
ABSTRACT 

CONSTANZA, KAREN ELIZABETH. Functional Ingredients from Peanut Plant Parts. 
(Under the direction of Dr. Lisa Dean and Dr. Jack Davis). 
 

Peanuts (Arachis hypogaea L.) are economically important worldwide as an oilseed 

crop. However, other than the peanut seed, the rest of the plant has little economic value and 

limited current applications. Peanut leaves, stems, roots, hulls, and skins can be used as a 

minor component of animal feed or soil conditioners, but are most often disposed of as a 

waste product. 

Peanut skins, although established as a rich source of phenolic antioxidants, do not 

have any significant uses other than as a minor component of animal feed. In order to 

develop an additional use for peanut skins, an extraction and spray drying process was 

designed to produce a value added food ingredient with high antioxidant capacity. Peanut 

skins (mix of runner/virginia market types) were obtained from Universal Blanching 

(Sylvester, GA) for this process. The peanut skins were milled, extracted with 70% ethanol, 

and separated into a soluble extract and insoluble material. The ethanol was evaporated from 

the soluble extract before it was spray dried with and without the addition of a maltodextrin 

carrier agent. The resulting powders showed higher total phenolics than the soluble extract as 

well as higher antioxidant capacity indicating a concentration effect of the spray drying 

process. Comparatively, the resulting powders had greater antioxidant capacity than many 

commonly recognized sources of antioxidants, such as fruits and spices. Spray drying also 

resulted in a 6-fold increase in solubility of the spray dried powders compared to the milled 

peanut skins, which is noteworthy for its potential use as a food ingredient. Additionally, the 



insoluble material produced by this process may have increased value for use in animal feed 

due to the removal of phenolic compounds during extraction.  

Similar to peanut skins, peanut leaves have limited use in animal feed, but are most 

often worked back into the field soil after peanut harvesting. In order to determine an 

additional use for peanut leaves, the composition of essential oil from peanut leaves was 

identified for organically grown annual peanut plants (Arachis hypogaea L.) as well as for 

perennial peanut plants (Arachis glabrata Benth). Leaves from A. hypogaea and A. glabrata 

were freeze dried and the essential oils were extracted by distillation in a Clevenger-style 

apparatus. The chemical compositions of the essential oils recovered were determined using 

gas chromatography and gas chromatography-mass spectrometry. A. hypogaea and A. 

glabrata leaves produced oil yields of 0.63% and 0.61%, respectively. The primary 

components identified in A. hypogaea were aldehydes, phenols, linalool and phytol while the 

major components of A. glabrata leaves were linalool, alkanes, and fatty acids. 

This research suggests that two current waste products from peanut production, 

peanut skins and leaves, could have potential additional applications, increasing the 

economic value of the peanut crop. Spray dried extract from peanut skins could be utilized by 

the food industry as a natural source of antioxidants while peanut leaves, which may also 

posses antioxidant capacity, could find additional value in the fragrance industry. 
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Introduction 

 Peanuts are one of the major food crops grown throughout the world with an annual 

production estimated at 38 million tons (Bertioli and others 2011). The United States is the 

third largest producer of peanuts worldwide, following China and India, accounting for 

approximately 6% of the world’s production (Maiti 2002; Bertioli and others 2011).The 

peanut is grown primarily as an oil crop globally and for use in peanut butter in the U.S. (The 

Peanut Institute 1999; Sobolev and Cole 2003). Compositionally, peanut seeds are 40 – 50% 

fat, 20 – 30% protein, and 10 – 20% carbohydrate, and are a good source of potassium, 

phosphorus, and magnesium (Pattee and Young 1982). They also contain vitamin E, niacin, 

folate, calcium, sodium, zinc, iron, riboflavin, and thiamine (Pattee and Young 1982; Fabra 

and others 2010).  

Currently, the edible seed, which only represents 40% of the entire peanut plant, is 

the most economically important part (Dean and others 2008). The remaining parts of the 

plant are typically regarded as waste products and presently have very limited uses. Peanut 

leaves, stems, and roots are most often plowed back into the soil after digging, with peanut 

leaves having some use as animal hay (Almazan and Begum 1996). After shelling and 

blanching, peanut hulls and skins can have restricted use in animal feeds or as mulch (Dean 

and others 2008). However, peanut skins cannot be used in very high levels in animal feeds, 

only approximately 5-8%, due to their high content of phenolic compounds that can 

polymerize with dietary protein making it unavailable for absorption (Hill 2002; Sobolev and 

Cole 2003). 
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Consumption of fruit, vegetables, whole grains, and other dietary sources rich in 

antioxidants has been associated with decreased risk for chronic diseases (Liu and Felice 

2007). Antioxidants have also been utilized by the food industry as a way of preventing lipid 

oxidation and the development of off flavors in food products (Choe and Min 2009). Due to 

the increasing interest in natural food additives, natural sources of antioxidants are currently 

being investigated for use in food products as well as dietary supplements (Yanishlieva and 

others 2006). Common sources of natural antioxidants include herbs, spices, and plant 

essential oils (Peschel and others 2006; Yanishlieva and others 2006; Misharina and others 

2009). 

Peanut by-products such as leaves, skins, hulls, and stems, have previously been 

established as sources of phenolic compounds (Dean and others 2008; Francisco and 

Resurreccion 2008). Peanut skins have particularly have been noted as a rich source of 

phenolic compounds (Van Ha and Pokorný 2007; Wang and others 2007; Yu and others 

2007). By recycling current waste products of the peanut industry, there is potential for 

increasing their value while identifying an additional source of natural antioxidants that could 

be used in the food industry to prevent oxidation as well as to promote human health. 

Peanuts (Arachis hypogaea) 

 The peanut, (Arachis hypogaea), is an annual legume originating from South America 

(Hammons 1982). A. hypogaea is a member of the Leguminosae family and can be divided 

into two subspecies, A. hypogaea subspecies hypogaea and A. hypogaea subsp. fastigiata, 

based on branching pattern and lateral stem distribution (Moss and Rao 1995). Peanuts are 

cultivated in tropical, sub-tropical, and temperate climates throughout the world with the 
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highest production occurring in India, China, and the United States (Stalker 1997). However, 

wild-type species of A. hypogaea are only found in South America (Hammons 1982). 

Physiology, Reproduction, and Growth 

The peanut plant [Figure 1] is distinctive in that it produces flowers above ground, 

but produces seeds underground (Stalker 1997; Fabra and others 2010).  The germination of 

peanut seedlings, which consist of two cotyledons, a stem axis, leaf primordial, primary root, 

and hypocotyl, is epigeal and most above ground structures are visible within the first few 

weeks after germination. The primary root is tap rooted and can grow as far as 135cm below 

the soil surface. Later roots, which develop shortly after germination, generally only grow 5-

35cm below the soil surface (Moss and Rao 1995; Stalker 1997). Peanut plants have a 

symbiotic relationship with nitrogen fixing bacterial from the Bradyrhizobium genus (Moss 

and Rao 1995; Stalker 1997; Fabra and others 2010). The invasion of peanut roots by 

Bradyrhizobium strains leads to the formation of nodules on the roots (Elkan 1995; Fabra and 

others 2010).  

Shortly after germination, the cotyledons are pushed out of the soil by the hypocotyl 

and peanut plant aerial development begins with the unfolding of the two cotyledons 

(Munger and others 1998). The terminal bud on the epicotyl develops into the plant’s main 

stem which can grow up to 65cm in height. Both the main stem and the subsequent lateral 

stems begin to form leaflets during stem elongation (Moss and Rao 1995; Stalker 1997).  

Peanut leaves are alternate and pinnate consisting of four leaflets that range in size 

from 4cm2 up to 80cm2 throughout the plant’s life cycle (Ketring and others 1982; Fabra and 

others 2010). At night and during times of water stress, the four leaflets will fold upon each 
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other. Peanut leaves share similar anatomic features with other dicotyledonous plants, 

including the presence of stomata on the upper and lower leaf surface. Additionally, peanut 

leaves undergo photosynthesis through the pentose phosphate (C3) pathway like other 

dicotyledonous plants (Ketring and others 1982).  

Peanut flowers, which can range in color from light yellow to bright orange, are 

located in the axils of peanut leaves and each axil can contain up to five flowers (Moss and 

Rao 1995). Flowers begin to develop within four to six weeks after germination with the 

maximum amount of flowers appearing after six to ten weeks (Fabra and others 2010). 

Peanut plants are self pollinating; however some outcrossing among different plants is 

possible (Stalker 1997). The reproductive structures of peanut flowers consist of a style 

contained inside of a calyx tube which is fixed at the base of an ovary (Moss and Rao 1995). 

Typically, fertilization occurs within two days of pollination (Stalker 1997).  

After self-fertilization, the petals and other parts of the flower wilt with the exception 

of the ovary (Munger and others 1998). The ovary begins to elongate geotropically after 

fertilization, forming the peg, until it reaches the soil. Once the peg penetrates the soil 

surface, peanut pod and seed development begins (Moss and Rao 1995; Stalker 1997). 

Peanut pods can contain between two to five round or elliptical shaped seeds, although two 

seeds is most common, and reach maturity after two to three weeks in the soil (Stalker 1997; 

Fabra and others 2010). Peanut seeds are covered by a protective seed testa, or skin, that can 

range in color from white to dark purple depending on seed maturity as well as 

environmental factors (Wynne and Coffelt 1982; Moss and Rao 1995).  
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Peanut plants can take anywhere from 95-140 days to reach full maturity, depending 

on the market type. Peanuts are usually planted in April or May and are harvested from 

August to October depending again on the market type and the growing location (Henning 

and others 1982). 

 
Figure 1. Illustration of a Peanut Plant (Anonymous 2007) 
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Perennial Peanut (Arachis glabrata) 

 The perennial peanut (Arachis glabrata), also known as the rhizoma peanut, is a 

warm season forage legume that produces very few seeds in comparison to A. hypogaea (Hill 

2002; Butler and others 2007). The perennial peanut does not require re-planting from year to 

year and consequently develops an extensive root system that contributes to the plant’s 

drought resistance (French and others 2006). However, due to the perennial peanut’s low 

production of seeds, it is not commonly grown by peanut producers (Butler and others 2007). 

When the perennial peanut is grown, it is limited to north Florida, Georgia, and southern 

Alabama for hay and grazing purposes. Nutritionally, A. glabrata hay is similar to alfalfa hay 

in percent protein, fiber, and ash and is typically marketed and priced similarly to alfalfa hay 

for use as animal feed (Hill 2002; Myer and others 2010). However, alfalfa does not grow 

well in the southeast U.S. which has lead to increased interest in growing the perennial 

peanut in this region as a substitute for alfalfa hay to eliminate increasing shipping costs 

(Myer and others 2010). 

Peanut Processing and Production 

In 2010, peanuts were planted on approximately 1.29 million acres in the U.S. 

yielding an estimated 3,311 pounds of peanuts per acre (Agricultural Statistics Board 2011). 

Total U.S. peanut production for 2010 is estimated at 4.16 billion pounds, which is a 13% 

increase from 2009 where an estimated 3.69 billion pounds were produced (Agricultural 

Statistics Board 2010; Agricultural Statistics Board 2011). 

Generally, U.S. peanut production is concentrated in three main areas; the Southeast, 

Southwest, and Virginia-Carolina [Table 1] (Henning and others 1982). Within the three 
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main growing areas, seven states represent approximately 99% of all U.S. peanut production 

with Georgia and Texas accounting for the majority of peanuts produced, growing 41% and 

24%, respectively (American Peanut Council 2010).  

