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ABSTRACT 

Background: Climate change challenges vegetable production by altering yield potential and nutrient dynamics, affecting 

food security and functional quality. Potatoes, table beet, and white cabbage are key dietary staples rich in bioactive 

compounds. Therefore, developing ecologically sustainable cultivation practices is essential for public health and food 

safety. 

Objective: This study evaluated the effects of six fertilization systems on yield, nitrate accumulation, and post-harvest 

nitrate reduction in potatoes, table beet, and white cabbage cultivated in Armenia’s Lake Sevan basin. 

Materials and Methods: Field experiments were conducted from 2020 to 2022 in the Martuni district on floodplain soils 

using a randomized complete block design (n = 3). Treatments included: (1) Control (no fertilizer), (2) N₁₆₀P₁₆₀K₁₆₀, (3) 

Manure (35 t ha⁻¹), (4) Biohumus (8 t ha⁻¹), (5) Manure (25 t ha⁻¹) + N₅₀P₅₀K₅₀, and (6) Biohumus (6 t ha⁻¹) + N₃₅P₃₅K₄₀. 

Yields were expressed as centners per hectare (c ha⁻¹), and nitrate contents were compared with maximum permissible 
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concentrations (MPC). Post-harvest treatments—including controlled storage (10 °C, 50% RH), washing, peeling, and 

boiling—were assessed for nitrate reduction. Statistical analyses were performed using ANOVA, and data were expressed 

as mean ± SD (n = 3). Significance was determined using the LSD test at p < 0.05. 

Results: The highest yields were obtained under Biohumus (8 t ha⁻¹) and Biohumus + N₃₅P₃₅K₄₀, reaching 420–440 c ha⁻¹ 

in potatoes, 230–240 c ha⁻¹ in table beet, and 500–520 c ha⁻¹ in cabbage, while nitrate levels remained within MPC limits. 

Excessive nitrogen from Manure (35 t ha⁻¹) or N₁₆₀P₁₆₀K₁₆₀ led to nitrate accumulation beyond safe thresholds. Controlled 

storage and processing reduced nitrate content by 30–60%, with the most pronounced decline observed after boiling. 

Biohumus-based fertilization also increased dry matter (DM), starch, Total sugar, and Vitamin C in all crops, enhancing 

both yield and functional quality. 

Conclusion: Integrated fertilization with Biohumus—alone or with reduced mineral fertilizer—achieves high yields, safe 

nitrate levels, and improved nutritional quality of potatoes, table beet, and white cabbage. Combined with post-harvest 

treatments, this holistic approach ensures food safety, maximizes functional quality, and provides a sustainable protocol 

linking field practices to public health outcomes. 

Keywords: integrated fertilization, biohumus, nitrate mitigation, functional quality, post-harvest reduction, food safety, 

potato, table beet, white cabbage 

Graphical Abstract: Biohumus and reduced mineral fertilization improve yield and functional quality while lowering 

nitrate levels in vegetables grown in the Lake Sevan Basin. 
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INTRODUCTION 

Climate change and shifting environmental conditions 

pose significant challenges to agricultural production, 

impacting both crop yield and food security [1]. 

Vegetable crops, such as potatoes, table beet, and white 

cabbage, are susceptible to soil fertility, nutrient 

management [2], and climatic variability. These factors 

affect not only productivity but also the accumulation of 

potentially harmful compounds such as nitrates, as well 

as beneficial bioactive and functional compounds [3]. 

According to Martirosyan and Ekblad [2], 

environmental stressors and fertilization regimes 

significantly influence the concentration of functional 

compounds in vegetables, reinforcing the need for 

integrated nutrient management strategies that support 

both yield and nutritional quality [3-4]. Therefore, 

optimized fertilization strategies are critical for achieving 

sustainable productivity while maintaining food safety. 

Excessive accumulation of nitrate (NO₃⁻) in 

vegetables is a recognized public health concern due to 

its potential to form carcinogenic nitroso compounds in 

the human body [5-6]. Field and greenhouse studies have 

demonstrated that organic fertilizers and bio-organic 

amendments can reduce nitrate accumulation compared 

to mineral fertilizers alone. For example, leafy vegetables 

cultivated with organic rather than synthetic fertilizers 

showed significantly lower nitrate levels and higher 

vitamin C content [7]. Similarly, reducing mineral 

nitrogen input while applying bio-organic fertilizers can 

enhance crop quality, nutrient use efficiency, and food 

safety [8]. 

