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ABSTRACT 

Large red chili peppers are highly susceptible to postharvest deterioration, including physiological, physical, 
mechanical, and microbiological damage. This decline in quality results from continuous respiration during storage, 
leading to weight loss, wilting, and ultimately decay. One promising approach to minimizing these postharvest losses 
is the use of fermented cabbage waste liquid as an environmentally friendly and cost-effective natural preservative. 
Therefore, the study evaluated the potential of fermented cabbage waste liquid as a natural preservative for large red 
chili peppers. The experiment comprised two stages. In the first stage, fermented cabbage waste liquid was produced 
using a Completely Randomized Design (CRD) involving two factors with three replications: NaCl concentrations of 3%, 
5%, and 7%, and fermentation durations of 4, 6, 8, and 10 days. The second stage involved soaking large red chili 
peppers in the fermented liquid from the first stage for 12 h, followed by air-drying and storage at room temperature 
(27–29°C). The results revealed a significant interaction between NaCl concentration and fermentation duration on the 
characteristics of the fermented cabbage waste liquid as a natural preservative. The optimal treatment consisted of 7% 
NaCl with a fermentation duration of 4 days, resulting in a shelf life of 16.67 ± 0.90 days, weight loss of 2.42 ± 1.77%, 
firm texture, and bright red color. These findings indicate that fermented cabbage waste liquid has considerable 
potential as a natural preservative for large red chili peppers. 

Keywords: Cabbage fermentation waste liquid, fermentation duration, large red chili peppers, NaCl concentration, 
natural preservative 

ABSTRAK  

Cabai merah besar sangat rentan mengalami kerusakan pascapanen, baik kerusakan fisiologis, fisik-mekanis, 
maupun mikrobiologis. Penurunan mutu tersebut terjadi akibat proses respirasi yang terus berlangsung selama 
penyimpanan sehingga menyebabkan susut bobot, pelayuan, hingga pembusukan. Salah satu upaya yang dapat 
dilakukan untuk mengurangi kerugian tersebut adalah pemanfaatan cairan limbah kubis sebagai pengawet alami 
yang ramah lingkungan dan berbiaya rendah. Tujuan penelitian ini adalah mengevaluasi potensi cairan limbah 
fermentasi kubis sebagai pengawet alami pada cabai merah besar. Penelitian terdiri atas dua tahap, dengan tahap 
pertama meliputi pembuatan cairan fermentasi menggunakan Rancangan Acak Lengkap (RAL) dengan tiga 
ulangan, yang terdiri atas tiga konsentrasi NaCl (3%, 5%, dan 7%) dan empat durasi fermentasi (4, 6, 8, dan 10 
hari). Tahap kedua meliputi perendaman cabai merah besar dalam cairan fermentasi pada tahap 1 selama 12 jam, 
kemudian dikeringanginkan dan disimpan pada suhu ruang (27–29°C). Hasil menunjukkan bahwa interaksi antara 
konsentrasi NaCl dan lama fermentasi berpengaruh signifikan terhadap karakteristik cairan limbah fermentasi 
kubis sebagai pengawet alami. Perlakuan terbaik diperoleh pada penambahan NaCl 7% dengan lama fermentasi 
empat hari yang mampu mempertahankan mutu cabai dengan umur simpan 16,67 ± 0,90 hari, susut bobot                   
2,42 ± 1,77%, tekstur tetap keras, dan warna merah cerah. Dengan demikian, cairan limbah kubis hasil fermentasi 
berpotensi sebagai pengawet alami untuk cabai merah besar. 

Kata kunci: Cabai merah besar, cairan limbah fermentasi kubis, konsentrasi NaCl, lama fermentasi, pengawet alami 
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Introduction 

Large red chili pepper (Capsicum annuum L.), belonging to the genus Capsicum within the Solanaceae 
family, is among Indonesia’s horticultural commodities with high economic value (Anjaneyulu & Sharangi, 
2022). The demand for fresh chili peppers remains consistently high due to their extensive use as food 
ingredients and industrial raw materials. Beyond their economic value, large red chili peppers possess 
nutritional and functional benefits associated with their carotenoid content, particularly capsanthin, and 
the presence of capsaicin, which contributes to their antioxidant activity (Ko et al., 2022). Consequently, 
preserving the quality and ensuring a steady supply of fresh chili peppers are important, particularly during 
the rainy season, when declining production can result in substantial increases in market prices (Jamilah et 
al., 2026). 

