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Abstract. Mold is one of the microorganisms that can cause damage in chocolate fruit by 

producing phytopathogenic toxins. Until now, pesticides have been widely used for controlling 

postharvest loss in fruit. Yeasts can produce secondary metabolites, which can inhibit the growth 

of pathogenic mold. In this study, we isolate, identify, and apply yeasts isolated from fermented 

cocoa beans to control the growth of pathogenic mold in chocolate fruit collected from Sentul, 

Indonesia. This research includes yeast isolation using the dilution method with YMA medium, 

mold isolation using direct planting method on PDA medium, screening ability to produce 

cellulase using diffusion method on CMC medium, and in-vitro antagonist testing using dual 

culture method on PDA medium. The results showed that 128 yeast isolates and 37 mold isolates 

were obtained in this study. The results of screening representative cellulase capability of 77 

yeast obtained 6 positive yeast isolates produced cellulase with the highest cellulolytic index of 

0.23-0.30. The 6-yeast antagonism test with the highest cellulolytic index showed that C3.3.1 

isolate had the best ability to inhibit pathogenic molds with 37.36% inhibitory power. 
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1.  Introduction 

Cocoa bean fermentation is an important process in releasing seed flesh and developing chocolate flavor 

in chocolate production [1]. Glucose and polysaccharides in cocoa beans are fermented by 

microorganisms and produce metabolites that can initiate biochemical reactions as precursors of 

chocolate flavor [2]. Microorganisms that play a role in the process of chocolate fermentation are 

complex microorganisms and from various species such as yeasts, lactic acid bacteria, and molds [1]. 

Yeast Hanseniaspora guilliermondii or Hanseniaspora opuntiae is one of the dominant yeast in the 
process of chocolate fermentation besides Saccharomyces cerevisiae, Kluyveromyces marxianus, Pichia 

membranifaciens, Pichia kudriavzevii, and Candida sp. [3]. Research conducted by De Vuyst et al., 
showed that yeast initiates alcoholic fermentation in glucose in seed meat that produces ethanol [4]. 

The microbial concentration and fermentation time differ in many countries, according to several 
aspects, including the type of chocolate, social-culture, standard of procedures, technology, etc. During 
fermentation, the first microorganisms to appear are yeasts, followed by lactic acid bacteria (LAB), 
acetic acid bacteria [5]. Yeast produces secondary metabolites that can provide benefits in controlling 
mold pathogens [6,7]. Yeast can be found from various substrates of fermented drinks [8]; and yeast 
Paphiopedilum sp. are known to have the ability to produce amylase enzymes [9]. 

In cacao fruit planting, it is found that rot disease caused by pathogen Phythopthora palmivora 
categorized as a very threatening disease that can cause damage in chocolate fruit [10]. In Southeast 
Sulawesi, Indonesia, this pathogen is reported to reduce cocoa production by 52.99% [11], while in Java 
it reduced the production by 50% [12]. In addition to P. palmivora, there are other mold pathogens that 
can cause damage in post-harvest chocolate fruit such as Aspergillus, Penicillium, Fusarium, Rhizopus, 
and Mucor [13]. 

Currently, control of pathogenic molds in chocolate fruit uses pesticides. However, the use of 
pesticides is harmful to humans, animals, and ecosystems if applied in the long-term [14]. Therefore, 
we need an alternative agent that can control the pathogenic mold in chocolate production. 
Microorganisms such as yeasts are reported to have the ability to act as biocontrol agents to control 
pathogenic molds. Yeast can produce secondary metabolites like cellulase and other enzymes so that it 
can be used as a control for pathogenic molds [15]. Besides, yeasts can produce amylase, invertase and 
cellulase enzymes using different substrates [16].  

Cellulase is a straight-chain glucose polymer with a β-1.4 glucoside bond from cellobiose (dimer 
from glucose) [17]. The straight chain in the glucose polymer is connected through hydrogen bonds and 
the Van Dew Waals force [18]. The β-1.4 glucoside bond can be broken down into glucose monomers 
through an enzymatic process or by means of acid hydrolysis [19]. Cellulase can be degraded by 
cellulase enzymes produced by microorganisms. 

