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Abstract

Lactobacillus plantarum HL-15 has the ability to inhibit the growth of mycotoxin-producing fungi. Tosupport the application of the use of these cultures, a study was carried out aimed at producing dry L.
plantarum HL-15 and observing its stability during storage. Production of dry culture begins withfermentation of L. plantarum HL-15 then centrifugation is carried out to obtain pellets. Pellets were mixedwith fillers (rice flour or tapioca) with a ratio of pellets: fillers (10%) = 1: 1 (v / v) and then dried. Thedrying machine used is an oven with a temperature of 45 ° C for 20 hours. The dry culture was packaged inaluminum foil and sealed and then stored at 4 ° C. The result showed that viable cells of oven-dried L.
plantarum HL-15 with rice filler was <4log CFU/g and oven-dried culture with tapioca filler was 8,94 logCFU/g. The viability of oven-dried L. plantarum HL-15 decreased during two-month storage.
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1 Introduction

In dried cocoa beans are often found myotoxin-producing fungi, namely A. niger, A. flavus, A. fumigatus,
Fusarium sp, Penicillium sp, Trichoderma sp., Mucor sp. and Verticillium sp [1]. The presence of theAspergillus family (A. niger, A. flavus, A. tamari, A. glaucus) Penicillium and Mucor are likely to causemycotoxins in cocoa beans and hydrolyze fats into short-chain fatty acids [2]. In addition, the presence offungi in cocoa beans has an impact on the appearance of unpleasant taste due to the lipolytic enzymeactivity [3]. Aspergillus has the potential to produce Ochratoxin A (OTA), one of the mycotoxins withcarcinogenic and immunotoxic effects. Due to health effects, the European Union (EU) has set a maximumOTA limit on some foods, this law will affect international trade in some food commodities [4].Biological fungus growth control can prevent mycotoxin contamination in food chain production. Lacticacid bacteria in the fermentation process of cocoa beans have the potential to inhibit the growth ofmycotoxin-producing fungi [5]. Leuconostoc paramesenteroides BK 15 and BK 24 and Pediococcus spp. BK14 has the ability to inhibit the growth of A. flavus, A. niger, A. ochraceus, and Penicillium spp. [6]
Lactobacillus fermentum F1L-6an which was able to inhibit the growth of A. niger, A. fumigatus and Mucorspp ] [7]. Lactobacillus plantarum B4496, L. brevis 207 and Lactobacillus sanfranciscensis BB12 showedextensive antifungal activity in vitro against the fungus producing ochratoxin A. carbonarius, A. nigerand A.
ochraceus [8]. Leuconostoc mesenteroides (L16B, B28C), L. plantarum (B40B, B88C), L. fermentum (B88C,B40B), L. paramesenteroides L16A and L. casei (L16A, B28C) produce compounds that are antifungal against
A. flavus, A. ochraceus and Penicillium spp. [9].Damage caused by fungal is a major concern for the food industry. A promising solution to reducingfungal growth is the use of lactic acid bacteria. Lactic acid bacteria produce antifungal compounds that caninterfere with the growth of pathogenic microorganisms in the form of organic acids (lactic acid, acetic acid,and propionic acid), cyclic peptides and acetic acid [10, 11]. The inhibition of organic acids on
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microorganisms is associated with a decrease in pH value. The undissociated acid molecule can diffuse intothe cell. The resulting organic acid may inhibit the germination of conidia in the fungus [12]. Lactobacillus
plantarum produces a metabolite with a low molecular mass that can inhibit the P. avenaceum fungus [13].
Lactobacillus reuteri produces a secondary metabolite called reuterin which can inhibit fungi. A reuterin isa highly reactive group of aldehydes that can react with the thiol and protein groups causing oxidativestress in the cells so that cells will be inhibited [11].Liquid starter cultures have a limited shelf life and are bulky. To extend shelf life, culture can bepreserved in freeze and dry form. However, during freezing, lactic acid bacteria can lose their viability andability to produce acids [14]. In addition, frozen culture requires sub-zero temperatures for transportationand storage. Dry culture is a good form of preserves for culture stock [15]. From several drying methods(spray drying, oven drying, drum drying, vacuum drying, fluidized bed drying, and water drying), spraydrying has been developed as a culture preservation technique. The spray dryer has high speed andcontinuous production therefore it is very useful for drying large numbers of starter cultures [16].Removing water using spray drying can reduce costs by up to six times per kg of water compared to thoseusing freeze-drying [17].Fillers are needed in the production of dry culture. The addition of fillers aims to support the growth oftarget microbes and maintain desired microbial populations over a period of time [18]. Filler must be ableto act as a protector for lactic acid bacteria from the effect of heat during drying, safe to consume and cheapprice so that final product price becomes economical. Filler for the production of dried cultures can begelatin, gum Arabic, alginate and starch [19]. Starch is a raw material filler that is cheap, available abundant,renewable, biodegradable and nontoxic [20]. Rice flour and tapioca are potentially used as filler becausethe price is economical, and the availability is abundant. The application of rice flour and tapioca on theproduction of dried culture is also done quite a lot and give good results [21,22].

