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Abstract

Ethyl lactate (EL) has an important role as a green solvent, not only to put into practice the 12
principles of green chemistry, but also to achieve a long-term Sustainable Development Goal
for a more economical and environmentally benign solvent for use in different industries and
in food preparations. EL is produced from the esterification reaction oflactic acid and
ethanol, especially from the fermentation of agro-based materials. In this chapter, an overview
of EL properties, production, and the pharmaceutical applications is highlighted. The other
areas discussed are the advantages and disadvantages as a solvent for dissolving/dispersing
bioactive compounds, isolation of phytochemical constituents from natural sources, and
practical applications in topical therapy for dry skin disorders and cosmetics, chiral synthesis,

and controlled drug delivery.
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Abbreviations

2-MeTHF
2-methyltetrahydrofuran

AcOEt
ethyl acetate

CO,
carbon dioxide

DMC
dimethyl carbonate

EL
Ethyl lactate

EPA

Environmental Protection Agency

MTBE
methyl tert-butyl ether

PLA
polylactic acid

1. Introduction

The wide interest for green chemistry applications in pharmaceutical and chemical industries
is increasing because of the environmental challenges facing the world today. Green chemistry
of innovative technologies, such as green solvents and catalysts, is needed to reduce toxic and
unwanted wastes, thus mitigating any deleterious environmental impact [1]. The essential
components of green chemistry, among others, include the design of safe chemicals, harmless
solvents and products, reuse of feedstocks, and reduction of derivatives for wastes degradation
and contamination prevention (Fig. 9.1) [3]. Green chemistry involves the use of green solvent,
which is an ecologically benign chemical production, being safer to human health and
environment. It provides an alternative to conventional solvents to improve the extraction
efficiency, and for efficient extraction of different types of phytochemicals, including the heat-
labile components. Use of less or nontoxic solvents could make the chemical processes more

economically and environmentally sustainable [4]. Among the most studied green solvents are

water, supercritical fluids, and ionic liquids [5]. FEEDBACK O
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Fig. 9.1. Principles of green chemistry [2].

The aim of this review article is to discuss the properties of ethyl lactate (EL), its production,
and the pharmaceutical applications. The other areas that are highlighted are the advantages
and disadvantages as a solvent for dissolving/dispersing bioactive compounds, isolation of
phytochemical molecules from natural origin, and practical applications in topical therapy

such as dry skin disorders and cosmetics, chiral synthesis, and controlled drug delivery.

2. Properties of ethyl lactate

EL meets the criteria as a green solvent based on the 12 principles of green chemistry (Table
9.1) [6], [7]. Among the unconventional solvents, EL can be considered as one of the most
synthesized organic solvents. It is an agrochemical-based solvent, extracted from the plant,
and may be synthesized from carbohydrates such as corn wastes or sugar crops rather than the
oil or fossil fuel-based feedstocks. EL is an essential member of the lactate esters family [8] and
is the main monobasic ester with the molecular structure, C5sH9Os3. It is also known as lactic
acid ethyl ester with the International Union of Pure and Applied Chemistry name of ethyl
(S)-2-hydroxypropanoate) (Fig. 9.2). It is a transparent liquid, or light yellowish, naturally
present in little amounts in a large range of foods such as chicken, soy products, meat, and
some fruits, or fermented foods as a seasoning material [7], [8], [9]. EL has favorable toxicity
properties, and due to its heterogeneity, it easily undergoes metabolic degradation to ethyl

alcohol and lactic acid through the activity of the esterase enzyme. Lactic acid is a natural
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Table 9.1. The principles achieved by ethyl lactate from the 12 principles of green chemistry [6].

Principle Description

3rd Synthetic methods should be designed to use and produced substances with reduced side

effects on human health and environment

4th Chemical compounds must be designed to maintain potency with reducing toxicity

7th The raw materials or feedstock must be renewable instead of than depleting

9th The catalytic and selective reagents are better than stoichiometric reagents

10th Chemical products do not stay in the environment, but break down into harmless degradation
compounds

@]
/"A“O
OH
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Fig. 9.2. The structure of EL [7].