There are four main market types of peanuts grown in the U.S.; runner (subsp. 

hypogaea var. hypogaea), virginia (subsp. hypogaea var. hypogaea), spanish (subsp. 

fastigiata var. vulgaris), and valencia (subsp. fastigiata var. fastigiata) (Stalker 1997; 

American Peanut Council 2010). In the U.S, runners are the dominant market type of peanuts 

and they are mostly grown in Alabama, Georgia, Florida, Oklahoma and Texas (American 

Peanut Council 2010). Runners have medium size pods (550 – 650mg/seed), take 

approximately 120 days to reach maturity, and are primarily used in peanut butter and candy 

production (Stalker 1997).  

Table 1. U.S. Production Areas (Henning and others 1982) 

Production 
Area 

States 
Included 

U.S. Production 
Percentage 

Southeast Georgia, Florida, Alabama 50% 

Southwest Texas, Oklahoma, Mississippi,
Arkansas, New Mexico 31% 

Virginia-Carolina Virginia, North Carolina, 
South Carolina 18% 

 
The virginia market type, which is the second leading market type, is mainly grown in 

Virginia and North Carolina and has the largest seed of all peanut market types. Generally, 

virginia peanuts are roasted, salted, and eaten from the shell (American Peanut Council 

2010). Virginias have a longer growing season, approximately 140 days, and require more 

calcium for development than the smaller seeded market types (Henning and others 1982; 

Stalker 1997).  
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The Spanish market type is grown typically in Oklahoma and Texas and is similar in 

seed size to runners, but has a shorter growing season and lower yields than other market 

types (Stalker 1997). Approximately 4% of U.S. peanut production is from the Spanish 

market type. Spanish peanuts have the highest oil content of any market type and are largely 

used in candy production with minor use for peanut butter production or salted nuts 

(American Peanut Council 2010). The Valencia market type is only grown in New Mexico 

and makes up less than 1% of the U.S. peanut market (Stalker 1997). Valencias have a short 

growing season of approximately 95 days and have three to four seeds per pod (Henning and 

others 1982; Stalker 1997). They are sweeter than the other market types and are generally 

sold as ball-park peanuts, roasted or boiled in shell (Stalker 1997; American Peanut Council 

2010). 

Peanut Skins 

 Peanut skins, or testae, along with the remainder of the peanut plant, are currently 

considered a byproduct of peanut production with annual skin production estimated around 

750,000 tons worldwide (Ballard and others 2009). They represent 3 – 7% of the peanut seed 

kernel by weight depending on the variety and size of the peanut. Compositionally, peanut 

skins contain approximately 12% protein, 72% carbohydrate, and can range in fat content 

from 8-35% depending on the variety (Sobolev and Cole 2003; Yu and others 2007). 

Additionally, of the carbohydrates present in peanut skin, approximately 14% exists as crude 

fiber (Hill 2002). Peanut skins have also been established as a rich source of antioxidants, 

particularly phenolic compounds which range from 56-90mg gallic acid equivalents per gram 

of dry peanut skins (Nepote and others 2005; Sobolev and Cole 2003; Wang and others 2007; 

 



10 
 
 

 
Yu and others 2005). However, processing methods such as blanching and roasting as well as 

extraction solvent can alter the amount of total phenolics recovered from peanut skins. 

Blanching typically causes a decrease in total phenolics while roasting has been shown to 

slightly increase total phenolics recovered (Yu and others 2005). The greatest extraction 

yields of phenolic antioxidants from peanut skins are recovered by using 70% ethanol as an 

extraction solvent (Nepote and others 2005). 

 Several phenolic compounds have been identified in peanut skins through liquid 

chromatography – mass spectrometry (LC-MS) and high performance liquid chromatography 

(HPLC). Catechins, A-type and B-type proanthocyanidin dimers, trimers, and tetramers have 

been identified by LC-MS as the major phenolic compounds in peanut skins with caffeic 

acid, chlorogenic acid, ellagic acid, resveratrol, and resveratrol glycoside as the minor 

phenolic compounds present (Yu and others 2007). Analysis by HPLC has also identified the 

presence of A-type proanthocyanidins dimers, catechin, and epicatechin, as well as two 

additional phenolic acids ferulic acid, and coumaric acid (Lou and others 1999; Yu and 

others 2007). 

Essential Oils 

 Essential oils are assortments of volatile compounds isolated from plant material 

through distillation or mechanical pressing (Franz and Novak 2010; Rubiolo and others 

2010). The International Standard Organization (ISO) defines an essential oil as a “product 

obtained from vegetable raw material – either by distillation with water or steam obtained 

with or without water in the still” (Schmidt 2010). Essential oils are composed of secondary 

metabolites and contribute to the biological and aromatic properties of plants (Kalemba and 
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Kunicka 2003). They differ from edible oils in that they are composed of secondary 

metabolites whereas edible oils are composed of lipids, which are primary metabolites (Sell 

2010). Biologically, essential oils can act as internal messengers, defense mechanisms 

against microorganisms and predators, and to attract pollinating insects (Bhojwani and 

Razdan 1996; Franz and Novak 2010). Historically, plant essential oils were often used in 

traditional medicines, while today essential oils are used extensively in pharmaceuticals and 

nutraceuticals (Bourgaud and others 2001). Essential oils can also be used for a variety of 

other industrial purposes including food flavoring, animal feed additives, food preservation, 

fragrances, antimicrobials, and aromatherapy (Schmidt 2010).  

Chemistry of Essential Oils 

 Essential oils are composed of secondary metabolites that have low molecular 

weights and are present in some species, but not all, throughout the plant kingdom (Hadacek 

2002; Sell 2010). The term secondary metabolite is used to describe products of plant 

metabolism that are nonessential for growth, but essential for plant survival. Secondary 

metabolites are considered to be adaptive within plants and vary among species based on the 

requirements of the producing organism (Hadacek 2002; Vaishnav and Demain 2010). There 

are four main groups of secondary metabolites: alkaloids, polyketides, terpenoids, and 

shikimates; with terpenoids and shikimates being the most significant in essential oil 

composition. Polyketides can be found at lesser quantities than terpenoids and shikimates in 

essential oils, and alkaloids rarely contribute to the overall composition (Sell 2010). Alkaloid 

production is more specific to particular plant genus and species compared to the other 
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secondary metabolites, which can be found throughout the plant kingdom, limiting the 

contribution of alkaloids to essential oil composition (Bourgaud and others 2001). 

 The basic building block for shikimates, terpenoids, and polyketides are formed in 

green plants through photosynthesis and glycolysis [Figure 2] (Sell 2010). In photosynthesis, 

water and carbon dioxide combine in the chloroplasts using solar energy to produce glucose 

and oxygen. Glucose is then broken down during glycolysis into two molecules of pyruvate 

and two molecules of adenosine triphosphate (ATP) (Berg and others 2002). 

Phosphoenolpyruvate, an intermediate of glycolysis, is one of the primary substrates, along 

with erythrose 4-phosphate, for the shikimate pathway (Herrmann and Weaver 1999; Sell 

2010). Phosphoenolpyruvate can then undergo decarboxylation and esterification with 

coenzyme-A to form acetyl coenzyme-A, which is the starting for the formation of terpenoids 

and polyketides (Sell 2010). 

 
Figure 2. Plant Production of Secondary Metabolites (Sell 2010) 

Terpenoids are a diverse group of natural products that can be either primary 

metabolites, which are necessary for plant growth and cellular function, or secondary 
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metabolites (Roberts 2007). The terpenoid secondary metabolites are considered to be the 

most important group for essential oil composition and also the most commercially 

significant due to their wide variety of uses in flavors, colors, medicines, and agricultural 

chemicals (Roberts 2007; Sell 2010). Terpenoids can be defined by a 2-methylbutane 

skeleton and are derived from isoprene units, mainly isopentenyl diphosphate and 

dimethylallyldiphosphate [Figure 3] (Roberts 2007; Sell 2010). These isoprene units are 

generated mostly through the mevalonate pathway; however, they can also be generated 

through an alternative pathway, the 2-C-methyl-D-erythritol-4-phosphate pathway (Roberts 

2007). 

 
Figure 3. Formation of Terpenoids from Isoprene Units (Roberts 2007) 

Abbreviations: Isopentenyl diphosphate (IPP); Dimethylallyldiphosphate (DMAPP); Geranyl pyrophosphate 
(GPP); Farnesyl pyrophosphate (FPP); Geranylgeranyl pyrophosphate (GGPP) 
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 Over 40,000 different terpenoids that have been identified, only the hemiterpenoids, 

monoterpenoids, and sesquiterpenoids are volatile enough to contribute to the composition of 

essential oils (Roberts 2007; Sell 2010).  Degradation products of hemiterpenoids, 

monoterpenoids, and sesquiterpenoids also contribute significantly to essential oil 

composition. Hemiterpenoids are present as minor fractions of essential oils and contain five 

carbon atoms (Sell 2010). Monoterpenoids and sesquiterpenoids, which contain 10 and 15 

carbons, respectively, are formed through the condensation of isoprene units (Roberts 2007; 

Sell 2010). The condensation of isopentenyl diphosphate and dimethylallyldiphosphate yields 

geranyl pyrophosphate, which is the precursor for the monoterpenoids. Further condensation 

of geranyl pyrophosphate with isopentenyl disphosphate yields the precursor for the 

sesquiterpenoids, farnesyl pyrophosphate (Roberts 2007). Additional, higher order terpenoids 

can be formed through further condensation of these isoprene units (Roberts 2007; Sell 

2010). 

Shikimates are produced through the seven-step shikimate metabolic pathway 

beginning with the condensation of phosphoenol pyruvate and erythrose 4-phosphate 

(Herrmann and Weaver 1999). Shikimic acid, a key intermediate of the shikimate pathway, is 

the precursor for many volatiles that contribute to essential oil [Figure 4] (Knop and others 

2001; Sell 2010). Also, shikimic acid is the precursor for flavonoids and lignin in plants as 

well as a common way for plants and microorganisms to produce the aromatic amino acids 

phenylalanine, tyrosine, and tryptophan (Herrmann and Weaver 1999; Sell 2010). Shikimate 

pathway intermediates and derivatives can be classified by a six-membered ring, either a one- 
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or three-carbon substitution, and oxygenation on the third carbon, and/or fourth and fifth 

carbons (Sell 2010). 

Polyketides and lipids can also contribute to the composition of essential oils, though 

not as extensively as terpenoids or shikimic acid derivatives. There are three main pathways 

that produce polyketides and lipids significant to essential oils; degradation of fatty acids, 

cyclization of arachidonic acid, and the condensation of polyketides (Sell 2010).  

