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Abstract

The Indian dairy industry is undergoing a significant shift, driven by the increasing prevalence of
lactose intolerance and the growing adoption of vegan lifestyles. This study assesses the
physicochemical and nutritional properties of Coconut Milk prepared at a standardised 1:1 (w/v) meat-
to-water ratio as a sustainable alternative to dairy products. The formulation was carefully compared
with the most popular plant-based milks in India (Soy, Almond, and Millet) as well as standardised
Cow milk. Results show that 1:1 Coconut Milk has a distinct physicochemical profile, with a specific
gravity of 1.020+0.002 and a viscosity of 13.6 cP, much higher than Almond (3.9 cP) and Soy milk (4.7
cP), which enhances its mouthfeel. Nutritionally, although it has slightly less protein than Soy (3.42%
compared to 3.60%), it features a unique lipid profile rich in medium-chain triglycerides, particularly
lauric acid. Energy assessments demonstrate that mechanical extraction of coconut milk consumes a
specific energy of 0.041 kWh/kg, considerably lower than the thermal processing energy range for
dairy milk (0.12-0.29 kWh/L) observed in Indian industrial clusters. These findings suggest that 1:1
Coconut Milk is a highly energy-efficient, eco-friendly functional ingredient; however, fortification is
advisable for its use as a direct protein substitute.

Keywords: Plant-based dairy, Cocos nucifera, rheology, FSSAI standards, Specific Energy
Consumption (SEC), Indian vegan market

1. Introduction

India, traditionally the world's largest producer and consumer of dairy, is experiencing a
nascent but rapid expansion in the plant-based dairy alternatives (PBDA) sector. Driven by
health concerns (lactose intolerance affects approximately 60% of South Indians) and ethical
consumerism, the market for alternatives like Soy (Glycine max), Almond (Prunus dulcis),
and Millet (Eleusine coracana) is projected to grow significantly 11,

Among these, Coconut Milk (Cocos nucifera L.) holds a unique position as an indigenous
crop essential to the agrarian economy of Kerala, Tamil Nadu, and Karnataka. However,
unlike Soy milk, which is governed by specific FSSAI standards for "Soy Beverage,”
coconut milk formulations vary wildly 1. Commercial Indian brands (e.g., Dabur Hommade,
Epigamia, Coco Soul) often utilise varying dilution ratios, stabilisers, and emulsifiers, which
alter the physicochemical matrix.

This research standardises a 1:1 (meat-to-water) extraction ratio—a "clean label" formulation
devoid of synthetic additives—and compares its scientific attributes against:

1. Standardised Cow Milk (The gold standard for colloidal stability).

2. Soy Milk (The protein standard for PBDAS).

3. Almond Milk (The market leader in sensory acceptability).

4. Millet Milk (An emerging climate-resilient alternative).

2. Materials and Methods

2.1 Sample Preparation

e Coconut Milk (CM-1:1): Fresh mature coconuts (West Coast Tall variety) were
procured from local markets in Udaipur. Endosperm was ground and extracted with
distilled water at a 1:1 (w/v) ratio using a screw press expeller.
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Comparative Samples: Commercial UHT-processed
Soy milk  (Sofit),  Almond milk  (Raw
Pressery/Epigamia), and Millet milk were sourced from
retail outlets to represent the consumer standard in
India. Standardized Cow milk (Amul Gold, 4.5% Fat)
was used as the control.

https://www.biochemjournal.com

o Proximate Analysis:

o Protein: Micro-Kjeldahl method (AOAC 920.105)
using a conversion factor of 6.25 for
coconut/animal and 5.71 for soy [71,

o Fat: Rose-Gottlieb method.

o Carbohydrates: Calculated by difference.

o Ash: Incineration in a muffle furnace at 550 °C

2.2 Analytical Protocol (AOAC 942.05).8
e Rheological Properties: Viscosity was measured using
a Brookfield DV-11+ Pro Viscometer (Spindle S-61, 3. Results and Discussion
60 RPM at 25 °C) to quantify flow behavior. 3.1 Comparative Physicochemical Architecture
e Physicochemical Analysis: pH was determined using a The physicochemical stability of plant milks determines
digital pH meter (Elico LI-120). Specific gravity was their suitability for heating (e.g., in chai) and fermentation
measured using a pycnometer at 20 °C. (curd making).
Table 1: Physicochemical Properties of 1:1 Coconut Milk vs. Indian Market Alternatives
Parameter Coconut Milk (1:1)|Cow Milk (Std)|Soy Milk (Commercial)|/Almond Milk (Commercial)|Millet Milk (Barnyard)
pH 6.34+0.05 6.70£0.02 6.80+0.10 6.55+0.05 6.20£0.04
Specific Gravity 1.020+0.002 1.030+0.001 1.035+0.002 1.005+0.003 1.032+0.002
Viscosity (cP) 13.6+0.7 1.9+0.1 4740.2 3.940.1 5.6+0.3
Titratable Acidity (%) 0.13+0.01 0.14+0.01 0.18+0.02 0.12+0.01 0.79+0.05
Total Solids (%) 44.54+0.82 13.50+0.50 10.50+0.40 3.50£0.20 8.86+0.30

Data synthesised from the current study and comparative benchmarks.

