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Abstract 
    Table grapes are important fruit crops subjected to fungal decay during harvesting, post-harvest handling, and 
storage. An investigation was made on the in-vitro evaluation of ozone (O3) and Sodium metabisulfite (SMB) 
against radial growth of R. stolonifer through fumigation and food poisoning techniques, respectively. In another 
experiment, in-vivo evaluation of O3 fumigation at various concentrations and SMB at different doses were tested 
against Rhizopus rot in table grapes under cold storage. The results revealed that O3 at 8833.2 µl L-1 and SMB at 90 
mg/100ml PDA medium significantly inhibited the radial growth of the pathogen by 94.82% & 98.14 %.  Disease 
severity was zero in both O3 and SMB treated fruits but it was 0.89 DS in inoculated control, O3 at 7274.4 µL L-1 

showed significantly better retention of berry firmness (85.09N) and ascorbic acid level (3.90 mg/100 g) and least 
TSS (18.68 N), and PLW (7.49) and also scored highest sensory overall acceptability (8.04). SMB powder 0.5g 
among SMB treated fruits following O3 showed appreciative results. In addition, SMB treatments showed 
significantly highest L*and b* values highest compared to ozone, and recorded least colour a* value. Hence, ozone 
is a good alternative to SO2 treatments in conventional grape production and it could be a suitable technology to 
control Rhizopus rot disease and maintain quality parameters of grapes in cold storage. 
Keywords: Ascorbic acid, Instrumental colour (L* a* b*), Ozone, Sodium Metabisulfite, Rhizopus stolonifer  
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 لنôیز 

کولو پرمهال د فنƑسي ناروغیو سره مخ کیĔي. په دې  زیرمهانگور د مهمو میوه جاتو په ډله کې راÊي چې وروسته له را �ولولو د ساتنې او     

د جانبې ودې پر ضد د فومیƑیشن او د خوراکي توکو زهرجن تخنیکونو له   R. stolonifer د سودیم میتابای سلفی� دƐاز او  تحقیق کې د اوزون

د مخنیوي لپاره په انƑورو خوساکیدنې ناروغی د رایزوپس  سلفایتتجربه کې، اوزون او سوډیم میتابای  بله په  .لارې په لابراتور کې ÚیĎنه شوې

کĎی  کمه جانبي وده په مؤثره توƐه R. stolonifer د سلفایتنتایج ÚرƐندوي چې، اوزون او سودیم میتابای  .ÚیĎل شوو  په سĎه خونه کېباندې 

، مƑر د ناروغȪ شدت په تلقیح شوي شوی ووده. په انƑورو کې د ناروغȪ شدت په دواړو اوزون او سودیم میتابای سلفی� استع˴ل سره صفر 

Ɛرامه تر میلی  ٣٫٩٠نیو�نه Ĥودلې، او د اسکوربیک اسید اندازه یې  ٨٥٫٠٩ درجه  د سختȪ و دانوزون د انƑور او  .وو  ٠٫٨٩کن�رول تریتمن� کې 

Ĥودلې، او همدارنƑه تر �ولو لوړ  سلنه7.49  فزیالوژیکې وزن کمونه او ،بریکسه   18.72د�ولو Ĥه ساتنه کĎې. همدارنƑه، �ول جامد منحل موا

 او *L د رنƒ داو ورسته له اوزون مثبتې پایلې Ĥودلې. کÛوړه پوډر Ɛرامه  ٠٫٥ سلفایتد سودیم میتابای  .دلي) رسی ٨٫٠٤حسی عمومي منلو ته (

b* ودل شوېĤ تونو په لوړه کچه کېĤه بدیل دی او کولی شي   .ارزĤ وروکې د اوزون د سلفر ډای اکساید یوƑخوساکیدنې ناروغ پسرایزوپه ان 

 .Ďه خونه کې وساɴکیفیت س  واو د انƑور  کĎېکن�رول 

 )b* a* L(*اسکاربیک اسید، رنƒ  ، رایزوپس س�ولونیفراوزون، سوډیم میتابای سلفای�،  :کلیدي کلیمې
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1. Introduction 
    Grapes (Vitis vinifera L.) are non-climacteric fruits that degrade rapidly due to factors like loss 
of firmness, berry detachment, rachis discoloration, desiccation, and fungal rot pathogens (35). 
In Bagalkot, Karnataka, Rhizopus stolonifer causes significant losses during harvesting, 
transportation, and marketing (11). Traditionally, sulfur dioxide (SO2) has been the main 
treatment; however, it’s use is restricted in many countries due to concerns over sulfite residues, 
emissions, and adverse effects on grape quality, including skin cracking and discoloration (23, 
38). Ozone presents a viable alternative, being residue-free and classified as "organic" by the 
USDA National Organic Program (41). However, strict decay tolerance standards complicate its 
use, allowing only 0.5% of berries to deteriorate during transport (41). While effective and cost-
efficient, SO2 can also cause bleaching and flavor alterations (14, 45). This study investigates the 
effects of sodium metabisulfite (SMB) and ozone on the in vitro growth of R. stolonifer using 
food preservation and fumigation techniques. In vivo assessments of SMB grape guards, SMB 
powder, and ozone fumigation were conducted against Rhizopus rot in table grapes under cold 
storage. This study focused to determine (i) the efficacy of ozone and SO2 against R. stolonifer 
and (ii) their effects on Rhizopus rot and grape quality in cv. Manik Chaman over 49 days of cold 
storage. 

