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IMPROVEMENT OF COFFEE BEAN QUALITY BY USING Saccharomyces cerevisiae 
AND PECTINASE DURING THE DRYING PROCESS

Tran �i �am Ha1,*, Phan �anh Binh1, Pham Van �ao1, 
Vo �i �uy Dung1, Truong Minh Hang1, Nguyen �i Kim Oanh1

Abstract
In Viet Nam, Robusta co�ees are mainly processed by drying method. In this method, natural fermentation of the 
fruit’s pulp and mucilage occurs during drying period. �e reliance on natural microorganisms may cause negative 
e�ect on the co�ee bean quality. �erefore, the aim of this work was to evaluate the potential of the use of S. cerevisiae 
and pectinase for Robusta co�ee in dry process. In this study, Robusta co�ees were inoculated with S. cerevisiae and 
pectinase as following: TR1 was treated with 1 g yeast; TR2 was inoculated with 3 g yeast, TR3 was a combination of 
1 g yeast and 0.2 g enzyme; TR4 was a combination of 3 g yeast and 0.2 g enzyme. �e control was without any selected 
yeast and enzyme. �e fruits were incubated for 4 days before sun drying. During incubation, the temperature inside 
the mass was recorded and samples were collected for determining total bacterial and yeast population. During 
drying, samples were collected for evaluation of the moisture contents of co�ee bean, physical and cup testing. 
�e results show that, in all tests, the number of yeast and total bacteria was higher than the control. �e moisture 
contents of co�ee bean in all treatments decreased quicker than in the control. �e physical and cup testing of co�ee 
beans in all treatments seen to be better than in the control. �e combination of 3 g yeast and 0,2 g pectinase per 
1 kg co�ee cherries was the best treatment for Robusta co�ee fermentation in dry process because this treatment had 
high total number of bacteria and yeast (3.59 ˟  106 cfu/g and 31.41 ˟  104 cfu/g, respectively), high cup-testing score 
(71.8) and low percentage of defects (1.47%). 
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INTRODUCTION
Co�ee is an important Vietnamese commercial 
product (approximately 1.6 million tone/year) with 
its consumption distributed globally. Vietnam is the 
leading producer and exporter of Robusta co�ee. 
However, the bene�t from this commodity is still 
lower than the same product in other countries 
because of the low and unstable quality. 
Before co�ee cherries can be traded and processed 
into a �nal industrial product, they have to undergo 
postharvest processing on farms to become green 
co�ee beans, which have a direct impact on the cost 
and quality of co�ee beans. Commonly, there are three 
di�erent methods used for transforming the fresh 
co�ee cherries into the dried green beans, known 
as wet, dry and semi-dry methods (Haile and Kang, 
2019). In Vietnam, the dry process has been widely 
used for Robusta co�ees (about 90%). During this 
process, the intact co�ee fruits are sun-dried on the 
co�ee drying patio in a 5 - 10 cm thick layer for 10 - 20 
days, depending on the weather conditions, until the 
moisture content reaches 12% - 13%. Fermentation of 
the pulp and mucilage within the fruit occurs during 
this period (Evangelista et al., 2014). Sugars and pectins 
in the mucilage will allow microorganisms’ growth. 
In natural or drying processing, the microorganisms 
responsible for the fermentation are bacteria, yeasts 

and �lamentous fungi, all of which predominate in 
the fruits (Schwan et al., 2012). �e fermentation 
contributes to the production of alcohols, organic 
acids (acetic, butyric, lactic and propionic acids) and 
other metabolic compounds that can interfere in the 
organoleptic quality of the beverage (Schwan et al., 
2012; Evangelista et al., 2014; Haile and Kang, 2019). 
However, the reliance on natural micro�ora in co�ee 
cherries for fermentation may give rise to inconstant 
and uncontrollable issues, negatively a�ecting the 
quality of co�ee beverage. �erefore, the use of starter 
cultures (selected microorganisms) can improve the 
quality of co�ee beans and the sensory quality of 
the �nal beverage by providing better fermentation 
control and predictability of the �nal product.
According to study of Silva et al. (2013), the 
Saccharomyces cerevisiae has good potential to be 
used as starter cultures for co�ee fermentation. 
�eir pectinolytic enzymes secretion hydrolyses 
the co�ee mucilage, improving the quality of the 
fermentation process. Besides, the authors showed 
that the production of organic acids and volatile 
compounds by those yeasts might contribute to the 
co�ee �nal quality. �erefore, in the present study, 
Saccharomyces cerevisiae and pectinase was used 
during co�ee incubation before drying to improve 
the quality of co�ee Robusta. 
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MATERIALS AND METHODS

Materials
Co�ee cherries: Robusta co�ee cherries from �e 
Western Highlands Agricultural and Forestry Science 
Institute (WASI) were used. �ey were harvested 
by manual picking with over 70% ripened fruits 
(red fruits).

