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ABSTRACT 

In this study, titled "Comparative Analysis of Packaging Materials and Modified 

Atmospheric Packaging on the Postharvest Life of Broad Leaf Mustard (Brassica 

juncea var. rugosa)," conducted in HICAST, Kathmandu, Nepal, from June 13 to 

June 19, 2023, Investigation of the postharvest condition of 17 kg of freshly 

harvested broad leaf mustard. The experiment employed four distinct packaging 

materials—polythene, perforated polythene, muslin cloth, and MAP bags—in 

addition to a control group, following a Completely Randomized Design with four 

replications. Critical parameters such as shelf life, weight loss, moisture content, 

chlorophyll content, total soluble solids (TSS), pH, color, and pathological 

infection at 3-day intervals was monitored and evaluated. Remarkably, T2 

(Polythene) and T3 (Perforated polythene) displayed a meager 3-day shelf life 

due to rapid decay and saturation, warranting early disposal. T5 (MAP Bag) 

emerged as the standout performer with a substantial average shelf life of 6 days. 

Moisture loss was most pronounced in the control group (T1), dropping from 

96.76% to 91.2%, whereas T4 (Muslin Cloth) reached 94.82%, and T5 recorded 

95.5%. MAP bags (T5) also excelled in preserving chlorophyll content and color 

stability. In conclusion, findings underscore the superiority of MAP bags, 

particularly T5, in preserving the postharvest quality and prolonging the shelf life 

of Brassica juncea var. rugosa, offering a promising solution for enhancing 

postharvest management in horticulture.  

Key Words: Broad Leaf Mustard, MAP Bags, Packaging Materials, Post-harvest, 

Shelf life 
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INTRODUCTION 

Broad Leaf Mustard (BLM), 2n=36, scientifically known as Brassica juncea var. 

rugosa, is a popular leafy vegetable in Nepal, cultivated widely for its 

affordability and nutritional value (Khatiwada, 2008). Commonly referred to as 

'Rayo,' it belongs to the Brassicaceae family and is grown in diverse climates, 

displaying resilience to frost. BLM, with its short shelf life, requires careful 

handling to maintain quality (Bhattarai, 2018). Leafy vegetables, including BLM, 

are crucial for global nutrition, offering a cost-effective source of essential 

nutrients (Kennedy, 2011; Mohammed & Hussaini, 2023). However, addressing 

postharvest losses is essential for food security, especially in Nepal, where 

subsistence farming and high postharvest losses contribute to food insecurity 

(FAO, 2022; Thapa et al., 2019). Innovative solutions like modified atmospheric 

packaging can extend shelf life and minimize wastage, contributing to sustainable 

food production (Lucia & Assennato, 1994). 

Postharvest losses, a substantial component of food loss and waste, largely stem 

from biological deterioration after harvest. Fresh fruits and vegetables deteriorate 

due to factors like respiration, ethylene production, compositional changes, water 

loss, physiological disorders, and pathological breakdown (Kader, 2004). 

Mitigating these losses is essential for sustainable food production. 

Post-harvest losses indicate quantifiable reductions in both quantity and quality 

following harvest (Mohammed & Hussaini, 2023). Countries like Nepal grapple 

with inadequate knowledge of proper practices and technologies, contributing to 

significant losses in vegetable quality and quantity (Parazuli, 2015). Biological 

and environmental factors, including transpiration water loss, significantly 

contribute to postharvest deterioration. Leafy vegetables are deemed unsalable if 

they lose over 3% of their water content (Ambuko et al., 2017). Broad leaf 

mustard's cultivation spans 10,851 hectares, yielding 146,756 metric tonnes in 

Nepal (MoALD, 2022). 

Modified Atmosphere Packaging (MAP) involves modifying the atmosphere 

within a package to enhance shelf life and preserve food quality, achieved 

either actively or passively (Robertson, 2019). While beneficial, MAP does not 

replace proper temperature management. Applying passive MAP at non-

optimal storage temperatures necessitates finding films with appropriate 

Oxygen Transmission Rates that align with product respiration rates (Lange, 

2000). 
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MATERIALS AND METHODS 

A study conducted at the Himalayan College of Agricultural Sciences and 

Technology in Nepal examined the postharvest life of Broad Leaf Mustard. The 

experiment involved using different packaging materials and modified 

atmospheric packaging. The research utilized ZY No.2 Leaf Mustard and 

employed a completely randomized design with five treatments.  

Treatments: 

T1 Control 
Broad Leaf Mustard were kept as it is 

without any treatments. 

T2 Polythene Bag 

High density polyethylene (HDPE) 

bags of thickness 40µ were used. No 

perforations were done. 

T3 Perforated Polythene Bag 

HDPE bags of thickness 40µ were 

used by making perforations. Overall, 

there were 12 perforations. 

T4 Muslin Cloth 
Muslin cloths were wrapped around 

the Broad Leaf Mustard. 