 
Figure 4. Synthesis of Shikimic Acid (Knop and others 2001) 

Abbreviations: Phosphoenolpyruvic acid (PEP); D-erythrose 4-phosphate (E4P); 
3-deoxy-D-arabino-heptulosonic acid 7-phosphate (DAHP) 

Enzymes: (a) DAHP synthase; (b) 3-dehydroquinate synthase; (c) 3-dehydroquinate dehydratase;  
(d) shikimate dehydrogenase 
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Essential Oil Extraction 

 The two most common procedures used to obtain essential oil from plant material are 

hydrodistillation and steam distillation, with hydrodistillation being the primary method used 

(Richter and Schellenberg 2007; Rubiolo and others 2010; Schmidt 2010). Hydrodistillation 

is used as a reference method for the quantification of plant essential oils (Golmakani and 

Rezaei 2008). For hydrodistillation, the Clevenger-style apparatus [Figure 5] is often used 

which creates a circulatory system for distillation (Rubiolo and others 2010). The Clevenger-

style apparatus typically consists of a heating device, a round bottom flask, and a condenser 

unit that includes a graduated tube where the essential oil collects. A collector solvent, 

usually xylene, is added to the graduated tube to separate the essential oil from the water 

(Council of Europe 1997; Kubeczka 2010). Xylene is non-polar and insoluble in water, 

which allows it to effectively keep the water soluble components of essential oils from 

dissolving in the water (Kruger 2009). 

In hydrodistillation, plant material, which can be fresh or freeze-dried, whole or 

ground, is placed in the round bottom flask along with water (Schmidt 2010). Extraction of 

the essential oil begins at the boiling point of water, 100˚C (Golmakani and Rezaei 2008). As 

the water boils, the plant material soaks up the water and oil contained within the plant cell 

diffuses via osmosis. Once the oil diffuses through the cell wall, the oil will be vaporized and 

carried by steam to the condenser. The condenser cools the vaporized oil and steam and the 

condensates trickle down into the graduated tube where the oil is collected by xylene and the 

water recycles back into round bottom flask (Schmidt 2010).  
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Figure 5. Clevenger-style Apparatus (Glassco Labware 2011) 

Analysis of Essential Oils 

 Due to the wide variety of commercial uses for essential oils, they are frequently 

analyzed for their chemical composition (Tholl and others 2006). Most often, gas 

chromatography (GC) is used as a method of separating components of essential oils coupled 

with mass spectrometry (MS) for identification (Rubiolo and others 2010). Essential oils 

generally range from volatile compounds to semi-volatile compounds which makes GC-MS a 

suitable method for analysis (Marriott and others 2001).  

 In GC analysis, a sample is injected into a heated injection point where it is vaporized 

and then transported by the carrier gas, also called the mobile phase, to the column. To 

prevent the reaction of the mobile phase and the sample being tested, an inert gas such as 

helium or nitrogen is often used (Mohrig and others 2003). Once the sample reaches the 

column, it will interact with the stationary phase present in the column (Tholl and others 

2006). Ultimately, separation of the sample in GC is based on the affinity of individual 
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compounds for the stationary phase (Mohrig and others 2003). Stationary phases vary in 

degree of polarity and are selected based on the desired extent of separation (Marriott and 

others 2001). Some typical columns used in the separation of essential oils are non-polar 

dimethyl polysiloxanes, such as DB-1 and DB-5, and polar polyethylene glycol, such as 

Carbowax® and DB-Wax (Tholl and others 2006).  

After the compounds move through the stationary phase, which will vary based on 

affinity for each compound, they pass through a detector where they produce electronic 

signals that can be used for identification (Mohrig and others 2003). Two common detectors 

used in essential oil identification are MS and flame ionization detectors (FID) (Rubiolo and 

others 2010). In MS, which is the most commonly used detector in essential oil analysis, 

compounds are ionized as they exit the column and characterized by their mass to charge 

(m/z) ratio by entering a quadrupole ion trap or mass filter (Tholl and others 2006; 

d'Acampora Zellner and others 2010). FID, which is considered to be a universal detection 

method, utilizes the combustion of the sample to produce an electrical output which can be 

recorded through an electrometer (Mohrig and others 2003; Rubiolo and others 2010). With 

both types of detectors, compound identification can be accomplished through calculating a 

retention index (RI) based on the compound’s retention time and comparison to Kovats n-

alkane series. However, to prevent misidentifying compounds, it is recommended that the RI 

of each compound is verified on two columns and compared to an authentic standard (Tholl 

and others 2006).  
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Antioxidants 

 Antioxidants are defined as substances that can prevent oxidative damage by 

neutralizing free radicals (deMan 1999; Manore and others 2009). They can prevent 

oxidative damage through scavenging free radicals and reactive oxygen species (ROS), 

chelating metal ions, acting as reducing agents, or by quenching secondary products of lipid 

oxidation (Huang and others 2005; Shahidi and Zhong 2007).  

 Oxidation begins with the formation of a free radical, which is a molecule that 

contains an unpaired electron in its valence shell [Figure 6] (Manore and others 2009). This 

first step, called initiation, can be a result of exposure to light, ozone, alcohol, metal ions or 

free radicals as well as produced through normal body functions such as respiration (Choe 

and Min 2006; Manore and others 2009). Following initiation and the formation of a free 

radical is propagation, which is the reaction of free radicals with oxygen and other stable 

molecules to form ROS and new free radicals (deMan 1999). Propagation can continue 

uninterrupted causing oxidative stress in the body or producing off flavors and decreasing 

nutrient content in foods (Mahan and Escott-Stump 2007; Choe and Min 2009). Termination, 

which will end the chain reaction of propagation, is the reaction of free radicals to form 

nonreactive products (deMan 1999).  
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Figure 6. Schematic Mechanism of Oxidation (Anonymous 2011) 

Antioxidants can be classified into two classes, primary or secondary antioxidants, 

based on how they prevent oxidation. Primary antioxidants act to prevent propagation by 

donating hydrogen for the formation of more stable radicals, while secondary antioxidants 

slow the rate of oxidation through a variety of mechanisms such as chelating metal ions, 

scavenging oxygen, and regenerating primary antioxidants (Shahidi and Zhong 2007). 

Phenolic compounds, phenolic acids, flavonoids, stilbenes, coumarins, and tannins, are one 

of the main sources of dietary antioxidant (Liu and Felice 2007). These phenolic compounds 

can act as both primary and secondary antioxidants by hydrogen donation, stabilizing 

unpaired electrons, and through metal chelation (Rice-Evans and others 1997). Among the 

phenolic antioxidants, flavonoids [Figure 7], which are classified by two aromatic rings (A 

and B) and an oxygenated heterocyclce ring (C), represent the majority. 

Potential Role of Antioxidants in Human Health and the Food Industry 

 Oxidative stress has been linked to aging and numerous diseases such as cancer, 

cardiovascular disease (CVD), atherosclerosis, Alzheimer’s disease, and other degenerative 

 



21 
 
 

 
diseases (Mahan and Escott-Stump 2007). The body’s main source of defense against free 

radicals, such as vitamins C and E, decreases with age due to repeated exposure to pollution, 

radiation, and other environmental stressors (Shahidi and Ho 2007). Dietary antioxidants 

have been recognized as a preventative measure against diseases caused by oxidative stress 

and have also been shown to have some beneficial effect in the treatment of these diseases 

(Jovanovic and others 1995). Additionally, dietary antioxidants have been shown to act 

synergistically with antioxidant systems naturally present in the body by regenerating 

antioxidants such as vitamins C and E. Also, dietary antioxidants can act simultaneously with 

other antioxidants by utilizing different mechanisms (Choe and Min 2009). 

 
Figure 7. Generic Flavonoid Structure (Liu 2004) 

 Diets rich in fruits, vegetables, and whole grains have been associated with a lower 

risk of many chronic diseases, including those caused by oxidative stress (Liu and Felice 

2007). Numerous epidemiological studies have shown an inverse relationship between 

regular consumption of polyphenolic-rich foods, such as fruits, vegetables, and whole grains, 

and the risk of CVD (Mauray and others 2009). Additionally, the consumption of flavonoids 

has showed a decreased risk in both coronary heart disease and the risk of mortality from 

myocardial infarction (Rice-Evans 2001). Consumption of polyphenolic-rich foods has also 

been linked to a decreased risk for certain cancers such as lung, breast, esophageal, ovarian, 

stomach, and colon. Typically, epidemiological studies show a 2-fold increase in the risk of 
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cancer for individuals with low fruit, vegetable, and whole grain consumption verses 

individuals with higher intakes (Liu and Felice 2007). 

 In addition to the health related benefits of antioxidants, they also can be utilized in 

food products to prevent oxidation. Primarily, antioxidants present in food can prevent the 

oxidation of lipids and proteins which can decrease nutritional quality of the food, lead to the 

development of off odors and flavors, and result in the production of toxic compounds (Choe 

and Min 2009). One of the main uses of antioxidants in the food industry is for the 

prevention of lipid oxidation (Yanishlieva and others 2006). Lipid oxidation can be 

influenced by a number of factors including degree of unsaturation, light exposure, and the 

presence of oxygen, prooxidants, and antioxidants (deMan 1999).  

 While antioxidants can occur naturally in foods, they can also be extracted from 

natural sources or synthesized (Shahidi and Zhong 2007). However, due to increasing 

concern with possible hazardous side effects from synthetic antioxidants such as butylated 

hydroxyanisole (BHA) and butylated hydroxytoluene (BHT), natural sources of antioxidants 

are currently being investigated (Peschel and others 2006; Francisco and Resurreccion 2008). 

The increase in interest for natural additives in food products is providing additional support 

for the use of antioxidants from natural sources (Yanishlieva and others 2006). 

Methods for Testing Antioxidant Capacity 

 Antioxidant capacity, which is defined as the potential of the antioxidant to prevent 

oxidation, can be measured through a variety of assays (Huang and others 2005). Generally, 

methods of antioxidant capacity either measure changes in the current levels of oxidation in a 

system or the ability of the antioxidant to scavenge free radicals (Shahidi and Zhong 2007). 

 



23 
 
 

 
The two most used methods for measuring antioxidant capacity, which measure the free 

radical scavenging ability, are based on hydrogen atom transfer and electron transfer (Huang 

and others 2005; Shahidi and Ho 2007).  

 Oxygen radical absorbance capacity (ORAC) and total radical-trapping antioxidant 

parameter (TRAP) are the most widely used hydrogen atom transfer-based methods (Shahidi 

and Zhong 2007). Both ORAC and TRAP utilize a free radical generator, a probe that will 

lose fluorescence when oxidized, and the antioxidant that is being tested (Huang and others 

2005; Shahidi and Zhong 2007). Antioxidant capacity in hydrogen atom transfer-based 

methods is calculated based on comparison of a fluorescence curve with known standards 

such as Trolox, which is a water soluble analog of vitamin E (Sagach and others 2002; 

Shahidi and Zhong 2007).  

 Trolox equivalent antioxidant capacity (TEAC) and 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) are two commonly used electron transfer methods for testing antioxidant capacity 

(Huang and others 2005; Shahidi and Ho 2007). Electron transfer methods, consisting of a 

probe and an antioxidant, measures the ability of the antioxidant to reduce the probe resulting 

in a color change (Shahidi and Zhong 2007).  

Freeze Drying 

 Freeze drying, or lyophilization, is the removal of water from a frozen product 

through sublimation (Labconco Corporation 2008). It is often used as a way to stabilize and 

increase the shelf life of a variety of products (Adams 2007). Freeze drying combines the 

benefits of traditional freezing and drying methods by producing a product that is dehydrated 
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but that still closely resembles the fresh product (Díaz-Maroto and others 2002; Adams 

2007).  

 The process of freeze drying consists of three main steps: prefreezing, primary 

drying, and secondary drying (Labconco Corporation 2008).The first step, prefreezing, is the 

freezing and formation of an ice crystal structure in the product so that sublimation can occur 

(Adams 2007). Sublimation, which is the transition from the solid phase to the gaseous phase 

without passing through the liquid phase, is dependent on distinctive temperature and 

pressure ranges the substance. In freeze drying, sublimation will only occur below the triple 

point of water, which is the temperature (0.01ºC) and pressure (612 Pa) where water exists as 

a solid, liquid, and a gas simultaneously (Berk 2009).  