2 Materials and Methods 
2.1 Inoculum preparation 
    We prepared the fungal inoculum from affected grape samples to test the pathogenicity of 
Rhizopus stolonifer. In January 2020, grape samples exhibiting typical symptoms of Rhizopus rot 
were collected from Honnakatti village in the Bagalkot District of Karnataka, India. The 
pathogen was isolated using the tissue isolation method. According to the methodology outlined 
by (33), samples were placed on Potato Dextrose Agar (PDA) in petri dishes and incubated for 
96 hours at 25±1°C in an incubator. The isolated culture was subcultured onto PDA slants and 
allowed to grow for six days at 25±2°C in a BOD incubator, after which the slants were stored at 
4°C. Spores were collected from the actively growing culture using 20 ml of sterile distilled 
water under laminar flow. The resulting suspension was diluted using disinfected distilled water 
through a serial dilution method to obtain a 105 spore suspension for use as inoculum (4, 19, 24). 

2.2 Pathogenicity test for Rhizopus stolonifer 
    Using the tissue isolation method, we further confirmed the pathogenicity of R. stolonifer on 
fresh grape samples collected from Honnakatti village. The process involved immersing small 
fragments of diseased samples in a 1% sodium hypochlorite solution for 30 seconds, followed by 
three rinses in sterilized distilled water. The fragments were then placed on PDA in petri dishes 
and cultured for 96 hours at 25°C, following the methodology outlined by (24). The isolated 
culture was sub-cultured in test tubes containing PDA slants and incubated at 25°C for six days 
in a BOD incubator before being cooled to 4°C. Spores were carefully collected to create a spore 
suspension for the pathogenicity test. 
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2.3 Ozonation system 
    We utilized the SEONICS Ozone Generator to produce ozone by introducing purified oxygen 
from an oxygen concentrator, facilitating Corona Discharge, which separates oxygen molecules 
into individual atoms. These atoms then react with O₂ molecules to form O₃, with a concentration 
measured in grams per cubic meter. Specifically, 0.5 to 5 liters per minute (LPM) of purified 
oxygen were fed into the generator, yielding 51.96 grams of O₃ per cubic meter per minute 
(51.96 g/m³/min = 51.96 mg/liter/min). 
For the experiment, ozone treatments were applied to nine airtight LDPE boxes connected to the 
generator via a 6mm outer diameter tube. Each box for the in-vitro trial contained petri dishes 
with a volume of 0.5 liters, leaving 8.5 liters for ozone. Final ozone concentrations were 
calculated based on exposure times of 10, 15, and 20 minutes, yielding concentrations of 4416.6, 
6624.9, and 8833.2 l µL⁻¹, respectively. In the in-vivo trial, each box held 2 liters of fruit, leaving 
7 liters for ozone, resulting in ozone concentrations of 3637.2 l µL⁻¹ for 10 minutes, 5455.8 l 
µL⁻¹ for 15 minutes, and 7274.4 l µL⁻¹ for 20 minutes. 

2.4 Sulphur dioxide Treatment 
    In the in-vitro phase, PDA was combined with sodium metabisulfite (SMB) powder (CAS No. 
40180 K05) using a food poisoning technique. During the in-vivo phase, grape guards from India 
and Africa were employed, with SMB powder applied at 0.5 grams per 500 grams of fruit, 
contained in fabric pouches to comply with a maximum residue limit (MRL) of 10 ppm in 500 
grams of grapes. 

2.5 R. stolonifer on in-vitro radial growth inhibition   
    We utilized a Completely Randomized Design (CRD) with four treatments, each replicated 
five times, to assess the effects of varying ozone and sulfur dioxide concentrations on the radial 
growth of R. stolonifer. The experiment commenced by pouring 20 ml of PDA medium into 
sterile petri dishes and allowing it to set. A 5 mm disc from a six-day-old R. stolonifer culture 
was placed in the center of each dish. All infected dishes, except for the control, were exposed 
daily to ozone at concentrations of 4416.6, 6624.9, and 8833.2 l µL/L. Additionally, the impact 
of sulfur dioxide was examined through four treatments with five replications. Following the 
food poisoning method outlined by (36), SMB was incorporated at doses of 50, 45, 90, and 0 mg 
per 100 ml of PDA. After preparation, disinfection, and cooling to 45°C, the PDA was treated 
with SMB before being poured into clean petri dishes. Finally, a 5 mm mycelial disc from a six-
day-old R. stolonifer culture was positioned in the center of each dish. 

