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Abstract 

Chilli (Capsicum annuum L.) is an economically important spice and vegetable crop whose post-harvest quality is adversely 

affected by fungal deterioration, particularly Aspergillus flavus. The present study evaluated the efficacy of selected potential 

probiotics in maintaining the physical and physicochemical quality of chilli fruits during storage following A. flavus 

inoculation. Chilli fruits were inoculated with A. flavus and subsequently treated with potential probiotics namely Darolac, 

Fourrts or Pichia kudriavzevii, while untreated and A. flavus inoculated fruits served as controls. Fruit quality was assessed at 

7, 14, 21, 28 and 35 days after treatment (DAT) and observed for firmness, colour (L*, a* and b*), pH and bulk density. 

Firmness declined progressively during storage in all the treatments, but Darolac consistently maintained the maximum 

firmness among the probiotic treatments, recording 374.63 g at 35 DAT compared with 219.97 g in A. flavus inoculated fruits. 

Storage resulted in an increase in L* and b* values and a decline in a* value, with the greatest deterioration occurring in A. 

flavus inoculated fruits. Darolac treated fruits showed comparatively better retention of colour characteristics. The pH declined 

from 5.31 to 4.87 in Darolac treated fruits, whereas A. flavus inoculated fruits declined from 5.11 to 4.22. Similarly, bulk 

density at 35 DAT was maximum in untreated fruits (162.33 kg m⁻³), followed by Darolac (143.77 kg m⁻³), while A. flavus 

inoculated fruits recorded only 94.67 kg m⁻³. Overall, Darolac showed the best performance among the evaluated probiotics in 

maintaining the fruit firmness and physicochemical quality during storage, indicating its potential as sustainable post-harvest 

management of A. flavus associated deterioration in chilli. 
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Introduction 

Chilli (Capsicum annuum L.) is one of the most 

economically and nutritionally important spice crop as well 

as vegetable crop globally, cultivated and consumed for its 

pungency, color and antioxidant properties. Chilli is one of 

the India’s major exported spices, contributing to about 27 

per cent of the total spice export. India exported 17.34 lakh 

tonnes of spices and spice products worth ₹ 39,140.11 crore, 

with chilli remaining the largest individual contributor 

whereas imports were only 4,913 tonnes, indicating that 

India is a major net exporter of chilli (Anon., 2025). 

However, its post-harvest quality is significantly threatened 

by fungal contamination, particularly by Aspergillus flavus, 

a potential aflatoxin producing pathogen (Ajithkumar and 

Naik, 2006) [2]. 

A. flavus is a ubiquitous and cosmopolitan filamentous 

fungus capable of proliferating under a wide range of 

environmental conditions (Thathana et al., 2017) [13]. 

Mycotoxins are the toxic secondary metabolites produced 

by fungi belonging to the genera Aspergillus, Penicillium 

and Fusarium, including aflatoxin, ochratoxin, citrinin, 

fumonisin, ergot alkaloids, patulin, trichothecenes, 

zearalenone and deoxynivalenol (Ajithkumar et al., 2024) 

[3]. Thus, mitigating aflatoxin contamination has become an 

urgent goal both to safeguard public health and to enhance 

market competitiveness for aflatoxin prone crops in 

countries like India (Swapna et al., 2026) [12]. 

Probiotics are beneficial living microorganisms which when 

consumed in adequate quantities, provide health benefits to 

the host (FAO/WHO). These are the beneficial 

microorganisms that support the gut health of humans. 

Probiotic microorganisms, particularly lactic acid bacteria 

and beneficial yeasts, can suppress undesirable fungi 

through the production of organic acids and antimicrobial 

metabolites and may also interact with mycotoxins through 

adsorption or biodegradation (Abdolmaleki et al., 2022) [1]. 

In the present study, the potential probiotic formulations 

viz., Darolac, Fourrts and Pichia kudriavzevii were 

evaluated against A. flavus associated with chilli fruits. 