Despite their high value, large red chili peppers are highly perishable and require careful postharvest 
handling to maintain quality throughout distribution (Anjaneyulu & Sharangi, 2022). Chili peppers have a 
high moisture content (70–90%), making them highly susceptible to water loss and physiological changes 
after harvest. These conditions can lead to tissue softening, reductions in bioactive compounds and 
nutritional value, and consequently affect shelf life, consumer acceptance, and resistance to deterioration 
during transportation (Liu et al., 2025). Postharvest deterioration of chili peppers is influenced by 
physiological, environmental, mechanical, and microbial factors. High respiration rates, moisture loss, 
inappropriate storage temperatures, and mechanical damage can accelerate weight loss and quality 
deterioration (Peng et al., 2023). In addition, infections by pathogens such as Colletotrichum, Botrytis, 
Alternaria, and Fusarium spp. can cause postharvest diseases that accelerate deterioration and shorten the 
shelf life of chili peppers (Liu et al., 2025 ; Kovács et al., 2025). The hollow structure of chili fruit and its high 
surface-area-to-weight ratio also contribute to rapid water loss, resulting in fruit shriveling and reduced 
turgidity (Díaz-Pérez et al., 2024). 

The increasing demand for safer and more sustainable preservation technologies has stimulated 
interest in natural preservatives derived from agricultural by-products. Fresh fruits and vegetables are rich 
sources of bioactive compounds with antioxidant, antifungal, and antimicrobial activities, making their 
processing residues promising alternatives to synthetic preservatives (Blejan et al., 2023). Tropical fruit and 
vegetable wastes, including peels and discarded plant materials, have demonstrated inhibitory activity 
against several pathogenic bacteria, indicating their potential to enhance food safety and extend the shelf 
life of fresh produce (Budiati et al., 2022). Moreover, the valorization of these by-products contributes to 
reducing food waste and supporting more sustainable food systems (Pautposis et al., 2025). 

Among vegetable by-products, cabbage waste represents a particularly promising resource. Cabbage 
is one of Indonesia's major vegetable crops, contributing 20.45% of national vegetable production, with 
total production reaching 1,399,005 tons in 2023 and placing Indonesia among the world's leading 
cabbage-producing countries (Ghiffar et al., 2025). A substantial portion of cabbage waste originates from 
unsold vegetables in traditional markets, where inadequate management may contribute to 
environmental pollution because of its high moisture content and rapid decomposition (Junitasari et al., 
2023). Nevertheless, cabbage waste provides an excellent substrate for the growth of lactic acid bacteria, 
including Lactobacillus plantarum, L. delbrueckii, L. fermentum, and L. brevis. During fermentation, these 
microorganisms produce organic acids with antifungal activity and bacteriocins, peptide-based 
antimicrobial compounds that have considerable potential as food preservatives (Raman et al., 2022). 

According to Li et al. (2026), fermented vegetables generally require relatively high salt concentrations 
as a preservative; however, excessive salt levels can suppress microbial activity, inhibit the fermentation 
process, increase production costs, and generate highly saline wastewater. Salt concentrations below 2.5% 
may promote spoilage microorganisms, whereas concentrations above 10% may inhibit fermentation 
because of the proliferation of halophilic microorganisms (Anggraeni et al., 2021). Previous studies have 
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shown that optimal fermentation conditions differ among cabbage products. Kimchi prepared from 
Chinese cabbage achieved the best quality using 4% NaCl for six days, whereas sauerkraut produced the 
highest quality after seven days with 2.25–2.5% NaCl. Fermented purple cabbage has also been 
successfully produced using 2–3% NaCl for three days (Siska, 2023). This study used fermented cabbage 
extract as a natural treatment to extend the shelf life of bananas. Spontaneous fermentation by lactic acid 
bacteria (LAB) produced an acidic environment and antimicrobial metabolites. Treatment with fermented 
cabbage extract extended the period before the onset of spoilage symptoms from 7 to 11 days (Anik et al., 
2024). 

