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Foreword 

Moringa oleifera has emerged as an important crop for nutrition, health, and income generation. 

Its leaves are rich in protein, vitamins, minerals, and antioxidants, which makes it highly 

valuable for food products, nutraceuticals, and animal and fish feed. With demand rising in 

both domestic and global markets, farmers and rural entrepreneurs in Andaman and Nicobar 

Islands have significant opportunities to benefit from the expanding moringa value chain. To 

realize this potential, scientific guidance on efficient processing, quality management, and 

product diversification is essential. 

This training manual on Processing and Value Addition in Moringa has been developed as a 

practical and accessible resource for farmers, entrepreneurs, self-help groups and extension 

personnel. It provides a step-by-step understanding of the entire processing chain, from careful 

leaf handling and drying methods to packaging approaches that maintain nutritional value, 

extend shelf life and business opportunities in moringa products. A dedicated section on using 

moringa as a fish feed ingredient demonstrates its role in supporting sustainable aquaculture 

and integrated farming systems. 

By combining scientific principles with field experience, this publication aims to support 

knowledge-based decision-making and promote value addition as a pathway to higher 

profitability. It encourages the adoption of good manufacturing practices, improved quality 

standards, and entrepreneurship that can strengthen livelihoods and contribute to food and 

nutrition security. 

I appreciate the efforts of the team involved in developing this manual. Their contribution will 

help enhance the skills of the moringa farming and processing community in Andaman and 

Nicobar Islands and open new avenues for rural development and sustainable enterprise.  

 

 

 

Date:            (Jai Sunder)  

Place:         ICAR-CIARI, Director (Act) 

 

  



 
 

Preface 

Moringa oleifera has gained widespread attention for its nutritional, medicinal, and economic 

value. Its leaves are recognized as a rich source of protein, essential vitamins, minerals, and 

bioactive compounds that support human and animal nutrition. With the growing market 

demand for moringa-based products, particularly moringa leaf powder and fortified feed 

ingredients, there is a growing opportunity for farmers, entrepreneurs, and self-help groups in 

Andaman and Nicobar Islands to engage in processing and value addition as a profitable 

enterprise. 

This training manual on processing and value addition in moringa leaves provides a structured 

and practical understanding of the steps involved in transforming raw leaves into high quality, 

market ready products. It presents the complete value chain, beginning with production and 

field level improvements and moving through scientifically guided processing methods that 

ensure nutritional retention, quality maintenance, and longer shelf life. The content also 

highlights potential business avenues and market prospects that can support local enterprise 

development in the islands. A dedicated section discusses the use of moringa as a feed 

ingredient for aquaculture, reflecting its growing relevance in integrated farming systems and 

sustainable fish production in the Andaman and Nicobar Islands. 

The manual is designed to be clear and practical, supporting both new learners and experienced 

practitioners. It aims to help users adopt good practices, maintain product quality, and explore 

market linkages and income-generating opportunities. By strengthening processing skills and 

awareness of value addition, this manual seeks to contribute to livelihood improvement, rural 

enterprise development, and better utilization of a highly valuable natural resource. 

We sincerely acknowledge the contributions of all those involved in preparing this publication 

and trust that it will serve as a useful reference for farmers, processors, entrepreneurs, self-help 

groups, and extension personnel who are engaged in the expanding moringa sector. 
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Chapter - 1 

Introduction to Moringa and the Powder Market 

V. Damodaran and Yatharth Sharma 

ICAR Krishi Vigyan Kendra (CIARI), North & Middle Andaman, A & N Islands-

744201, India 

The Moringa oleifera tree, commonly known as the "Drumstick Tree", “Horseradish Tree”, 

”Benzolive Tree” or the "Miracle Tree," is a fast- growing, drought-resistant plant native to 

India and now widely cultivated across tropical and sub- tropical regions. It is revered because 

nearly every part of the tree—leaves, pods, flowers, and roots is useful, either as food or for 

medicinal purposes. As highlighted by Ozumba (2008), it contains more than 92 nutrients and 

46 antioxidants, making it a powerful ally in combating malnutrition and supporting overall 

health. 

However, in the global health and nutrition market, the leaf is the most significant and 

commercially valuable part. 

Moringa leaves are exceptionally dense in essential nutrients. When dried and powdered, they 

offer a highly concentrated source of:  

 Vitamins: High levels of Vitamin A (Beta-carotene), Vitamin C, and B vitamins (B1, 

B2, B3).  

 Minerals: Rich in Calcium, Potassium, Iron, Magnesium, and Zinc.  

 Protein: Contains all nine essential amino acids, making it a rare complete plant 

protein. 

 Antioxidants: Contains over 40 potent antioxidants, including Quercetin and 

Chlorogenic acid, which contribute to its acclaimed medicinal properties. 

 The conversion of fresh leaves into powder extends the shelf life, simplifies transport, and 

 concentrates these nutrients significantly, making it ideal for food fortification. 

Market Demand and Economic Potential of Moringa Leaf Powder 

The global market for superfoods and natural health supplements is experiencing rapid growth, 

and Moringa leaf powder is a key player in this trend. Consumers worldwide are actively 

seeking plant based, nutrient-dense ingredients to support their health. 

1. Wellness Trends: Growing consumer awareness regarding preventative health, immunity, 

and plant-based nutrition drives demand in North America, Europe, and Asia.  

2. Versatility: The powder's neutral, slightly earthy flavor allows for easy incorporation into a 

wide range of products, including beverages, functional foods, and cosmetics. 

