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Abstract Cold cocoa (chocolate) drink is highly in de-

mand in tropical countries, especially in the cocoa-pro-

ducing regions. Due to a relatively high fat content and a

strong structure of cocoa powder particle, the solubility of

cocoa powder in a relatively low temperature of water is

low. A method that can create easily dissolved powder in

relatively low temperature of water is highly desired by

cocoa beverage producers. The objective of this study was

to investigate the performance of a laboratory-scale steam

jet agglomerator that was used to produce instanised cocoa

drink powder with a higher solubility. In this study, two

experimental variables, namely drying duration and sta-

biliser/sweetener addition, were used. Three drying dura-

tions, namely 4, 6 and 8 h, were applied. Cocoa powder

(60%) was mixed with maltodextrin (40%). For other

samples, cocoa powder (55%) was mixed with a sweetener

(45%). Sucrose, coconut sugar and mixture of sucrose and

coconut sugar was used as sweeteners. The results showed

that the solubility of the cocoa powder mixed with coconut

sugar was the highest. All samples exhibited good flowa-

bility and cohesiveness. The fineness modulus of the

agglomerated samples was higher than that of the raw

ingredients. The colour of the cocoa drink powders for-

mulated with maltodextrin had propensity to be the

brightest. In addition, samples with maltodextrin exhibited

significantly low moisture content. The results presented

that steam jet agglomerator has potential to improve the

most important quality parameters of the cocoa drink

powder.
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Introduction

In the cocoa-producing countries, the popularity of cold

cocoa drinks is increasing due to relatively a higher tem-

perature. Conventionally, cocoa powder has to be brewed

first with hot water to dissolve the cocoa particles, prior to

the addition of ice cube. Hot water is required since the fat

content of cocoa powder is relatively high, in the range of

10–20%. The fat content affects the solubility rate of the

powder (Codex Alimentarius International Food Standars

2001). In the case of low solubility, the cocoa powder

particles quickly settle and form a sediment (Stancioff et al.

1968). In the previous studies, to increase the dispersibil-

ity, stabilisers, such as carrageenan, microcrystalline cel-

lulose (MCC), hydrocolloids and starches, and soya lecitin

were added (Stancioff et al. 1968); Dogan et al. 2011;

Selamat et al. 1998). Nevertheless, these ingredients cannot

easily be bought by small–medium-scale cocoa drink pro-

ducers in cocoa-producing countries.

Agglomeration process using hot steam is expected to be

the solution (Omobuwajo et al. 2020). The agglomeration

process using hot steam forms a capillary structure that

makes it easier for water to enter the powder. This

increases the solubility of cocoa powder (Omobuwajo et al.

2020). The agglomeration process is carried out by wetting
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the powder at high temperatures to increase the adhesion

between particles. This adhesion forms a bridge and leads

to the formation of larger particles (Knight 2001). Relying

on the type of liquid used, the bridge will harden by drying

or cooling to form a sturdy bridge (Tan et al. 2006).

Agglomeration has been widely used in food processing

to improve the reconstitution properties of food powders

(Vissotto et al. 2010), e.g. wettability, sync ability, dis-

persibility and solubility. The main applications of this are

commonly found in instant drink powders (instant coffee,

powdered milk, cocoa-based drink), instant soup, flour,

spices, etc. (Dhanalakshmi et al. 2011; Kyaw Hla and

Hogekamp 2001).

Agglomeration can be carried out in various ways

depending on physical and chemical properties, average

particle size of materials and products, thermal sensitivity

and special properties requirements such as instant solu-

bility and flowability (Dhanalakshmi et al. 2011).

Agglomeration technology continues to develop, such as

the use of spray drying in dairy products (Vega et al. 2006)

and fluid bed agglomeration in making soy protein

(Dacanal and Menegalli 2010). It has been studied in

previous works that agglomeration in the manufacture of

cocoa beverage powder can use the steam agglomeration

method (Vissotto et al. 2010, 2014; Kyaw Hla and Hoge-

kamp 2001; Diasti et al. 2019), thermal process agglom-

eration (Omobuwajo et al. 2020) and fluidised bed

agglomeration (Kowalska and Lenart 2005).