2.6 Fruit Preparation 
    This study employed a two-factor completely randomized design (CRD) with eight treatments, 
each replicated three times, focusing on table grapes (Vitis vinifera L.) from the Main 
Horticultural Research and Extension Centre, University of Horticultural Sciences Bagalkot, in 
March 2020. After harvesting, the grapes were pre-cooled at 5°C for 12 hours before being 
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transported to the cold storage facility of the postharvest technology department for physico-
chemical analyses. Each sample consisted of 0.5 kilograms of bunches, which were disinfected 
by soaking in a 1% sodium hypochlorite solution for 2 minutes, rinsed with distilled water, and 
air dried. Following an application of R. stolonifer spore suspension (10-5 concentration), the 
bunches were placed in a laminar airflow setting for 20 minutes and then assigned to eight 
treatments, including exposure to ozone for 10, 15, or 20 minutes at varying concentrations, 
grape guards from India and Africa, SMB at 0.5g in cotton pouches, and control samples (both 
inoculated and uninoculated). These samples were stored for 49 days, with the first three 
treatments receiving ozone exposure every 24 hours at three-day intervals. 

2.7 Observations recorded 
   The study recorded the inhibition of Rhizopus stolonifer radial growth, disease severity, berry 
firmness, physiological weight loss, total soluble solids (°Brix), the ratio of total soluble solids to 
acidity, ascorbic acid content (mg per 100 grams), instrumental colour values (L*, a*, b*), and 
sensory evaluation using a 9-point hedonic rating scale. 
2.7.1 Radial growth inhibition (%) of Rhizopus stolonifer  
    We calculated the percentage of growth inhibition for each treatment to assess the inhibitory 
effects of sodium metabisulfite and ozone on mycelial growth in PDA. The average diameter of 
mycelial growth, when it reached the edges of the control plate's petri dishes, was measured (in 
millimeters). The information was then converted to a percentage using calculations made in 
accordance with a method developed by (46):  
Radial growth inhibition (%) = DC- DT/ DC × 100 
Where:  DC = Radial growth of fungus colony (cm) in control,  

DT = Radial growth of fungus colony (cm) in treatment 

2.7.2 Disease severity (DS) 
 Disease severity was determined using a 0–5 scale: No disease, 5% disease, >5%–15% 
disease, >15–30% disease, >30–60% disease, and >60% disease (13) in 500g in CFB box. 
2.7.3 Berry firmness  
    Berry firmness was measured using a texture analyzer provided by UK-based Stable Micro 
Systems and the piercing test method. Table grape berries were pierced with a cylindrical 2 mm 
probe. The greatest force needed to pass the test—first stated in kilogram-force (kgf) and then in 
Newton (N)—was used to determine firmness. 

2.7.4 Physiological loss in weight (PLW)  
    The initial weight of each pair of table grape bunches was measured at the start of the storage 
period. The fruits were reweighed every two days throughout the storage period, and the final 
weight was recorded. The PLW was calculated as follows: 

                   Initial weight (g) – Final weight (g)  

Physiological loss in weight (%) = ---------------------------------------------------x 100  

                          Initial weight (g) 

2.7.5 Total soluble solids (Brix) 



Elm-Ow-Fon Scientific Research Journal, 62, (3), 2024 
 

 

31 
 
 

    To determine total soluble solids, juice obtained from smashing table grape pulp was filtered 
through muslin fabric. A FISHER Digital Refractometer was used to conduct this assessment, 
and the outcomes were noted in degrees Brix. 

2.7.6 Ascorbic acid content (mg 100 g-1)  
    The ascorbic acid content was measured using the 2,6-dichlorophenol indophenol titration 
method. A four percent oxalic acid solution was used to dilute the initial 5 ml of fresh fruit juice 
to a predetermined level. The volume was increased to 100 ml using the same four percent oxalic 
acid solution after being filtered through muslin cloth to achieve a clear juice. Then, 5 ml of this 
aliquot was titrated against a dye solution until a pink colour was discernible. The ascorbic acid 
concentration was calculated and represented in milligrams per gram of fruit. 

                Ascorbic acid content in standard (mg)  Total sample volume  TV2  100 

Ascorbic acid = ------------------------------------------------------------------------------------------ 

                             (mg/100 ml of juice) ml of aliquot  Weight of sample  TV1  

2.7.7 Instrumental colour value (L* a* b*) 
 A colorimeter was used to assess colour attributes using the CIE L*, a*, b* parameters,  

 L*: This represents lightness. The value of L* ranges from 0 (black) to 100 (white), 
indicating the brightness or darkness of a color. 

 a*: This represents the green-red axis. Positive values of a* indicate a shift toward red, 
while negative values indicate a shift toward green. 

 b*: This represents the blue-yellow axis. Positive values of b* indicate a shift toward yellow, 
while negative values indicate a shift toward blue. 