T5 MAP Bags 

Modified atmosphere packaging 

(MAP) bags which is biodegradable 

was used as packaging material. 

Parameters Observed: 

Physical Parameters: 

Color: Evaluated using a standardized color chart. The color of the leaves was 

matched to the closest swatch on the Royal Horticulture Society's color chart to 

determine color intensity or shade (Royal Horticulture Society, 2019). 

Moisture Content/Dry Matter Content: Measured using a precision balance. 

𝐌𝐨𝐢𝐬𝐭𝐮𝐫𝐞 𝐂𝐨𝐧𝐭𝐞𝐧𝐭(%)

=
Initial Weight Of Fresh Sample –  Weight of Oven Dried Sample

Initial Weight Of Fresh Sample
× 100% 

Biochemical Parameters: 

Chlorophyll Content: The chlorophyll content was assessed using the Wellburn 

technique. Broadleaf mustard’s samples weighing 0.2 g was extracted with 7 mL 
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of 80% acetone and the optical density of the solution was measured at 645 nm 

and 663 nm (Wellburn, 1994). The chlorophyll content was determined by using 

equation given below: 

➢ Chlorophyll a (mg/g) = (12.70 × A663 - 2.690 × A645) × V / 

(1000 × W) 

➢ Chlorophyll b (mg/g) = (22.90 × A645 - 4.680 × A663) × V / 

(1000 × W) 

➢ Total chlorophyll content = chlorophyll a + chlorophyll b 

Where, V= Volume of acetone used and W = weight of the fresh cucumber peels       

Total Soluble Solid (TSS): Monitored using a digital refractometer. 

pH: Measured using a digital pH meter. 

Shelf-life Parameters: 

Shelf Life: Assessed by monitoring pathological infestations and marketability. 

Weight Loss: Measured using a digital weighing machine (Teixeira et al., 

2012). 

𝐖𝐞𝐢𝐠𝐡𝐭 𝐋𝐨𝐬𝐬(%) =
Initial Weight  –  Final Weight 

Initial Weight
× 100% 

Spoilage Ratio: Calculated based on the count of spoiled or damaged leaves. 

𝐒𝐩𝐨𝐢𝐥𝐚𝐠𝐞 𝐑𝐚𝐭𝐢𝐨(%) =
Initial Total Fresh Leaf  –  Fresh leaf 

Initial total Fresh  Leaf
× 100% 

Pathological Infection: Evaluated by monitoring microbial growth through 

swabbing and incubation. 

Experimental Design: 

Replication: The experiment had four replications for each treatment. 

Statistical Analysis: Data analysis was conducted using Excel and GENSTAT 

software, considering various observed parameters. 

 

RESULTS AND DISCUSSION 

The research study titled "Comparative Analysis of Packaging Materials and 

Modified Atmospheric Packaging on the Postharvest Life of Broad Leaf Mustard 

(Brassica juncea var. rugosa)" was carried out, on the 4th day of the experiment, 

treatments 2 and 3 were excluded from further analysis due to their nearly 

complete decay and saturation in their own liquid. However, the experiment 

continued with treatments 1, 4, and 5. Detailed findings from the experiment are 

presented below: 
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Physical Parameter 

 

Effect of Packaging Materials on Color 

Selected fresh and visually appealing leaves from each treatment group were 

compared. On the initial observation day, leaf color closely matched 140A on the 

color chart. The MAP bag notably maintained consistent color throughout storage, 

aligning with Yang et al. (2022) findings. Their study indicated that MAP not 

only preserved color but also increased vitamin C levels, maintained stable 

polyphenol content, reduced cell membrane damage, suppressed enzymes related 

to phenolic metabolism, and mitigated lignin deposition during storage.  

 

Table 1. Effect of Packaging materials on Color of Broad Leaf Mustard  

Treatment Initial Color 

Days of Storage 

Color 

3rd Day 6th Day 

T1 (Control) 140A 140B 141C 

T2(Normal Polythene (40µ)) 140A 144A N/A 

T3 (Perforated Polythene (40µ)) 140A 141C N/A 

T4 (Muslin Cloth) 140A 140A 141C 

T5 (MAP bag (35µ)) 140A 140A 140A 

 

Effect of Packaging Materials on Moisture Content 

Freshly harvested produce, with 65-95% water, is regulated by protective layers 

with small pores, primarily on leaves (Collalti et al., 2020). The study found an 

initial moisture content of 96.76%. By the 3rd day, moisture varied significantly. 

T1 (control) had the lowest at 93.87%, T2 (polythene) decayed to 96.46%, T5 

(MAP Bag) maintained freshness at 96.33%, T3 (perforated polythene) showed 

95.99%, and T4 (wet muslin cloth) had 95.81%. Treatments 2 and 3 were 

discontinued on day three due to decay. 

