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Abstract— The making of instant brewed coffee using co-crystallization method is strongly influenced by the heating schedule (HS)
applied. Five levels of HS (HS1, HS2, HS3, HS4 and HSS) were studied on the physico-chemical properties of instant coffee of Liberika
Tungkal Jambi. The treatment was applied in a completely randomized design with 4 replications. The coffee was extracted using a
special coffee extractor in a ratio of hot water/coffee powder of 15/1. Parameters observed were moisture content, ash content, pH,
solubility, and total dissolved solids. The data obtained were analyzed using ANOVA and DNMRT at 5% significance. The results
showed that the physico-chemical properties of instant coffee had significant effect on moisture content, pH, solubility, and total
dissolved solids but not on ash content. The optimal HS to produce Liberika Tungkal Jambi instant coffee with good quality was
heating at 1100C in the beginning, followed by 900C at the initiation of crystallization, and 750C when crystal growth (HS3). HS3
produces instant coffee with water content 1.57-1.61%; ash content 6.12-6.16; pH 5.50-5.56; solubility 98.22-98.25; and total dissolved
solids 8.47-8.53% Brix.
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I. INTRODUCTION

Instant drinks are categorized as processed food products in
the form of powder that easily soluble in water, quickly in
serving, and having long shelf life [1, 2]. One simple and
inexpensive technology for producing instant drinks is through
the process of co-crystalization. In this technique, the
crystallization agent commonly used is sucrose. Some
advantages of using sucrose as a coating agent are that they
are relatively cheap, easy to be obtained, quickly dissolved,
relatively stable to heat, not hygroscopic, and have a long
shelf life at room temperature [3].

The making of instant coffee in this study is basically the
same as making instant drinks in general, such as seaweed
instant drinks [4], ginger extract instant functional drinks [5],
soursop leaf pollen instant drinks [6], instant jackfruit seed
drinks [7], instant drink Noni leaf [8, 9], and instant date palm
juice drinks [10].

The making of traditional instant drinks has not
implemented temperature control on a scheduled basis, so that
the quality of the final product produced is not homogeneous,
in fact it often occurs excess caramelization, resulting in a
darker product color. An uncontrolled cooking temperature
can also cause damage to sucrose due to the inversion process.
Sucrose inversion occurs because of high temperatures and an
overly alkaline pH [11].

Intensive stirring is necessary for the production of instant
coffee, especially when the crystallization process begins.
During crystallization, heat is released into the system,
triggering caramelization and sugar inversion. After the
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recrystallization of sugar occurs completely, heat and stirring
are still needed in order to obtain dry crystal granules [12].
Sugar recrystallization traps the mass of coffee that is around
the sugar, therefore the final crystal contains coffee and also
has the taste and aroma of coffee; known as instant coffee.

The crystallization method that uses sugar as its
crystallizing agent is known as co-crystallization [3, 6]. In this
technique sugar acts as a coating material for coffee particles
around it. Sugar recrystallization begins when the
concentration of sucrose in solution is at supersaturated level.
This stage is called the primary nucleation stage. In this
situation, if the solution continues to cool the crystal core
molecules will stick together and grow into larger crystals
(secondary nucleation stage) [13, 2]. When secondary
nucleation starts, primary nucleation will be provoked and the
crystallization process will proceed very quickly.

The purpose of the study was to determine the effect of
heating-schedule (HS) on the physico-chemical properties of
Liberika Tungkal Jambi instant coffee and to determine the
optimal HS that produces the best quality of instant coffee.

II. MATERIAL AND METHODS

A. Material and Equipment

The main material used was coffee grounds, granulated
sugar, and mineral water. Liberika Tungkal Jambi coffee
powder (libtujam) was obtained from Parit Tomo Village,
Betara District, Tanjung Jabung Barat Regency, Jambi
Province. Refined sugar and mineral water was obtained from
a supermarket in the city of Jambi. The main equipment used



was the scale, coffee extractor, thermometer, gas stove, frying
pan, stirrer, blender, refractometer, and glassware for analysis.

B. Methods

Instant coffee was made by the method of co-
crystallization. The crystallizing agent used was sugar at a
concentration of 25%. Coffee extract was made using an
extractor in a ratio of hot water/coffee powder of 15/1. Five
levels of heating schedule (HS) treatment namely HS1, HS2,
HS3, HS4, and HS5 were applied in a completely randomized
design with 4 replications. The parameters observed were the
physico-chemical properties of instant coffee products,
including water content, ash content, pH, solubility, and total
dissolved solids. For the data obtained, analysis of variance
and DNMRT was performed at a confidence level of 95%.