Their efficacy under challenge conditions and their ability to 

maintain fruit quality during storage were assessed based on 

firmness, colour (L*, a* and b*), pH and bulk density, with 

the aim of identifying an effective treatment for reducing 

fungal deterioration and extending the post-harvest quality 

and shelf life of chilli. 

 

Material and Methods 

Experimental details 

A shelf-life experiment was conducted to evaluate the 

efficacy of potential probiotic as post-harvest treatments in 

maintaining the quality of chilli fruits inoculated with 

Aspergillus flavus during storage. Five treatments 

comprising untreated chilli fruits (T1), A. flavus inoculated 

fruits followed by Darolac treatment (T2), A. flavus 
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inoculated fruits followed by Fourrts treatment (T3), A. 

flavus inoculated fruits followed by Pichia kudriavzevii 

treatment (T4) and A. flavus inoculated fruits without 

probiotic treatment (T5) were taken. Observations were 

recorded at 7, 14, 21, 28 and 35 days after treatment (DAT). 

Changes in post-harvest quality parameters, including 

firmness, colour (L*, a* and b*), pH and bulk density, were 

recorded at each observation interval to assess the 

progression of deterioration and the effectiveness of the 

probiotic treatments in maintaining chilli fruit quality. 

 

Firmness assessment 

The textural properties of dried chilli were evaluated using a 

texture analyzer (TA). Dried red chilli fruit samples were 

subjected to a double compression cycle using a 2 mm 

diameter cylindrical probe. The analysis parameters were set 

to a pretest speed of 2.5 mm/sec, a 12 mm compression 

distance and a 15 g trigger force. All the measurements were 

performed in triplicate (Faliarizao et al., 2025) [10]. 

 

Colour assessment 

Hunter’s lab colorimeter was used to measure the colour of 

chilli fruits. It provided reading in terms of L*, a* and b*, 

where luminance (L*) forms the vertical axis that indicates 

whiteness (+) to darkness (-). In the same way, a* indicates 

redness (+) to greenness (-) and b* indicates yellowness (+) 

to blueness (-). The instrument was calibrated before placing 

the sample by placing calibration plates provided with the 

instrument. Once the instrument was calibrated, 

measurement of colour is done. All the measurements were 

replicated thrice and the average values were recorded. 

 

Bulk density 

Approximately 100 mg sample of dried red chilli fruit were 

transferred to a 10 ml graduated cylinder and its volume was 

recorded before and after compaction. 

 

pH 

The pH value of dried red chilli powder samples was 

determined using a pH meter. For sample preparation, 0.25 

g of the dried chilli fruit powder was weighed and dissolved 

in 25 ml of distilled water. Prior to measuring the pH, the 

pH meter should be calibrated with different pH buffers 

according to the manufacturer’s instructions. The pH value 

of the prepared samples was recorded once the reading 

stabilized. 

 

Statistical analysis 

The experimental data were analysed statistically as 

reported in the study. Standard error of mean (S. Em. ±) and 

critical difference (C. D.) at 1 per cent were used for 

interpretation of treatment differences. 

 

Results and Discussion 

Firmness of chilli fruits 

Firmness declined progressively during storage in all the 

treatments, but the magnitude of decline differed markedly 

among treatments (Table 1). At 7 DAT, untreated fruits 

recorded the maximum firmness (1147.73 g), followed by 

Darolac (974.47 g), Fourrts (933.50 g) and P. kudriavzevii 

(913.27 g), while A. flavus inoculated fruits recorded the 

minimum (666.10 g). At 14 DAT, untreated fruits retained 

firmness of about 1139.83 g, whereas Darolac and Fourrts 

recorded 920.93 and 913.57 g, respectively. At 21 DAT, 

Darolac recorded firmness of about 682.83 g and was 

significantly superior among the probiotic treatments. The 

same trend continued at 28 and 35 DAT, when Darolac 

recorded 516.43 and 374.63 g, respectively, compared with 

219.97 g in A. flavus inoculated fruits. Thus, Darolac 

consistently provided the best retention of firmness among 

the probiotic treatments. The firmness retained by the 

probiotic treated chilli fruits during storage might be due to 

the suppression of A. flavus growth by antifungal 

metabolites produced by the probiotic microorganisms 

(Brummell, 2006) [8]. In contrast, fruits inoculated with A. 