 

On the 6th day, T1 wilted to 91.2%, while T5 (MAP Bag) retained the highest 

moisture at 95.5%, and T4 recorded 94.83%, preserving freshness. The significant 

results align with Agüero et al., (2011) on lettuce quality loss, emphasizing water 
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content changes in different storage conditions and variations between outer and 

inner leaves. 

 

Table 2. Effect of Packaging materials on Moisture Content of Broad Leaf 

Mustard  

Treatment 
Initial Moisture Content 

(%) 

Days of Storage 

Moisture % 

3rd Day 6th Day 

T1 (Control) 96.76 93.87 91.2 

T2(Normal Polythene (40µ)) 96.76 96.46 N/A 

T3 (Perforated Polythene (40µ)) 96.76 95.99 N/A 

T4 (Muslin Cloth) 96.76 95.81 94.82 

T5 (MAP bag (35µ)) 96.76 96.33 95.5 

Mean 

 

95.69 93.84 

CV % 0.5 1.1 

LSD 0.71 1.76 

  

Biochemical Parameter 

 

Effect of Packaging Materials on Chlorophyll Content 

Chlorophyll is crucial for Broad Leaf Mustard quality, influencing color and 

freshness. Enzyme-induced degradation, detailed in Table 4 and Appendix 1, 

follows multi-pathway chlorophyll breakdown (Xiao et al., 2014). Day one 

average chlorophyll was 0.96 mg/g. By day three, T2 and T3 decayed to 0.15 

mg/g and 0.17 mg/g, while the MAP Bag maintained stability at 0.84 mg/g. T1 

had 0.46 mg/g, and T4 had 0.55 mg/g. T2 and T3 were discontinued on day four. 

By day six, T1 and T4 averaged 0.22 mg/g and 0.35 mg/g, respectively, while the 

MAP Bag retained 0.47 mg/g, double that of T1. Statistical analysis supports the 

MAP Bag's superior chlorophyll preservation, aligning with Thapa et al. (2019). 
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Table 3. Effect of packaging materials on chlorophyll content of broad leaf 

mustard  

Treatment 

Initial 

Chlorophyll 

(mg/g) 

Days of Storage 

Chlorophyll 

Content 

 (mg/g f.w) 

3rd Day 6th Day 

T1 (Control) 0.963 0.46 0.22 

T2(Normal Polythene (40µ)) 0.963 0.15 N/A 

T3 (Perforated Polythene 

(40µ)) 
0.963 0.17 N/A 

T4 (Muslin Cloth) 0.963 0.55 0.35 

T5 (MAP bag (35µ)) 0.963 0.84 0.47 

Mean 

 

0.43 0.34 

CV % 32.1 47.1 

LSD 0.21 0.28 

Note: f.w = fresh weight 

 

Effect of Packaging materials on TSS 

Our research reveals that Broad Leaf Mustard's Total Soluble Solids (TSS) 

content increases during storage, following an initial steep incline that gradually 

levels off (Rajak et al., 2014). At the experiment's start, TSS was 2 °Brix. By the 

3rd day, T1 had the most significant change, reaching 3.75 °Brix, while T2, T3, 

T4, and T5 remained stable, indicating a subtle taste alteration. On the 6th day, 

the control group (T1) showed the highest increase to 5.75 °Brix, T4 reached 5 

°Brix, and T5 had the smallest change at 4.25 °Brix, suggesting a relatively 

sweeter taste in the other treatments compared to the MAP bag. T5 exhibited a 

more consistent and natural taste. Notably, although T2 and T3 maintained 

constant TSS levels, they decayed and became unusable. 

 

Effect of packaging materials on pH 

Vegetables' pH levels decrease as nutrient constituents diminish (Fimbres-Acedo 

et al., 2023). On day one, the pH was 5.24, gradually increasing. By day 3, T3 

had the highest pH at 8.57, followed by T2 at 8.1 due to decay. T5 showed the 

least variation with a stable pH of 5.66. T4 increased to 5.98, while T1 reached 

5.89. 
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Table 4. Effect of Packaging materials on TSS of Broad Leaf Mustard 

Treatment 
Initial TSS 

(° Brix) 

Days of Storage 

(° Brix) 

3rd Day 6th Day 

T1 (Control) 2 3.75 5.75 

T2(Normal Polythene (40µ)) 2 2 N/A 

T3 (Perforated Polythene (40µ)) 2 2 N/A 

T4 (Muslin Cloth) 2 3 5 

T5 (MAP bag (35µ)) 2 3 4.25 

Mean 

 

2.75 5 

CV % 8.1 18 

LSD 0.35 1.55 

 

Treatments 2 and 3 were discontinued on day 4 due to decay. By then, T5's pH 

was 6.01, T1 and T4 reached 6.51 and 6.61, respectively. pH tends to increase 

with extended storage of green leafy vegetables, less pronounced in T5 (MAP 

bag). T4 and T1 also had relatively minor pH alterations. 

