europe. BMC
Complementary and Alternative Medicine, 14, 480.
Kryzevicute, N., Jaime, 1., Diez, A. M., Rovira, J., & Venskutonis, P. R. (2017). Effect of
raspberry pomace extracts isolated by high pressure extraction on the quality and shelf-
life of beef burgers. International Journal of Food Science and Technology, 52, 1852-
1861.

Kumar, S., Bhat, Z. F., & Kumar, P. (2011). Effect of apple pulp and Celosia argentea on the

quality characteristics of shrikhand. American Journal of Food Technology, 6 (9), 1-8.

22


https://www.ncbi.nlm.nih.gov/pubmed/?term=Karlsson%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=31538115
https://www.ncbi.nlm.nih.gov/pubmed/?term=Langton%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31538115
https://www.ncbi.nlm.nih.gov/pubmed/?term=Innings%20F%5BAuthor%5D&cauthor=true&cauthor_uid=31538115
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malmgren%20B%5BAuthor%5D&cauthor=true&cauthor_uid=31538115
https://www.ncbi.nlm.nih.gov/pubmed/?term=H%26%23x000f6%3Bjer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31538115
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wikstr%26%23x000f6%3Bm%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31538115
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lundh%20%26%23x000c5%3B%5BAuthor%5D&cauthor=true&cauthor_uid=31538115
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6745408/
https://www-sciencedirect-com.ezproxy.lincoln.ac.nz/science/article/pii/S0023643820302000#!
https://www-sciencedirect-com.ezproxy.lincoln.ac.nz/science/article/pii/S0023643820302000#!
https://www-sciencedirect-com.ezproxy.lincoln.ac.nz/science/article/pii/S0023643820302000#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krauze-Baranowska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25496130
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%26%23x00142%3B%26%23x000f3%3Bd%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25496130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kula%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25496130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Majdan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25496130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ha%26%23x00142%3Basa%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25496130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matkowski%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25496130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koz%26%23x00142%3Bowska%20W%5BAuthor%5D&cauthor=true&cauthor_uid=25496130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawiak%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25496130
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4295307/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4295307/

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

Li, L., Liu, G., & Lin, Y. (2021). Physical and bloom stability of low-saturation chocolates
with oleogels based on different gelation mechanisms. LWT-Food Science and
Technology, 140, 110807.

Lin E. C., Fernandez, M. L., & McNamara, D. J. (1992). Dietary fat type and cholesterol
quantity interact to affect cholesterol metabolism in guinea pigs. Journal of Nutrition,
122, 2019-2029.

Mahajan, D., Bhat, Z. F., & Kumar, S. (2015). Pomegranate (Punica granatum) rind extract as
a novel preservative in cheese. Food Bioscience, 12, 47-53.

Mahajan, D., Bhat, Z. F., & Kumar, S. (2016). Pine needles (Cedrus deodara (Roxb.) Loud.)
extract as a novel preservative in cheese. Food Packaging and Shelf Life, 7, 20-25.

Murata, T., Kuno, T., Hozumi, M., Tamai, H., Takagi, M., Kamiwaki, T., & Itoh, Y. (2001).
Inhibitory effect of calcium (derived from eggshell)-supplemented chocolate on
absorption of fat in human males. Journal of Japanese Society of Nutrition and Food
Science, 51(4).

Noor, S., Bhat, Z. F., Kumar, S., & Kousar, I. (2017). Asparagus racemosus: A newly proposed
natural preservative for improved lipid oxidative stability and storage quality of meat
products. Nutrition and Food Science, 47(5).

Noor, S., Bhat, Z. F., Kumar, S., & Mudayanselage, R. J. (2018). Preservative effect of
Asparagus racemosus: A novel additive for bioactive edible films for improved lipid
oxidative stability and storage quality of meat products. Meat Science, 139, 207-212.

Oracz, J., Nebesny E., Zyzelewicz D., Budryn G., & Luzak, B. (2019). Bioavailability and
metabolism of selected cocoa bioactive compounds: A comprehensive review. Critical

Reviews in Food Science and Nutrition, 60(12), 1847-1985.