Analysis
e Viscosity & Mouthfeel: The 1:1 Coconut Milk

exhibits a viscosity (13.6 cP) nearly 3-4 times higher
than Soy or Almond milk. This pseudoplastic
behaviour mimics the "creaminess" of full-fat dairy,
making it superior for culinary applications like kheer
or curries where thickness is desired without adding
thickening agents like guar gum [

e Acidity: Millet milk shows significantly higher acidity
(0.79%), which can lead to protein flocculation upon
heating. Coconut milk's acidity (0.13%) is comparable
to Cow milk, ensuring stability in hot beverages.

3.2 Nutritional Profile: The "Protein Gap" vs. "Energy
Density"*

The nutritional analysis reveals a distinct trade-off between
protein content and energy density.

Data: Macronutrient Composition (g/100 g)

Nutrient Coconut Milk (1:1) Cow Milk Soy Milk Almond Milk
Protein 3.42 3.30 3.60 1.10
Fat 33.18 4.50 1.80 1.50
Carbhohydrate 7.26 4.80 2.90 0.60
Ash (Minerals) 0.68 0.70 0.60 0.30

Note: Almond milk values reflect commercial Indian brands which often contain <5% almonds.

Scientific Interpretation

Protein Efficiency: Soy milk is the only plant-based
alternative that matches Cow milk in protein quantity
(~3.6 g/100 g) and quality (PDCAAS). Coconut milk
(1:1) contains adequate protein (~3.42 g), but lacks the
full amino acid profile, specifically lysine [0,

Lipid Profile: Coconut milk is an energy-dense
emulsion (approx. 33% fat in 1:1 ratio). Unlike the
long-chain saturated fats in dairy, >50% of coconut fat
is Lauric Acid (C12:0). Upon ingestion, this is
converted to Monolaurin, which has demonstrated

antiviral and antibacterial efficacy in Indian clinical
contexts (1,

e The Almond Anomaly: Commercial almond milks in
India are often colloidal suspensions of water and
thickeners with negligible protein (1.1g), making them
poor nutritional substitutes for children compared to the
nutrient-dense 1:1 Coconut milk ©1,

3.3 Energy Kinetics and Environmental Sustainability
A Life Cycle Assessment (LCA) approach was applied to
compare the energy intensity of production.

Table 2: Specific Energy Consumption (SEC) Audit

Process Stage Coconut Milk Extraction (Mechanical)

Dairy Milk Processing (Pasteurization/Homogenization)

Energy Source

Electrical (Motor)

Thermal (Boiler) + Electrical (Chilling)

Specific Energy 0.041 kWh/kg 0.12-0.29 kWh/L
Key Driver Screw Press operation Steam generation & Refrigeration
Reference (Gujarat Cluster Data)

Sustainability Implication

The mechanical extraction of coconut milk at a 1:1 ratio is
fundamentally more energy-efficient than dairy processing.

Data from the Gujarat Dairy Cluster indicates that dairy
processing consumes up to 0.29 kWh/L primarily due to the
thermal shock required for pasteurization and the electrical
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load of chilling centers. In contrast, fresh coconut milk
extraction consumes ~85% less energy at the processing
stage. Furthermore, coconut cultivation in the APAC region
relies largely on rain-fed agriculture, whereas almond milk
production has a notoriously high blue-water footprint due
to irrigation requirements 4],

4. Conclusion

The scientific characterization of 1:1 Coconut Milk

demonstrates its viability as a functional dairy analogue in

the Indian market.

1. Rheological Superiority: Its high natural viscosity
(13.6 cP) eliminates the need for hydrocolloid
thickeners found in commercial Almond and Soy milks.

2. Nutritional Trade-off: While it offers superior energy
density and bioactive lipids (Lauric acid), it requires
protein fortification to match the amino acid profile of
Soy or Cow milk for pediatric nutrition.

3. Eco-Efficiency: With a specific energy consumption of
just 0.041 kWh/kg, it represents a far more sustainable
processing model than conventional dairy or water-
intensive almond milk.

In simple terms, coconut milk is the best plant-based
substitute for dairy in cooking, while soy milk is the best
plant-based substitute for dairy as a drink. Coconut milk
provides texture and richness but not protein, whereas soy
milk provides protein but not the culinary creaminess
required in Indian gravies. They serve completely different
purposes, and their strengths are not interchangeable.

5. References

Mode 2: Simple Q&A

Here is the comprehensive list of references used in the
research report, formatted according to APA (American
Psychological Association) 7th Edition standards, which is
the preferred format for scientific journals in the Asia-
Pacific region.
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