flavus alone consistently recorded the minimum texture 

analyzer readings, which can be attributed to extensive 

degradation of pectin and cellulose during fungal 

colonization, resulting in rapid tissue softening and loss of 

firmness (Vicente et al., 2007) [14]. 

The results are in consistent with Garcia et al. (2021) [11], 

they evaluated the effect of chitosan (CS), propolis (P), 

chitosan nanoparticles (CNPs) and propolis nanoparticles 

(PNPs), individually and in combination, against A. flavus in 

fig fruits. At 12 days of storage, the untreated control 

recorded firmness of about 4.9 N, while firmness was 5.1 N 

in CS + PNPs, 4.5 N in CS + CSNPs, 2.8 N in CS + P, 6.0 N 

in CS + CSNPs + PNPs, 5.6 N in CS + PNPs + CSNPs + P, 

4.4 N in CS + PNPs + P, 5.6 N in CS + CSNPs + P, and 4.1 

N in CS alone. The better retention of firmness in some 

treatments was associated with reduced A. flavus 

development and maintenance of fruit quality. 

 

Changes in fruit colour 

Storage caused a gradual increase in L* and b* values and a 

progressive decrease in a* value. A. flavus inoculated fruits 

consistently recorded the maximum L* values, increasing 

from 24.37 at 7 DAT to 25.72 at 35 DAT, whereas untreated 

fruits showed the minimum L* values, from 23.32 to 24.64 

(Table 2). In contrast, redness was best retained by untreated 

fruits, with a* values of 12.96 and 12.62 at 7 and 35 DAT, 

respectively. A. flavus inoculated fruits recorded the 

minimum a* values, declining from 9.88 to 6.71. The b* 

value increased from 11.57 to 11.69 in untreated fruits and 

from 12.86 to 13.16 in A. flavus inoculated fruits. Among 

the probiotic treatments, Darolac generally retained better 

redness and showed comparatively lower changes in b* 

value than P. kudriavzevii. The greater changes in infected 

fruits indicate more pronounced pigment and tissue 

deterioration during storage. The present outcome is in 

accordance with Balasubramaniyan et al. (2026), they 

reported that healthy chilli fruits exhibited L*, a* and b* 

values of 41.69, 37.62 and 42.74, respectively, whereas A. 

flavus infected chilli fruits showed values of 48.98, 19.63 

and 40.64, respectively. The results of the study aligned 

with that of Chen et al. (2022), who observed that the L* 

value increased from approximately 52 to 62, the a* value 

decreased from approximately 35 to 20 and the b* value 

increased from approximately 36 to 42 over six months of 

storage in the different packaging treatments. 

 

pH changes during storage 

The pH of chilli fruits declined progressively from 7 to 35 

DAT (Table 3). Untreated fruits maintained the maximum 

pH throughout storage, decreasing from 5.39 to 5.10. 

Among the probiotic treatments, Darolac showed the best 

pH retention, with values decreasing from 5.31 to 4.87, 

followed by Fourrts (5.23 to 4.75) and P. kudriavzevii (5.22 
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to 4.67). A. flavus inoculated fruits showed the greatest 

decline, from 5.11 at 7 DAT to 4.22 at 35 DAT. Lower pH 

generally inhibits many bacteria, while acid tolerant 

microbes can still continue to grow (Alegbeleye et al., 2022) 

[4]. The maximum reduction in pH in fruits inoculated with 

A. flavus (T5), might be due to active metabolism of the 

pathogen. A. flavus utilizes carbohydrates as an energy 

source and produces low molecular weight organic acids 

that lower the pH of the surrounding tissues (Yang et al., 

2017) [15]. The comparatively smaller pH decline in Darolac 

treated fruits suggests slower deterioration and reduced 

microbial activity associated with fungal colonization. 