Fertilization practices also affect broader quality 

traits, including DM, starch, vitamin C, and sugar content. 

Substituting part of the mineral fertilizer with organic 

amendments has been shown to improve several quality 

parameters while maintaining or even increasing yield in 

crops such as maize and soybean, suggesting similar 

benefits in vegetable systems [9–12]. Recent findings in 

Functional food science further support this, showing 

that fertilization regimes influence the synthesis and 

retention of functional compounds—such as 

antioxidants, flavonoids, and vitamin C—with 

implications for nutritional value and post-harvest 

stability [13]. 

Nevertheless, despite these insights, 

comprehensive field-based studies comparing mineral, 

organic (manure, biohumus), and combined fertilization 

strategies on root and leafy vegetables (potato, table 

beet, and cabbage) under floodplain soil conditions 

remain limited, particularly when considering post-

harvest effects on quality and nitrate reduction [14].  

Galstyan et al. [15] demonstrated that 

supplementing organo-mineral fertilizers with targeted 

micronutrients, particularly via pre-sowing tuber soaking, 

significantly enhanced potato yield and nutritional 

quality under Lake Sevan Basin conditions. Furthermore, 

Al-Nawaiseh and Mashal [16] reported that post-harvest 

treatments, such as washing, peeling, and cooking, 

significantly reduced nitrate levels in vegetables, 

highlighting their potential to improve food safety. 

Therefore, the present study aimed to evaluate the 

effects of six fertilization systems (control, full mineral 

N₁₆₀P₁₆₀K₁₆₀, manure only, biohumus only, manure + 

reduced NPK, biohumus + reduced NPK) on yield, nitrate 

content, and quality parameters (DM, starch, Vitamin C, 

and Total sugar) of potatoes, table beet, and white 

cabbage grown on floodplain soils in the Martuni district 

of the Gegharkunik region from 2020 to 2022. 

Additionally, the study assessed the effectiveness of 

post-harvest treatments—storage, washing, peeling, and 

cooking—in reducing nitrate levels and improving food 

safety. The findings aim to inform sustainable fertilization 

practices that enhance both productivity and quality in 

vegetable production under local agroecological 

conditions. 
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MATERIALS AND METHODS 

Experimental Site and Design: Field trials were 

conducted from 2020 to 2022 in the Martuni district of 

Armenia, located within the Lake Sevan basin. The 

experimental soil was classified as floodplain soil with 

moderate fertility [17]. 

The study followed a randomized complete block 

design (RCBD) with three replicates (n = 3) [18]. Each 

experimental plot measured 10 m², and six fertilization 

treatments were applied as follows: 

1. Control (no fertilizer)

2. Mineral fertilizer – N₁₆₀P₁₆₀K₁₆₀ kg ha⁻¹

3. Manure – 35 t ha⁻¹

4. Biohumus – 8 t ha⁻¹

5. Manure + reduced mineral fertilizer – 25 t ha⁻¹ +

N₅₀P₅₀K₅₀ kg ha⁻¹ 

6. Biohumus + reduced mineral fertilizer – 6 t ha⁻¹

+ N₃₅P₃₅K₄₀ kg ha⁻¹

The tested crops included potato (Solanum 

tuberosum L.), table beet (Beta vulgaris L.), and white 

cabbage (Brassica oleracea var. capitata L.) [19]. 

Yield and Nitrate Analysis: Crop yield was recorded at full 

maturity by harvesting the entire plot, and results were 

expressed in centners per hectare (c ha⁻¹) [20]. Nitrate 

content was determined in fresh edible tissues using a 

spectrophotometric method based on the salicylic acid 

reaction, following the guidelines of the AOAC [21, 22]. 

Concentrations were expressed in mg kg⁻¹ fresh weight. 

MPCs were set at 250 mg kg⁻¹ for root vegetables and 400 

mg kg⁻¹ for cabbage [23]. 