23


http://agris.fao.org/agris-search/search.do?recordID=JP1998007018
http://agris.fao.org/agris-search/search.do?recordID=JP1998007018

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

Orleans, K. A. (2011). Microbiological and chemical changes during shelf-life in regular and
chocolate  milk.  Master’s  Thesis, The  Ohio  State  University,
https://etd.ohiolink.edu/'etd.send_file?accession=0su1308253657&disposition=inline.

Ozarda, O., Demirkoz, A. B., & Ozdemir, M. (2015). Sensory characteristics and antioxidant
capacity of red raspberry extract as a preservative in fruity flavoured beverages. Journal
of Food Science and Technology, 52, 6687-6694.

Pandey, A., & Singh, G. (2011). Development and storage study of reduced sugar soy
containing compound chocolate. Journal of Food Science and Technology, 48(1), 76-
82.

Pathak, V., Bhat, Z. F., Bukhari, S. A. A., & Ahmad, S. R. (2009). Effect of different levels of
porridge on the quality characteristics of chicken patties. Indian Journal of Poultry
Science, 44(1), 87-90.

Petkovi¢, M. (2019). Alternatives for sugar replacement in food technology: Formulating and
processing key aspects, Food Engineering, Teodora Emilia Coldea, IntechOpen, DOI:
10.5772/intechopen.82251.

Popov-Ralji¢, J. V., Lali¢i¢-Petronijevi¢, J. G., Dimi¢, E. B., Popov, V. S., Vujasinovi¢, V. B,
Blesi¢, 1. V., & Porti¢, M. J. (2013). Change of sensory characteristics and some quality
parameters of mixed milk and cocoa spreads during storage up to 180 days. Hemijska
Industrija, 67(5), 781-793.

Rafsanjani N., Daneshi M., & Shakerardekani, A. (2018). Effect of freezing and vacuum
packaging on quality properties of pistachio powder during storage. Journal of Nuts,
9(2), 169-179.

Rossini, K., Caciano P. Z. N., & Adriano, B. (2011). Changes in the colour of white chocolate
during storage: potential roles of lipid oxidation and non-enzymatic browning

reactions. Journal of Food Science and Technology, 48(3), 305-311.

24


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozarda%20O%5BAuthor%5D&cauthor=true&cauthor_uid=26396417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barla%20Demirkoz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26396417
https://www.ncbi.nlm.nih.gov/pubmed/?term=%26%23x000d6%3Bzdemir%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26396417
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4573134/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4573134/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3551080/

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

Shrestha, B. M., Mundorff, S. A., & Bibby, B. G. (1982). Preliminary studies on calcium
lactate as an anticaries food additive. Caries Research, 16(1), 12-17.

Singh, P. K., Kumar, S., Bhat, Z. F., & Kumar, P. (2015a). Effect of Sorghum bicolour and
clove oil on the quality characteristics and storage quality of aerobically packaged
chevon cutlets. Nutrition and Food Science, 45, 145-63.

Singh, P. K., Kumar, S., Bhat, Z. F., Kumar, P., & Kumar, A. (2015b). Effect of processed oats
and clove oil on the characteristics and storage quality of aerobically packaged chevon
cutlets. Indian Journal of Small Ruminants, 21, 76-84.

Singh, P. K., Kumar, S., Kumar, P., & Bhat, Z. F. (2014). Effect of mincing on the quality
characteristics of chevon cutlets. Journal of Animal Research, 4(2), 193-200.

Snedecor, G. W., & Cochran, W. G. (1994). Statistical Methods, 8th edition, lowa State

University Press, Ames, lowa, USA.

Soliman, G. A. (2018). Dietary cholesterol and the lack of evidence in cardiovascular disease.
Nutrients, 10(6), 780.

Suda, R., Suzuki, T., Takiguchi, R., Egawa, K., Sano, T., & Hasegawa, K. (2006). The effect
of adding calcium lactate to xylitol chewing gum on remineralization of enamel lesions.
Caries Research, 40, 43-6.

Tandel, K. R. (2011). Sugar substitutes: Health controversy over perceived benefits. Journal
of Pharmacology and Pharmacotherapeutics, 2(4), 236-243.

