
ABSTRACT 

WEISSBURG, JACY. Chemical Characterization of Peanut Roasting. (Under the direction of Dr. 

Lisa Dean and Dr. Suzanne Johanningsmeier).  

 

The unique flavor of peanuts developed during roasting is the primary driving force for the 

consumption of peanut products. Although rarely consumed raw, the raw state of the peanut 

comprises the precursors involved in the transformations that lead to the distinct flavor development 

in roasted peanuts. The first objective of this work was to characterize the volatile compounds in raw 

and roasted peanuts of virginia and runner market-types utilizing a nontargeted analysis, in order to 

understand the changes that transpire during dry-roasting. The second objective was to investigate 

how chemical and physical properties of runner-type peanuts transform during dry-roasting.  

Peanut volatiles were quantified using two-dimensional gas chromatography coupled with 

time of flight mass spectrometry (GCxGC-ToFMS). Volatile compounds elicited by solid-phase 

microextraction (SPME) were separated with a polyethylene glycol 1st-dimension column and a 14% 

cyanopropylphenyl 2nd-dimension column. Among the 515 peaks detected, 361 remained after 

removal of artifacts. Of these, 290 compounds were found to be significantly different between the 

raw and roasted treatments (p < 0.05). The roasted samples included pyrazines, pyrroles, thiazoles, 

and furans. Alcohols dominated the compounds found in raw peanut samples. Additionally, 107 

compounds were found to differ significantly between roasted runner and virginia-type peanuts, and 

119 volatile compounds had not previously been detected in peanuts, including aroma-active 

pyrazines and pyridines Virginia-type peanuts contained greater levels of linoleic acid oxidation 

products. The roasting treatment and the peanut market-type both had a significant impact on the 

types and concentrations of small molecular weight compounds found. These findings contribute 

supplementary information about the development of roasted peanut flavor. 

Roasting processes are also important for the peanut industry. Industry practices rely on the 

surface color (Hunter L-value) of the peanut to indicate roast completion. This practice does not 



optimize peanut flavor or peanut quality, as variation exists among peanut seeds and occurs in 

processing. The objective of this study was to observe the physical and chemical changes that a 

peanut undergoes at distinct times in roasting. A single lot of runner peanuts was divided into 105 

aliquots and assigned to fifteen different roast times, ranging between 4 and 24 minutes, at 177 °C. 

Hunter L, a, and b color of pasted and whole seed peanuts, moisture content, total lipid content, seed 

size, descriptive sensory analysis (DSA), free amino acid content, and carbohydrate content were 

determined on roasted and raw from each peanut aliquot. Different statistical techniques were 

employed including analysis of variance and Tukey test to separate means. Pearson‟s correlations 

and principal component analysis (PCA) were utilized to establish relationships. Moisture content 

declined with increasing roast time, and ranged from 3.134% for the 4 minute roast, to 0.327% for 

the 24 minute roast. A descriptive sensory analysis panel reported an increase in roast peanutty (RP) 

until ~12 minutes, followed by a decline. When mathematically modeled, the peak RP score was at 

12.15 minutes. The surface darkness of the seeds was equal to the internal seed darkness at 12.97 

minutes, when the Hunter L-value of the pasted and whole seed roasted peanuts intersected. 

Seventeen free amino acids (FAA) had significant declines with increased roast time. Glutamic acid 

and phenylalanine were consistently the most abundant FAA across roast times (p < 0.05). 

Correlations between L-value and several sensory characteristics were significant, indicating that the 

color measurement related to flavor properties of the peanuts. Enhanced understanding of physical 

and chemical effects of roast time may help shape new practices to better optimize peanut quality. 
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CHAPTER ONE: Literature Review 
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History and Importance 

 

Today, peanuts grow throughout the world in tropical and subtropical regions, but the plant 

was believed to have originated in South America (American Peanut Council 2014; Hammons 1982). 

Peanuts grow annually as a seed on the small leguminous bush, Arachis hypogaea (Hammons 1982). 

The plant grows yellow flowers around the lower portion of the plant, which pollinates itself above 

the ground before beginning to enlarge and bend towards the soil. Transforming into slim and woody 

fruit pods, the embryos remain in the soil to mature (McGee 1984; Virginia-North Carolina Peanuts 

Promotions 2016a). The plant was first domesticated in 2000 BCE, and in the 16th century the 

Portuguese spread the commodity to Africa, Asia, and India (American Peanut Council 2014; McGee 

1984). China quickly utilized the crop as a major source of cooking oil (McGee 1984). Traders 

brought peanuts to North America in the mid-17th century (Virginia-North Carolina Peanuts 

Promotions 2016a). 

Until the 19th century peanuts were primarily used for animal feed in the western world 

(McGee 1984). This is believed to be, in part, because peanuts were regarded as food for the poor 

due to the slow and difficult harvesting (American Peanut Council 2014). During the U.S. Civil War 

there was a notable increase in peanut consumption, as both northern and southern soldiers used 

peanuts for food (Virginia-North Carolina Peanuts Promotions 2016a). In the latter half of the 19th 

century, peanuts were eaten as a snack food, sold freshly-roasted by street vendors, and sold at 

baseball games and circuses (Virginia-North Carolina Peanuts Promotions 2016a). At this time, 

peanuts were harvested by hand and often included stems and trash in the product (Virginia-North 

Carolina Peanuts Promotions 2016b). Around 1900 equipment for planting, cultivating, harvesting, 

shelling, and cleaning kernels was invented, and quickly accelerated the production and quality of 

peanuts (Virginia-North Carolina Peanuts Promotions 2016a).  

Beginning in 1903, at the Tuskegee Institute in Alabama, George Washington Carver 

conducted research which played a role in the expansion of the peanut industry (Ginsberg, 2005; 
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Virginia-North Carolina Peanuts Promotions 2016a). Dr. Carver used the peanut to develop more 

than 300 food, industrial, and commercial products (Ginsberg 2005). Included in his research was the 

use of peanuts for shaving cream and shoe polish (Virginia-North Carolina Peanuts Promotions 

2016a). Additionally, he promoted crop rotation to improve soil quality and growing practices 

(Ginsberg 2005).  

The peanut industry has continued to expand in both national per capita consumption, and in 

national and international annual production (American Peanut Council 2014). Today, the top peanut 

producing countries are China, India, Nigeria, and the United States (American Peanut Council 

2018). The U.S. is the third largest peanut producing country worldwide, but unlike other top 

producers who primarily produce peanut oil, cake, and meal, the market in the U.S. focuses on edible 

consumption (American Peanut Council 2014; Ory 1992). In 2017, the world production of peanuts 

was 45 million metric tons (American Peanut Council 2018). United States peanut consumption per 

capita is depicted in Figure 1.1, showing an upward trend. In the United States peanuts are grown in 

thirteen states (Figure 1.2) and rank as the 12th most valuable cash crop (American Peanut Council 

2014). 

 

Figure 1.1 U.S. per capita consumption of peanuts (American Peanut Council 2018). 
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Figure 1.2 Peanut producing areas in the U.S. (American Peanut Council 2014). 

 

Today the primary consumer peanut products in the U.S. include peanut oil, roasted snack 

peanuts, in-shell peanuts, peanut butter, confections, and peanut ingredients (American Peanut 

Council 2014, 2018). Figure 1.3 represents the relative consumption of peanut products by category. 

Approximately 60% of peanuts grown in the U.S. in 2018 were made into peanut butter (American 

Peanut Council 2018). 
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Figure 1.3 U.S. relative consumption of peanut products in 2017-18 (American Peanut Council 

2018). 

 

Market Types 

 
There are four basic market types of peanuts; runners, virginias, spanish, and valencia, which 

are each different in shape, size, and flavor (Figure 1.4). Runner peanuts make up 85% of the U.S. 

market due to the Florunner variety, which was derived in the 1960‟s (American Peanut Council 

2018; Henning et al. 1982). This cross between early runner and Florispan peanuts saw superior 

yield, flavor, and quality (Henning et al. 1982). Runner peanuts tend to have smaller seeds and 

uniform pods, and the plant has a prostrate growth habit (Henning et al. 1982). 44% of runner 

peanuts grown are processed into peanut butter (Virginia-North Carolina Peanuts Promotions 2016b). 

Virginia peanuts have the largest kernel size and the plants tend to grow more erectly 

(Henning et al. 1982). The peanut seeds account for about 10% of total U.S. peanut production 

(American Peanut Council 2018). In the U.S. consumer in-shell peanuts are primarily of the virginia 

market-type. When shelled, the peanut seeds are often salted or flavored and sold as a gourmet snack 

(Virginia-North Carolina Peanuts Promotions 2016b). 
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Spanish-type peanuts have small seeds, which are covered with a reddish-brown skin. They 

are typically used in confections, but are also used in salted nuts and peanut butter. Spanish peanuts 

have a higher oil content than other peanut market-types. In 2015 the Olé Spanish variety was 

introduced with higher levels of oleic acid, which helps extend the shelf life (Virginia-North Carolina 

Peanuts Promotions 2016b). This market-type accounts for only 2% of the U.S. production 

(American Peanut Council 2018). 