Table 5. Effect of packaging materials on ph of broad leaf mustard  

Treatment Initial pH 

Days of Storage 

pH 

3rd Day 6th Day 

T1 (Control) 5.24 5.89 6.51 

T2(Normal Polythene (40µ)) 5.24 8.1 N/A 

T3 (Perforated Polythene (40µ)) 5.24 8.57 N/A 

T4 (Muslin Cloth) 5.24 5.98 6.61 

T5 (MAP bag (35µ)) 5.24 5.66 6.01 

Mean 

 

6.84 6.38 

CV % 3.9 2.7 

LSD 0.41 0.30 
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Shelf-Life parameters 

 

Effect of Packaging Materials on Shelf Life 

Research shows that T5 (MAP Bags) exhibited the longest average shelf life, 

approximately 6 days, followed closely by T4 (Wet Muslin Cloth) and T1 

(Control) with 4.5 and 4 days, respectively. In contrast, T2 (Polythene) and T3 

(Perforated Polythene) had the shortest average shelf life at 3 days. These findings 

align with Thapa et al. (2019), who observed extended shelf life for broadleaf 

mustard stored in Modified Atmosphere Packaging (MAP) bags. 

Broad Leaf Mustard's shelf life is influenced by factors pre- and post-harvest, such 

as rootstock selection, cultivar choice, cultural practices, harvesting conditions, 

and maturity stage (Kader et al., 1973). Post-harvest considerations include 

operational efficiency, pre-cooling methods, treatments like fungicides, and 

overall storage process efficiency. 

 

Table 6. Effect of Packaging Materials on Shelf Life of Broad Leaf Mustard  

Treatment 
Average Shelf Life 

(Days) 

T1 (Control) 4 

T2(Normal Polythene (40µ)) 3 

T3 (Perforated Polythene (40µ)) 3 

T4 (Muslin Cloth) 4.5 

T5 (MAP bag (35µ)) 6.25 

Mean 4.05 

CV % 17.3 

LSD 1.08 

 

Effect of Packaging Materials on Weight loss 

Broad Leaf Mustard faces weight loss after harvest due to factors like 

transpiration and respiration, causing shrinkage. Leafy greens, with over 90% 

water content, are particularly vulnerable to such issues. The choice of packaging 

is crucial to combat these challenges (Mohammed & Hussaini, 2023). 

In a 7-day study, significant differences in weight loss were noted. By the 3rd day, 

losses ranged from 1.51% to 35.34%. The control group (T1) suffered the most, 

while T2 (Polythene) had the least due to its sealed packaging. T2 and T3 

deteriorated quickly. By the 6th day, T4 (Wet Muslin Cloth) had the highest 

weight loss at 33.08%, and the MAP Bag (T5) had the lowest at 8.70%. 
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The MAP Bag (T5) maintained freshness, unlike T2, which, despite showing no 

weight loss, had decayed leaves stuck to the polythene by day 4. T5 persevered, 

keeping low weight loss and freshness. Statistical analysis validated results on the 

3rd and 6th day, aligning with Thapa et al. (2019), emphasizing the packaging's 

crucial role in mitigating weight loss in Broad Leaf Mustard. 

 

Table 7. Effect of Packaging materials on Weight Loss of Broad Leaf 

Mustard  

Treatment 
Initial Weight 

(g) 

Days of Storage 

Weight loss (%) 

3rd Day 6th Day 

T1 (Control) 2435 35.34 39.46 

T2(Normal Polythene) 2445 1.51 N/A 

T3(Perforated Polythene) 2446 12.88 N/A 

T4 (Muslin Cloth) 2487 27.67 33.08 

T5 (MAP Bag) 2424 6.07 8.7 

Mean 

 

16.69 23.75 

CV 12.9 19.9 

LSD 3.31 8.19 

 

Effect of Packaging materials on Spoilage 

Packaging is vital for preserving leaf lettuce quality, but polymeric films, while 

reducing deterioration, can introduce issues like moisture and decay. Spoilage in 

Broad Leaf Mustard was observed in different treatments. By day 3, T3 had the 

highest spoilage at 94.68%, while the MAP bag had the least at 33.74%. T1 had 

65.31% spoilage, and T4 had 77.9%. Despite some wilted leaves in T1, most 

remained marketable. T2 had the second-highest spoilage. Treatments 2 and 3 

decayed and were discontinued by day 4. 

By day 6, spoilage was highest in T4 at 89%, followed by T1 at 74.95%, with the 

MAP bag having the least at 47.8%. MAP bags proved significantly better for 

long-term storage, reducing spoilage in Broad Leaf Mustard compared to T2, T3, 

and T4. These results align with Thapa et al. (2019), emphasizing the superiority 

of MAP bags in decreasing decay and extending shelf life by slowing respiration 

and reducing moisture loss. 
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Figure 1. Effect of Packaging materials on Spoilage of Broad Leaf Mustard 

 

Effect of Packaging Materials on Pathological Infection 

Pathological diseases challenge Broad Leaf Mustard's postharvest handling, 

impacting marketability and shelf life. Research on microbial growth found no 

growth on the 1st and 3rd days. By the 6th day, microbial growth appeared in T1 

and T4. T2 and T3 decayed rapidly, submerging in liquids by the 4th day. T4 

showed some decay, possibly due to constant moisture. T5 had incipient decay at 

basal leaf ends, maintaining overall freshness. The control group (T1) had no 

decay but rapid wilting and yellowing from moisture loss. 