3. Sustainable Sourcing: Moringa's drought resistance and high yield appeal to 

environmentally conscious businesses seeking sustainable and ethically sourced ingredients. 
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4. Economic Potential: For producers, focusing on high-quality Moringa powder offers 

superior profitability compared to selling fresh leaves. The powder allows for:  

 Extended Shelf Life: Months, or even years, instead of days, reducing waste and 

allowing for stable inventory.  

 Reduced Transportation Costs: Shipping powder is far more efficient and cost-

effective than shipping bulky, fresh leaves. 

 Premium Pricing: Certified, high-quality, bright-green powder commands a 

premium price in the international market, justifying the investment in proper 

processing technology. 

Key Principles of High-Quality Powder Production  

To capitalize on the market potential, every stage of operation must adhere to three fundamental 

principles: Safety, Nutrient Retention, and Consistency. 

Table: 1 Quality Principles and Their Impact on Moringa Powder 

Principle Objective Why it Matters for Powder 

Quality 

Purity & Safety Elimination of physical, chemical, and 

microbiological hazards. 

Contamination (e.g., mould, 

heavy metals) leads to product 

rejection and severe health risks.  

Nutrient 

Retention 

Maximizing the preservation of heat-

sensitive vitamins (e.g., Vitamin C) 

and maintaining chlorophyll. 

High-quality powder is 

characterized by a vibrant 

emerald green color. This is a 

visual indicator of minimal 

nutrient degradation during the 

crucial drying phase. 

Consistency Ensuring every batch has the same 

particle size, color, and moisture level. 

Consistency is essential for 

market confidence, regulatory 

approval, and for customers who 

use the powder as an ingredient 

in their own formulations.  

By committing to these three pillars, you ensure that your Moringa oleifera leaf powder is safe, 

maximally nutritious, and capable of competing successfully in the global superfood industry. 

 

 

 

 

*************************************************************************** 
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Chapter - 2 

Agronomic Biofortification in Moringa Farming 

Rakesh Dawar and Yatharth Sharma 

ICAR Krishi Vigyan Kendra (CIARI), North & Middle Andaman, A & N Islands-

744201, India 

Agronomic Bio-fortification in Moringa Farming 

Agronomic biofortification is a promising strategy to enhance the nutritional value of crops 

through the application of mineral fertilizers and soil amendments. In the context of Moringa 

oleifera—a fast-growing, drought-resistant tree known for its nutrient-rich leaves—this 

approach holds immense potential to combat micronutrient deficiencies, especially in regions 

facing malnutrition and poor soil fertility. 

Agronomic Biofortification 

Agronomic biofortification involves the deliberate application of essential micronutrients—

such as zinc (Zn), iron (Fe), selenium (Se), and iodine (I)—to crops via soil, foliar sprays, or 

seed treatments. Unlike genetic biofortification, which requires breeding or genetic 

modification, agronomic methods are faster, cost-effective, and adaptable to existing farming 

systems. 

In Moringa farming, biofortification can significantly improve the concentration of vital 

nutrients in leaves and pods, enhancing their value as a dietary supplement and functional food. 

Why Moringa? 

Moringa is often called the “miracle tree” due to its exceptional nutritional profile: 

 Rich in vitamins A, C, and E 

 High levels of calcium, potassium, and iron 

 Contains all essential amino acids 

 Strong antioxidant and anti-inflammatory properties 

Its leaves are consumed fresh, dried, or powdered, making it an ideal candidate for 

biofortification to address hidden hunger—micronutrient deficiencies that affect billions 

globally. 

Table 2: Micronutrient Functions and Biofortification Benefits 

Micronutrient Primary Biological Role Biofortification Technique/Benefit 

Zinc Crucial for immune function and 

enzyme activity. 

Foliar application of zinc sulfate 

increases Zn content in leaves and 

improves drought tolerance. 

Iron Essential for hemoglobin 

synthesis and cognitive 

development. 

Enhances the value of Moringa as a 

natural remedy for anemia. 
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Selenium Important for thyroid function 

and antioxidant defense. 

Se-enriched Moringa supports 

metabolic health. 

Iodine Vital for thyroid hormones. Can be applied via soil amendments 

(though less common in agronomic 

biofortification). 

 

 Agronomic Practices for Biofortification in Moringa 

1. Soil Application 

 Use of micronutrient-enriched fertilizers (e.g., ZnSO₄, FeSO₄) 

 Application rates based on soil tests and crop requirements 

 Integration with organic matter to improve nutrient uptake 

2. Foliar Sprays 

 Direct application of micronutrients to leaves 

 Effective for quick nutrient assimilation 

 Recommended during early vegetative and flowering stages 

3. Seed Priming 

 Soaking seeds in nutrient solutions before sowing 

 Enhances germination and early vigor 

 Zn and Fe seed priming has shown promising results in legumes and can be adapted for 

Moringa. 

4. Intercropping and Crop Rotation 

 Growing Moringa with legumes or cereals to improve soil health 

 Reduces nutrient depletion and enhances biodiversity 

Environmental and Economic Benefits of Agronomic Biofortification in Moringa 

Farming 

1. Improved Soil Fertility through Balanced Nutrient Management 

Agronomic biofortification involves the strategic application of micronutrients such as zinc, 

iron, and selenium to the soil or foliage. These nutrients not only enhance the nutritional profile 

of Moringa leaves but also contribute to overall soil health: 

 Micronutrients improve microbial activity, which aids in organic matter decomposition 

and nutrient cycling. 

 Balanced fertilization prevents nutrient depletion and soil degradation, promoting long-

term sustainability. 