Toker, O. S., Konar, N., Pirouzian, H. R., Oba, S., Polat, D. G., Palabiyik, I., Poyrazoglu, E.
S., & Sagdic, O. (2018). Developing functional white chocolate by incorporating
different forms of EPA and DHA - Effects on product quality. LWT - Food Science and
Technology, 87, 177-185.

Toker, O. S., Palabiyik, 1., Pirouzian, H. R., Aktar, T., & Konar, N. (2020). Chocolate aroma:

Factors, importance and analysis. Trends in Food Science & Technology, 99, 580-592.

25


javascript:void(0)
javascript:void(0)
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soliman%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=29914176
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6024687/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tandel%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=22025850
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3198517/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3198517/

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

Tuenter, E., Sakavitsi, M. E., Rivera-Mondragén, A., Hermans, N., Foubert, K., Halabalaki,
M., & Pieters, L. (2021). Ruby chocolate: A study of its phytochemical composition
and quantitative comparison with dark, milk and white chocolate. Food Chemistry, 343,
128446.

Turssi, C. P, Hara, A. T., Amaral, F. L., Franca, F. M., & Basting, R. T. (2014). Calcium
lactate pre-rinse increased fluoride protection against enamel erosion in a randomized
controlled in situ trial. Journal of Dentistry, 42(5), 534-9.

van Boekel, M. A. J. S. (1998). Effect of heating on Maillard reaction in milk. Food Chemistry,
62(4), 403-414.

Verde, A. B., Alvim, I. D., Luccas, V., & Alves, R. M. V. (2021). Stability of milk chocolate
with hygroscopic fibers during storage. LWT-Food Science and Technology, 137,
110477.

Vulié, J. J., Veli¢anski, A. S., Cetojevié-Simin D. D, Tumbas-Saponjac V. T., Pilas S. M.,
Cvetkovi¢c D. D., & Markov S. L. (2014). Antioxidant, antiproliferative and
antimicrobial activity of freeze-dried raspberry. Acta Periodica Technologica, 45, 99-
116.

Yadav, P., Pandey, J. P., & Garg, S. K. (2009). Kinetics of moisture absorption and biochemical
changes during storage of chocolate. In: Proceedings National Conference ‘Engineering
for Food and Bio-processing’. pp 192-196, College of Technology, GBPUAT,
Pantnagar, Uttarakhand, India.

Yu, L., Haley, S., Perret, J., Harris, M., Wilson, J., & Qian, M. (2002). Free radical scavenging
properties of wheat extracts. Journal of Agricultural and Food Chemistry, 50, 1619-

1624.

26



B Animal fat B Meat protein powder

40
35
30
25

BC
AB
20 A b
15 3 a
| ' ' I
0% 10% 20% 30%
Animal fat/ Meat protein powder

Cholesterol (mg/100g)

v O

o

Different superscripts on blue (lower case alphabet) and brown (upper case alphabet) columns differ significantly (P<0.05)
Error bars represent the standard errors

Figure 1. Effect of animal fat and meat protein powder on the cholesterol content of
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Table 1: Effect of blueberry and raspberry extract on physicochemical parameters of
composite meat chocolate during storage (25+£1°C)