In fact, in the cocoa-producing countries, a small-scale

steam agglomerator is not easy to buy. Therefore, the

purpose of this research was to investigate the performance

of a steam jet agglomerator that was designed and con-

structed in the laboratory. The result of the preliminary

study revealed the efficiency of the agglomerator in

increasing the solubility of cocoa powder (Luthfiyah et al.

2019).

In this study, steam jet agglomerator was applied to

make cocoa drink with the addition of other ingredients.

Maltodextrin, sucrose and coconut sugar were mixed with

cocoa powder to create unique taste and character of cocoa

drink. Maltodextrin was added to give a distinctive

mouthfeel (Kowalska and Lenart 2005; Featherstone

2015), while coconut sugar was added to create unique

flavour (Saputro et al. 2020, 2019, 2018; Saputro et al.

2017a, b, c; Saputro et al. 2017a, b, c). The quality

parameters of cocoa powder studied were physical prop-

erties (moisture content, density, colour, fineness modulus,

average particle size), instant properties (solubility and

dispersibility) and flow properties (cohesiveness and

flowability).

Materials and Methods

Raw Materials

The ingredients used in this experiment consisted of cocoa

powder with fat content of 11% (Chockles, Yogyakarta,

Indonesia), maltodextrin with dextrose equivalent (DE) of

10–15% (Intisari, Yogyakarta, Indonesia), coconut sugar

(sucrose content of 90–95%) and sucrose with purity of

99.9% (PT. Pondasi Inti Sejahtera, Yogyakarta, Indonesia).

A steam jet agglomerator was designed and manufac-

tured on a laboratory scale. The capacity of the steam jet

agglomerator is about 6 kgs per hour. The machine consists

of a hopper, a screw conveyor, a steam pipe, a steam

opening valve, a screw conveyor, a speed control box, a

steam boiler, a manometer and a water indicator to see the

water level in the boiler. These parts can be clearly seen in

Fig. 1. The hot steam produced by the boiler was flowed

into the agglomeration zone. To maintain the speed of

material flow, raw materials were fed into the agglomera-

tion zone through a hopper and a screw conveyor for a

certain time.

Sample Preparation

Cocoa drink powder was produced from cocoa powder (fat

content of 11%) with the addition of maltodextrin (M),

sucrose (S) and/or coconut sugar (P). The proportion of

sugar and cocoa powder was 45% and 55%, respectively.

In this study, three types of sugar, namely sucrose, coconut

sugar and mixture of sucrose (50%) and coconut sugar

(50%), were used. In the case maltodextrin was added, the

proportion of maltodextrin and cocoa powder was 40% and

60%, respectively. The codes of the samples can be seen in

Table 1.

Fig. 1 Schematic image of a laboratory-scale continuous-type steam

jet agglomerator
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The ingredients were mixed in a mixer (Sybo B7, China)

for 4 min and stirred with a speed of 58 rpm to obtain a

homogeneous mixture. Afterwards, the mixture was pro-

cessed in the steam jet agglomerator. The temperature of

the steam was about 80–95 �C, and the pressure was about

1 bar. Wet cocoa drink powder, as the result of the

steaming process, was dried using a drying-oven (Mem-

mert 30–1060, Germany) at 80 �C with three levels of

drying time, namely 4, 6, and 8 h.

Analytical Methods

Physical Properties

Moisture Content Moisture content of the sample was

determined using an oven (Memmert ULM400, Germany),

following a thermogravimetric method. Sample was dried

at 105 �C until the sample weight was constant (Diasti

et al. 2019; Dyaningrum et al. 2019). Observations were

made in triplicate.

Colour Colour of the sample was determined using a

Chromameter (Minolta CR-400, Japan) with CIE L * C * h

approach. The cocoa powder sample was perfectly levelled

using a spatula in the sample box before the measurement

(Diasti et al. 2019; Dyaningrum et al. 2019). Observations

were made in triplicate.

Density Bulk and tapped density was calculated by put-

ting cocoa powder into 10 ml measuring cups (Setiadi et al.

2021). After that, the cocoa powder was weighed. Bulk

density was determined by dividing the sample’s mass with

the sample’s volume. For tapped density, the measuring

cups were tapped for 5 times. Measured mass and volume

were used for the calculation. This method was used

according to Shittu and Lawal (2007) with slight modifi-

cation. Observations were made in triplicate.

