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ABSTRACT – Ganache consists of cocoa butter, white chocolate and dairy cream that can be used as a choco-

late filling. Nowadays, several plant seeds are incorporated into the ganache to improve the flavours, shelf life 

and nutritional composition. Sacha inchi (Plukenetia volubilis L.) is a seed that contains essential amino acids, 

polyunsaturated fatty acids, minerals, polyphenols and dietary fibre. In this study, ganache added with 10% sacha 

inchi was developed as a filling for milk and dark chocolates. The effect of sacha inchi ganache on the physico-

chemical, total phenolic content, antioxidant activity and sensory acceptability of milk and dark chocolates was 

evaluated. Milk and dark chocolates filled with ganache (without sacha inchi) were used as control samples 

throughout the analysis. Incorporating sacha inchi ganache decreased significantly (p<0.05) the moisture and 

water activity of milk and dark chocolates compared to the control samples. Furthermore, the crude fibre content 

of milk and dark chocolates filled sacha inchi ganache were higher than the control samples. However, no 

significant differences (p>0.05) in hardness for all chocolate samples. Dark chocolate filled with sacha inchi 

ganache contains the highest total phenolic content and antioxidant activity compared to other chocolate samples. 

In terms of sensory evaluation, the mean scores for overall acceptability of the milk and dark chocolates filled 

with sacha inchi ganache corresponded to “like”, which are similar (p>0.05) with control samples. Therefore, 

the addition of sacha inchi ganache improves the crude fibre, antioxidant activity and total phenolic content of 

milk and dark chocolates, which is well-accepted by consumers.  
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INTRODUCTION 

 

Chocolate is favoured by people of all ages (Barišić et 

al., 2019). Its popularity mainly depends on the pleas-

ant taste and the positive emotions (joy, pleasure and 

calm) evoked after consumption (Konar et al., 2016; 

Magagna et al., 2017; Meier et al., 2017). Three main 

types of chocolates, namely dark, milk and white, dif-

fer in their content of cocoa solids, milk fat and cocoa 

butter (Afoakwa et al., 2007). Dark chocolate can be 

distinguished by the different percentages of cocoa sol-

ids, ranging from 47% cocoa (semi-sweet dark choco-

late) to 90% cocoa (bitter dark chocolate) (Yanus et al., 

2014). Milk chocolate can comprise up to 20% (w/w) 

milk powder, which contains lactose, milk fat, and pro-

teins that replace some of the cocoa liquor (Beckett, 

2008). Meanwhile, white chocolate is made of sugar, 

milk powder, cocoa butter, lecithin, and vanillin, where 

the particles of sugar and milk powder are covered by 

cocoa butter as a continuous fat phase (Lončarević et 

al., 2021). 

 

Ganache consists of cocoa butter, white choco-

late and dairy cream. Ganache can be used as a glaze, 

filling for pastries or chocolate bonbons (Saglio et al., 

2018; Wybauw, 2010). Ganache is a multiphase emul-

sion system composed of two immiscible liquids con-

sisting of aqueous and fat phases formed between white 

chocolate and cream (Dias et al., 2015; Merachli et al., 

2021). The ganache developed as a filling in chocolate 

needs to be flowable and have high stability during 

shelf life (Barbosa-Cánovas et al., 2020; Talbot, 2009).  

 

The Ministry of Plantation, Industries and Com-

modities (MPIC) aims to increase the export value of 

cocoa-based downstream products from RM7 billion to 

RM14 billion in 2022. The purpose of MPIC's strategy 

is to increase the cocoa market abroad, especially in 

Europe like Germany, Belgium, France, Spain and 

Switzerland (Jalil, 2022). Therefore, Malaysia should 

produce more cocoa-based downstream products, such 

as chocolates which have a great potential to be ex-

ported globally (Jalil, 2022). 
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Furthermore, most cocoa industries shifted their 

interest to producing healthier and more innovative 

chocolate products (Selvasekaran & Chidambaram, 

2021). For instance, phytosterol esters are added to 

dark chocolate to lower cholesterol levels (Botelho et 

al. 2014). According to Ghorghi et al. (2023), the in-

corporation of hybrid gel based on beeswax-grape seed 

oil oleogel decreased the saturated fatty acid content of 

compound chocolate. Besides that, compound milk 

chocolate can also be fortified with chia seed oil to in-

crease the polyunsaturated fatty acids (Razavizadeh & 

Tabrizi, 2021). Meanwhile, white chocolate does not 

contain cocoa liquor, thus lacking bioactive com-

pounds such as polyphenols, flavonoids, catechin and 

fibres (Lončarević et al., 2018). For that reason, dark 

and milk chocolates filled with sacha inchi ganache 

were developed to produce chocolate products with im-

proved nutritional value.  

 

Sacha inchi (Plukenetia volubilis L.) has gained 

attention in recent years due to their high in unsaturated 

fatty acids (linoleic and α-linolenic acids), proteins (es-

sential amino acids), tocopherol, phytosterols and pol-

yphenols (Kim & Joo, 2019). According to Del-Cas-

tillo et al. (2019), sacha inchi could increase high-den-

sity lipoprotein (HDL) cholesterol which is known as 

the “good” cholesterol to protect against heart attack 

and stroke. Nuts (walnut) and seeds (passion fruit seed) 

are commonly used as an ingredient in chocolate prod-

ucts (Yeo & Thed, 2022; De Clercq et al., 2017). How-

ever, no previous studies have examined the effect of 

the sacha inchi ganache as a filling in milk and dark 

chocolates. Goyal et al. (2022) stated that consumers 

had limited knowledge about the health benefits of sa-

cha inchi. Therefore, this study was conducted to de-

velop milk and dark chocolate filled with sacha inchi 

ganache. The formulated chocolates were analysed for 

pH, water activity, moisture content, texture, crude fi-

bre, total phenolic content, antioxidant activity and 

sensory acceptability. 

 

MATERIALS AND METHODS 

 

Materials 

White chocolate callets (Callebaut), whipping cream 

(Anchor), invert sugar (Trimoline), sacha inchi 

(InchaOrganics), carrageenan and soy lecithin 

(EvaChem), cocoa butter and cocoa liquor (Favorich), 

refined sugar (Central Sugars Refinery) and skimmed 

milk powder (MyLacta) were used as the raw materials 

for developing milk and dark chocolates filled with 

sacha inchi ganache. Sacha inchi was grounded in a 

grinder (Pensonic PB-426, Malaysia) for 30 seconds. 

Then, the grounded sacha inchi was stored in a plastic 

container. All the ingredients were purchased from 

Bake with Yen, Nilai, Negeri Sembilan, Malaysia. 

 

Milk and dark chocolates filled with sacha inchi 

ganache 

 

Preparation of sacha inchi ganache  

Ganache with sacha inchi (GSI) was developed using a 

method adapted from previous studies (Izzreen et al., 

2022; Dias et al., 2015) with a few modifications by 

incorporating the sacha inchi and cocoa butter.  

Meanwhile, ganache without sacha inchi (GWSI) was 

also developed. About 10% of whipping cream was 

replaced by sacha inchi in formulation (GSI) compared 

to the GWSI (no replacement for whipping cream). The 

ganache formulations (GSI and GWSI) are presented 

in Table 1. 

