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ABSTRACT 

Since the legalization of industrial hemp farming and new regulations 

encouraging product development, research into industrial-scale utilization of different 

hemp products has increased. Of particular interest in food science are the hemp seeds. 

In this project benchtop testing was used to test different formulas and processing 

parameters for a hemp-based milk alternative. After benchtop development 

determined a suitable formula and process, the beverage was scaled up for processing 

in a pilot plant. 

Benchtop testing of a range of hemp-milk preparations (3-15% hemp seed 

concentration, 0.6-2% lecithin concentration, raw and roasted hemp seeds, dry and wet 

milling) was used to develop a suitable formula. Six different preparations (3%, 5%, 

and 7% by weight hemp seeds; raw and roasted hemp seeds) of hemp-milk were 

prepared following standard processing conditions (wet milling, filtering, 

pasteurization-homogenization, cooling) and compared against a commercially 

available hemp-milk product and bovine milk. A shelf-life study was conducted and 

determined that the refrigerated shelf life of the prepared products ranged from 15-28 

days, with higher hemp content demonstrating a longer shelf life. While differences 

were observed in benchtop samples between hemp-milks made from raw and roasted 

hemp seeds, no significant difference between hemp-milk made from raw or roasted 

hemp seeds was found in the pilot plant trials. Phase separation was observed in some 

of the hemp-milk samples, but no extensive sedimentation or creaming occurred and 

all recombined readily after shaking. There was no correlation between the 

concentration of hemp and the tendency to separate. The hemp-milk samples prepared 

with 3% and 5% hemp seeds were the most similar to the commercial reference. The 

samples prepared with 7% hemp seeds demonstrated the longest shelf life. 
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HISTORY, CURRENT USAGE, AND PRODUCTION METHODS OF PLANT-BASED 

BEVERAGES 

Introduction 

Plant-based non-dairy beverages (here referred to as “plant milks”) are beverages 

composed of water and soluble plant materials (oils, proteins, starches) that are formulated and 

processed to resemble bovine milk. There are many different reasons that consumers may opt to 

consume plant milks over animal milks, including limiting animal-based foods for ethical or 

environmental reasons, allergies or intolerances related to animal milks, and ease of access. 

Historically, the most popular plant milks have been soy and almond, but the plant milk sector 

has grown rapidly in the last few years and is shifting to different plant sources that are more 

sustainable and have lower allergenicity. These new plant sources require research around 

formulation and processing methods to ensure high quality products that are appealing to 

consumers and nutritionally beneficial. 

Reason for existence 

There is a long history of use for plant milks. Mentions of soymilk in China can be found as 

far back as 1365 (Shurtleff & Aoyagi, 2013). The earliest references to almond milk are found in 

literature from Baghdad, Kitab al-tabik in 1226 and documentation in Europe in 1390, citing the 

popularity of almond milk during Lent (Shurtleff & Aoyagi, 2013). Horchata, originally a grain 

beverage from Northern Africa, has been made for more than 1000 years and has regional 

variations in Africa, Europe, and Central and South America that are based on tiger nuts, 

almonds, and rice (Bussmann, Paniagua-Zambrana, Castaneda-Sifuentes, Prado-Velazco, & 

Mandujano, 2015; Sanchez-Zapata, et al., 2009). Coconut milk has been used throughout 

Southern and Southeast Asia, as well as in many Pacific Island Nations for purposes ranging 
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from religious ceremonies to nutrition, with references dating back to the 2nd century BCE 

(Ahuja, Ahuja, & Ahuja, 2014). There are also many fermented plant milks popular in a range of 

cultures, such as sikhye in Korea; boza in northern Africa, southeastern Europe, and central Asia; 

bushera in Uganda; and amazake in Japan, which appeared in Chronicles of Japan in 720 CE 

(Kurahashi, 2021). 

The plant milk market is dominated by soy and almond milk (Table 1), with soy being the 

most widely consumed globally (Shurtleff & Aoyagi, 2013). In the United States almond and oat 

have recently overtaken soy, being most popular and second most popular, respectively (The 

Good Food Institute, 2021). The market is beginning to shift to new plant milks with different 

bases such as oat and hemp (Jeske, Zannini, & Arendt, 2018). The plant milk market is also 

growing in total volume as well as in variety; in the United States, the plant milk market now 

comprises 15% of the milk market, up 27% since 2017 (The Good Food Institute, 2021). 

Consumer research suggests that the switch to plant-based foods and the new variety in plant 

milks is driven by ethical, environmental, and health concerns, as well as new technology (Jeske, 

Zannini, & Arendt, 2018; McCarthy, Parker, Ameerally, Drake, & Drake, 2017). 

Table 1: Global Market Size Projection of Selected Plant-based Milk Products from 2020-2024 
Plant Milk Type Global Market Size (USD) 

Soymilk 7.3 billion 

Almond Milk 5.2 billion 

Oat Milk 3.7 billion 

Rice Milk 2.62 billion 

Coconut Milk 1.55 billion 

Hemp-milk 185 million 

Data taken from (Paul, Kumar, Kumar, & Sharma, 2019); (Grand View Research, 2020) 

Growing awareness of inhumane conditions for livestock animals and workers in meat 

processing facilities is one contributing factor to the recent growth in the plant-based foods 
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market. According to McCarthy et al, increasing concerns about the ethics of animal-based 

foods, beliefs about animal mistreatment, and environmental concerns about animal agriculture 

are the biggest contributing factors to recent consumer switches to plant-based foods (McCarthy, 

Parker, Ameerally, Drake, & Drake, 2017). There has been popular coverage of mistreatment of 

animals in documentaries such as Cowspiracy and Food, Inc. (Andersen & Kuhn, 2014; Kenner, 

2009), but recent coverage about the mistreatment of workers as well, such as “Meatpacking,” an 

episode of HBO Max’s Last Week Tonight (Oliver, et al., 2021), has increased consumer concern 

around animal-sourced foods even more. 

Another factor in the growth of plant-based foods is the increased focus on climate change. 