Fineness Modulus and Average of Particle Diame-

ter Fineness modulus (FM) and average of particle

diameter (D) were measured using a Tyler sieve (Hard-

iyanto et al. 2021). The sieving was carried out using a

vibrator for 5 min and mesh sizes of 4, 8, 14, 30, and 50.

The fineness modulus was determined by dividing the

number of fractions stayed in each sieve divided by 100.

The particle size was calculated using Eqs. 1 and 2.

Observations were made in triplicate.

FM ¼
P

X oversize kumulatif

100
ð1Þ

D mmð Þ=0.004ð2ÞFM ð2Þ

Instant Properties

Solubility Solubility test was done by dissolving cocoa

powder in distilled water (10 ml). The mixture was stirred

using a magnetic stirrer (Adventec SRS710HA, Japan) in a

250-ml beaker glass for 5 min at room temperature. In

order for the particles to be suspended, the sample was

deposited using a centrifuge (Kokusan H-27 F, Japan) at a

speed of 5000 rpm for 15 min. Furthermore, the super-

natant was removed and the precipitate was dried at ±

105 �C for 24 h (Dyaningrum et al. 2019). Solubility was

calculated with Eq. 3 as described by Shittu and Lawal

(2007) with a slight modification. Observations were made

in triplicate.

Solubility(%) =
solids in supernatant(1 g - dried solids mass)

solids in solution (1 g)

ð3Þ

Dispersibility Dispersibility was calculated based on the

method made by Jinapong et al. (2008) with a slight

modification. Approximately, 1 g of cocoa powder dis-

solved in 10 ml of distilled water. This dispersion was

mixed using a magnetic stirrer in a 50 ml beaker glass for

15 s. Afterwards, the mixture was separated using a sieve

with a mesh size of 212 lm. The particles that did not pass

were dried in the oven (Memmert 30–1060, Germany) for

4 h at a temperature of ± 105 �C. Dispersibility (%) can

be calculated using Eq. 4. Observations were made in

triplicate.

Dispersibility(%) =
dried solids mass

10 ml aquades+wet solids mass
ð4Þ

Table 1 Codes of cocoa drink powders formulated with maltodextrin, sucrose, and coconut sugar produced using a laboratory-scale steam jet

agglomerator

Ingredients Drying time (hours)

Stabiliser/ sweetener Cocoa powder 4 6 8

M (40%) 60% C4M C6M C8M

S (45%) 55% C4S C6S C8S

P (45%) 55% C4P C6P C8P

S:P, ratio 50%:50% (45%) 55% C4SP C6SP C8SP
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Flow Properties

Flowability Flowability measurement was obtained

through the Carr Index (CI) value (Carr 1965). This value

indicates the ability of a material to plunge or flow freely.

Carr index is obtained from tapped and bulk density values

(Eq. 5). The Carr Index results are classified into flowa-

bility levels. Observations were made in triplicate.

CI ¼
qtapped � qbulk
� �

qtapped
� 100 ð5Þ

Cohesiveness The cohesiveness of the cocoa powder was

assessed using the Hausner ratio (Hausner 1967). This

value shows the level of cohesive force of a material. The

Hausner ratio is calculated using Eq. 6. Furthermore, the

Hausner ratio is classified into the level of cohesiveness.

Observations were made in triplicate.

HR ¼
qtapped
qbulk

ð6Þ

Statistical Analysis

Data were analysed using SPSS 26.0 software. Two-way

analysis of variance (ANOVA) was used to determine the

effect of the variables. Tukey test was chosen to determine

the differences among samples at a significance level of

5%. Principal component analysis (PCA) was performed to

determine the relationship among parameters as well as

samples. Technique analysis for Order Preference by

Similarity to Ideal Solution (TOPSIS) was used as multi-

criteria decision making to determine the best sample.

Criteria selection represented as Cn was arranged based on

the significant influence of parameters on the desirable final

cocoa drink powder. The problem was represented as

decision matrix with corresponding weight vector (wn)

with Cn was placed in column and alternative possible

solution represented as An was placed in row. Parameters

with high weighing value represent the positive ideal

solution, while parameters with low weighing value are the

negative ideal solution which represents lower significance.

Result and Discussion

Relationship Among Independent Variables

and Parameters of Instanised Cocoa Drink

The relationship among variables and parameters obtained

from the continuous steam jet agglomerator performance

test involving drying times (4, 6 and 8 h) and addition of

maltodextrin, coconut sugar and sucrose can be seen in

Fig. 2.