Apart from its cellulolytic ability, yeast is able to grow quickly and adapt well to a variety of 
substrates [20]. Yeast has antagonistic activity against mold pathogen and is often used as a 
biopreservation agent in post-harvest fruit [21]. The ability possessed by yeasts produces a barrier that 
inhibits the growth of other microorganisms [22]. Yeast has potential as an antagonistic agent that 
reduces the growth of mold pathogen by the mechanism of nutrition competition and living space [23]. 
Research conducted by Puspitasari et al., showed that the yeast Rhodotorula sp. potentially inhibit 
anthracnose disease caused by Colletotrichum spp. on chili and strawberries and yeast Metschnikowia 
sp. has the potential ability to inhibit anthracosis in beans [24]. This study was aimed to select, identify, 
and apply the cellulase-producing yeast from fermented cocoa beans to inhibit the growth of pathogenic 
mold in chocolate fruit collected from Sentul, Indonesia. 

2.  Methods 

2.1.  Yeasts isolateion from fermented cocoa beans 

Yeast is isolated from cocoa bean fermentation. Isolation was carried out based on Jamili et al., with 

modifications using the spread plate method and dilution technique with two repetitions [25]. Brown 

beans are taken 25 grams and homogenized for 1 hour in PDB (Potato Dextrose Broth) media. Yeast 
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was isolated in the YMA (Yeast Malt Agar) medium. Yeast purification was carried out by the quadrant 

streak method in MEA (Malt Extract Agar) media based on Cappuccino and Sherman [26]. Yeast from 

the dilution results is carried out by the colony library using the YMA medium and then purified. 

Purification results were incubated for 48 hours at 29°C. Pure isolates were transferred in the YMA slant 

medium and used as stock culture. 

2.2.  Cellulase activity test  

Cellulase test was carried out using Carboxyl Methyl Cellulose (CMC) cellulose media with the 

composition (g / L): 10 g yeast extract, 5 g peptone, 25 g agar and 18 g CMC. The cellulase activity test 

used in this study is the agar diffusion method by inoculating 20 μl of yeast suspension into the well. 

Incubation was carried out for 72 hours at a temperature of 300. Yeast incubation results for 72 hours at 

a temperature of 300 were stained by pouring congored 0.2% until the colony sank and waited for 15 

minutes. The congored solution is removed slowly, then the clear zone is observed. The cellulolytic 

index value is determined based on Anagnostakis and Hankin [27] by calculating the ratio between the 

clear zone and the diameter of the colony. 

2.3.  In-vitro antagonistic test to mold pathogen by cellulase-producing yeasts 

The yeast used in the antagonism test is the yeast cellulase test results, which have the highest index of 

cellulase enzyme activity, amounting to 6 pieces. The antagonism test was carried out by the dual culture 

method based on Hartati [28] with modifications. Pathogenic mold used is the result of pathogenicity 

test which has the highest severity. Pathogenic mold are placed ± 6 mm in diameter and 5 cm in yeast 

on PDA media at the edges of different petri dishes at a distance of 3 cm, then incubated at 28 ° C for 7 

days. Media inoculated with pathogenic mold isolates without antagonistic mold act as controls. 

Observations include the percentage of inhibition [29]. The study design used in in vitro antagonist 

testing used a Completely Randomized Design (CRD). Data analysis used Analysis of Variance 

Analysis (ANOVA) with Duncan test with an error level of 5%. 

2.4.  Morphological observation of cellulase-producing yeasts and mold pathogens 

Macroscopic observation of molds was carried out based on Samson et al [30]. Mold was grown on 

PDA media for 120 hours. Macroscopic observations of molds include colony surface (granular, such 

as flour, mountainous, smooth), colony texture, zoning, growing area, radial, and concentric lines, 

reverse colony color, and exudate drops. Macroscopic observations of the yeast are based on Kurtzman 

and Fell [31]. Yeast is grown in a solid medium for 48 hours. Macroscopic observations of macroscopic 

morphology are texture, color, surface, profile and edge of the colony. 

3.  Results and discussion 

3.1.  Yeast isolation 

Based on the research results obtained 128 yeast isolates from cocoa beans fermentation. Mold and yeast 

are found in various substrates that contain nutrients for growth. Research conducted by Sukmawati et 

al., [6] found that amylolytic yeasts can be isolated from Artocarpus heterophyllus Lam., Pathogenic 

fungi from cloves [32], and pathogenic fungi from fruit origin [33]. The presence of mold and yeast on 

the cocoa is due to the presence of cellulose, hemicellulose, and lignin content in chocolate [34]. 