 Enhanced root development in Moringa improves soil structure and aeration, reducing 

erosion and compaction. 
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2. Higher Leaf Yield and Quality, Increasing Farmer Income 

Biofortified Moringa plants tend to produce more robust foliage with higher concentrations of 

essential nutrients: 

 Improved leaf biomass translates to greater harvest volumes, especially for leaf powder 

production. 

 Nutrient-rich leaves command higher market prices in health food and nutraceutical 

industries. 

 Farmers can diversify income streams by selling fresh leaves, dried powder, and 

fortified products. 

3. Reduced Reliance on Synthetic Supplements in Human Diets 

Moringa leaves are naturally rich in vitamins and minerals, and biofortification further 

enhances their nutritional value: 

 Communities can rely on locally grown Moringa to meet dietary needs, reducing 

dependence on imported supplements. 

 Biofortified moringa can be integrated into school feeding programs, maternal nutrition 

initiatives, and public health campaigns. 

 This approach supports food sovereignty and empowers local agriculture to address 

malnutrition. 

4. Climate Resilience: Better Drought Tolerance 

Micronutrients like zinc and selenium play a role in stress tolerance: 

 Biofortified Moringa shows improved resistance to drought, salinity, and temperature 

extremes. 

 Enhanced root systems and leaf physiology allow the plant to thrive in marginal soils 

and arid climates. 

 This resilience makes moringa a reliable crop in regions vulnerable to climate change. 

Future Prospects 

With growing interest in sustainable agriculture and nutritional security, agronomic 

biofortification of Moringa is poised to become a key strategy in food systems. Research 

collaborations, government support, and farmer education will be critical to scaling this 

approach. Innovations such as nano-fertilizers, precision agriculture, and digital soil mapping 

can further enhance the efficiency and adoption of biofortification practices. 

Conclusion 

Agronomic biofortification in Moringa farming is a powerful tool to enrich diets, improve 

public health, and support sustainable agriculture. By integrating science with traditional 

farming, we can unlock the full potential of Moringa as a nutrient powerhouse and a beacon of 

hope against malnutrition. 

*************************************************************************** 
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Chapter - 3  

Harvesting and Pre-Processing of Leaves 

Yatharth Sharma and Manoj Kumar 

ICAR Krishi Vigyan Kendra (CIARI), North & Middle Andaman, A & N Islands-

744201, India 

Harvesting and Pre-Processing of Leaves  

The quality of final Moringa powder is determined long before the leaves ever reach the mill. 

Effective harvesting and meticulous pre-processing are crucial steps for minimizing microbial 

load, reducing contamination risks, and maximizing the bright green colour that consumers 

demand. 

Optimal Harvesting Techniques for Mature and Tender Leaves  

The timing and method of harvesting directly impact the leaf yield and the nutritional 

composition of the powder. 

A. When to Harvest: 

 

  Optimal Timing: Harvest should ideally occur early in the morning after the dew has 

evaporated, as high moisture on the leaves can slow drying and increase the risk of 

mould development.  

 Plant Age: For continuous leaf harvesting, plants are typically managed as hedges and 

pruned regularly (coppicing) when they reach production. 0.5 1.5 to meters in height. 

This encourages dense leaf  

 Leaf Maturity: Select leaves that are fully developed (mature) but still exhibit a vibrant 

green colour and are free from insect damage or yellowing. Mature leaves offer higher 

yields and often superior mineral content compared to young shoots. 

B. Harvesting Methods:  

 Shearing: Use clean, sharp shears or pruning knives to cut the new growth, leaving a 

short stem of centimetres. This allows for rapid regrowth and maintains the plant's 

hedge structure.  

 Strip-Picking (Preferred): Carefully strip the leaves from the branches immediately 

after cutting. This minimizes damage and reduces the amount of unnecessary stem 

material entering the cleaning process.  

 Collection: Place harvested material into clean, plastic-lined baskets or crates. Never 

allow harvested leaves to touch the soil or dirty surfaces, and avoid over-packing, which 

can cause bruising and premature heating (self-heating), leading to nutrient loss. 

Initial Quality Assessment and Sorting of Leaves 

Effective sorting is the first line of defence against both physical contaminants and quality 

defects. Set up a well-lit, dedicated sorting table (preferably stainless steel) immediately before 
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the washing station. Train personnel to inspect handfuls of leaves systematically, ensuring the 

removal of all foreign matter and substandard leaves. Reject and remove any physical 

contamination (Stones, soil, insects, metal scraps, or plastic pieces), pest/disease damage 

(leaves with visible insect chew marks, eggs, fungal spots, or mildew), yellowed (senescent) 

or brown (rotting) leaves and excessive stem for good quality powder. 

Pre-Cleaning and Washing Methods (Triple Wash Protocol) 

Washing is essential to remove soil, dust, pesticides, and surface microbes. A systematic Triple 

Wash Protocol is recommended to achieve the highest standards of cleanliness. 

The Triple Wash Protocol:  

1. Wash 1 (Rough Clean): Immerse leaves and gently agitate to remove heavy soil and 

debris. This water will quickly become cloudy and should be replaced first.  

2. Wash 2 (Sanitization): Immerse leaves in a clean water bath containing a mild food-

grade sanitizing agent (e.g., a low concentration of chlorine solution, typically million). 

Agitate gently for 1 −2 minutes. This step targets surface microbes.  

3. Wash 3 (Rinse): Use fresh, clean, potable water to thoroughly rinse off any residual 

sanitizer.  