Many plant-based foods generate fewer carbon dioxide emissions than animal-sourced foods 

(Grant & Hicks, 2018), meaning that more consumers are opting to limit animal-sourced foods 

and switching to plant-based foods to shrink their own carbon footprints (Springmann, et al., 

2018; Poore & Nemecek, 2018). Springmann et al suggests that with no improvements made to 

production or consumption patterns, greenhouse gas (GHG) emissions will increase 80-92% over 

their 2010 levels (Springmann, et al., 2018) with additional increases in land use, water use, 

phosphorus, and nitrogen levels. The same paper suggests that while food waste reduction will 

have an impact on decreasing these numbers, a shift to a flexitarian diet, especially in the United 

States and western Europe, will have a more significant effect (Springmann, et al., 2018). This 

shift to a flexitarian diet will help to limit the impact from animal-sourced food production, as 

even the animal-sourced foods with the lowest associated GHG emissions exceed that of 

common plant-based swaps (Figure 1) (Poore & Nemecek, 2018). Since they have the highest 

associated emissions and are the most resource-intensive, reducing farming of beef cattle and 

small ruminants would have the most significant impact. While lower than beef production, dairy 

3 



  

                 

                

               

                    

       

 
           

        
 

          

               

             

            

                

                

             

 

 

   

 

      

production is also associated with high levels of GHG emissions due to the large areas of land 

needed for pasture grazing and feed crops, which is a major contributor to deforestation (Poore & 

Nemecek, 2018). The mean annual GHG emissions from bovine milk production is 3.2 kg CO2 

eq per 1 liter of milk, while soymilk, the most popular plant milk globally, has 1.0 kg CO2 eq per 

1 liter (Poore & Nemecek, 2018). 
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Figure 1: Mean GHG emissions associated with production of selected proteins 
Data taken from (Poore & Nemecek, 2018) 

However, many plant milks also have significant negative environmental consequences: 

almond farming is associated with zinc pollution and high water use; rice farming is associated 

with high water use and methane generation; and soybean farming is associated with 

environmental acidification (Grant & Hicks, 2018). In a life cycle assessment comparing 

amounts of 6 different pollutants measures produced bovine milk scored the highest in 4 of 6 

categories, and almond scored highest in the remaining 2 when considered in terms of volume of 

milk produced (Grant & Hicks, 2018). However, in comparing kilograms of protein produced 
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rather than kilograms of milk produced, almond scored the highest in all 6 categories due to the 

extremely low protein content in almond milk (Grant & Hicks, 2018). 

Plant foods are also useful for remote and low-income areas. Animal products can be scarce 

in these areas, storage of animal products can be difficult, and keeping livestock requires 

resources (land, feed, water, etc.) that may be impractical for residents. The comparative lower 

price of plants, lower resource cost of farming, and the long shelf life of properly dried cereals, 

pseudo-cereals, and legumes makes plant milks more accessible than animal milks. Even high fat 

seeds and nuts can be stored for long periods of time and used to produce plant milks. 

Additionally, approximately 75% of the global population is lactose intolerant. Even if dairy 

milk was widely available in more areas, consumption is unlikely to grow rapidly due to 

digestive concerns (Scrimshaw & Murray, 1988). Recent offerings of lactose-free dairy products 

may lessen this effect and allow for more acceptance of dairy foods. 

Composition of bovine milk 

Bovine milk is the standard against which plant milks are measured for nutrition and 

taste. Because of this, industrial plant milk production typically attempts to mimic the mouthfeel, 

viscosity, and white color of bovine milk (McClements, 2020). Bovine milk is composed of milk 

fat globules (MFGs) and casein micelles suspended in a serum phase that contains whey 

proteins, lactose (milk sugar), and various salts, enzymes, and micronutrients. The colloidal 

system of MFGs suspended in liquid gives it a creamy mouthfeel and white color. (Brady, 2013; 

Kailasapathy, 2016). Since milk is produced and secreted by mammals to feed young, it is 

highly nutritious and is thought to play a role in healthy physical and cognitive development of 

children (Chalupa-Krebzdak, Long, & Bohrer, 2018; Chandan, Patel, Almeida, & Oliver, 2016). 

It is unstable when raw, susceptible to both creaming and sedimentation, and spoils quickly 
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(Brady, 2013; Kailasapathy, 2016). Stability is improved with industrial processing. Milk is 

centrifuged to separate particulate, skim milk, and cream. The skim milk and cream are then 

combined into products with precise fat levels (skim, 1%, 2%, whole, half-and-half, light cream, 

heavy cream), homogenized (typically with a high-pressure homogenizer) and HTST pasteurized 

(72°C for 15 seconds) (Partridge, 2016). Homogenization reduces the size of the MFGs, 

reducing creaming, and pasteurization reduces the microbial load of the milk, extending shelf life 

(Partridge, 2016). 

Sources of Plant Materials 

Many different plants can be used as the base for plant milk: cereals, pseudo-cereals, 

legumes, pulses, nuts, and seeds are all common bases (Makinen, Wanhalinna, Zannini, & 

Arendt, 2015). Soymilk is the most common globally and was the leader in the United States as 

well for many years. In the United States, the current market leader is almond, followed by oat, 

with soy in third (The Good Food Institute, 2021). Depending on the source, the plant milk must 

be formulated and processed in different ways. Coconut milks, for example, do not need 

additional fat content while rice and oat milks may have enzymes added to reduce starch 

gelatinization caused by heat treatments (Mitchell, Mitchell, & Nissenbaum, 1990). 

Processing strategies 

Because bovine milk is considered the gold standard, plant milks attempt to mimic the 

appearance and physicochemical properties of milk (Munekata, et al., 2020). Mimicking the 

structure of bovine milk is typically considered the best way to achieve this. Since MFG 

concentration has the largest impact on consumer preferences for bovine milk, getting the 

concentration and particle size of fat globules correct can have a large impact on consumer 

acceptance (McCarthy, Parker, Ameerally, Drake, & Drake, 2017). Fat globules can be created 
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by grinding or crushing a plant that contains oil bodies of a similar size, but homogenization of 

water and a plant-based oil is a more common strategy (Paul, Kumar, Kumar, & Sharma, 2019; 

McClements, 2020). This helps create the creamy mouthfeel and white color of bovine milk. 

Apart from the plant base, common ingredients in plant milks are water, oil, emulsifiers, and 

flavors. Other additives may be used to adjust the texture, nutritional content, or stability of the 

plant milk (McClements, 2020). Water for plant milks is typically treated by thermal processing 

or filtering to reduce interactions between impurities in the water and other components of the 

plant milk. If additional oil is needed, it must be selected from a plant source. Common oil 

selections of plant oils are coconut, corn, flaxseed, olive, palm, palm kernel, soybean, and 

sunflower oils. A single oil type or a blend may be used. Coconut oil is most common because it 

is cost effective, heat stable, and oxidatively stable (McClements, 2020). Emulsifiers can be 

added to improve the stability of the product by reducing creaming. Emulsifiers should be 

chosen to facilitate oil-in-water emulsions and should suspend other molecules in the plant milk. 