In the second step in freeze drying, primary drying, the conditions in the freeze dryer 

must be suitable for removal of water from the product via sublimation (Labconco 

Corporation 2008). Freeze dryers generally consist of five basic parts; a drying chamber, 

shelves, a heat source, a condenser, and a vacuum pump (Berk 2009). The shelves, which 

hold the material being freeze dried, are located inside the drying chamber and supply heat 

from the heating source directly to the product for sublimation. However, in order to ensure 

sublimation, it is critical to lower the pressure of the system below the triple point of water 

by using a vacuum pump. Additionally, the condenser is essential for removing moisture 

from the system so that the environment inside the drying chamber promotes the migration of 

water molecules from the product (Adams 2007; Labconco Corporation 2008). Increasing the 

surface area of the product will also promote water migration as well as increase the rate of 

drying (Labconco Corporation 2008). 
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The third step in freeze drying, secondary drying, the remaining bound water 

molecules are desorbed from the product (Berk 2009). In order for desorption to occur, the 

system heat must be increased while the condenser temperature and vacuum pressure are 

decreased. Compared with primary drying, secondary drying only removes a small amount of 

moisture from the product, roughly 5-10%, while primary drying can remove anywhere from 

70-90% (Adams 2007). 

Freeze drying is a relatively expensive method of dehydration, but it is often useful in 

the case of high-value products (Berk 2009). Products such as vaccines, pharmaceuticals, 

enzymes, cell cultures, vitamins, plant material, and foods are frequently dehydrated through 

freeze drying (Adams 2007). For plant material specifically, freeze drying can help to retain 

product appearance and aroma making it useful in preserving herbs and spices (Díaz-Maroto 

and others 2002). However, freeze drying can have a profound effect on the volatiles in a 

product, usually causing a decrease in volatiles present and an increase in volatile 

degradation products (Abascal and others 2005). Certain plant products, such as parsley and 

rosemary, do not show great losses in volatile compounds after freeze drying while other 

plant products, such as dill and thyme, seem more prone to volatile compound loss, 

indicating that the effect of freeze drying on volatile loss may be plant specific (Díaz-Maroto 

and others 2002). Additionally, phenolic compounds do not seem to be effected by freeze 

drying. Total phenolics have been shown to have no significant difference in tomatoes before 

and after freeze drying and have been shown to increase after freeze drying in tea and ginger 

(Chan and others 2009; Georgé and others 2011).  
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Spray Drying 

 Spray drying is classified as a suspended particle processing system in which a liquid 

feed is transformed into a dried particle (Masters 1991). It is commonly used as a method for 

producing whey and milk powders, instantized products, and for microencapsulation (Berk 

2009). Spray drying produces products that typically have longer shelf lives and less overall 

volume compared to the original product, (Cano-Chauca and others 2005). 

 Typically, spray dryers consist of a heater, atomizer, pump, drying chamber, cyclone, 

fans, and a product collection chamber [Figure 8] (Berk 2009). Additional equipment and 

equipment configurations, such as dehumidifiers and closed cycle systems, can be utilized to 

increase spray drying yield and achieve desired powder characteristics. The process of spray 

drying begins with the atomization of the liquid feed (Masters 1991). When the feed comes 

into contact with the heated gas, most often an inert gas such as nitrogen to prevent reaction 

with the feed as well as explosions, it is atomized or broken up into individual droplets. After 

atomization, the aqueous part of the feed is evaporated resulting in dried particles, which is 

then separated from the gas by the cyclone and collected in a collection chamber (Masters 

1991; Dobry and others 2009).   

Spray drying is the most common method of microencapsulation in the food industry. 

Microencapsulation is the process of enclosing a core material, often active ingredients such 

as antioxidants and food flavors, in a secondary material (Jafari and others 2008). The 

presence of a secondary material often referred to as a carrier agent, helps to protect the core 

material from light, oxygen, and other environmental factors that could cause degradation 

(Saenz and others 2009). Microencapsulation can also increase solubility, decrease 
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hygroscopic nature, and improve the handling and flow properties of the core material (Jafari 

and others 2008; Dobry and others 2009). 

 
Figure 8. Typical Components of a Spray Dryer (Dobry and others 2009) 

 Frequently used carrier agents include maltodextrins, modified starches, gums, 

cyclodextrins, milk proteins, and other biopolymers, with carbohydrate-based carrier agents 

having the greatest use in food applications. The primary advantages of using a carbohydrate-

based carrier agent in food microencapsulation are their low cost, bland flavor, and high 

degree of protection for the core material (Jafari and others 2008). Carbohydrate-based 

carrier agents, especially maltodextrins, have been investigated in the microencapsulation of 

bioactive compounds, such as phenolic compounds, and have shown to have protective 

effects against degradation (Saenz and others 2009; Robert and others 2010). 
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Research Objective  

The goal this project was designed based on the industrial relevance of natural 

antioxidants and plant essential oils. The primary objective was to find a practical way to 

reduce the amount of waste from peanut plant processing in a way that was both 

economically beneficial and realistic to accomplish on a larger scale basis. Peanuts skins are 

an established rich source of phenolic compounds with antioxidant potential, but there has 

been little investigation on how to utilize this source of natural antioxidants. Additionally, the 

removal of phenolic compounds from peanut skins could make them more suitable for use in 

animal feed.  

The chemical composition of essential oil from peanut leaves has not been 

determined previously. Peanut leaf essential oil could have a variety of industrial uses, such 

as a source of natural antioxidants, as a component in fragrances, or as antimicrobials. 

Through finding a practical way to reduce this waste, there is opportunity to increase the 

value of these byproducts, which would increase the overall value of the peanut crop. 
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Abstract 

 Peanut skins, a current byproduct of the peanut industry, have been established as a 

rich source of phenolic antioxidants. However, peanut skins do not have any significant uses 

other then as a minor component of animal feed. In order to develop an additional use for 

peanut skins, an extraction and spray drying process was designed to produce a value added 

food ingredient with high antioxidant capacity. Milled peanut skins were extracted with 70% 

ethanol, separated into a soluble extract and insoluble material by filtration, and spray dried 

with and without the addition of a maltodextrin carrier agent. The resulting powders showed 

high antioxidant capacity, high total phenolics, and increased solubility compared to milled 

skins which indicates potential benefits for the spray dried powders in food products. 

Additionally, the insoluble material produced by this process may have increased value for 

use in animal feed due to the removal of phenolic compounds during extraction. 

Keywords: Arachis hypogaea, peanut skins antioxidants, phenolic compounds, spray drying 
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Introduction 

The byproducts of peanut processing, leaves, skins, hulls, and stems, have previously 

been established as sources of phenolic compounds, with peanut skins recognized as an 

especially rich source  (Dean and others 2008; Francisco and Resurreccion 2008; Van Ha and 

Pokorný 2007; Wang and others 2007; Yu and others 2007). The most economically 

important part of the peanut plant, the peanut seed, represents only 40% of the entire plant 

and the remaining parts of the plant presently have very limited uses (Dean and others 2008). 

After shelling and blanching, peanut skins can have use in animal feeds but due to their high 

content of phenolic compounds, which can form polymers with dietary protein making it 

unavailable for absorption, they are usually restricted at approximately 5-8% of the feed (Hill 

2002; Sobolev and Cole 2003). 

Several phenolic compounds have been identified in peanut skins such as catechin, 

epicatechin, A-type and B-type proanthocyanidin dimers, trimers, and tetramers. 

Additionally, minor phenolic compounds such as caffeic acid, chlorogenic acid, ellagic acid, 

resveratrol, and resveratrol glycoside have been identified in peanut skins (Yu and others 

2007). Phenolic compounds can act as antioxidants and prevent oxidative damage in the body 

or lipid oxidation in food by hydrogen donation, stabilizing unpaired electrons, and through 

metal chelation (Rice-Evans and others 1997). Numerous epidemiological studies have 

shown an inverse relationship between regular consumption of polyphenolic-rich foods, such 

as fruits, vegetables, and whole grains, and the risk of cardiovascular disease and certain 

cancers such as lung, breast, and colon. (Liu and Felice 2007; Mauray and others 2009). 
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Spray drying is commonly used in the food industry as a method for producing whey 

and milk powders, instantized products, powdered flavors and spices, as well as for 

microencapsulation (Berk 2009). The process of spray drying is the rapid transformation of a 

liquid feed into dried particles (Masters 1991). Spray drying produces products that typically 

have longer shelf lives and lower overall volume compared to the original product (Cano-

Chauca and others 2005). 

Microencapsulation, which is the enclosing of an active core material such as 

antioxidants and food flavors in a secondary wall material, is commonly achieved through 

spray drying in the food industry (Jafari and others 2008). The presence of a secondary 

material, a carrier agent, helps to protect the core material from light, oxygen, and other 

environmental factors that could cause degradation of sensitive materials (Saenz and others 

2009). Microencapsulation can also increase solubility, decrease hygroscopic nature, and 

improve the handling and flow properties of the core material (Jafari and others 2008; Dobry 

and others 2009). Frequently, carbohydrate-based carrier agents such as maltodextrins are 

used in the food industry due to their low costs and bland flavor (Jafari and others 2008). 

Maltodextrins have also been investigated in the microencapsulation of bioactive 

compounds, such as phenolic compounds, and have shown to have protective effects against 

degradation (Saenz and others 2009; Robert and others 2010). 

The goal of this research was to produce a spray dried powder from peanut skins with 

high antioxidant potential that could be used as a functional ingredient in food products. 

Through recycling a current waste product of the peanut industry, there is potential to 
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increase the value of peanut skins while identifying an additional source of natural 

antioxidants that could be utilized by the food industry.   

Materials and Methods 

Materials 

Peanut skins, 2009 Virginia/Runner blend, were obtained from Universal Blanching 

(Sylvester, GA). Upon arrival, the peanut skins were transferred from their original container 

into smaller Ziplock® bags and then placed in a large, dark plastic container in order to limit 

oxygen and light exposure before extraction. The skins were stored at 4°C until milling. 

Extraction Procedure 

Peanut skins were initially milled into a fine powder using a Wiley Model 4 

Laboratory Mill (Thomas Scientific, Swedesboro, NJ) fitted with a 0.5mm screen. After 

milling, the peanut skins were stored in sealed plastic bags in the dark at 4°C before 

extraction. 

The milled skins were extracted using 70% (v/v) ethanol (Acros Organic, Fair Lawn, 

NJ) in water based on maximum extraction efficiency (Nepote and others 2005) in a 1:5 

milled skins to solvent ratio. In a large beaker, 200g of milled skins and 1000mL of 70% 

ethanol were stirred using a Wheaton Overhead Stirrer (Wheaton Industries, Inc., Millville, 

NJ) for 20 minutes at speed setting 2.8. This extraction procedure was performed under low 

actinic lighting in foil wrapped beakers to minimize light exposure of the extracted materials. 