 

Table 1: Ganache formulations with and without 

sacha inchi 

Ingredient 

Ganache (g) 

Ganache with 

sacha inchi 

(GSI) 

Ganache 

without sacha 

inchi (GWSI) 

White chocolate 48.0 48.0 

Whipping cream 24.8 34.8 

Cocoa butter 10.0 10.0 

Invert sugar 7.0 7.0 

Sacha inchi 10.0 0.0 

Carrageenan 0.2 0.2 

Total 100 100 

 

Firstly, the invert sugar and whipping cream were 

heated together at 70°C by using a hot plate. After 

reaching the desired temperature, white chocolate was 

gradually poured into the hot mixture of whipping 

cream and invert sugar. Then, cocoa butter (in liquid 

form) was added to the cream and chocolate mixtures. 

Grounded sacha inchi and carrageenan were then added 

into the mixture and mixed vigorously using a hand 

blender (Panasonic MX-GS1, Malaysia) to obtain a 

smooth texture. The emulsion mixture was 

homogenized with a digital homogenizer IKA T25 

(Ultra Turrax, Germany) at 10000 – 12000 revolutions 

per minute (rpm) for 30 seconds. Finally, the sacha 

inchi ganache was poured into a plastic container and 

stored overnight in the chiller at 4°C. 

 

Preparation of milk and dark chocolates 

Dark chocolate consisting of cocoa butter, cocoa 

liquor, sugar and soy lecithin was produced according 

to the method of Abdul Halim et al. (2019). 

Meanwhile, milk chocolate contains cocoa, sugar, 

skimmed milk powder and soy lecithin was prepared 
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based on the method of Lapčíková et al. (2022). Dark 

and milk chocolate formulations are shown in Table 2. 

 

Table 2: Formulations of dark and milk chocolates 

Ingredients 

(%) 

Dark 

chocolate 

Milk 

chocolate 

Cocoa 54.5 40.5 

Sugar 45.0 33.0 

Soy Lecithin 0.5 0.5 

Skimmed Milk 

Powder 
0.0 26.0 

Total 100 100 

Sources: Abdul Halim et al. (2019); Lapčíková et al. 

(2022)     

 

Cocoa butter, cocoa liquor and sugar (dark chocolate) 

and cocoa butter, cocoa liquor, sugar and milk powder 

(milk chocolate) were mixed separately in a concher 

(Pascal Engineering, England) for two minutes. After 

mixing, those ingredients were refined twice using a 

triple roller mill (Pascal Engineering, England) to 

produce a fine cocoa mixture with particle sizes 

ranging from 18 to 35 µm. After refining, the cocoa 

mixtures were mixed with soy lecithin in a concher for 

6 h at 45°C.  

 

Preparation of chocolate shell 

The liquid chocolate was tempered manually on the 

marble slab according to the method of Biswas et al. 

(2017). The tempering temperatures of liquid milk 

(26°C) and dark chocolates (27°C) were achieved and 

reheated to 32°C for moulding. The tempered 

chocolate was poured into the moulds and vibrated the 

moulds to remove air bubbles. The surface of the 

mould was scrapped with stainless steel scrapper. The 

mould was overturned and shaken in a circular motion 

in different directions (clockwise and anticlockwise) to 

remove excess chocolate and even the thickness of the 

chocolate wall. Then, the chocolate was cooled in an 

overturned position until half set. The excess chocolate 

was removed by scrapping with a scrapper. The 

chocolate shell was cooled in a refrigerator until fully 

set. 

 

Preparation of milk and dark chocolates filled with 

ganache (with or without sacha inchi)  

The ganache (with or without sacha inchi) was filled 

inside the chocolate shell until almost full about 2 mm 

from the edge, so still have space to close the shell (as 

shown in Figure 1) using a disposable piping bag. Milk 

and dark chocolates were poured into the cavity moulds 

to cover the ganache. The chocolate samples were 

stored in the chiller at 5 – 12°C for 30 minutes. Then, 

the dark and milk chocolates were demoulded. All 

chocolate samples (Figure 2) were labelled and stored 

in an air-tight container for further analysis. Chocolate 

samples were labelled as follows - F1: Milk chocolate 

filled with ganache (without sacha inchi); F2: Milk 

chocolate filled with 10% sacha inchi ganache; F3: 

Dark chocolate filled with ganache (without sacha 

inchi); F4: Dark chocolate filled with 10% sacha inchi 

ganache. Milk and dark chocolates filled with ganache 

(without sacha inchi) (F1 and F3) were used as control 

samples. Meanwhile, milk and dark chocolates filled 

with sacha inchi ganache (F2 and F4) were compared 

to the control samples for pH, moisture content, water 

activity, texture, crude fibre, total polyphenols, 

antioxidant activity and sensory evaluation. 

 

 
Figure 1: Ganache (with or without sacha inchi) filled 

into the chocolate shell 

 

 
Figure 2: Dark (left) and milk chocolates (right) filled 

with ganache (with or without sacha inchi) 
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Determination of pH of milk and dark chocolates 

filled with sacha inchi ganache 

The pH of dark and milk chocolates filled with sacha 

inchi ganache were measured according to the method 

of Rad et al. (2014). Firstly, all chocolate samples were 

melted on a hot plate at 40 ± 2°C until the ganache and 

chocolate became homogenous using a stirring rod. 

Then, 10 g of melted chocolate samples were added to 

90 mL of distilled water. The mixture of chocolate with 

ganache and distilled water was filtered by filter paper 

(Whatman 4, diameter 125 mm). The pH value of 

chocolate filtrate was measured for three replications 

by pH meter (Eutech pH 2700, United States). 

 

Determination of water activity of milk and dark 

chocolates filled with sacha inchi ganache 

Water activity (Aw) of dark and milk chocolates filled 

with sacha inchi ganache were measured by Aqualab 

water activity meter 4TE (Wisconsin, United States) at 

25°C. Chocolate samples were crushed by pestle and 

mortar to homogenise the chocolate with ganache 

before being measured by the water activity meter. The 

water activity for each chocolate formulation was 

measured in triplicates (Saglio et al., 2018). 

 

Determination of moisture content of milk and dark 

chocolates filled with sacha inchi ganache 

The moisture content of milk and dark chocolates filled 

with sacha inchi ganache were analysed based on the 

method of García-Alamilla et al. (2017). About 1 g of 

chocolate sample was dried in an oven at 103°C for 24 

hours. The moisture content was calculated according 

to Equation 1: 

 

Moisture content (%) = 
(𝑊1 – 𝑊2)

𝑊1
 x 100%         (1) 

where, 

W1 represents the weight of chocolate sample before 

drying, W2 represents the weight of chocolate sample 

after drying. 

 

Determination of texture of milk and dark chocolates 

filled with sacha inchi ganache 

Table-top type universal tester (Shimadzu Model AGS-

J, Japan) provided with RheoMeter software and 

equipped with 250 N load cell was used for penetration 

tests of milk and dark chocolates filled with sacha inchi 

ganache. The test was carried out at 20°C using 

TA2/1000 stainless steel probe to penetrate the 

chocolate sample with a depth of 6 mm at a rate of 1 

mm/s. The hardness of the chocolate samples was 

recorded as the force (N) under the force–time curve at 

the defined penetration distance (Medina-Mendoza et 

al., 2021; Wahyuni et al., 2021). 