2.7.8 Sensory evaluation  
    Sensory evaluations were conducted by a panel of 10 trained individuals who assessed color, 
texture, taste, and overall acceptability using a 9-point hedonic scale, where 9 indicated "like 
extremely" and 1 indicated "dislike extremely." 

2.8 Statistical analysis 
    Physico-chemical characteristics and disease severity were measured and evaluated using a 
two-factor completely random design. Statistical analysis was conducted using OPSTAT and 
WASP Version 2. Significant differences between the means were identified at a significance 
threshold of P ≤ 0.01 for in-vitro experiments and P ≤ 0.05 for in-vivo investigations. Post hoc 
analyses were performed using Duncan's multiple-range test. 
3. Result and Discussion 

    Infected table grape samples with typical Rhizopus rot were collected from various Bagalkot 
locations, resulting in three R. stolonifer isolates. Morphological and microscopic examination 
revealed fast-growing colonies that transitioned from a dense cottony white mass to a reddish-
gray-brown hue. The mycelia, cultivated on PDA for 96 hours, exhibited typical structures, 
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including rhizoids and sporangiospores, which were globose and brownish-black. These 
characteristics align with previous findings of R. stolonifer made by (9,19). 
3.1 Pathogenicity test 
    To assess the pathogenicity of R. stolonifer isolates, table grape clusters were submerged in a 
spore suspension (10⁻⁵) for two minutes. Infected berries exhibited a watery rot after 96 hours, 
with initial infection signs at the base leading to longitudinal fissures. A yellowish mold 
developed, which later turned gray-black, and the berry's surface became pale gray. Re-cultures 
of R. stolonifer from infected berries were microscopically examined to confirm their similarity 
to the original culture, supporting Koch's postulates. The results indicated that R. stolonifer 
effectively invaded the host, causing fissures and pathogenic infection, consistent with findings 
by (24,47). Significant differences in pathogenicity indices, including virulence and disease 
severity, were observed. Symptoms included soft, dripping rot starting at the berry base, leading 
to light gray skin and black mold along fissures, aligning with observations by (21). Infections 
were often associated with damaged berries, particularly in warm harvesting conditions. 
Maintaining grapes at temperatures below 4°C can effectively prevent Rhizopus rot. 
3.1 R. stolonifer on in-vitro radial growth inhibition   
    This study investigated the effects of gaseous ozone on the radial growth of R. stolonifer in 
vitro. The results showed significant growth inhibition, with the maximum reduction at 8833.2 
µL L⁻¹ (94.82%) and the second-highest at 6624.9 µL L⁻¹ (92.22%). After 12 hours, these 
concentrations were more effective than 4416.6 µL L⁻¹ (63.33%). Radial growth inhibition 
decreased after 24 hours, indicating an increased demand for ozone (64.07%, 20.37%, and 
9.26%). Ozone treatment resulted in a shift from thick-fluffy to thin-flat mycelium and sporangia 
color change from black to whitish, attributed to oxidative damage and disruption of cell 
membranes, consistent with findings from (48). 
In a separate experiment, SO₂ was tested for its inhibitory effects on R. stolonifer. The highest 
inhibition (98.14%) occurred at 70 mg SMB/100 ml PDA and 90 mg SMB/100 ml PDA, while 
the lowest (46.67%) was seen with 50 mg SMB/100 ml PDA. This inhibition may result from 
SO₂ disrupting mycelial membranes, as noted by (17, 38). 
 3.2 Disease Severity (DS) 
    In this study, varying concentrations of gaseous ozone and SO₂ were applied to infected table 
grapes. During cold storage at 5–2°C and 85–95% relative humidity, both treatments prevented 
disease symptoms, recording a disease severity (DS) of 0.00, compared to 0.89 in the inoculation 
control. This is due to the sensitivity of R. stolonifer spores to cold temperatures, which cannot 
survive below 5°C (12). 
    The combination of low temperatures and ozone also reduced disease severity by oxidizing 
vital cellular components of the pathogen (16,49). Similar results were reported by (37) with an 
ozone supply of 8 mg per minute preventing decay in infected grapes. Additionally, (17) showed 
that fumigating Thompson Seedless grapes with 2500 or 5000 µL L⁻¹ h of ozone reduced gray 
mold by 50% after 7 days at 15°C. 
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Furthermore, (2) found dual SO₂ pads effectively prevented gray mold in 'Italia' grapes during 50 
days of cold storage. The control group showed disease symptoms by day seven (DS of 0.83), 
worsening to 1.22 by day 49. Notably, after an additional week at room temperature (33°C, 
37.5% RH), treated grapes remained healthy, while the control deteriorated. 