 

Bulk density 

Bulk density declined progressively during storage. At 7 

DAT, untreated fruits recorded the maximum value (177.10 

kg m-3), while A. flavus inoculated fruits recorded the 

minimum value (153.73 kg m-3). At 35 DAT, untreated 

fruits recorded bulk density of about 162.33 kg m-3, 

followed by Darolac (143.77 kg m-3), Fourrts (131.93 kg m-

3) and P. kudriavzevii (117.77 kg m⁻³), whereas A. flavus 

inoculated fruits recorded only 94.67 kg m-3 (Table 4). The 

higher bulk density in probiotic treated fruits, particularly 

Darolac, indicates comparatively better preservation of 

structural quality. The marked reduction under A. flavus 

infection may be related to tissue degradation and 

development of a more porous material after deterioration 

and drying. The study is in accordance with 

Balasubramaniyan et al. (2026), he reported that the bulk 

density of A. flavus infected chilli fruits (98.77 kg m-3) was 

lower than that of healthy fruits (127.31 kg m-3), indicating 

tissue degradation and reduced structural integrity. Aoun et 

al. (2020) reported that aflatoxin levels were negatively 

correlated with kernel bulk density in maize. High aflatoxin 

kernels had significantly minimum density (0.90 g cm-3) 

than low aflatoxin kernels (0.96 g cm-3). 

Chilli (Capsicum annuum L.) is one of the most 

economically and nutritionally important spice crop as well 

as vegetable crop globally, cultivated and consumed for its 

pungency, color and antioxidant properties. Chilli is one of 

the India’s major exported spices, contributing to about 27 

per cent of the total spice export. India exported 17.34 lakh 

tonnes of spices and spice products worth ₹ 39,140.11 crore, 

with chilli remaining the largest individual contributor 

whereas imports were only 4,913 tonnes, indicating that 

India is a major net exporter of chilli (Anon., 2025). 

However, its post-harvest quality is significantly threatened 

by fungal contamination, particularly by Aspergillus flavus, 

a potential aflatoxin producing pathogen (Ajithkumar and 

Naik, 2006) [2]. 

A. flavus is a ubiquitous and cosmopolitan filamentous 

fungus capable of proliferating under a wide range of 

environmental conditions (Thathana et al., 2017) [13]. 

Mycotoxins are the toxic secondary metabolites produced 

by fungi belonging to the genera Aspergillus, Penicillium 

and Fusarium, including aflatoxin, ochratoxin, citrinin, 

fumonisin, ergot alkaloids, patulin, trichothecenes, 

zearalenone and deoxynivalenol (Ajithkumar et al., 2024) 

[3]. Thus, mitigating aflatoxin contamination has become an 

urgent goal both to safeguard public health and to enhance 

market competitiveness for aflatoxin prone crops in 

countries like India (Swapna et al., 2026) [12]. 

Probiotics are beneficial living microorganisms which when 

consumed in adequate quantities, provide health benefits to 

the host (FAO/WHO). These are the beneficial 

microorganisms that support the gut health of humans. 

Probiotic microorganisms, particularly lactic acid bacteria 

and beneficial yeasts, can suppress undesirable fungi 

through the production of organic acids and antimicrobial 

metabolites and may also interact with mycotoxins through 

adsorption or biodegradation (Abdolmaleki et al., 2022) [1]. 

In the present study, the potential probiotic formulations 

viz., Darolac, Fourrts and Pichia kudriavzevii were 

evaluated against A. flavus associated with chilli fruits. 