 

Determination of crude fibre of milk and dark 

chocolates filled with sacha inchi ganache 

Crude fibre of milk and dark chocolates filled with 

sacha inchi ganache were carried out by AOAC official 

method 962.09 - ceramic fibre filter method (AOAC 

2000). Chocolate samples were grounded in the grinder 

(Pensonic PB-426, Malaysia) for 30 seconds until 

homogenous. About 2 g of grounded chocolate samples 

were digested in 50 mL of 1.25% sulfuric acid (H2SO4). 

The solution was allowed to boil for 30 min. Next, the 

solution was filtered by boiling water for washing and 

transferred to another extraction beaker. The sample 

filtrate was digested in 50 mL of 1.25% sodium 

hydroxide (NaOH). Subsequently, the sample solution 

was heated in an oven for 30 minutes, followed by 

filtration and drying. Finally, the sample residue was 

transferred into a muffle furnace at 550°C for 30 

minutes. The measurements were carried out in 

triplicates (n=3), and the crude fibre results of milk and 

dark chocolates filled with sacha inchi ganache 

obtained were reported in percentage. 

 

Determination of total phenolic content of milk and 

dark chocolates filled with sacha inchi ganache 

The extraction of milk and dark chocolates filled with 

sacha inchi ganache were carried out according to the 

method of Adamson et al. (1999). Chocolate samples 

were grounded in the grinder (Pensonic PB-426, 

Malaysia) for 30 seconds until homogenous. Firstly, 10 

mL of methanol (70% v/v) was added to a 2.0 g 

grounded chocolate sample. The chocolate mixture 

was shaken for 30 minutes at room temperature. This 

step was repeated twice. Then, the chocolate extracts 

were mixed thoroughly (using a stirring rod) and 

filtered for total phenolic content (TPC) and 

antioxidant activity. TPC was determined by the Folin-

Ciocalteu method with some modifications (Wolosiak 

et al., 2011; González-Molina et al., 2008). About 15 

μL of the chocolate extract was mixed with 12 μL of 

Folin-Ciocalteu reagent (2M), 170 μL of distilled water 

and 30 μL of sodium carbonate solution. All solutions 

were shaken and stored in the dark for 1 hour. About 

220 μL of the mixture was pipetted into the 96-well 

plate. The absorbance of the solution was measured by 

UV-Vis spectrophotometer (Epoch BioTek, United 

States) at 750 nm. All chocolate extract samples were 

measured in triplicates. The calibration curve was 

plotted using standard gallic acid. The results were 

expressed in mg of gallic acid equivalent per 100 g 

sample (mg GAE/100 g). 
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Determination of antioxidant activity of milk and 

dark chocolates filled with sacha inchi ganache 

 

DPPH radical scavenging activity 

The DPPH radical scavenging activity of dark and milk 

chocolates filled with sacha inchi ganache extracts 

were measured according to the method of Poliński et 

al. (2022). Briefly, 0.5 mL of chocolate extract was 

added to 1.5 mL of methanol and 0.5 mL of DPPH 

methanolic solution (304 μmol/L). The mixture was 

then shaken and stored in the dark for an hour. The 

absorbance of the solution was measured at 595 nm by 

a microplate spectrophotometer (Epoch BioTek, 

United States). The DPPH radical scavenging activity 

of the dark and milk chocolates filled with sacha inchi 

ganache can be determined based on Equation 2: 

 

(%) = 
(𝐴1 – 𝐴2)

𝐴1
 x 100%         

 

             

                 (2) 

 

where, 

A1 represents blank absorbance and A2 is the 

absorbance for sample 

 

Determination of sensory evaluation of milk and dark 

chocolates filled with sacha inchi ganache 

A consumer acceptability test was conducted to 

determine consumer preference regarding the degree of 

liking and selection of choices for milk and dark 

chocolates filled with sacha inchi ganache. For the 

seven-point hedonic scale determining the overall 

liking of the chocolates, untrained panellists rated each 

chocolate sample as 1 = dislike very much, 2 = dislike 

moderately, 3 = dislike slightly, 4 = neither like nor 

dislike, 5 = like slightly, 6 = like moderately and 7 = 

like very much. Eight attributes of the chocolates were 

assessed, including glossiness, texture, smoothness, 

aroma, bitter taste, sweetness, bitter aftertaste and 

overall acceptance. The sensory test involved 45 

untrained panellists consisting of students and staff 

from the Department of Food Sciences, Faculty of 

Science and Technology, Universiti Kebangsaan 

Malaysia. These panellists were considered a 

representative of the target users or potential 

consumers of the chocolate product (Aminah, 2004). 

Each chocolate sample was labelled with a three-digit 

random code number and was served at room 

temperature (Espert et al., 2021). 

 

Statistical analysis  

All experimental results were conducted in triplicates 

and expressed as mean ± standard deviation. The 

statistical analysis were carried out using MINITAB 

software version 19. Data was analysed by one-way 

analysis of variance (one-way ANOVA) at a 95% 

confidence level to find if there was any significant 

difference (p<0.05) between the sample means by 

using Tukey HSD and Fisher LSD post-hoc tests.  

 

 

RESULTS AND DISCUSSIONS 

 

pH value of milk and dark chocolates filled with 

sacha inchi ganache 

The pH values of milk and dark chocolates filled with 

sacha inchi ganache are shown in Table 3. The results 

showed that all chocolate samples are slightly acidic, 

ranging from pH 5.95 to 6.46. The pH values of milk 

chocolates filled with ganache (with or without sacha 

inchi) were significantly higher (p<0.05) than those of 

dark chocolate samples. According to Gunaratne et al. 

(2019), dark (70% cocoa) and milk chocolates (added 

with 6 g of sucrose) are slightly acidic with pH values 

of 6.40 and 6.91, respectively, where milk chocolate 

has a higher pH value (p<0.05) than the dark chocolate. 

In addition, Izzreen et al. (2022) proved that the pH 

value of white chocolate ganache is acidic (6.71 ± 

0.01). Elrofaei et al. (2021) stated that whole milk pow-

der has a pH range of 6.6 – 6.7, thus lowering the pH 

value of milk chocolate. Overall, dark chocolate filled 

with sacha inchi ganache (F4) showed the lowest pH 

value (5.95 ± 0.01) compared to other chocolate 

samples.  

 

Table 3: pH, water activity, moisture, hardness and 

crude fibre of milk and dark chocolates filled with 

sacha inchi ganache 
For

mula

tion 

pH Water 

activity 

(Aw) 

Moisture 

(%) 

Hardness 

(N) 

Crude 

fibre 

(%) 

F1  6.40 ± 
0.03a 

0.77 ± 
0.01b 

9.53 ± 
0.02b 

11.78 ± 2.8a 12.17 ± 
0.04c 

F2 6.46 ± 

0.04a  
0.71 ± 

0.01d  

8.31 ± 

0.01d 

13.47 ± 

2.98a 

17.54 ± 

0.06a 
F3 6.02 ± 

0.02b 

0.81 ± 

0.00a 

9.74 ± 

0.01a 

11.15 ± 

0.41b 

8.07 ± 

0.07d 

F4 5.95 ± 
0.01c 

0.73 ± 
0.00c 

9.45 ± 
0.01c 

10.79 ± 
0.54ab 

15.33 ± 
0.06b 

Values are expressed as mean ± standard deviation (n=3). 
a-c Mean values with different superscript letters within the column 
are significantly different (p<0.05). 