3.3 Berry firmness 

    Table grape firmness is crucial for marketability, with water loss being the primary cause of 

postharvest softening (29). The softening process is attributed to changes in the chemical 

composition of cell walls (32). During the storage period, berry firmness significantly declined 

from an initial 96.15 N to 68.15 N by day 49 (Table 1). This decline, seen in grapes infected with 

R. stolonifer and treated with ozone and sodium metabisulfite, is likely due to alterations in cell 

wall polysaccharides. 

    Ozone treatments at concentrations of 7274.4 µL L⁻¹, 5455.8 µL L⁻¹, and 3637.2 µL L⁻¹ 

resulted a higher firmness values (85.09 N, 84.82 N, and 82.90 N, respectively) compared to the 

inoculation control (77.48 N). This increase in firmness may relate to varying degrees of cell 

wall composition changes, such as pectin breakdown and hydrolysis of cellulose and 

hemicellulose. While ozone helps maintain grape firmness, it also inhibits microbial growth. 

Sodium metabisulfite treatments yielded firmness values of 82.88 N, 80.43 N, and 78.52 N for 
SMB powder at 0.5 g per 500 g of grapes, which were higher than the inoculation control but 
lower than ozone treatments. Berry cracks were observed in the Indian grape guard (Plate 1), 
likely due to excessive SO₂ leakage, as high temperatures can cause grapes to absorb too much 
SO₂ (34). 

 
Plate 1.  Berry cracks in grape berries after fumigated with sulphur dioxide after 49 days ofstorage under cold condition 

(5±2°C, RH- 85-95%) 
 

3.4 Physiological loss in weight (PLW) 
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    Physiological loss in weight (PLW) is a key indicator of weight losses in products due to 

natural processes like transpiration and respiration (36). In this study, PLW gradually increased 

from 3.83% on the 7th day to 16.11% on the 49th day (Table 2). This increase can be attributed 

to low storage temperatures, which help maintain the freshness of horticultural produce by 

slowing down respiration and transpiration rates. Notably, the rate of physiological processes 

doubles with every 10°C rise in temperature (34,55), contributing to the observed PLW in table 

grapes during cold storage. 

Fruits treated with ozone and sodium metabisulfite exhibited lower PLW compared to untreated 

(inoculated control) fruits, which had a PLW of 10.58%. Ozone treatments resulted in 

significantly lower PLW values of 7.49%, 7.55%, and 9.03% for concentrations of 7274.4 µL 

L⁻¹, 5455.8 µL L⁻¹, and 3637.2 µL L⁻¹ O₃, respectively. However, it's important to note that the 

higher ozone concentrations can lead to increased dehydration, potentially damaging the fruit's 

cuticle and epidermis (30). While some studies suggest that ozone treatment can reduce PLW in 

kiwifruit (26), results can vary based on the concentration of ozone used (e.g., 1-10 ppm) and the 

duration of exposure (28). Higher concentrations, typically around 5-10 ppm, have been found to 

be more effective in reducing PLW, but prolonged exposure may also lead to undesirable effects 

such as tissue damage. 

    While some studies (27, 49) indicate that ozone treatments lead to reduced weight loss, others 

(15, 30) report increased weight losses. For instance, in an experiment exposing peaches and 

grapes to gaseous ozone, (30) found that peaches lost significantly more weight during storage 

than grapes. However, after 49 days of cold storage, all ozone treatments outperformed the 

infected control, which exhibited a PLW of 10.58%. 

Similarly, over the 49-day storage period, SMB powder at 0.5 g per 500 g of grapes (9.29%), 

Indian grape guard (9.37%), and African grape guard (9.73%) all demonstrated higher PLW than 

ozone treatments but lower than the infected control. 
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Table 1: Influence of Ozone and Sodium Metabisulfite on the Firmness of Table Grapes Infected with Rhizopus stolonifer 
during Cold Storage (5±2°C, RH- 85-95%) 

Treatments Firmness (Newtons) Mean 

Storage duration in days 

Initial 7 13 19 25 31 37 43 49 

3637.2µl L-1 O3 

/10min 
96.15 93.31 90.46 87.62 82.66 76.34 76.34  72.52 70.74  82.90 

5455.8 µl L-1 

O3/15min 
96.15 93.46 90.78 88.09 85.34 80.19 78.95  75.65 74.73  84.82 

7274.4 µl L-1 O3 

/20min 
96.15 93.49 90.83 88.17 85.43 80.34 80.34  77.30 73.75  85.09 

Indian grape guard 96.15 91.99 87.83 83.67 78.98 70.73 70.73  64.13 62.49  78.52 

African grape guard 96.15 92.34 88.53 84.72 80.49 73.01 73.01 68.56 67.03  80.43 

SMB powder 0.5g 
/500g grapes  

96.15 92.97 89.80 86.62 83.80 77.96 76.47  72.11 70.01  82.88 

Inoculated Control 96.15 91.74 87.32 82.91 77.98 69.37 67.86  62.42 61.57  77.48 

uninoculated control 96.15 92.09 88.03 83.97 79.31 71.28 71.03  66.20 64.90  79.22 

Mean 96.15 92.67 89.20 85.72 81.75 74.90 74.34  69.86 68.15    

 
S.Em± 

CD @ 5 % 

Treatments(T)     Days of storage(D)      Interaction (TxD) 
         0.30                   0.32                            0.91 
         0.85                   0.90                            2.55 

    The observed PLW reduction in treated fruits may be attributed to the oxidation of respiratory 
enzymes, which slows down physiological processes. Our findings align with (40), who reported 
the lowest weight loss (2.9%) in grapes stored with SO₂, compared to a maximum of 3.7% in the 
control group. Similar observations on PLW have been documented in 'Nagpur' mandarins 
(55,56) and mangoes (57,58). 