Other stabilizers can be added to adjust the viscosity. A blend of stabilizers and emulsifiers is 

typically used to achieve the desired rheological properties (McClements, 2020). Added flavors 

commonly include sweeteners, vanilla, cocoa powder, and salt. Other additives may be used to 

further adjust the behavior of the plant milk or to improve the nutritional content (McClements, 

2020). 

The two main strategies for producing plant milks are “wet milling” and “dry milling” 

(Figures 2 and 3). The processes are very similar: after the initial milling step they are the same. 

Wet milling uses plant products that have been soaked or cooked in water, such as soybeans, and 

then grinds the wet plant matter into a paste and extracts the nutrients. Dry milling uses a mill to 
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grind dry plant matter, commonly nuts, seeds, or grains, which is then combined with water for 

the extraction process. 

Figure 2: Wet Milling Process Flow 

Figure 3: Dry Milling Process Flow 
Data taken from (Makinen, Wanhalinna, Zannini, & Arendt, 2015) 

The processing strategy is selected based on the plant materials used. Soymilk is typically 

made via wet milling, as soybeans must be soaked and cooked before wet milling to improve 

yield and reduce antinutritional compounds (Shurtleff & Aoyagi, 2013). Many nut milks are 

made via dry milling. The nuts are ground into a paste before being mixed with other ingredients 

for processing (McClements, 2020). Cereal and pseudocereal milks are also commonly made 

with dry milling where the grain is first milled into a flour before milk production (McClements, 

2020). 

Processing and Product Challenges 

8 



  

             

              

              

              

              

              

                 

               

           

             

             

               

            

            

             

               

             

            

          

   

               

                 

                 

Several hurdles must be confronted in the production of plant milks. Stability, nutritional 

content, and poor sensory evaluations are all common pitfalls in plant milks (Paul, Kumar, 

Kumar, & Sharma, 2019). Many consumers desire foods with simple ingredient labels and no 

stabilizers (“clean label”). Advertising as “milk” may also lead consumers into believing that all 

plant milks have similar nutrition content to bovine milk, which is not the case (Chalupa-

Krebzdak, Long, & Bohrer, 2018; Liu & Chang, 2012). Sensory panels comparing various plant 

milks to bovine milk also frequently rate the flavor of plant milks as less acceptable than the 

flavor of bovine milk (Kundu, Dhankhar, & Sharma, 2018). These hurdles must be addressed to 

successfully produce a product that is desirable to consumers. 

Plant milks can display high levels of separation and poor stability when heated. 

Homogenization helps to reduce creaming and sedimentation, as with bovine milk, and improves 

the mouthfeel of the plant milk (Partridge, 2016; Paul, Kumar, Kumar, & Sharma, 2019). Plant 

milks generally require added stabilizers in order to undergo effective pasteurization without 

coagulation (McClements, 2020). Starchy plant milks based on cereal and pseudocereal grains 

may display undesirable thickening after heat processing due to gelatinization of native starches. 

This can be mitigated by the addition of amylase (Mitchell & Mitchell, 1990). While heat-based 

pasteurization is currently most common, it has several undesirable effects, including change in 

flavor and protein denaturation. Alternative processes are being researched to mitigate these 

effects, including high-pressure processing and high-pressure homogenization (Munekata, et al., 

2020). 

There is an FDA standard of identity for bovine milk which regulates the minimum amount 

of milk solids non-fat (MSNF) and milk fat that must be present in milk. While the nutritional 

content of bovine milk can vary, this standard of identity creates a floor for protein, fat, and 
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sugar levels in milk (Liu & Chang, 2012). Because there is no standard of identity for plant 

milks, the nutrition content can vary a great deal (Table 2), even among products made from the 

same plant base, depending on processing parameters, ingredients, and fortification (Chalupa-

Krebzdak, Long, & Bohrer, 2018). This also means that plant milks may not compare 

nutritionally to bovine milk and are not a suitable 1-to-1 swap without additional dietary 

changes. Of the plant milks surveyed only soymilk has comparable protein levels to bovine milk 

(Chalupa-Krebzdak, Long, & Bohrer, 2018). Many commercially available plant milks have <1 

gram of protein per serving. Cereal based milks such as rice and oat milks can have much higher 

sugar content than bovine milk due to the high starch levels that are partially hydrolyzed during 

production. Coconut milks have high fat content, some with fat levels closer to half-and-half than 

milk (Chalupa-Krebzdak, Long, & Bohrer, 2018; Jeske, Zannini, & Arendt, 2017; Liu & Chang, 

2012). Research suggests that using plant milks as a 1-to-1 swap for bovine milk can slow 

growth in children and reduce growth overall. Most plant milks surveyed contain similar levels 

of calcium to bovine milk either due to fortification or high calcium content in the plant base 

(Chalupa-Krebzdak, Long, & Bohrer, 2018). While it is possible to add protein, calcium, or any 

desired nutrients via enrichment, most commercially available plant milks have added 

micronutrients, but few use added protein. The exceptions of the selected milks were Ripple and 

Good Karma, both of which have comparable protein levels to bovine milk. 

Table 2: Nutritional Content of Selected Plant Milks 

Beverage Calories Protein (g) 
Carbohydrates 

(g) 
Fat 

(saturated) (g) 
Bovine (whole) 62.5 3.33 5 3.33 (1.86) 
Bovine (skim) 33.33 3.33 5 0 (0) 
Soy (Westsoy) 41.67 3.75 1.67 2.08 (0.42) 
Soy (Silk) 33.33 2.92 1.25 1.67 (0.21) 
Almond (Califa Farms) 14.58 0.42 0.42 1.25 (0) 
Almond (Almond 
Breeze) 

12.5 0.42 0.42 1.04 (0) 

10 



  

       
       

        
       
        

        
       
       

 
 

     

        
                  

                
           

 
              

             

                  

             

                

                  

                 

                

               

                  

       

               

               

             

              

             

Oat (Oatly) 66.67 1.25 6.25 3.75 (.42) 
Oat (Wegmans) 45.83 0.83 7.5 1.46 (0) 
Hemp (Living Harvest) 33.33 0.83 0.42 3.33 (0.21) 
Pea (Ripple) 29.17 3.33 0 1.875 (0.21) 
Pea (Not Milk) 45.83 1.67 2.91 3.33 (2.08) 
Flax+ (Good Karma) 29.17 3.33 0.83 1.46 (0) 
Cashew (Elmhurst) 54.17 1.67 2.92 4.17 (0.63) 
Hazelnut (Elmhurst) 37.5 0.83 0.42 3.75 (.21) 
Macadamia 
(MILKADAMIA) 

20.83 0.42 0.42 2.08 (0.42) 

Pistachio (Three Trees) 41.49 1.66 1.66 3.32 (0.41) 
Nutrition per 100g of milk product, data collected from products available at Wegmans in Ithaca, New York. All 
selected milks were marketed as unsweetened and unflavored. Both oat milks contained 2.92g of added sugar/100g 
of milk, as unsweetened oat milk was not an available product. 