Formulations: F1: Milk chocolate filled with ganache (without sacha 

inchi); F2: Milk chocolate filled with 10% sacha inchi ganache; F3: 
Dark chocolate filled with ganache (without sacha inchi); F4: Dark 

chocolate filled with 10% sacha inchi ganache. 

 

Water activity of milk and dark chocolates filled with 

sacha inchi ganache 

The water activity (Aw) of milk and dark chocolates 

filled with sacha inchi ganache are shown in Table 3. 

Results showed that the addition of sacha inchi ganache 

decreased significantly (p<0.05) the Aw of milk and 

dark chocolates (Aw 0.71 – 0.73) compared to the 

chocolates without sacha inchi ganache (Aw 0.77 – 

0.81). Overall, milk chocolate filled with sacha inchi 
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ganache had the lowest Aw (p<0.05) compared to the 

other formulations. The Aw value for all chocolate 

formulations are above 0.70. A previous study showed 

that white chocolate ganache formulations contained 

an Aw value within the range of 0.71 – 0.72 (Izzreen et 

al., 2022). Confectionery products with high Aw (above 

0.70) encourage the growth of fungi during storage 

(Barbosa-Cánovas et al., 2020). For example, 

mycotoxigenic Aspergillus (fungi) most can adapt in 

an environment with reduced Aw of confectionery 

products (less than 0.80). Some species of xerophilic 

fungi and osmophilic yeasts can grow at Aw ranging 

from 0.60 to 0.70. Mycotoxin production by certain 

fungi requires a minimum Aw of 0.80 (Beuchat et al., 

2013). Xerophilic moulds (Aspergillus chevalieri, A. 

Candidus and Wallemia sebi) are microorganisms that 

can grow in several types of foods (chocolate fudge, 

snack bars, nuts, some dried fruits and raw cane sugar) 

within the range value of water activity (0.65 – 0.75) 

(Beuchat et al., 2013). Therefore, it can be expected 

that xerophilic moulds could grow in the dark and milk 

chocolates filled with sacha inchi nut ganache during 

storage. 

 

Moisture content of milk and dark chocolates filled 

with sacha inchi ganache 

Table 3 shows the moisture content of milk and dark 

chocolates filled with sacha inchi ganache. Results 

showed that incorporating sacha inchi ganache 

decreased significantly (p<0.05) the moisture content 

of milk and dark chocolates. Formulation 2 reported the 

lowest moisture content (8.31 ± 0.01%), followed by 

formulation 4 (9.45 ± 0.01%), formulation 1 (9.53 ± 

0.02%) and formulation 3 (9.74 ± 0.01%). Overall, 

dark chocolate filled with ganache (without sacha 

inchi) obtained the highest values of water activity and 

moisture content. Amevor et al. (2018) reported that 

the partial replacement of cocoa powder with different 

concentrations of cashew nut (75% and 90%) 

decreased the moisture content (p<0.05) of chocolate 

spread (1.00 and 0.90%, respectively) compared to the 

control (100% cocoa powder without cashew nut) with 

a moisture content of 1.40%. The sacha inchi nuts are 

roasted to eliminate the antinutrients and bitter taste 

flavour as well as increase the antioxidant activity 

before incorporating into the ganache (Bueno-Borges 

et al., 2018). According to Tiefenbacher (2017), the 

roasting process can preserve the sacha inchi by 

deactivating enzymes and reducing the moisture 

content to inhibit the growth of fungi and bacteria. 

Moisture content is one of the essential characteristics 

in determining the shelf life of food products (Yanti et 

al., 2022). Therefore, the moisture content of dark and 

milk chocolates can be reduced significantly by 

incorporating sacha inchi ganache as a filling. 

 

Texture of milk and dark chocolates filled with sacha 

inchi ganache 

Table 3 shows the hardness of milk and dark chocolates 

filled with sacha inchi ganache. Results showed that no 

significant (p>0.05) were observed in the hardness 

values (10.79 – 13.47 N) of chocolates incorporated 

with sacha inchi ganache compared to the control 

samples. Seçuk & Seçim (2022) found that there was 

no statistically significant difference in the hardness 

(4.1 – 4.2 N) of bitter chocolate filled with chilli pep-

pers (powdered and seed oil) ganache and control sam-

ple (bitter chocolate without chilli pepper ganache) 

during storage for 15 days at 16 - 18°C. However, no 

similarity in the hardness values of the chocolate sam-

ples was found between the present study with Seçuk 

& Seçim (2022) due to the differences in the tempera-

tures, operation of the texture equipment during meas-

urement, chocolate mould and preservatives or addi-

tional ingredients used in the chocolate formulation 

(Seçuk & Seçim, 2022). Generally, the texture and ap-

pearance of chocolate are major attributes in the sen-

sory acceptability of the consumer (Afoakwa, 2010). 

Therefore, milk and dark chocolates filled with sacha 

inchi ganache have similar hardness values to control 

samples. 

 

Crude fibre of milk and dark chocolates filled with 

sacha inchi ganache 

The crude fibre content of milk and dark chocolates 

filled with sacha inchi ganache are presented in Table 

3. Results showed that the addition of sacha inchi 

ganache increased significantly (p<0.05) the crude 

fibre content of milk and dark chocolates compared to 

control samples. Formulation 2 showed the highest 

crude fibre content (17.54 ± 0.06%) followed by 

formulation 4 (15.33 ± 0.06%), formulation 1 (12.17 ± 

0.04%) and formulation 3 (8.07 ± 0.07%). The increase 

in the crude fibre content of chocolate formulations (F2 

and F4) is due to the high amount of fibre present in 

sacha inchi which ranged from 6.59 - 13.86 g/100 g 

(Goyal et al., 2022; Kyaw et al., 2019). Takeyama & 

Fukushima (2013) reported that sacha inchi contains 

total dietary fibre (about 81%), which consists of 

insoluble dietary fibre (72.4%) and soluble dietary 

fibre (9.0%). In addition, the mixtures of 10% Cyperus 

esculentus nuts and 40% sweet potato to replace 50% 

wheat flour significantly increased the fibre content of 

the biscuit formulation (2.58%) compared to the biscuit 

made with 100% wheat flour (1.77%) (Ani, 2021). 

Kaczmarczyk et al. (2012) stated that the daily intake 

of fibre from food can lower the risk of serious health 

problems, such as obesity, heart problems, diabetes, 

and colon cancer. Therefore, adding sacha inchi into 

ganache as a filling significantly increases the crude 

fibre content of milk and dark chocolates. 
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Total phenolic content (TPC) of milk and dark 

chocolates filled with sacha inchi ganache 

Table 4 shows the total phenolic content of milk and 

dark chocolates filled with sacha inchi ganache. 