Lactobacillus plantarum HL15 isolated from fermented cocoa beans in Yogyakarta Indonesia has theability to inhibit the growth of Aspergillus niger YAC-9 which produces mycotoxins [23]. Therefore, thisstudy aims to produce L. plantarum HL-15 dry and observe its stability during storage. This research willstudy the effect of adding rice flour and tapioca fillers on the viability of L. plantarum HL-15 culture afterdrying using a spray and oven dryer, and the effect of storage conditions on viability, moisture content andantifungal activity of L. plantarum HL-15
2 Methods

2.1 Preparation of cultureThe culture used for dry culture production in this research was L.  plantarum HL15 isolated fromfermented cocoa beans in Yogyakarta Indonesia [23]. L plantarum HL 15 was grown in MRS broth (Oxoid)media and incubated at 37ºC for 24 hours. The culture is stored in a cold room before use. For antifungaltests, Aspergillus niger YAC-9 was used as a fungus producing mycotoxins.
2.2 Oven dryingPellet L. plantarum HL15 added with a 10% solution of filler solution (rice flour or tapioca) with a ratio ofpellet and filler solution is 1: 1 (v / v). Then the culture mixture is stirred and dried using an oven at 45 ° Cfor 20 hours. The L. plantarum HL15 dry starter is vacuum-packed in a polyethylene bag, and stored at 4°C. Viable cells of Dry starter were counted after centrifugation and oven drying when storage reached 4° C.During storage, an analysis of water content and antifungal activity of the dry culture of L. plantarum HL15was conducted monthly.
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2.3 Enumeration of L. plantarum HL15The enumeration of L. plantarum HL15 was carried out using the dilution and plating method, using MRSagar media. Plates were incubated at 37°C for 48 hours. The results of enumeration are expressed as colonyforming units (CFU) per ml of suspension or per gram of solids.
2.4 Determination of water contentThe water content of oven-dried of L.  plantarum HL15 culture was determined by thermogravimetry
2.5 Antifungal assay of L.  plantarum HL15The mycotoxin-producing fungus used in this study was Aspergillus niger YAC-9. Assay for the antifungalactivity of L. plantarum HL15 was carried out using the overlay method [24]. L. plantarum HL15 inoculatedin MRS agar media, then overlayed with PDA media containing Aspergillus niger YAC-9, then incubated at27°C for 3 days. Antifungal activity was determined by calculating the fungal biomass through the width ofthe fungi diameter. The smallest fungi biomass shows the largest antifungal activity of L. plantarum HL15.
3 Results and Discussion

3.1 The viability of L. plantarum HL-15 during biomass production, after centrifugation
and after oven dryingA very important initial process in the preparation of a starter is the production of biomass. In this process,
L. plantarum HL-15 grown on a suitable medium and controlled to produce cells in large quantities. In thisstudy selected MRS media, because the media contains peptone, yeast extract and glucose needed bacteriato grow properly. The MRS medium is widely used for Lactobacillus because the composition andconcentration of the medium are suitable for the growth of the bacteria and easy in harvesting the cells[25]. The initial cell count of L. plantarum HL-15 for biomass production was 9,98 log CFU/ml and 9,98 logCFU/ml. After harvesting the cell increased by about 3.3 log to 13,28 log CFU/2000ml and 3.3 log to 13,28logs CFU/2000 ml (Table 1).

Table 1 The viability of L. plantarum HL-15 during biomass production, after centrifugation and after oven dryingFiller Initial cell number (logCFU/ml) Cell number after biomassproduction (logCFU/2000ml) Cell number after centrifugation(log CFU/50ml) Cell number after oven drying(log CFU/gram)
Rice flour 9,98 ±0,05 13,28 ±0,05 11,67±0,05 <4±0,00Tapioca 9,98 ±0,05 13,28 ±0,05 11,67±0,05 8,94±0,04