Plant milks also have consistently lower liking scores than bovine milk during sensory 

evaluations (Kundu, Dhankhar, & Sharma, 2018). Almond and oat typically score the highest, 

and blends of various plant milks may also score well. Plant milks of all kinds have struggled to 

have comparable liking scores to bovine milk (Kundu, Dhankhar, & Sharma, 2018; McCarthy, 

Parker, Ameerally, Drake, & Drake, 2017). However, since the same is true of other types of 

animal milks (sheep, goat, buffalo, etc) it does not seem to be a problem inherent to plant milks. 

Bovine milk is perceived to have a “neutral” flavor and any other source of milk (plant or 

animal) has a flavor that is perceived as “non-neutral” which lowers liking scores, even if the 

flavor is reported as pleasant. This may change over time as more consumers gain experience 

with plant milks, as they will get used to the flavor and begin to enjoy it more (McCarthy, 

Parker, Ameerally, Drake, & Drake, 2017). 

Some processing strategies can be used to mitigate the off flavors found in plant milks. 

Thermal treatments like pasteurization or roasting the plant materials can change the flavor of the 

finished milk. Direct steam pasteurization decreases the off flavors perceived in finished milks, 

as does carbon filtration. Processors should be cautious when choosing a thermal treatment for 

production, as excessive heat exposure can denature proteins and lower their digestibility scores 
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(Munekata, et al., 2020). It is possible to mitigate this reduction by enrichment, similar to 

enrichment of other foods that lose nutrients during processing. Increased homogenization 

pressure or pressure treatment of the plant base material may also reduce off flavors (Munekata, 

et al., 2020). There is evidence that using defatted plant flours instead of full fat plant flours can 

both decrease oxidation potential and mitigate off flavors, and defatted plant flours produced 

using supercritical-CO2 extractions may have even better flavor profiles (Lee, et al., 2019). 

Maskers, sweeteners, and other flavors may further decrease the perception of off flavors in plant 

milks and improve overall liking. 

There are novel processing technologies being researched for their applicability to plant 

milk production. High-pressure processing (HPP) and ultra-high-pressure homogenization 

(UHPH) are all new pressure processing technologies that further increase the shelf life of plant 

milks (Munekata, et al., 2020). HPP works by pressurizing packaged drinks to lower the 

microbial load. It is commonly used on cold-pressed juice products to meet food safety standards 

without heat pasteurization (Saravacos & Kostaropoulos, 2016). UHPH works similarly to 

conventional high-pressure homogenization but achieves much higher pressures. While 

traditional homogenization typically works from 20-100 MPa, UHPH and HPP typically happen 

around 400 and 600 MPa, respectively. The increased pressures allow for processing at lower 

temperatures which can affect the flavor profile and nutrition content of the product (Zamora & 

Guamis, 2015). Ultraviolet light (UV) processing is also being explored for applications in 

beverage production, but can be problematic for plant milks. UV light stops microorganism 

growth and is less destructive to other nutritional components than traditional thermal processing 

but may affect the flavor profile due to the promotion of lipid oxidation caused by UV light. It is 

commonly used in bottled water production but is typically only applied to clear liquids with low 
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lipid and UV quenching compound content, to allow high levels of light penetration. New 

processing equipment is helping to eliminate this problem by applying high turbulence to opaque 

liquids to improve exposure to the UV light (Smith, Lagunas-Solar, & Cullor, 2002). PEF is 

another technology that is being researched as a non-thermal treatment to reduce microbial load 

(Munekata, et al., 2020). PEF works by using short, high-voltage bursts of electricity to create 

pores in the cells being processed, which can disintegrate cells and inactivate microbes. It is 

possible to use PEF to achieve similar microbial reduction to the high temp, short time (HTST) 

pasteurization typically used for milk products (Saravacos & Kostaropoulos, 2016). 

Conclusion 

Plant milks have been produced and consumed by humans for millennia. They are 

popular throughout the world as drinks for nutritive and health purposes as well as treats. While 

bovine milk is still the most popular milk variety in western countries, high levels of lactose 

intolerance in the rest of the world make bovine milk a poor choice. Animal milks are also 

resource intensive to produce and have a very short shelf life, creating access problems in many 

parts of the world. Increasing awareness of ethical and environmental problems related to animal 

farming and dairy production are leading consumers in western countries to increase their 

consumption of plant milks. This movement away from bovine milk and other animal milks 

increases the importance of developing plant milks that are nutritious and flavorful to attract and 

retain consumers. Traditional processing technologies are being combined with new equipment 

and techniques to meet this need. Different plant sources are also being researched to find 

nutrition sources that are less resource intensive to farm, have lower environmental impact, and 

have lower allergenicity than the plant milks that currently dominate the market. While plant 
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milk has improved substantially in recent years, much research and development remain in order 

to produce products that can compete with bovine milk. 
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PHSYICOCHEMICAL CHARACTERISTICS AND SHELF-LIFE COMPARISON OF 

ALTERNATIVE MILK PRODUCT MADE WITH HEMP SEEDS 

Abstract 

Six different formulations (3%, 5%, and 7% by weight hemp seeds; raw and roasted hemp 

seeds) of hemp-milk were prepared following standard processing conditions and compared 

against a commercially available hemp-milk product and bovine milk. Viscosity, pH, particle 

size, solid content, color, and microbial data were collected. A shelf-life study was conducted 

and determined that the refrigerated shelf life of the prepared products ranged from 15-28 days, 

with higher hemp content demonstrating a longer shelf life. While differences were observed in 

benchtop samples between hemp-milks made from raw and roasted hemp seeds, roasting showed 

no significant difference in the homogenized and pasteurized samples. Phase separation was 

observed in some of the hemp-milk samples during storage, but none of the samples exhibited 

extensive sedimentation or creaming and all recombined readily after shaking. There was no 

correlation between the concentration of hemp and the tendency to separate. The hemp-milk 

samples prepared with 3% and 5% by weight of hemp seeds were the most similar to the 

commercial reference in physicochemical testing. The samples prepared with a formulation 

including 7% by weight of hemp seeds demonstrated the longest shelf life and the slowest 

microbial growth. 