However, previous studies have primarily investigated fermented cabbage either as a food product or 
through the application of its fermented liquid to selected fruits (Cahyaningsih & Sugiharto, 2022; Herman 
et al., 2024). Information regarding the use of fermented cabbage waste liquid as a natural preservative for 
other horticultural commodities, particularly large red chili peppers (Capsicum annuum L.), remains limited. 
Considering the high susceptibility of large red chili peppers to physiological deterioration and microbial 
infection during storage, evaluating the preservative potential of fermented cabbage waste liquid is both 
scientifically and practically relevant. Therefore, this study aimed to evaluate the potential of fermented 
cabbage waste liquid as a natural preservative for maintaining quality and extending the shelf life of large 
red chili peppers. 

Materials and method 

Materials and equipment 

The materials used in this study included white cabbage (Brassica oleracea var. capitata) leaf waste 
obtained from a traditional market, fully ripe (100%) large red chili peppers free from physical defects 
collected from farmers' fields in Malino, South Sulawesi, sodium chloride (NaCl), distilled water, 
phenolphthalein indicator, buffer solutions, 0.1 N NaOH solution, and starch solution. The equipment used 
included 100 and 400 mL graduated cylinders (Pyrex, USA), a magnetic stirrer (IKA, Germany), plastic basins, 
glass jars, test tubes (Pyrex, USA), Pasteur pipettes, an Erlenmeyer flask (DURAN, Germany), a pH meter 
(Hanna Instruments, Romania), an autoclave (Tomy, Japan), filter cloth, and a Bunsen burner (Fisher 
Scientific, USA).  

Research methods 

The research was carried out in two main stages: preparation of the fermented cabbage waste solution, 
followed by its application to large red chili peppers. A Completely Randomized Design (CRD) with a two-
factor factorial arrangement was employed. The first factor was NaCl concentration, consisting of three 
levels (3%, 5%, and 7%), whereas the second factor was fermentation time, consisting of four levels (4, 6, 8, 
and 10 days). Each treatment combination was performed in triplicate. The resulting data were subjected 
to analysis of variance (ANOVA) using IBM SPSS Statistics version 20.0. For treatment effects showing 
significant differences, Duncan’s Multiple Range Test (DMRT) was subsequently conducted to determine 
differences among treatment means at a significance level of p < 0.05. 

Preparation of cabbage waste solution 

One kilogram of white cabbage leaf waste was thoroughly washed and drained until excess surface 
water had been removed. The cabbage waste was then cut into pieces approximately 1–2 cm in length 
using a sterilized knife. The chopped cabbage was transferred into 1000 mL glass jars previously sterilized 
in an autoclave at 121°C. Sodium chloride (NaCl) was added according to the treatment concentrations 
(3%, 5%, and 7%), after which the jars were tightly sealed and fermented for 4, 6, 8, or 10 days, depending 
on the treatment. For the preservation experiment, freshly harvested large red chili peppers were selected 
based on uniform maturity and the absence of physical defects. Each experimental unit consisted of 240–
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250 g of chili peppers. The chilies were washed thoroughly, air-dried, and then immersed in the fermented 
cabbage waste liquid for 12 h. After soaking, the chilies were drained and stored at room temperature (27–
29°C). The weight loss of large red chili peppers was measured following (Ralle et al., 2025). 

Lactic acid content  

The lactic acid concentration in the fermented cabbage waste liquid was quantified by acid–base 
titration according to the procedure described by Noor & Wijanarka (2021). Briefly, 15 mL of the sample 
was placed in an Erlenmeyer flask, after which 50 mL of distilled water and three drops of phenolphthalein 
indicator were added. Titration was subsequently performed using 0.1 N NaOH until a faint pink coloration 
developed and persisted for 30 s. The amount of NaOH required to reach the endpoint was recorded. Lactic 
acid content was then calculated from the NaOH volume consumed, its normality, the molecular weight of 
lactic acid, the dilution factor, and the sample volume. 

Shelf life  

The shelf life of large red chili peppers was determined as the storage period from the beginning of 
storage until the occurrence of quality deterioration (Ridwan et al., 2022). The peppers were considered 
deteriorated when brown spots appeared on the skin, accompanied by softening and wrinkling of the fruit 
surface. The end of shelf life was defined as the point at which 50% of the chili peppers in a treatment 
exhibited these deterioration symptoms. 