3.5 Total Soluble Solids (TSS °Brix) 
    In fruits and vegetables, the total soluble solids (TSS), primarily consisting of sugars and 
soluble minerals play a crucial role in determining quality. For table grapes stored under cold 
storage conditions, TSS concentration significantly increased from 16.45°B on the first day to 
21.25°B on the 49th day (Table 3). This rise indicates fruit ripening, attributed to the breakdown 
of polysaccharides and the accumulation of sugars, along with contributions from water-soluble 
minerals, acids, vitamins B and C, and some proteins. 
Among the treatments, SMB therapies (SMB powder 0.5 g/500 g grapes - 18.79°B, African 
grape guard - 18.87°B, and Indian grape guard - 18.87°B) and ozone treatments (7274.4 µL L⁻¹ 
O₃ - 18.68°B, 5455.8 µL L⁻¹ O₃ - 18.72°B, and 3637.2 µL L⁻¹ O₃ - 18.79°B) showed comparable 
TSS levels. They performed better than both the uninoculated control (19.42°B) and the 
inoculated control (19.73°B). After 49 days of storage at 5–2°C with 85–95% relative humidity, 
the inoculated control exhibited the highest TSS (19.73°B), while the treatment at 7274.4 µL L⁻¹ 
O₃ had the lowest (18.68°B). 
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This increase in TSS may be linked to the respiration of the control fruits (56). Similar findings 
were noted in pomegranates, where ozone treatment delayed the breakdown of sucrose into 
glucose and fructose, resulting in a higher TSS compared to untreated fruits (59). In that study, 
ozonated pomegranates showed a slower rate of sugar metabolism, which contributed to an 
increase in TSS, similar to the rise observed in the current study with kiwifruit. The slow 
breakdown of sucrose in ozonated fruits might also contribute to the rise in TSS by preserving 
the sugars for a longer period. Although (1) reported a significant decrease in TSS in ozonated 
carrots due to leaching, most studies show no substantial differences in TSS between ozonated 
and untreated samples. In contrast, (26) found a decrease in soluble solids concentration in 
kiwifruits in a cold, ozone-rich atmosphere. The increase in TSS in SMB-treated grapes during 
storage may result from the heightened organic solute concentration due to water loss. Control 
grapes had the lowest soluble solids, while those stored with SO₂ exhibited the highest after 90 
days (40). Similarly, (10) observed that the soluble solids content of table grapes increased 
during the initial stages of storage but subsequently declined as decay progressed, leading to a 
drop in pH. Research by (39) also indicated that grapes stored with SO₂ for 90 days exhibited the 
highest levels of soluble solids, while the control group had the lowest. 
3.6 Ascorbic acid (mg/100g) 
    As storage time increased, ascorbic acid levels significantly decreased, reaching 2.97 mg/100g 
after 49 days in cold storage (Table 4). The inoculated control had similar ascorbic acid content 
(3.66 mg/100g) as compared to the uninoculated one (3.71 mg/100g) but lower than all the other 
treatments. The highest level of ascorbic acid was in the 7274.4 µL L⁻¹ ozone treatment (3.90 
mg/100g), while the 3637.2 µL L⁻¹ ozone treatment showed lower content. 
Table 2: Impact of Ozone and Sodium Metabisulfite on Physiological Weight Loss (PLW) in Table Grapes Infected with 

Rhizopus stolonifer during Cold Storage (5±2°C, RH- 85-95%) 

Treatments Percentage of Weight Loss (PLW %) Mean 

Days of storage 

Initial 7 13 19 25 31 37 43 49 

3637.2µl L-1 O3 /10min 0.00 4.01 5.67 6.91 9.56 11.43 13.29 14.26 16.12 9.03 

5455.8 µl L-1 O3/15min 0.00 3.32 4.84 6.19 7.96 9.51 11.05 11.52  13.53 7.55 

7274.4 µl L-1 O3 /20min 0.00 3.23 4.80 6.13 7.89 9.42 10.95 11.75 13.28 7.49 

Indian grape guard 0.00 4.04 6.24 7.86 10.48 12.52 14.14 15.17 17.15 9.73 

African grape guard 0.00 3.82 6.01 7.44 10.02 11.97 13.72 14.72 16.64 9.37 

SMB powder 0.5g /500g grapes  0.00 3.92 5.83 7.68 9.87 11.79 13.71 14.72 16.06 9.29 