Dewatering: After the final rinse, gently shake the leaves to remove excess surface 

water. The leaves must be moved immediately to the Drying Section to begin the 

moisture removal process. Delays at this stage promote rapid microbial growth. 

Maintaining Sanitation and Personnel Hygiene (GHP Standards) 

Good Hygienic Practices (GHP) are non-negotiable for producing safe food products.  

A. Facility Hygiene (Washing Area):  

a. Flow: The pre-processing area should be physically separate from the drying 

and milling areas to prevent dust and water from mixing.  

b. Surfaces: All surfaces (tables, containers, floors) must be cleaned and sanitized 

at the start and end of every shift.  

c. Waste Management: Dedicated, covered bins must be used for discarding 

rejected leaves and contaminants.  

 

B. Personnel Hygiene: All personnel handling fresh or cleaned leaves must adhere to 

strict hygiene standards:  

a. Uniforms: Clean uniforms, hairnets, and beard covers (if applicable) are 

mandatory.  

b. Handwashing: Hands must be washed with soap and water and sanitized 

immediately before starting work and after any break or contamination event 

(e.g., sneezing, touching the face).  

c. Gloves: Use clean, disposable gloves, and change them regularly.  

d. Health: Anyone exhibiting signs of illness (e.g., fever, cold, open wounds) must 

be excluded from handling food materials. 

 

 

*************************************************************************** 
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Chapter - 4  

Critical Processing Phase: Drying and Milling 

Manoj Kumar and Yatharth Sharma 

ICAR Krishi Vigyan Kendra (CIARI), North & Middle Andaman, A & N Islands-

744201, India 

Leaf Drying: Principles and Methods for Nutrient Retention  

Drying is the single most important step in Moringa powder production. The goal is two-fold:  

1. Safety: To rapidly reduce the moisture content below 10% growth, preventing mould 

and bacterial contamination. (ideally 7 −8%) to halt microbial  

2. Quality: To inactivate naturally occurring enzymes (like chlorophyllase) that cause 

browning and nutrient degradation, thereby locking in the vibrant emerald-green colour 

and maximizing vitamin content.  

The speed and temperature of drying are paramount to achieving a premium-quality product. 

 

Controlled Shade Drying vs. Mechanical Dehydration:  

The method of drying significantly affects the investment required, the speed of production, 

and the final quality. 

 

A. Controlled Shade Drying (Low-Cost/Traditional Method):  

 Process: Leaves are spread thinly (1 −2 cm layers) on elevated, clean mesh trays 

(stainless steel or food-grade plastic) inside a well-ventilated, dark, or shaded 

structure.  

 Pros: Requires minimal capital investment; maintains excellent color if conditions 

are ideal. 

 Cons: Highly dependent on external weather conditions (humidity, temperature); 

slow process (often days), increasing the risk of microbial contamination and 

enzyme activity; difficult to scale or standardize.  

 CRITICAL LIMITATION: Direct sunlight exposure must be strictly avoided. UV 

radiation and high heat from direct sun rapidly degrade Vitamins A (Beta-carotene) 

and C, and break down chlorophyll, resulting in a dull, yellowish-brown powder. 

B. Mechanical Dehydration (Industrial/Preferred Method):  

 Process: Using forced-air ovens, tunnel dryers, or cabinet dryers that precisely 

control temperature, humidity, and airflow.  

 Pros: Fast and consistent (often 2 −6 hours, depending on equipment); high 

capacity; completely independent of weather; provides highly standardized, 

microbiologically safer products.  

 Cons: Higher initial capital investment; requires a reliable power source and 

technical maintenance.  
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 BEST PRACTICE: Use a cabinet dryer with good air circulation to ensure uniform 

drying across all trays. 

Table 3: Shade Drying vs Mechanical Dehydration 

Comparison Feature Controlled Shade Drying Mechanical Dehydration 

Nutrient Retention  Good, if done quickly and in 

low humidity.  

Excellent, due to speed and 

controlled temperature.  

Speed/Time  Slow (3 to 7 days)  Fast (2 to 6 hours)  

Microbial Risk  High, due to long drying 

time.  

Low, due to rapid moisture 

drop.  

Color Quality Very sensitive to 

environmental factors 

Highly consistent bright 

green. 

 

Optimal Drying Temperatures and Times 

The perfect drying environment balances speed (to halt enzyme action) with low temperature 

(to protect heat-sensitive vitamins). The ideal temperature range for mechanical drying of 

Moringa leaves to protect chlorophyll and vitamins is between 50o C and 55o C. Drying time 

is complete when the leaves are fully brittle. In a well-designed cabinet dryer operating at 55oC, 

this typically takes 4 to 6 hours. 

Determining Final Moisture Content (The Critical Point) 

The final moisture content of the dried leaves must be less than 10%, and ideally between 6% 

8% and for long-term safe storage and milling.  

Methods for Checking Moisture Content:  

1. The Brittle Test (Field Check):  

 Take a handful of leaves and crush them between your fingers.  

 If the leaves crumble easily into a fine powder with a crisp, snapping sound, the 

moisture is likely low enough.  

 If the leaves feel leathery, rubbery, or resist crumbling, they are too wet and require 

further drying.  

2. Moisture Meter (Standard Check):  

 Use a digital moisture meter (often calibrated for grains or seeds, which can be adapted 

or calibrated for dry leaf matter).  

 This provides a fast, numerical reading for better standardization.  

3. Laboratory Method (Reference Check): 

 This involves drying a sample in a high-accuracy laboratory oven at 105o C until a 

constant weight is achieved (known as the Oven-Drying Method). This method is used 

to calibrate field instruments and confirm batch quality.  

