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Major Engine of Growth in the Cannabis 
Industry: State of the Art Formulation 

Technology for Product Innovation 
and Expanded Applications

New, innovative products and applications have 
been a major driver of growth of the cannabis 
industry. The range and number of new prod-

ucts is breathtaking and spans pharmaceuticals, food 
and dietary supplements, topical and personal care, 
and veterinary and pet food. It includes product for-
mats ranging from prescription pharmaceutical formu-
lations to capsules, chewable tablets, nutrition bars, 
gummies, drops, bottled water, beverages and sports 
drinks, creams, lotions, sprays, inhalation and vapor 
products, and pet snacks and treats. 

In a significant milestone, in June 2018 the U.S. Food and 
Drug Administration (FDA) approved the drug Epidiolex 
(GW Pharmaceuticals), which is an oral solution of canna-
bidiol (CBD) for the treatment of seizures associated with 
two rare and severe forms of epilepsy. Epidiolex is the first 
FDA-approved drug that contains a purified drug sub-
stance derived from cannabis—in a strong pipeline of de-
velopment and clinical testing. 

Purified and concentrated cannabis extracts are power-
ful tools in product innovation. For medical applications, 
they allow the identification of the active ingredients, 
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Formulation technologies provide a powerful tool in product innovation and new applications 
especially for purified and highly concentrated extracts including cannabidiol (CBD) and 
tetrahydrocannabinol (THC). Fortunately, the cannabis industry can choose from formulation 
technologies and ingredients that have a record of use in pharmaceuticals, food and beverages, 
dietary supplements, personal care, and veterinary and pet food products. This article aims to assist 
in making choices that support safety, efficacy, stability, and consumer acceptance.
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clinical testing for FDA approval and 
claims, and products that have de-
fined potency and can be tested with 
established scientific methods for 
meeting specifications with consist-
ency and stability. The same reasons 
increasingly apply to dietary supple-
ments, beverages and sports drinks, 
and other applications. The use of pu-
rified and concentrated extracts also 
allows for the use of smaller amounts, 
which has significant benefits for 
taste, odor, color, or capsule and tab-
let size for oral supplements. The use 
of purified and concentrate extracts 
also facilitates accurate testing using 
smaller sample size.

Why Formulation: 
The Top Reasons
Formulation is key to new innovative 
products and applications for the fol-
lowing reasons:
•	 Solubility in water
•	 Increased absorption 

and bioavailability

•	 Improved stability
•	 Taste, odor and other 

characteristics

•	 Regulatory
Let’s take a closer look at each reason 
below.

Solubility in Water 
Upon extraction and purification, im-
portant cannabinoids such as CBD 
and tetrahydrocannabinol (THC) 
come out as oils that are practically 
insoluble in water. For many products 
and applications such as beverages, 
medical formulations, sprays, topical 
formulations, and others, solubility in 
water is a must. 

Increased Absorption 
and Bioavailability
Absorption of oils requires optimal 
function of the liver, pancreas, and 
the complete digestive tract. Absorp-
tion is also affected by the diet, age, 
and health conditions of the user. 

Clinically proven formulation technol-
ogies increase absorption and bioa-
vailability especially in the large pop-
ulation segments with suboptimal 
absorption (1,2). 

Improved Stability
The stability and shelf-life of can-
nabinoids is affected by exposure to 
sunlight, air, heat, and other factors. 
When cannabinoids are added to wa-
ter, foods, creams, and other prod-
ucts, their stability can be affect-
ed by exposure to oxidizing agents, 
acidic or alkali conditions, and reac-
tive compounds. Customized formu-
lations provide powerful tools for op-
timizing stability.

Taste, Odor, and 
Other Characteristics
Taste is of paramount importance in 
food, beverages, and other oral prod-
ucts. Odor is also important. Terpenes, 
which are abundant in cannabis plants, 
can have strong aromas that may be 
carried over into extracts, concentrates, 
and even purified cannabinoids. For-
mulation provides the opportunity for 
addressing the taste, odor, texture, and 
other characteristics for the specific 
products and applications. 

Regulatory
For medical applications, formulation 
is required for accurate dosing of the 
desired product. With the expand-
ing approval of cannabis products in 
the United States, Canada, and oth-
er countries, there is increasing focus 
on quality, testing and product speci-
fications, potency, stability, and other 
product characteristics.

Choosing Formulation 
Agents: Top Criteria
The top criteria to consider when 
choosing the right formation agents 
include safety, efficacy, positive or 
neutral effect on important proper-
ties, and support of label and cus-
tomer preferences. Let’s explore each 
of those criteria in more detail. 

Safety
The FDA’s GRAS (generally recog-
nized as safe) designation is a top se-
lection criterion. A long record of safe 
use on a daily basis, with significant 
safety margins across wide dose rang-
es supported by clinical evidence, 
provides additional confidence. 