Adding sacha inchi ganache as a filling increased 

significantly (p<0.05) the total phenolic content of the 

milk and dark chocolates compared to the control 

samples. A previous study by Goyal et al. (2022), 

Carillo et al. (2018) and Chirinos et al. (2013) reported 

that sacha inchi seed contains higher phenolic content 

(64.8 – 91.5 mg GAE/100 g) than the sacha inchi oil 

(6.20 mg GAE/100 g). Dark chocolate filled with sacha 

inchi ganache obtained the highest total phenolic 

content (12.21 ± 0.68 mg GAE/g) compared to other 

chocolate formulations (3.57 ± 0.26 - 10.54 ± 0.21 mg 

GAE/g). According to Toker et al. (2018), the total 

phenolic content of dark chocolate ranges from 12 - 15 

mg GAE/g. Previous authors reported that the total 

phenolic content of dark chocolate (578.64 ± 5.04 mg 

CAE/100 g chocolate) is higher than that of milk 

chocolate (160.46 ± 6.58 mg CAE/100 g chocolate). A 

similar finding by Miller et al. (2008) reported that the 

content of cocoa polyphenols, especially flavanols in 

dark chocolate, are five times higher than milk 

chocolate. This result has been linked to the amount of 

cocoa liquor used in the chocolate formulation. A high 

amount of cocoa liquor used in the dark chocolate 

formulation contributed to the higher phenolic content 

than milk chocolate. Therefore, dark chocolate filled 

with sacha inchi ganache contains the highest phenolic 

content compared to other chocolate formulations. 

 

Table 4: Total phenolic content and free radical 

scavenging activity of milk and dark chocolate filled 

with sacha inchi nut ganache 

Formulation Total phenolic 

content (mg 

GAE/g) 

Free radical 

scavenging 

activity (%) 

F1 3.57 ± 0.26d 76.05 ± 1.29d 

F2 4.27 ± 0.18c 79.41 ± 1.32c 

F3 10.54 ± 0.21b 88.04 ± 0.31b 

F4 12.21 ± 0.68a 90.42 ± 0.30a 

Values are expressed as mean ± standard deviation (n=3). 
a-d Mean values with different superscript letters within the column 

are significantly different (p<0.05). 

Formulations: F1: Milk chocolate filled with ganache (without sacha 
inchi); F2: Milk chocolate filled with 10% sacha inchi ganache; F3: 

Dark chocolate filled with ganache (without sacha inchi); F4: Dark 

chocolate filled with 10% sacha inchi ganache. 

 

Radical scavenging activity of milk and dark 

chocolates filled with sacha inchi ganache 

Table 4 shows the DPPH radical scavenging activity of 

milk and dark chocolates filled with sacha inchi 

ganache. Results showed that incorporating sacha inchi 

ganache significantly enhanced (p<0.05) the 

antioxidant activity of milk and dark chocolates. Dark 

chocolate filled with sacha inchi ganache had the 

highest (p<0.05) antioxidant activity (90.42 ± 0.30) 

compared to other chocolate formulations (76.05 ± 

1.29% - 88.04 ± 0.31%). Several previous studies 

reported that sacha inchi exhibits antioxidant activity 

due to the polyphenolic compounds, phytosterols and 

tocopherols (Rodzi & Lee, 2022; Keawkim et al., 

2021). The DPPH radical scavenging assay is used to 

determine the antioxidant activity of food products 

based on the mechanism of single electron transfer 

(Kittibunchakul et al., 2022). Generally, antioxidants 

are found in certain foods and may prevent oxidative 

damage by donating an electron to free radicals, 

thereby reducing their reactivity (Beckett, 2019). The 

present study found that dark chocolate filled with 

sacha inchi ganache had the highest antioxidant 

activity. Based on the result, dark chocolate samples 

(with or without sacha inchi ganache) reported a higher 

antioxidant activity than the milk chocolate 

formulations. Dark chocolate has a higher antioxidant 

capacity than milk chocolate due to the polyphenol 

compounds such as catechin, epicatechin, anthocyanin 

and procyanidin (Barišić et al., 2020). It can be 

concluded that sacha inchi ganache increases the 

antioxidant activity of milk and dark chocolates. 

 

Sensory evaluation of milk and dark chocolates filled 

with sacha inchi ganache 

The mean scores for each attribute of milk and dark 

chocolate formulations are presented in Error! Refer-

ence source not found..  

 

Table 5: Mean scores for each sensory attribute of 

milk and dark chocolates filled with sacha inchi 

ganache 

Attribute 
Formulation 

F1 F2 F3 F4 

Glossiness 5.16 ± 

1.30a 

5.38 ± 

1.28a 

5.63 ± 

1.16a 

5.54 

± 

1.15a 

Texture 5.67 ± 

1.19a 

5.36 ± 

1.32ab 

5.57 ± 

1.20ab 

4.91 

± 

1.44b 

Smoothness 5.8 ± 

1.11a 

5.28 ± 

1.43ab 

5.57 ± 

1.07ab 

4.89 

± 

1.37b 

Aroma 5.6 ± 

1.21a 

5.27 ± 

1.36a 

5.41 ± 

1.16a 

5.21 

± 

1.40a 

Bitter Taste 5.00 ± 

1.64a 

4.83 ± 

1.61a 

5.11 ± 

1.21a 

5.08 

± 

1.48a 

Sweetness 5.09 ± 

1.83a 

5.04 ± 

1.54a 

4.98 ± 

1.18a 

4.88 

± 

1.34a 
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Bitter Af-

tertaste 

5.11 ± 

1.51a 

4.88 ± 

1.60a 

5.11 ± 

1.43a 

4.50 

± 

1.71a 

Overall Ac-

ceptance 

5.48 ± 

1.19a 

5.07 ± 

1.51a 

5.56 ± 

1.16a 

5.04 

± 

1.55a 
Values are expressed as mean ± standard deviation (n=45). 
a-b Mean values with different superscript letters within the row are 
significantly different (p<0.05). 

Formulations: F1: Milk chocolate filled with ganache (without sacha 

inchi); F2: Milk chocolate filled with 10% sacha inchi ganache; F3: 
Dark chocolate filled with ganache (without sacha inchi); F4: Dark 

chocolate filled with 10% sacha inchi ganache. 