In summary, T1 (Control) showed no decay but rapid wilting. T5 (MAP Bag) had 

minimal decay, maintaining overall freshness. These findings align with Khan 

(2020) and Thapa et al. (2019), emphasizing passive modified atmosphere 

packaging's efficacy in mitigating postharvest infestations and extending storage 

life, consistently upholding product quality. 

CONCLUSION 

In this research investigation, the impact of various packaging materials, 

particularly Modified Atmospheric Packaging (MAP) bags, on postharvest 

broadleaf mustard quality was assessed. The findings highlighted the remarkable 

performance of MAP bags, exemplified by T5, which extended shelf life to an 

impressive 6 days while minimizing weight loss. Notably, T2 (Polythene), despite 

indicating less weight loss, concealed complete decay due to its airtight condition. 
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In contrast, T2 and T3 treatments experienced swift and comprehensive 

deterioration, leading to early disposal. These results underscore the unparalleled 

effectiveness of MAP bags in preserving postharvest broadleaf mustard, 

consistently maintaining critical quality parameters such as color, chlorophyll 

content, and pH. As such, MAP bags emerge as the superior choice for extending 

the freshness and longevity of this vegetable during postharvest handling. To 

address moisture loss, exploring options like T4 & T5 (MAP Bag) which retained 

higher moisture levels compared to others, is recommended. In terms of superior 

parameters, MAP bags outperformed all other packaging materials in preserving 

postharvest Broad leaf mustard quality. 

REFERENCES 

Adhikari, B., & G.C., A. (2021). Post-harvest practices of horticultural crops in 

Nepal: Issues and management. Archives of Agriculture and 

Environmental Science, 6(2), 227-233. Retrieved July 3, 2023 

Adhikari, S., Bhusal, Y., Paudel, S., Lohani, S., & Aryal, L. (2021). Performance 

Evaluation Of Broadleaf Mustard Varieties In The Mid-Hill Condition 

Of Kaski District, Nepal. Kaski. 

Agüero, M., Ponce, A., Moreira, M., & Roura, S. (2011). Lettuce quality loss 

under conditions that favor the wilting phenomenon. . Postharvest 

Biology and Technology, 124–131. 

Ambuko, J., Wanjiru, F., Chemining’wa, G. N., Owino, W., & Mwachoni, E. 

(2017). Preservation of Postharvest Quality of Leafy 

Amaranth(Amaranthus spp.) Vegetables Using Evaporative Cooling. 

Journal of Food Quality, 1-6. 

Badia-Melis, R., Mc Carthy, U., Ruiz-Garcia, L., Garcia-Hierro, J., & Villalba, J. 

(2018). New trends in cold chain monitoring applications—A review. 

Food Control, 86, 170–182. 

Batziakas, K., Singh, S., Ayub, K., Kang, Q., Brecht, J. K., Rivard, C. L., & & 

Pliakoni, E. D. (2020). Reducing Postharvest Losses of Spinach Stored 

at Non-optimum Temperatures with the Implementation of Passive 

Modified Atmosphere Packaging. HortScience, 55(3), 326–335. 

Batziakas, K., Stanley, H., Batziakas, A., Brecht, J., C., R., & Pliakoni, E. (2020). 

Reducing postharvest food losses in organic spinach with the 

implementation of high tunnel production systems. Agronomy for 

Sustainable Development, 42. 

Berba, K. J., & Uchanski, M. E. (2012). Postharvest physiology of microgreens. 

Journal of Young(24), 1-5. 



 

 

Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26  

eISSN 2091-0428; pISSN 2091-042X; esjindex ID = 6279  

   

119  

Bhattarai, D. (2018). Postharvest horticulture in Nepal. Horticulture International 

Journal, 2(6), 458-460. 

Bovi, G. Linke, M., Rauh, C., & Mahajan, P. (2016). Transpiration and moisture 

evolution in packaged fresh horticultural produce and the role of 

integrated mathematical models: A review. Biosystems Engineering, 

150, 24-39. 

Brandenburg, J. (2022, January). International Fresh Produce Association. 

Retrieved 07 2, 2023, from 

https://www.freshproduce.com/siteassets/files/sustainability/map-

white-paper.pdf 

Cantwell, M., & Kasmire, F. (2002). Postharves handling systems: flower, leafy 

and stem vegetables. Postharvest Technology of horticulture 

crops(3311), 423-433. 