3.2.  Cellulolytic activity test 

A total of 77 representative isolates from 128 yeast isolates from positive brown fermentation contained 

cellulases. The indicator used is the presence of clear zones of the medium after being dropped by 

congored solutions. Six isolates had the highest enzyme activity index marked by the formation of clear 

zones around the isolates (Table 1). Isolates with the C code indicate the isolates were taken from the 

chocolate fermentation process. The three numbers behind the letter C are fermentation days, dilution 

numbers, and isolate numbers. 
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Congo red solutions can interact with polysaccharides containing β-D-glucan units in cellulase. The 

principle of congo red coloring is that the coloring reagents will diffuse into the agar and are absorbed 

by the polysaccharide chain. The clear zone produced by each cellulolytic yeast varies because each 

yeast produces different cellulase enzyme complexes [35]. 

Table 1. Measurement of cellulolytic activity index by yeast isolates. 

Yeast isolates Cellulolytic activity index (a/b) 

C1.0.4 0.40±0.04a 

C1.1.3 0.43±0.03 a 
C2.3.10 0.31±0.02 a 
C2.3.14 0.38±0.03 a 
C3.5.11 0.31±0.03 a 
C3.3.1 0.33±0.10 a 

Cellulolytic yeast isolates (A) C1.0.4, (B) C1.1.3, (C) C2.3.10, (D) C2.3.14, (E) C3.5.11, (F) C3.3. 

The research results showed that yeasts with cellulolytic activity were successfully isolated and are 

shown by the presence of clear zone after staining with congo red solution. The calculation results 

showed that the cellulase enzymes produced by six yeast isolates were not significantly different (Table 

1). Classify cellulase degradation rate based on cellulolytic index values, which are low if ≤ 1, moderate 

between 1 and 2 and high if ≥ 2 [36]. Based on classification [36], six yeast isolates belong to the low 

category. 

Yeast has the ability to carry out the process of breaking down cellulase into simpler structures, 

namely glucose. If this glucose reacts with 3,5 dinitrosalicylic acid it will show a change in color from 

yellow to reddish-brown. The difference in cellulase activity in each of these can be caused by the 

specific nature of microbes in decomposing various substrate components. This decomposition 

mechanism has been explained by Sadhu and Maiti that the mechanism of cellulase action in the 

bacterial system is through several possibilities, namely (1) [37]. Adhesion through complexes that 

resemble cellulosomes, (2). Adhesion through fibrils or villi, (3). Adhesion through epitope of 

carbohydrate glycocalyx bacteria, (4). Adhesion through the cellulose-binding domain in cellulolytic 

enzymes. Finally arrived at the stage of glucose release. Increased cellulase activity is offset by factors 

of the nature of microorganisms on the environment, nutrient content, temperature, pH, and the number 

of substrates [38]. Besides, due to the microorganisms contained in the sample are able to degrade the 

substrate optimally by using cellulose as the primary nutrient [39]. 

3.3.  In-vitro antagonistic testing by yeasts isolates against mold pathogens 

Biological control is an action to reduce the activity of pathogens so that they do not cause symptoms 

in plants, by using one or more biological control agents through environmental manipulation, host or 

antagonistic [40]. The results of observations of mold control on the PDA medium for 8 days showed 

mold growth (Table 2; Figure 1). Morphological characteristics of the control mold were cottony texture, 

whitish-pink colony, reverse color, brownish-white colony, and fine sporulation. The medium used for 

antagonism testing is PDA (Potato Dextrose Agar). The composition of PDAs contain starch, protein, 

and potassium. Starch will be degraded into simple sugars by yeast and mold [41,42].  

Table 2. Measurement of the inhibition rate of yeast isolates against mold pathogens. 

Isolate codes Inhibition rate (%) 

Day 2 Day 4 Day 6 Day 8 

C1.1.3 -3,88 12,28 8,03 15,34 
C3.3.1 18,54 21,70 16,79 10,19 
C1.0.4 -15,99 -14,85 6,73 13,50 

C2.3.10 -0,50 -6,67 6,09 16,92 
C3.5.11 4,94 -13,74 20,08 12,85 
C2.3.14 -22,42 -5,45 12,27   15,98 
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Based on antagonistic tests using dual culture method, it was found that six yeast isolates were able to 

inhibit mold growth on PDA media for 8 days. The percentage of inhibition is shown in Table 2. The 

highest and lowest inhibition rate are shown by isolates C3.3.1 and C1.0.4 with inhibition percentage of 

18.06% and 5%, respectively (Figure 1).Observation of inhibition seen from yeast colonies on vertical 

lines cannot be passed by mold isolates found on each side of petridish. The growth of mold colonies 

filled the PDA media, which was not inoculated with yeast. Therefore the distance between the yeast 

colony and the unified mold looks like an obstacle zone. Based on the graph above it can be seen that 

the highest average inhibition of yeast occurs on the 8th day. This is because on the 8th day the mold 

has grown close to yeast so that there is direct contact between the yeast cells and hypha from the mold. 