Critical Action: Once the leaves reach the target Moisture Content, they must be immediately 

removed from the dryer and sealed in airtight containers to prevent reabsorption of ambient 

moisture before milling. 
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Moringa Leaf Powder Production and Milling 

Once the leaves have been successfully dried to the target moisture content (6 −8%), the next 

challenge is to mill them into a uniform, high-quality powder without causing nutrient-

damaging heat and without reintroducing contamination. 

Post-Drying Handling and Intermediate Storage  

The dried leaves are highly hygroscopic, meaning they rapidly absorb moisture from the air. 

Any delay between drying and milling must be managed carefully.  

A. Cooling and Sealing:  

1. Cooling: Immediately after removal from the dryer, the leaves must be allowed to 

cool completely to ambient temperature. This must happen in a low-humidity, clean 

environment.  

2. Intermediate Storage: Once cool, place the leaves into thick, food-grade plastic 

bags (e.g., poly lined woven sacks) or sealed, airtight drums.  

3. Labelling: Each container must be clearly labelled with the Batch Number, Drying 

Date, and Initial Moisture Content. 

B. Storage Environment: Intermediate storage should be in a cool, dark, and dry area. 

Exposure to light or humidity will compromise the quality of the dried leaves before they are 

milled. The longer the leaves are stored, the greater the risk of quality degradation. Milling 

should ideally occur within 24 hours of drying. 

Low-Cost Milling Options for Rural SHGs 

For Self-Help Groups (SHGs) and micro-enterprises without access to specialized industrial 

mills, adapting readily available equipment is necessary, with careful attention paid to the major 

risk factor: heat build-up. 

Table 4: Low-cost Milling and Sieving Methods 

Equipment Type Application Method Risk Mitigation  

Commercial 

Mixers/Grinders 

High-powered domestic blenders or 

commercial wet/dry grinding 

machines (typically 1 −2 HP). 

Pulse Grinding: Operate in 

short bursts (15− 30 seconds 

maximum) to prevent motor 

and powder overheating 

Small-Scale 

Grain/Spice 

Grinder 

Locally fabricated or readily 

available small-capacity grinding 

machines. 

Cooling Time: Allow the 

mill and the resulting powder 

to cool completely between 

grinding cycles (e.g., 

minutes break for every 

minute of operation). 

Hand Sieving Use fine nylon mesh or silk screens 

(available in 60 −80 mesh sizes). 

Mandatory Step: Regardless 

of the grinding tool, the 

powder must be sifted 

manually to achieve uniform 

particle size and remove 

residual coarse fiber. 
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Low-Cost Milling Protocol:  

1. Work in Batches: Grind small quantities at a time that the machine can handle easily.  

2. Monitor Temperature: Feel the grinder jar or housing frequently. If it becomes hot to 

the touch, stop immediately and allow the equipment to cool. Overheating equipment 

risks permanent damage and destroys powder quality.  

3. Use Ice Jackets (Optional): For mixers/blenders, placing an ice pack or a towel soaked 

in ice water around the grinding jar can help dissipate heat during operation. 

The powder temperature should ideally never exceed 35oC (95oF) during the entire milling 

process. If the temperature is too high, the powder must be spread thinly on a clean surface in 

a controlled room to cool immediately before packaging. The moment the powder is milled, it 

must be rapidly transferred out of the milling environment and into a temporary, airtight 

holding container to cool down before final packaging. 

 

 

*************************************************************************** 
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Chapter - 5  

Barrier Packaging: Selecting Materials for Shelf Life and Quality 

Yatharth Sharma 

ICAR Krishi Vigyan Kendra (CIARI), North & Middle Andaman, A & N Islands-

744201, India 

The final step in processing—packaging—is not just about containment; it is the ultimate 

protector of the quality and nutrient profile. Ineffective packaging can negate all the effort put 

into drying and cooling, leading to rapid caking, browning, and loss of vitamins. 

Key Deterioration Factors 

Moringa powder is highly hygroscopic (it readily absorbs moisture) and susceptible to 

oxidation. Packaging must serve as an impenetrable barrier against four key deterioration 

factors:  

1. Moisture: Absorbing water vapour causes powder to clump (caking) and rapidly 

increases water activity (aw), leading to microbial growth and mould.  

2. Oxygen: Triggers oxidation of sensitive fats and vitamins (like Vitamin C and A), 

leading to rancidity and browning.  

3. Light (UV): Accelerates the degradation of chlorophyll (causing browning) and 

destroys vitamins, especially B vitamins and Vitamin A. 

4. Odor: Moringa powder can absorb strong ambient odours (e.g., from stored spices or 

chemicals), compromising its purity. 

Ideal Packaging Materials (Barrier Properties) To combat these deteriorating factors, the 

packaging material must have excellent barrier properties, particularly against water vapor and 

oxygen. 

Table 5: Packaging Materials and Their Suitability for Moringa Powder 

Material Type Pros Cons Ideal Use 

Aluminum 

Foil 

Laminates  

Best Barrier. Near-zero 

water vapor transmission 

rate (WVTR) and oxygen 

transmission rate (OTR) 

Opaque, blocking all light 

Higher cost; non-

recyclable as a 

composite 

material. 

Premium products, 

export, long shelf life 

( ≥2 years). 

High-Density 

Polyethylene 

(HDPE) Jars 

Rigid, robust, excellent 

tamper resistance).  

Lower oxygen 

barrier than foil; 

requires an 

additional internal 

liner or foil seal. 

Domestic retail, 

large bulk quantities. 

