


Original Research Article

Nitrite Toxins in Hydroponically Grown Lettuce (Lactuca sativa L) in Thu Duc of Ho Chi Minh City Vietnam after Harvest



ABSTRACT
Lettuce (Lactuca sativa L.) is a common vegetable in daily meals and is widely grown hydroponically in Vietnam. The purpose of this study is to investigate the changes in nitrite toxicity after harvest under different storage conditions. The study selected extraction methods, mainly grinding, crushing, and filtration, and chemical analysis methods suitable for the practical conditions of laboratories in vegetable farms. The results showed that at temperatures above 28°C after harvest, the nitrite content increased significantly, and the lettuce began to spoil after 24 hours. At temperatures below 25°C, the lettuce suffered less damage within 48 hours. When stored in a refrigerator at 4°C to 5°C, spoilage only began after 4 days. In conclusion, the nitrite content in lettuce increased rapidly when stored at temperatures above 25°C. At temperatures below 5°C, intrinsic enzymes are inhibited and the growth of nitrate-reducing bacteria is almost completely halted.
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I. INTRODUCTION
I.1. General Introduction
Lettuce, scientifically known as Lactuca sativa L., belongs to the Asteraceae family and is widely grown hydroponically in Vietnam. Hydroponically grown lettuce varieties in Thu Duc District, Ho Chi Minh City include Butterhead lettuce, Lollo Rossa/Bionda lettuce, Romaine lettuce, and Crystal lettuce (Fig.1). Crystal lettuce is a heat-tolerant variety that is currently being widely cultivated [1.2.3].
                                        [image: ]

                       Fig. 1. Picture of lettuce plants (Lactuca sativa L) grown hydroponically

Thu Duc has the characteristic of hot sunshine and high humidity; a recirculating hydroponic or static hydroponic environment is needed. The ideal pH is from 5.5 to 6.5, and nutrients are maintained at about 600 – 800 ppm. At least 6–8 hours of light/day are needed. Farms in Thu Duc often use polycarbonate sheets to reduce the intensity of the harsh midday sun. They commonly use treated coconut fiber or foam to retain moisture and stabilize the plants. A misting fan system is used for cooling.
I.2. Growth Characteristics of Hydroponic Lettuce
Roots: Fibrous root system, developing strongly in water and nutrient solution. In hydroponic cultivation, the roots are usually pure white, not covered in soil, allowing for optimal nutrient absorption. Stem and Leaves: Short herbaceous stem. Leaves vary in color from light green to dark green to purplish red, depending on the variety. Leaf texture ranges from soft and smooth to crisp, arranged in layers or spreading widely. Growth Cycle: Short, from sowing to harvest takes about 35-45 days. Varieties grown in Thu Duc have been selected to withstand the higher temperatures of the Southern region (up to 30-32°C in greenhouses).
Hydroponically grown lettuce in Thu Duc, Ho Chi Minh City, typically has the following characteristics: High water content (94-96%). The water content in the cells makes the lettuce easily damaged during transportation. Input Nitrate (NO3-) content: Ranging from 800 - 1500 mg/kg depending on the concentration of hydroponic nutrients (hydroponic solutions are often rich in nitrate salts). This is a potential source of nitrite conversion.

I.3. Nitrite (NO2-)Toxin in Vegetables
Nitrite in vegetables is not naturally produced in large quantities but is usually a product of the reduction of Nitrate. The overuse of inorganic nitrogen fertilizers causes vegetables to accumulate large amounts of nitrate. Under the action of the enzyme reductase in bacteria or within plant cells, nitrate is reduced to nitrite under unsuitable temperature conditions or when the vegetables are damaged [4,5.6].
Nitrite is considered a dangerous toxin. Nitrite, when entering the bloodstream, oxidizes iron (Fe2+) in hemoglobin to iron (Fe3+), forming methemoglobin. This compound is incapable of transporting oxygen, leading to severe tissue hypoxia. Children under 6 months old are most vulnerable due to their underdeveloped methemoglobin-degrading enzyme system [7,8,9].
Besides methemoglobinemia, nitrites can cause problems such as vasodilation and hypotension. Nitrites can be metabolized into nitric oxide (NO), causing sudden vasodilation, leading to headaches, dizziness, and hypotension. Some studies show that prolonged consumption of high concentrations of nitrite/nitrate can cause thyroid enlargement due to inhibition of iodine absorption [10,11,12,13].
Carcinogenic Risk (Nitrosamine Formation)
In the acidic environment of the stomach, nitrites react with secondary and tertiary amines from food (meat, fish) to form N-nitroso compounds (especially nitrosamines). These are potent carcinogens, directly linked to stomach, esophageal, and liver cancer.
Nitrosamines are extremely potent carcinogens. After absorption, they are metabolized in the liver by enzymes (such as Cytochrome P450), producing alkylating agents. These agents attack and alter DNA structure, leading to the development of malignant cells. [14,15,16,17,18]
Nitrate  is a natural component in lettuce, playing an important role in the plant's protein synthesis process. However, lettuce is classified as a vegetable with a very high nitrate accumulation potential, which places strict requirements on controlling its content to ensure consumer safety. Lettuce absorbs nitrate from the soil or hydroponic solution to provide nitrogen for growth. Nitrate is most concentrated in the leaf stalks and outer older leaves, less so in the leaf blades and young leaves. Under low light conditions (e.g., winter or growing in greenhouses with insufficient light), the reduction of nitrate to amino acids slows down, leading to a surge in excess Nitrate content.