Vitamin C 

Vitamin C in the large red chili peppers was quantified by iodometric titration based on the method of 
Rahayuningsih et al. (2022). A 20 g portion of the sample was homogenized and brought to a volume of 
100 mL with distilled water. The resulting solution was titrated against 0.01 N iodine using starch as the 
indicator. The titration endpoint was reached when a stable bluish-purple color developed. The vitamin C 
concentration was subsequently determined using the equation below: 

Vitamin C (mg) = 
!"	$%&	'	(!"#

0.01
	'	100

10
'	0.88

,-!."/	0/1234	(2)
	𝑥	100 

Sensory evaluation 

The sensory evaluation of aroma of fermented cabbage liquid and the texture and color of large red 
chilli peppers was conducted using 25 untrained panelists employing a scoring test. The aroma scores of 
fermented cabbage liquid were defined as follows: 5 = odorless; 4 = characteristic cabbage aroma; 3 = 
slightly pungent odor; 2 = unpleasant odor; and 1 = very unpleasant odor. Texture was evaluated according 
to the method described by Ashadi et al. (2021) using a seven-point scoring scale, where 1 = very soft and 
watery, 2 = soft and watery, 3 = soft and wrinkled, 4 = soft and slightly wrinkled, 5 = slightly soft with a 
smooth surface, 6 = slightly firm with a smooth surface, and 7 = firm with a smooth surface. Color was 
evaluated visually using a two-point scoring scale, where 2 = bright red skin and 1 = red skin with brown 
spots. 

Results and discussion  

Yield of fermented cabbage waste liquid 

Both NaCl concentration and fermentation duration significantly affected the yield of fermented 
cabbage waste liquid (p < 0.01), whereas their interaction did not produce a significant effect. The average 
yields obtained at the three NaCl concentrations are shown in Figure 1. 
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Figure 1.  Yield of fermented cabbage waste liquid obtained at different NaCl concentrations. Bars marked with 
different lowercase letters represent significant differences between treatments (p < 0.05)  

Figure 1 showed that the addition of 7% NaCl produced the highest yield of fermented cabbage waste 
liquid (41.18 ± 15.19%). This value was significantly higher than that obtained with 3% NaCl (40.83 ± 
14.45%), but it did not differ significantly from the 5% NaCl treatment (40.89 ± 15.20%). These findings 
differ from those of Anggraeni et al. (2021) , who reported that sauerkraut prepared with 2.5% NaCl 
exhibited the highest moisture content (92.10%). According to Srihardyastutie et al. (2021), the addition of 
salt is a critical step in cabbage fermentation because it not only promotes the growth of desirable lactic 
acid bacteria but also improves the organoleptic properties, moisture content, and organic acid 
composition of the fermented product. The effect of fermentation duration on the yield of fermented 
cabbage waste liquid is presented in Figure 2. 

 

Figure 2.  Yield of fermented cabbage waste liquid obtained at different fermentation time. Bars marked with 
different lowercase letters represent significant differences between treatments (p < 0.05) 

As shown in Figure 2, fermentation for 10 days resulted in the highest yield of fermented cabbage waste 
liquid (60.59 ± 0.40%), which was significantly higher than the yields obtained after 8 days (42.81 ± 1.11%), 
6 days (35.16 ± 1.07%), and 4 days (25.27 ± 1.15%) of fermentation. The increase in yield with prolonged 
fermentation is likely associated with enhanced water release from cabbage tissues as a result of osmotic 
pressure and microbial activity. During fermentation, NaCl promotes osmotic dehydration, causing water 
to diffuse from plant cells into the surrounding medium. Simultaneously, the metabolic activity of lactic 
acid bacteria and the gradual degradation of plant cell walls facilitate further liquid release. Similar 
observations have been reported during sauerkraut fermentation, where lactic acid bacteria dominate the 
fermentation process and substantially alter the physicochemical characteristics of cabbage tissues          
(Wang et al., 2024). 