Metalized 

Polyester 

(MPET) Film 

Good barrier properties; 

lower cost than foil; provides 

light protection. 

Barrier degrades if 

the film is flexed or 

punctured; not as 

reliable as pure 

foil. 

Economical 

consumer pouches, 

immediate retail sale. 
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Kraft 

Paper/Jute 

Bags 

Low cost, sustainable, 

breathable (bad). 

Zero barrier. 

Allows moisture 

and oxygen 

penetration 

immediately. 

Only suitable for 

very short-term, bulk 

transport of dried 

leaves (pre milling), 

NEVER for finished 

powder. 

 

Packaging Techniques for Maximum Preservation  

Even the best material will fail if the packaging process introduces contaminants or excessive 

air.  

A. De-aeration and Nitrogen Flushing: Before sealing, the air inside the package must 

be minimized. Residual oxygen in the package will continue to oxidize the powder. 

 Vacuum Sealing: Pulling a vacuum removes most of the air and residual moisture 

from the package.  

 Nitrogen Flushing: The preferred technique. The residual air is pushed out and 

replaced with inert nitrogen gas (N2) before the heat seal is closed. Nitrogen is 

colourless, odourless, and chemically unreactive, providing an oxygen-free 

environment that maximizes shelf life.  

 

B. Using Desiccants and Oxygen Absorbers: These chemical tools provide an extra 

layer of protection, particularly important for pouches that will be opened and closed 

by the consumer.  

 Desiccants (Silica Gel Packets): Absorb residual moisture inside the package. 

They must be food-grade certified.  

 Oxygen Absorbers (Iron Powder Sachets): React with and chemically bind any 

oxygen present in the head space, reducing the oxygen concentration to near zero. 

 

C. Final Sealing Integrity:  

 Use a high-quality, continuous heat-sealer to ensure an airtight, continuous seal 

without pinholes or weak spots.  

 The integrity of the seal should be checked regularly using a simple squeeze test or, 

for high volumes, a vacuum leak detection system. 

 

*************************************************************************** 
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Chapter - 6  

Quality Control, Packaging, and Compliance 

Yatharth Sharma 

 ICAR Krishi Vigyan Kendra (CIARI), North & Middle Andaman, A & N Islands-

744201, India 

Essential Quality Tests for Finished Powder  

Consistent quality is non-negotiable for commercial success. Every batch of Moringa powder 

must be tested against a set of standards that govern its physical appearance, nutrient profile, 

microbiological safety, and freedom from contaminants. Meeting these standards ensures 

compliance with food safety regulations and market expectations. 

Physical and Organoleptic Specifications (On-Site/Internal Check)  

These standards define the look, feel, taste, and smell of a premium product. They are typically 

assessed immediately after milling and before packaging, providing the first line of quality 

inspection. 

Table 6: Physical and Organoleptic Quality Standards for Moringa Leaf Powder 

Characteristic Standard/Requirement Quality Implication 

Colour  Bright, vibrant emerald-

green. 

Indicates proper drying (low 

temperature, shade/forced-

air) and high chlorophyll 

retention. Yellow/brown 

colour indicates heat 

damage. 

Texture /Feel  Extremely fine, soft, and 

uniform powder; free-

flowing. 

Achieved by proper milling 

and low moisture content; 

prevents clumping. 

Particle Size  Minimum 95% passing 

through a 60 to 80 mesh 

screen. 

Ensures solubility, smooth 

texture, and high market 

acceptance 

Aroma  Fresh, herbaceous, slightly 

pungent, characteristic of 

Moringa. 

Absence of off-smells (e.g., 

mouldy, rancid, metallic) 

indicates proper storage and 

processing 

Foreign Matter Absolutely free from stems, 

grit, sand, or insects 

Requires stringent pre-

processing and final sifting 
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Critical Stabilization Parameters (Laboratory Analysis)  

The most critical factor affecting shelf life is the stability of the powder, which is determined 

by how much water is available for microbial growth. 

Table 7: Stability Parameters and Test Methods 

Parameter Standard 

(Target) 
Significance Testing Method 

Moisture 

Content 

(MC) 

6.0% 8.0% to 10% 

(Maximum ) 
Essential for preventing microbial 

growth, mould, and caking during 

storage. Moisture is the primary 

enemy of powder quality. 

Oven drying method 

(AOAC 925.10) or 

Moisture Analyzer. 

Water 

Activity (aw ) 
<0.60 0.65 

(Maximum ) 
The best indicator for microbial 

stability and caking risk. Powder 

should ideally be produced at a level 

that inhibits all microbial growth. 

Water activity meter 

(dedicated laboratory 

equipment). 

Ash Content Maximum 10% Indicates the total mineral content; 

high ash suggests contamination with 

soil or external material. 

Muffle furnace 

combustion method. 

Acid 

Insoluble 

Ash 

Maximum % Specifically measures inorganic 

contaminants like sand/silica; crucial 

for food safety. 

Acid digestion 

followed by filtration 

and ashing. 

 

Microbiological Safety Standards (Laboratory Analysis):  

Microbiological testing is mandatory to ensure the product is safe for human consumption, 

especially since Moringa is often eaten raw without further heat treatment. Testing must be 

performed by an accredited laboratory. 