Their efficacy under challenge conditions and their ability to 

maintain fruit quality during storage were assessed based on 

firmness, colour (L*, a* and b*), pH and bulk density, with 

the aim of identifying an effective treatment for reducing 

fungal deterioration and extending the post-harvest quality 

and shelf life of chilli. 

 

Material and Methods 

Experimental details 

A shelf-life experiment was conducted to evaluate the 

efficacy of potential probiotic as post-harvest treatments in 

maintaining the quality of chilli fruits inoculated with 

Aspergillus flavus during storage. Five treatments 

comprising untreated chilli fruits (T1), A. flavus inoculated 

fruits followed by Darolac treatment (T2), A. flavus 

inoculated fruits followed by Fourrts treatment (T3), A. 

flavus inoculated fruits followed by Pichia kudriavzevii 

treatment (T4) and A. flavus inoculated fruits without 

probiotic treatment (T5) were taken. Observations were 

recorded at 7, 14, 21, 28 and 35 days after treatment (DAT). 

Changes in post-harvest quality parameters, including 

firmness, colour (L*, a* and b*), pH and bulk density, were 

recorded at each observation interval to assess the 

progression of deterioration and the effectiveness of the 

probiotic treatments in maintaining chilli fruit quality. 

 

Firmness assessment 

The textural properties of dried chilli were evaluated using a 

texture analyzer (TA). Dried red chilli fruit samples were 

subjected to a double compression cycle using a 2 mm 

diameter cylindrical probe. The analysis parameters were set 

to a pretest speed of 2.5 mm/sec, a 12 mm compression 

distance and a 15 g trigger force. All the measurements were 

performed in triplicate (Faliarizao et al., 2025) [10]. 

 

Colour assessment 

Hunter’s lab colorimeter was used to measure the colour of 

chilli fruits. It provided reading in terms of L*, a* and b*, 

where luminance (L*) forms the vertical axis that indicates 

whiteness (+) to darkness (-). In the same way, a* indicates 

redness (+) to greenness (-) and b* indicates yellowness (+) 

to blueness (-). The instrument was calibrated before placing 

the sample by placing calibration plates provided with the 

instrument. Once the instrument was calibrated, 

measurement of colour is done. All the measurements were 

replicated thrice and the average values were recorded. 
 

Bulk density 

Approximately 100 mg sample of dried red chilli fruit were 

transferred to a 10 ml graduated cylinder and its volume was 

recorded before and after compaction. 
 

pH 

The pH value of dried red chilli powder samples was 

determined using a pH meter. For sample preparation, 0.25 
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g of the dried chilli fruit powder was weighed and dissolved 

in 25 ml of distilled water. Prior to measuring the pH, the 

pH meter should be calibrated with different pH buffers 

according to the manufacturer’s instructions. The pH value 

of the prepared samples was recorded once the reading 

stabilized. 

 

Statistical analysis 

The experimental data were analysed statistically as 

reported in the study. Standard error of mean (S. Em. ±) and 

critical difference (C. D.) at 1 per cent were used for 

interpretation of treatment differences. 

 

Results and Discussion 

Firmness of chilli fruits 

Firmness declined progressively during storage in all the 

treatments, but the magnitude of decline differed markedly 

among treatments (Table 1). At 7 DAT, untreated fruits 

recorded the maximum firmness (1147.73 g), followed by 

Darolac (974.47 g), Fourrts (933.50 g) and P. kudriavzevii 

(913.27 g), while A. flavus inoculated fruits recorded the 

minimum (666.10 g). At 14 DAT, untreated fruits retained 

firmness of about 1139.83 g, whereas Darolac and Fourrts 

recorded 920.93 and 913.57 g, respectively. At 21 DAT, 

Darolac recorded firmness of about 682.83 g and was 

significantly superior among the probiotic treatments. The 

same trend continued at 28 and 35 DAT, when Darolac 

recorded 516.43 and 374.63 g, respectively, compared with 

219.97 g in A. flavus inoculated fruits. Thus, Darolac 

consistently provided the best retention of firmness among 

the probiotic treatments. The firmness retained by the 

probiotic treated chilli fruits during storage might be due to 

the suppression of A. flavus growth by antifungal 

metabolites produced by the probiotic microorganisms 

(Brummell, 2006) [8]. In contrast, fruits inoculated with A. 