Following extraction, the resulting slurry was vacuum filtered twice using Whatman® #50 

filter paper (Whatman International Ltd., Maidstone, England) to separate the liquid soluble 

extract from the insoluble material. Ethanol was then evaporated from the soluble extract 
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using a TurboVapII (Caliper Life Sciences, Hopkinton, MA) within a nitrogen stream 

between 5-10 psi and a water bath setting of 40°C. After removal of the ethanol, 30mL of the 

soluble extract were removed to serve as a pre-spray drying control in testing as well as to 

determine total solids and moisture of the soluble extract.  

This extraction process was repeated in triplicate and combined to constitute a single 

spray drying run. Spray drying runs were also performed in triplicate. The soluble extract for 

each spray drying run was stored separate glass containers wrapped in foil at 4°C until spray 

dried. 

Total Moisture and Total Solids 

 Soluble extract and insoluble material total moisture and total solids were determined 

through a modified oven drying method (Cano-Chauca and others 2005). Preweighed 

aluminum weigh dishes (Heathrow Scientific LLC, Vernon Hills, IL) were heated in a VWR-

1430 vacuum oven (VWR Scientific, Inc., Cornelius, OR) at 100°C for 30 minutes. After 

heating, the weigh dishes were cooled for 30 minutes in a desiccator and the mass of each 

pan was recorded.  Approximately 5g of soluble extract and insoluble material were weighed 

into each pan and the total mass was recorded (pan + sample mass). Samples were heated for 

14 hours, cooled for 1 hour, and then mass was recorded again (pan + remaining sample 

mass). This process was repeated in triplicate for each spray drying run for both the soluble 

extract and insoluble material. 

 Percent total moisture was calculated using Equation 1 and percent total solids was 

calculated using Equation 2.  

 

 



42 
 
 

 
 

 
[1] 

 

 

[2] 

The density of the soluble extract was determined using DMA 5000 Density Meter 

(Anton Paar, Ashland, VA). The density for the total combined soluble extract for each spray 

drying run was measured in triplicate and averaged in order to calculate the exact mass of 

soluble extract added to the aluminum pans for the total moisture and solids calculations. 

Spray Drying 

 For each spray drying run, the soluble extract was split in two fractions before spray 

drying. One half of the soluble extract was spray dried with Maltrin M150 Maltodextrin 

(Grain Processing Corporation, Muscatine, IA) as a carrier agent and the other half was spray 

dried without the addition of a carrier agent. Maltrin M150 was added in a 1:4 soluble extract 

to maltodextrin ratio. For the addition of the maltodextrin carrier agent, the soluble extract 

was heated to 40°C before the addition of the Maltrin M150 and stirred for 20 minutes after 

to homogenize the solution. 

The soluble extracts, with and without maltodextrin, were individually fed into a 

Büchi Mini Spray Dryer B-290 (BÜCHI Labortechink AG, Flawil, Switzerland) with a 

constant inlet temperature of 160°C and an outlet temperature of 90 ± 5°C. The solution feed 

pump rate was set at 30% (approximately 10mL/min), the nitrogen flow rate was set at 40, 

and the aspirator was set at 100% for each of the spray dry runs. Each spray drying run was 

performed in triplicate, with each run consisting of two fractions: 1) spray dried soluble 

extract; 2) spray dried soluble extract with the addition of maltodextrin.  Resulting spray 
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dried powders designated as spray dried (SD) and spray dried with maltodextrin carrier agent 

(SDM), were stored in foil-wrapped glass containers at 4°C until further analysis. 

Total Phenolics Content 

 Total phenolics for the soluble extract, SD, and SDM were determined using the 

Folin Ciocalteu assay with gallic acid (Sigma-Aldrich, St. Louis, MO) as a standard. To 

prepare the phenolic stock solution, 0.5g of gallic acid was added to 10mL of ethanol in a 

100mL volumetric flask and brought to volume with deionized water. This phenolic stock 

solution was then used to create a standard curve of gallic acid equivalents (GAE) with 0, 50, 

100, 150, 250, 500, and 750 mg gallic acid/L. Samples were prepared by dilution in 

deionized water; soluble extract 1:25, SDM 1:25, SD 1:100. Following dilution, 0.5 mL of 

Folin & Ciocalteu’s phenol reagent (Sigma-Aldrich, St. Louis, MO) and 1.5 mL of sodium 

carbonate (Sigma-Aldrich, St. Louis, MO) were added to the standard curve and samples 

before they were incubated at room temperature for 2 hours. Concentrations were read at 765 

nm and 27°C using a Tecan Safire2 well plate reader (Tecan Group Ltd., Männedorf, 

Switzerland) and GAE for the three samples were determined through comparison to the 

gallic acid standard curve. 

Hydrophilic Oxygen Radical Absorption Capacity (H-ORAC) 

Antioxidant capacity for the soluble extract, SDM, and SD was determined by H-

ORAC using Trolox as a standard. A Trolox standard curve was created through diluting a 

500µM Trolox (Sigma-Aldrich, St. Louis, MO) stock solution in 0.075M potassium 

phosphate buffer to 50, 25, 12.5, 6.25, and 3.175 µM Trolox. Samples were prepared by 

dilution in 0.075M potassium phosphate buffer; soluble extract 1:10,000, SDM 1:10,000, and 
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SD 1:100,000. Fluorescein (Sigma-Aldrich, St. Louis, MO) (70nM) was used as the 

fluorophore in the reaction and 153mM 2,2'- azobis(2-amidinopropane) dihydrochloride 

(AAPH)  (Wako Chemicals, Richmond, VA) was used as the peroxyl radical generator. 

Concentrations were read using an excitation wavelength of 483nm and an emission 

wavelength of 525nm over 90 minutes at 37°C using a Tecan Safire2. Antioxidant capacity 

(µmol Trolox/100g) was calculated using the Trolox standard curve. 

Instrumental Analysis of Catechins 

 To determine the catechins present, SD and SDM were examined using high pressure 

liquid chromatography coupled to a mass spectrometer. Solutions of SD (25 and 50ppm) and 

SDM (125, 250, and 375ppm) were prepared by dissolving a known mass of spray dried 

powder into HPLC grade water. In order to account for the presence of maltodextrin in SDM, 

a multiplication factor of 5 was added to the solutions. An additional SDM solution 

(375ppm) was also evaluated. 

 The analyses were performed using a Varian 500 LC-MS system (Varian 

Corporation, Lake Forest, CA ) consisting of a liquid chromatograph (HPLC) equipped with 

two model 212 LC pumps, a model 460-LC autosampler and ion trap mass 

spectrophotometer.  The column used was an Ascentis™ RP-Amide, 15 cm x 4.6 mm. 5µm 

from Supelco (Bellefonte, PA).  All runs were acquired and processed using Varian MS 

Workstation software (Version 6.9.3). 

 The injection volume was 10µL.  The solvent system was (A) water and (B) 

acetonitrile running a gradient program of 15% B for 2 minutes and then increased to 45% in 

10 additional minutes, then returned to 15% to re-equilibrate for 4 minutes at 250:l/min.  
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Mass spectra were obtained using MS equipped with an electrospray ionization source (ESI).  

The spray shield voltage was 600 V.  The capillary voltage was 70 V.  The drying gas was air 

at 25 psi, set to 350°C and the capillary temperature was set to 150°C.  The co-axial gas was 

nitrogen at 55 psi.  The mass range scanned was 50 to 2000 m/z. 

Calibration 

 The catechins, gallocatechin, epigallocatechin, catechin, epicatechin, epigallocatechin 

gallate, gallocatechin gallate, epicatechin gallate and catechin gallate were obtained from the 

Sigma Chemical Corporation (St. Louis, MO).  Stock solutions of the catechins were 

prepared at a concentration of 10 mg/l in methanol.  Calibration curves were drawn by 

preparing dilutions of the stock in 10% methanol solution over a range of concentrations of 5 

mg/l to 0.1 mg/l.  The dilutions for the curve were prepared fresh each day.  The stock 

solutions was stored at 4°C and protected from light by using low actinic glassware.  

Powder Composition Analysis 

Amino acid content was determined using a Hitachi L-8900 Amino Acid Analyzer 

(Hitachi High-Technologies Corp., Schaumburg, IL) for milled peanut skins, SD, and the 

insoluble material. Samples of SD (0.2g), insoluble material (0.2g), and milled skins (0.1g) 

were hydrolyzed for amino acid analysis in triplicate. Each sample was hydrolyzed in 

triplicate using 4mL of 6 N HCl containing 1 % phenol and heated for 10 minutes at 165ºC.  

As a control, a standard reference sample of peanut, SRM 2387 (NIST, Washinton, DC) was 

treated as a sample with every sample set. All sample solutions were brought to volume 

(25mL) with 0.02 N HCl. The insoluble material and milled skins were additionally diluted 

1:10 in 0.02 N HCl and the peanut reference was diluted 1:5 in 0.02 N HCl before analysis 
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by a predetermined method (Hitachi L-8900 Amino Acid Analyzer Method C&M-L89-PH) 

(Hitachi High Technologies Corporation 2009). 

 Compositional analysis for moisture, fat, total protein, fiber, and ash, of milled skins 

and insoluble material was performed by Barrow-Agee Laboratories, LLC (Memphis, TN).  

Allergenicity of Spray Dried Powders 

 The Veratox® Quantitative Peanut Allergen Test (Neogen Corporation, Lansing, MI), 

which is an enzyme-linked immunosorbent assay (ELISA), was used to determine the 

presence of peanut allergens in SD, SDM, and milled peanut skins. The peanut solutions (0, 

2.5, 5, 10, 25ppm) provided with the kit were used as positive controls. An extraction solvent 

provided in the Veratox® kit was prepared and heated to 60ºC. Approximately 5g of each 

sample was added to a sample container along with 6.5mL of extraction additive and 125mL 

of the heated extraction solvent. The samples were extracted for 15 minutes by shaking at 

150 rpm in a 60ºC water bath. Samples were allowed 5 minutes to settle before they were 

filtered and then cooled to room temperature. 

 To test for the presence of peanut allergens, 100µL of each sample and control was 

added to individual antibody-coated wells, mixed for 20 seconds by shaking, and allowed to 

incubate for 10 minutes at room temperature before being rinsed with the provided wash 

buffer solution. This same procedure was repeated with 100µL of the provided conjugate 

solution. The substrate solution provided was also added to each of the wells (100µL), mixed 

for 20 seconds by shaking, and incubated at room temperature for 10 minutes. After 

incubation, the Red Stop solution provided was added to each well and mixed for 20 seconds 
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by shaking. Each sample was then read at 650nm using a Tecan Safire2 well plate reader to 

determine presence and concentration of peanut allergens (Neogen Corporation 2008). 

Powder Percent Solubility 

 Percent solubility was determined for 5% solutions of milled peanut skins, SDM, SD, 

and Maltrin® M150 using a modified weight difference method (Cano-Chauca and others 

2005). For each solution 1.25g of sample was added to 25mL of deionized water in a 50mL 

conical tube. The samples were then vortexed using a Fisherbrand Vortex Genie (Fisher 

Scientific, Waltham, MA) for 2 minutes and then centrifuged for 5 minutes at 850 rpm. The 

supernatant was removed from each sample and the density was determined in duplicate 

using a DMA 5000 Density Meter. The total solids were then calculated using the previously 

mentioned oven drying method using 5mL of supernatant (Cano-Chauca and others 2005). 

Sample density was then used to calculate the actual volume of supernatant added to each 

pan.  

 After calculating total solids present in the supernatant, the amount of solids present if 

the sample was 100% soluble ( ) was calculated using Equation 3. Percent solubility for a 

5% solution was calculated using Equation 4. 

