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RESEARCH ARTICLE
Preliminary study 
on the in situ prevention of food spoilage fungi using antifungal Lactic acid bacteria
	
	ABSTRACT Many fungal species cause losses of food, raw materials like grains, fruits and vegetables throughout the world. In the world, 5 to 10% of the food and in the tropics 50 % of the fruits and vegetables are lost annually due to fungal spoilage. Chemical preservatives and fungicides have negative impacts on health and environment. In contrast, bio preservatives such as lactic acid bacteria (LAB) are effective, safe, biodegradable and have additional health benefits. Totally 45 isolates were obtained from various crops, fermented and non-fermented foods in which 21 and 13 isolates showed activity against A. flavus and F. oxysporum respectively. Based on their antifungal activity, six LAB isolates were selected in which LABT3 showed high antifungal activity was further characterized for their growth in different environmental conditions. The focus of this research is to survey the occurrence of native LAB species with antifungal activity in different sources as well as to obtain a potential LAB isolate for strategic application to control fungal pathogen in field and food.
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INTRODUCTION 
Postharvest loss refers to major food loss in the postharvest system (Lucia, 1994). Life style change had made the food industry flourish and processed foods are ruling the food market. Raw agricultural products and processed foods products like fruit juices carry many spoilage bacteria and fungi. In India, the production of raw food materials is about 450 million tonnes of which 10 % postharvest losses is in cereals and pulses, 20 % in semi perishable and 25 % in products like milk, meat, fish and egg (Rajasri et al., 2014).

Fungi are known as one of the important spoilage organisms in food (Pitt and Hocking, 2009). The Food and Agricultural Organization reported that significant losses are due to contamination of 25% of worldwide crops by Mycotoxins producing  filamentous fungi like Fusarium, Aspergillus, Penicillium (Joint et al., 2002). To eliminate the mycotoxins, postharvest detoxification strategies like physical, chemical and biological strategies have been reported (Jard et al., 2011).
The excessive use of fungal detoxicants leads to development of resistant pathogen population and consequent increase in toxic residue in food products. For example, acquired resistance by Penicillium italicum and P. digitatum to many synthetic fungicides used on citrus fruits have been demonstrated (Fogliata et al., 2000). The chemical treatment also has some disadvantages like high cost, biosafety risk or limited binding capacity. Also, consumer preference for natural antimicrobial compounds of plant and animal origin has led to the reach for bio preservatives to prevent or control fungal spoilage in raw and processed foods (de Souza Sant’Ana et al., 2008; Walter et al., 2015). The decontamination by biological method might be an alternative to chemical methods because of their efficacy and nature friendly properties. 

Lactic acid bacteria (LAB) have attained Generally Recognized As Safe (GRAS) status (Stiles, 1996) for food application. Antifungal metabolites produced by members of lactic acid bacteria like lactic acid, acetic acid, formic acid, propionic acid, fatty acid, hydrogen peroxide, diacetyl, cyclic dipeptides, reuterin and phenolic compounds (Crowley et al., 2013). The cell free supernatant of Lactobacillus sp. from buttermilk of raw buffalo milk has strong and broad antimicrobial activity against both harmful bacteria and toxigenic fungi and also inhibit aflatoxin and ochratoxin to extend the shelf life of wheat grains (Shehata et al., 2019). The LAB isolated from fermented beverages were identified as L. plantarum, L. paracasei and L. pentosus showed strong antifungal activity against Colletotrichum gloeosporioides (Barrios-Roblero et al., 2019). Bio preservation of tomatoes with the cell free supernatant of L. plantarum reduced the fungal spoilage (Luz et al., 2020). In the present study, LAB isolates with potential antifungal property to be suitable for in situ application in food were screened. 
MATERIAL AND METHODS
Collection of sample
The sample of curd and idly batter which was fermented for 10 h was obtained from household, fresh vegetables such as tomatoes and cabbage were obtained from Uzhavar sandhai
, Mettur
 and paddy grains obtained from Central Farm, Tamil Nadu Agricultural University, Coimbatore. 
Fungal cultures

The fungal cultures of Aspergillus flavus and Fusarium oxysporum 
were obtained from the Department of Plant Pathology, Tamil Nadu Agricultural University, Coimbatore. The fungal cultures were sub cultured in Malt Extract Agar media by disc method and incubated at 25 ºC for 4-5 days.
Preparation of samples
Approximately 5 g of paddy grains was soaked in 25 ml sterile water and incubated for 12 h at 28 ºC. Cabbages were cut into pieces and 180 g was taken in sterile airtight container and added with 2% (w/v) salt, mixed and pressed tightly without the air space and incubated at 28 ºC for 12 days (Lee et al., 2006). Tomatoes were cut into pieces and 1 g was weighed approximately and taken in stomacher bag and homogenized in the stomacher (Bag Mixer ®, Interscience, France) for 2 min (Elmabrok et al., 2013).  
Isolation of LAB from the prepared samples