Lactic acid content of fermented cabbage waste liquid 

Fermentation duration had a highly significant effect on the lactic acid content of fermented cabbage 
waste liquid (p < 0.01). In contrast, NaCl concentration and the interaction between NaCl concentration 
and fermentation duration did not significantly affect the lactic acid content. The lactic acid content of 
fermented cabbage waste liquid at different fermentation durations is presented in Figure 3. 
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Figure 3. Effect of fermentation duration on the lactic acid content of fermented cabbage waste liquid. Bars marked 
with different lowercase letters represent significant differences between treatments (p < 0.05) 

As shown in Figure 3, fermentation for 4 days resulted in the highest lactic acid content (2.42 ± 0.53%), 
which was significantly higher than those obtained after 6, 8, and 10 days of fermentation. This finding 
indicates that LAB were still in their active metabolic phase on day 4, enabling the available fermentable 
sugars to be efficiently converted into lactic acid. After day 4, the lactic acid content gradually declined and 
remained statistically unchanged through days 6, 8, and 10, likely due to the depletion of fermentable 
substrates and the reduced metabolic activity of LAB as the fermentation medium became increasingly 
acidic. These findings are consistent with those of Gaudioso et al. (2022) and Mayr et al. (2026), who 
reported that lactic acid production increases rapidly during the early stage of cabbage fermentation and 
subsequently slows or reaches a plateau as fermentable substrates become limited and the dynamics of 
the LAB population change.  

pH of cabbage waste liquid 

Variation in NaCl concentration significantly affected the pH of the fermented cabbage waste liquid                
(p < 0.01). In contrast, neither fermentation duration nor the interaction between NaCl concentration and 
fermentation duration resulted in a significant effect. The mean pH values obtained from the different NaCl 
concentration treatments are presented in Figure 4. 

 

Figure 4.  Effect of NaCl concentration on the pH of fermented cabbage waste liquid. Bars marked with different 
lowercase letters represent significant differences between treatments (p < 0.05) 

Figure 4 showed that the 3% NaCl treatment resulted in the highest pH value (4.80 ± 0.53b), whereas 
the 7% NaCl treatment produced the lowest pH value (3.51 ± 0.06a). Increasing the NaCl concentration 
creates selective conditions that favor the growth of LAB while inhibiting the growth of undesirable 
microorganisms. As a result, LAB become dominant during fermentation and convert fermentable sugars 
into lactic acid, leading to a greater accumulation of organic acids and a corresponding decrease in pH. 
Handayani (2023) also reported that salt plays an important role in promoting LAB dominance and 
accelerating the acidification process during fermentation. In the present study, the pH values ranged from 
3.51 to 4.80, which were generally lower than those reported by Fukuba et al. (2026) in sauerkraut 
fermentation using NaCl concentrations of 0, 1.6, 2.4, 3.2, and 6.4%. The results showed that NaCl 
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concentrations of 1.6%, 2.4%, and 3.2% reduced the pH to below 4.60 on days 5, 7, and 14 of fermentation, 
respectively. In addition, NaCl concentrations of 1.6% and 2.4% significantly increased the population of 
LAB during the fermentation process. 

Aroma of fermented cabbage waste liquid 

NaCl concentration, fermentation duration, and their interaction had no significant effect on the aroma 
of fermented cabbage waste liquid (p > 0.05). Figure 5 shows the mean aroma scores of fermented cabbage 
waste liquid at different NaCl concentrations based on the sensory evaluation results. 

 

Figure 5.  Effect of NaCl concentration and fermentation duration on the aroma of fermented cabbage waste  liquid 
(5 = odorless; 4 = characteristic cabbage aroma; 3 = slightly pungent odor; 2 = unpleasant odor; 1 = very 
unpleasant odor) 

As shown in Figure 5, fermentation with 5–7% NaCl for 4 days resulted in relatively high aroma scores, 
ranging from 4.05 to 4.13. Statistically, NaCl concentration, fermentation duration, and their interaction 
had no significant effect on the aroma of the fermented cabbage waste liquid (p > 0.05). The results 
indicate that the treatment variations did not produce detectable differences in aroma among the 
panelists. Nevertheless, the 5–7% NaCl treatment for 4 days resulted in relatively higher aroma scores, 
descriptively suggesting a tendency toward more desirable aroma characteristics, although the differences 
were not statistically significant. Salt concentration plays an important role in determining the flavor 
characteristics and sensory quality of fermented vegetables by regulating microbial growth and metabolic 
activity. In addition, salt can influence the formation of flavor compounds, including acids, aldehydes, 
alcohols, and esters (Tang et al., 2024). 