Valencia peanut pods tend to contain three or more small seeds covered with a characteristic 

reddish skin. The seeds are sweet and typically sold as roasted in-shell, fresh boiled peanuts, or to 

make peanut butter. Valencia peanuts, however, account for less than 1% of the peanut production 

within the U.S. (American Peanut Council 2018). 

 

Figure 1.4 The four market types of peanuts (National Peanut Board 2014). 

 

Composition of Peanuts 

 

Overall Composition 

 

The edible peanut seed consists of two cotyledons and the heart, also referred to as the germ, 

all enclosed within a thin skin (Hoffpauir 1953). The kernel is composed of about 48% oil, 26% 

protein, 19% carbohydrates, and 6% water by weight (McGee 1984). The skin makes up 2.6% of the 



   

 

 

7 

whole peanut seed on a basis of weight, which contributes some fat, salt, crude protein, and 

antioxidants in the form of procyanidins (Yu et al. 2005). 

 

Oil 

 

Peanut seeds characteristically have a high oil content, ranging between 35.8-54.2% and 

averaging near 45% (Knauft & Ozias-Akins 1995). Oil content is influenced by cultivar, growth 

environment, seed size, maturity, and market type (Davis & Dean 2016). This primary component, 

oil, consists of triglycerides (96.1-96.4%), phospholipids (2.4-2.9%), sterols (0.69-.080%), free fatty 

acids (0.1-0.4%), and glycolipids (0.10-0.14%) (Mondal et al. 2011). Oleic (18:1), linoleic (18:2), 

palmitic (16:0), and stearic (18:0) acids constitute more than 90% of the oil present in peanuts, and 

are regarded as important for both oil stability and human nutrition (Hoffpauir 1953; Pattee et al. 

1982c; Ahmed & Young 1982; Isleib et al. 2006). Oleic and linoleic acids comprise 80% of the oil 

content, and each have 18 carbons in their chain, with oleic having one double bond, and linoleic 

having two (Davis & Dean 2016). The monounsaturated fatty acid, oleic acid, is the predominant oil 

component in the peanut, and has been reported to have health benefits including lowering low 

density lipids (LDL), reducing the risk of cardiovascular disease, preventing cancer, mitigating 

inflammatory responses, and increasing insulin sensitivity (Mondal et al. 2011). Additionally, oleic 

acid is less likely to oxidize and become rancid, so high levels can lengthen shelf life of peanut 

products (O‟Keefe et al. 1993). Typically, peanuts contain 50% oleic acid and 30% linoleic acid, 

however “high oleic” mutations with 80% oleic and less than 3% linoleic acid have been discovered. 

These fatty acid profiles are due to a desaturase enzyme which converts the double bond in the 

linoleic acid into a single bond forming oleic acid. The oleic acid to linoleic acid ratio (O/L) is 

frequently reported in the peanut industry, where traditional peanuts have a O/L of 1.5-2.0, and high 

oleic cultivars have an O/L greater than 9.0. Besides genetic predisposition, the O/L ratio is affected 
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by a number of factors including growing temperature/location and seed maturity (Davis & Dean 

2016). 

Other sources of fat in the peanut are from phospholipids and phytosterols. Cell membranes 

are made of a phospholipid bilayer, which allow the hydrophobic and hydrophilic components to 

coexist. Approximately 1.6% of the total lipids in raw peanuts are phospholipids. Moisture and 

temperature fluctuations in harvest, handling, and roasting can greatly impact the total phospholipid 

concentrations (Yoshida et al. 2005). Phytosterols are lipids that provide structure, stability, and 

fluidity in the cell membrane. Additionally, these compounds can be components involved in 

biological processes such as cellular sorting or cell signaling. Phytosterols are bioactive compounds 

that could positively impact health by suppressing the absorption of cholesterol (Davis & Dean 

2016). 

 

Proteins and Amino Acids 

 

Among popular edible nuts and groundnuts, including tree nuts and peanuts, peanuts 

contained the largest protein content at 21.56% (Venkatachalam & Sathe 2006). The majority of 

protein in the peanut seed is held within storage protein units, which can be divided based on 

solubility. Peanut proteins exist in two categories: albumins are water soluble, and globulins are salt 

soluble (Pattee et al. 1982c; Singh & Singh 1991).  Johns and Jones (1917) first identified two 

primary globular fractions within the peanut: arachin and conarachin. Arachin and conarachin 

account for approximately 63% and 33% of the total protein, respectfully. The main difference 

between the two is the sulfur content, which is 0.4% for arachin and 1.9% for conarachin (Johns & 

Jones 1917). Peanut proteins have a high digestibility coefficient, equal to 93, as assessed from 

human subjects (Hoffpauir 1953).  
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Peanuts contain all 20 amino acids, including the 10 nutritionally essential amino acids in 

substantial amounts (Arya 2016; Hoffpauir 1953). As reported by Monteiro & Prakash (1994) Table 

1.1 shows the amino acid profile of peanuts. Peanuts contain high contents of glutamic acid, aspartic 

acid, and arginine, and contain low quantities of cysteine, methionine, and tryptophan (Monteiro & 

Prakash 1994). 

  

  



   

 

 

10 

Table 1.1 Amino acid composition of peanut protein fractions (Grams per 100 g of protein) 

(Monteiro & Prakash 1994). 

  

 

Carbohydrates 

 

Peanuts contain a variety of carbohydrates including sugars, starch, dietary fiber, lignin, and 

long polysaccharides (Davis & Dean 2016). The proportion of sugar and starch in the peanut changes 

as the peanut matures, varies among peanut market-types, and can be affected by curing practices. 

Early in development the peanut seed produce more sugars, which are precursors for starch 

(Vercellotti et al. 1995; Pattee et al. 1974). Later the metabolism of the peanut shifts to focus on 

starch development and oil production. The maturity at harvest prescribes the sugar content of a 

peanut (Vercellotti et al. 1995; Pattee et al. 1974). Less mature peanuts typically have higher sugar 

contents and lower oil contents, which can cause implications during processing. The growing region 

can also impact the sugar level of the peanut, as regions with lower night time temperatures and 

cooler soil temperatures tend to have higher concentrations of sugar (Vercellotti et al. 1995; Davis & 

Dean 2016 
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The sugars present in peanut seeds include sucrose, fructose, glucose, raffinose, myo-inositol, 

and stachyose, which together make up about 90% of the sugar content (Davis & Dean 2016; Newell 

et al. 1967). Sucrose is the most abundant sugar present, and fructose and glucose are the smallest 

present (Basha 1992; Newell et al. 1967).  Sugar is important in roasting for its participation in 

Maillard browning reactions. Only reducing sugars, including glucose and fructose, can directly 

participate as substrates in the reactions (Davis & Dean 2016; Newell et al. 1967). Fructose is more 

prone to be involved in Maillard browning reactions due to its open chain structures. Sucrose, itself 

cannot participate in the reaction, however, it is able to hydrolyze into glucose and fructose (Newell 

et al. 1967). The total sugar content has been shown to be a partial predictor of characteristic flavor 

attributes, including roast peanut-like flavor (Pattee et al. 1998 and 2000; Davis & Dean 2016).  

Peanuts are also a good source of dietary fiber, containing approximately 8.5% on the basis 

of fresh weight. This dietary fiber includes components which are not digested in the small intestine 

and remain structurally intact (Davis & Dean 2016). Peanuts are also a source of numerous vital 

vitamins such as nicotinic acid, folate, thiamin, and Vitamin E (Woodroof 1983a). 

 

Moisture Content 

 

The initial moisture of raw peanut kernels is a major influencer of the variation in flavor 

characteristics in roasted peanuts (Sanders et al. 1995). The initial moisture content of the peanut 

typically falls from 6 to 8%, but drops to 0.5-1.5% following roasting (Perren & Escher 2013). This 

moisture reduction prevents mold from growing, and reduces rancidity and staling rates (Woodroof 

1983a). Additionally, moisture content affects the free amino acid and sugar composition of peanuts 

(Pattee et al. 1981). Studies have observed that lower moisture contents in peanuts have more 

pronounced flavor, and higher moisture contents lead to less flavor with more off-flavors within a 

few days (Woodroof 1983b; Pattee et al. 1982c).  
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Roasting 

 
Roasted peanut flavor, unique to this commodity, is what drives the consumer market for 

peanut products (Sanders et al. 1997). Thermal processing is critical to form the roasted peanut 

aroma and flavor. During the roasting process thermal decomposition products are generated from 

compounds in the raw kernels (Kaneko et al. 2013). 

The majority of peanuts are consumed after thermal processing, which is critical for food 

safety and food quality, as it reduces food borne pathogens and improves palatability (Shi et al. 2015; 

Poirier et al. 2014). This process converts the product to an optimal texture, flavor, and color through 

the controlled application of heat in a low moisture environment (van Boekel et al. 2010; Davis & 

Dean 2016). Thermal processing can provide additional benefits, such as inactivating natural toxins 

and enzymes, improve digestibility and the bioavailability of nutrients, and enhancing the health-

promoting prebiotic and probiotic compounds (van Boekel et al. 2010). However, if not properly 

controlled some negative outcomes of thermal processing can include carcinogen formation 

including acrylamide, nutrient loss, and the formation of undesired flavors (van Boekel et al. 2010).  