Introduction 

Several recent trends have created increased interest in industrial cultivation and processing 

of hemp. A global increase in plant-based diets, increased interest in sustainable eating and 

farming practices, and recent legalization of hemp production in the United States have all 
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contributed to a growing desire for developing institutional knowledge of hemp agriculture, 

processing, and functional properties. 

Despite long historical use and cultivation of hemp products globally, production was made 

illegal in the United States of America in 1937 (Kaplan, 2020). This was mostly due to hemp 

plants with low tetrahydrocannabinol (THC) concentrations being caught up in narcotics laws 

regulating marijuana growth. Hemp research was made legal again in 2014, and industrial hemp 

production was legalized in the 2018 Farm Bill (Kaplan, 2020). Eighty-one years without 

industrial hemp production and processing led to a loss of institutional knowledge about hemp 

cultivation, as well as a lack of knowledge of functional properties, nutritional content, and 

processing techniques. Research is now increasing into uses of hemp fiber, seeds, flowers, and 

oils for textiles, food, medicinal qualities, and cosmetics. There is agricultural evidence that 

hemp can increase sustainability of crop rotations and provide a new cash crop to replace 

tobacco (Fike, Darby, Johnson, Smart, & Williams, 2020). 

Of particular interest in food production is hemp seeds; an underutilized co-product in 

industrial hemp cultivation, the seeds are 26% protein and 36% oil (Potin & Saurel, 2020). The 

protein in hemp seeds has been shown to be highly digestible (95% in vivo digestibility) (Potin 

& Saurel, 2020). Hemp protein contains all nine essential amino acids, though more research is 

needed into the quality of the protein and the fractions of amino acids (Potin & Saurel, 2020). 

Hemp seeds also have low allergenicity, so are an interesting source of plant-based protein for 

people affected by food allergies (Paul, Kumar, Kumar, & Sharma, 2019). Research shows hemp 

oil to have antihypertensive and antioxidant properties, as well being a good source of α-

linolenic acid (omega 3) and linoleic acid (omega 6) in an ideal 1:3 ratio (Paul, Kumar, Kumar, 

& Sharma, 2019). Along with this new interest in hemp, there is a growing interest in plant-
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based diets. Globally, the plant-based milk market was worth $12 billion in 2019, with 

projections that it will reach $21 billion by 2026 (Ahuja & Rawat, 2020). The plant-based milk 

sector in the United States grew 27% from 2018-2020, and now accounts for 15% of the milk 

market (The Good Food Institute, 2021). At the end of 2020, the United States plant-based milk 

market was worth $2.5bn, with almond leading the category at $1.5 billion, followed by oat at 

$213 million and soy at $202 million (Ahuja & Rawat, 2020; Grand View Research, 2020; The 

Good Food Institute, 2021). 

Plant milks can be made either as a refrigerated product or a shelf-stable product. Both 

products have similar processing steps: milling the plant base, (either dry milling or wet milling 

can be used), adding flavors, fortification, and stabilizers, and then pasteurizing and 

homogenizing the product. Refrigerated milk is packaged, chilled, and stored at 4°C. While 

shelf-stable milk can be produced by retorting milk products in cans, this is typically avoided 

(excepting evaporated and condensed milk products) due to the strong “cooked” flavor this gives 

the product (Sharma, Patel, & Patel, 2016). Milk products, including plant milks are instead 

packaged aseptically. For aseptic packaging ultra-high temperature (UHT) pasteurization is used 

(280-300°F for 2-6 seconds compared to 161°F for 15 seconds in standard HTST pasteurization) 

(Partridge, 2016). After product is pasteurized to achieve commercial sterility, it is packaged in 

sterilized containers in a sterile environment. Aseptic packaging can be sterilized in several 

ways: steam, hot air, hydrogen peroxide, and ultraviolet are all common techniques for 

sterilization of aseptic packaging. After filling the package is hermetically sealed and can be 

stored safely at room temperature until opened (Saravacos & Kostaropoulos, 2016). 

Combining the new interest in hemp production with the growing plant-based milk market 

led to an interest in industrial production of hemp-milk. Various formulations were bench tested 
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to develop a stable formula, and pilot-plant scale processing methods were utilized to test higher-

capacity production and shelf life. Among these, a product was developed that was determined to 

have a five-week refrigerated shelf life. 

Materials and Methods 

Materials 

Hemp seeds (Manitoba Harvest) were obtained from Amazon. 

Sunflower lecithin (Mezzoni) was obtained from Amazon. 

Tricalcium phosphate (MarkNature) was obtained from Amazon. 

Gellan gum was obtained from TIC Gums. 

Iodized salt (Morton’s) was obtained from Wegmans in Geneva, New York. 

Whole milk (Wegmans) was obtained from Wegmans in Geneva, New York. 

Hemp-milk (Tempt) was obtained from Wegmans in Geneva, New York. 

Preparation of hemp-milk 

Benchtop samples of hemp-milk were prepared with various preparations and 

formulations. Raw hemp seeds and hemp seeds roasted for 20, 40, and 60 minutes at 

75°C were dry milled in a Robot Coupe R2UB food processor until smooth (Robot 

Coupe, France) with an additional 5% by weight of hemp oil to produce hemp butter. 

Milks were then prepared from hemp butter and unground hemp seeds in a modified 

version of the procedure used in Wang, et al: Ca3(PO4)2, sunflower lecithin, and gellan 

gum were scaled and mixed with the hemp butter or hemp seeds dispersion. Deionized 

H2O was added and the mixture was blended with a Ross high-shear homogenizer model 

HSM-100LSK (Charles Ross & Son, Hauppauge, NY) at 7500 rpm for 3 minutes. The 

resulting liquid was strained through 4 layers of 150 grade cheesecloth, heated to 81°C 
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with a lab hot-plate on medium-high heat, and held there for 10 seconds. The liquid was 

then transferred to a large, shallow container, cooled to 4°C, bottled, and stored at 4°C for 

observation (Wang, Jiang, & Xiong, 2018). 

After the first tests demonstrated improved stability for liquids made from hemp seeds 

roasted for 40 minutes at 75°C, hemp seeds were roasted at 95°C for 30 minutes to see if 

the processing time could be shortened. 

Hemp seed concentrations from 3% to 15% w/w were tested. 

Gellan gum was tested in a range from 0.02% w/w to 0.04% w/w of the formula. 

Sunflower lecithin was tested in a range from 0.6% w/w to 2% w/w of the total formula. 