 
 

[3]

 
 

[4]
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Results and Discussion 

Extraction and Spray Drying Process Recoveries 

 Milled peanut skins were extracted using 70% ethanol and filtered producing the 

soluble extract and insoluble material. After filtration, the ethanol was evaporated from the 

soluble extract. The remaining extract, which represents one spray drying run, was divided 

into two batches and spray dried with and without the addition of a maltodextrin carrier 

agent. This was repeated for a total of three times. Each spray drying run utilized 600g of 

milled peanut skins and 3000mL of 70% ethanol to produce on average 1262 ± 112mL of 

soluble extract and 481.1  ± 3.3 g of insoluble material [Table 1].  

An outline of the overall process is illustrated in Figure 1 based on solids that enter, 

are removed from, and result from the process. Overall process yields, based on solids 

entering the extraction process and spray dried powder produced, averaged 4.89 ± 1.03% for 

all three spray drying runs. A majority of the solids entering the process were found in the 

insoluble fraction (87.48 ± 1.06%).  

Table 1. Recovery of Soluble Extract and Insoluble Material 

Run Soluble Extract 
(mL) 

Insoluble Material 1 
(g) 

A 1203 480.52 

B 1392 478.05 

C 1192 484.61 
1 Reported on a dry weight basis 

The soluble extract contained 5.04%, 5.31%, and 5.97% solids for runs A, B, and C 

respectively. Spray drying produced on average 26.1 ± 4.6g of spray dried powder, excluding 

the additional maltodextrin solids. Percent recovery [Table 2], calculated from the amount of 

solids present in the soluble extract before spray drying and the amount of spray dried 
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powder produced, ranged from 31.20 – 51.33%. Low percent recovery can be primarily 

attributed to powder loss in the drying chamber and cyclone because of the hygroscopic 

nature of the powder produced (Cano-Chauca and others 2005). In addition, the absence of a 

dehumidifier within the spray drying system could have caused more powder accumulation 

due to high system humidity. High humidity typically results in a slower rate of drying and 

greater particle accumulation in the drying chamber and cyclone (Goula and Adamopoulos 

2004). 

Soluble Extract and Spray Dried Powder Total Phenolics and Antioxidant Capacity 

 Total phenolics for the soluble extract, SDM, and SD are listed below in Table 3. The 

spray dried powders produced, SDM and SD, have a greater amount of total phenolics 

compared to the soluble extract. SDM contains over 4 times the amount of total phenolics per 

100g of material than the soluble extract, while SD contains over 27 times the amount of 

total phenolics. This demonstrates the concentration effect of the spray drying process since 

the total phenolics of the spray dried powder are much greater than the soluble extract fed 

into the spray dryer. Additionally, SD contains a greater amount of total phenolics than SDM 

due to the absence of a maltodextrin carrier agent in SD. 

Table 2. Spray Drying Recovery 

Run Soluble Extract 
(mL) 

% Solids Solids 
(g) 

Recovered Powder 1 
(g) 

% Recovery 2 

A 1203 5.04 60.63 31.12 51.33 

B 1392 5.31 73.92 25.08 33.93 

C 1192 5.97 71.16 22.20 31.20 
1 Recovered powder from spray drying, excluding the addition of maltodextrin;  

2 Recovery % calculated based on total solids present in soluble extract 
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However, if total phenolic content is compared on a dry weight basis [Figure 2], the 

total phenolic content of the soluble extract is much greater than SDM, 45900 ± 2350 mg 

GAE/100g and 12000 ± 590 mg GAE/100g, respectively. Even on a dry weight basis, SD 

still contains the greatest amount of total phenolics, 81000 ± 1500 mg GAE/100g, which 

continues to support a concentration effect of total phenolics through the spray drying 

process. The addition of the maltodextrin carrier agent in SDM is the reason for the lower 

total phenolics on a dry weight basis. SDM would appear to have lower total phenolics than 

the soluble extract on a dry weight basis, however, maltodextrin, which is not contributing to 

total phenolics in SDM, is present in a 4:1 ratio with total solids.  

The total antioxidant capacity for the soluble extract, SDM, and SD as measured by 

H-ORAC are listed below in Table 3. Similarly to the total phenolics, SD has the greatest 

antioxidant capacity followed by SDM, both of which are much greater than the soluble 

extract. Again, the increase in antioxidant capacity of spray dried powders supports a 

concentration effect through the spray drying process. On a dry weight basis [Figure 3], SD 

has the greatest antioxidant potential (436000 ± 5000 µmol Trolox/100g). Once more, the 

soluble extract has greater antioxidant capacity than SDM on a dry weight basis, 233000 ± 

16000 µmol Trolox/100g and 78800 ± 4400 µmol Trolox/100g, respectively, however, 

similar to the total phenolics, the maltodextrin carrier agent is contributing to the dry weight 

of SDM but not to the antioxidant capacity. 

Comparatively, SD and SDM contain much greater antioxidant capacity than many 

other foods due to the concentration effect of phenolics during spray drying [Figure 4]. 

Commonly recognized food sources of natural antioxidants, such as chocolate (40000 µmol 
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Trolox/100g), blueberries (4600 µmol Trolox/100g), cranberries (8800 µmol Trolox/100g), 

and pomegranate juice (2700 µmol Trolox/100g) contain considerably less antioxidant 

capacity than both SD and SDM. Most spices recognized for their antioxidant capacities 

typically fall between SDM and SD. Ground cinnamon (140000 µmol Trolox/100g) and 

dried oregano (165000 µmol Trolox/100g) contained greater antioxidant capacity than SDM 

but less than SD (Nutrient Data Laboratory and others 2010).  

Table 3. H-ORAC and Total Phenolic Values1 for Soluble Extract, SDM, and SD 

Sample 
Total Phenolics 
(mg GAE/100g) 

H-ORAC 
(µmol Trolox/100g) 

Soluble Extract 2580 ± 82 13100 ± 192 
SDM 10700 ± 522 70200 ± 3930 
SD 71300 ± 1320 382000 ± 4420 

          1Reported on a weight wet basis 

The multitude of health benefits associated with antioxidants has been well 

established in animal and human trials (Rice-Evans 2001; Yu and others 2007). In addition, 

antioxidants can be used in foods to prevent oxidation and extend shelf life (Davis and others 

2010). Due to the high concentration of phenolic compounds and high antioxidant capacity of 

SD and SDM, both should be evaluated for potential use as an added ingredient in food. 

Currently, natural sources of antioxidants are increasing in popularity over synthetic 

antioxidants which have been previously linked to carcinogenic activity in animal models 

(Nepote and others 2002; Yu and others 2010). Potentially, SD and SDM could be used as a 

natural source of dietary antioxidants as well as to prevent oxidation in food without the use 

of synthetic antioxidants. 
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Peanut skins have been established as a rich source of phenolic compounds such as 

resveratrol, catechins, A-type and B-type protocyanidin dimmers, trimers, and tetramers (Yu 

and others 2006; Yu and others 2007). Catechins, which are also commonly found in tea and 

chocolate, can be reduced during processing and storage (Payne and others 2010; Robert and 

others 2010). Monomeric catechin and epicatechin can be especially sensitive to heat and 

tend to decrease during exposure to high temperatures (Payne and others 2010). The presence 

of catechins was examined in SD and SDM by LC-MS but was only detected in SDM. SDM 

contained both catechin and epicatechin (Figure 5).  

Catechin and epicatechin may not have been present in SD due to destruction during 

spray drying or due to degradation in storage. While it is possible to decrease the amount of 

catechins during heat treatment, a decrease catechins would result in a decrease in total 

phenolics measured making it unlikely that catechins are being destroyed in the spray drying 

process (Wang and others 2000). More likely, since the amount of total phenolics increased 

from the soluble extract to SD, catechin and epicatechin are most likely being degraded or 

oxidized during storage. Previous research has shown a decrease in catechin content in green 

tea leaves over time due to environmental factors such as pH, humidity, heat, and exposure to 

oxygen (Wang and Helliwell 2000; Ortiz and others 2008; Friedman and others 2009).  

The presence of catechin and epicatechin in SDM and not SD is most likely due to the 

protective effect of the maltodextrin carrier agent. Maltodextrin exhibits a protective effect 

against oxidation in storage by encapsulating the phenolic compounds and preventing 

exposure to oxygen and light (Robert and others 2010). 
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Analysis of Insoluble Material 

 Compositional analysis between the milled peanut skins and insoluble material was 

performed in order to determine which components of peanut skins were remaining in the 

insoluble material after extraction. On a dry weight basis, percent fat, protein, and fiber were 

increased by the extraction process from the milled skins to the insoluble material (Table 4). 

Only percent ash was slightly decreased from the milled skins to the insoluble material.  

Table 4. Composition of Insoluble Material and Milled Skins 1 

Sample % Fat % Protein % Fiber % Ash 

Insoluble Material 22.09 21.18 21.16 2.09 

Milled Skins 19.67 18.64 18.12 2.15 
1 Reported on a dry weight basis 

The extraction process used was designed based on previous work (Nepote and others 

2005) for the maximum extraction of antioxidants from peanut skins. Extraction of plant 

phenolic compounds with polar solvents such as ethanol has been shown to produce higher 

yields and antioxidant potential than less polar solvents (Francisco and Resurreccion 2008). 

Additionally, ash was the only material that decreased in percent composition after the 

extraction process. Ash, which represents minerals present in food, includes salts which 

would dissolve in the aqueous fraction of the extraction solvent leading to the decrease in 

percent ash from the milled skins to the insoluble material (deMan 1999; Nielsen 2010). 

In addition to producing spray dried powders rich in phenolic compounds with high 

antioxidant capacity, the insoluble material separated after extraction could provide 

additional benefits of this process. Currently, peanut skins are considered to be a waste 

product of the peanut industry although they have been established as a rich source of natural 
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antioxidants (Nepote and others 2005; Yu and others 2007; Davis and others 2010). Peanut 

skins can be used in animal feed but they must be limited to 5-8% of the total feed since the 

high levels of phenolic compounds bind protein in the animal’s gut making the protein 

unavailable for absorption (Hill 2002; Sobolev and Cole 2003). Since the phenolic 

compounds are being removed through the extraction process, the insoluble material 

produced may be more suited for use in animal feed. In addition to the removal of phenolic 

compounds, the insoluble material is slightly increased in percent fat, protein, and fiber from 

the peanut skins, which could allow it to be used in greater quantities in animal feed. 

Amino Acid Profiles 

The amino acid profiles of milled skins, insoluble material, SD, and peanut seeds 

were compared (Figure 6). There were minimal differences in amino acid profiles of the 

milled skins and insoluble material. Of the 16 amino acids analyzed in the acid digests, all 

were present in these materials and shared similar percentages (Table 5). Peanut seeds also 

had a similar amino acid profile compared to the milled skins and insoluble material with the 

exception of glutamic acid, arginine, and glycine. Glutamic acid and arginine constituted a 

greater percentage of total amino acids present, 21.3% and 11.8%, respectively, in peanut 

seeds as compared to the milled skins and insoluble material. In addition, glycine contributed 

to a greater percentage of total amino acids in milled skins (21.9%) and insoluble material 

(21.7%) than in peanut skins (6.4%).  