S | Storage period
ample
0 months 2 months 4 months 6 months
pH
C1 6.74 +0.02C¢ 6.73 + 0.04%d 6.49 + 0.018¢ 6.26 + 0.02A¢
C2 6.75 +0.02¢¢ 6.74 + 0.02¢d 6.51 + 0.038¢ 6.27 + 0.02A¢
C3 6.43 +0.04¢d 6.37 + 0.028B¢¢ 6.28 + 0.04ABb 6.18 + 0.02A¢
C4 6.11 +0.02¢ 6.10 + 0.02° 6.07 + 0.022 6.04 + 0.03°
B1 6.09 +£0.01b¢ 6.09 + 0.01° 6.06 + 0.04? 6.03 + 0.03°
B2 6.06 +0.0220¢ 6.06 + 0.022 6.05 + 0.03? 6.01 + 0.022
B3 6.05 +0.012°¢ 6.05 + 0.012 6.04 + 0.022 6.01 + 0.03%
R1 6.07 £0.013c 6.07 £ 0.012 6.01 + 0.042 5.97 + 0.04%
R2 6.02 +0.03% 6.02 + 0.022 6.00 + 0.05? 5.94 + 0.012
R3 6.01 +0.012 6.01 + 0.022 5.99 + 0.022 5.93 + 0.03?
Moisture content (%)
C1l 1.51 +0.03? 1.50 + 0.032 1.49 + 0.022 1.47 +0.022
C2 1.50 + 0.012 1.50 + 0.042 1.48 + 0.022 1.47 +0.022
C3 2.11 + 0.04°¢ 2.09 + 0.04°¢ 2.08 + 0.03¢ 2.06 + 0.05¢
C4 1.90 + 0.06° 1.89 + 0.06° 1.88 £ 0.05° 1.85+0.03°
B1 3.13+0.078 3.10 + 0.06B4 3.10 + 0.05B 2.55 + 0.06Ad
B2 3.67 +0.048¢ 3.66 + 0.038¢ 3.64 + 0.035¢ 3.33 + 0.044¢
B3 4.37 + 0.035f 4.36 + 0.045f 4.35 + 0.085f 3.79 £ 0.07Af
R1 3.10 + 0.0484 3.09 + 0.08B4 3.08 + 0.04B4 2.43 + 0.05”d
R2 3.60 + 0.038¢ 3.55 + 0.068¢ 3.52 + 0.045¢ 3.08 + 0.05”¢
R3 4.18 + 0.065f 4.17 + 0.035f 4.13 + 0.035f 3.64 + 0.06Af

Mean + SE with different superscripts in a row (upper case alphabet) and column (lower case alphabet) differ significantly
(P<0.05), n = 6 for each treatment
C1 (milk chocolate without animal fat and meat), C2 (milk chocolate containing optimized animal fat), C3 (composite meat

chocolate containing optimized animal fat and meat protein powder), C4 (C3 containing optimized calcium lactate), B1 (C4
containing 1% blueberry extract), B2 (C4 containing 2% blueberry extract), B3 (C4 containing 3% blueberry extract), R1 (C4
containing 1% raspberry extract), R2 (C4 containing 2% raspberry extract), R3 (C4 containing 3% raspberry extract)



Table 2: Effect of blueberry and raspberry extract on lipid stability of composite meat

chocolate during storage (25+1°C)

Storage period
Sample
0 months 2 months 4 months 6 months
TBARS value (mg malondialdehyde/kg)
C1 1.54 +0.054 1.74 £ 0.1778 1.98 +0.178 3.52 + 0.12¢«
C2 1.57 £0.104 1.77 £ 0.1578 2.11 +£0.22B2 3.77 £ 0.13%
C3 1.74 + 0.094 2.04 +0.194 2.88 + 0.148° 473 +0.11°¢
C4 1.56 + 0.094 1.88 +0.15* 2.26 +0.1482 3.66 +0.08%
Bl 1.49 +0.084 1.76 £ 0.1478 2.12 +0.1652 3.24 +0.08°°
B2 1.46 +0.15% 1.70 +£ 0.1478 2.07 +0.13B2 2.78 £0.11¢°
B3 1.43 +0.114 1.63 +0.10"8 1.91+0.118 2.44 +0.12¢
R1 1.51 +0.094 1.80 +£ 0.1578 2.18 +0.18B2 3.51 +0.13¢
R2 1.49 +0.074 1.73 £0.10* 2.13 +0.0582 3.41 + 0.15¢«
R3 1.45+0.13% 1.67 +0.1978 2.05+0.11B2 3.23 +0.09°
Free fatty acids (% oleic acid)
Cl 0.010+0.003* 0.014+0.0044 0.029+0.005" 0.076+0.0085%
C2 0.012+0.003* 0.015+0.0044 0.032+0.005"82 | 0.082+0.0075%
C3 0.021+0.0044 0.027+0.003* 0.053+0.0085" 0.096+0.007<°
C4 0.018+0.005" 0.024+0.005"8 0.035+0.006" 0.080+0.0038%
B1 0.017+0.005" 0.023+0.005% 0.032+0.005" 0.075+0.0065%
B2 0.015+0.0054 0.020+0.0044 0.028+0.006" 0.071+0.0108%®
B3 0.013+0.003* 0.018+0.0044 0.025+0.00342 0.060+0.00452
R1 0.019+0.0044 0.024+0.0044 0.033+0.005" 0.077+0.0108%
R2 0.017+0.0044 0.021+0.006" 0.030+0.006" 0.074+0.0065%
R3 0.015+0.0034 0.198+0.003* 0.027+0.0054 0.065+0.00552