The amount of Ca3(PO4)2 was determined by calculation based on the amount of calcium 

reported on the nutritional panel of a commercially available hemp milk product and was 

not varied. 

Table 3: Formula of the most stable benchtop formula for 
hemp-milk preparation 
Ingredient % of formula 
Deionized water 94.045% 
Hemp seeds 5%, roasted at 95°C for 30 minutes 
Sunflower lecithin 0.6% 
Ca3(PO4)2 0.325% 
Gellan gum 0.03% 

The most stable formulas determined in benchtop testing is displayed in Table 3. It was 

produced via wet milling. It was scaled up for pilot plant production to test how the 

product behaved at larger volumes. Six batches of hemp-milk were produced with 

different preparations, which are outlined in Table 4. 

Table 4: Formulas Tested at Pilot Plant Level to Prepare Hemp-Milk Samples 
3%, raw 3%, roasted 

Ingredient Percentage 
Deionized H2O 96.08% Deionized H2O 96.08% 

Ingredient Percentage 
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Hemp seeds, raw 3% 
Ca3(PO4)2 0.33% 
Sunflower lecithin 0.39% 
Gellan gum 0.03 
Salt 0.18% 

5%, raw 5%, roasted 
Ingredient Percentage 

Deionized H2O 93.82 % 

Salt 0.18% 

Hemp seeds, roasted 5% 
Ca3(PO4)2 0.33% 
Sunflower lecithin 0.65% 
Gellan gum 0.03 
Salt 0.18% 

7%, raw 7%, roasted 
Ingredient Percentage 

Deionized H2O 91.56% 
Hemp seeds, roasted 7% 
Ca3(PO4)2 0.33% 
Sunflower lecithin 0.91% 
Gellan gum 0.03 
Salt 0.18% Salt 0.18% 

Hemp seeds, roasted 
Ca3(PO4)2 

3% 
0.33% 

Sunflower lecithin 0.39% 
Gellan gum 0.03 
Salt 0.18% 

Ingredient Percentage 
Deionized H2O 93.82% 
Hemp seeds, raw 5% 
Ca3(PO4)2 0.33% 
Sunflower lecithin 0.65% 
Gellan gum 0.03 

Ingredient Percentage 
Deionized H2O 91.56% 
Hemp seeds, raw 7% 
Ca3(PO4)2 0.33% 
Sunflower lecithin 0.91% 
Gellan gum 0.03 

The pilot plant process followed is shown in Figure 4. The hemp seeds were roasted at 

95°C for 30 minutes in a Rational SelfCookingCenter® combioven (Rational AG, UK) 

and dry mixed with sunflower lecithin, Ca3(PO4)2, gellan gum, and salt (Figure 5). The 

mixture was added to the deionized H2O. The mixture was blended with a Ross high-

shear homogenizer model HSM-100LSK equipped with the fine screen stator (Charles 

Ross & Son, Hauppauge, NY) at 10,000 RPM for three minutes (Figure 6) and 

recirculated in a colloid mill (JM Series Colloid Miller, model JSM60, China) on the 

finest setting for two minutes (Figure 7). The resulting liquid was passed through four 

layers of 150 grade cheesecloth and a nut milk filter bag to remove particulates (Figure 

8). The liquid was processed through a MicroThermics unit UHT/HTST Lab-25 HVHW 

that has a tubular pasteurizer with an in-line homogenizer (MicroThermics, Raleigh, NC). 

The beverage was pasteurized at 83°C for 30 seconds (Figure 9) and homogenized at 13.8 
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MPa (Ariete NS2006, GEA Niro Soavi, Italy). The milk was cooled to 10°C and filled 

into sanitized bottles treated with 50ppm free chlorine solution and rinsed in 5ppm free 

chlorine solution (Figure 10). The bottles were quickly chilled to 4°C using a rapid chill 

refrigerator/freezer (Figure 11) model QC3-100 (Alto-Shaam, Menomonee Falls, WI) 

and stored at 4°C for 1 to 5 weeks (Wang, Jiang, & Xiong, 2018). 

Figure 4: Process flow diagram for pilot plant production trial 
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Figure 5: Hemp seeds Figure 6: Wet milling with Ross homogenizer 

Figure 7: Hemp-milk circulating in colloid mill Figure 8: Straining hemp-milk with cheesecloth 
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Figure 9: MicroThermics UHT/HTST unit and attached Ariete homogenizer 

Figure 10: Filling of sanitized bottles Figure 11: Chilling bottled beverage for testing 
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Particle Size Analysis 

Particle Size analysis was done with a Malvern Mastersizer 2000 laser diffraction particle 

size analyzer equipped with wet sample dispersion unit HydroG (Malvern Instruments 

Limited, Worcestershire, UK). For comparison, the volume mean diameter D (4/3) was 

used as the particle size. 

Sedimentable Solids 

Sedimentable solid content in the hemp-milk product was estimated by centrifuging the 

product in 2mL graduated tubes. The tubes were weighed, filled with two milliliter aliquots 

of product, and centrifuged in a Biofuge Pico (Kendro Laboratory Products, Germany) at 

6000 RPM for 5 minutes. The tubes were inverted and allowed to drain before being 

reweighed to find the weight of the sedimentable solids. 

Color 

Color was measured with a HunterLab UltraScan VIS spectrophotometer (HunterLab, 

Reston, VA), calibrated with white and black tiles. Reflectance mode was used to measure 

color components using a 10 mm cuvette. 

Viscosity 

Viscosity was measured with a Brookfield DV-III Ultra Programmable Rheometer 

equipped with spindle V-72 at 250 rpm at 4°C (Brookfield, Middleboro, MA). 

pH 

pH was measured with an Acorn Series pH meter (Oakton Instruments, Vernon Hills, IL), 

calibrated with pH 7 and pH 4 buffers. 
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Shelf Life 

Aerobic plate counts 

For total aerobic microorganism analysis, 1 mL hemp-milk was directly plated or serially 

diluted in 9 mL of 0.1% peptone water. One mL of hemp-milk was pour-plated and tested 

for aerobic plate count (APC) on Plate Count Agar (Alpha Biosciences, Baltimore, MD) 

followed by incubation at 30 °C for 48 to 72 h. Total aerobic plate count was expressed 

as log10 CFU per mL (log10(CFU/ mL). 

Yeast and mold plate counts 

Yeast and molds (Y&M) counts were conducted using the same sample interval and 

preparation procedures except that Potato Dextrose Agar (PDA, Alpha 

Biosciences, Baltimore, MD) was used for incubation. One mL of 10% tartaric acid was 

added to 100mL of the PDA medium to adjust the pH to 3.5. Yeast and mold counts were 

expressed as log10 CFU per mL (log10(CFU/ mL)). 