Coffee extract was made using the method of Mursalin et
al. (2018) [14]; 300 gr coffee powder was placed in a coffee
extractor and then added with 3000 ml of 95°C hot water,
stirred for 2 minutes, allowed to stand for 1 minute, then
filtered to separate the pulp with the first extract. Furthermore,
the pulp were added hot water again as much as 1500 ml,
stirred for 1 minute, allowed to stand for 1 minute, then
extracted again until the second extract was obtained. The first
and second extracts were mixed and ready to be used as raw
material for making instant coffee.

The cooking process in making instant coffee was divided
into 5 stages, namely (1) preheating to reach the evaporation
water temperature (100-120°C) and removing some of the
water from the coffee extract; (2) adding sugar to the coffee
extract solution and thickening the mixture until the sugar
concentration was reached at the saturation point (65%); (3)
prevent sugar caramelization by rapidly reducing the cooking
temperature at 90°C; (4) propagating the crystal core
formation by slowly lowering the cooking temperature to
75°C; and (5) allows the growth of the crystal core and at the
same time dries the crystal to produce dispersed granules by
keeping the cooking temperature at 75°C. During the heating,
intensive stirring was carried out. The temperature variation
treatment at each cooking stage (HS) was repeated 4 times. In
detail, the 5 types of HS were presented in Table 1 and the
scheme could be seen in Figure 1.

TABLEI
DETAILS OF THE 5 TYPES OF HS APPLIED
HS, HS, HS; HS, HS:

Time  Temp. Time
Min) (°C)

Temp. Time Temp. Time Temp. Time  Temp.
Min) (°C)  (Min) (°C)  (Min) (°C)  (Min) (°C)

0 28 0 28 0 28 0 28 0 28
9 100 10.5 105 12 110 13.5 115 15 120
29 100 28 105 27 110 26 115 25 120
32 90 31 90 30 90 29 90 28 920
38 75 37 75 36 75 35 75 34 75
53 75 53 75 53 75 53 75 53 75

Note: HS=heating schedule
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Fig. 1 Schematic of 5 types of HS applied

III. RESULT AND DISCUSSION

The effect of HS on the physio-chemical properties of
instant coffee Liberika Tungkal Jambi can be seen in Table 2.

TABLE 2
THE EFFECT OF HS ON THE PHYSIO-CHEMICAL PROPERTIES OF INSTANT
COFFEE LIBERIKA TUNGKAL JAMBI

Total

Heating Water Ash Solubility soluble
content content pH .

schedule (%) (%) (%) solid

(°Brix)
HS1 1.72 a 6.16 550 b 9798 d 8.41 ¢
HS2 1.68 a 6.14 5.54 ab 98.17 ¢ 8.47 b,
HS3 1.61 b 6.13 5.56 ab 9822 b 8.51 ab,c
HS4 1.57 b 6.12 559 a 98.25 ab 8.53 a,b
HSS 143 ¢ 6.12 5.60 a 98.28 a 8.60 a

Note: Numbers followed by different lowercase letters in the same
column have a significant effect on the 5% level according to the
DNMRT test; total soluble solids were measured after instant coffee
powder was dissolved in water in a ratio of 1/10

A. Water Content

Analysis of variance showed that the water content of
instant coffee significantly affected by HS. An increase in
heating temperature tends to reduce the water content of
instant coffee. Further tests with DNMRT showed that
cooking temperatures in the range 110-115°C produce
moisture content (1.57-1.61%), lower than cooking
temperatures 100-105°C  (1.68-1.72%) and higher than
cooking temperatures 120°C (1.61%).

It was found that the higher the cooking temperature was
applied, the lower the water content of instant coffee
produced. Heating caused the evaporation of water, the higher
the temperature applied the more water evaporated. Therefore,
cooking at high temperatures produce instant coffee with low
water content. This was consistent with the statement of
Nilasari et al. (2017) [15] and Fitriani et al. (2013) [16] that
the higher the temperature and/or the longer the cooking time
cause more water evaporate. The evaporation was also caused
by the difference of vapor pressure between water in the
material and water vapor in the air. Water vapor pressure in
the material is generally greater than water vapor pressure in
the air; as consequences, mass transfer of water from the
material to the air had been occured.



B. Ash Content

Ash content indicates mineral and metal content in a
material. The mineral and metal content of ground coffee is
influenced by the location of the coffee plant and does not
change significantly during roasting. The mineral content of
ground coffee is obtained from nutrients absorbed during
growth [17]. Heating schedule had no significant effect on
instant coffee ash content. Instant coffee cooked with a
temperature range of 100-120°C produce ash content in the
range of 6.12-6.16%, has met the SNI standard for instant
coffee (6-14% w/w) [21].