 

The mean scores for the overall acceptability of 

the milk and dark chocolate formulations were 5.04 - 

5.56 based on the seven-point hedonic scale. Results 

showed that the mean scores for overall acceptability 

of the milk and dark chocolate formulations corre-

sponded to “like”. Results showed no statistically sig-

nificant differences in overall acceptance, bitter after-

taste, sweetness, bitter taste, aroma and glossiness of 

all chocolate formulations (p>0.05). This suggested 

that adding sacha inchi ganache as filling did not affect 

the sensory attributes of the milk and dark chocolates 

compared to control samples. However, formulation 4 

(dark chocolate filled with sacha inchi ganache) 

received the lowest attribute scores for texture (4.911) 

and smoothness (4.889), which corresponded to 

“neither dislike nor like”. Meanwhile, panellists gave 

the highest scores for texture and smoothness of milk 

chocolate (with or without the addition of sacha inchi 

ganache) in the range of 5.278 - 5.822 (corresponding 

to like) due to the incorporation of milk-based 

ingredients that contributed to the softness of milk 

chocolate (Lapčíková et al., 2022). Due to the strong 

bitter taste, sacha inchi seeds are roasted before con-

sumption, leading to the removal of antinutrients 

(Bueno-Borges et al., 2018). As a result, sensory 

attributes (bitter taste and bitter aftertaste) of milk and 

dark chocolates with sacha inchi ganache received 

similar scores (p>0.05) compared with control 

samples. Therefore, all chocolate formulations have 

similar sensory qualities in terms of glossiness, aroma, 

bitter taste, sweetness, bitter aftertaste, and overall 

acceptance. However, adding sacha inchi ganache as a 

filling lowers the mean score for texture and 

smoothness of milk and dark chocolates. 

 

CONCLUSIONS 

 

The present study evaluated the impact of sacha inchi 

ganache as filling on the quality (physicochemical, 

total phenolic content and antioxidant activity) and 

sensory attributes of milk and dark chocolates. At the 

same time, milk and dark chocolates filled ganache 

without sacha inchi were used as control samples. The 

obtained results concluded that sacha inchi ganache 

decreases moisture and water activity, which might 

prolong the shelf life of milk and dark chocolates. 

Furthermore, milk and dark chocolates filled with 

sacha inchi ganache obtained higher total phenolic 

content and antioxidant activity than the control 

samples. Overall, dark chocolate filled with sacha inchi 

ganache was selected as the best formulation in terms 

of health benefits based on the highest total phenolic 

content and antioxidant activity compared to other 

chocolate samples. Sensory attributes (glossiness, 

aroma, bitter taste, sweetness, bitter aftertaste and 

overall acceptance) of milk and dark chocolates filled 

with sacha inchi ganache obtained similar scores with 

control samples. In conclusion, sacha inchi ganache 

can be used as a functional filling base to improve the 

crude fibre, total phenolic content and antioxidant 

activity of milk and dark chocolates, which panellists 

prefer.  

 

ACKNOWLEDGMENT 

 

The authors express their appreciation to the Director 

General of the Malaysian Cocoa Board, the Deputy Di-

rector General of R&D, the Director of Biotechnology, 

and the Director of Cocoa Downstream Technology for 

providing laboratory facilities and financial support for 

this research study. This investigation was supported 

by a grant from the Development Fund of the 12th Ma-

laysian Plan (2021-2025) under RMK-12: PTJ120712. 

The authors wish to thank all who have directly and in-

directly contributed to our project. 

 

REFERENCES 

 

Abdul Halim, H. S. A., Selamat, J., Mirhosseini, S. H. 

& Hussain, N. (2019). Sensory preference and 

bloom stability of chocolate containing cocoa 

butter substitute from coconut oil. Journal of the 

Saudi Society of Agricultural Sciences, 18(4): 

443-448. 

Adamson, G. E., Lazarus, S. A., Mitchell, A. E., Prior, 

R. L., Cao, G., Jacobs, P. H., Kremers, B. G., 

Hammerstone, J. F., Rucker, R. B., Ritter, K. A. 

& Schmitz, H. H. (1999). HPLC method for the 

quantification of procyanidins in cocoa and 

chocolate samples and correlation to total anti-

oxidant capacity. Journal of Agricultural and 

Food Chemistry, 47(10): 4184-4188. 

Afoakwa, E. O. (2010). Chocolate Science and Tech-

nology. 1st ed. Oxford. Wiley-Blackwell. 

Afoakwa, E. O., Paterson, A. & Fowler, M. (2007). 

Factors influencing rheological and textural 

qualities in chocolate - A Review. Trends in 

Food Science & Technology, 18(6): 290-298. 



Malaysian Cocoa Journal 2023, Vol. 15(2) 

 

44 
 

Amevor, P. M., Laryea, D. & Barimah, J. (2018). Sen-

sory evaluation, nutrient composition and mi-

crobial load of cashew nut–chocolate spread. 

Cogent Food & Agriculture, 4(1): 1480180. 

Aminah, A. (2004). Prinsip Penilaian Sensori. 

Penerbit Universiti Kebangsaan Malaysia. 

Ani, C. P. (2021). Production, sensory and proximate 

evaluation of biscuit from blends of wheat, 

sweet potatoes and tiger nut flour. International 

Journal of Applied Chemical and Biological 

Sciences, 2(4): 111-117. 

AOAC (2000). Official methods of analysis (Vol. II 

17th edition) of AOAC international. Associa-

tion of Official Analytical Chemists (Method 

Nos: 920.39, 920.87, 923.03, 925.10, 962.09, 

974.24 and 985.35). 

Barbosa-Cánovas, G. V., Fontana, Jr., A. J., Schmidt, 

S. J. & Labuza, T. P. (2020). Water Activity in 

Foods: Fundamentals and Applications. 1st ed. 

New Jersey. Wiley. 

Barišić, V., Kopjar, M., Jozinović, A., Flanjak, I., 

Ačkar, Đ., Miličević, B., Šubarić, D., Jokić, S. 

& Babić, J. (2019). The chemistry behind choc-

olate production. Molecules, 24(17): 3163. 

Barišić, V., Stokanović, M. C., Flanjak, I., Doko, K., 

Jozinović, A., Babić, J., Šubarić, D., Miličević, 

B., Cindrić, I. & Ačkar, Đ. (2020). Cocoa shell 

as a step forward to functional chocolates - Bi-

oactive components in chocolates with different 

composition. Molecules, 25(22): 5470. 

Beckett, S. T. (2019). The Science of Chocolate. 3rd ed. 

London. The Royal Society of Chemistry. 

Beckett, S. T. (2008). The Science of Chocolate. 2nd 

ed. London. The Royal Society of Chemistry. 

Benzie, I. F. F. & Strain, J. J. (1996). The ferric reduc-

ing ability of plasma (FRAP) as a measure of 

“antioxidant power”: The FRAP assay. Analyti-

cal Biochemistry, 239(1): 70-76. 

Beuchat, L. R., Komitopoulou, E., Beckers, H., Betts, 

R. P., Bourdichon, F., Fanning, S., Joosten, H. 

M. & Ter Kuile, B. H. (2013). Low–water ac-

tivity foods: Increased concern as vehicles of 

foodborne pathogens. Journal of Food Protec-

tion, 76(1): 150-172. 

Biswas, N., Cheow, Y. L., Tan, C. P. & Siow, L. F. 

(2017). Physical, rheological and sensorial 

properties, and bloom formation of dark choco-

late made with cocoa butter substitute (CBS). 

LWT - Food Science and Technology, 82: 420-

428. 

Botelho, P. B., Galasso, M., Dias, V., Mandrioli, M., 

Lobato, L. P., Rodriguez-Estrada, M. T. & Cas-

tro, I. A. (2014). Oxidative stability of func-

tional phytosterol-enriched dark chocolate. 

LWT - Food Science and Technology, 55(2): 

444-451. 