Cantwell, M., Rovelo, J., Nie, X., & Rubatzky, V. (1998). Specialty Salad Greens: 

Postharvest Physiology and Shelf-Life . Postharvest physiology and 

shelf-life. Acta Horticulturae(467), 371-377. 

Carthy, M., Uysal, U., & Badia, M. (2018). Global food security–Issues, 

challenges. Trends Food Science Technology(77), 11-20. 

Cheptoo, G., Owino, W., & Kenji, G. (2020). Effect of Different Packaging 

Materials on β-carotene and Vitamin C Content of Minimally Processed 

African Indigenous Leafy Vegetables. Journal of Medicinally Active 

Plants, 9(2), 98-110. 

Collalti, A., Tjoelker, G., Hoch, G., Mäkelä, A., Guidolotti, G., Heskel, M., . . . 

Battipaglia, G. (2020). Plant respiration: Controlled by photosynthesis or 

biomass? Global Change Biology, 26(3), 1739-1753. 

Dahal, K., Timilsena, J., & Gautam, M. (2021). Investigation on Probabilistic 

Model for Corrosion Failure Level of Buried Pipelines in Kirtipur Urban 

Areas (Nepal). Journal of Failure Analysis and Prevention, 21, 3. 

Retrieved 7 2, 2023 

Dayarathna, N., Gama, N., Damunupola, J., Xiao, Z., Gamage, A., Merah, O., & 

Madhujith, T. (2023). Effect of Storage Temperature on Storage Life and 

Sensory Attributes of Packaged Mustard Microgreens. Life, 13(2), 393. 

FAO. (1989). Prevention of post-harvest food losses fruits, vegetables and root 

crops a training manual (17 ed.). Rome, Italy: Food and Agriculture 

Organization of the United Nations. 

FAO. (2022). FAO In Nepal. Retrieved 06 01, 2023, from 

https://www.fao.org/nepal/fao-in-nepal/nepal-at-a-glance/en/ 

Fimbres-Acedo, Y., Traversari, S., Cacini, S., Costamagna, G., Ginepro, M., & 

Massa, D. (2023). Testing the Effect of High pH and Low Nutrient 



 

 

Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26  

eISSN 2091-0428; pISSN 2091-042X; esjindex ID = 6279  

   

120  

Concentration on Four Leafy Vegetables in Hydroponics. Agronomy, 

3(13). 

Gago, P., Ghidelli, C., & Maria, B. (2016). Recent advances in modified 

atmosphere packaging and edible coatings to maintain quality of fresh-

cut fruits and vegetables. Valencia, Spain: R & D Department, Advanced 

Technologies Inspiralia. 

Garande, V., Raut, P., Shinde, U., Dhumal, S., Sonawane, P., & Sarvade, S. 

(2019). Studies on Storage Behavior of Primary Processed Leafy 

Vegetables under Different Storage Conditions. 

Int.J.Curr.Microbiol.App.Sci, 2249-2272. 

Ghimire, D., Lamsal, G., Paudel, B., Khatri, S., & Bhusal, B. (2018). Analysis of 

Trend in Area, Production and Yield of Major Vegetables of Nepal. 

Trends in Horticulture, 1(2). 

Gil, M., Tudela, J., Martínez, A., & MC, L. (2012). Harvest maturity indicators 

of leafy vegetables. Stewart Postharvest Review, 1(1). 

Gillespie, D., Kubota, C., & Miller, S. A. (2020). Effects of Low pH of 

Hydroponic Nutrient Solution on Plant Growth, Nutrient Uptake, and 

Root Rot Disease Incidence of Basil (Ocimum basilicum L.). 

HortScience horts, 55(8), 1251-1258. 

Graziele, G., Oluwafemi, J., Linke, M., Rauh, C., & Mahajan, P. V. (2016). 

Transpiration and moisture evolution in packaged fresh horticultural 

produce and the role of integrated mathematical models: A review. 

Biosystems Engineering, 150, 24-29. 

Harker, F., Feng, J., Johnston, J., Gamble, J., Alavia, M., Halla, M., & Chheanga, 

S. (2019). Influence of postharvest water loss on apple quality: The use 

of a sensory panel to verify destructive and non-destructive instrumental 

measurements of texture. Postharvest Biology and Technology, 148, 32-

37. 

Imathiu, S. (2021). Neglected and Underutilized Cultivated Crops with Respect 

to Indigenous African Leafy Vegetables for Food and Nutrition Security. 

Journal of Food Security, 9(3), 115-125. 

Jambhekar, H. (1992). Use of earthworm as potential source of decomposed 

organic wastes. National Seminar on Organic farming (pp. 52-53). Pune: 

Mahatma Phule Krishi Vidyapeeth. 

Kader, A., & Rolle, R. (2004). The role of postharvest management in assuring 

the quality and safety of horticultural produce. FAO Agricultural 

Services Bulletin, 152. 