On day 2, the inhibition activity of yeast is still very low because molds still grow quite far from the 

yeast cells. Biocontrol agents have four antagonistic mechanisms in the form of hyperparasitism, 

antibiosis, competition and resistance induction [43]. The antagonistic mechanism of yeast is in the form 

of space and nutrition competition, tolerance to high ethanol concentration, and the secretion of 

compounds such as toxins [44]. 

 

Figure 1. Results of yeast antagonists test on mold day 8. Yeast isolate (A) Control, (B) C3.5.11, (C) 

C2.3.10, (D) C1.1.3, (E) C1.0.4 (F) C2.3.14, (G) C3.3.1. 

The mechanism of hyper parasitism occurs when yeast cells come into direct contact with mold hyphae. 

Yeast cells will utilize mold hyphae as hosts. The test results showed five yeast isolates can hyper 

parasitism, namely C1.0.4, C1.1.3, C2.3.10, C2.3.14, and C3.3.1 (Fig. 2). 

 

Figure 2. Morphology of hyphae of the 8th day of 400x magnification. Isolates (A) Control, (B) C1.0.4, 

(C) C1.1.3, (D) C2.3.10, (E) C2.3.14, (F) C3.5.11, (G) C3.3.1. 

Based on morphological observations of mold hyphae, it is seen that yeast cells attach to mold hyphae, 

causing hyphae to become short due to fractures and smaller size (Fig. 2 (B), (C), (D), (E), (G)). The 

attachment of yeast cells will block space for hyphae to absorb nutrients. Research conducted by 

Widyastuti found that the attachment of P. Guilliermondii to the hypha of Pennicillium expansum can 

inhibit the secretion of hydrolytic enzymes used by molds to degrade the medium [45]. Hyperparasitism 
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mechanism involves the process of adhesion between biological agents and pathogens [28]. The 

adhesion process involves functional proteins of antagonistic agents and pathogens in their antagonistic 

activity [46]. 

The mechanism of hyperparasitism can also be caused by cellulolytic activity. Hydrolytic enzyme 

secretion of an antagonistic agent can degrade mold cell walls [47]. Five yeast isolates (C1.0.4, C1.1.3, 

C2.3.10, C2.3.14, and C3.3.1) have the ability to hyperparasitism and cellulolytic activity. Yeast cells 

will produce enzymes to assist in up-taking of nutrients during the adhesion process. After secreting the 

enzyme, yeast cells will absorb nutrients from mold. 

3.4.  Morphological characteristics of cellulase-producing yeasts and mold pathogens 

Based on morphological observations, pathogenic mold isolates have a morphological texture of 

cottony, brownish colony color in the middle with white edges, reverse brownish color colonies in the 

middle with white edges, and fine sporulation. Yeast isolates obtained having smooth surface 

characteristics (33%), rough (67%), butyrous texture (83%), mucoid (17%), white color (83%), pink 

(17%), edge of wave, flat, and filaments (33%) and convex elevation (50%), arise (33%), flat (17%). 

4.  Conclusion 

From this study, 128 yeast isolates were obtained from fermented cocoa beans. After screening of 

cellulase enzyme, 77 yeast isolates showed the presence of clear zone around the mold pathogen colony 

indicating that the isolates can produce cellulase enzyme. Yeast isolate with the highest cellulolytic 

activity index are 6 isolates (C1.0.4, C1.1.3, C2.3.10, C2.3.14, C3.5.11, C3.3.1). The results of the 

antagonistic test showed that isolate C3.3.1 has the most significant inhibition rate of pathogenic molds 

which was 37.36%. 