For the isolation of LAB, 1 ml of curd, 1 g of idly batter, 1 ml of homogenized tomato sample, 1 ml of soaked water of paddy grains and 1 ml from fermented cabbage were taken. Appropriate dilutions were plated in MRS (de Man Rogosa Sharpe) agar plate (De Man et al., 1960) by pour plate technique and the plates were incubated at 37 ºC for 48 h. After incubation, the different morphological colonies were selected and purified. The Gram’s reaction of purified colonies was determined by Gram’s staining technique.
Antifungal activity of LAB isolates
LAB isolates were screened for antifungal activity by overlay method as described in (Magnusson and Schnürer, 2001; Barrios-Roblero et al., 2019). LAB isolates were seeded until covering one-third of the surface of MRS agar plates and incubated at 37 ºC for 48 h. A Malt extract agar plug with A. flavus and F. oxysporum was placed on the center of the free surface of these MRS agar plates and incubated aerobically at 25 ºC for 5 days. The mold growth was observed daily and inhibition radius was recorded 
Studies on probiotic characteristic of the antifungal LAB isolate 
Viable cell population and pH 

The LAB isolate was inoculated in sterile MRS broth and incubated at 37 ºC for 24 h. From the above culture, 1 % inoculum was inoculated in MRS broth 
to evaluate the viable cell population and pH determination for different time intervals (0, 2, 4, 6, 8, 10, 12, 24, 36, 48, 60 and 72 h). The viable cell count was determined by plating in MRS medium. The growth of the cells was expressed in log cfu ml-1. The inoculated broth was centrifuged at 8,000 rpm for 15 min and supernatant was collected to determine pH using pH meter (μ pH System 361, Systronics ®, India).
Growth under different pH

The 1 % v/v of 24 h old LABT3 was inoculated in sterile MRS broth prepared at different pH (3, 4, 6, 6.4, 7, 9 and 11)
 and incubated at 37 ºC for 24 h. After incubation viable bacterial colonies were plated on MRS agar plate. The cfu calculated and compared with cfu calculated from MRS broth with pH of 6.4 and expressed as log cfu ml-1 
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(Jacobsen et al., 1999; Vermeulen et al., 2007)
.
Growth under different incubation temperatures

The 24 h old LABT3 isolate (1 % v/v) was inoculated in the MRS broth and incubated at different temperatures (0, 15, 25, 30, 37, 45 and 60 ºC) for 24 h (Gardini et al., 2001). After incubation viable bacterial colonies were plated on MRS agar plate and expressed as log cfu ml-1.  
 Growth under different bile salt concentrations
 Growth of LABT3 isolate under different concentration of bile salts (0.4, 0.8, 1.2, 1.6 and 2 % w/v) was determined. Without bile salt in MRS broth was considered as control. LABT3 isolate was inoculated in sterile MRS broth and incubated for 24h (Sabir et al., 2010). Approximately 1 % v/v of 24h culture was inoculated in test tubes containing different concentration of bile salts. The viable cell count was determined at different intervals 0, 2, 4, 6, 8, 10, 13, 24, 36, 48 h by plating on MRS agar medium (expressed as cfu ml-1).