II. MATERIALS AND METHODS
[bookmark: _Toc525683062]II.1 Vegetable Sample Extraction Method
Step 1: Sample Preparation
After washing and draining fresh vegetables, they are chopped and placed in an industrial blender to be blended into a homogeneous paste. This process needs to be done quickly to avoid oxidation or bacterial activity that could alter the nitrite content.
Step 2: Extraction
Solvent: Hot distilled water (approximately 70–80°C) is commonly used. Weigh a defined amount of sample (approximately 10g) into a volumetric flask, add hot water, and shake well for 15–30 minutes. High temperatures help denature the reductase enzymes (preventing the conversion of nitrate to nitrite) and help nitrite dissolve completely in water.
Step 3: Clarification
This is the most important step in clarifying the solution
Protein removal: Use precipitating agents such as potassium hexacyanoferrate and zinc acetate solutions. These chemicals will draw the precipitated proteins and suspended solids to the bottom.
Color removal (Chlorophyll): If the extract still contains the green color of chlorophyll (which can interfere with spectrophotometric measurements), activated carbon or solid-phase extraction (SPE) column filtration can be used to remove the color.
Step 4: Filtration and Dilution
After cooling and complete precipitation, the extract is filtered through fine filter paper (or a 0.45 µm membrane filter). The clear filtrate obtained is then diluted for Nitrite analysis.

II.2. Analytical Methods
Using Oxidation-Reduction Titration with Potassium Permanganate (KMnO4) to analyze Nitrite in vegetables
Nitrite is a strong reducing agent in acidic environments. When reacting with Potassium Permanganate (a strong oxidizing agent), Nitrite is oxidized to Nitrate, while MnO4- is reduced to Mn2+ (colorless).
Reaction equation: 5NO2- + 2MnO4- +6H+ --> 5NO3- +2Mn2+ 3H2O
Titration procedure: Add an accurate volume of standard KMnO4 solution (of known concentration) to an Erlenmeyer flask. Add dilute sulfuric acid (H2SO4) to create a suitable environment. Using a burette containing the food sample extract, slowly add the solution to the of extract consumed to remove the KMnO4 color, the nitrite content can be calculated.
According to the reaction, 2 mol of KMnO4 reacts with 5 mol of NO2-. The number of electrons exchanged by Nitrite (N3+ > N5+) is 2e. The equivalent mass of Nitrite ENO2 = MNO2:2 = 46:2 = 23 (g/equivalent)

Calculation formula:
                             
         

X: Nitrite content mg/kg
Cn: equivalent concentration of the KMnO4 standard solution (N)
V KMnO4: volume of KMnO4 solution consumed during titration (ml)
ENO2: equivalent mass of Nitrite 23
F: dilution factor of the sample extract (total volume of extract / volume of titrated solution)
m: mass of food sample analyzed (g)

III. RESULTS AND DISCUSSION
III.1. Nitrite Transformation During Lettuce Storage at 28°C - 30°C
At 28°C - 30°C, the denitrification process occurs extremely rapidly due to the activity of bacteria and the enzyme nitrate reductase. 
[bookmark: _Hlk41569231][bookmark: _Hlk41244174]Table. 1 Changes in nitrite levels during lettuce storage at 28°C - 30°C. reductase.
	No
	Time (hours)
	Nitrite content (mg/kg)
	Sensory characteristics of lettuce
	Notes

	1
	0
	0,3
	Fresh vegetables
	

	2
	24
	3
	vegetables starting to lose moisture, slightly wilted
	Nitrite content increases

	3
	48
	30
	The edges of the leaves begin to yellow, and some bruised spots appear 
	The nitrite content increases rapidly

	4
	72
	85
	The vegetables are visibly wilting and starting to show signs of waterlogging (rot) 
	Nitrite levels are increasing very rapidly