Shelf life of large red chili peppers 

In this study, the shelf life of large red chili peppers was highly significantly influenced by NaCl 
concentration, fermentation duration, and their interaction (p < 0.01). The mean shelf life of large red chili 
peppers following immersion in fermented cabbage waste liquid at various combinations of NaCl 
concentrations and fermentation durations is presented in Figure 6. 

As shown in Figure 6, the shelf life of large red chili peppers was significantly affected by the combined 
effects of NaCl concentration and fermentation duration. Treatment with fermented cabbage waste liquid 
as a natural preservative resulted in a shelf life of 16.33–16.67 days under ambient storage conditions. The 
5% and 7% NaCl treatments combined with 4 days of fermentation produced the longest storage period. 
In contrast, treatments involving 3% NaCl with fermentation periods of 6, 8, and 10 days showed lower 
effectiveness in preserving chili quality throughout storage. A comparable preservation effect was 
reported by Anik et al. (2024), who found that fermented cabbage extract prolonged banana shelf life by 
delaying ripening and reducing fruit deterioration. The preservation effect was associated with LAB activity 
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and their production of organic acids and antimicrobial compounds, which can restrict the proliferation of 
spoilage bacteria and fungi and consequently help preserve fruit quality. 

 

Figure 6.  Effect of NaCl concentration and fermentation duration on the shelf life of large red chili peppers. Bars 
marked with different lowercase letters represent significant differences between treatments (p < 0.05) 
according to Duncan's Multiple Range Test (DMRT) 

LAB contribute to food preservation through the formation of antimicrobial metabolites, including 
lactic acid, acetic acid, and bacteriocins. These metabolites lower the pH of the fermentation medium, 
creating conditions that restrict spoilage and pathogenic microorganisms while helping to retain product 
sensory quality during storage (Cahyaningsih & Sugiharto, 2022). An appropriate NaCl concentration can 
support LAB growth and stimulate the formation of lactic acid and other antimicrobial compounds. Such 
conditions can suppress spoilage microorganisms and, consequently, contribute to a longer shelf life            
(Ayivi et al., 2020). 

In addition to its selective effect on microbial growth, NaCl creates osmotic pressure that promotes the 
release of cellular fluids and nutrients from cabbage tissues, providing substrates that support LAB growth 
during fermentation. However, insufficient salt concentrations may reduce fermentation stability and 
product safety, whereas excessive salt concentrations can inhibit beneficial microorganisms and slow the 
fermentation process (Tang et al., 2024). The synergistic effects of NaCl and fermentation-derived organic 
acids have also been reported to suppress undesirable microorganisms and delay tissue softening in 
fermented cabbage products such as sauerkraut (Díaz-Pérez et al., 2024). 

Weight loss 

Transpiration is the major contributor to weight loss because water continuously evaporates from the 
fruit surface due to differences in vapor pressure between the fruit tissues and the surrounding 
environment (Sabahannur, 2020). NaCl concentration, fermentation duration, and their interaction had a 
highly significant effect on the weight loss of large red chili peppers (p < 0.01). The mean weight loss values 
are presented in Figure 7. 

	
Figure 7.   Effect of NaCl concentration and fermentation duration on the weight loss of large red chili peppers. Bars 

marked with different lowercase letters represent significant differences between treatments (p < 0.05) 
according to Duncan's Multiple Range Test (DMRT) 
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In this study, large red chili peppers treated with fermented cabbage waste liquid prepared using 7% 
NaCl and a 4-day fermentation period exhibited the lowest weight loss (2.42 ± 1.77%), with no significant 
difference from the treatment using 7% NaCl and 8 days of fermentation. In contrast, the highest weight 
loss (8.43 ± 0.17%) was observed in chili peppers treated with fermented cabbage waste liquid prepared 
using 7% NaCl and 10 days of fermentation. Weight loss in chili peppers is influenced by the high salt 
concentration in the cabbage waste liquid, which causes water to move out of the chili tissue through 
osmosis. During the osmotic dehydration process, water moves from the cells into the hypertonic solution, 
while a small amount of solutes migrate into the cells, resulting in a decrease in moisture content of up to 
approximately 50%, shrinkage of the cells, and reduced water activity in the product (Mari et al., 2024). 
Prolonged exposure to the hypertonic salt solution enhances the effect of osmotic dehydration, as the 
osmotic gradient drives more water out of the cells. Increasing the concentration of the osmotic solution 
further accelerates this mass transfer, leading to a more significant reduction in both moisture content and 
product weight (Asghari et al., 2024). 