Peanuts are processed in a variety of formats, including oil roasting (frying), dry roasting, 

and boiling (American Peanut Council 2014; Davis & Dean 2016; Shi et al. 2015). The two roasting 

methods dominate the market for commercially consumed peanuts in North American and much of 

Europe (American Peanut Council 2014; Davidson et al. 1999; Davis & Dean 2016; Poirier et al. 

2014). Roasting factors play a large role in the final shelf life and nutritional availability (Davis & 

Dean 2016). 

While the process of roasting is now studied as a science to meet commercial expectations, 

humans have been roasting peanuts for numerous centuries. Oil roasting is most common for snack 

peanuts, which are often coated or salted after roasting. Peanuts used for peanut butter or inclusions 

in confections and nutritional products are frequently dry roasted (Davis & Dean 2016). In both oil 
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and dry roasting, the temperatures of the air/oil range depending on the configuration between 125 

and 200°C, with temperatures near 150°C being most frequent (Davis & Dean 2016). For the 

essential heat-driven reactions to occur the temperature should be at least approximately 150°C 

(Davidson et al. 1999). Dry roasting involves predominantly convective heat transfer, where the hot 

air is passed through the bed of product. Oil roasting, however, uses more conductive heat transfer 

from the hot oil as its primary heating mechanism (Perren & Escher 2013; Davis & Dean 2016). Oil 

roasting times are typically shorter compared with dry roasting when using equivalent parameters. 

Peanuts achieve a more even heating with oil roasting compared with dry roasting, even when bed 

agitation is applied to promote better heat distribution (Perren & Escher 2013; Davis & Dean 2016). 

One disadvantage of oil roasting is the cost of the up-keep of the fryer oil with fresh oil and filtration. 

With either roasting technique, the peanuts should be cooled and sealed in oxygen depleted 

containers in cold storage as soon as possible to minimize oxidation (Davis & Dean 2016). 

During roasting mass transfer occurs from water loss that escapes as vapor, carbon dioxide, 

and some volatile compounds. The initial moisture content of the peanut is typically 6 to 8%, but 

drops to 0.5-1.5% following roasting (Davis & Dean 2016; Perren & Escher 2013). The internal 

temperature of a peanut typically reaches 130-150°C during the roasting process. The internal 

temperature of most foods, such as meats and vegetables, are rarely cooked to temperatures greater 

than 100°C because they have high initial and final water contents (Newell et al. 1967).  

Accompanying the loss of moisture is pigmentation and volatile production, which are the products 

of complex non-enzymatic reactions, including Maillard reactions, caramelization, and lipid 

oxidation. There is an interdependent relationship during roasting among moisture loss, color 

development, and flavor development/volatile formation. Together they are commonly utilized to 

define endpoint of commercial roasting (Buckholz et al. 1980; McDaniel et al. 2012; Pattee et al. 

1991; Davis & Dean 2016). A complex collection of volatile compounds is formed during the 

roasting process, which largely define peanut flavor (Davis & Dean 2016).  
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Maillard Browning Reactions  

The characteristic peanut color is developed as result of browning reactions. There are four 

main types of non-enzymatic browning reactions in foods, which includes Maillard browning 

reactions, lipid peroxidation, caramelization, and degradation of ascorbic acid (Davies & Labuza 

1997). The predominant browning reaction that occurs during roasting in peanuts is the Maillard 

reaction. This reaction is also the predominant form of non-enzymatic browning during roasting in 

other food products such as grains, cocoa, bakery foods, coffee beans, beer and tree nuts (Saklar et al. 

2001; Purlis 2010; Baggenstoss et al. 2008; Liu et al. 2011; Hofmann 1998).  

The Maillard browning reaction is responsible for the formation of characteristic flavors, 

aromas, colors and textures in the peanut (Purlis 2010). Despite the wide depth of studies on this 

reaction, there is still much controversy on how the mechanism involves various highly reactive 

components that are quickly converted to other reactants and products (Purlis 2010). The Maillard 

reaction occurs between the carbonyl group of a reducing sugar and the free amino group of an 

amino acid, and produces melanoidin compounds (Hodge 1953; Buckholz et al. 1980). This process 

includes a complex series of reactions (Figure 1.5), starting with a condensation reaction between 

the carbonyl group from the available sugar and the amine group from the protein, forming a N-

glycosylamine. This product then loses water, while a Schiff base is formed, and is then converted to 

an N-substituted glycosylamine. An Amadori rearrangement on the N-substituted glycosyloamine 

follows, and forms 1-amino-1-deoxy-2-ketose, which is then reacted with in one of three distinct 

pathways depending on the pH of the food system. Systems with pH levels between 4 and 7, which is 

expected for peanuts, undergo enolization and will form hydroxymethylfurfural (HMF) or 2-furfural. 

A second pathway is via ketoenolization, where the products of the Amardori rearrangement are 

reformed to dehydroreductones, and then reformed again into reductions through reverse 

ketoenolization. The last pathway utilizes fragmentation and sugar dehydration with a Strecker 
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degradation, where α-amino acids are converted by reductones (α-dicarbonyls) into aldehydes 

containing the side chain with an imine intermediate. This product eventually condenses to form 

alkylpyrazines. After any of these pathways, polymerization of the intermediate products with an 

amino compound occurs. This reaction creates the melanoidins and heterocyclic compounds, which 

make up most of the flavor and aroma compounds. Some flavor compounds are constructed during 

the Strecker degradation, but these compounds are often thought to contribute to off-flavors (Davies 

& Labuza 1997; Manzocco et al. 2000; Purlis 2010; Sanders et al. 1995; Fennema 1996; Schirack et 

al. 2006; Neta et al. 2010).  
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Figure 1.5 Scheme for nonezymatic Maillard Browning Reaction (Davies and Labuza 1997). 
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Color Formation 

The characteristic brown color is attributed to the melanoidins, produced during the 

polymerization reaction. These compounds increase in molecular weight as browning increases (Liu 

et al. 2011). The depth of the golden brown color intensifies with increasing time and temperature of 

roasting (Mason et al. 1966; McDaniel et al 2011). Chiou et al. (1991) found that the visual color 

change in peanuts with high moisture content was more pronounced than in those with low moisture 

content. Darker roasted coffee has been associated with high molecular weight Maillard products 

(Liu et al. 2011). Compounds related to flavor formed during the final steps of the Maillard reactions 

include volatile heterocyclics such as pyrazines, pyrroles, pyridines, oxalines, and oxazoles (Schirack 

et al. 2006). The productions of these heterocyclic compounds dependent on several factors including 

the temperature, pH, time, amino acid type, amount of sugar, and ratio of amino acid to sugar 

(Hofmann 1998). A secondary source of color formation is attributed to caramelization reactions of 

sugars (Mason et al. 1966). Caramelization of sugars is the simplest browning reaction (McGee 

1984).  

Industrially, it is a common practice to roast peanut seeds to a specified color, as these 

measurements are rapid, non-destructive, and an association between color and roasted flavor and 

aroma has been reported (Pattee et al. 1991; Mason et al. 1966). Peanut colors are primarily 

expressed by CIELAB L*a*b* values and Hunter L a b-values, visualized in Figure 1.6 (Pattee et al. 

1991; McDaniel et al. 2012). These scales both utilize the opponent-colors theory, which assumes 

that colors are perceived by the human eye in pairs of opposites, as light-dark, red-green, and yellow-

blue (HunterLab 2012). In both scales the L value refers to the level of light or darkness, where 100 

is pure white and zero is solid black. The a value indicates how red (positive) or green (negative) a 

color is. The b value equates to how yellow (positive) or blue (negative) an object‟s color is 

(HunterLab 2012). The Hunter L, a, b color scale was developed first, and uses square roots to 
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calculate the values. The CIELAB was later developed using cube roots to calculate the values 

(HunterLab 2012). Theoretically, each of these scales would be sufficient to measure the color 

changes in peanuts, however, the Hunter L, a, b scale has been the predominant method reported 

among peanut literature (Pattee et al. 1991). Of the reported values, the Hunter L value is most 

interrelated with the intensity of roast peanut sensory attributes, and therefore used to indicate the 

degree of roast (Pattee et al. 1991; Pattee et al. 1982b; Sanders et al. 1989a; McDaniel et al. 2012). 

The L value is sensitive to roasting temperature and time, however, equivalent colors in roasted 

peanuts have been achieved with different roast time-temperature combinations (McDaniel et al. 

2012). The ideal color for a roasted peanut paste has a Hunter L value in the range of 51-52 (Pattee et 

al. 1991).   

 

Figure 1.6 Hunter L a b visualization (HunterLab 2012). 

While utilizing an instrument to identify the color scale of roasted peanuts is fast, 

nondestructive, easy (Manzocco et al. 2000), as well as being an indicator of peanut flavor, it is not a 

flawless practice (Ory et al. 1992). A number of other factors can cause defects and influence the 

flavor without changing the color, such as moisture content, maturity, and size (Pattee et al. 1982a, 
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Pattee et al. 1991, McDaniel et al. 2012). For example, smaller peanuts, which are often more 

immature, tend to form darker colors when roasted. This could be accredited to the higher sucrose 

levels that are present in less mature peanuts, thus darkening the color with increased caramelization 

reactions (Pattee et al. 1982a). Similarly, peanuts stored with high (~9%) moisture contents produce 

darker colored peanut butter with lower flavor quality, than peanuts with lower (~6%) moisture 

content (Pattee et al. 1982b). McDaniel et al. (2012) similarly found that lower moisture contents 

produced darker roasted peanuts. As a single color measurement is not the ultimate predictor of 

peanut flavor, it is necessary to further investigate chemical indicators of peanut flavor. 