Table 1 shows that there is a decrease in cell number after drying with oven dryer either on rice flouror tapioca filler with a decreasing value of > 7,67 log and 2,73 logs. According to Blaine [26], the cause ofloss viability during drying is the protein denaturation by the carbonyl group which reacts with the aminogroup of the protein cell.During the drying process of L. plantarum HL-15, there was a decrease in water content causing cellinstability that can decrease cell viability and activity. The filler provides a protective effect on the cellbecause it creates a thick wall filler that can trap cells within the microparticles and can stabilize cellularstructures (especially on DNA or RNA, proteins, and enzymes) during drying [27].
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From the data obtained, tapioca is better than on rice flour in maintaining the cell during drying. This ispresumably because the carbohydrate content of tapioca (86.9%) is greater than rice flour (80%). Theaddition of a carbohydrate-binding agent may prevent cell death during drying, the higher thecarbohydrate content in the carrier, the higher the cell protection [28]. This is supported by the results ofthe research by Arisanti [21] using tapioca ingredient in dry inoculum Lactobacillus plantarumArgentoratensis NBRC 106468 has cell viability of 2.5 x 109 CFU / g and is able to maintain higher cellviability during 10 weeks storage by 1, 5 x 108 CFU/g compared to 1.6 x 107CFU/g rice flour.
3.2 The viability and water content of oven-dried L. plantarum HL-15 during storage at
4°CDuring 2 months of storage, there is a decrease in the number of cells up to 1-2 log cycles per month inoven-dried L. plantarum HL-15 with tapioca filler. While oven-dried L. plantarum HL-15 with rice flour fillerwas not detected since after the drying process up to storage for 2 months (Table 2). The decline is thoughtto be caused by the packaging not being done vacuum, so there is still air (oxygen) trapped in the packaging.Air can cause death in cells because the air (oxygen) can oxidize the lipids that are on the cell membranesthat cause damage to all parts of the cell [15].Water content is one of the determinants of the stability of dry cultures. Water content in dry inoculumshould not be more than 11%, for a microbiological reason [29]. After drying, the water content of thematerial decreases when the cell in its growth requires free water as a reactant in various biochemicalreactions. During storage, the entire biochemical and enzymatic reactions of the cell remain even slow. Thislimited condition causes its microbial activity to decline until the cell eventually dies.

Table 2 The viability and water content of oven-dried L. plantarum HL-15 during storage at 4°CStorage time (month) Viability (CFU/g) Water content (%)Oven-dried culture using riceflour filler Oven-dried culture usingtapioca fillerOven-dried culture usingrice flour fillerOven-dried culture usingtapioca filler0 <4±0,00 8,94±0,04 8,08±0,06 9,21±0,071 <3±0,00 7,35±0,04 8,82±0,05 9,60±0,092 <2±0,00 6,12±0,04 9,20±0,32 10,28±0,12
The water content of spray-dried L. plantarum HL-15 with tapioca filler is 9,21% while spray-dried L.

plantarum HL-15 with tapioca filler has water content 8,08%. Furthermore, during the storage of 1 up to2-month, the water content of both spray-dried culture is increased (Table 2). According to Blaine [26],there are three factors that influence the stability of dry culture during storage namely air around storage,temperature and humidity. Increasing the water content during storage is thought to be caused by thepackaging is not vacuum. That is, there is air trapped in the packaging, causing an increase in water contentduring storage. Dry culture in powder form is hygroscopic, therefore high relative humidity will cause thewater content level to increase until equilibrium.Oxygen, moisture content, and light had a negative effect on the stability of dry culture. Therefore, it isimportant to store dry cultures in appropriate packers and suitable storage conditions [30]. The packingmaterial selected in this study is aluminum foil because the aluminum foil is inert, reflective, non-absorbent,which is an effective barrier for water and air, and can form oxide layers when exposed by air to avoidfurther oxidation [31].
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3.3 The antifungal activity of oven-dried L. plantarum HL-15 during storage at 4°CAntifungal tests were carried out on oven-dried L. plantarum HL-15 with tapioca filler having viabilityabove 108CFU/g. From the results of the oven-dried L. plantarum HL-15 inhibition test against the growthof A. niger YAC 9 fungus, it is known that oven-dried L. plantarum HL-15 inhibitory activity is not significant(Fig. 1)

Fig 1. Growth of A. niger YAC 9 in 3 days incubation

Fig 2 The growth of A. niger YAC 9 treated with oven-dried L. plantarum tapioca filler and A. niger YAC 9 control
4 Conclusion

Viable cells of oven-dried L. plantarum HL-15 with rice filler was <4log CFU/g and oven-dried culture withtapioca filler was 8,94 log CFU/g. The viability of oven-dried L. plantarum HL-15 decreased during a two-month storage.
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