flavus alone consistently recorded the minimum texture 

analyzer readings, which can be attributed to extensive 

degradation of pectin and cellulose during fungal 

colonization, resulting in rapid tissue softening and loss of 

firmness (Vicente et al., 2007) [14]. 

The results are in consistent with Garcia et al. (2021) [11], 

they evaluated the effect of chitosan (CS), propolis (P), 

chitosan nanoparticles (CNPs) and propolis nanoparticles 

(PNPs), individually and in combination, against A. flavus in 

fig fruits. At 12 days of storage, the untreated control 

recorded firmness of about 4.9 N, while firmness was 5.1 N 

in CS + PNPs, 4.5 N in CS + CSNPs, 2.8 N in CS + P, 6.0 N 

in CS + CSNPs + PNPs, 5.6 N in CS + PNPs + CSNPs + P, 

4.4 N in CS + PNPs + P, 5.6 N in CS + CSNPs + P, and 4.1 

N in CS alone. The better retention of firmness in some 

treatments was associated with reduced A. flavus 

development and maintenance of fruit quality. 

 

Changes in fruit colour 

Storage caused a gradual increase in L* and b* values and a 

progressive decrease in a* value. A. flavus inoculated fruits 

consistently recorded the maximum L* values, increasing 

from 24.37 at 7 DAT to 25.72 at 35 DAT, whereas untreated 

fruits showed the minimum L* values, from 23.32 to 24.64 

(Table 2). In contrast, redness was best retained by untreated 

fruits, with a* values of 12.96 and 12.62 at 7 and 35 DAT, 

respectively. A. flavus inoculated fruits recorded the 

minimum a* values, declining from 9.88 to 6.71. The b* 

value increased from 11.57 to 11.69 in untreated fruits and 

from 12.86 to 13.16 in A. flavus inoculated fruits. Among 

the probiotic treatments, Darolac generally retained better 

redness and showed comparatively lower changes in b* 

value than P. kudriavzevii. The greater changes in infected 

fruits indicate more pronounced pigment and tissue 

deterioration during storage. The present outcome is in 

accordance with Balasubramaniyan et al. (2026), they 

reported that healthy chilli fruits exhibited L*, a* and b* 

values of 41.69, 37.62 and 42.74, respectively, whereas A. 

flavus infected chilli fruits showed values of 48.98, 19.63 

and 40.64, respectively. The results of the study aligned 

with that of Chen et al. (2022), who observed that the L* 

value increased from approximately 52 to 62, the a* value 

decreased from approximately 35 to 20 and the b* value 

increased from approximately 36 to 42 over six months of 

storage in the different packaging treatments. 

 

pH changes during storage 

The pH of chilli fruits declined progressively from 7 to 35 

DAT (Table 3). Untreated fruits maintained the maximum 

pH throughout storage, decreasing from 5.39 to 5.10. 

Among the probiotic treatments, Darolac showed the best 

pH retention, with values decreasing from 5.31 to 4.87, 

followed by Fourrts (5.23 to 4.75) and P. kudriavzevii (5.22 

to 4.67). A. flavus inoculated fruits showed the greatest 

decline, from 5.11 at 7 DAT to 4.22 at 35 DAT. Lower pH 

generally inhibits many bacteria, while acid tolerant 

microbes can still continue to grow (Alegbeleye et al., 2022) 

[4]. The maximum reduction in pH in fruits inoculated with 

A. flavus (T5), might be due to active metabolism of the 

pathogen. A. flavus utilizes carbohydrates as an energy 

source and produces low molecular weight organic acids 

that lower the pH of the surrounding tissues (Yang et al., 

2017) [15]. The comparatively smaller pH decline in Darolac 

treated fruits suggests slower deterioration and reduced 

microbial activity associated with fungal colonization. 