Mean + SE with different superscripts in a row (upper case alphabet) and column (lower case alphabet) differ significantly
(P<0.05), n = 6 for each treatment

C1 (milk chocolate without animal fat and meat), C2 (milk chocolate containing optimized animal fat), C3 (composite meat
chocolate containing optimized animal fat and meat protein powder), C4 (C3 containing optimized calcium lactate), B1 (C4
containing 1% blueberry extract), B2 (C4 containing 2% blueberry extract), B3 (C4 containing 3% blueberry extract), R1 (C4
containing 1% raspberry extract), R2 (C4 containing 2% raspberry extract), R3 (C4 containing 3% raspberry extract)



Table 3: Effect of blueberry and raspberry extract on oxidative stability of composite

meat chocolate during storage (25+1°C)

Storage period
Sample
0 months 2 months 4 months 6 months
DPPH (% inhibition)
C1 88.45 + 1.06% 88.10 + 1.15% 80.43 + 2,58 67.14 + 2.69°
C2 88.22 +1.28°% | 87.91+1.44° | 78,06+ 2.495® | 66.98 + 2,774
C3 80.72 + 1.89% 80.39 + 1.91¢ 71.65 + 2.5582 53.68 + 2.06"
C4 81.26 + 1.615 | 80.86+1.325% | 76.93+1.695% | 6£5.47 +2.40""
B1 82.17 +£3.00%%¢ | 81.39+2418% | 77.68 +2.78/B® | 70.46 + 1.57A
B2 83.25+ 1,788 | 8242 +1,788%cd | 78,78 +3.208B% | 71 86 + 2.42AMC
B3 85.25 +2.108%cd | 84,18 +1.708%d | 81.85+1.908° | 722542874
R1 84.35 + 1.44B%cd | 82 89 +2,038%cd | 79,96 +1.378° | 71.39 + 1504
R2 86.82 +2.2380d | 8554 +1.83Bcd | 80,82 +2.65%B° | 7253 +4.17A
R3 87.37 £ 1.518% | 86.40 + 1.17AB>d | 8165 + 3.165° 75.55 + 3.08A¢
Total phenolic content (mg/g)
C1 5.49 + 0.36° 5.32 +0.38° 4.94 +0.35"8 3.88 +0.36"
C2 5.47 + 0.35° 5.31 +£0.378 4.92 + 0.40%8 3.84 +0.36"
C3 4.88 + 0.53° 4.56 + 0.60° 4.20 + 0.458 2.91 +0.43°
C4 5.04 + 0.39° 4.91 + 0.484B 4.85 + 0.60B 3.87 +0.48"
B1 5.32 + 0.56° 4.97 + 0.53B 4,90 + 0.45B 3.99 + 0.50"
B2 5.43 +0.378 5.36 + 0.544B 4,96 + 0.518 4.06 £ 0.524
B3 5.60 + 0.25° 5.41 + 0.434B 5.14 + 0.50B 4.12 +0.447
R1 5.17 +0.228 4.94 +0.2248 4.84 +0.38B 3.95 + 0.41°
R2 5.28 + 0.338 5.17 + 0.304B 4,95 + 0.434B 4.00 + 0.444
R3 5.42 +0.28° 5.29 + 0.404B 5.06 + 0.394B 4.07 £ 0.544

Mean + SE with different superscripts in a row (upper case alphabet) and column (lower case alphabet) differ significantly