Exopolysaccharide production
Exopolysaccharides was estimated in the LABT3 culture following the procedure given by Cerning et al. (1994). The LAB isolate was grown in  MRS broth containing different concentration of sucrose (2, 3, 4 and 5 % w/v). Then the cultures were heated at 100 ºC for 15 min to inactivate the polymer degrading enzymes. Then the cells were removed by centrifugation at 12000 rpm for 30 min at 4 ºC. The EPS were precipitated with 2 volumes of ice cold 95% ethanol and incubated at 4 ºC for overnight. The resultant precipitate was collected by centrifugation at 12000 rpm for 20 min at 4 ºC. Dissolve the EPS in deionized water and stored at 4 ºC. Total EPS production by LAB isolate was estimated by phenol-sulphuric acid method using glucose as the standard (Dubois et al., 1956).
RESULTS AND DISCUSSION
Occurrence of LAB in  food samples
The lactic acid bacteria population was enumerated on MRS agar media. Fermented food samples used in the study namely idly batter, fermented cabbage and curd contained
 more population than raw paddy grains and fresh tomato fruits. Based on colony morphological variation 
totally 60 isolates were selected (Table 1). Idly batter and curd harbored more isolates 
with different colony morphology. Thakkar et al. (2015) obtained 29 isolates from dairy and non-dairy products and found two microscopic morphological forms namely cocci and bacilli with gram positive reaction. Majority of the isolated LAB from traditional butter were bacilli (52.34 %) compared to cocci (47.66 %) (Bettache et al., 2012). In our study, majority of the LAB were cocci (58.34 %) than to bacilli (41.66 %) in different food samples. 
Antifungal activity and growth of LAB isolates
The use of LAB as antifungal agent is effective since it has greater potential for fungal growth inhibition and detoxification of mycotoxins (Gourama and Bullerman, 1995). The 60 LAB isolates obtained were tested for antifungal activity by dual plate technique (Fig. 1). Among 60 isolates tested for antifungal activity, 21 isolates exhibited inhibition pf growth of A. flavus and 13 isolates inhibited F. oxysporum. Both the fungi were inhibited by 10 of the total isolates (Table 2; Figure 2). It was also found that percentage occurrence of LAB isolates with antifungal activity was higher in fermented foods (curd and idly batter) than non-fermented foods (Paddy grains and tomato). Lactobacillus rhamnosus and L. fermentum showed inhibitory activity by both overlay and dual plate technique against A. flavus (Gerbaldo et al., 2012). From the fungal growth inhibitory LAB isolates, six isolates (LABT3, LABC2, LABP1, LABP2, LABP3 and LABC7) were selected as effective based on inhibition zone and subjected for further growth characteristics. The isolate LABT3 measured the highest area of inhibition zone against A. flavus and F. oxysporum and was selected as an efficient potential LAB isolate to control mycotoxigenic fungi and used for further studies. 
Probiotic characteristics of isolate LABT3
Viable cell population and pH 

The growth of LABT3 isolate was determined by growing in MRS broth and maximum population of about 11.72±0.98 attained at 48 h and after 48 h the population starts to decline. Due to the production of organic acids by lactic acid bacteria, the pH was reduced to 4.59 at 72 h (Table 4). 
The growth of L. plantarum isolated from sourdough showed lag phase of 3-4 h and exponential phase for 18 h (Üçok and Sert, 2020).  
Growth under various pH 
Probiotic bacteria must transit passage through the stomach where the pH can be as low as 1.5 to 2 (Dunne et al., 2001). The isolate survived in pH of 4, 5, 6, 6.4, 7 and 9 and showed maximum growth in pH of 6.4. The isolate can tolerate low pH of 4 and high pH of 9 (Fig.3). Some of the lactic acid bacterial isolates were able to survive in low pH of 1 to 3 (Thakkar et al., 2015).      
Growth under various temperature 
LABT3 isolate showed effective growth in 30 ºC, 37 ºC and 45 ºC and does not grow in low temperatures below 30 ºC (Fig.4) in accordance with the findings of Thakkar et al. (2015). But, Lactobacillus plantarum grow in the temperature range of 12 to 37 ºC and no growth at low temperature of 4 ºC (Silva et al., 2018).
Growth under various bile salt concentration
The growth of LABT3 in the presence of various bile salt concentration ranged from 0.4 to 2.0 % in MRS-Glucose broth at 37 ºC is presented in Fig.5. The presence of bile salt significantly reduced the viable cell population. The LABT3 showed tolerance capability to high concentration of about 1.2 % bile salt. Adaptive responses to bile salt were observed in Lactococcus lactis subsp. lactis (Kim et al., 1999). Highest viable population was obtained when the isolate grown in the absence of bile salt. Lactobacillus plantarum was able to grow in concentration of 1 % bile salt and showed greater bile salt resistant activity than L. bulgaricus (Qian et al., 2018).
 

Effect of sucrose concentration on Exopolysaccharide production

Exopolysaccharides form a layer surrounding cells which protect the cells against adverse environmental conditions (De Vuyst and Degeest, 1999). The LABT3 isolate was cultivated in MRS broth containing sucrose concentrations ranging from 2 % to 5 % and the quantity of exopolysaccharide was highest when sucrose was not added (2 % Glucose), of about 315.76±2.90 (Table 5). 
High sucrose concentration reduced the exopolysaccharide released into the medium by LABT3. 
L. plantarum produced high amount of exopolysaccharides of about 515.48 mg L-1 at 30 ºC and the highest amount was obtained after 120 h of incubation (Mıdık et al., 2020).