Figure 2 shows that there are two principal components

that are able to explain more than 79% of variance, namely

PC1: 48.49% and PC2: 30.78%. The particle size and

fineness modulus of instanised cocoa drink powder were

inversely related to Hausner number (HR) and Carr index

(CI) values (Fig. 2A). The larger the particle size (due to

the agglomeration process), the smaller the cohesion force

between particles, the smaller the Hausner number (HR)

Fig. 2 PCA loading plot A of physical, instant, flow properties of

cocoa drink powders produced using a laboratory-scale steam jet

agglomerator. PCA score plot B of cocoa drink powders mixed with

maltodextrin, sucrose and coconut sugar produced using a laboratory-

scale steam jet agglomerator
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and Carr index (CI). Therefore, the instanised cocoa drink

powder resulted from steam jet agglomeration was classi-

fied as a free-flowing powder. Gorle and Chopade (2020)

classified the flow character based on Carr index (CI) and

Hausner ratio (HR). Powder which has excellent character

has HR of 1.00–1.11 and CI of B 10. Powder which has

good character has HR of 1.12–1.18 and CI of 11–15.

Powder which has fair character has HR of 1.19–1.25 and

CI of 16–20. Powder which has passable character has HR

of 1.26–1.34 and CI of 21–25. Powder which has poor

character has HR of 1.35–1.45 and CI of 26–31. Powder

which has very poor character has HR of 1.46–1.59 and CI

of 32–37. Powder which has very very poor character has

HR of[ 1.60 and CI of[ 38.

Moreover, Fig. 2A shows that particle diameter and

density tend to have an inverse relationship. Dry cocoa

powder with a large particle size, as the result of the

agglomeration process using hot steam, had a porous

structure. Therefore, at the same volume, dry instanised

cocoa drink powder had a lower density. Furthermore, this

condition increased the solubility value of the instanised

cocoa drink powder. This was also confirmed by the rela-

tionship between solubility and particle size and density in

Fig. 2. Regarding the dispersibility value which shows the

percentage of insoluble cocoa powder, the dispersibility

value was inversely proportional to the solubility value.

In addition, it can be seen in Fig. 2B that regardless of

drying duration, cocoa drink powders with the addition of

maltodextrin (C4M, C6M and C8M) exhibited higher

brightness, CI, HR, dispersibility and density compared to

samples formulated with sucrose and coconut sugar (C4SP,

C6SP, C8SP, C4S, C6S, C8S, C4P, C6P and C8P). Cocoa

drink powders formulated with sucrose and coconut sugar

had higher FM, particle size, solubility and water content

than the ones formulated with maltodextrin (Fig. 2B).

Moreover, it can also be seen in Fig. 2B that cocoa powder

containing coconut sugar produced in the duration for at

least 6 h (C8SP, C8P, C6P and C6SP) exhibited relatively

high solubility, fineness modulus and particle diameter. On

the other hand, they exhibited low bulk density, tapped

density and dispersibility. Aside from these, regardless of

the type of sugars added, cocoa drink powder processed for

4 and 6 h exhibited lower moisture content and higher

dispersibility than that of samples produced for 8 h.

Physical Properties

Moisture Content

Most food in the form of powders have low moisture

content. This condition resulted in a long shelf life (Inti-

punya and Bhandari 2010). The moisture content affects

several powder characteristics, such as particle shape and

size and flowability. Powder flowability decreases as the

moisture content increases. This occurs due to the increase

in the cohesiveness of the powder (Jung et al. 2018). In the

agglomeration process using hot steam, ingredients become

wet so that the water content of the ingredient increases. To

decrease the water content, the drying process is carried

out.

The results showed that cocoa powder formulated with

maltodextrin exhibited significantly lower final moisture

content (p\ 0.05) (Fig. 3) than other samples. Cocoa

powder formulated with maltodextrin contained moisture

less than 0.6%, while cocoa powder formulated with

sucrose, coconut sugar or mixture of sucrose and coconut

sugar contained moisture in the range of 2.2–5.8%. This

phenomenon showed that maltodextrin did not retain water,

so that most of the water is evaporated during drying

process. On the other hand, cocoa powder drinks sweetened

with sucrose and coconut sugar have a higher moisture

content. Icing sucrose and coconut sugar have a tendency

to form lumps due to the presence of amorphous parts,

which are able to absorb moisture at a higher level and at

lower relative humidity (Saputro et al. 2017a, b, c; Saputro

et al. 2019). In general, it seemed that no clear trend was

observed on the influence of drying duration. Nevertheless,

in detail, it can be seen in Fig. 3 that the lowest moisture

contents were measured in the samples dried for 8 h.