To evaluate post-harvest nitrate reduction, samples 

were stored under controlled conditions (10 °C, 50% RH) 

for 2 and 5 months. After storage, all samples (potato, 

table beet, and cabbage) were washed and boiled, with 

peeling performed only for potatoes. Nitrate 

concentrations were then re-measured, and nitrate 

reduction (%) was calculated using the following formula 

[24]: 

Nitrate reduction (%) = ((Nitrate_initial − 

Nitrate_after treatment) / Nitrate_initial) × 100 

Quality Indicators: Edible portions of crops were 

analyzed for DM, starch, vitamin C, and total sugar 

content. Measurements were performed as follows: 

DM (%) – Determined by oven-drying at 105 °C until 

constant weight [25]:DM (%) = (Weight of dried sample 

(g) ÷ Weight of fresh sample (g)) × 100

Starch (%) – Extracted and quantified using the

anthrone method, with absorbance measured at 620 nm 

[26]. Calculations were based on a standard starch curve: 

Starch (%) = (Amount of starch (mg) ÷ Weight of dry 

sample (mg)) × 100 

Vitamin C (mg 100 g⁻¹ FW) – Determined using the 

2,6-dichlorophenolindophenol titrimetric method [27]: 

Vitamin C (mg 100 g⁻¹) = (Volume of dye used (mL) × 

Concentration of dye (mg/mL) × 100) ÷ Weight of sample 

(g) 

Total Sugars (%) – Measured by Fehling’s titration 

after extraction with 80% ethanol, following the Lane and 

Eynon method [28]. Results were expressed as a 

percentage of fresh sample weight. 

Statistical Analysis: Data were subjected to one-way 

analysis of variance (ANOVA) to evaluate the effects of 

fertilization treatments. Mean comparisons were 

performed using the least significant difference (LSD) test 

at a significance level of p < 0.05. Standard deviations 

(SD) were calculated based on three replicates per 

treatment (n = 3). All statistical analyses were conducted 

using GraphPad Prism software (version 9). 

RESULTS 

Crop Yield and Fertilization Effects: Fertilization 

significantly influenced both yield and nitrate 

accumulation in potato, table beet, and white cabbage 
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(Table 1, Figure 1). Biohumus-based treatments—applied 

alone (8 t ha⁻¹) or combined with reduced mineral 

fertilizers (Biohumus + N₃₅P₃₅K₄₀ kg ha⁻¹)—produced the 

highest yields: potatoes (420–440 c ha⁻¹), table beet 

(230–240 c ha⁻¹), and cabbage (500–520 c ha⁻¹). The 

control treatment consistently exhibited the lowest 

yields, highlighting the importance of nutrient 

supplementation for optimal productivity. 

Excessive mineral fertilization (N₁₆₀P₁₆₀K₁₆₀ kg ha⁻¹) 

increased yields relative to the control but led to nitrate 

concentrations in potatoes and table beet exceeding the 

MPC, raising food safety concerns. Manure-only 

applications (35 t ha⁻¹) provided moderate yield 

improvements while maintaining nitrate levels below 

those observed under high mineral input. 

These results demonstrate that integrating 

biohumus—either alone or in combination with reduced 

mineral fertilizers—can maximize crop productivity while 

minimizing nitrate accumulation, thereby improving both 

yield and food safety. 

Table 1. Yield and nitrate content of vegetables under different fertilization systems (mean ± SD, n = 3). LSD values at 

p < 0.05 are included. 

Fertilization Potato Yield 

(c ha⁻¹) 

Potato Nitrate 

(mg kg⁻¹) 

Table Beet Yield 

(c ha⁻¹) 

Table Beet Nitrate 

(mg kg⁻¹) 

Cabbage Yield 

(c ha⁻¹) 

Cabbage Nitrate 

(mg kg⁻¹) 

Control 197.3 ± 3.2 95 ± 2.5 95.0 ± 2.0 90 ± 3.0 266.3 ± 4.0 205 ± 5.0 

N₁₆₀P₁₆₀K₁₆₀ 368.6 ± 4.5 360 ± 6.2 210.0 ± 3.5 280 ± 5.5 415.0 ± 6.0 416 ± 7.0 

Manure (35 t ha⁻¹) 330.2 ± 4.0 300 ± 5.5 200.0 ± 3.0 265 ± 4.5 405.0 ± 5.5 405 ± 6.5 

Biohumus (8 t ha⁻¹) 420.0 ± 4.2 190 ± 4.0 230.0 ± 4.0 200 ± 4.0 500.0 ± 5.0 220 ± 4.5 

Manure (25 t ha⁻¹) + 

N₅₀P₅₀K₅₀ 

377.4 ± 4.3 200 ± 4.2 220.0 ± 3.8 210 ± 4.2 474.0 ± 5.2 240 ± 4.8 

Biohumus (6 t ha⁻¹) 

+ N₃₅P₃₅K₄₀ 

440.0 ± 4.5 185 ± 3.8 240.0 ± 4.5 190 ± 4.0 520.0 ± 5.5 210 ± 4.5 

LSD (p < 0.05) 12.5 15.0 10.8 14.2 16.5 18.0 

Figure 1. Effect of different fertilization treatments on yield and nitrate concentration in potato, table beet, and cabbage. 