 

Peanut Flavor 

 

Peanut flavor is the primary driver behind most consumer purchases of products with roasted 

peanuts (Davis & Dean 2016; Sanders et al. 1989). The quality of roasted peanut flavor results from 

the combination effects of genetics, physiology, production, handling, storage, and processing factors 

of the peanut seed (Sanders et al. 1995). A range of combinations and interactions due to these 

factors can occur, resulting in variation in peanut flavor. Flavor variation is normally limited and 

managed by modern manufacturing processes, however, some instances can alter the variation to the 

point of consumer complaints and an unsatisfactory product. These instances can occur from 

discrepancies with the environment, seed maturity, handling, or other factors that alter variation 

(Sanders et al. 1995).  

Roasting temperature and time are the factors contributing the most to the formation of 

flavors (Chun 2002; Buckholz et al. 1980; Magaletta & Ho 1996). Peanuts roasted for longer 

durations at lower temperatures have been found to have a longer shelf life and the best flavor. This 

may be attributed to a more uniform temperature distribution, which results in a higher probability of 

total enzyme inactivation. Additionally, many environmental and psychological conditions can affect 
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the strength and nature of flavors in roasted peanuts, including; atmospheric conditions during 

roasting, harvest season, initial moisture content, maturity, peanut composition, and the type of 

roaster (Chun 2002; Sanders et al. 1995). The primary source of the roasted peanut flavor and aroma 

is due to volatile compounds synthesized during roasting (Ahmed & Young 1982). 

The observed flavor and aroma of food are predominantly determined by the types and levels 

of volatile organic compounds existing in a food (Coleman et al. 1994). Three chemical reaction 

processes contribute to the formation of these aroma and flavor compounds: Maillard reactions, lipid 

degradations, and caramelization of sugars (Coleman et al. 1994). As discussed previously, products 

produced via the Maillard reaction are often nitrogen heterocyclic compounds, such as pyrazines, 

furans, and aliphatic aldehydes (Kaneko et al. 2013; Coleman et al. 1994).  

Oxidative or thermal degradation of lipids can yield oxygen containing compounds including 

aldehydes, ketones, and alcohols (Figure 1.7) (Coleman et al. 1994). Numerous products of lipid 

oxidation contribute to negative flavors, aromas, colors, and even nutritive values of food (St. Angelo 

& Graves 1986; Ory et al. 1992; Coleman et al. 1994). Lipid peroxides can interact with amino acids, 

proteins, and enzymes, causing damage to these structures, including precursors of flavor 

compounds. Free radicals impair food stability via the oxidation of polyunsaturated lipids and 

simultaneous deterioration of positive flavor contributors (Vercellotti et al. 1992). Hydroperoxides, 

and their secondary products, are reactive substances that can deteriorate amino acids and proteins 

(Gardner 1979). Peanuts are frequently subjected to lipid oxidation due to their high polyunsaturated 

fatty acid content (St. Angelo & Graves 1986). Both enzymatic and nonenzymatic mechanisms can 

oxidize lipids. In raw peanuts lipoxygenase catalyzes the lipid oxidation of polyunsaturated fatty 

acids into hydroperoxides, and consequently the secondary products (Gardner 1979; St. Angelo et al. 

1979). The enzyme is destroyed during the roasting process, however, lipid oxidation can still occur 

due to the presence of metal, metalloprotein, and salt catalysts (Ory 1992; St. Angelo et al. 1979).  
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Figure. 1.7.Mechanisms of lipid oxidation (Shahidi 2000).  

 

Caramelization is the thermal degradation of sugars, which yields low molecular weight 

open-chain oxygen containing products and heterocyclic oxygen-containing compounds including 

furan derivatives (Coleman et al. 1994). 
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Pyrazine compounds are the volatile compound group most representative of a roasting 

process in legumes and nuts, as well as in coffee, cacao beans, and pumpkin seeds (Manzano et al. 

2013; Koehler & Odell 1970; Coleman et al. 1994). Pyrazines are recognized to be the prime 

contributor of peanut flavor (Ku et al. 1998; Mason et al. 1966; Newell et al. 1967). These 

compounds are volatile heterocyclic nitrogen-containing compounds (Baker et al. 2003). Figure 1.8 

shows the basic structure of pyrazine. Amino acids and sugars in model systems and in peanut 

kernels have supported the formation of various and extensive pyrazine compounds (Ku et al, 1998; 

Koehler & Odell 1970). Below 100°C pyrazine formation, in peanuts and model systems of amino 

acids and sugars, is minimal (Koehler & Odell 1970).  

The chemical nature and composition of roasted peanut volatiles, along with the reactions 

and precursor compounds that form them, have been under investigation since the 1950‟s (Baker et 

al, 2003). Studies have found the nature of these aroma-active compounds to be chemically complex 

as hundreds of individual chemical peaks have been detected (Ahmed & Young 1982; Neta et al. 

2010; Davis & Dean 2016).  Through the studies over the past 70 years, 300 chemical components 

have been isolated from roasted peanuts (Chun 2002; Neta et al. 2010; Schirack et al. 2006).  

 In the years following 1980 in the U.S., efforts to understand the relationship between flavor 

and production environment, maturation, handling, and descriptive sensory evaluations saw increases 

due to several drought years (Sanders et al. 1995). A drought due in part to heat waves, caused an 

estimated $20.0 billion in damages to agriculture and related industries in 1980, which is estimated to 

be equivalent to $44.0 billion in 2000 (Ross & Lott 2000). 

Knowledge of the mechanisms in pyrolytically processed foods would allow for replication 

of the natural flavor production (Newell et al. 1967). Optimizing the roasting process for this 

mechanism could also maximize the intensity of roasted peanut flavor and minimize the under-

roasted and over-roasted flavor notes (Pattee et al. 1991). The roasted peanut flavor is defined by the 

composition and concentration of volatile compounds (Neta 2010). The flavor and aroma of foods 
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are predominantly determined by the types and levels of volatile organic compounds existing in the 

food (Coleman et al. 1994). 

 

 

Figure 1.8 Chemical structure of pyrazine.  

 

Roasted Peanut Flavor History 

 
Early studies examining roasted peanut flavor concentrated on isolating volatile chemical 

products of roasting, but did not study an association with flavor. A number of volatile constituents 

produced during roasting were identified in peanut materials, including carbon dioxide, furfural 

derivatives, aldehydes, ammonia, hydrogen sulfide, diacetyl, and volatile sulfur compounds 

(Hoffpauir 1953). These volatile compounds were thought to be possible flavor precursors (Newell et 

al. 1967). Most of these constituents were also identified in volatile substances eliminated while 

roasting coffee (Hoffpauir 1953).  

Mason et al. (1966) made the first positive identification of alkyl-pyrazines in roasted peanuts 

utilizing nuclear magnetic resonance (NMR), ultraviolet, and mass spectrometry. The compounds 

included methylpyrazine, 2,5-dimethylpyrazine, trimethylpyrazine, methylethylpyrazine, and 

dimethylethylpyrazine, along with one pyrrole: N-methylpyrrole, and were believed to produce nutty 

flavors. The study also found that phenylacetaldehyde was likely to contribute to the sweet aroma of 

roasted peanuts, that aldehydes with low molecular weights provided some harsher notes in the roast 
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peanut, and that pyrazine compounds were reported to be accountable for the roasted nutty smell that 

is distinctive to peanuts (Mason et al. 1966).  

While studying pyrazines in potato chips, Deck & Chang (1965) found that the characteristic 

aroma of 2,5-dimethylpyrazine is similar to a raw potato and is earthy. 

Additional aroma active compounds were positively identified in roasted peanuts with the use 

of chemical extraction techniques and chromatography including: acetaldehyde, isobutylaldehyde, 

benzaldehyde, and phenylacetaldehyde (Mason et al. 1967). Brown et al. (1968) developed an 

extraction method for ground roasted peanuts with boiling methane, where the peanut oil was 

solidified and distilled with chloroform, ether solution, sodium bicarbonate, sodium hydroxide, and 

hydrochloric acid. With flame ionization gas chromatography, they were able to partition and 

identify twelve acids. Pattee et al. (1970) identified five major volatile components in uncured 

peanuts as: acetaldehyde, ethanol, hexanal, methanol, and pentane having the highest levels in the 

peanut volatile profile. 

Johnson et al. investigated basic (1971a) and neutral (1971b) fraction volatiles in roasted 

peanuts with use of vacuum degassing oil coupled with gas chromatography and mass spectrometry. 

19 alkylpyrazines, believed to contribute to the roasted peanut aroma and “nutty” characteristic, were 

reported for the first time in the basic fractions (Johnson et al. 1971a). In the neutral fractions a 

variety of compounds were identified for the first time in peanuts, but have been commonly found in 

other roasted foods including coffee, potato chips, cocoa, and popcorn. Among these compounds 

were furans, pyrroles, thiophenes, and miscellaneous (Johnson et al. 1971b). 