Statistical Analysis 

All processing trials were conducted in triplicate, with sample analysis also done in 

triplicate. Data was analyzed with two-way ANOVA using JMP Pro 15 (JMP, Cary NC) 

to determine correlation between variables. Significant differences were assessed at the 

95% confidence level. All data is reported as the mean ± standard deviation. For particle 

size distribution, the full range of particle size data is used to generate the graph (Figure 

14), while the ANOVA uses the weighted mean value by volume, d(4,3). 

Results and Discussion 
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Benchtop Formulation Trials 

Both common milling strategies in plant-milk production, dry and wet milling, were tried 

in benchtop testing. Since most commercial plant-milks made from nuts and seeds (hemp, 

cashew, almond, etc.) are made with dry milling, it was expected that grinding the hemp 

seeds before water extraction would produce the most promising products (McClements, 

2020). 

Hemp-milk produced from raw seeds, seeds roasted for 20 or 60 minutes, or produced 

from hemp butter were all more likely to separate during storage than hemp-milk made 

from seeds roasted for 40 minutes at 75°C or 30 minutes at 95°C that were wet milled. 

Hemp-milks produced from raw seeds and seeds roasted for 20 minutes at 75°C were also 

prone to coagulation during heating. 

It was also determined that scaling the lecithin to the hemp seeds in a 0.13:1 ratio produced 

a more stable hemp-milk than scaling the lecithin as a percentage of the total volume, 

similar to the ideal surfactant-to-oil ratio reported in Komaiko et al ( (Komaiko, 

Sastrosubroto, & McClements, 2016). Hemp-milks were produced with a range of hemp 

seed concentrations and the least prone to separation all had similar lecithin-to-hemp seed 

ratios, so different samples of hemp-milk were produced with that ratio. Hemp-milks up to 

15% hemp seed concentration and 2% lecithin were made with a 0.13:1 lecithin:hemp seed 

ratio and were not prone to separation. Above 7% hemp seed concentration produced 

highly viscous products that displayed some creaming and were difficult to process due to 

the high amount of solids fouling the cheesecloth and filter bags. 

Comparison of solids content with the commercial hemp-milk suggested that the 

percentage of hemp in the commercial milk was in the range of 3-5%. Three and five 
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percent concentrations were selected for testing in the pilot plant, and seven percent was 

included to provide an additional sample for comparison and to determine the effect of 

higher concentrations of hemp on flavor and mouthfeel. Since raw vs. roasted had an effect 

on the stability of the benchtop trials, the effect of roasting was also evaluated in the pilot 

plant trials. 

Effect of Roasting 

For pilot plant trials hemp seeds were roasted at 95°C for 30 minutes and compared 

against unroasted seeds, based on the preliminary benchtop trials that indicated roasted 

hemp seeds produced more stable hemp-milk. The pilot plant results showed that roasting 

had no significant effect on any of the properties evaluated. Thus, the data presented 

represent the average based on seed concentration and the standard deviation from six 

replicates. 

Quality Assessment 

Hemp-milk samples prepared in the pilot plant were evaluated for physicochemical 

properties, microbial counts, and refrigerated shelf-life. The discussion of results is 

presented per attribute evaluated. 

Particle Size Distribution 

Particle size was positively correlated with solids (R=0.6957). 

A comparison of particle size graphs of each milk analyzed shows that all milks tested 

had similar particle size distributions (Figure 14). In bovine milk, particles below 0.25µm 

are assumed to be casein micelles, particles from 1-2µm are fat globules, and particles 

around 10µm are clustered fat globules that have aggregated into larger particles 

(Partridge, 2016). The double peak of bovine milk below 1µm shows peaks for both 
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casein micelles and fat globules. The lab prepared hemp-milks share a single peak just 

over 0.1µm while the commercial hemp-milk has a double peak in the same location as 

the bovine milk, though at different amplitudes. The bovine milk does not have a peak 

near 10µm, indicating a lack of aggregated fat globules. All of the hemp-milk samples 

displayed a peak at 10µm with differing amplitudes that correlate to the concentration of 

hemp used. The commercial hemp-milk displays another peak between 10 and 100µm, 

which may be further aggregated or coalesced fat globules. If the peak sizes correlate to 

bovine milk, the peak around 0.1µm can be assumed to be a combination of proteins and 

individual fat globules, while the peak at 10µm is aggregated fat globules. The peak at 

0.1µm is extremely similar for all concentrations of lab prepared hemp-milk, suggesting 

that increasing the concentration of hemp seeds used to make the milk does not 

significantly change the protein ratio with this extraction method. The different amplitude 

peaks at 10µm suggests that increasing hemp seed concentration does increase fat 

content. As discussed in Simuang et al, increased fat content is correlated with higher 

viscosity (Simuang, Chiewchan, & Tansakul, 2004). As different emulsifiers can achieve 

smaller particle size and increased amount of surfactants can improve dispersion, 

changing or increasing the chosen emulsifier, sunflower lecithin, may decrease the 

particle and viscosity (Komaiko, Sastrosubroto, & McClements, 2016; Simuang, 

Chiewchan, & Tansakul, 2004). This may also mitigate the creaming that was observed 

in the 7% hemp-milk samples immediately after homogenization. 
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Figure 12: Comparison of particle size distribution of hemp-milk prepared with 3,5, and 
7% hemp seed against commercial hemp-milk and bovine milk 

Sedimentable Solids 

The amount of solids remaining in the test tubes remained consistent over the shelf life of 

the hemp-milk and was positively correlated with viscosity (R=0.6210), particle size 

(R+0.6957) and a* color value (0.7332). A linear progression suggests that the 

commercial hemp-milk had a hemp heart concentration of approximately 3.8%. 
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Figure 13: Comparison of sedimentable solids content of hemp-milk prepared with 3, 5, 
and 7% hemp seed against commercial hemp-milk and bovine milk. 

Color 

No significant difference was detected in L*, a*, or b* values for any of the hemp-milk 

preparations or against the commercially purchased hemp-milk (see Table 5). All of the 

analyzed hemp-milk had significantly lower L* values than the bovine milk (77.8:87.9) 

and significantly higher a* values (-1.3:-2.2), which translates to the hemp-milk being 

darker and more green than the bovine milk. The bovine milk and lab prepared hemp-

milks did not have significantly different b* values, but the commercially available 

hemp-milk had higher value (8.1:13.0) which correlates to the commercially available 

hemp-milk being more blue than the bovine milk or the lab prepared hemp-milk. Of the 
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tested parameters, a* value had the highest correlation with sedimentable solids 

(R=0.6646). 