Acknowledgement  

This research was funded by UNIVERSITS NEGERI JAKARTA with PENELITIAN KOMPETITIF 

UNIVERSITAS NEGERI JAKARTA Nomor: 21/KOMP-UNJ/LPPM/V/2020 as Dalia Sukmawati 
a pilot project, this is research in 2020 with the title “Potensi Khamir Candida Chrysomelidarum dan 
Rhodotorula Toruloides Pengendali Kapang Patogen dan Agen Probiotik dalam Peningkatan Kualitas 
Pada Pakan Ternak”. We express deep gratitude and appreciation to the Department Biology Universitas 
Negeri Jakarta Research Grant supported this research. We thank the Lab. Microbiology and Universitas 
Negeri Jakarta Culture Collection (UNJCC) for the use of the facilities. 

References 

[1] Thompson S S, Miller K B, Lopez A and Camu N 2013 Cocoa and coffee, In: Doyle, M.P., 

Buchanan, R.L. (Eds.), Food Microbiology: Fundamentals and Frontiers, 4th ed. 
(Washington, DC: ASM Press) 

[2] Schwan R F and Wheals A E 2004 The microbiology of cocoa fermentation and its role in 
chocolate quality Crit. Rev. Food Sci. Nutr. 44 205–221 

[3] Ardhana M M and Fleet G H 2003 The microbial ecology of cocoa bean fermentations in 
Indonesia Int. J. Food Microbiol 86 87–99 

[4] De Vuyst L, Lefeber T, Papalexandratou Z and Camu N 2010 The functional role of lactic acid 

bacteria in cocoa bean fermentation. In: Mozzi, F., Raya, R.R., Vignolo, G. M.(Eds.), 

Biotechnology of Lactic Acid Bacteria - Novel Applications (USA: Wiley-Blackwell)   
[5] Susijahadi and Jirap S 2019 Effect of Yeast Inoculation on Chemical Component and Flavour 

Development of Cocoa Beans During Fermentation (Jember: Fakultas Teknologi Pertanian, 
Universitas Jember) 

[6] Sukmawati D, Dellanerra D and Risandi A 2018 Screening the capabilities of Indonesian 
indigenous mold in producing cellulase enzyme IOP Conference Series: Materials Science 

and Engineering 434 1 

http://refhub.elsevier.com/S0168-1605(13)00591-6/rf0025
http://refhub.elsevier.com/S0168-1605(13)00591-6/rf0025
http://refhub.elsevier.com/S0168-1605(13)00591-6/rf0025
http://refhub.elsevier.com/S0168-1605(13)00591-6/rf0025
http://refhub.elsevier.com/S0168-1605(13)00591-6/rf0025
http://refhub.elsevier.com/S0168-1605(13)00591-6/rf0105
http://refhub.elsevier.com/S0168-1605(13)00591-6/rf0105
http://refhub.elsevier.com/S0168-1605(13)00591-6/rf0105
http://refhub.elsevier.com/S0168-1605(13)00591-6/rf0105
http://refhub.elsevier.com/S0168-1605(13)00591-6/rf0105


Annual Conference on Science and Technology  (ANCOSET 2020)
Journal of Physics: Conference Series 1869 (2021) 012043

IOP Publishing
doi:10.1088/1742-6596/1869/1/012043

7

 

 

 

 

 

 

[7] Sukmawati D, Andrianto M H, Arman Z, Ratnaningtyas N I,  Husna S A, El-Enshasy H E, Dailin 
D and Kenawy A A 2020 Antagonistic activity of phylloplane yeasts from Moringa oleifera 

Lam. leaves against Aspergillus flavus UNJCC F-30 from chicken feed Indian Phytopathology 
73 79–88 

[8] Sukmawati D, Arman Z, Sondana G A, Fikriyah N N, Hasanah R, Afifah Z N and Puspitaningrum 
R 2019 Potential amylase-producing yeast isolated from indigenous fermented beverages 
originating from Bali, Indonesia Journal of Physics: Conference Series 1402 5 

[9] Risandi A, Fuady R, Sukmawati D, Husna S N A, Nurjayadi M, Enshasy H E and Ridawati R 
2019 Isolation and screening of amylolytic yeast from Paphiopedilum sp., originating from 
Bedugul Botanical Garden, Bali, Indonesia Journal of Physics: Conference Series 1402 3 

[10] Harmel R and Nasir N 2008 Cacao in West Sumatra: Problem and solution. Collaboration Report 

of Project Uoutzending Managers Netherland and GENTANGO Padang 
[11] Sulistyowati E, Junianto Y D, Sri- Sukamto, Wiryadiputra S, Winarto L and Primawati N 2003 