Kader, A., Lipton, W., & Morris, L. (1973). Systems for scoring quality of 

harvested lettuce. Horticulture Science, 8, 408-410. 



 

 

Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26  

eISSN 2091-0428; pISSN 2091-042X; esjindex ID = 6279  

   

121  

Kader, A., Zagory, D., Kerbel, E., & Wang, C. (1989). Modified atmosphere 

packaging of fruits and vegetables. Critical Reviews in Food Science and 

Nutrition, 28(1), 1-14. 

Kawas, H. (2012). Microbiology Practical Guide. Retrieved 6 11, 2023, from 

https://www.researchgate.net/profile/Houda_Kawas/post/Does_anyone

_know_how_to_extract_microorganism_from_soil/attachment/59d646

7779197b80779a17e4/AS%3A458082133254144%401486226699094/

download/PRACTICAL+GUIDE-2012-A.pdf 

Kennedy, D. (2011). 21st Century Greens Leaf Vegetables in Nutrition and 

Sustainable Agriculture. In D. Kennedy, 21st Century Greens Leaf 

Vegetables in Nutrition and Sustainable Agriculture (pp. 19-21). USA: 

Leaf for Life. 

Khan, M. (2020). Modified Atmosphere Packaging Technique: An Overview. 

(pp. 11-16). Aligarh: ResearchGate. 

Khatiwada, P. (2008). Broadleaf Mustard Production during Dry Season by 

Altering Husbandry Practices. Nepalese Horticulture, 6, 39-45. 

Koca, N., Karadeniz, F., & Burdurlu, H. (2007). Effect of pH on chlorophyll 

degradation and colour loss in blanched green peas. Food Chemistry, 

100(2), 609–615. 

Lange, D. (2000). New Film Technologies for. HortTechnology, 487-490. 

Lee, J., & Dulal, C. (2018). Effects of different packaging materials and methods 

on the physical, biochemical and sensory qualities of lettuce. Joural of 

food Science and Technology, 55, 1685–1694. 

Lin, P., Hongmei, D., Wang, G., Zhiqing, L., Huanxiu, L., Zhang, F., & Sun, B. 

(2021). Modified Atmosphere Packaging Maintains the Sensory and 

Nutritional Qualities of Post-harvest Baby Mustard During Low-

Temperature Storage. Frontliners In Nutrition, 8(730253). 

Lucia, M., & Assennato, D. (1994). Agricultural engineering in development (93 

ed.). Rome, Italy: Food and Agriculture Organization of the United 

Nations. 

Lufu, R., Ambaw, A., & Opara, U. (2020). Water loss of fresh fruit: Influencing 

pre-harvest, harvest and postharvest factors. Scientia Horticulturae, 272. 

Manolopoulou, T., & Varzakas, E. (2016). Effect of Temperature in Color 

Changes of Green Vegetables. Current research in Nutrition and food 

science(4). 

Mgaya-Kilima, B., Remberg, S., Chove, B., & Wicklund, T. (2014). Influence of 

storage temperature and time on the physicochemical and bioactive 

properties of roselle-fruit juice blends in plastic bottle. Food Science 

Nutrition, 181-191. 



 

 

Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26  

eISSN 2091-0428; pISSN 2091-042X; esjindex ID = 6279  

   

122  

MoALD. (2022). Statistical Information on Nepalese Agriculture (2020/21). 200. 

Mohammed, A., & Hussaini, U. (2023). Assessment Of Post Harvest Losses Of 

Leafy Vegetables Among Rural Farmers In Kano And Jigawa State, 

Nigeria. Bichi Journal of Education, 17(1), 26-32. 

Opara, O., Caleb, J., Mahajan, P., Said, F., & Linus, U. (2013). Modified 

Atmosphere Packaging Technology of Fresh and Fresh-cut Produce and 

the Microbial Consequences - A Review. Food Bioprocess Technol, 6, 

303-329. 

Parazuli, A. (2015, 02 13). Agrarian Blog. Retrieved 05 28, 2023, from 

Wordpress: https://parajulianish.wordpress.com/2015/02/13/cultivation-

and-management-practices-of-leafy-vegetables-in-nepal/ 

Paudel, M., Joshi, B., & Ghimire, K. (2016). Management Status of Agricultural 

Plant Genetic Resources in Nepal. Agronomy Journal of Nepal, 4, 75-91. 

Porat, R., Lichter, A., Terry, L., Harker, R., & Buzby, J. (2018). Postharvest losses 

of fruit and vegetables during retail and in consumers’ homes : 

Quantifications, causes, and means of prevention. Postharvest Biol. 

Technology(139), 135-149. 

Prusky, D. (2011). Reduction of the incidence of postharvest quality losses, and 

future prospects. Food Security, 3, 463–474. 

Rajak, D., Sharma, P., & Kumar, S. (2014). Effect of total soluble solid during 

storage of litchi fruits under different temperatures. Advance Applied 

Science Ressearch, 117-121. 