 

Bulk density 

Bulk density declined progressively during storage. At 7 

DAT, untreated fruits recorded the maximum value (177.10 

kg m-3), while A. flavus inoculated fruits recorded the 

minimum value (153.73 kg m-3). At 35 DAT, untreated 

fruits recorded bulk density of about 162.33 kg m-3, 

followed by Darolac (143.77 kg m-3), Fourrts (131.93 kg m-

3) and P. kudriavzevii (117.77 kg m⁻³), whereas A. flavus 

inoculated fruits recorded only 94.67 kg m-3 (Table 4). The 

higher bulk density in probiotic treated fruits, particularly 

Darolac, indicates comparatively better preservation of 

structural quality. The marked reduction under A. flavus 

infection may be related to tissue degradation and 

development of a more porous material after deterioration 

and drying. The study is in accordance with 

Balasubramaniyan et al. (2026), he reported that the bulk 

density of A. flavus infected chilli fruits (98.77 kg m-3) was 

lower than that of healthy fruits (127.31 kg m-3), indicating 

tissue degradation and reduced structural integrity. Aoun et 

al. (2020) reported that aflatoxin levels were negatively 

correlated with kernel bulk density in maize. High aflatoxin 

kernels had significantly minimum density (0.90 g cm-3) 

than low aflatoxin kernels (0.96 g cm-3). 
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Table 1: Efficacy of potential probiotics on the firmness of chilli fruits at various intervals during storage 
 

Treatment 

number 
Treatment detail 

Firmness of chilli fruits (g) 

7 DAT* 14 DAT 21 DAT 28 DAT 35 DAT 

T1 Untreated chilli fruits 1147.73 1139.83 1140.23 1138.53 1087.50 

T2 Chilli fruits inoculated with A. flavus followed by Darolac 974.47 920.93 682.83 516.43 374.63 

T3 Chilli fruits inoculated with A. flavus followed by Fourrts 933.50 913.57 540.03 396.07 286.70 

T4 Chilli fruits inoculated with A. flavus followed by Pichia kudriavzevii 913.27 821.63 520.70 373.23 269.93 

T5 Chilli fruits inoculated with A. flavus 666.10 640.27 472.47 314.13 219.97 

S. Em. ± 12.69 11.17 12.00 11.90 10.55 

C. D. at 1% 40.50 35.65 38.32 37.97 33.67 

*DAT - Days after treatment 
 

Table 2: Efficacy of potential probiotics on the colour of chilli fruits at various intervals during storage 
 

Treatment 

number 
Treatment detail 

Colour of chilli fruits 

7 DAT* 14 DAT 21 DAT 28 DAT 35 DAT 

L* a* b* L* a* b* L* a* b* L* a* b* L* a* b* 

T1 Untreated chilli fruits 23.32 12.96 11.57 23.50 12.74 11.58 23.81 12.73 11.60 24.27 12.67 11.64 24.64 12.62 11.69 

T2 
Chilli fruits inoculated with A. flavus 

followed by Darolac 
23.82 12.43 12.10 24.02 12.38 12.13 24.08 11.99 12.17 24.36 10.95 12.22 25.09 10.31 12.33 

T3 
Chilli fruits inoculated with A. flavus 

followed by Fourrts 
23.79 11.78 12.11 24.06 11.25 12.14 24.27 10.98 12.19 24.67 10.31 12.24 25.17 10.09 12.34 

T4 
Chilli fruits inoculated with A. flavus 

followed by Pichia kudriavzevi 
23.86 11.56 12.20 24.07 11.19 12.23 24.31 10.72 12.28 24.71 10.12 12.34 25.19 9.73 12.49 