Vitamin C 

Vitamin C content of large red chili peppers was significantly affected by NaCl concentration, 
fermentation duration, and their interaction (p < 0.05). The mean vitamin C contents under different 
treatments are presented in Figure 8. These results indicate that the combination of NaCl concentration 
and fermentation duration influenced the effectiveness of fermented cabbage waste liquid in preserving 
vitamin C during storage. 

  

Figure 8.  Vitamin C content of large red chili peppers following treatment with different NaCl concentrations and 
fermentation durations. Different lowercase letters above the bars indicate significant differences among 
treatments based on Duncan’s Multiple Range Test (DMRT) at p < 0.05 

The differences in vitamin C content were presumably influenced by the fermentation duration, which 
affected the activity of lactic acid bacteria and the stability of vitamin C during the preservation process. In 
the treatment with 7% NaCl and 4 days of fermentation, the fermentation process was likely not yet fully 
stable, allowing vitamin C oxidation to occur at a higher rate. The activity of oxidative enzymes and the 
presence of oxygen during the early stage of fermentation may have accelerated vitamin C degradation, 
resulting in lower vitamin C content. In contrast, in the treatment with 7% NaCl and 6 days of fermentation, 
lactic acid bacteria were presumed to have developed more optimally and produced higher amounts of 
organic acids. These values were higher than those reported by Sabahannur (2020), who found vitamin C 
levels of 0.19–0.288 mg/10 g in NaCl-preserved cayenne peppers. This difference may be attributed to 
variations in the raw materials, preservation methods, and fermentation processes. LAB fermentation 
produces organic acids and antimicrobial metabolites that lower pH and inhibit spoilage microorganisms, 
thereby helping to preserve vitamin C during storage (Anumudu et al., 2024; Dissanayake et al., 2025) 
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Texture 

Postharvest moisture loss can cause fruit shrinkage and a decline in firmness. Treatments that suppress 
the activity of pectin-degrading enzymes and reduce respiration rates can help maintain fruit firmness and 
quality during storage (Ahamad et al., 2024). Firmness is therefore considered a key indicator of postharvest 
quality because excessive softening accelerates deterioration, increases susceptibility to microbial spoilage, 
and reduces marketability (Frempong et al., 2022). Sensory texture scores of large red chili peppers were 
highly significantly influenced by NaCl concentration, fermentation duration, and their interaction                              
(p < 0.01). The mean sensory texture scores under different treatment combinations are presented in 
Figure 9. 

 

Figure 9.  Effect of NaCl concentration and fermentation duration on the texture scores of large red chili peppers  
(1 = very soft and watery, 2 = soft and watery, 3 = soft and wrinkled, 4 = soft and slightly wrinkled, 5 = 
slightly soft with a smooth surface, 6 = slightly firm with a smooth surface, 7 = firm with a smooth surface) 

Based on sensory observations, the texture quality and surface morphology of large red chili peppers 
varied among the treatment combinations after storage. At 3% NaCl, peppers treated with fermented 
cabbage waste liquid for 4 and 8 days maintained a firm texture with a smooth surface, with texture scores 
of 6.23 and 6.83, respectively. In contrast, fermentation for 6 and 10 days resulted in softer textures with 
wrinkled or slightly wrinkled surfaces, with scores of 3.77 and 4.47, respectively. At 5% NaCl, the 4-day 
fermentation treatment maintained a relatively firm texture with a smooth surface (5.65), whereas 
fermentation for 6, 8, and 10 days resulted in softer textures with slightly wrinkled surfaces, with scores of 
4.00, 3.80, and 4.65, respectively. At 7% NaCl, the 4-day fermentation treatment produced the highest 
texture score (6.95), indicating a firm texture with a smooth surface. Longer fermentation periods of 6, 8, 
and 10 days resulted in substantially lower texture scores of 3.12, 1.70, and 1.80, respectively, 
corresponding to soft and wrinkled to soft and watery textures. Representative visual changes in texture 
and surface morphology after 16 days of storage are presented in Figure 10. 