Raseetha, S., & Nadirah, S. (2018). Effect of different packaging materials on 

quality of fresh-cut broccoli and cauliflower at chilled temperature. 

International Food Research Journal, 25(4), 1559-1565. 

Reid, M. (2002). Maturation and maturity indices. Postharvest technology of 

horticultural crops, 3311, 55-62. 

Robertson, G. (2019). Reference Module in Food Science. History of Food 

Packaging, 45. 

Royal Horticulture Society. (2019). International Lilac Society. Retrieved 05 11, 

2023, from https://www.internationallilacsociety.org/wp-

content/uploads/2019/12/Lilac-Color-Groups-by-RHS-

columns.pdf?fbclid=IwAR1gBAubnBe9DZE3ujoJUoMqGltOR_CMin

QUra7JKjBZbztTlvywyCGHkZQ 

Sanjay, K. (2020). Comparative study of acidity status in some wild vegetables. 

International Journal of Food Science and Nutrition, 5(4), 11-13. 

Scetar, M., Kurek, M., & Galic, K. (2010). Trends in fruit and vegetable 

packaging–a review. Croatian J Food TechnolBiotechnolNutri, 69–86. 



 

 

Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26  

eISSN 2091-0428; pISSN 2091-042X; esjindex ID = 6279  

   

123  

Sewed, A., Muhammed, A., Ahamed, E., & Thompson, A. (2006). Improvement 

of Banana quality in relation to storage humidity. Horticulture Science, 

28-33. 

Shimin, W., Feiya, S., & Danfeng, H. (2016). Effects of packaging materials and 

types on postharvest nutritional quality of mini Pakchoi Brassica 

chinensis. Int J Agric & Biol Eng, 9(6), 207－213. 

Shivputra, S., Patil, C., Swamy, S., & Patil, P. (2004). Cumulative effect of VAM 

fungi and vermicompost on nitrogen, phosphorus and potassium and 

chlorophyll content of papaya leaf. Mycorrhiza News, 15-16. 

Sowley, M., Elias, N., Dewey, F., & Shaw, M. (2010). Persistent, symptomless, 

systemic, and seed-borne infection of lettuce by Botrytis cinerea. 

European Journal of Plant Pathology, 126, 61-71. 

Tano, K., Kamenan, A., & Arul, J. (2009, 2 9). Respiration And Transpiration 

Characteristics Of Selected Fresh Fruits And Vegetables. Retrieved 7 

22, 2023, from https://www.ajol.info/index.php/aga/article/view/1662 

Techavuthiporna, C., & Boonyaritthongchai, P. (2016). Effect of prestorage short-

term Anoxia treatment and modified atmosphere packaging on the 

physical and chemical changes of green asparagus. Postharvest Biology 

and Technology(116), 64-70. 

Teixeira, P., Silva, M., & Mata, J. (2012). Motivation, self-determination, and 

long-term weight control. International Journal of Behavioral Nutrition 

and Physical Activity, 9(22). 

Thapa, N., Panta, R., & Khanal, A. (2019). Effect of modified atmosphere 

packaging on postharvest quality of broad leaf mustard (BLM) under 

different storage condition. Horticulture International Journal, 3(5), 12-

18. 

USDA. (2019, 4 1). U.S. DEPARTMENT OF AGRICULTURE. Retrieved from 

https://fdc.nal.usda.gov/fdc-app.html#/food-details/169256/nutrients 

Wang, J., Zhiqiang, Z., Moga, L., Jinyou, H., & Zhang, X. (2019). A Holistic 

Packaging Efficiency Evaluation Method for Loss Prevention in Fresh 

Vegetable Cold Chain. Sustainability, 11(14), 3874. 

Wellburn, A. (1994). The Spectral Determination of Chlorophylls a and b, as well 

Total Carotenoids, Using Various Solvents with Spectrophotometers of 

Different Resolution. Journal of Plant Physiology, 144(3), 307-313. 

Xiao, Z., Luo, Y., Lester, G., Kou, L., Yang, T., & Wang, Q. (2014). Postharvest 

quality and shelf life of radish microgreens as impacted by storage 

temperature, packaging film, and chlorine wash treatment. Food Science 

and Technology, 55, 551-558. 



 

 

Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26  

eISSN 2091-0428; pISSN 2091-042X; esjindex ID = 6279  

   

124  

Yang, T., Chen, Y., Zeng, F., Ming, Y., Wang, L., Luo, Z., . . . Chen, F. (2022). 

Effects of modified atmosphere packaging on the postharvest quality of 

mulberry leaf vegetable. Scientific Reports, 12(10893), 50-62. 

Yokokawa, N., Kikuchi, E., Sugiyama, H., & Hirao, M. (2018). Framework for 

analyzing the effects of packaging on food loss reduction by considering 

consumer behavior. Clean Production, 174, 26–34. 

 