Moisture content of cocoa powder mixed with coconut

sugar continuously decreased as the drying duration

increased, from 4 to 8 h. Moisture content of cocoa powder

formulated with sucrose dried for 4 and 6 h were not sig-

nificantly different (p\ 0.05). However, after 8 h of dry-

ing, the moisture content decreased. After 8 h of drying

process, all the samples reached ideal moisture content,

which was below 5%. Based on the Indonesian National

Standard (SNI) for cocoa powder, the maximum moisture

content of cocoa powder is 5% (Indonesian National

Standard (SNI) 2009).
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Fig. 3 Moisture content of dried cocoa drink powders produced using

a laboratory-scale steam jet agglomerator
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Colour Maltodextrin and sweeteners as well as drying

time affected the final colour of the product. The highest L

* value (22.5) was recorded at drying time for 4 h. After-

wards, the L* values had propensity to decrease as the

drying time increased (Table 2). Aside from this observa-

tion, cocoa drink powders formulated with maltodextrin

tended to have higher L * value (in the range of 20.8–22.5)

compared to cocoa drink powders formulated with coconut

sugar (in the range of 18.3–21.6) or sucrose (in the range of

16.7–22.2). This phenomenon was probably due to the

Maillard reaction and caramelisation occurred during the

cocoa drink production, especially in the stage of steaming

and drying. In the Maillard reaction, the reducing sugar

interacts with amino acids, under the influence of heat,

generating a unique aroma profile and a darker colour

(Vissotto et al. 2014; Saputro et al. 2019). Regarding the

value of h and C *, all cocoa drink powders tended to have

comparable values.

Density The lower the density, the longer the time

required for dissolving the powder (Juliano and Barbosa-

Canovas 2010). Bulk density is the density of the material

when it is poured into a container, while tapped density is

the density after the container is shaken (Omobuwajo et al.

2020). Bulk density of cocoa drink powders ranged from

0.34 to 0.45 g/cm3. Tapped density of cocoa drink powders

ranged from 0.40 to 0.50 g/cm3 (Fig. 4). However, no clear

trends were observed. It seemed that maltodextrin and

sugar exhibited comparable impact on the bulk and tapped

density. Compared to the bulk and tapped density of pure

cocoa powder, the bulk and tapped densities of the samples

were slightly lower. In our unpublished results, the bulk

density of pure cocoa powder is 0.47, while the tapped

density of pure cocoa powder is 0.49. This phenomenon

showed that agglomeration using hot steam creates a bigger

and/or porous particles.

Fineness Modulus and Average of Particle Diame-

ter Powder particle size is a major characteristic that

affects some physical properties, e.g. flow, density, solu-

bility, wettability (Cuq et al. 2013). The structure of the

agglomerates is also imperative, because the liquid also has

to wet the agglomerates to attain good dispersibility.

Therefore, the size of the agglomerates should not exceed a

certain range (1–2 mm). If the agglomerate is smaller than

the optimal size, the wetting will take place slowly (Kyaw

Hla and Hogekamp 2001). The degree of fineness is gen-

erally divided into coarse, medium and fine.

It can be seen in Table 3 that fineness modulus (FM) of

the cocoa drink powders before agglomeration process

ranged from 0.0073 to 0.015. Fineness modulus (FM) of

cocoa drink powder formulated with maltodextrin before

agglomeration process was higher (0.015) than cocoa

powder formulated with sucrose (0.009), coconut sugar

(0.009) and mixture of sucrose and coconut sugar (0.007).