Bueno-Borges, L. B., Sartim, M. A., Gil, C. C., Sam-

paio, S. V., Rodrigues, P. H. V. & Regitano-

D’arce, M. A. B. (2018). Sacha inchi seeds from 

sub-tropical cultivation: Effects of roasting on 

antinutrients, antioxidant capacity and oxidative 

stability. Journal of Food Science and Technol-

ogy, 55(10): 4159-4166. 

Carillo W., Quinteros M.F., Carpio C., Morales D., 

Vásquez G., Álvarez M. & Silva M. (2018). 

Identification of fatty acids in sacha inchi oil 

(Cursive Plukenetia volubilis L.) from Ecuador. 

Asian Journal of Pharmaceutical and Clinical 

Research, 11(2):379–381. 

Chirinos, R., Zuloeta, G., Pedreschi, R., Mignolet, E., 

Larondelle, Y. & Campos, D. (2013). Sacha in-

chi (Plukenetia volubilis): A seed source of pol-

yunsaturated fatty acids, tocopherols, phytoster-

ols, phenolic compounds and antioxidant capac-

ity. Food Chemistry, 141(3): 1732-1739. 

De Clercq, N., Van Coillie, E., Horemans, B., Du-

quenne, B., Vandekerckhove, M., Vlaemynck, 

G., De Meulenaer, B. & Devlieghere, F. (2017). 

Thermal humid treatment of walnuts as poten-

tial preventive measure against fungal contami-

nation of chocolate confectionery fillings. Food 

Control, 73(B): 1144-1148. 

Del-Castillo, Á. M. R., Gonzalez-Aspajo, G., De Fát-

ima Sánchez-Márquez, M. & Kodahl, N. 

(2019). Ethnobotanical knowledge in the Peru-

vian Amazon of the neglected and underutilized 

crop sacha inchi (Plukenetia volubilis L.). Eco-

nomic Botany, 73(2): 281-287. 

Dias, J., Alvarenga, N. & Sousa, I. (2015). Effect of 

hydrocolloids on low-fat chocolate fillings. 

Journal of Food Science and Technology, 

52(11): 7209-7217. 

Espert, M., Hernández, M. J., Sanz, T. & Salvador, A. 

(2021). Reduction of saturated fat in chocolate 

by using sunflower oil-hydroxypropyl methyl-

cellulose based oleogels. Food Hydrocolloids, 

120: 106917. 

García-Alamilla, P., Lagunes-Gálvez, L. M., Barajas-

Fernández, J. & García-Alamilla, R. (2017). 

Physicochemical changes of cocoa beans during 

roasting process. Journal of Food Quality, 

2017: 2969324. 

Ghorghi, Z. B., Yeganehzad, S., Hesarinejad, M. A., 

Faezian, A., Kutsenkova, V., Gao, Z., Nishinari, 

K. & Nepovinnykh, N. (2023). Fabrication of 

novel hybrid gel based on beeswax oleogel: Ap-

plication in the compound chocolate formula-

tion. Food Hydrocolloids, 140: 108599. 

González-Molina, E., Moreno, D. A. & García-Vi-

guera, C. (2008). Genotype and harvest time in-

fluence the phytochemical quality of fino lemon 

juice (Citrus limon (L.) Burm. F.) for industrial 



Malaysian Cocoa Journal 2023, Vol. 15(2) 

 

45 
 

use. Journal of Agricultural and Food Chemis-

try, 56(5): 1669-1675. 

Goyal, A., Tanwar, B., Sihag, M. K. & Sharma, V. 

(2022). Sacha inchi (Plukenetia volubilis L.): 

An emerging source of nutrients, omega-3 fatty 

acid and phytochemicals. Food Chemistry, 

373(B): 131459. 

Gunaratne, T. M., Gonzalez Viejo, C., Gunaratne, N. 

M., Torrico, D. D., Dunshea, F. R. & Fuentes, 

S. (2019). Chocolate quality assessment based 

on chemical fingerprinting using near infra-red 

and machine learning modeling. Foods, 8(10): 

426. 

Indiarto, R., Raihani, Z., Dewi, M. & Zsahra, A. 

(2021). A review of innovation in cocoa bean 

processing by-products. International Journal 

of Emerging Trends in Engineering Research, 

9(8): 1162-1169. 

Izzreen, I., Fisal, A. & Siti Norizah, M. N. (2022). Ef-

fect of hydrocolloids at different concentrations 

on the physicochemical properties and particle 

size distribution of white chocolate ganache. 

Malaysian Cocoa Journal, 14: 173-183. 

Jaćimović, S., Popović-Djordjević, J., Sarić, B., Krstić, 

A., Mickovski-Stefanović, V. & Pantelić, N. Đ. 

(2022). Antioxidant activity and multi-ele-

mental analysis of dark chocolate. Foods, 

11(10): 1445. 

Jalil, M. A. (2022). Sasar Eksport RM14 Bilion Ko-

moditi Koko. https://www.bhar-

ian.com.my/berita/na-

sional/2022/03/938114/sasar-eksport-rm14-bil-

ion-komoditi-koko. Accessed on October 2022 

Kaczmarczyk, M. M., Miller, M. J. & Freund, G. G. 

(2012). The health benefits of dietary fiber: Be-

yond the usual suspects of type 2 diabetes melli-

tus, cardiovascular disease and colon cancer. 

Metabolism, 61(8): 1058-1066. 

Tiefenbacher, K. F. (2017). Wafer and Waffle. 1st ed. 

Massachusetts. Academic Press. 

Keawkim, K., Lorjaroenphon, Y., Vangnai, K. & Jom, 

K.N. (2021). Metabolite - Flavor profile, phe-

nolic content, and antioxidant activity changes 

in sacha inchi (Plukenetia volubilis L.) seeds 

during germination. Foods, 10: 2476. 

Kim, D. S. & Joo, N. (2019). Nutritional composition 

of sacha inchi (Plukenetia volubilis L.) as af-

fected by different cooking methods.  Interna-

tional Journal of Food Properties, 22(1): 1235-

1241. 

Kittibunchakul, S., Hudthagosol, C., Sanporkha, P., 

Sapwarobol, S., Temviriyanukul, P. & Suttisan-

sanee, U. (2022). Evaluation of sacha inchi 

(Plukenetia volubilis L.) by-products as valua-

ble and sustainable sources of health benefits. 

Horticulturae, 8(4): 344. 

Konar, N., Toker, O. S., Oba, S. & Sagdic, O. (2016). 

Improving functionality of chocolate: A review 

on probiotic, prebiotic, and/or synbiotic charac-

teristics. Trends in Food Science & Technology, 

49: 35-44. 

Kyaw, T., New, T., Khaing, M., San, P., Kyaing, K., 

Thet, T. & Htun, E. (2019). Studies on nutri-

tional compositions of sacha inchi seed and 

physicochemical characteristics of sacha inchi 

oil. International European Extended Enable-

ment in Science, Engineering & Management 

(IEEESEM), 7(8): 111-119. 

Lapčíková, B., Lapčík, L., Salek, R., Valenta, T., 

Lorencová, E. & Vašina, M. (2022). Physical 

characterization of the milk chocolate using 

whey powder. LWT – Food Science and Tech-

nology, 154: 112669. 