Waldradt et al. (1971) fractionated volatile compounds from roasted spanish peanuts with 

preparative gas chromatography. The study identified 187 compounds using gas chromatography 

mass spectroscopy, which included phenols, pyrazines, carbonyls, alcohols, aromatic hydrocarbons, 

esters, and terpenes. 142 of these compounds were reported for the first time in peanuts, including 17 

pyrazines (Wadlradt et al. 1971). 
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Buckholz et al. (1980) correlated sensory data of peanut flavor to instrumental analysis. The 

study observed increases in pyrazine concentration with roasting, and found that carbonyls, produced 

via the Strecker degradation in the Maillard reactions, volatilized out during roasting. The 

transformation of both of these chemicals during roasting correlated to good quality peanut flavor. 

The study found a positive correlation between sensory preference and 2-ethyl-6-methyl pyrazine, 

which has nutty and roasted notes (Buckholz et al. 1980). Buckholz et al. (1981) revealed that 2-

ethyl-6-methyl pyrazine and 2-ethyl-3-methyl pyrazine were strongly correlated with consumer 

acceptability.  

Ho et al. (1981) isolated volatile compounds from roasted Florida runner peanuts by 

removing the headspace and condensation. The isolated compounds were then fractionated with gas 

chromatography, and identified with infrared and mass spectrometry. A total of 131 compounds were 

reported, of which 70 were identified for the first time in peanuts. Identified compounds and 

associated aromas observed included esters, lactones (nutty odor), pyrazines (pleasant roasted nut-

like note), pyrroles (sweet, woody odor), pyradine (fatty or tallow-like odor), thiazoles (pleasant 

nutty aroma), oxazoles (green nutty aroma), oxazolines, furanoids, maltol, thiophenes, and sulfides. 

The study was later extended to include alkylthiazoles, alkyloxazoles, and a piperdine derivative. The 

alkyloxazoles were found to possess raw sweet potato-like, fruity, green, and mango-like aromas. 

The piperidine synthesized, 2-(2-aminoethyl)-piperidine had a weak nutty aroma (Ho et al. 1983). 

Crippen et al. (1992) found that the sensory characteristic for dark-roasted flavors was 

correlated with methylpropanal, methylbutanal, dimethylpyrazine, and methylethylpyrazine, 

methanethiol, propanethiol, diethylsulfide, and carbondisulfide. The authors also noted a relationship 

between the sensory characteristic “woody/hulls/skins” and N-methylpyrrole (Crippen et al. 1992). 

Leunissen et al. (1996) investigated volatile components of roasted peanuts with sensory analysis, 

and found direct relationships between perception of “roasted” flavor and overall quality to 

methylpyrazine and other pyrazines.  
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Amoore‟s theory suggests that the odor characteristics of chemicals depend on the structure 

of the entire molecule (Tsanatili-Kakoulidou & Keir 1992). Tsanatili-Kakoulidou and Keir (1992) 

developed a mathematical model to predict the odor strength of alkylpyrazines based on their shape, 

topology, and electronic states. The study found that as the length of the alkyl branch became longer, 

along with the degree of substitution, that the odor intensity increased (Tsanatili-Kakoulidou & Keir 

1992). 

Baker et al. (2003) found that the roasted aroma and flavor in peanuts correlated slightly 

better with the pyrazine measurements, than the L-value correlated. Additionally, their study found 

that 2,5- dimethylpyrazine was the best predictor of this flavor due to the high correlation with 

sensory data (Baker et al. 2003). 

Volatile heterocyclic nitrogen containing compounds have been considered predominantly 

responsible for peanut flavor (Mason et al. 1966; Newell et al. 1967), however, Schirack et al. (2006) 

indicated that no single class of volatiles, including pyrazines, produces peanut flavor. Pyrazines, 

aldehydes, ketones, alcohols, certain hydrocarbons, and phenolic and furan derivatives are all 

important volatile compounds related to roasting (Manzano et al. 2013).  

Schirack et al. (2006) utilized static headspace analysis and found that only the most volatile 

compounds with low molecular weights were isolated by this extraction. The study found no 

significant difference existed in the compound concentrations despite conflicting sensory results. 

Kaneko et al. (2013) utilized aroma extract dilution analysis (AEDA) to find 43 aroma 

compounds, including eight that had not been reported in peanuts previously. Included in the new 

compounds was 2,6-diethylpyrazine, which was reported to have a nutty odor quality.  

Several recent studies have looked at how roasting conditions affect peanut quality. Shi 

(2015) examined the variation in roasting temperatures between 149 °C and 204 °C, and McDaniel et 

al. (2011) observed the effects of various roast temperatures between 147 °C and 187 °C.  
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Although studies have identified volatile compounds in roasted peanuts, the understanding of 

peanut aroma quality and intensity is still limited. Available in the appendix, Appendix 1.1 contains 

a list of chemical compounds identified during the roasting of peanuts to date. 

 

Flavor Precursor 

 

A flavor precursor is a compound with low volatility, which can be converted to a volatile 

compound during thermal processing (Newell et al. 1967). As Newell (1967) explained, a study on 

flavor precursors of peanuts could determine if a correlation exists between flavor measured 

subjectively and flavor precursor concentration, thus making it possible to predict the flavor of a 

roasted peanut by objective measurements on raw peanuts. Additionally, it could allow for further 

understanding of off-flavor problems, duplication of the natural flavor in an artificial system, and a 

modification of the flavor in the natural product. 

During the roasting process the internal temperature of the peanut cotyledon reaches 130-

150°C. The low moisture content of the peanut allows it to undergo pyrolytic reactions that 

contribute to the characteristic roasted flavor. Sugars, proteins, and free amino acids have been 

investigated as the predominant precursors for roasted peanut flavor (Koehler et al. 1969; Mason et 

al. 1969). 

Mason and Waller (1964) fractionated flavor precursors to isolate and identify their location 

in the peanut. Peanuts samples were subjected to density gradient centrifugation, and three fractions 

(upper, middle, and bottom layers) of particulates were collected from re-suspended oil. The aroma 

of roasted peanuts was still present in all three layers, indicating that flavor precursors were 

contained in each of the fractions. The upper layer, which contained protein bodies and aleurone 

grains, had the most potent aroma and tasted much like peanut butter. This fraction was considered to 

be the primary location of flavor precursors. The proteins in the absence of carbohydrates as a peanut 
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flavor precursor was not documented. The study also found the critical minimum temperature for 

flavor development to be around 132°C (Mason & Waller 1964).  

Pickett (1984) found that during roasting, peanut proteins were denatured, however, this did 

not interfere with their nutritional value. The free amino acid concentrations decrease throughout 

roasting (Sanders et al. 1995). Newell et al. (1967) monitored the transformation of free amino acid 

concentrations during roasting, and reported that asparagine, aspartic acid, glutamic acid, histidine, 

and phenylalanine were primary precursors for typical peanut flavors, and that lysine, threonine, and 

tyrosine were predominant precursors for off-flavored peanuts. It is commonly predicted that higher 

free amino acid content in peanut kernels should produce the higher contents of volatile compounds 

after roasting (Ku et al. 1998). However, Chiou et al. (1991) found that free amino acid contents in 

peanuts after 10 minutes of roasting were higher than in unroasted peanuts, likely due to hydrolysis. 

When roasting proceeded the free amino acid levels declined, as the compounds participated in 

chemical reactions. Thus, the content of predictor free amino acids in raw peanuts may not be an 

indicator of flavor quality. Basha and Young (1985) found that methionine-rich proteins, which are 

high in sulfur-containing amino acids and H2S, are degraded in the first six minutes of roasting. The 

authors suggest that the amino acids released from the methionine-rich polypeptides may participate 

in developing roasted peanut flavors. 

 

Raw Peanut Flavor 

 

Raw peanuts have a distinctive flavor and odor described as „green,‟ „pea-like,‟ or „beany‟ 

(Chetschik et al. 2008; Pattee et al. 1970). Low molecular weight aldehydes have been found 

responsible for a harsh green aroma (Buckhotz et al. 1980; Johnson et al. 1971a, b). With the 

exception of sweetness, peanuts in their raw form possess none of the flavor characteristics 

associated with roasted peanut products (Newell et al. 1967). The volatiles present in raw peanuts are 
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produced upon tissue rupture by enzymatic reactions, such as lipoxygenase and alcohol 

dehydrogenase (Pattee et al. 1974; Singleton et al. 1976). Throughout maturation, the volatile profile 

of raw peanuts changes, along with the enzyme levels present (Pattee et al. 1970). When levels of 

acetaldehyde and ethanol are high, alcohol dehydrogenase is at its maximum. Lipoxygenase has been 

linked with the fabrication of pentane and hexanal (Chun 2002). Ten compounds that likely 

contribute to raw peanut flavor: pentane, acetaldehyde, acetone, ethanol, methyl formate, hexanal, 

pentanal, methanol, 2-butanone, and octane were reported (Pattee et al 1969). Singleton et al. (1976) 

found the same eight compounds, along with ethyl ether, ethyl acetate, and chloroform. N-methyl 

pyrrole, hexanol, and nonanal, 2-propanol were later identified (Lovegren et al. 1982). St. Angelo et 

al. (1984) found raw peanut volatiles contained the same compounds with the addition of N-methyl 

pyrrole. 