	5
	96
	50
	The vegetables are rotting and emitting an unpleasant odor
	The nitrite content has decreased

	6
	120
	25
	Complete decomposition. 
	Nitrite content decreases rapidly.,




From Table 1 it can be seen that at this temperature, the formation of nitrite occurs rapidly, and lettuce retains its quality for about 24 hours. Analysis of the stages of transformation:
• Stage 0h - 48h (Acceleration): This is the most dangerous stage. When vegetables wilt, cell membranes lose permeability, and nitrate is released and encounters nitrate-reducing bacteria on the leaf surface. At 30°C, these bacteria double every 20-30 minutes.
• Stage 48h - 72h (Explosion): Nitrite levels surge. At 72 hours, nitrite concentrations can exceed safe limits many times over.
• Stage after 72h (Decline): Nitrite is an unstable intermediate compound. When vegetables completely rot, the decomposing bacteria will convert nitrite into other, lower-grade nitrogen forms or vaporize it.
III.2. Nitrite Changes When Storing Lettuce at 23°C - 25°C
When the storage temperature is reduced to room temperature (23°C - 25°C), the rate of biochemical reactions and microbial growth in lettuce slows down significantly compared to 30°C. This helps extend the "safe" shelf life of the lettuce.

Table 2: Nitrite changes during lettuce storage at 23°C - 25°C
	No
	Time (hours)
	Nitrite content (mg/kg)
	Sensory characteristics of lettuce
	Notes

	1
	0
	0,3
	Fresh vegetables
	

	2
	24
	2
	he vegetables are still quite fresh and have lost little water 
	The nitrite content in the vegetables has increased only slightly.

	3
	48
	14
	Vegetables are starting to wilt slightly at the leaf tips 
	The nitrite content in the vegetables is increasing.

	4
	72
	45
	The vegetables are visibly wilting, and the leaves are starting to turn pale yellow 
	The nitrite content in the vegetables is increasing rapidly

	5
	96
	65
	Vegetables begin to spoil, rot, and develop dark spots 
	The nitrite content in the vegetables increases very rapidly

	6
	120
	45
	Vegetables rot, spoil, and their leaf structure is destroyed 
	The nitrite content in vegetables decreases rapidly



From Table 2, it can be seen that at this temperature, nitrite formation still occurs but at a lower intensity, helping the lettuce maintain its quality for about 24-36 hours.
Bacterial activity: Nitrate-reducing bacteria are partially inhibited when the temperature drops below 25°C, slowing down the reduction process.

III.3. Nitrite changes during lettuce storage at 4°C - 5°C
When stored in a refrigerator at temperatures from 4°C to 5°C, the biochemical changes in lettuce are optimally controlled. At this temperature, intrinsic enzymes are inhibited and the growth of nitrifying bacteria is almost completely halted.

Table 3: Nitrite changes during lettuce storage at 4°C -5°C

	No
	Time (hours)
	Nitrite content (mg/kg)
	Sensory characteristics of lettuce
	Notes

	1
	0
	0,3
	Fresh vegetables
	

	2
	24
	0,5
	The vegetables retain their crispness and vibrant green color
	The nitrite content in the vegetables increases very little

	3
	48
	0,8
	The vegetables retain their crispness and vibrant green color 
	The nitrite content in the vegetables increases only slightly

	4
	72
	1,5
	Vegetables begin to lose a little water (if not wrapped tightly)..
	The nitrite content in vegetables increases

	5
	96
	2,5
	The vegetables start to feel slightly soft at the leaf level. 
	The nitrite content in the vegetables increases.

	6
	120
	5
	There are clear signs of wilting, but it is still safe in terms of nitrite levels. 
	The nitrite content in the vegetables has increased.



From Table 3, it can be seen that in the refrigerator, nitrite content changes very slowly. It takes many days to see a significant increase compared to the original fresh sample.
Most harmful nitrate-reducing bacteria are inhibited (mesophilic). At 5°C, their replication rate is reduced to a minimum, preventing a nitrite outbreak. Low temperatures help keep plant cell membranes stable, preventing nitrate from escaping from vacuoles and coming into contact with reducing enzymes. Even after 5 days in the refrigerator, nitrite content remains safe.