(Modified from C.S.M. Pereira, V.M. T.M. Silva, A.E. Rodrigues. Ethyl Lactate as a Solvent:
Properties, Applications and Production Processes—A Review, 2014. Royal Society of Chemistry
Publishing).

EL is mixable and compatible with water or aliphatic alcohol due to the hydroxyl groups,
while its high boiling point (Tj, = 154°C) allows it to be used at high temperatures [10]. EL has
a high flash point and is nonflammable, noncorrosive, nontoxic, nonozone-reducing,
noncarcinogenic, with low volatility, low viscosity, besides being completely biodegradable to
carbon dioxide (CO,) and water (Table 9.2) [5], [7]. As compared to solvents produced based on
crude oil processing, which can be toxic for human consumption, EL is a novel and
sustainable solvent that has been shown to exhibit low toxicity on humans and animals, even
at high concentrations [4], [11].

Table 9.2. The major advantages and physicochemical properties of ethyl lactate.
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Advantages of ethyl lactate
100% biodegradable

Renewable—made from corn and other

carbohydrates

FDA approved as a flavor additive
Noncarcinogenic

Great penetration characteristics

Stable in solvent formulations until exposed to

water
Noncorrosive
Rinses easily with water

High solvency power for resins, polymers, and

dyes

High boiling point

Easy and inexpensive to recycle
Low VOC

Not an ozone depleting chemical

Low vapor pressure

Not a hazardous air pollutant
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Physicochemical properties
Molecular formula: C5H;(O3

Molecular weight: 118.13

Physical state: liquid
Appearance: colorless
Odor: sweet and fruity

Boiling point (°C): 154

Freezing point (°C): - 26
Autoignition temperature (°C) a: 400

Solubility: easily soluble in water

Flash point (°C): 46

Lower explosion limit (vol%):1.5
Upper explosion limit (vol%):11.4
Specific gravity (g/mL): 1.034

Evaporation rate: 0.29 (as compared to butyl acetate

at1)

Dielectric constant: 15.7

(Modified from S. Singh, Applications of green solvents in extraction of phytochemicals from medicinal

plants: a review, Pharma Innov. J. 7 (2018) 238-245; Y.L. Kua, S. Gan, H.K. Ng, A. Morris, The potential of

ethyl lactate as a green solvent to extract carotenoids and vitamin e from crude palm oil, in: The 3rd

International Symposium on Processing of Foods, Vegetables and Fruits, 2014).

3. Production of ethyl lactate

The route to the synthesis of lactic acid and ethanol can be via plant biomass fermentation.

Commercially, EL is synthesized by lactic acid esterification with ethanol with water as the by-

product. This esterification process is essential, not only for the EL production, but also as a
way to purify the lactic acid itself (Fig. 9.3A) [9]. EL will break down into water and CO,, which

are both structural components of the plant biomass during photosynthesis. This makes it

possible for the plant biomass to be utilized for the production of EL, over and over again (Fig.

9.4) [5]. Apart from lactic acid, EL can be synthesized from ammonium lactate. Ammonium

lactate, produced from fermentation in the presence of ammonia, interacts wi
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leading to the synthesis of ammonia and EL as the products (Fig. 9.3B) [9]. EL contains racemic
mixture in the form of levo (S) or dextro (R), based on the sources of lactic acid. The ethyl (S)-
lactate (ethyl (-)-1-lactate) is mostly formed from the biologically sourced EL, although it can

also be derived from the petrochemical stocks [12].

OH OH
OH HO._ .CH, ~— CH H=0,
HS'G v 3 HS{: il + "I,.H
0 0
(A) Lactic acid Ethanol Ethyl lactate Water
0 NH,*
O.
" HG/\ = /\0 + NH,OH
Ethanol
OH OH

(B) Ammenium lactate

Download : Download full-size image

Ethyl lactate

Fig. 9.3. Production of EL of: (A) esterification of lactic acid with ethanol and (B) esterification

of ammonium lactate with ethanol [9].

(Adapted, by permission, from G. Wypych, Handbook of Solvents, 2nd Edition Volume 2. Use,
Health, and Environment. ChemTec Publishing, 2014).
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Fig. 9.4. Cycle of sustainable production of EL [5].