SD showed the greatest difference in amino acid profile of the samples tested. Both 

aspartic acid and glycine were present below detection level in SD, while aspartic acid 

accounted for 12.9%, 11.5%, and 10.4%, and glycine accounted for 6.4%, 21.9%, and 21.7% 
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of total amino acids present in peanut seeds, milled skins, and insoluble material, 

respectively. Additionally, SD contained much greater percentages of alanine (10.5%), 

phenylalanine (10.0%), and especially proline (33.4%) than the other samples.  

Table 5. Amino Acid Content1 of Peanut Seeds, Skins, Insoluble Material, and SD 

Percent Total Amino Acid Present (%) 
Amino Acid Peanut Seed Milled Skins Insoluble Material SD 

Asp 12.9 11.5 10.4 BDL
Thr 2.9 2.6 2.6 1.4 
Ser 5.8 8.8 8.3 8.4 
Glu 21.3 11.8 11.8 5.6 
Gly 6.4 21.9 21.7 BDL
Ala 5.2 2.1 1.9 10.5 
Val 3.5 3.0 3.5 3.0 
Met ND 0.9 0.6 0.2 
Ile 2.8 2.3 2.7 1.9 

Leu 7.0 5.9 6.2 2.2 
Tyr 4.4 4.2 4.3 3.9 
Phe 5.3 3.2 3.4 10.0 
Lys 3.5 5.5 5.8 1.6 
His 2.5 3.3 3.3 0.9 
Arg 11.8 6.6 6.8 8.5 
Pro 4.7 4.6 4.9 33.4 

1 Reported for weight per weight; Abbreviations: Aspartic acid (Asp); Threonine (Thr);  Serine (Ser);  
Glutamic acid (Glu); Glycine (Gly); Alanine (Ala); Valine (Val); Methionine (Met); Isoleucine (Ile);  
Leucine (Leu); Tyrosine (Tyr); Phenylalanine (Phe); Lysine (Lys); Histidine (His); Arginine (Arg); 

Proline (Pro); Below Detection Level (BDL); Not Determined (ND) 

The two major allergenic components in peanuts, Ara h 1 and Ara h 2, are both 

present in the protein portion of the peanut (Koppelman and others 2001). While amino acid 

sequence cannot predict the allergenicity of a food material, it has been shown to influence 

IgE-binding abililty. Typically, one amino acid substitution does not have a great effect on 

IgE binding epitope, but greater than two substitutions, especially if located in the epitope 

center, can modify or even prevent IgE binding (Lehrer and others 2006).  
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Allergenicity of Spray Dried Powders 

 The presence of peanut allergens was determined in milled skins, SD, and SDM. 

Milled skins contained over 25ppm of peanut allergen while SDM contain considerably less 

peanut allergen than the milled skins or peanut reference samples (1.6ppm). Additionally, SD 

contained peanut allergens below the detection level of the Veratox® test used. The low 

presence of peanut allergens in SDM is most likely due to the low percentage of protein 

remaining. A majority of the protein present in the milled peanut skins remained in the 

insoluble material after the extraction process. Since the main peanut allergens are associated 

with peanut proteins, it would be expected that the powders produced would contain less 

allergenic components than the milled skins (Koppelman and others 2001).  

 The non-detected level of peanut allergens in SD based on this testing method is 

promising for the future use of this spray dried powder in food products. Due to the presence 

of peanut allergens in SDM and not in SD, the proteins associated with peanut allergenicity 

are most likely being denatured by heat in the spray drying process. Previously, the heat 

involved in spray drying has been shown to alter the secondary structure of proteins leading 

to inactivity, which is why lower inlet temperatures are recommended when the spray drying 

feed includes proteins (Ameri and Maa 2006; Tzannis and Prestrelski 1999). Similar to 

catechins, the maltodextrin carrier agent could be providing a protective barrier from the heat 

to the proteins present in the soluble extract. Disaccharides have been shown to have a 

protective effect on the secondary structure of proteins during dehydration and heat 

treatments (Tzannis and Prestrelski 1999). Maltodextrin could be preserving the secondary 
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structure of the proteins present in the soluble extract resulting in the detection of peanut 

allergens in SDM but not in SD due to the absence of the protective outer layer. 

Solubility of Spray Dried Powders 

The solubility of milled skins, SD, SDM, and maltodextrin in 5% solutions was 

established in order to determine if the spray drying process increased solubility and to 

determine if the addition of maltodextrin further increased powder solubility. There was a 6-

fold increase in solubility from the milled skins compared to the spray dried powders 

indicating that spray drying increases the solubility of milled peanut skins (Figure 7). SDM 

had slightly greater solubility (87.45%) than SD (81.16%), but the difference was not 

significant (p < 0.05). Typically, the addition of a carrier agent has shown produce great 

water solubility in spray dried products; however, the addition of maltodextrin did not seem 

to greatly affect the water solubility of spray dried peanut skins (Robert and others 2010). 

Additionally, SD and SDM did not have a significant difference in solubility compared to 

maltodextrin (p < 0.05).   

Limitations on the Use of Spray Dried Powders 

 Although the spray dried powders produced in this process have shown high 

antioxidant capacity indicating potential for use as a function ingredient, there are two 

primary limitations that need to be investigated further before use in food products, 

allergenicity and heavy metal contamination. In addition to the possibility for these powders 

to cause an allergic response in individuals with peanut allergies, SDM was tested for the 

presence of heavy metals since they have often been found in high quantities in the roots and 

skins of plants (Jones 2007). Results showed that SDM was over the allowable limit for 
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arsenic and very close to the allowable limit for cadmium set by the United States 

Environmental Protection Agency (United States Environmental Protection Agency 2011).  

SDM contained 0.088ppm of total arsenic, which is over 8 times the allowable limit 

of 0.010ppm established by the United States Environmental Protection Agency (United 

States Environmental Protection Agency 2011). Arsenic, which is found naturally in the soil, 

is a known carcinogen that has been linked to lung, bladder, and skin cancers (Roberge and 

others 2009). However, arsenic can exist in a variety of chemical forms naturally in the 

environment, including organic and inorganic. These different chemical forms can alter the 

bioavailability and toxicity of arsenic. For instance, inorganic forms of arsenic are typically 

more toxic than organic arsenics (Quaghebeur and Rengel 2005). The chemical form of 

arsenic present in SDM should be investigated in future work to determine if arsenic 

contamination will limit the potential use of SDM in food products. 

Additionally, SDM contained 0.0056ppm of cadmium, which is over the United 

States Environmental Protection Agency established limit of 0.005ppm (United States 

Environmental Protection Agency 2011). Regardless, the presence of these heavy metals in 

SDM provides a major limitation for its potential use in food products. Further work is 

needed to investigate the source of heavy metal contamination in peanut skins, especially if 

contamination is strictly dependent on growing location. Evaluation of other peanut growing 

locations for heavy metal contamination would determine if the source of contamination in 

location dependent or if heavy metal contamination in peanut skins will ultimately restrict its 

use in food products. 
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Conclusions 

 The spray drying of peanut skin soluble extract produces a powder rich in phenolic 

compounds with high antioxidant potential. The spray dried powder produced through this 

process is either greater or comparable in antioxidant capacity in vitro with many spices and 

surpasses most fruits noted as a rich source of antioxidants. Among the phenolic compounds 

extracted and concentrated by spray drying, catechin and epicatechin were detected and 

preserved through the use of a maltodextrin carrier agent. Additionally, the powders 

produced had less peanut allergens present than the milled skins, especially SD in which no 

peanut allergens could be detected. SD and SDM also showed a six-fold increase in solubility 

than milled skins in 5% solutions.  

While the presence of phenolic compounds; high antioxidant capacity, reduced allergenicity, 

and improved solubility all contribute to the benefits of using the produced spray dried 

powders as a functional food ingredients, the detection of arsenic and cadmium above the 

allowable limits would prevent its use. Future work should be focused on the source as well 

as prevention of contamination of peanut skins by heavy metals to make this process more 

viable as a potential use for this production byproduct. Additional work should also be 

focused on the insoluble materials produced through this process for increased use in animal 

feed. 
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Figure 1. Overall Process Mass Balance 
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Figure 2. Total Phenolic Content of Soluble Extract, SDM, and SD per 100g of Wet and Dry Weight 

 



62 
 
 

 
 

 
Figure 3. H-ORAC Values of Soluble Extract, SDM, and SD per 100g of Wet and Dry Weight 
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Figure 4. H-ORAC Value Comparison with Common Foods (Nutrient Data Laboratory and others 2010) 
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Figure 5. Presence of Catechin and Epicatechin in SDM
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Figure 6. Amino Acid Profiles of Milled Skins, Insoluble Material, SD, and Peanuts 
Abbreviations: Aspartic acid (Asp); Threonine (Thr);  Serine (Ser); Glutamic acid (Glu); Glycine (Gly); Alanine (Ala); Valine (Val); Methionine (Met); Isoleucine (Ile); 

Leucine (Leu); Tyrosine (Tyr); Phenylalanine (Phe); Lysine (Lys); Histidine (His); Arginine (Arg); Proline (Pro) 
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Figure 7. Solubility of 5% Solutions of Milled Skins, SD, SDM, and Maltodextrin 
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Abstract 

Peanuts or groundnuts (Arachis hypogaea L.) are a valuable oilseed crop, but other 

than the seed, the rest of the plant is of minimal value. Plant material including the leaves is 

used as mulch or as animal feed. Perennial peanut (Arachis glabrata Benth) known as forage 

or rhizoma peanut produces few seeds, but is grown specifically as a forage, turf or 

ornamental plant. The leaves from the peanut plants were freeze dried, essential oils were 

extracted by distillation and the chemical compositions were determined using gas 

chromatography and gas chromatography-mass spectrometry. Oil yield from the A. hypogaea 

leaves was 0.63%. The major components were aldehydes, phenols, linalool and phytol. The 

yield from A. glabrata leaves was 0.61% with the major components being linalool, alkanes, 

and fatty acids. 

Keywords:  Peanuts, Arachis hypogaea, Arachis glabrata, perennial peanut, essential oil, 

peanut plants, peanut leaves. 
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Introduction 

Peanuts or groundnuts are grown on almost every continent where the climate is 

semitropical or slightly cooler (Maiti and Wesch-Ebeling, 2002). In the USA, peanuts are 

grown across the southern part of the country from the states of Virginia, south to Florida and 

as far west as New Mexico (Henning, et al., 1982). The current agricultural practice is to 

harvest the seed and to grind the vines back into the soil as mulch. In certain cases, the vines 

or “hay” will be baled and used as animal feed (Young, et al, 1982). For the crop year, 2011, 

over 1.1 million acres of peanuts are projected to be grown in the US (FAPRI 2010). 

 Perennial peanut plants have been studied for the most part for their potential as a 

high quality forage plant or as lawn cover and ornamental turf grass able to withstand the 

stress of low quality soils or drought stress (French et al, 2006). Since it is perennial, once 

established, it does not need yearly replanting and the high nutritional value of the forage has 

been found to be close to that of alfalfa, a high quality legume used for hay in most of the 

Southern US (Flores, 2008). 

 Spices and herbs have long been used for flavoring food and have been found to have 

antioxidant properties (Lee and Shibamoto, 2001, Misharina et al., 2009; Nakatami, 1997; 

Okuda, 1999). The retardation of lipid oxidation has been found to occur when certain herbs 

and spices are added to foods. The results from many of these studies were reviewed and it 

was found that many of the plants with this activity were of the family Lamiaceae 

(Yanishlieva et al, 2006). Extracts from these plants were found to contain compounds with 

hydroxyl groups that would be capable of serving as natural antioxidants, but many of these 

compounds are very aromatic and would impart distinct flavors to foods which may be 
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drawbacks in some applications where additional flavorings are not desired. If compounds 

with similar properties were to be found in other plants and have less flavor impact, they 

would be of value for applications in the food industry where natural antioxidants are 

desired, but intense flavors are not. This study was initiated with that goal in mind. 