Data represent mean ± SD (n = 3). 
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The combined evidence from Table 1 and Figure 1 

underscores the dual role of fertilization in shaping yield 

and nitrate safety. 

Post-Harvest Nitrate Reduction: Post-harvest handling 

significantly influenced nitrate concentrations in all 

studied vegetables (Table 2, Figure 2). Storage under 

controlled conditions (10 °C, 50% RH) for five months 

reduced nitrate content by approximately 46% in 

potatoes, 60.5% in table beetroot, and 21.0% in cabbage. 

Subsequent processing steps—including washing, 

peeling (where applicable), and boiling—resulted in an 

additional 30–70% reduction in nitrate levels, 

highlighting the effectiveness of integrated post-harvest 

management. 

Note: Percentage reductions (in parentheses) 

indicate the decrease relative to the initial after-harvest 

nitrate concentration and are not cumulative. 

Table 2. Nitrate content and reduction after post-harvest treatments (mg kg⁻¹; mean ± SD; n = 3) 

Product MPC (mg kg⁻¹) After Harvest 2-Month Storage 5-Month Storage After Washing After Peeling After Boiling 

Potato 250 185 ± 3.8 172 ± 3.0 (7%) 100 ± 3.0 (46%) 140 ± 2.5 (24%) 115 ± 2.0 (38%) 90 ± 3.0 (51%) 

Table Beet 250 190 ± 4.0 180 ± 3.5 (5%) 75 ± 2.8 (61%) 150 ± 3.0 (21%) – 110 ± 2.5 (42%) 

Cabbage 400 210 ± 4.5 200 ± 3.8 (5%) 165 ± 3.2 (21%) 180 ± 3.0 (14%) – 90 ± 3.0 (57%) 

Peeling was not performed for the table beet and cabbage. Values represent mean ± standard deviation (SD) of three replicates (n = 3). 

Figure 2. Changes in nitrate concentration of potato, table beet, and cabbage during storage and subsequent processing. 

Values represent mean ± SD (n = 3). 

Figure 2 illustrates the progressive decline in nitrate 

concentration across storage and processing stages. 

Table beet exhibited the most pronounced reduction 

during storage, whereas cabbage showed a more 

moderate decrease. Additional sharp declines in nitrate 

levels occurred after washing, peeling, and boiling, 

confirming the efficacy of these post-harvest treatments 

in mitigating nitrate accumulation. Overall, these results 

emphasize that proper storage combined with post-

harvest processing is essential to maintain nitrate 

concentrations within safe consumption limits, 

particularly in crops subjected to high nitrogen 

https://www.ffhdj.com/


Functional Food Science 2025; 5(12): 770 – 781 FFS Page 776 of 781 

fertilization. Effective post-harvest management thus 

plays a critical role in ensuring both food safety and 

functional quality. 

Crop Quality Indicators: Fertilization significantly 

affected the nutritional quality of potato, table beet, and 

cabbage, as reflected in DM, starch, vitamin C, and sugar 

content (Figure 3). All quality parameters improved with 

organic and combined fertilization compared to the 

control.  

Figure 3. Nutritional quality indicators (DM, starch, Vitamin C, and Total sugar) of potato, table beet, and cabbage under 

selected fertilization treatments. Data represent mean ± SD (n = 3). 

Potato responded positively to biohumus and 

biohumus + NPK fertilization, achieving maximum DM 

(24.5%), starch (18.2%), and vitamin C content 

(11.0 mg/100 g FW). Table beet exhibited similar trends, 

with the highest DM, vitamin C, and total sugar content 

under biohumus + N₃₅P₃₅K₄₀ kg ha⁻¹. Cabbage also 

showed enhanced DM (16.8%), vitamin C 

(8.2 mg/100 g FW), and total sugar (5.5%) under the 

combined biohumus + NPK treatment. Overall, 

biohumus-based fertilization, particularly when 

combined with reduced mineral NPK, consistently 

improved both yield and functional quality across all 

vegetables. These results highlight the effectiveness of 

integrated organic–mineral fertilization as a strategy for 

enhancing the nutritional properties of root and leafy 

vegetables under the studied conditions. 