(P<0.05), n = 6 for each treatment

C1 (milk chocolate without animal fat and meat), C2 (milk chocolate containing optimized animal fat), C3 (composite meat
chocolate containing optimized animal fat and meat protein powder), C4 (C3 containing optimized calcium lactate), B1 (C4




containing 1% blueberry extract), B2 (C4 containing 2% blueberry extract), B3 (C4 containing 3% blueberry extract), R1 (C4

containing 1% raspberry extract), R2 (C4 containing 2% raspberry extract), R3 (C4 containing 3% raspberry extract)

Table 4:

Effect of blueberry and raspberry extract on microbial quality of composite

meat chocolate during storage (25+1°C)

Storage period
Sample
0 months 2 months 4 months 6 months

Total plate count (log:o cfu/g)
C4 1.96 + 0.044° 2.12 + 0.067BP 2.41 +0.048 3.76 £ 0.08¢
B1 1.84 + 0.037® 2.04 +0.067B® 2.33£0.088 3.51 +0.05°
B2 1.77 £ 0.05% 2.01 £ 0.02AB%® 2.28 +0.058 3.47 £0.02¢
B3 1.72 £ 0.08"2 1.89 +0.0742 2.14 £ 0.088 3.39 + 0.06°
R1 1.88 +0.067% 2.07 + 0.0578 2.35+0.038 3.56 + 0.05¢
R2 1.80 + 0.037 2.04 +0.0478% 2.3+0.08% 3.51 £ 0.07°
R3 1.74 +0.07A% 1.93 +0.074% 2.24 +0.098 3.44 +0.03¢

Psychrophilic count (logso cfu/g)

c4 ND ND 2.05+ 0.03* 2.67+0.078
B1 ND ND 1.96% 0.034 2.60 +£0.048
B2 ND ND 1.91+ 0.054 2.54+ 0.055
B3 ND ND 1.83% 0.04 2.46% 0.035
R1 ND ND 2.01+ 0.05* 2.65+ 0.06°
R2 ND ND 1.94+ 0.06" 2.57+0.058
R3 ND ND 1.87+0.04° 2.50 £ 0.038

Coliform count (logio cfu/g)




All samples Not detected throughout the period of storage

Yeast and mold count (logio cfu/g)

All samples Not detected throughout the period of storage

Mean + SE with different superscripts in a row (upper case alphabet) and column (lower case alphabet) differ significantly

(P<0.05), n = 6 for each treatment, ND = Not detected
C4 (product containing optimized meat protein powder, animal fat and calcium lactate), B1 (C4 containing 1% blueberry

extract), B2 (C4 containing 2% blueberry extract), B3 (C4 containing 3% blueberry extract), R1 (C4 containing 1% raspberry
extract), R2 (C4 containing 2% raspberry extract), R3 (C4 containing 3% raspberry extract)




Table5: Effect of blueberry and raspberry extract on sensory quality of composite meat

chocolate during storage (25+£1°C)