III.4 Comparison of the change in toxin content from Nitrate to Nitrite under post-harvest storage conditions
III.4.1 Main factors causing transformation



Fig. 2. Nitrite changes during lettuce storage

From Fig 2, it can be seen that the change of Nitrite depends largely on the time and storage conditions of lettuce after harvest. The conversion of nitrate to nitrite in hydroponically grown lettuce after harvest is a crucial biochemical reduction reaction, directly affecting the quality and safety of the vegetable. Chemically, this is a reduction reaction (deoxygenation). In plants and storage environments, this process is driven by the participation of enzymes and bacteria. 
When lettuce is stored, there are two main pathways leading to nitrite formation are activity of the enzyme Nitrate Reductase (Endogenous) and activity of microorganisms (Exogenous).
The activity of the enzyme Nitrate Reductase (Endogenous) continues because the enzyme Nitrate Reductase still exists in the cells of fresh lettuce. This enzyme helps the plant convert nitrate into nitrite, which is then quickly converted into ammonium to synthesize amino acids. After harvest, due to the disruption of the protein synthesis chain, the reduction of nitrite to ammonia is stopped or slowed down, leading to the accumulation of nitrite in the leaf tissue.
The activity of microorganisms (exogenous) is the most important factor in the preservation process. Bacteria present on the leaf surface or introduced from the environment (such as Enterobacteriaceae, Pseudomonas) secrete the enzyme reductase to utilize nitrate. This process occurs vigorously when the vegetables begin to show signs of bruising or cellular damage, releasing cell sap and creating an environment for bacterial growth.

III.4.2 Factors Affecting the Preservation Process
This transformation does not occur uniformly but depends on environmental conditions such as temperature, humidity, and ventilation, the physical condition of the vegetables, and the initial nitrate content.
Temperature: This is a decisive factor. At room temperature (28°C - 30°C), the activity of bacteria and enzymes is very high, causing nitrite concentration to skyrocket after only 24-48 hours. Cold storage (4°C - 5°C) can significantly inhibit this process.
In biochemistry, the rate of a biological reaction usually doubles or triples when the temperature increases (within the enzyme's tolerance limits). When the temperature rises to the optimal level, nitrate molecules and the enzyme nitrate reductase move faster due to heat, increasing the probability of effective collisions, allowing the reduction reaction to occur quickly. At high temperatures, the vacuolar membrane (where nitrate is stored in lettuce) is more prone to leakage, releasing nitrate into contact with endogenous enzymes and bacteria.
The increase in temperature accelerates the conversion of nitrate to nitrite, which is not merely a physical phenomenon but a combination of enzymatic and microbiological kinetics.
In the refrigerator, bacteria are almost completely inactive, but in a hot and humid environment, bacteria are highly active, and oxygen is consumed rapidly. Bacteria are forced to use nitrate instead of oxygen to survive, directly producing a large amount of nitrite as a byproduct.
Temperature and Crushing, Damage: When temperatures are high, the respiration rate of lettuce increases, rapidly depleting stored sugars, leading to weakened cells and increased bruising. Bruised tissues release cell sap (containing sugar and nitrate). High temperatures cause bacteria to rapidly denitrate at damaged areas. This mechanism explains why hydroponically grown lettuce (which is naturally more succulent and has thinner cell walls than soil-grown lettuce) is extremely sensitive to temperature changes after harvesting.
Humidity and ventilation: Hydroponically grown lettuce typically has a high water content. If sealed tightly in plastic bags, causing waterlogging and lack of oxygen (anaerobic environment), denitrifying bacteria will become more active.
Physical condition of the lettuce: Damaged or broken leaves during transportation are where the highest concentrations of nitrite are found due to the breakdown of cell structure, allowing for free chemical reactions.
Initial nitrate content: Hydroponically grown lettuce, if the nutrient solution is not properly controlled before harvesting, often accumulates a large amount of nitrate. This abundant amount of Nitrate will lead to a larger amount of Nitrite being produced when stored for a long time.

IV. CONCLUSION
At temperatures of 28°C - 30°C, the nitrate reduction process occurs extremely quickly due to the activity of bacteria and the enzyme nitrate reductase. When the storage temperature is lowered to room temperature (23°C - 25°C), the rate of biochemical reactions and microbial growth in lettuce slows down significantly compared to temperatures above 28°C. This helps extend the "safe" period of the lettuce. When stored at a refrigerator temperature of 4°C to 5°C, the biochemical changes in lettuce are optimally controlled. At this temperature, intrinsic enzymes are inhibited and the growth of nitrate-reducing bacteria is almost completely halted. It is recommended that lettuce be immediately transferred to a room with an air-conditioned temperature below 25°C after harvesting..
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storage at 28°C - 30°C	
0	24	48	72	96	120 hours	0	3	30	85	50	25	storage at 23°C -25°C	
0	24	48	72	96	120 hours	0	2	14	45	65	45	storage at 4°C -5°C	
0	24	48	72	96	120 hours	0	1	2	3	5	7	
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