Methods
- Inoculation of starter culture and enzyme: �e co�ee 
cherries (500 kg/treat) were spread from 15 - 20 cm
thick on concrete patio and each treatment was 
inoculated separately with the different doses of 
S. cerevisiae and pectinase as following:
+ �e control: without any yeast and enzyme.
+ Treatment 1 (Treat 1): with 1 g yeast per 1 kg co�ee 
cherries; Treatment 2 (Treat 2): with 3 g yeast per 1 kg 
co�ee cherries; Treatment 3 (Treat 3): with 1 g yeast 
and 0,2 g enzyme per 1 kg co�ee cherries; Treatment 4
(Treat 4): with 3 g yeast and 0,2 g enzyme per 1 kg 
co�ee cherries.
+ All co�ee cherries were mixed well, then pile up 
to incubate for 4 days and then sun dried until their 
moisture was about 12 - 13%. During piling up and 
drying, samples were collected aseptically, placed in 
sterile plastic bags and transferred to the WASI lab for 
microbiological, physical and sensory analyses.
- Mass temperature determination during incubation: 
�e temperature of co�ee cherry mass was determined 
by a temperature meter (HANA). �e probe of the 
temperature meter was placed into the middle of the 
co�ee cherry mass, taken at 5 di�erent points of the 
mass of each treatment. 
- Study of the kinetic of drying: �e study of the 
kinetics of drying was carried out by determining 
the daily moisture content of co�ee cherries during 
drying. �e method used followed the procedure of 
Kouadio et al. (2014). Co�ee cherries were dried in a 
incubator at 1050C until constant weight. �e weight 
lost is calculated
- Enumeration of total microorganisms: Each sample 
(20 g of fruits) was added to a bottle containing 
180 mL of peptone water and gently shaken for 
20 min. A�er that ten-fold dilutions were prepared. 
Microorganisms were counted using 2 di�erent 
culture media:
+ PCA agar: was used as a general medium for the 
total viable bacteria population 
+ Dicloran glycerol (DG18) agar was used for yeasts.

+ Following inoculation, the plates were incubated at 
280C for 48 h for total bacteria and 5 days for yeast. 
�en colony-forming units (CFUs) were counted, and 
the population was estimated as the CFU per gram of 
fermented co�ee cherries.
- Green co�ee bean quality determination: �e 
determination of green co�ee beans followed TCVN 
4193:2014.
- Analysis of sensory characteristics: �e sensory 
evaluation was conducted according to SCAA 
standard, assessing ten sensorial attributes: fragrance, 
�avor, a�er- taste, acidity, body, uniformity, balance, 
sweetness, cleanliness and score. 
- Statistical analysis: Results were statistically 
analyzed with the Minitab 2016 program, using one-
way analysis of variance (ANOVA). �e signi�cance 
of the di�erence between means was determined by 
Duncan’s multiple range test (P-values < 0.05). 

Time and location of the study 
�e experiment was conducted in Robusta co�ee 
season of 2018 (from October to December 2018) at 
WASI, Buon Ma �uot, Dak Lak.

RESULT AND DISCUSSION

Temperature variation in the cherries mass during 
incubation
�e variation of temperature inside the cherries 
masses during 4 day fermentation was presented in 
�gure1. �e ambient temperature varied between 
21.10C and 26.40C.