 

Table 8: Microbiological Safety Limits for Moringa Leaf Powder 

Organism  Maximum Allowable Limit 

(Colony Forming Units per 

Gram, CFU/g) 

Quality Implication 

Total Plate Count (TPC)  Maximum 105 CFU/g Measures overall bacterial load; 

high counts indicate poor hygiene, 

slow drying, or poor storage. 
Yeasts and Moulds  Maximum 103 CFU/g Essential control for caking and 

spoilage; high counts indicate 

excessively high moisture 

content. 
Coliforms Maximum102 CFU/g Indicator of general unhygienic 

conditions or contamination after 

drying. 
E. coli Absent in 10 g Strict pathogen, indicator of fecal 

contamination. 
Salmonella Absent in 25 g Critical pathogen, must be 

completely absent. 
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Contaminant Limits (Heavy Metals and Pesticides) 

The final powder must be rigorously tested for environmental contaminants, as Moringa leaves 

can absorb minerals and chemicals from the soil. Testing for heavy metals is crucial, 

particularly for powders destined for export to markets with strict regulations (e.g., EU, US). 

The product should be tested against the Maximum Residue Limits (MRLs)of the target market 

for pesticide residues. Producers must maintain detailed records of all inputs used in the field. 

The best practice is to source leaves from certified organic farms or those using zero pesticide 

applications. 

*************************************************************************** 
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Chapter - 7  

Moringa oleifera: A Promising Plant Ingredient for Fish Feed 

Formulation 

 Subam Debroy and Yatharth Sharma 

ICAR Krishi Vigyan Kendra (CIARI), North & Middle Andaman, A & N Islands-

744201, India 

Introduction 

Aquaculture is the cultivation of fish, shellfish and aquatic plants for food and other 

commercial purposes. It has become an essential part of global food production because capture 

fisheries alone can no longer meet rising demand. The sector supports nutrition, employment 

and income for millions of people, particularly in coastal and rural communities. Modern 

farming practices allow efficient use of land and water resources and ensure a steady supply of 

high quality fish throughout the year. As populations and incomes continue to grow, 

aquaculture will play an even greater role in strengthening food security and sustainable 

development. The growth of this sector largely depends on feed cost, making the development 

of cost effective feed a major challenge. Feed formulation must rely on easily available raw 

materials and supply all essential nutrients required for healthy fish growth and good water 

quality. In some cases, the incorporation of fish meal in feed can deteriorate water quality and 

cause health hazards in fish. As a result, various plant based ingredients have been explored as 

replacements, and among these, the use of moringa in fish feed has emerged as a promising 

approach. Moringa leaves are rich in Energy, proteins, Fats, Carbohydrates, amino acids, 

vitamins and minerals in both the form fresh as well as in dried leaves. Hence in the present 

feed formulation considering all these nutritional value, medicinal value and availability 

moringa leaves were used in feed formulation. 

Benefits of Using Moringa in Fish Feed 

 Incorporating moringa leaf powder into fish feed offers several advantages. It supports 

improved growth performance because of its high protein content and well balanced amino 

acids. The presence of antioxidants and vitamins helps strengthen the immune system and 

enhances disease resistance. Plant based ingredients such as moringa break down more slowly 

than fish meal residues, which contributes to better water quality and lower ammonia levels. 

Moringa is widely available and easy to process, helping reduce overall feed cost. It also 

promotes sustainability by lowering dependence on marine fish meal and encouraging efficient 

use of natural resources. In addition, moringa based diets have been shown to improve flesh 

quality and overall fish health. 

Use in Feed Formulation 

Moringa leaf powder is generally used as a partial replacement for fish meal rather than a 

complete substitute. The appropriate inclusion level depends on the fish species, culture system 

and nutritional requirements of the formulated diet. In many practical feeding trials, moringa 

has successfully replaced 10 to 30 percent of fish meal without any reduction in growth or feed 

conversion efficiency. Before incorporating moringa into feed, the following points should be 

considered: 
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Drying and grinding of moringa leaves should be carried out hygienically to preserve their 

nutrient quality. Proper cleanliness and controlled drying conditions help prevent 

contamination and loss of vitamins and minerals. The diet must also be balanced carefully with 

other ingredients to achieve the required proportions of protein and energy needed for healthy 

fish growth. Very high levels of moringa inclusion may reduce feed palatability, so it is 

advisable to introduce it gradually into the diet while monitoring fish acceptance. In addition, 

the leaf powder should be finely ground to ensure even mixing with the other components and 

to maintain good texture and consistency in the final feed. 

Feed Preparation Procedure 

Ingredients: Moringa leaf powder (80 g), eggs (70 g), milk powder (60 g), corn flour (20 g), 

agar powder (4 g), cumin powder (0.5 g), pepper powder (0.5 g), turmeric (0.5 g), garlic (1 g), 

Vitamin B complex (1 g), Vitamin E (1 g), cod liver oil (3.5 ml). 

Process Flow 

 Weigh ingredients: Measure moringa leaf powder and other materials accurately. 

 Mix primary ingredients: Combine moringa leaf powder, eggs, milk powder and corn 

flour. Mix thoroughly. 

 Add binder and additives: Add agar powder (binder), cumin, pepper, turmeric and 

garlic. Mix well. 

 Boil the mixture: Heat until properly cooked. 

 Cool to room temperature: Allow the mixture to cool naturally. 

 Add vitamins and oil: Mix Vitamin B complex, Vitamin E and cod liver oil evenly. 

 Refrigerate for 12 hours: keep the mixture in refrigeration for setting. 

 Extrude into strands: Bring to room temperature again and press through a small nozzle 

to form noodle-like strands. 

 Dry at room temperature for 48 hours: Spread strands evenly on a tray for drying. 

 Crush into small pieces: Break dried strands into pellet-sized pieces. 

 Sun dry to prevent fungal growth: Dry further under sunlight. 