 

Descriptive Analysis Lexicon 

 

 Lexicons are used to objectively characterize and document sensory perceptions of consumer 

products, including foods (Lawless & Civille 2013). They are defined as a list of nonredundant flavor 

descriptors that describe the sensory characteristics for a particular food (Drake & Civille 2003). 

Lexicons function as a tool to describe both desirable and undesirable flavor attributes in a given 

product. A descriptive flavor evaluation separates the overall flavor of the commodity into individual 

components, referred to as attributes, descriptors, and notes (Sanders et al. 1995). Within research 

and development, lexicons enable product researchers and developers to comprehend and study the 

attributes of a product, which can aid quality control, product development, product maintenance, 

and shelf-life studies (Lawless & Civille 2013). 

Johnsen et al. (1988) developed the peanut flavor lexicon to describe the flavors in peanuts, 

including 14 sensory character notes in three categories: basic tastes, aromatic flavors, and feeling 
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factors (Table 1.2) (Johnsen et al. 1988; Sanders et al. 1995). Adjustments were made to improve 

terminology, including removing petroleum, and adding fruity (Sanders et al. 1989a; Sanders et al. 

1989b). This peanut flavor descriptive lexicon is intended to enhance the communication within the 

peanut industry, and to establish consistent terminology for research. The lexicon can be utilized to 

associate flavor attributes with biological treatment variables and resulting chemical analyses 

(Johnsen et al. 1988).  In the peanut lexicon are five primary aromatic flavors, two basic tastes, and 

one feeling factor, along with a number of off-flavors for each category. The predominant aromatics 

are roasted peanutty, sweet aromatic, dark roasted peanut, raw bean/peanutty, and woody/hulls/skins. 

The definitions of the terms are summarized in Table 1.2 (Johnsen and others 1988).  
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Table 1.2. Lexicon of Peanut Flavor Descriptors (Johnsen et al. 1988) 

Roasted peanutty: Flavors associated with medium-roast peanuts, and having fragrant 

characteristics of methyl pyrazine.  

Raw 

bean/peanutty: 

Flavors associated with light-roast peanuts and has characteristics of legume 

(like beans or peas).  

Dark roasted 

peanut: 

Flavors associated with dark-roast peanuts and having very brown and toasted 

characteristics.  

Sweet aromatic: Flavors used to describe sweet taste like caramel, vanilla, molasses, and 

fruits.  

Woody/hulls/skins: Flavors associated with base peanut character, and related to dry wood, 

peanut hulls, and skins.  

Cardboardy: Flavors used to describe somewhat oxidized fats and oils and reminiscent of 

cardboard.  

Painty: Flavors associated with linseed oil, oil based paint.  

Burnt: Aromatic compounds used to describe very dark roast and burnt starches, 

toast or espresso coffee.  

Green: Flavors associated with uncooked vegetables/grass wigs, cis-3-hexanal.  

Earthy: Flavors associated with wet dirt and mulch.  

Grainy: Aroma used to describe raw grain, like bran, starch, corn or sorghum.  

Fishy: Aroma associated with trimethylamine, cod liver oil, or old fish.  

Chemical/plastic: Aroma associated with plastic or burnt plastic.  

Skunky/mercaptan: Aromatic compounds associated with smell of sulfur compounds, such as 

mercaptan; which exhibit skunk-like character.  

Sweet: Taste on the tongue associated with sugars.  

Sour: Taste on the tongue associated with acids.  

Salty: Taste on the tongue associated with sodium ions.  

Bitter: Taste on tongue associated with caffeine or quinine.  

Astringent: Chemical feeling factor on the tongue, and can be described as puckering/dry, 

and associated with tannins or alum.  

Metallic: Chemical feeling factor on the tongue, and can be described as flat, metallic, 

and associated with iron and copper salts.  
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Sensory Science 

 

Sensory science is defined as the scientific method used to evoke, measure, analyze, and 

interpret the responses of consumer products as perceived by the human senses of sight, smell, touch, 

taste, and hearing (Stone & Sidel 2004). Mapping out the complex interactions of aroma and tactile 

compounds that make up flavor perception is an enormously challenging task (Schmidtke et al. 

2013). To aid in this process, sensory science offers a variety of tools to elicit information. The two 

primary branches of sensory science are affective and analytical tests. In affective tests, the objective 

is to gain insight on acceptance, preference, or perceptions of a product by utilizing untrained 

consumers to judge products. Analytical tests comprise several different approaches, including 

discrimination testing, threshold testing, and descriptive sensory analysis (Drake 2007). 

Discriminative sensory analysis (DSA), involves highly trained panelists who can provide replicable 

and discriminative data (Lawless & Heymann 1999). Descriptive panels typically have between five 

and twenty members who are able to repeatedly detect and describe differences in flavor intensity 

and perception. Reference samples, which smell or taste like specific descriptors, are used to train 

panelists (Sanders et al. 1995; Lawless & Heymann 1999). With use of product specific lexicons and 

a trained panel, DSA can provide descriptions of the complex flavors and textures of a product 

(Drake & Civille 2003). Sensory science used in conjunction with chemical or volatile analyses 

provides more power towards understanding food flavor (Drake & Civille 2003). 

 

Metabolomics 

 

The metabolome represents the full qualitative and quantitative collection of small molecular 

weight molecules (metabolites) in a biological system (Dunn & Ellis 2005; Johanningsmeier et al. 

2016; Fiehn 2001). Metabolites are classified to have a molecular weight less than 2 kilodaltons, and 

participate in metabolic reactions in a cell, including those required for maintenance, growth, and 
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normal function (Dunn & Ellis 2005; Johanningsmeier et al. 2016). Primary metabolites are directly 

involved in the structural growth, development of biological functions, and reproduction of the 

organism. On the contrary, secondary metabolites are not directly involved in these biologically 

essential functions, although they can influence a range of activities within the organism (Drew & 

Demain 1977). Numerous compound classes make up these metabolites including, flavonoids, 

phenolic acids, terpenes, alkaloids, and sulfur-containing compounds (Drew & Demain 1977; 

Johanningsmeier et al. 2016). In many plants, these secondary metabolites could provide benefits for 

human health upon consumption (Piironen et al. 2000; Johanningsmeier et al. 2016). The size of a 

metabolome depends on the organism, varying from 600 metabolites in a unicellular organism 

(Saccharomyces cerevisiae) to 200,000 metabolites reported in the plant kingdom. The number of 

human metabolites is expected to be even more numerous (Dunn & Ellis 2005; Fiehn 2001). 

The objective of metabolomic studies is to comprehensively and unbiasedly identify and 

quantify the metabolite composition of a biological matrix (Bedair & Sumner 2008; Dunn & Ellis 

2005; Fiehn et al. 2000). It is a discovery-based approach that finds chemical similarities and 

differences among defined groups of samples (Johanningsmeier et al. 2016). Analyzing the 

metabolome presents many advantages over other analyses. For example, the metabolites in a cell 

should be lower than the number of genes and proteins, thus sample complexity is reduced. 

Additionally, the metabolome reflects the functional level of the cell, as it is the downstream product 

of gene expression (Dunn & Ellis 2005). Therefore, shifts in the metabolome are expected to be 

augmented relative to the proteome (collection of functional proteins synthesized by a living cell) or 

the transcriptome (entire mRNA content of a cell) (Brown 2002; Dunn & Ellis 2005; Bedair & 

Sumner 2008). It is also estimated that the cost of metabolomic experiments is two to three times less 

expensive compared to proteomic and transcriptomic experiments. Lastly, research suggests that 

environmental stresses can cause metabolic fluxes, which are effectively measured by metabolites, as 

it is a downstream product (Dunn & Ellis 2005). 
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There are three experimental strategies to approach metabolomics: targeted, semi-targeted, 

and untargeted analyses (Dunn et al. 2012). These strategies vary in a number of aspects, including 

sample preparation complexity, level of quantitation (absolute vs. relative), number of metabolites 

identified, and study objective. For semi-targeted analyses the properties of selected molecules with 

known identities and quantities are characterized. While the metabolites are defined the hypothesis is 

uncertain (Liu & Locasale 2017). In a targeted approach the objective is to test an existing hypothesis 

(Dunn et al. 2012; Liu & Locasale 2017). These strategies require the set of chemical compounds and 

the structures of the metabolites to be known prior to data acquisition, and analytical methods are 

employed for high precision, accuracy, and selectivity (Dunn et al. 2012; Johanningsmeier et al. 

2016). The success of these approaches depend on the strength of the hypothesis test (Liu & Locasale 

2017). 