However, after drying process, regardless of the drying

duration, Fineness modulus (FM) of cocoa powder for-

mulated with maltodextrin (0.007–0.009) was lower than

cocoa powder formulated with sucrose (0.010–0.033),

Table 2 Colour of cocoa drink powders formulated with maltodex-

trin, sucrose, and coconut sugar produced using a laboratory-scale

steam jet agglomerator

Sample L* h C*

C4M 22.5 ± 0.3f 36.0 ± 0.3bc 21.4 ± 0.1e

C6M 20.8 ± 0.3d 36.5 ± 0.3c 20.5 ± 0.1c

C8M 21.9 ± 0.2ef 36.7 ± 0.1c 21.8 ± 0.0e

C4S 22.2 ± 0.1ef 34.4 ± 0.7ab 21.9 ± 0.2e

C6S 16.7 ± 0.2a 36.1 ± 0.9bc 18.6 ± 0.2b

C8S 19.9 ± 0.2c 37.2 ± 0.6c 20.7 ± 0.4cd

C4P 21.6 ± 0.0e 36.0 ± 0.5bc 21.4 ± 0.3de

C6P 18.4 ± 0.3b 40.4 ± 0.9d 17.8 ± 0.2a

C8P 18.3 ± 0.1b 37.2 ± 0.8c 19.0 ± 0.2b

C4SP 21.8 ± 0.3e 33.9 ± 0.7a 21.9 ± 0.2e

C6SP 16.8 ± 0.1a 37.9 ± 0.6c 17.5 ± 0.2a

C8SP 20.0 ± 0.3c 51.5 ± 0.9e 20.1 ± 0.0c

Different superscripts per parameter indicate significant differences

(p\ 0.05) among samples

c
ab

a
a

a
ac

ab b

b

b
a

0.0

0.1

0.2

0.3

0.4

0.5

4 hours 6 hours 8 hours

M S P SP

B
u
lk

 d
en

si
ty

 (
g
/c

m
³)

Drying time

c
c

a
a

a a
c b b

b

b ab

0.0

0.1

0.2

0.3

0.4

0.5

0.6

4 hours 6 hours 8 hours

M S P SP

T
ap

p
ed

 d
en

si
ty

 (
g
/c

m
³)

Drying time

Fig. 4 Bulk a and tapped b density of cocoa drink powders produced

using a laboratory-scale steam jet agglomerator
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coconut sugar (0.011–0.031) and mixture of sucrose and

coconut sugar (0.012–0.025). This phenomenon might be

due to its lower moisture content of dried cocoa powder

formulated with maltodextrin than the other cocoa powder

samples (Fig. 3). Moisture creates big agglomerates,

resulting in a higher Fineness modulus (FM).

It can also be seen in Table 3 that the average of particle

diameter before agglomeration process for all cocoa pow-

der samples was 0.105 mm. After agglomeration process,

the average of particle diameter of cocoa powder formu-

lated with maltodextrin, sucrose, coconut sugar tended to

be higher. It can be seen in Table 3 that cocoa powder

formulated with maltodextrin, sucrose, coconut sugar and

mixture of sucrose and coconut sugar dried for 6 and 8 h

exhibited particle diameter higher than 0.105 mm. Similar

results were also observed by Jinapong et al. (2008) and

Vissotto et al. (2010), where the particle size of the

agglomerated powder was bigger than the initial ones.

Instant Properties

Solubility

Solubility is the ability of agglomerated particle to dissolve

in a solvent at a certain temperature (Dhanalakshmi et al.

2011; Nurkholisa et al. 2021). Figure 5 shows a signifi-

cantly different solubility values (p\ 0.05) among sam-

ples. Regardless of the drying duration, samples sweetened

with coconut sugar have a higher solubility value (± 60%)

followed by samples formulated with mixture of sucrose

and coconut sugar (± 58%), mixed with sucrose (± 57%)

and formulated with maltodextrin (± 55%), sequentially.

Shittu and Lawal (2007) stated that sugar is the most

significant factor affecting the solubility of cocoa powder

because sugar is the most soluble element. Coconut sugar

consists of relatively high amount of amorphous sugar.

This contributes to the high solubility of cocoa drink

powder (Saputro et al. 2019; Sun et al. 2012). Amorphous

structure in the powder tends to cause more water

absorption.

Dispersibility

Dispersibility describes the ability of a powdered material

to be distributed as particles in a solution. A powder has

good instantaneous characteristics characterised by good

dispersibility even with minimal stirring (Kyaw Hla and

Hogekamp 2001). The results showed that cocoa drink

powder formulated with maltodextrin had higher sus-

pended particles than other samples (Fig. 6). This indicated

that the solubility level of cocoa powder formulated with

maltodextrin was low. The bigger the dispersibility value,

the smaller the solubility value will be.