Figure 1. Temperature variation in the cherries mass

As the results was showed on the �gure 1, the 
temperature of all co�ee cherries masses was higher 
than ambient temperature during the whole time of 
incubation. A�er 24 h incubation, the temperature 
inside the mass of all treatments and the control 
increased signi�cantly from around 260C to over 
500C. �e increase of temperature may be because of 
the growth of microorganisms or the respiration of 
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co�ee cherries. A�er the �rst day of incubation, the 
control had the lowest temperature (40.70C) while the 
temperature inside co�ee cherry mass of TR4 was the 
highest (46.50C). 
A�er 4 days incubation, the temperature inside 
the mass of all treatments and the control went up 
dramatically and reached the highest point. �e 
highest temperature was observed in the control 
(55.50C). However, there was not signi�cantly di�erent 
between treatments in terms of the co�ee cherry mass 
temperature which varied between 51.40C and 52.10C. 
�e high temperature in the co�ee mass can accelerate 
the fermentation process. However, according to 
Alves et al. (2017) co�ee mass temperature higher 
than 550C causes thermal damage that depreciates 
co�ee bean quality. �us, natural incubation of co�ee 
cherries might cause more negative e�ect on the 
co�ee quality than using selected yeast and enzyme as 
it increased the temperature of the mass up to 55.5oC 
which was higher than that of treatments. 

Microbiological analyses
�e population of total bacteria and yeast during the 
incubation of the four treatments and the control 
(without inoculum) are shown in Figure 2. In general, 
the total numbers of bacteria were higher than yeast 
numbers during the fermentation. �e control had 
low total bacterial and yeast populations compared 
to the other treatment, reaching maximum values of 
2.15 ˟  106 cfu/g and 9.91 x 104 cfu/g, respectively. �is 
result was similar to the �nding of Evangelista et al. 
(2014). It is observed that the total bacterial numbers 
in most treatments and the control increased 
signi�cantly during the entire fermentation process, 
reaching the highest value a�er 96h incubation, 
except for treatment 3 where the total bacterial count 
reached the maximum value of 3.21 ˟  106 cfu/g a�er 
48h incubation. �e highest total number of bacteria 
was observed for treatment 4 with 3.59 ˟  106 cfu/g on 
the fourth day of the fermentation process. 

Figure 2. Total bacterial population (A) and yeast population 
(B) during incubation from 4 treatments and the control

�e results of yeast analysis showed that the yeast 
populations were higher in the Treat 2 and Treat 4 
where selected yeast was inoculated with high dose 
(3 g yeast/1 kg co�ee cherries) than in Treat 1 and 
Treat3 which were inoculated with low dose of yeast 
(1 g yeast/1 kg co�ee cherries). Similar to the growth 
of bacteria, the number of yeasts in all treatments and 
the control tended to increase signi�cantly throughout 
the whole incubation process, reaching the highest 
number on the fourth day of the incubation. �e 
highest number of yeasts were observed in Treat 4 
while the control had the lowest value of yeast. �ese 
results showed that the selected yeast was able to 
compete with the epiphytic microorganism already 
present in co�ee fruits and able to use the co�ee 
fruit pulp as substrate. In addition, they could persist 
throughout the fermentation process. According to

Schwan et al. (2012), bacteria and yeast which 
predominate in the early stages of fermentation 
are mainly responsible for the co�ee cherries 
fermentation. �erefore, the high number of yeast 
and bacteria may contribute to accelerate the co�ee 
fermentation. �us, it could be concluded that the 
rate of fermentation in Treat 4 might occur more 
quickly than the others as it had the highest bacterial 
and yeast population. In addition, adding yeast and 
enzyme could promote the fermentation process 
because the control without yeast and enzyme adding 
had lower number of bacteria and yeast than other 
treatments with the inoculation of yeast and enzyme.

�e variation of co�ee cherry moisture content 
during drying 
�e results are showed on �gure 3 shows the decrease of 

A B



12

Vietnam Academy of Agricultural Sciences (VAAS) Journal of Vietnam Agricultural Science and Technology - No.1(4)/2019

co�ee cherries moisture contents of four treatments 
and the control during drying. It was noticed that the 
initial water content of co�ee cherries a�er 4 days 
incubation varied from 59.78% to 64.56%. It took 
6 days to decrease those moisture contents to under 
15%. �e result shows that the co�ee cherries in 
all treatments dried faster than the control. For 
instance, a�er 6 day drying, the co�ee cherries in all 
treatments dried to the moisture content of around 
11%, while the control cherries still remained 15,01% 
moisture. �is may be because that the high bacterial 
and yeast population in treatments broken down the 
co�ee cherry cell wall more signi�cantly than in 
the control, accelerating the seed moisture removal 
rate. �e decrease in moisture contents between 
treatments showed no signi�cant di�erences during 
drying. However, it was possible to observe that using 
high dose of yeast seen to make co�ee cherries dry 
faster. For instance, a�er the same drying duration 
(6 days), the moisture level for co�ee cherries in 
Treat1 and Treat3 (using 1 g of Yeast/kg cherries) 
was 11.97% and 12.15%, respectively, which was 
higher than cherries moisture in Treat 2 (11,26%) 
and Treat 4 (11,25%). �is was already expected due 
to the presence of the high microbial population in 
Treat2 and Treat 4. 