Sample ‘ 0 months ‘ 2 months ‘ 4 months ‘ 6 months
Appearance
C4 8.45 + 0.268 8.26 + 0.188 7.87 £0.308 6.24 £ 0.244
Bl 8.49 £ 0.21B 8.29 + 0.248 7.90 £ 0.298 6.40 +0.214
B2 8.50 + 0.288 8.31+0.248 7.93 +0.188 6.48 + 0.217
B3 8.51+0.188 8.36 + 0.128 7.97 £0.218 6.53 + 0.194
R1 8.49 + 0.258 8.30+ 0.318 7.93+0.378 6.35 + 0.274
R2 8.50 + 0.168 8.32 £ 0.258 7.96 +0.328 6.38 + 0.25%
R3 8.53 £ 0.148 8.39 £ 0.148 8.01 +0.21B 6.41 £ 0.217
Taste
C4 8.05 + 0.248 7.89 + 0.258 7.71+0.458 5.82 +0.214
B1 8.12 £ 0.258 8.06 + 0.388 7.76 £ 0.348 6.15 + 0.247
B2 8.13+0.238 8.11+0.328 7.84 +0.308 6.19 +0.234
B3 8.20 + 0.168 8.14 + 0.458 7.93 + 0.408 6.22 +0.284
R1 8.12 +0.228 8.09 + 0.308 7.85+ 0.208 6.13 £ 0.294
R2 8.17 + 0.368 8.12+0.168 7.89 +0.248 6.15 + 0.214
R3 8.30 £ 0.278 8.17 + 0.398 7.95 + 0.488 6.19 + 0.294
Aroma
C4 8.20 + 0.288 8.18 + 0.248 7.87 +0.348 6.12 + 0.36"2
B1 8.24 + 0.258 8.20+0.278 7.90 + 0.378 6.29 + 0.234
B2 8.26 +0.278 8.23 +0.248 7.92 + 0.308 6.32 £ 0.314°
B3 8.29 + 0.268 8.26 + 0.148 7.95 + 0.368 6.41 + 0.164°
R1 8.25+ 0.238 8.22 +0.278 8.01+0.348 6.29 £ 0.114
R2 8.28 + 0.298 8.24 + 0.288 8.05 + 0.288 6.31 +0.214
R3 8.36 + 0.268 8.28 + 0.198 8.10+0.158 6.35 + 0.15%
Hardness
C4 7.97 +0.188 7.92 +0.368 7.76 £ 0.378 6.15+0.134
B1 7.96 +0.188 7.90 + 0.228 7.76 +0.288 6.17 + 0.164
B2 7.98 + 0.308 7.92 +0.298 7.78 £ 0.378 6.24 + 0.234
B3 7.99 + 0.308 7.96 + 0.288 7.80 + 0.448 6.13 + 0.224
R1 7.95+ 0.288 7.89 + 0.298 7.75+0.398 6.15 + 0.234
R2 7.96 + 0.208 7.91+0.218 7.75+0.228 6.16 + 0.16"
R3 7.97 +0.328 7.94 + 0.388 7.78 + 0.368 6.21 +0.217
Mouthfeel
C4 7.72+0.338 7.64 +0.388 7.54 + 0.358 5.88 + 0.2642
B1 7.74 +0.158 7.68 + 0.328 7.58 + 0.328 6.09 + 0.154
B2 7.76 + 0.268 7.71 +0.26" 7.63+0.338 6.11 +0.174
B3 7.82+0.168 7.75+0.248 7.68 + 0.288 6.16 + 0.244°
R1 7.86 + 0.308 7.70 +£ 0.428 7.60 + 0.338 6.05 + 0.164°
R2 7.89 +0.31B 7.74+£0.21B 7.65+0.278 6.08 £ 0.174
R3 8.06 + 0.298 7.80 £ 0.21B 7.72+0.338 6.13 £ 0.274
Overall acceptability
C4 8.11 +0.288 7.93+0.338 7.68 + 0.388 5.84 + 0.2142
B1 8.12+0.338 7.94 +0.338 7.73+0.348 6.10 + 0.334°
B2 8.15+0.438 7.96 + 0.448 7.74 +0.458 6.13 £ 0.224
B3 8.21 +0.298 8.10+0.31B 7.82 +0.358 6.16 + 0.164°
R1 8.11 +0.368 7.94 +0.398 7.69 + 0.448 6.09 + 0.234
R2 8.14 + 0.288 7.96 + 0.278 7.72+0.318 6.12 £ 0.274
R3 8.18 +0.278 8.05 + 0.438 7.75+ 0.428 6.13 + 0.244°




Mean + SE with different superscripts in a row (upper case alphabet) and column (lower case alphabet) differ significantly (P<0.05)
Ten members of a trained panel replicated the experiment thrice based on a 9-point hedonic scale, wherein 9 denoted “extremely liked” and 1 denoted “extremely

disliked”
C4 (composite meat chocolate containing optimized animal fat, meat protein powder and calcium lactate), B1 (C4 containing 1% blueberry extract), B2 (C4

containing 2% blueberry extract), B3 (C4 containing 3% blueberry extract), R1 (C4 containing 1% raspberry extract), R2 (C4 containing 2% raspberry extract),
R3 (C4 containing 3% raspberry extract)