DISCUSSION 

The present study demonstrated that fertilization type 

significantly influenced the yield, nitrate accumulation, 
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and quality of potato, table beet, and cabbage grown in 

the Martuni district floodplain. Biohumus-based 

fertilization (8 t ha⁻¹), applied alone or in combination 

with reduced mineral fertilizers, consistently produced 

the highest yields across all tested crops. Potato, table 

beet, and cabbage achieved maximum yields of 440, 240, 

and 520 c ha⁻¹, respectively, highlighting the potential of 

biohumus to sustainably increase crop productivity. 

These findings are consistent with previous reports 

indicating that organic amendments improve soil fertility 

and nutrient availability, thereby promoting plant growth 

and yield performance [29-30]. 

In contrast, excessive mineral fertilization 

(N₁₆₀P₁₆₀K₁₆₀ kg ha⁻¹) increased yields compared to the 

control but also caused nitrate accumulation above the 

maximum permissible concentrations, particularly in root 

crops. This indicates a trade-off between maximizing 

yield and ensuring food safety [31]. Manure-only 

applications (35 t ha⁻¹) provided moderate yield 

improvements while maintaining comparatively lower 

nitrate levels, reflecting the slower nutrient release and 

reduced risk of nitrate over-accumulation characteristic 

of organic fertilizers. Therefore, balanced fertilization, 

combining organic and mineral sources, appears to 

optimize both productivity and food safety. 

Post-harvest handling significantly reduced nitrate 

levels. Storage at 10 °C and ~50% relative humidity for 

five months reduced nitrate content significantly, with 

additional reductions observed after washing, peeling, 

and boiling. These results underscore integrated post-

harvest management, especially for crops cultivated 

under high nitrogen inputs, to maintain nitrate 

concentrations within safe consumption limits [32-33]. 

Fertilization also strongly influenced crop quality 

parameters, including DM, starch, vitamin C, and total 

sugar content. As shown in Figure 3, biohumus-based 

treatments improved both yield and nutritional quality, 

with biohumus + N₃₅P₃₅K₄₀ kg ha⁻¹ achieving the highest 

levels of all measured quality indicators. These results 

suggest that organic amendments not only enhance 

growth but also promote the accumulation of functional 

nutrients, potentially improving the health-promoting 

properties of vegetables [34–36]. The observed 

synergistic effect of combined biohumus and reduced 

mineral fertilizers indicates that partial mineral 

supplementation can complement organic inputs 

without compromising safety or quality [37]. 

Overall, the study confirms that sustainable 

fertilization strategies that integrate biohumus with 

moderate mineral inputs can maximize yield, maintain 

food safety, and improve the nutritional quality of 

vegetables. These findings have practical implications for 

the management of root and leafy crops under floodplain 

soil conditions in the Martuni district, emphasizing the 

importance of balanced fertilization and post-harvest 

handling to optimize both productivity and consumer 

safety. 

Future Recommendations: Based on the findings of this 

study, sustainable vegetable production can be 

supported by optimizing fertilization strategies, 

identifying the most effective combination and timing of 

biohumus and mineral fertilizers to maximize yield, 

nutrient use efficiency, and accumulation of functional 

compounds. Long-term trials are recommended to 

assess the cumulative effects of different 

fertilization approaches on soil health, crop 

productivity, and environmental sustainability. 

Additionally, post-harvest management should be 

carefully evaluated, including storage, washing, and 

other processing methods, to ensure retention of 

bioactive compounds and production of safe, high-

quality vegetables. The integration of precision 

agriculture and market studies is also 

encouraged, employing advanced technologies to 

optimize nutrient management and to assess consumer 

acceptance of organically enhanced crops. Together, 
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these strategies provide a comprehensive approach for 

improving both productivity and functional quality in 

vegetable production systems. 

Functional Food Implications: The findings of this study 

carry significant implications for the development of 

functional foods, which are conventionally defined as 

foods that provide health benefits beyond basic nutrition 

[38–39]. The vegetables examined—particularly those 

grown under biohumus-only or biohumus + N₃₅P₃₅K₄₀ 

kg·ha⁻¹ fertilization—demonstrated notable 

improvements in key quality parameters, including 

increased DM, total sugar, and vitamin C content. 