 Store properly: Pack in airtight plastic containers until use. 

Suitable Fish Species 

 Research and farm experience suggest that moringa-based feed works well for several 

freshwater fish species such as catla, rohu, mrigal, tilapia, pangasius and common carp. Many 

species show good growth and survival when moringa powder is included in balanced feed. 

Storage and Shelf Life 

Proper storage of moringa-based fish feed is essential to maintain its nutritional quality and 

prevent spoilage. The feed should be kept in airtight containers to avoid moisture absorption, 

which can lead to fungal growth and nutrient degradation. It is recommended to store the feed 

in a cool, dry place away from direct sunlight. Sun-drying or using a low-temperature oven 

before storage helps reduce residual moisture. With proper handling, the feed can remain stable 

for several weeks without significant loss of protein, vitamins, or amino acids. 
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Practical Feeding Recommendations 

Moringa-based feed should be offered according to the size and growth stage of the fish. For 

fingerlings, smaller pellet sizes or crushed feed are ideal for easy ingestion. Juveniles can be 

fed slightly larger pellets, while adult fish can handle standard pellet sizes. Feeding should 

generally occur 2–3 times daily, adjusting the amount so that all feed is consumed within 10–

15 minutes to minimize wastage. Regular monitoring of fish growth, behaviour, and water 

quality is important. With proper feeding, moringa-based diets can support good growth rates, 

enhance immunity, improve feed conversion efficiency, and maintain water quality. 

Conclusion 

Moringa offers a practical, affordable and nutritious alternative ingredient for aquaculture feed 

formulation. Its availability, ease of cultivation and strong nutritional profile make it especially 

valuable for small scale farmers and regions where commercial feed ingredients are costly or 

difficult to access. Integrating moringa into fish feed supports sustainable production, reduces 

cost and contributes to improved fish health and performance. Its adoption can help strengthen 

the economic viability of aquaculture and enhance food security in developing regions. 

 

*************************************************************************** 
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Chapter - 8 

Entrepreneurship and the Growing Opportunities in Moringa 

oleifera Value Addition 

 Pooja Kapoor1 and Yatharth Sharma2 

1ICAR Krishi Vigyan Kendra (CIARI), South Andaman, A & N Islands-744201, India 

2ICAR Krishi Vigyan Kendra (CIARI), North & Middle Andaman, A & N Islands-

744201, India 

Entrepreneurship has become one of the most important drivers of economic growth and social 

development in today’s fast-changing world. At its core, it is about taking initiative—turning 

ideas into ventures, organizing resources, and managing risks to create value. For many rural 

and developing communities, entrepreneurship opens doors to self-reliance, improved income, 

and better quality of life. 

Among the many areas where entrepreneurship can flourish, Moringa oleifera—a plant long 

known for its exceptional nutritional and medicinal qualities—stands out as a particularly 

promising resource. As interest in natural and plant-based products continues to rise globally, 

moringa offers a wide range of opportunities for farmers, processors, and small business 

owners. 

Why Moringa Processing Is a Strong Entrepreneurial Opportunity 

One of the most popular value-added products derived from moringa is moringa leaf powder. 

This fine green powder is widely used in teas, smoothies, herbal medicines, and nutritional 

supplements. The process of producing moringa powder is relatively simple, accessible to both 

small and large entrepreneurs, and requires minimal investment compared to many other 

agribusiness ventures. 

A Growing Market 

Demand for moringa products has risen steadily due to increasing awareness of health foods 

and herbal supplements. For places like the Andaman and Nicobar Islands, where moringa 

grows naturally and abundantly, this demand creates an excellent opportunity for local 

entrepreneurship. 

The Andaman Islands: A Growing Hub for Moringa Enterprises 

The Andaman Islands are seeing a rapid expansion of moringa plantations. The region’s 

climate supports year-round cultivation, making raw material supply plentiful and reliable. 

With proper processing and marketing, moringa products from the islands can reach domestic 

and even international markets. 
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Beyond economic gains, moringa enterprises contribute to environmental protection, 

sustainable land use, and local employment—an important combination for rural communities 

seeking long-term stability. 

A Success Story That Inspires 

A powerful example of moringa entrepreneurship in the Andaman Islands comes from Smt. 

Bhanumati, a 36-year-old woman from Rangachang. After receiving training from ICAR–

Krishi Vigyan Kendra on how to process moringa leaves, she decided to turn her learning into 

a real business. Using leaves from her own farm, she produced moringa leaf powder and herbal 

tea. With determination and smart planning, she found her way into major local outlets in Sri 

Vijaya Puram and even secured a spot at a premium airport store—an impressive achievement 

for a first-time entrepreneur. 

Within just four months, she sold 62 kg of moringa powder at ₹1500 per kg, earning ₹93,000. 

Inspired by this success, she is now expanding her moringa plantation and exploring new 

market opportunities. Her journey continues to motivate other farmers and rural women who 

see moringa not just as a crop, but as a pathway to empowerment. 

Conclusion 

Moringa oleifera is much more than a nutritious plant—it is a catalyst for economic 

opportunity. With its wide-ranging health benefits, simple processing methods, and growing 

global demand, moringa offers a strong foundation for both small-scale and commercial 

entrepreneurs. Regions like the Andaman Islands, with favorable growing conditions and 

increasing awareness, are well-positioned to benefit. 

The story of Smt. Bhanumati shows what is possible when knowledge, opportunity, and 

determination come together. As communities continue to explore moringa-based enterprises, 

the potential for income generation, poverty reduction, and sustainable development becomes 

even more promising. 

*********************************************************************** 
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