 

            Score 6                     Score 5                            Score 4                        Score 3-1 

Figure 10.  Representative visual appearance of large red chili peppers showing changes in texture and surface 
morphology after 16 days of storage 

Figure 10 shows that large red chili peppers preserved using cabbage waste liquid with 7% NaCl and a 
fermentation period of 4 days produced the highest texture score (6.95 ± 0.00), characterized by a firm and 
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smooth texture. In contrast, the use of cabbage waste liquid fermented for 8 days resulted in the lowest 
texture score (1.70 ± 1.00), indicating tissue softening. Differences in texture among treatments may be 
influenced by NaCl concentration and fermentation duration, which can affect microbial activity and 
changes in tissue structure (Tang et al., 2024) reported that salt concentration affects texture characteristics, 
including firmness, in peppers during fermentation. Similarly, Liu et al. (2025) found that variations in NaCl 
concentration and fermentation temperature in sauerkraut affected physical properties, such as 
fracturability, as well as microbial composition during fermentation. 

Color 

The color of large red chili peppers after storage remained unaffected by NaCl concentration, 
fermentation duration, or their interaction (p > 0.05). The mean color scores of the large red chili peppers, 
as evaluated by panelists through sensory evaluation under the different treatment combinations, are 
presented in Figure 11. The highest color score (2.00 ± 0.00), indicating a bright and uniform red skin color, 
was obtained in treatments using 5% and 7% NaCl with fermentation durations ranging from 4 to 10 days. 
In contrast, the lowest color scores (1.00–1.33 ± 0.31), characterized by the presence of brown spots on the 
fruit surface, were observed in treatments using 3% NaCl with fermentation durations of 6–8 days. 

 

Figure 11.  Effect of NaCl concentration and fermentation duration on the color scores of large red chili peppers                   
(2 = bright red skin, 1 = red skin with brown spots) 

Figures 12 show the visual differences in the color quality of large red chili peppers after treatment with 
various salt concentrations and fermentation durations. Figure 11 shows chili peppers with the highest 
color score of 2.00 ± 0.00, characterized by a bright and uniform red skin color, indicating better color 
quality. In contrast, Figure 12 shows chili peppers with the lowest color score of 1.00–1.33 ± 0.31, 
characterized by a red color accompanied by brown spots on the fruit surface, indicating a decline in visual 
quality during storage. 

 

          Score 2             Score 1 

Figure 12. Representative visual appearance of large red chili peppers showing changes in color after 16 days of 
storage. 

Environmental salinity can influence pigment stability and color parameters in chili peppers, particularly 
those associated with carotenoid compounds responsible for the red coloration of the fruit. Changes in salt 
conditions may affect pigment stability by altering enzymatic activity, promoting pigment oxidation, and 
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influencing the structural integrity of fruit tissues. Certain salinity levels may also slow carotenoid 
degradation by inhibiting microbial activity and oxidative enzymes involved in color changes during 
storago (Erol, 2024). Microbial activity accelerates tissue degradation by increasing respiration and 
transpiration rates, leading to water loss, surface wrinkling, and color changes from bright red to brown 
and eventually black. The appearance of brown spots on the chili skin often indicates tissue damage and 
potential microbial infection (Sepúlveda et al., 2024). 

Conclusion 

This study demonstrated the potential of fermented cabbage waste liquid as a natural preservative for 
large red chili peppers (Capsicum annuum L.). Fermented cabbage waste liquid prepared with 7% NaCl and 
a 4-day fermentation period exhibited the best preservation performance. This treatment effectively 
maintained the quality of large red chili peppers by extending their shelf life to 16.67 ± 0.90 days, limiting 
weight loss to 2.42 ± 1.77%, preserving a firm and smooth texture (6.95 ± 0.00), and maintaining a bright 
red color (2.00 ± 0.00). These findings suggest that fermented cabbage waste liquid prepared under the 
optimum fermentation conditions could be used as an environmentally friendly natural preservative for 
preserving postharvest quality and prolonging the storage life of large red chili peppers. 
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