Analisis Status Penelitian dan Pengembangan PHT pada Pertanaman Kakao Risalah 

Simposium Nasional Penelitian PHT Perkebunan Rakyat Bogor 
[12] Wardojo S 1992 Major pests and diseases of cocoa in Indonesia In: Keane PJ & CAJ Putter 

(Eds.), Cocoa Pest and Disease Management in Southeast Asia and Australasia (Rome: FAO) 
[13] Dharmaputra O S, Sunjaya, Retnowati I and Ambarwati S 2000 Stored cocoa beans quality 

affected by fermentation and Ephestia cautella Walker (Lepidoptera: Phycitidae) infestation 
Biotropica 15 58-75 

[14] Nguyen P A,  Strub C,  Fontana A and Sabine S G 2017 Crop Molds and Mycotoxins: Alternative 
Management Using Biocontrol Biological Control 104 10–27 

[15] Chen P H, Chen R Y and Chou J Y 2018 Screening and evaluation of yeast antagonists for 
biological control of Botrytis cinerea on strawberry fruits Mycobiology 46 1 33–46 

[16] El Enshasy H and El Sayed E A 2017 Kinetics of Cell Growth And Invertase Production By The 
Biotherapeutic Yeast Saccharomyces boulardii Journal of Scientific and Industrial Research 
76 477-484 

[17] Shuangqi T W, Zhenyu F, Ziluan Z, Lili and Jichang W 2011 Determination methods of cellulase 
activity African Journal Biotechnology 10 7122-7125 

[18] Perez J J, Munoz-Dorado T, de la Rubia and Martinez J 2002 Biodegradation and biological 
treatments of cellulose, hemicellulose and lignin: an overview International Microbiology 5 
53-63 

[19] Farid M A, El Enshasy H A and Noor El-Deen A M 2002 Alcohol production from starch by 
mixed cultures of Aspergillus awamori and immobilized Saccharomyces cerevisiae J. Basic 

Microbiol 42 162-171  
[20] Dellanerra D, Risandi A, Sunari A, Sukmawati D, Husna S N Al and Enshasy H A El- 2019 

Screening and Characterization of Amylolitic Mold Originated from Ghost Crab (Ocypode 

sp.) in Cidaon, Ujung Kulon National Park, Indonesia International Conference on Biology 

and Applied Science (ICOBAS) AIP Conference Proceedings 2120 070008  
[21] Spadaro D and Droby S 2016 Development of biocontrol products for postharvest diseases of 

fruit: the importance of elucidating the mechanisms of action of yeast antagonists Trends Food 

Sci. Technol. 47 39–49 
[22] Madigan M T, Martinko J M, Stahl D A and Clark D P 2012 Brock biology of microorganisms 

13th ed. (Boston: Pearson education, Inc.) 
[23] Sukmawati D 2016 Antagonism Mechanism of Fungal Contamination Animal Feed using 

Phylloplane Yeasts Isolated from the Bintaro Plant (Cerbera manghas) Bekasi in Java, 
Indonesia International Journal of Current Microbiology and Applied Sciences 5 5 63–74  

[24] Puspitasari A E, Abadi A L and Sulistyowati L 2014 Potensi Khamir Sebagai Agens Pengendali 

Hayati Patogen Colletotrichum sp. Pada Buah Cabai, Buncis, Dan Stroberi 2 92–101 
[25] Jamili, Yanti N A and Susilowati P E 2016 Diversity and the role of yeast in spontaneous cocoa 

bean fermentation from Southeast Sulawesi, Indonesia Biodiversitas 17 1 90–95 

https://link.springer.com/article/10.1007/s42360-020-00194-2#auth-4
https://link.springer.com/article/10.1007/s42360-020-00194-2#auth-6
https://link.springer.com/article/10.1007/s42360-020-00194-2#auth-7
https://link.springer.com/article/10.1007/s42360-020-00194-2#auth-8


Annual Conference on Science and Technology  (ANCOSET 2020)
Journal of Physics: Conference Series 1869 (2021) 012043

IOP Publishing
doi:10.1088/1742-6596/1869/1/012043

8

 

 

 

 

 

 

[26] Cappuccino J G and Sherman N 2002 Microbiology: A laboratory manual, 9th ed. (California: 
Addison-Wilsey) 

[27] Anagnostakis S L and Hankin L 1975 Use of selective media to detect enzyme production by 
microorganisms in food products J. Milk Food Technol. 38 570-572 

[28] Hartati S 2016 Khamir sebagai agens biokontrol antraknosa (Colletotrichum acutatum J.H. 