Inoculated Control 0.00 4.34 6.91 8.87 11.40 13.62 15.31 16.20 18.57 10.58 

uninoculated control 0.00 3.94 6.16 7.86 10.79 12.89 14.46 15.51 17.54 9.91 

Mean 0.00 3.83 5.81 7.37 9.75 11.64 13.33 14.23 16.11   

 
S.Em± 

CD @ 5 % 

Treatments(T)    Days of storage(D)      Interaction (TxD) 
0.08                    0.09                            0.24 
0.22                    0.24                            0.67 
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    No significant differences were found among the sodium metabisulfite (SMB) treatments 
(3.78-3.81 mg/100g), all the treatments were higher as compared with the inoculated control. 
This might be due to slower physiological processes from enzyme action. Research suggests that 
controlled atmospheres and SO₂ fumigation do not adversely affect the fruit's phytochemical 
makeup (54).Ozone interactions with vitamin C may lead to decreases, as seen in studies of 
pineapple and banana, where ozone scavenges free radicals and may convert ascorbic acid to 
dehydroascorbic acid (3,22). 

Table 3: Impact of Ozone and Sodium Metabisulfite on Total Soluble Solids (TSS) in Table Grapes Infected with 

Rhizopus stolonifer during Cold Storage (5±2°C, RH- 85-95%). NS - Non-Significant 
Treatments Total Soluble Solids (TSS °Brix) Mean 

Storage timeframe in days  

Initial 7 13 19 25 31 37 43 49 

3637.2µl L-1 O3 /10min 16.45 17.26 17.76 18.16 18.97 19.47 19.88 20.38 20.78 18.79 

5455.8 µl L-1 O3/15min 16.45 17.23 17.72 18.11 18.89 19.38 19.77 20.26 20.65 18.72 

7274.4 µl L-1 O3 /20min 16.45 17.22 17.70 18.08 18.86 19.34 19.72 20.20 20.59 18.68 

Indian grape guard 16.45 17.44 18.06 18.56 19.54 20.16 20.66 21.28 21.77 19.33 

African grape guard 16.45 17.28 17.80 18.23 19.06 19.58 20.00 20.52 20.93 18.87 

SMB powder 0.5g /500g grapes  16.45 17.26 17.76 18.16 18.97 19.47 19.87 20.38 20.78 18.79 

Inoculated Control 16.45 17.58 18.28 18.85 19.98 20.68 21.25 21.95 22.52 19.73 

uninoculated control 16.45 17.47 18.11 18.62 19.64 20.28 20.79 21.43 21.94 19.42 

Mean 16.45 17.34 17.90 18.35 19.24 19.80 20.24 20.80 21.25  

 
S.Em± 

CD @ 5 % 

Treatments (T)    Days of storage (D)      Interaction (TxD) 
       0.07                     0.07                              0.21 
       0.20                     0.21                               NS 

3.7 Instrumental colour L*and b* value 
    Long-term cold storage reduced L* and b* values, indicating lower color brightness and 
yellowness. The infected control group had the lowest values (L*: 38.25, b*: 22.06), while SMB 
powder (0.5g/500g grapes - 40.53; 23.77), African grape guard (40.11; 23.48), and Indian grape 
guard (39.38; 23.42) had higher values. Water loss contributed to the lower L* values during 
storage (6). 
    Color changes were noticeable after 30 days of cold storage exposure, with h values indicating 
a shift towards brown. SO₂ treatments prevented significant browning, while ozone treatments 
had lower L* and b* values than SMB treatments but were still higher than controls. This may be 
due to slight declines in phenolic compounds from ozone oxidation. 
These results align with those of (6, 8, 44), showing decreased L* and b* values at harvest, likely 
due to increased water loss in control clusters over time. 
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3.8 Instrumental colour a* value 
    During cold storage, the a* value increased. SMB powder (0.5g/500g grapes) had the lowest 
a* value (-1.92), while the infected control had the highest (-2.39). Among SMB treatments, 
Indian grape guard (-2.18) outperformed African grape guard (-2.04). 
Ozone treatments yielded lower a* values, with 3637.2 l µL L-1 O3 (-2.15) and 5455.8 l µL L-1 
O3 (-2.19) being less effective than 7274.4 l µL L-1 O3 (-2.32). 