Fig 3. Moisture content variation 
of co�ee cherries during drying

Physical and Sensory quality of co�ee bean
 �e physical quality of co�ee beans from four 
treatments and the control was presented in table 1. As 
seen from the table, the highest percentage of defects 
was seen in the control with 6.22%, while treatment 4 
had the lowest ratio of defects (1.47%). �is is due to 
the high temperature inside the control mass during 
incubation which might cause negative e�ect on the 
colour of co�ee beans. �e result also showed that 
there was not presence of mould on co�ee bean and 
the weight of 100 beans of all treatments were not 
signi�cantly di�erent from the control. Although 
there was presence of defects in green co�ee beans, 
the percentage of defects in all treatments and the 
control was still low. 

Table 1. Physical quality of co�ee beans

Treatment Weight of 
100 beans*

Black bean 
(%)

Brown bean 
(%)

Mould bean 
(%)

Total defects 
(%)*

Control 17.02a 0.46 5.76 0.00 6.22 c
Treat1 17.14a 0.00 3.38 0.00 3.38 b
Treat2 17.52a 0.00 2.95 0.00 2.95 b
Treat3 17.13a 0.00 3.45 0.00 3.45 b
Treat4 17.15a 0.00 1.47 0.00 1.47a

Note: (*) �e di�erent letters on the same columns indicate the statistical di�erence for One-Way ANOVA test at 
p < 0,05.

Table 2. Cup testing result

No. Fragrance Flavor A�ert
aste Acidity Sweet

ness Body Balance Clean 
cup Uniformity Verall Total 

score*
Quality 

scale
Ctr 5.8 5.8 6.3 4.8 3.5 6.5 6.3 10.0 10.0 6.3 65.0d good
Tr1 7.0 6.8 6.8 4.3 3.5 6.8 6.3 10.0 10.0 6.8 68.0c good
Tr2 6.8 6.8 7.0 4.5 4.0 6.8 6.5 10.0 10.0 7.0 69.3b good
Tr3 6.8 6.5 6.8 4.0 3.8 6.8 6.8 10.0 10.0 6.8 68.0c good

Tr4 7.5 7.5 7.0 4.3 4.0 7.0 7.3 10.0 10.0 7.3 71.8a Very 
good

Note: (*) �e di�erent letters on the same columns indicate the statistical di�erence for One-Way ANOVA test at 
p < 0,05.
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�e total scores of the cupping test for all treatments 
ranged from 68 to 71.8 which was higher than that of 
the control (65), especially treatment 4 with the highest 
total scores of 71.8. �e selected yeast inoculated in 
these treatments may lead to an increase of volatile 
compounds in roasted co�ee which could contribute 
to improve the sensory quality of the �nal beverage. 
S. cerevisiae used in this study as starter culture was 
reported in a previous work as producer of pectinolytic 
enzyme which aided in the degradation of the pectin 
present in co�ee pulp and mucilage (Evangelista, 
2014). �e products of fermentation process such as 
organic acid may di�use into the interior of the co�ee 
beans, favouring the formation of the �avour of the 
�nal beverage. �erefore, the inoculation of yeast and 
enzyme to the co�ee cherries mass can improve the 
sensory quality of co�ee beans.