4. Pharmaceutical applications of ethyl lactate

EL has been applied for plant extraction, and the extraction capacity and its beneficial effects
are better understood during chemical and pharmaceutical applications [1]. The United States
Food and Drug Administration (FDA) has approved EL because of its relatively low toxicity, for
use in food preparation, for the dispersion of bioactive compounds in pharmaceutical
products but without the destruction of its pharmacological activity, and for cosmetic and
beauty products [7]. Compounds such as carotenoids and vitamin E, which are heat and

photosensitive, are more stable in EL than other organic solvents [4].

4.1. Extraction, dissolution, and dispersion of bioactive compounds

Plant constituents are prospective additives in drugs and foods, and any solvents or chemicals
that are in direct contact with the plant materials during extraction must be harmless for
human consumption. As complete removal cannot be ensured, any trace amount of chemicals
left behind may incur the risk of causing long-term health effects with prolonged utilization.
Hence, instead of an elaborate separation process, it is better still to avoid the use of harmful
chemicals altogether. EL is a suitable alternative solvent to hexane, ethyl acetate, acetone,
ethanol, and methanol as it has minimum toxicity, flammability, and vaporization for safe
working conditions or for nutrient extraction from industrial wastes [5]. EL is
noncarcinogenic for use as a food-grade solvent [5], and applicable as soluble/dispersant
excipients for different bioactive components without affecting their pharmacological
activities. It is highly effective in dissolving bioactive compounds that are not easily dissolved

in the normal solvents [7].

There is a growing interest for EL as a green solvent to isolate biologically active ingredients
from natural sources [13], such as the extraction of phytosterol from damp corn fibers to yield
oil products with free fatty acids and phytosterol [14], squalene from preprocessed olive oil,
and tocopherol of olive oil [15], and carotenoids from isomers of lycopene from tomatoes, and
carotene and lutein from carrots and corn [16]. Sclareol is a natural plant product insoluble in
water, which has been isolated from Clary sage using EL, and the products are later recovered
by a CO, gas antisolvent method [17]. Better extraction efficiency of Keto-carotenoid
(astaxanthin) within a short time has been achieved with EL, as compared to acetone,
petroleum ether, and chloroform [18]. The ability of high-value compounds such as caffeine,
ferulic acid, vanillic acid, thymol, and caffeic acid to dissolve in EL further suggests its
suitability as an extractive solvent [19]. The linolenic acid extract from Spirulina microalgae
[20], and polyphenols from Cytisus scoparius, have resulted in the extracts exhibiting high levels

of phenolic compounds with antioxidant activity [21].

4.2. Dry skin disorders and cosmetics

FEEDBACK (I
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According to history, Egyptian queen Cleopatra took a milk bath every week to take care of her
skin as milk is believed to have an important role in skin renewal and to secure youthfulness
of the skin [21]. EL can act as a topical penetration agent that helps deliver cosmetics and
pharmaceuticals to the skin by penetrating deep into the skin and subcutaneous layers. EL has
a soft moisturizing effect on the skin with antiacne properties [9], [22]. It is suitable for use in
skin creams, masks for face, serums, powders, sprays, glue, and dermal antiinflammation
lotion or a vitamin C soluble facial solution. It also provides a novel synergistic medication for
acne when mixed with salicylic acid. EL at 95% composition has been used in manicure
formulations and 50% in nail polish and enamel removers [22]. Lactic acid plays a key role in
skincare and renewal of the skin [23], and lactic acid derivative such as ethyl acetate also has
many important applications in the cosmetics and skincare therapy. Melanin pigment is the
pigment that is responsible for the skin tone and color degree. Lactic acid may be essential in
managing and controlling the skin brightness with the genomic arrangement of the melanin
pigment, and halting the formation of melanin, to assist in the skin discolorations [23]. Lactic
acid exfoliates the skin's surface and develops and helps the skin cell turnover time lines.
Removing the old skin cells helps to rejuvenate the skin cells production with natural collagen

and elastin, and hide the fine lines and wrinkles [24].