Table 4: Influence of Ozone and Sodium Metabisulfite on Ascorbic Acid Levels in Table Grapes Infected with Rhizopus 
stolonifer during Cold Storage (5±2°C, RH- 85-95%) 

Treatments Ascorbic acid content (mg per 100 grams) Mean 

Storage duration in days 

Initial 7 13 19 25 31 37 43 49 

3637.2µl L-1 O3 /10min 4.51 4.33 4.13 3.99  3.79 3.56  3.46  3.28 3.01 3.78 

5455.8 µl L-1 O3/15min 4.51 4.38 4.23 4.13  4.02  3.77  3.73  3.20 2.97 3.88 

7274.4 µl L-1 O3 /20min 4.51 4.37  4.23  4.12  4.01  3.77  3.65  3.41 3.07 3.90 

Indian grape guard 4.51 4.34 4.14 4.00  3.80 3.50  3.40  3.38  3.02  3.79 

African grape guard 4.51 4.32 4.13 3.99  3.84  3.56  3.46  3.20 3.01 3.78 

SMB powder 0.5g /500g 
grapes  

4.51 4.36  4.15 4.02  3.88  3.67  3.58  3.16 2.99 3.81 

Inoculated Control 4.51 4.28 4.04 3.86 3.69 3.34  3.22  3.16  2.82  3.66 

uninoculated control 4.51 4.30 4.07 3.91  3.75 3.53  3.40  2.98 2.90 3.71 

Mean 4.51 4.34 4.14 4.00 3.85 3.59 3.49 3.22 2.97   

 
S.Em± 

CD @ 5 % 

Treatments (T)    Days of storage (D)      Interaction (TxD) 
        0.02                     0.02                            0.06 
        0.05                     0.06                            0.16 

 

After 49 days, SMB treatments retained color better than ozone and were significantly different 
from the uninoculated control (-2.37). 
Excessive SO₂ emissions may have caused berry cracks, as noted by (46). Similar increases in 
chroma were observed by (6, 37), while (44) reported a modest rise in chroma. (8) found a 
consistent increase in a* value. Ozone's effect on browning was noted by (45), while (43) found 
no effect on cilantro leaves. 
 
3.9 Overall acceptability 

 Indian grape guard (7.54), SMB powder (0.5g/500g grapes) (7.52), and 3637.2 l µL L-1 

O3 (7.49) had similar organoleptic ratings, while 7274.4 l µL L-1 O3 scored highest at 8.04, 

followed by 5455.8 l µL L-1 O3 (7.70) and the inoculated control (6.05) after 49 days of cold 

storage (Table 6). Ozone-treated fruits showed better sensory ratings due to slower physiological 

changes, resulting in increased flavor and sweetness. Sensory analyses by (5, 9) found no 
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significant differences between ozonated and non-ozonated fruits. Rachis desiccation scores 

increased over time, with untreated clusters peaking at 3.5 after 120 days. SO2-treated grapes 

performed best, maintaining visual quality and favorable scores for up to 90 days, with 

noticeable color changes during 4 months of storage (39). 

Table 5: Impact of Ozone and Sodium Metabisulfite on General Favorability of Table Grapes Infected with Rhizopus 
stolonifer under Chilled Storage (5±2°C, RH- 85-95%). 

 
Treatments Overall acceptability (1-9 scale) Mean 

Days of storage 

Initial 25 37 49 
3637.2µl L-1 O3 /10min 8.64 8.56 7.00 5.75 7.49 

5455.8 µl L-1 O3/15min 8.64 8.61 7.00 6.54 7.70 

7274.4 µl L-1 O3 /20min 8.64 8.56 8.00 6.96 8.04 

Indian grape guard 8.64 8.34 7.00 5.62 7.40 

African grape guard 8.64 8.54 7.00 5.91 7.52 

SMB powder 0.5g /500g grapes  8.64 8.61 7.00 5.91 7.54 

Inoculated Control 8.64 7.47 4.08 4.00 6.05 

uninoculated control 8.64 8.54 6.00 5.50 7.17 

Mean 8.64 8.41 6.64 5.77   

 
S.Em± 

CD @ 5 % 

Treatments(T) Days of storage(D)  Interaction (TxD) 
       0.01                      0.01                          0.02 
      0.03                       0.02                          0.06 

Overall acceptability hedonic nine-point scale: 9→ like extremely, 8→ like very much, 7→ like moderately, 6→ like slightly, 
5→ neither like nor dislike, 4→ dislike slightly, 3→ dislike moderately, 2→ dislike very much and 1→ dislike extremely 

4. Conclusion 
The study found that high ozone concentrations (8833.2 l µL L-1) and sodium metabisulfite 
(SMB) (90 mg/100 ml PDA) significantly suppressed Rhizopus stolonifer growth. Both 
treatments eliminated disease severity, while the control showed a severity of 0.89 DS. Ozone at 
7274.4 and 5455.8 µL L-1 maintained better berry firmness, ascorbic acid, and TSS compared to 
SMB. SMB powder (0.5g/500g grapes) treated with ozone showed the best quality preservation. 
Over 49 days, SMB treatments had higher L* and b* values and lower a* values than ozone 
treatments. The study concludes that ozone effectively prevents Rhizopus rot disease while 
preserving grape quality, making it a suitable alternative to sulfur dioxide for export. 
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