Flow Properties

Flowability and Cohesiveness

Powdered products usually have too fine (small) particles,

so that the cohesiveness value becomes high and results in

poor flowability of the material (Jinapong et al. 2008).

Geldart et al. (1984) Stated that particulates with HR

higher than 1.4 were cohesive, whereas the ones smaller

than 1.25 were classified as free flowing powders. The

results of this study (Table 4) indicated that the cocoa drink

Table 3 Fineness modulus and average of particle diameter of cocoa drink powder formulated with maltodextrin, sucrose and coconut sugar

produced using a laboratory-scale steam jet agglomerator

Sample FM Average of particle diameter (mm)

Before agglomeration After agglomeration Before agglomeration After agglomeration

C4M 0.015 0.009 0.105 0.105

C6M 0.009 0.106

C8M 0.007 0.105

C4S 0.009 0.010 0.105 0.105

C6S 0.033 0.107

C8S 0.023 0.106

C4P 0.009 0.011 0.105 0.105

C6P 0.031 0.106

C8P 0.020 0.106

C4SP 0.007 0.012 0.105 0.105

C6SP 0.025 0.106

C8SP 0.020 0.106
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powders formulated with maltodextrin, coconut sugar and

sucrose exhibited good and excellent flowability levels.

Low cohesiveness creates a product which is easy to store

and handle (Selamat et al. 1998; Fang et al. 2007).

Determination of the Best Sample in this Study

Determination of the best sample was carried out using

TOPSIS method (Technique for Others, Reference by

Similarity to Ideal Solution) (Krohling and Pacheco 2015).

The percentage of the quality parameters were solubility

(25%), dispersibility (20%), moisture content (10%), fine-

ness modulus (7.5%), average diameter (7.5%), flowability

(7.5%), cohesiveness (7.5%), lightness (7%), hue (2%),

Chroma (2%), bulk density (2%) and tapped density (2%).

Solubility and dispersibility had the highest percentages

since they were the most important parameters, showing

that the laboratory-scale steam jet agglomerator worked

well. The results showed that the highest preference value

of agglomerated cocoa drink powder was the C8P sample

(cocoa drink powder formulated with coconut sugar at 8 h

drying time).

Conclusions

In general, it can be concluded that the use of continuous-

type steam jet agglomerator has improved the major quality

parameter of the cocoa drink powder, namely solubility.

Drying duration and addition of maltodextrin, sucrose and

coconut sugar affected the physical properties (moisture

content, colour, density, fineness modulus and average of

particle diameter), instant properties (solubility, dis-

persibility) and flow properties (flowability, cohesiveness)

of cocoa drink powder. The results of this study indicated

that steam jet agglomerator has potential to be used by

small-to-medium-scale cocoa/coconut entrepreneurs. Nev-

ertheless, to gain a wider understanding, further research

involving more research variables is required.
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Fig. 5 Solubility of cocoa drink powders produced using a labora-
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Fig. 6 Dispersibility of cocoa drink powders produced using a

laboratory-scale steam jet agglomerator

Table 4 Flowability and cohesiveness of cocoa drink powder formulated with maltodextrin, sucrose and coconut sugar produced using a

laboratory-scale steam jet agglomerator

Sample CI Flowability HR Cohesiveness

C4M 14.49 ± 1.39c Good 1.17 ± 0.02d Good

C6M 14.48 ± 2.47c Good 1.17 ± 0.03d Good

C8M 12.56 ± 0.68bc Good 1.14 ± 0.01cd Good

C4S 12.45 ± 0.67bc Good 1.14 ± 0.01cd Good

C6S 7.99 ± 0.15a Excellent 1.09 ± 0.0a Excellent

C8S 11.62 ± 0.48bc Good 1.13 ± 0.01bcd Good

C4P 12.6 ± 1.56bc Good 1.14 ± 0.02cd Good

C6P 10.80 ± 0.20ab Excellent 1.12 ± 0.01abc Good

C8P 10.42 ± 0.72ab Excellent 1.12 ± 0.01abc Good

C4SP 12.87 ± 1.00bc Good 1.15 ± 0.01cd Good

C6SP 8.14 ± 0.24a Excellent 1.09 ± 0.01ab Excellent

C8SP 12.70 ± 0.56bc Good 1.15 ± 0.01cd Good

Different superscripts at the same column indicate significant differences (p\ 0.05) among samples
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