Abbreviations

cfu – Colony forming units

LAB – Lactic acid bacteria
CONCLUSION 

The present study was conducted to select naturally occurring lactic acid bacteria with antifungal activity from different food system. The LAB isolates with antifungal activity was high in fermented foods than in non-fermented foods. Under in vitro condition the isolate LABT3 was identified as a potential isolate to inhibit the growth of A. flavus and F. oxysporum. Since these two fungi produce mycotoxins, the antifungal LAB isolate LABT3 obtained in the present study would be a potent LAB candidate for in situ application in food system to inhibit fungal growth. In future, their application in food should include where their antifungal activity should be evaluated.
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Tables
Table 1 Population of LAB in different samples
	S.No.
	Place of collection
	Name of the sample
	Description of the sample
	Population of LAB (cfu ml-1 or cfu g-1)
	No. of Selected isolates


	1.
	Central farm, Tamil Nadu Agricultural University, Coimbatore
	Paddy grains

	Stored grains  (2 months) soaked for 12 h
	28.3*104
	5

	2.
	Mettur
	Idly batter
	Rice and black gram ratio is 4:1 and fermented for 18 h
	75.2*105
	15

	3.
	Uzhavar sandhai, Mettur
	Tomato
	Fresh vegetable

	38.6*104
	10

	4.
	Uzhavar sandhai, Mettur
	Cabbage

	Fermented for 12 days
	62.5*105
	10

	5.
	Mettur
	Curd
	Fermented for 12 h
	83.5*105
	20


Table 2 Antifungal activity of LAB isolates against fungal contaminants by dual plate technique

	S.No.
	Isolate No.
	Aspergillus flavus
	Fusarium oxysporum

	1.
	LABT1
	-
	++

	2.
	LABT3
	++
	+++

	3.
	LABT4
	+
	+

	4.
	LABT5
	-
	++

	5.
	LABT8
	-
	+

	6..
	LABP1
	++
	++

	7.
	LABP2
	++
	++

	8.
	LABP3
	+
	++

	9.
	LABP4
	+
	+

	10.
	LABB2
	-
	+

	11.
	LABB3
	++
	-

	12.
	LABB5
	-
	++

	13.
	LABB8
	+
	-

	14.
	LABB9
	-
	+

	15.
	LABC1
	-
	+

	16.
	LABC2
	+
	+

	17.
	LABC3
	-
	++

	18.
	LABC4
	+
	+

	19.
	LABC6
	+
	+

	20.
	LABC7
	++
	+

	21.
	LABC8
	-
	+

	22.
	LABC10
	-
	+

	23.
	LABC11
	-
	++

	24.
	LABC15
	++
	-


                 Note 
	+++
	:
	>2.5cm inhibition radius


	++
	:
	1 to 2.5 cm  inhibition radius

	+
	:
	≤1 cm inhibition radius

	-
	:
	No inhibition


Table 3: Effect of sucrose concentration on Exopolysaccharide production of LABT3
	Sucrose concentration(%)
	Exopolysaccharide production (mg L-1 broth)

	0 
	315.76±2.90

	2 
	289.09±0.66

	3 
	276.34±0.85

	4 
	246.70±1.09

	5 
	214.26±2.41


Data are Mean ± Standard error; Mean values differ significantly at p <0.05 
Figures and Structures
Figure 1: Fungal growth inhibition of LAB isolate (LABP2). Figure a and b are compatibility against A. flavus and F. oxysporum c and d control for A. flavus and F. oxysporum respectively
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Figure 2: Percentage of fungal inhibition by LAB isolates from different samples
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Error bars represent the standard error
Figure 3: Viable cell population of LABT3 isolate at different time intervals
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Error bars represent the standard error
Figure 4. pH (a) and temperature (b) tolerance of the isolate LABT3
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Figure 5. Growth under different bile salt concentration
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Error bars represent the standard error
�May be replaced as Investigations 


�What prevented a nearby source to your lab? Won’t it discriminate the sampling?


�How the samples were transported? Indicate the packing also?


�Provide the Authenticity of the isolates?


�What was the cell load?


�Indicate how you adjusted the different pH levels


�


�Elaborate this


�Should not be vague; should indicate the definitive


�Missing table 4


�Check Table 3??


�Does it mean that the activity of eps gene promoter does not depend on these sugar sources? 


Should justify the choice of the sugar and only sucrose and glucose





�Rewrite in active voice


�Indicate the grant source and if possible the number


�Any specific logic adopted for selection?


�Variety?


�Did you do the isolation at Mettur? How the samples were transported and still called “fresh”


�Variety?


�Check data; 5 cm dia in a 90 mm plate?


& Fig. 1 represents line streak only


�Does this image really imply inhibition? How many days of incubation?


�What you want to infer from this figure? Do you aim for a best sample or a best LAB strain? 


�The initial pH seems lower than the optimal. Any specific reasons
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