 Nontargeted metabolomics studies are carried out with the intent to identify as many 

components as possible, followed with statistical analysis to determine which components are of 

interest for identification and quantification. Prior to data acquisition, the knowledge of what 

metabolites will be detected is minimal (De Vos et al. 2007; Dunn et al. 2012). This untargeted 

approach of metabolomics is limited by several factors including sample preparation, the analytical 

approach utilized, the databases used, and the ability to process large volumes of data. In a non-

targeted approach, it is common to see hundreds to thousands of metabolite peaks per sample (De 

Vos et al. 2007; Johanningsmeier et al. 2016; Liu & Locasale 2017). Nontargeted studies involve 

many steps including peak detection, assignment, peak area quantification, peak alignment among 

samples, and pre-statistical data treatment to deal with censored data and unequal variances 

(Johanningsmeier et al. 2016). Metabolite identification has been repeatedly noted as a bottleneck in 

mass spectrometry-focused metabolomic studies (Dunn et al. 2012). Immense quantities of data are 

often collected from single experiments. Computational tools are necessary to further understand and 

interpret the data, which often include visualization techniques. Hierarchical clustering heat maps, 
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principal component analysis plots, and three-dimensional chromatographs are common charts that 

display data beyond the scope of traditional graphs (Liu & Locasale 2017; Johanningsmeier et al. 

2016). 

Investigating metabolomics holds the difficulty of identifying an unknown number of 

compounds with incredible chemical diversity. There is certainly no “one size fits all” approach, and 

it is generally accepted that no single analytical technique will provide comprehensive data of the 

metabolome (Bedair & Sumner 2008; Johanningsmeier et al. 2016). Historically metabolomic 

analyses have employed nuclear magnetic resonance (NMR), antibody and RNA trapping methods, 

and liquid and gas chromatography. Now, mass spectrometry-based platforms outweigh the research 

because it has the best combination of selectivity and sensitivity to identify a wide range of 

compounds, and has a high-throughput capacity (Bedair & Sumner 2008; Johanningsmeier et al. 

2016). 

Part of the human metabolome derived from the digestion and biotransformation of food is 

referred to as the food metabolome (Scalbert et al. 2014). This collection of small molecules is made 

of metabolites from plant, animal, and microorganism sources (Johanningsmeier et al. 2016). Food 

metabolites are central for food quality due to their direct contribution of sensory characteristics and 

nutritional value (Diez-Simon et al. 2019). Many small molecule compounds are crucial to aroma, 

taste, color, or bioactivity (Diez-Simon et al. 2019; Johanningsmeier et al. 2016). Some metabolites 

can naturally serve as volatile flavors, or as flavor precursors, which form into flavors as a result of 

processing or storage. Additionally, interactions among molecules can significantly impact the flavor 

profile of a compound (Johanningsmeier et al. 2016). Food metabolomics aids to divulge the 

underlying mechanisms for volatile flavor formation, along with the involved precursor chemical 

pathways (Diez-Simon et al. 2019). 

To gain further understanding of these topics, flavor chemists and sensory scientists utilize 

metabolomics techniques. Commonly, a sensory panel is used simultaneously with chemical analysis 
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to gain a more complete understanding of the metabolites affecting the flavor profile (Schweiterman 

et al. 2014; Schmidtke et al. 2013; Yamomoto et al. 2012, 2014; Wei et al. 2013). Studies have been 

conducted to better understand relationships between chemical composition and sensory properties 

on a number of foods. For example, thirty-one volatile compounds were found to significantly 

correlate with the intensity of strawberry flavor (Schweiterman et al. 2014). Various styles of Hunter 

Valley Semillion wines contained more than 250 volatile compounds with the use of multivariate 

curve resolution techniques with GC-MS and DSA (Schmidtke et al. 2013). Using a metabolomic-

based component profiling approach on soy sauce, accurate models for predicting taste differences 

were achieved, which revealed high correlation to amino acids and sugars (Yamomoto et al 2012). 

High correlations between taste differences in soy sauce and several dipeptides was also achieved 

(Yamomoto et al 2014). The chemical compounds in roasted coffee bean extracts were successfully 

predicted based on a combination of NMR-based metabolomics and human sensory tests (Wei et al. 

2014).  

Despite the effectiveness of metabolomics-based approaches, limited research has been done 

using this platform to understand volatile changes in peanuts. Previous studies sough to understand 

drought response in leaf tissues of the peanut plant (Singh et al. 2014) and nonvolatile chemical 

changes due to dry-roasting virginia and runner-type peanuts detected with LC-MS techniques 

(Klevorn & Dean 2018). 

 

Detection Methods                                                                                               
 

In early metabolic studies nuclear magnetic resonance (NMR) was the predominant 

analytical tool for metabolic profiling (Gika et al. 2014). This type of analysis allows for rapid 

throughput, minimal sample preparation, and is non-destructive, however it does not have the level of 

sensitivity that mass spectrometry-based approaches achieve (Bedair & Sumner 2008). Direct 
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comparison of compound concentrations with NMR does not require calibration curves, as the 

signals are proportional to the molar concentration. Using an internal standard to compare to the peak 

intensities, the absolute concentration of all metabolites can be calculated (Johanningsmeier et al. 

2016).      

Mass spectrometry (MS) qualitatively and quantitatively identifies metabolites (Dunn & Ellis 

2005; Fiehn 2001). This technology is widely utilized in metabolomics, as it is rapid, selective, and 

has greater sensitivity compared to NMR (Dunn & Ellis 2005; Bedair & Sumner 2008). Mass 

spectrometry can achieve accurate measurements of the mass-to-charge ratio (m/z) of molecular, 

fragmented, and associated ions. It can also determine the relative isotopic abundances of molecular 

and fragment ions. MS can define dissociation patterns related to a chemical structure based on 

fragmentation of the molecule. The experimental data collected from MS can be compared to 

databases with physicochemical properties and to mass spectral libraries with experimentally 

collected data (Dunn et al. 2012). MS, however, cannot discriminate between structural isomers or 

enantiomers, so chromatographic methods are employed to increase depth of metabolome coverage 

(Bedair & Sumner 2008). Chromatographic separation before ionization decreases the number of 

compounds that enter the MS simultaneously (Bedair & Sumner 2008). Time-of-flight MS provides 

high scanning speeds, which allows for high resolution sampling of chromatographic peak widths in 

the range of 0.5-1 second (Bedair & Sumner 2008). 

Liquid chromatography coupled with MS is known as liquid chromatography-mass 

spectrometry (LC-MS). This technique has high sensitivity and specificity, and can be used for broad 

non-targeted metabolomics or for target analyses tailored for a specific group of metabolites (Gika et 

al. 2014; Bedair & Sumner 2008). LC-MS is also the method of choice for separation of certain 

classes of compounds, such as bis- and trisphosphates or lipids (Fiehn 2001). For detection secondary 

plant metabolites LC-MS is typically utilized (Johanningsmeier et al. 2016). Advantages of this 

technique include that analytes can be recovered by collecting the fraction or by concentration 
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(Bedair & Sumner 2008), and derivatization is not necessary (Johanningsmeier et al. 2016). 

Additionally, LC-MS is preferred for the analysis of semi polar metabolites in conjunction with a soft 

ionization technique (e.g., electrospray ionization) (Johanningsmeier et al. 2016). 

Methodologies that couple MS with gas chromatography are known as gas chromatography-

mass spectrometry (GC-MS). In these combined systems, the high separation efficiency and 

resolution of capillary GC enables complex metabolic profiling, and the MS provides sensitive mass-

selective detection (Bedair & Sumner 2008; Dunn & Ellis 2005). This technological platform is a 

powerful tool for obtaining metabolite information in plants, microorganisms, and human fluids and 

tissues (Johanningsmeier et al. 2016). It has been applied to the analysis of food volatiles for decades, 

and is referred to as the gold standard in metabolomics (Johanningsmeier et al. 2016; Dunn & Ellis 

2005). GC-MS has high analytical reproducibility, and lower costs compared to LC-MS and LC-

NMR (Bedair & Sumner 2008). Volatile, low molecular weight, and thermally stable chemical 

compounds can be separated and analyzed directly with GC-MS, including: short-chain alcohols, 

esters, low molecular weight lipids and low molecular weight hydrocarbons (Bedair & Sumner 

2008). However, non-volatile compounds require chemical derivatization prior to analysis (Dunn & 

Ellis 2005). To include metabolites with ranging chemical functionality, derivatization is employed, 

which involves replacing protons with one or more trimethylsilyl (TMS) groups. This allows for 

investigation of various chemical classes such as sugar alcohols, organic acids, mono- and 

disaccharides, amino acids, and long-chain fatty acids (Johanningsmeier et al. 2016; Dunn & Ellis 

2005). Possible biases affecting results from GC-MS metabolomics experiments need to be 

accounted for (Kanani et al. 2008; Gika et al. 2014). To ensure unbiased results standardization steps 

can be taken in extraction, derivatization, optimization for metabolites with multiple derivatives, and 

ensuring operation is in a linear range (Kanani et al. 2008). 

When utilizing GC, samples are introduced via the column through split or splitless injection. 

The stationary phases within the column determines the type of separation. For example, non-polar 
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stationary phases partition analytes based predominantly on their boiling point, whereas polar 

stationary phases partition according to the polarity of the analyte (Bedair & Sumner 2008). Despite 

the partitioning power of the column, in many instances, GC with a single column (dimension) 

cannot effectively separate co-eluting compounds (Bertuzzi et al. 2018). 

Two-dimensional gas chromatography-time-of-flight mass spectrometry (GCxGC-TOFMS) 

uses two separation mechanisms by connecting columns in series with different stationary phases, as 

depicted in Figure 1.8 (Johanningsmeier et al. 2016). This can increase the separation efficiency, the 

number of compounds detected, and provide higher quality mass spectra for identification of both 

volatile organic compounds, and nonvolatile trimethyl silylated compounds (Adahchour et al. 2008). 