T5 Chilli fruits inoculated with A. flavus 24.37 9.88 12.86 24.57 9.03 12.89 24.87 8.36 12.94 25.29 7.54 13.02 25.72 6.71 13.16 

S. Em. ± 0.03 0.04 0.03 0.03 0.03 0.02 0.15 0.04 0.02 0.06 0.03 0.02 0.03 0.04 0.02 

C. D. at 1% 0.10 0.13 0.08 0.11 0.08 0.08 0.49 0.12 0.07 0.19 0.11 0.06 0.11 0.13 0.08 

*DAT - Days after treatment, L* - Lightness, a*- Greenness-redness, b*- Blueness-yellowness 
 

Table 3: Efficacy of potential probiotics on the pH of chilli fruits at various intervals during storage 
 

Treatment 

number 
Treatment detail 

pH of chilli fruits 

7 DAT* 14 DAT 21 DAT 28 DAT 35 DAT 

T1 Untreated chilli fruits 5.39 5.34 5.27 5.23 5.10 

T2 Chilli fruits inoculated with A. flavus followed by Darolac 5.31 5.20 5.12 5.05 4.87 

T3 Chilli fruits inoculated with A. flavus followed by Fourrts 5.23 5.13 5.05 4.96 4.75 

T4 Chilli fruits inoculated with A. flavus followed by Pichia kudriavzevii 5.22 5.09 4.95 4.90 4.67 

T5 Chilli fruits inoculated with A. flavus 5.11 4.91 4.70 4.61 4.22 

S. Em. ± 0.02 0.01 0.02 0.04 0.01 

C. D. at 1 % 0.05 0.04 0.05 0.14 0.05 

*DAT - Days after treatment 
 

Table 4: Efficacy of potential probiotics on the bulk density of chilli fruits at various intervals during storage 
 

Treatment 

number 
Treatment detail 

Bulk density of chilli fruits (kg/m3) 

7 DAT* 14 DAT 21 DAT 28 DAT 35 DAT 

T1 Untreated chilli fruits 177.10 176.30 171.37 169.20 162.33 

T2 Chilli fruits inoculated with A. flavus followed by Darolac 175.43 169.60 166.73 154.77 143.77 

T3 Chilli fruits inoculated with A. flavus followed by Fourrts 174.47 165.77 151.87 142.47 131.93 

T4 Chilli fruits inoculated with A. flavus followed by Pichia kudriavzevii 174.07 155.43 146.53 133.60 117.77 

T5 Chilli fruits inoculated with A. flavus 153.73 135.57 127.40 100.80 94.67 

S. Em. ± 0.62 1.69 1.24 2.46 1.15 

C. D. at 1 % 1.99 5.40 3.97 7.85 3.67 

* DAT – Days after treatment 

 

Conclusion  

The efficacy of the probiotic treatments in maintaining chilli 

fruit quality during storage was evaluated based on the 

firmness, colour, pH and bulk density. Firmness and bulk 

density of the chilli fruits were declined progressively 

during storage, with the greatest reduction observed in A. 

flavus treated fruits, whereas untreated fruits retained higher 

values throughout the storage period. Among the inoculated 

treatments, Darolac showed comparatively better retention 

of firmness and bulk density. The colour parameters also 

changed progressively, with an increase in L* and b* values 

whereas decrease in a* value, indicating increased lightness 

and yellowness with a gradual loss of redness. These 

changes were most pronounced in A. flavus treated fruits, 

while probiotic treated fruits showed comparatively better 

colour retention. The pH of the chilli fruits decreased 

progressively during storage, with the maximum decline 

recorded in A. flavus treated fruits and comparatively better 

pH retention in Darolac treated fruits, followed by Fourrts 

and P. kudriavzevii. Among the probiotic treatments, 

Darolac showed comparatively better performance in 

reducing the deterioration and maintaining the firmness and 

quality attributes of chilli fruits during storage. 
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