Simmonds) pada cabai pascapanen. (Bogor (ID): Institut Pertanian Bogor) 
[29] Kheireddine A  2018 New Epiphytic Yeasts Able to Reduce Grey Mold Disease on Apples Plant 

Protection Science 54 4 248–57 
[30] Samson R A, Hoekstra S and Frisvad J C 2004 Introduction to food and airborne fungi (Utrecht: 

Centraalbureau Voor Schimmelcultures)  
[31] Kurtzman C P and Fell J W 1998 The yeast: A taxonomic study: 4th ed. (Amsterdam: Elsevier) 
[32] Shofiana R H, Sulistyowati L and Muhibuddin A 2015 Eksplorasi Jamur Endofit Dan Khamir 

Pada Tanaman Cengkeh (Syzygium aromaticum) Serta Uji Potensi Antagonismenya Terhadap 
Jamur Akar Putih (Rigidoporus microporus) Jurnal Hama Dan Penyakit Tumbuhan 3 1 75–

83 
[33] Harni R, Amaria W, Taufiq E, Raya J, Km P and Indonesia S 2016 Isolasi Dan Seleksi Jamur 

Endofit Asal Tanaman Kakao Sebagai Agens Hayati Phytophthora palmivora Butl 141–150 
[34] Ashadi R W 1988 Pembuatan Gula Cair dari Pod Coklat dengan Menggunakan Asam Sulfat, 

Enzim, serta Kombinasi Keduanya (Bogor: Fakultas Teknologi Pertanian, IPB) 
[35] Meryandini A, Widosari W, Maranatha B, Sunarti T C, Rachmania N and Satria H 2009 Isolasi 

bakteri selulolitik dan karakterisasi enzimnya Makara Sains 13 33-38 
[36] Choi Y W, Hodgkiss I J and Hyde K D 2005 Enzyme production by endophytes of Brucea 

javanica Water 55–66 
[37] Sadhu S and Maiti T K 2013 Cellulase production by Bacteria: A Review British Microbiology 

Research Journal 3 3 235-258 
[38] Pasaribu F L, Yenie E and Muria S R 2010 Pengaruh konsentrasi Substrat dan Waktu Fermentasi 

Pada Pemanfaatan Limbah Kulit Nenas (Ananas Comosus L.Merr) (Pekan Baru: Universitas 
Riau) 

[39] Irawan B, Sutihat and Sumardi 2008 Uji Aktivitas Enzim Selulase dan Lipase pada Mikrofungsi 

Selama Proses Dekomposisi Limbah Cair Kelapa Sawit dengan Pengujian Kultur Murni 
(Prosiding Seminar Hasil Penelitian & Pengabdian kepada Masyarakat, Unila) 

[40] Cook R J 1991 Broad concept and application. Proc. of the International Seminar on the Control 

of Plant Disease and Virus Vector (Taipei: Food and Fertilizer Technology Centre forthe 
Asian and Pacific Region) 

[41] Kavanagh K 2005 Fungi Biology and Application (West Sussex: John Wiley & Sons Ltd.) 
[42] Hogg S 2005 Essential microbiology (West Sussex: John Wiley & Sons Ltd.) 
[43] Sharma R R, Singh D and Singh L 2009 Biological control of postharvest diseases of friuts and 

vegetables by microbial antagonists Biol Control 50 202-22 
[44] Muccilli S and Restuccia C 2015 Bioprotective role of yeast Microogranisms 3 588-611 
[45] Widyastuti S 2008 Physical interactions between yeast Pichia guillermondii and post-harvest fruit 

pathogen Penicillium expansum Hayati J. Biosci. 15 1 27--31 
[46] Chan Z and Tian S 2005 Interaction of antagonistic yeasts against postharvest pathogens of apple 

fruit and possible mode action Postharvest Biol. Technol 36 215-223 
[47] Magallon-Andalon C G, Luna-Solano G and Ragazzo Sanches J A and Calderon-Santoyo M 2012 

Parasitism and substarte competitions effect of antagonistic yeast for biocontrol of 
Colletotrichum gloeosporioides in papaya (Carica papaya L.) var. Maradol. Mex J Science 

Res 1 1 2-9 