Materials and Methods 

Plant Material 

Peanut plants (A. hypogaea L.) of the variety, Georganic were grown at the National Peanut 

Laboratory in Dawson, GA during the crop year 2008. The freshly dug plants were shipped 

on ice to our laboratory, where the plants were weighed and separated into parts. These 

included the leaves, stems, roots, pegs and seed pods. With the exception of the pods, the 

plant parts were freeze dried and stored in Ziplock® plastic bags at -20°C until analyzed.  

 Perennial peanut plants (A. glabrata Benth.) of the variety Pintoi were a gift from Dr. 

Samuel W. Coleman of the USDA-ARS Agricultural Research Station in Brooksville, FL, 

USA. They were propagated in flats in the greenhouse at the Crop Science Department at 

North Carolina State University in Raleigh, NC, USA. After six months of growth, leaves 

from the plants were harvested by hand and freeze dried and stored as described for the 

edible peanuts. 

Essential Oil Extraction and Characterization 

The freeze dried leaf material was ground to a fine powder and the essential oils were 

extracted by hydrodistillation in a Clevenger-type apparatus according to ISO Method 6571. 

The oil was trapped in xylene. The xylene was removed by evaporation in a nitrogen stream 

and the oil was then dried over sodium sulfate. The oil was then analyzed by gas 
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chromatography using a Perkin Elmer Model XL chromatograph (GC) (Perkin Elmer Corp., 

Shelton, CT) interfaced to a Perkin Elmer Turbo Mass Gold mass spectrophotometer (MS). 

The GC was fitted with a DB-5 column (30 m X 0.25 mm; film thickness, 0.25 µm) (J&W 

Scientific, Folsom, CA). The temperature program was started at 60°C, held for 1.0 min, 

increased at a rate of 15°C per min to 300°C and held for 3.0 min. The carrier gas was helium 

at a flow rate of 0.8 mL/min-1 with a split flow rate of 50 mL/min-1. The MS inlet was set at 

270°C and the source was an electrochemical ionizer (EI) operated in the positive mode 

heated to 180°C. The MS scan range used was 35 to 500 taken at 70eV.   

The mass spectra of the resulting peaks on the chromatograms were identified using 

the NIST 02 spectral library and comparison of the calculated Kovat’s indices with the online 

Pherobase database (El-Sayed, 2011). 

Results 

The fresh leaves have a faint odor resembling that of common forage grasses. The 

steam distilled oil had an odor like that of strong slightly fermented tea. The constituents 

identified in the sample of A. hypogaea are listed in Table 1 and represent 78.38% of the total 

compounds observed. The oil yield for the sample was 0.63 grams of essential oil per 100 

grams of dried leaf material distilled. For the sample of A. glabrata, the compounds found 

are listed in Table 2. Those identified represent 84.09% of the total compounds observed. 

Unlike the commercial peanut plants, the leaves of the forage plants were not found to 

contain as many volatile organic compounds, but rather more fatty acids were distilled. The 

yield for this type was similar, with 0.61 grams recovered per 100 grams of dried leaf 
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material distilled; however, the majority of the material that distilled over was determined to 

be fatty acids, rather than small molecular weight aromatic compounds. 

Discussion 

For the purpose of this discussion, A. hypogaea will be referred to as peanut and A. 

glabrata will be referred to as forage peanut. To our knowledge, no report exists in the 

literature of the essential oil composition of the leaves of these plants. Although there are 

studies evaluating the stability of peanut oil to oxidation when certain essential oils have 

been added (Maestri et al, 1996; Gilsoul and Jeanfils, 1992), none have discussed using oils 

distilled from the nonseed portion of the peanut plant. There are also reports on the use of 

essential oils from plants being used as fungicides for peanuts themselves (Tripathi and 

Kumar, 2007). As these oils are often composed hydroxylated compounds, they could be 

expected to serve as natural antioxidants as well. 

 One of the main compounds identified in the distillate from peanut leaves was 

Linalool, which has been used extensively in the perfume and fragrance industry (Casabianca 

et al, 1998). It was also found in the forage peanut leaf distillate and is known to be present 

in various types of plants. Another compound that the two plants had in common was p-

Vinylguaiacol which has applications in the flavor industry. It is noted for notes of apple, 

spice, clove, curry and more interestingly, peanut (Janes et al, 2009). Both distillates contain 

geranyl compounds which are known to have flowery odors and bitter tastes (Burdock, 2010; 

pgs.738,746). Additionally, Farynesyl acetone and hexahydrofarnesyl acetone were isolated 

from the peanut leaves. These compounds would be precursors to phytosterols from the 

acetyl-CoA pathway (Grunwald, 1975). As such, they would be expected to be present in 
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plant leaves. Farnesyl acetone has application in the fragrance industry as it has low aroma 

impact on its own, but can serve as a fixative for other scents (Burdock, 2010; pg. 689). 

Phytol is a constituent of chlorophyll and is commonly found in many plants (Schwender et 

al, 1997) and was found to be one of the major peaks in the peanut plant leaves, but more 

interestingly not in the forage plant leaves.  

 It must be noted that this study is a comparison of species within the Arachis genus. 

The leaves were obtained from two distinct species with different growing patterns. A. 

glabrata expends minimal energy in producing seeds, but produces leaves in more of a 

spreading pattern. In comparison, A. hypogaea has been bred to optimize the production of 

the seed although the leaves of the plant serve to channel nutrients to the seeds below ground. 

In addition, the plants used in this study were grown under very different conditions. The 

peanut plants were field grown under organic production conditions and the forage peanuts 

were propagated in a greenhouse. Any differences between the leaf content could possibly be 

influenced by the differences between the plants themselves, the growing conditions and 

environment, or a combination of the two. From the comparison of the compounds present in 

the two distillates, it appears that the peanut plant has many aromatic compounds that are 

precursors to plant lipids, while the forage peanut compounds were more representative of 

mature lipids. 

 In general, many of the compounds identified are alcohols, aldehydes and ketones 

that could serve as hydrogen donors to limit free radical oxidation. Although many of the 

compounds are aromatic, the overall aroma impact of the isolated oils was low. This would 

indicate that essential oils isolated from the leaves of these two types of Arachis plants would 
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have potential to serve as natural source antioxidant ingredients with low levels of flavor 

impact to finished food products.
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Table 1. Chemical Composition of Essential Oil of Leaves of A. hypogaea 

No. KI RI (min) Compound Content % (w/w) 

1 996 3.30 Cumene (1-propyl benzene) 2.33 
2 1011 3.44 1-ethyl-4-methyl-benzene 4.46 
3 1053 3.86 Hyacinthin (Phenylacetaldehyde) 1.55 
4 1107 4.38 Linalool (2,6-Dimethyl-2,7-octadien-6-ol) 14.94 
5 1197 5.25 alpha-Terpineol (2-(4-methylcyclohex-3-enyl)-propan-2-ol) 3.44 
6 1256 5.80 2,6,6-trimethyl-1-cyclohexene-1-acetaldehyde 3.29 
7 1317 6.36 Indole (2,3-Benzopyrrole) 3.68 
8 1361 6.75 p-Vinylguaiacol (2-Methoxy-4-vinylphenol) 0.99 
9 1455 7.55 Acetyleugenol(4-allyl-2-methoxy-phenol acetate) 4.70 
10 1492 7.86 Geranyl-acetone (5E-6,10-dimethyl-5,9-Undecadien-2-one) 2.85 
11 1568 8.46 Beta-Ionene (4-(2,6,6-trimethyl-1-cyclohexenyl)-3-buten-2-one) 0.84 
12 1847 10.51 2,6-t-dibutyl-4-methylphenol 6.79 
13 1922 11.02 Hexahydrofarnesyl acetone 4.44 
14 1962 11.28 Farnesyl acetone (6,10,14-trimethyl-5,9,13-Pentadecatrien-2-one) 3.53 
15 2111 12.26 Phytol (2E-(3,7,11,15-Tetramethyl-2-hexadecen-1-ol) 20.55 
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Table 2. Chemical Composition of Essential Oil of Leaves of A. glabrata 

No. KI RI (min) Compound Content  % (w/w) 

1 1011 3.45 Trimethylbenzene 1.49 
2 1060 3.93 Dimethylbenzene 1.89 
3 1104 4.36 Linalool (2,6-Dimethyl-2,7-octadien-6-ol) 2.31 
4 1109 4.40 Hotrienol ((5E)-3,7-Dimethyl-1,5,7-octatrien-3-ol) 0.68 
5 1116 4.47 4-hydroxy-4-methylcyclohexanone 0.38 
6 1196 5.28 Alpha-Terpineol ((2-(4-Methyl-3-cyclohexen-1-yl)-2-propanol 1.19 

7 1202 5.30 Dodecane 0.80 
8 1216 5.43 2,6,8-Trimethyldecane 0.40 
9 1221 5.47 2-Cyclopentylcyclopentanone 0.25 
10 1230 5.56 Trans-2-pinen-4-ol 1.27 
11 1255 5.79 Geranyl-n-propionate (Trans-3,7-dimethyl-2,6-octadienylpropionate) 0.94 

12 1273 5.96 2,6-Dimethyloctane 0.51 
13 1299 6.21 Iso octyvinylether (ethenyloxy-iso octane) 0.65 
14 1315 6.34 p-Vinylguaiacol (2-Methoxy-4-vinylphenol) 0.50 
15 1559 8.40 Dodecanoic acid 0.94 
16 1757 9.88 Myristic acid 0.80 
17 1964 11.29 Hexadecanoic acid 44.51 
18 2077 12.04 1,9,12,15-Octadectatetraene 3.99 
19 2131 12.40 Linoleic acid 20.59 
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Summary and Suggestions for Future Work 
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 This research suggests that two current waste products from peanut production, peanut 

skins and leaves, could have potential additional uses, both of which could be of value to the 

food industry. In addition to reducing the waste associated with peanut production, peanut skins 

and leaves could provide additional economic value to the peanut plant. 

Phenolic compounds from peanut skins are able to be extracted and spray dried 

producing powder with high antioxidant capacity as well as insoluble material that is potentially 

better suited for use in animal feed. The powder produced could be used as a natural source of 

dietary antioxidants as well as to retain quality within a food product through the prevention of 

oxidation and the formation of off flavors. Similarly, the essential oil extracted from peanut 

leaves has been shown to contain compounds with potential to act as antioxidants with low 

flavor impact.  

However, since the yield of essential oil from peanut leaves was relatively low, it would 

be more economic to focus future efforts on the antioxidants from peanut skins. Future work 

should be focused on investigating the source of arsenic and cadmium contamination in peanut 

skins so that the potential of the spray dried powder can be evaluated in food systems. Peanut 

skins for this work were from a single growing location and therefore additional growing 

locations should be investigated for heavy metal contamination to determine if this 

contamination is location dependent. Future work should also be focused on the allergencity of 

the powders produced due to the limitations of the allergen testing used in this research.  
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Additional future work should include further investigation of the insoluble material 

produced due to the removal of phenolic compounds that have limited the use of peanut skins in 

animal feed previously. 
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