Table 5: Comparison of color values of hemp-milk prepared with 3, 5, and 7% hemp seed 
against commercial hemp-milk and bovine milk 

Color Components 

L* a* b* 

3% hemp seed 76.9a ±0.8 -1.5a ±0.1 7.1a ±0.4 

5% hemp seed 79.3a ±1.0 -1.3a ±0.04 8.5a ±0.5 

7% hemp seed 79.3a ±1.2 -1.2a ±0.07 8.8a ±0.7 

Commercial 

hemp-milk 

76.5a ±0.2 -1.1a ±0.01 13.0b ±0.1 

Bovine milk 87.4b ±0.08 -2.2b ±0.01 7.9a ±0.02 

Data presented is the mean ± standard deviation. Values in the same column with differing superscripts are 
significantly different. 

Viscosity 

The lab prepared hemp-milks displayed different viscosities based on the percentage of 

hemp seed in the formulation, with the 7% formula being the most viscous and the 3% 

formula being the least viscous. All of the analyzed milk samples had significantly 

different viscosities, with the exception of the lab-prepared 5 and 7% hemp-milks. All 

lab-prepared samples were more viscous than the commercial hemp-milk and bovine 

milk. The commercial hemp-milk and bovine milk also displayed significantly different 

viscosities from each other, with the bovine milk being the least viscous milk tested. The 

commercial hemp-milk was 1.3 times more viscous than bovine milk, the 3% hemp-milk 

was 2.2 times more viscous than bovine milk, and the 5 and 7% hemp-milks were both 3 

times more viscous than bovine milk. Overall, viscosity had the highest positive 

correlation with sedimentable solids (R=0.621), which is line with expectations about 

suspensions of solids in liquids (Konijn, Sanderink, & Kruyt, 2014). This suggests that to 
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reduce the viscosity, a lower concentration of hemp should be used to decrease the 

sedimentable solids and match the commercial sample. 

pH 

All of the milk samples that were analyzed, except the commercial hemp-milk, had 

statistically similar pH readings ranging from 6.70 to 6.96, as expected based on the 

formulations tested (Table 6). The commercial hemp-milk had a pH of 5.9 ± 0.06, which 

was significantly different from the rest of the products. 

Table 6: Comparison of the pH values of hemp-milk prepared with 3, 5, and 7% hemp seed 
against commercial hemp-milk and bovine milk 

pH Readings 
Product type pH 

3% hemp seed 6.89a ± 0.05 
5% hemp seed 6.79a ± 0.12 
7% hemp seed 6.70a ± 0.15 
Commercial hemp-milk 5.87b ± 0.06 
Bovine Milk 6.73a ± 0.03 

Data presented is mean ± standard deviation. Values with differing superscripts are significantly different. 

Shelf Life 

Refrigerated shelf life was determined to be the point when samples reached more than 5 

log growth of microorganisms in the total aerobic plate count. The shelf life varied 

dramatically across the various lab preparations. The 3% and 5% hemp-milk had a 

refrigerated shelf life of approximately 15 days after production. The 7% hemp-milk 

displayed a longer refrigerated shelf life of approximately 30 days. This is potentially 

due to antimicrobial activity associated with hemp seed oil (Novak, Zitterl-Eglseer, 

Deans, & Franz, 2001). During storage, all the 5% hemp-milk samples displayed phase 

separation, but readily recombined with shaking. The 3% and 7% displayed minor 

separation until after the microbial counts were determined to reach 5 log growth. The 

7% hemp-milk displayed minor creaming immediately after homogenization which 
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stayed stable throughout storage, increased homogenization pressure, different 

emulsifiers, or higher levels of emulsifier may be required to reduce the creaming 

observed (Komaiko, Sastrosubroto, & McClements, 2016). Since the 3 and 5% samples 

did not display different shelf lives at the tested interval (1 week), additional testing with 

a shorter interval (2-3 days) would be necessary to determine the exact shelf life of each 

product. 

Table 7: Plates Counts for Aerobic Microbes (PCA) and Yeast & Mold (PDA) for Hemp-
Milks Over 35 Days of Refrigerated Shelf Life 

3% 
5% 

Log Growth Over Time (Log CFU/mL) 
Day 7 Day 21 Day 28 

PCA PDA PCA PDA PCA PDA 
2.2 ± 0.6 <1.00 5.3 ± 1.0 <1.00 - -
1.5 ±0.07 <1.00 5.4 ± 0.8 <1.00 - -

Day 35 
PCA PDA 

- -
- -

7% 1.4 ± 0.3 <1.00 3.6 ± 0.7 <1.00 4.7 ± 0.5 <1.00 6.0 ± 0.1 <1.00 
Data presented is mean ± standard deviation. Once 5 log growth was reached, the sample was considered 
“spoiled” and data was no longer collected. 

Conclusion 

The lab prepared hemp-milk samples that were developed performed well in benchtop and 

pilot plant tests, displaying good stability and a refrigerated shelf life comparable to other 

refrigerated milk products. The amount of sedimentable solids in the lab samples varied 

proportionally based on the amount of hemp seeds included in the formulation, as expected 

(Konijn, Sanderink, & Kruyt, 2014). The amount of solids in the commercially available hemp-

milk was between the 3% and 5% lab samples. The color of the lab prepared hemp-milk was 

darker and more green than bovine milk, but the lightness value was comparable to published 

values for other plant-based milk products (Jeske, Zannini, & Arendt, 2017). All of the lab 

prepared hemp-milk samples were more viscous than bovine milk or the commercially available 

hemp-milk, with the viscosity increasing as the percentage of hemp solids increased (Konijn, 

Sanderink, & Kruyt, 2014). None of the tested products had statistically different pH readings. 

33 



  

                 

                 

           

        

             

                

            

             

 

  

The 7% hemp-milk displayed the longest shelf life of the lab prepared samples at 30 days, with 

the 3% and 5% both having a 15-day shelf life. Minor creaming was observed in the 7% 

solution, increased homogenization pressure or lecithin content may remedy this (Komaiko, 

Sastrosubroto, & McClements, 2016; Saravacos & Kostaropoulous, 2016). 

While the products performed well in production trials, additional future testing to determine 

the best product is needed. A nutritional analysis of the lab prepared sample would allow for 

additional comparison against bovine milk and the commercially available hemp-milk. A sensory 

panel would also be helpful in determining the most acceptable formulation and production 

method. 
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