Efficacy
This criterion requires major home-
work, especially for the critical 
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Figure 1: Absorption of lipids in humans. Bile and pancreatic enzymes are essential for the 
formation of micelles and absorption of lipids. Suboptimal function and diseases of the liver, 
pancreas, and the digestive tract cause malabsorption.
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parameters of water solubility, stability, 
and increased absorption and bioavail-
ability. While efficacy claims are abun-
dant, few are supported by evidence. 
The gold standard is research and clin-
ical evidence from leading universities 
and researchers, preferably support-
ed by the National Institutes of Health 
(NIH) or similar quality funding organi-
zations, and the results published in ref-
ereed scientific and medical journals.       

Positive or Neutral Effect 
on Important Properties 
This includes taste, odor, and color. 
For oral products, especially foods 
and beverages, taste and odor are of 
paramount importance.   

Support of Label 
and Customer Preferences
Although there is no official definition 
of clean label, consumers increasing-
ly show preference for minimally pro-
cessed products with safe ingredi-
ents, preferably derived from natural 
sources. Additional consumer prefer-
ences include no sugar or salt added, 
free of gluten, dairy, and animal prod-
ucts, nuts and other sources of aller-
gens, and nongenetically modified 
organisms (non-GMO).

Key Commercial  
Formulation Applications
The major cannabinoids, CBD and 

THC, are key components of innova-
tive products. Increasingly, these can-
nabinoids are used in concentrated or 
purified form, especially for medical, 
dietary supplement and food and bev-
erage applications, sprays, and topical 
products. Key objectives of formulation 
were discussed above and include:

1.	 Solubility in water especially 
for the emerging market 
segments of infused water, 
beverages, sports drinks, and 
other water-based products.

2.	 Increased absorption and 
bioavailability, which is key 
for medical applications with 
oral dosing especially because 
disease conditions often cause 
poor absorption. Enhanced 
absorption is important for 
efficacy of dietary supplement 
applications in wellness and 
health with strong and growing 
consumer awareness

3.	 Stability: Formulations of 
cannabinoids in water based 
products, especially when 
combined with other ingredients 
in the final product such 
as vitamins, minerals, and 
nutraceutical, increase the 
challenges to their stability (3).   

A good number of solubilizing agents 
are available and include:

•	 Water-soluble organic solvents 
such as ethanol, polyethylene 
glycols, glycerin, N-methyl-2-
pyrrolidone, dimethylacetamide, 
and dimethylsulfoxide (DMSO).

•	 Non-ionic surfactants such as 
vitamin E TPGS (d-α-tocopheryl 
polyethylene glycol 1000 
succinate), polyethoxylated 
castor oil (Cremophors), 
polysorbates (Tweens), sorbitan 
monooleate, poloxamers, 
macrogolglycerides linoleates, and 
mono- and di-fatty acid esters. 

•	 Phospholipids such 
as hydrogenated soy 
phosphatidylcholine, 
distearoylphosphatidylglycerol, 
l-α-dimyristoylphosphatidylcholine, 
l-α-dimyristoylphosp
hatidylglycerol.

•	 Organic liquids and semi-solids 
such as medium-chain mono- and 
diglycerides, and cyclodextrins.

Producing the  
Optimal Formulation
The choice of the right ingredients 
depends on many factors such as the 
properties of the active ingredient or 
the final form of the product. For ex-
ample, cyclodextrins and solid mono-
glycerides have a key role in formu-
lating tablets and other solid forms 
while others such as ethanol, polyeth-
ylene glycols, and glycerin support 
the formulation of liquids. 

The increasing consumer aware-
ness and strong preference for simple 
formulations using ingredients with 
proven records of safety and efficacy, 
and the major role of taste and odor, 
especially for oral products, have lim-
ited the practical choices dramatical-
ly. For example, polysorbates (such as 
Tween-80) which are common, strong 
solubilizers in the pharmaceutical, 
food and beverage, and cosmetic in-
dustries, can impact the taste. More 
importantly, an increasing consumer 
segment prefer products that do not 
contain polysorbates (4). 

Vitamin E TPGS, a derivative of nat-
urally sourced alpha-tocopherol is 
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Figure 2: Micelle-like particles enable solubility and enhance absorption. Micelles are 
composed of hydrophobic (lipid) interior and hydrophilic exterior. In the human body, 
formation of micelles is essential for emulsification and absorption of lipids. 
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becoming the formulation ingredient 
of choice for cannabis products, es-
pecially purified or concentrated CBD 
and THC and other extracts. The rea-
sons include:
•	 A proven record of safety (1,5) 

based on decades of commercial 
use in pharmaceuticals and 
dietary supplements, including 
vitamin formulations for children.

•	 Efficacy based on conclusive 
clinical evidence (6), not only 
as a solubilizer for water-
soluble formulations, but also 
in its ability to form micelle-
like particles that enhance 
absorption and bioavailability. 
Its efficacy is illustrated by its 
use in clinically-tested (7), FDA-
approved products formulated 
for enhanced absorption. 

•	 Neutral taste and odor and light 
yellow color are particularly 
important for oral and personal 
care product formulations. 

•	 Support of product stability. 
Vitamin E TPGS contains some 
free tocopherols that have strong 
antioxidant activity and support 
product stability especially for 
oil-based products. In addition 
to reducing potency, products 
of oxidation affect taste, 
odor, and can be harmful. 

•	 Support of label claim of free 
of allergens, sugar, salt, gluten, 
dairy, and animal products. 
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