Importantly, they also exhibited higher starch 

accumulation, a major determinant of potato quality. 

These enhancements indicate that the treated produce 

can serve as valuable functional food ingredients with 

superior nutritional and health-promoting properties 

[40–41]. 

The functional food potential of the tested 

vegetables—including potatoes—can be summarized in 

the following key areas: 

Enhanced Nutritional Quality 

Vitamin C Content: Elevated vitamin C levels in tubers 

and vegetable heads reflect enhanced antioxidant 

capacity, contributing to reduced oxidative stress and 

better overall consumer health outcomes [42]. 

Carbohydrate Quality (Starch Focus): Increased starch 

content in potatoes, together with higher sugar levels in 

table beet and cabbage, indicates improved energy value 

and greater nutrient density, supporting their 

classification as nutrient-rich functional foods [43]. 

Food Safety Compliance 

Nitrate Reduction: The lower nitrate accumulation 

achieved through the combined biohumus–mineral 

fertilization system significantly enhances produce 

safety, meeting an essential requirement for functional 

food designation [44]. 

These outcomes are consistent with previous 

studies showing that organic or integrated fertilization 

can improve the bioactive compound profile of 

vegetables, for example, elevated phenolic levels in 

organically fertilized tomatoes [45] and enhanced 

nutritional quality in potatoes grown under combined 

biohumus/mineral fertilizer treatments [40]. Thus, 

targeted fertilization strategies can transform vegetables 

from basic calorie sources into functional foods that 

promote health and may help reduce the risk of diet-

related diseases. 

In accordance with the Functional Food Center’s 

(FFC) 17-Step Functional Food Product Development 

Model [46], the present study aligns with several 

foundational phases of functional food research. The 

selection of potatoes, table beet, and cabbage as 

nutrient-dense vegetables, and the quantification of their 

key bioactive compounds—including vitamin C, sugars, 

DM, and starch—corresponds to Steps 1 and 2 

(establishing a goal and determining relevant bioactive 

compounds). Evaluation of the effects of different 

fertilization systems on these compounds addresses Step 

4 (establishing the appropriate time of consumption). 

The assessment of nitrate accumulation under various 

fertilization regimes and post-harvest nitrate-reduction 

methods fulfills Step 7 (choosing a suitable food vehicle), 

while the improvements in nutritional quality and 

reduced nitrate risks support Step 12 (educating the 

public). Collectively, these alignments indicate that the 

study contributes to the foundational stages of functional 

food development by enhancing both the nutritional 

value and safety profile of staple vegetables grown under 

Lake Sevan Basin conditions. 

These findings are consistent with recent research 

emphasizing the importance of enhancing bioactive 
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compounds and ensuring safety in plant-based functional 

foods [47-50]. 

CONCLUSION 

The present study demonstrated that fertilization 

strategy significantly influenced the yield, nitrate 

accumulation, and nutritional quality of potatoes, table 

beet, and cabbage. Biohumus-based fertilization, applied 

alone or combined with reduced mineral fertilizers, 

consistently produced the highest yields and improved 

quality traits such as DM, starch, vitamin C, and total 

sugar content, whereas excessive mineral fertilization led 

to nitrate accumulation above safe limits. Importantly, 

the unique contribution of this research lies in its holistic 

and integrated approach. For the first time in the region, 

we link sustainable Biohumus-based fertilization systems 

to functional quality outcomes and practical post-harvest 

strategies for mitigating nitrate risk. This integrated 

system not only maximizes yield and nutritional quality 

but also provides a novel, fully verified solution for 

ensuring food safety—a critical insight for ecologically 

sensitive regions such as the Lake Sevan Basin. 

Abbreviations: ANAU – Armenian National Agrarian 

University; ANOVA – Analysis of Variance; c ha⁻¹ – 

Centners per hectare; DM – Dry Matter; LSD – Least 

Significant Difference; MPC – Maximum Permissible 

Concentration; mg kg⁻¹ – Milligrams per kilogram; 

mg/100 g – Milligrams per 100 grams; NPK – Nitrogen–

Phosphorus–Potassium; RH – Relative Humidity; Total 

Sugar – Total sugar content (%). 
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