C. pH

Coffee contains several acids that are useful for forming
the distinctive aroma and taste of coffee. The presence of these
acids affects the degree of coffee acidity. Coffee with high
acidity indicates that the coffee has good aroma and taste
quality due to the existence of volatile acid compounds
(forming aroma) and flavor forming acids [18]. Aroma-
forming acids in coffee include formic acid, acetic acid,
propanoic acid, and hexanoic acid. Flavor-forming acids in
coffee include acetic acid, malic acid, citric acid and
phosphoric acid [18].

The pH of coffee ground before being made into instant
coffee was in the range of 5.50-5.60. Analysis of variance
showed that HS treatment had a significant effect on the pH of
instant coffee. It was found that the higher the cooking
temperature, the higher the pH of the product. It was estimated
that cooking at high temperatures caused the amount of
evaporated acid become more. Cooking temperatures of 100,
105, and 110°C produced instant coffee pH that was not
significantly different with the pH range of 5.50-5.56.

D. Solubility

Solubility is the ease of instant coffee dissolves when
added with hot water. Solubility is an important parameter and
is a requirement for instant drinks. The higher solubility
means that the less pulp is involved in the brewing product.

It was known that HS had a significant effect on the
solubility of instant coffee. The higher the cooking
temperature, the higher the solubility of instant coffee. The
highest solubility of instant coffee was produced by the
cooking temperature of 120°C with a value of 98.28%.
Cooking temperature of 115°C produces instant coffee with a
solubility of (98.22%), not significantly different from that
produced from cooking temperature of 110°C (98.25%).

E. Total Soluble Solid

Total soluble solid instant coffee was observed after coffee
was brewed with hot water in a ratio of 1:10 (ten grams of
instant coffee powder was dissolved in hot water until the
volume of the solution become 100 ml). HS significantly
affected the total soluble solid instant coffee. Total soluble
solid resulted from HS3, HS4, and HS5 were 8.51, 8.53 and
8.60 °Brix, respectively. All these value were not significantly
different according to DNMRT at the 95% confidence level.
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It found that the higher the cooking temperature, the higher
total soluble solid instant coffee. According to Heldman
(2012) the higher and the longer the cooking, the evaporation
of free water in the product would be higher [19]. At high
evaporation, the water content dropped so intensely so the
percentage of total soluble solid tended to increase. The
heating process affected the total soluble solid mainly due to
the decrease in water content of the product; as a consequence,
the percentage of total soluble solid increased. This was in
accordance with the statement of Agus (2012) which stated
that, the evaporation of water during heating caused water
levels to decrease and the concentration of solids increased
[20]. Decreasing the water content would also increase the
level of other nutrients.

Brix degree is the percentage of dry solids dissolved in a
solution that is calculated as sucrose. The degree of Brix can
also be defined as the percentage of the mass of sucrose
contained in the mass of the solution. While the mass of
sucrose solution is the mass of sucrose plus the mass of the
solvent. In this study the degree of Brix was determined by a
refractometer from a solution of instant coffee powder with a
concentration of 10%. Thus the higher the measured degree of
Brix means the lower the content of the coffee extract. The
Brix degree produced from the HS3, HS4, and HSS were 8.51,
8.53 and 8.60 “Brix, respectively, which means that the coffee
extract content of each treatment was estimated at 1.49, 1.47,
and 1.40%.

F. The Effective and Efficient HS

The results of data analysis showed that HS3 was an
effective and efficient HS for making instant coffee with the
co-crystalization method. HS3 produced instant coffee with a
moisture content of 1.57-1.61%; ash content 6.12-6.16; pH
5.50-5.60; solubility 98.22-98.25; and total soluble solid 8.47-
8.53 “Brix.

The physico-chemical of Liberika Tungkal Jambi instant
coffee produced by the co-crystallization method using HS3,
generally met the quality standards set by SNI. Comparison of
SNI quality standards and quality of instant coffee produced
by HS3 could be seen in Table 3.

TABLE 3
COMPARISON OF SNI QUALITY STANDARDS AND QUALITY OF INSTANT
COFFEE PRODUCED BY HS3

Quality Standard HS3 Product

Nu. Parameters Units SNI 2983:2014* Quality

1 Appearance

1.1 Aroma Normal Normal

1.2 Colour Normal Normal

2 Water % (W/w) max. 4.0 1.61

3 Ash % (W/w) 614 6.13

4 Kafein % 2.5

5 Solubility 30 second/ 30 second/
3 minute 1.9 minute

Note: * Badan Standarisasi Nasional, 2014 [21]



IV. CONCLUSION

HS significantly affected water content, pH, solubility, and
total soluble solid instant coffee, but not for ash content.
Cooking with HS3, namely heating at 110°C at the beginning
of cooking, followed by 90°C at the beginning of
crystallization, and 75°C when the crystal growth, produced
instant coffee with a moisture content of 1.57-1.61%; ash
content 6.12-6.16; pH 5.50-5.56; solubility 98.22-98.25; and
total soluble solid 8.47-8.53 °Brix.
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