4.3. Topical therapy, stereochemistry, and mineral lactate formulations

The common antibacterial agents found in shampoos include EL, benzoyl peroxide (with
sulfur or without), triclosan, and chlorhexidine. Antibacterial shampoo contains a cofactor
agent to manage keratinization defects and pyoderma products. Etiderm shampoo (Virbac)
contains 10% EL for antimicrobial and antiseborrheic effects. EL is liposoluble, and therefore
can penetrate into the adipose glands and hair follicles. It is decomposed, via lipases of the
bacteria, into ethanol and lactic acid and thus reduces the pH of the skin. It inhibits bacterial
lipids, resulting in bacteriostatic and bactericidal effects [25]. The minimum bactericidal
concentrations for EL (Etiderm) against Staphylococcus pseudintermedius and S. pseudintermedius
are 1:2 (for 10 min) and 1:2-1:16 (for 30-60 min). Dilution to the 1:2 ratio is highly effective
toward Pseudomonas, and dilution at 1:512 is effective against Malassezia at all durations [26].

In pharmaceutical product development, chiral chemistry is very important. Among the chiral
building blocks for natural products, lactic acid is one of the significant components. In terms
of optical purities, both 100% (R) and (S) isomers are available in the market. The
pharmaceutical product manufacturers are dependent on the chiral synthase like lactic acid
due to the many advantages such as nontoxic, inexpensive, synthetically versatile, and leading
to products with tunable and desired stereochemistry [26]. Lactate is also a very important
vehicle or compound for introducing therapeutic minerals. The human body reacts to lactate
and its salts without any deleterious consequences. Good tolerance and pleasant tastes are
reported after lactic acid is introduced in the food preparations. There are many types of
lactate minerals that are associated with the treatment of specific diseases such as calcium
lactate (for tooth decay, hypertension, osteoporosis), ferrous lactate (anemia), zinc lactate

(epidermis problem), magnesium lactate (muscle failure, high blood pressure), and manganese

lactate (intolerance of glucose) [27]. FEEDBACK O
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4.4. Controlled drug delivery system and diverse application

For controlled drug delivery application, the increasing content of the polymer network
formation and the different concentrations of isopropyl myristate and EL increase the drug
release rates in the early and/or late time periods. The drug release rate, however, increases
through early time periods (0-6 h) and decreases in the late time periods (6-24 h), with
increasing EL concentration [28]. The lactide-glycolide copolymers could dissolve in the skin
and then be absorbed into the body. Polylactic acid (PLA) (biocompatible biopolymer) can
degrade into a hydroxyl acid monomer and be readily metabolized during the tricarboxylic
acid cycle and therefore could be a potential candidate as a drug releasing matrix in various

new drug combinations for applications in the human body [29], [30].

EL may also enhance the protection time against mosquitoes such as Aedes aeqypti [9]. Some of
the pharmaceutical applications such as parenteral and dialysis solution make use of natural
lactic acid and its isoforms. Lactic esters are used as a diluting agent for many resins and oils,
paints, dyes, pigments, as cleaning agents, and as a degreasing fluid for machinery [31]. To
reduce environmental pollution, interest on the use of “green solvents” as a replacement to
the unfriendly hazardous solvents in traditional chemical production, such as the olefin
metathesis, has increased. Olefin metathesis is one of the important processes in the
pharmaceutical and fine chemical industries as an atom-economical and selective chemical
transformation [10]. Different solvents have been used, and these include water, methyl tert-
butyl ether (MTBE), acetic acid, glycerol, polyethylene glycol, dimethyl carbonate (DMC), 2-
methyltetrahydro-furan (2-MeTHF), methyl decenoate, and ethyl acetate (AcOEt). Although
many studies have been done on the olefin metathesis to elucidate the mechanism or the
pathways, only a limited number has been reported on the “green” solvents, and EL is the

cheapest and simplest lactic ester for the catalytic olefin transformation [32].

5. Conclusion

EL is nontoxic, biodegradable, with high solvency power, mixes excellently with organics and
is environmentally friendly, and does not break down into harmful degradation compounds.
EL is produced commercially by lactic acid esterification with ethanol, and water is the by-
product; it can also be synthesized from ammonium lactate. EL can be used in the
pharmaceutical industry as soluble/dispersant excipients for different bioactive compounds
without affecting the pharmacological activities of the components, in the extraction of’
phytochemical compounds from natural sources, and act as a topical penetration agent for the

delivery of cosmetics and pharmaceuticals to the skin and as a drug delivery system.
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