Lončarević, I., Pajin, B., Fišteš, A., Tumbas Šaponjac, 

V., Petrović, J., Jovanović, P., Vulić, J. & Zarić, 

D. (2018). Enrichment of white chocolate with 

blackberry juice encapsulate: Impact on physi-

cal properties, sensory characteristics and poly-

phenol content. LWT - Food Science and Tech-

nology, 92, 458–464. 

Lončarević, I., Pajin, B., Petrović, J., Nikolić, Maravić, 

N., Ačkar, D., Šubarić, D., Zarić, D. & 

Miličević, B. (2021). White chocolate with re-

sistant starch: Impact on physical properties, di-

etary fiber content and sensory characteristics. 

Molecules, 26(19): 5908. 

Magagna, F., Guglielmetti, A., Liberto, E., Reichen-

bach, S. E., Allegrucci, E., Gobino, G., Bicchi, 

C. & Cordero, C. (2017). Comprehensive chem-

ical fingerprinting of high-quality cocoa at early 

stages of processing: Effectiveness of combined 

untargeted and targeted approaches for classifi-

cation and discrimination. Journal of Agricul-

tural and Food Chemistry, 65(30): 6329-6341. 

Medina-Mendoza, M., Rodriguez-Perez, R. J., Rojas-

Ocampo, E., Torrejon-Valqui, L., Fernandez-

Jeri, A. B., Idrogo-Vasquez, G., Cayo-Colca, I. 

S. & Castro-Alayo, E. M. (2021). Rheological, 

bioactive properties and sensory preferences of 

dark chocolates with partial incorporation of 

sacha inchi (Plukenetia volubilis L.) oil. 

Heliyon, 7(2): e06154. 

Meier, B. P., Noll, S. W. & Molokwu, O. J. (2017). The 

sweet life: The effect of mindful chocolate con-

sumption on mood. Appetite, 108: 21-27. 

Merachli, F., Devienne, J., Delmas, R., Plawinski, L., 

Leal-Calderon, F. & Delample, M. (2021). Im-

pact of cocoa fibers on the stability and rheolog-

ical properties of chocolate ganaches. LWT – 

Food Science and Technology, 139: 110505. 



Malaysian Cocoa Journal 2023, Vol. 15(2) 

 

46 
 

Miller, K. B., Hurst, W. J., Payne, M. J., Stuart, D. A., 

Apgar, J., Sweigart, D. S. & Ou, B. (2008). Im-

pact of alkalization on the antioxidant and fla-

vanol content of commercial cocoa powders. 

Journal of Agricultural and Food Chemistry, 

56(18): 8527-8533. 

Poliński, S., Topka, P., Tańska, M., Kowalska, S., 

Czaplicki, S. & Szydłowska-Czerniak, A. 

(2022). Impact of bioactive compounds of plant 

leaf powders in white chocolate production: 

Changes in antioxidant properties during the 

technological processes. Antioxidants, 11(4): 

752. 

Rad, A., Roudbaneh, M. & Hosseyni, S. (2014). Filled 

chocolate supplemented with lactobacillus par-

acasei. International Research Journal of Ap-

plied and Basic Sciences, 8(11): 2026-2031. 

Razavizadeh, B. M. & Tabrizi, P. (2021). Characteri-

zation of fortified compound milk chocolate 

with microcapsulated chia seed oil. LWT – Food 

Science and Technology, 150: 111993. 

Rodzi, N. A. R. M. & Lee, L. K. (2022). Sacha inchi 

(Plukenetia volubilis L.): Recent insight on phy-

tochemistry, pharmacology, organoleptic, 

safety and toxicity perspective. Heliyon, 8: 

e10572.  

Saglio, A., Bourgeay, J., Socrate, R., Canette, A. & Cu-

velier, G. (2018). Understanding the structure of 

ganache: Link between composition and tex-

ture. International Journal of Gastronomy and 

Food Science, 13: 29-37. 

Seçuk, B. & Seçim, Y. (2022). Development of chili 

pepper ganache filled chocolate in artisan choc-

olate production, determination of sensory and 

physicochemical characteristics. Food Science 

and Technology (Campinas), 42: e01721. 

Selvasekaran, P. & Chidambaram, R. (2021). Ad-

vances in formulation for the production of low-

fat, fat-free, low-sugar, and sugar-free choco-

lates: An overview of the past decade. Trends in 

Food Science & Technology, 113: 315–334. 

Takeyama, E. & Fukushima, M. (2013). Physicochem-

ical properties of Plukenetia volubilis L. seeds 

and oxidative stability of cold-pressed oil (green 

nut oil). Food Science and Technology Re-

search, 19(5): 875–882. 

Talbot, G. (2009). Caramels, fondants and jellies as 

centres and fillings. In W. P. Edwards (Ed.), 

Science and technology of enrobed and filled 

chocolate, confectionery and bakery products 

(pp. 123-151). Woodhead Publishing. 

Tiefenbacher, K. F. (2017). Wafer and Waffle. 1st ed. 

Massachusetts. Academic Press. 

Toker, O. S., Konar, N., Palabiyik, I., Pirouzian, H. R., 

Oba, S., Polat, D. G., Poyrazoglu, E. S. & Sag-

dic, O. (2018). Formulation of dark chocolate as 

a carrier to deliver eicosapentaenoic and do-

cosahexaenoic acids: Effects on product quality. 

Food Chemistry, 254: 224-231. 

Wahyuni, N. L., Yuwono, S. S., Mahatmanto, T., 

Fathuroya, V. & Sunarharum, W. B. (2021). 

Chemical characteristics of Indonesian single-

origin cocoa beans and the effect of tempering 

treatments on dark chocolate - a preliminary 

study. IOP Conference Series: Earth and 

Environmental Science, 924(1): 012026. 

Wolosiak, R., Druzynska, B., Piecyk, M., Worobiej, E., 

Majewska, E. & Lewicki, P. P. (2011). Influ-

ence of industrial sterilisation, freezing and 

steam cooking on antioxidant properties of 

green peas and string beans. International Jour-

nal of Food Science & Technology, 46(1): 93-

100. 

Wybauw, J. P. (2010). Fine Chocolates, Great Experi-

ence 3: Extending Shelf Life. 1st ed. Tielt. Lan-

noo Publishers. 

Yanti, S., Agrawal, D. C., Saputri, D. S., Lin, H. Y. & 

Chien, W. J. (2022). Nutritional comparison of 

sacha inchi (Plukenetia volubilis) residue with 

edible seeds and nuts in Taiwan: A chromato-

graphic and spectroscopic study. International 

Journal of Food Science, 2022: 9825551. 

Yanus, R. L., Sela, H., Borojovich, E. J., Zakon, Y., 

Saphier, M., Nikolski, A., Gutflais, E., Lorber, 

A. & Karpas, Z. (2014). Trace elements in co-

coa solids and chocolate: An ICPMS Study. Ta-

lanta, 119: 1-4. 

Yeo, Y. Y. & Thed, S. T. (2022). Product development 

of passion fruit and citrus peel dark chocolate. 

Food Research, 6(Suppl. 1): 41-44. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