CONCLUSIONS
In all treatments, the total bacterial and yeast 
population were higher than in the control, especially 
TR4 with 3.59 ˟  106 cfu/g bacteria and 31.41 ˟  104 cfu/g 
yeast. �e co�ee cherries in all treatment seen to be 
dried faster than in the control. A�er 6 day drying, 
the moisture content in all treatments decreases 
under 12%, while the co�ee cherries in the control 
still remained 15.01% moisture. Sensory and physical 
quality of co�ee beans in all treatments was better than 
that of the control, especially co�ee bean in TR4 with 
low defect value (1.47%) and high score of cup testing 
(71.8). It was possible to conclude that S. cerevisiae 
and pectinase should be used for the fermentation 
of Robusta co�ee in dry processing. �e inoculated 
yeast could persist during the entire fermentation, be 
able to compete with natural microorganisms present 
in the co�ee cherries and be able to use co�ee pulp as 
substrate, which resulted in accelerating the moisture 
removal rate during drying and improving physical 
and sensory of co�ee beans. Treatments 4 with the 
combination of 3 g yeast and 0,2 g pectinase per 1 kg
co�ee cherries was the best treatment as co�ee 
cherries in this treatment dried faster and had higher 
physical and sensory quality. 
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INTERCROPPING IN COFFEE FARMS, NEW TREND 
FOR SUSTAINABLE CULTIVATION IN THE CENTRAL HIGHLANDS

Dinh �i Nha Truc1,*, Nguyen Vu Ky1, 
Phan Viet Ha1, Hoang �i Ai Duyen1

Abstract
�e results of survey on intercropping systems in co�ee farms in the Central Highlands showed that there were 
7 types of intercropping system in which the four most popular were: co�ee with durian (Durio zibethinus); co�ee 
with black pepper (Piper nigrum L.); co�ee with avocado (Persea nmericana) and co�ee with cashew (Anacardium 
occidentale L.). �e high density of intercropping plant decreases co�ee yield less than 3 tons per ha. Farmers used 
unbalanced fertilizer dose of N - P2O5 - K2O ratio and the time of fertilizer application was not right. �e amount 
of water irrigated for intercropping farm was quite reasonable, the average amount of water used for co�ee was 
400 liters per tree per time, durian of 250 liters per tree per time, pepper of 100 liters per plant per time, avocado of 
300 liters per tree per time. Co�ee productivity was less �uctuation over the years. Economic e�ects for intercropped 
farms increased from 1.5% to 300%. 
Keywords: Intercrops, economic e�ciency
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INTRODUCTION
Co�ee is one of the key export agricultural products 
of Vietnam, in 2017, the area co�ee plants of   total is 
about 643,000 hectares. �e average yield of Robusta 
co�ee is about 2.7 tons per hectare, higher than 
the world average yield 3 - 4 times (Department of 
Crop Production, 2018). Although there is a high 
production and export value but most of area is 
belongs to   households, they produced monoculture 
and intensive cultivation unsustainability. Especially, 
a�ect of climate change for production like the 
Extreme weather phenomenon (drought, El nino…).
�erefore, intergrated cultivation by intercropping 
of economic value plants into co�ee farms will be 
a solution for suitable production. �e types of 
intercropping in co�ee gardens will create diverse 
products, getting hight income, good biological and 
ecological interactions when agricultural market has 
many adverse changes (�uong et al., 2001).
Currently, the intercropping of fruit plant with high 
economic value has not been evaluated in terms of 
science and economic e�ciency. �erefore, it is 
necessary to study to determine intercropping models 
with economic e�ciency on co�ee production for 
ensure sustainability.

MATERIALS AND METHODS

Materials
Robusta co�ee farms intercropping perennial cash 
crops such as durian, pepper, avocado and cashew; 
each farm has area larger than 0.5 ha.

Content
�e investigation of co�ee tree and kinds of 
intercroping plant: Area, type of land, slope, planting 
year, productivity and production. Management of 
varieties (types of variety, source variety). Irrigation 
(equipment for irrigate, time, number of watering 
times and amount of irrigation water). Fertilizer 
(dosage, type of fertilizer, method of fertilizer, time of 
use fertilizer). Selling product prices, labor cost, etc.

Methods
- Establishing questionnaires on the situation, 
application of technical measures, management of 
co�ee and intercropping varieties, criteria to evaluate 
the economic e�ciency of the model.
- Selecting the survey sample. In each province, choose 
2 - 3 key districts had a intercropping in Robusta co�ee 
plantations for economic e�ciency. Interview face to 
face with 150 farmers per province to collected data 
and then recorded in the prepared form.
- Applying participatory assessment method (PRA) 
to provide two-way information exchange with cross-
checking to collect accurate information.
- Using Excel and SPSS so�ware to analysis data. 

Time and place of the study
- Location: �e study was conducted in the Central 
Highlands region including provinces Lam Dong, 
Dak Nong, Dak Lak, Gia Lai and Kon Tum. 
- Duration: 2017 to 2018.