The combination of a polar and nonpolar column has been found to result in better resolution of 

components and greater use of the separation space. For example, metabolites with similar volatility 

would have the same retention time on column one, but can be chromatographically partitioned in 

column two due to a difference in polarity. (O‟Hagan et al. 2007). Multidimensional GC produces 

vast and complex 3D datasets with both first and second dimensional retention times (Bedair & 

Sumner 2008). To aid in data processing, instrumental softwares are used for deconvolution, 

integration, and visualization of data, such as LECO‟s ChromaTOF and Thermo Fisher Scientific‟s 

HyperChrom software (Bedair & Sumner 2008). Deconvolution software reduces run time as full 

chromatographic separation is not needed. Instead, the software uses mass spectra to characterize 

chromatographic peaks, even those coeluting or overlapping at different abundances (Dunn & Ellis 

2005).  

While metabolomic studies can detect 2-30 fold more compounds than can be identified 

when using highly sensitive LC-MS and GC-MS approaches, these studies have limitations. The 

process of identifying the quantities of unknown compounds is slow, even with high-resolution mass 

spectrometry. The metabolomic community is investigating modifying processes and expanding 

databases to enhance work flows (Dunn et al. 2012; Johanningsmeier et al. 2016; Gika et al. 2014). 
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An additional constraint revolves around a number of metabolomic experiments that have 

reported inconsistencies in composition compared to previously documented scientific literature of 

metabolomic experiments (Johanningsmeier et al. 2016). Despite these limitations, utilizing a 

strategically designed experiment and a sensitive approach with broad metabolite coverage will 

increase the likelihood of new information to be generated that much exceeds that of traditional 

compositional analysis methods (Gika et al. 2014). 

  

 

Figure 1.9 Two-dimensional gas chromatography system (GC x GC) (Bertuzzi et al. 2018). 

 

Solid Phase Microextraction 

 
 

 Solid phase microextraction (SPME) is an effective adsorption/desorption technique used for 

the analysis of volatile or semi volatile organic compounds (Supelco 1998). It was developed to 

address the need for an accurate, rapid, reliable, and less labor-intensive analytical procedure 
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(Pawliszyn 2000; Balasubramanian & Panigrahi 2011). Unlike similar analyses, including purge-and-

trap and liquid-liquid extraction, SPME does not require organic solvents. Not only is SPME simple 

to use, but it also provides linear results over ample analyte concentrations (Supelco 1998). The 

principle behind SPME is to present a pre-coated surface to a sample matrix that will extract the 

compounds of interest. When a predetermined time or equilibrium is reached, the extracted 

compounds are transferred to a sensing device (Balasubramanian & Panigrahi 2011).  

SPME devices operate like modified syringes (Balasubramanian & Panigrahi 2011). They 

involve a cylindrical fused silica fiber that is coated with a polymer and bound to a stainless steel 

plunger, as visualized in Figure 1.10. This plunger moves the fiber into a hollow needle, which 

would penetrate the sample vial. Once inside the sample, the plunger depresses and exposes the fiber 

to the sample headspace, as visualized in Figure 1.11 (Supelco 1998). Organic analytes transport 

from the sample matrix and adsorb to the coating on the fiber as soon as the fiber is exposed 

(Pawliszyn 2000).  

Consistency in sampling technique is crucial for high precision and accuracy. For headspace 

SPME two approaches can be employed: equilibrium or pre-equilibrium (Balasubramanian & 

Panigrahi 2011).  In the equilibrium approach the fiber remains in the sample headspace until an 

equilibrium is reached among the concentration of analytes in the sample matrix, in the gaseous 

headspace, and on the polymer coating on the fused silica fiber (Supelco 1998). In a pre-equilibrium 

approach the concentration of analyte extracted is related to time, and all other conditions need to be 

constant, such as agitation and convection. While the pre-equilibrium approach requires less time, the 

equilibrium approach is more sensitive. (Balasubramanian & Panigrahi 2011). 

Once equilibrium or pre-equilibrium is reached the fiber is drawn back into the needle and 

the needle is withdrawn from the sample vial (Figure 1.11). The needle is then set in the gas 

chromatograph injector, and the adsorbed analytes are thermally desorbed and introduced in the GC 

column (Supelco 1998). 
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Headspace solid-phase microextraction (HS-SPME) coupled with gas chromatography-mass 

spectrometry (GC-MS) can analyze volatile extracts to detect, quantify, and identify chemical 

compounds in food (Steffen & Pawliszyn 1996). The volatiles then travel through the column, and 

are partitioned based on the stationary phase of the column. The compounds then elude, and are 

qualitatively and quantitatively identified by MS (Dunn & Ellis 2005). 

 

 

Figure 1.10 Visual representation of solid‐phase microextraction (SPME) apparatus 

(Balasubramanian & Panigrahi 2011). 
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Figure 1.11. Illustration of solid phase microextraction (SPME) absorption and desorption onto a gas 

chromatography column (Schmidt & Podmore 2015). 

 

Conclusion and Summary 

 
The unique flavor developed during thermal processing of peanuts is a key influencer 

consumer acceptance and consumption. Over the past 50 years researchers have had the objective to 

understand the volatile and non-volatile compounds responsible for the flavor, and the reactions 

associated. Consequently, more than 300 volatile compounds have been detected with association to 

roasted peanut flavor, and a special focus has been on pyrazine compounds. Despite the 

investigations of peanut chemistry, industrial practices utilizes color to optimize production. Strong 

correlations between color and roasted peanut flavor has been the best predictor of peanut quality to 

date. The objective of the present work was to identify how the volatile low-molecular weight 

compounds in raw peanut seeds change as a result of the traditional dry-roasting process in runner 

and virginia-type peanuts. Additionally, this work sets out to investigate the chemical, physical, and 

sensorial changes that occur in peanut seeds during roasting to better understand how to optimized 

the quality of roasted peanuts.  
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Abstract 

The unique flavor of peanuts developed during roasting is the primary driving force for the 

consumption of peanuts products. Although rarely consumed raw, the raw state of the peanut 

comprises the precursors involved in the transformations that lead to the distinct flavor development 

in roasted peanuts. Utilizing a nontargeted analysis, raw and roasted peanuts, of virginia and runner 

market types were characterized for volatile compounds. Peanut volatiles were detected using two-

dimensional gas chromatography coupled with time of flight mass spectrometry (GCxGC-ToFMS). 

Volatile compounds extracted from the headspace above peanut samples by solid-phase 

microextraction (SPME) were separated with a polyethylene glycol 1st-dimension column and a 14% 

cyanopropylphenyl 2nd-dimension column. The roasting treatment and the peanut market-type each 

had a significant impact on the types and concentrations of small molecular weight compounds 

found. Among 361 sample components detected, 290 compounds were found to be significantly 

different between the raw and roasted treatments (p < 0.05). The roasted samples contained 

pyrazines, pyrroles, thiazoles, and furans. Alcohols dominated the compounds found in raw peanut 

samples. Additionally, 107 compounds were found to differ significantly between roasted runner and 

virginia-type peanuts. Virginia-type peanuts contained higher levels of linoleic acid oxidation 

products, such as 2-octenal, hexanal, and 1-octen-3-one. More significant distinctions in volatile 

compounds were recognized between runner and virginia market types than previously observed. In 

total, this study reported 119 volatile compounds that have not previously been reported in peanuts, 

including 11 furans, seven pyrroles, five pyridines, and 12 pyrazines. 

 

Introduction 

Peanuts have a unique flavor, which is the primary driver behind most consumer purchases of 

products with roasted peanuts (Buckholz 1981; Sanders et al. 1989). It is well established that the 

composition and concentration of volatile compounds produced during thermal processing are largely 
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responsible for the characteristic flavor and aroma of roasted peanuts (Sanders et al. 1997; Neta et al. 

2010; Coleman et al. 1994). During roasting, precursor compounds present in the raw peanut 

participate in reactions that produce the volatiles known to impact perception of roast peanut flavor 

(Hodge 1953; Coleman et al. 1994). The predominant pathways for formation of volatile compounds 

in roasted peanuts are through the Maillard reaction, lipid oxidation, and caramelization (Coleman et 

al. 1994). Heterocyclic nitrogen-containing compounds produced by the Maillard reaction are 

recognized to be the prime contributor of peanut flavor, specifically pyrazines (Baker et al. 2003; Ku 

et al. 1998; Mason et al. 1967; Newell et al. 1967; Walradt et al. 1971; Buckholz et al. 1980). 

Pyrazines are important volatile compounds in legumes and nuts, as well as in coffee, cocoa, and 

pumpkin seeds (Manzano et al. 2013; Koehler & Odell 1970; Coleman et al. 1994; Bonvehi & Coll 

2002). The determination of the compounds responsible for this flavor has been difficult. Analysis of 

volatile compounds from roasted peanuts to date typically results in several hundreds of compounds 

identified and complex chromatograms (Walradt et al. 1971; Warner et al. 1996; Ho et al. 1981; 

Greene et al. 2008; Schirack et al. 2006; Neta 2010; Baker 2003; Brown et al. 1968; Oupadissakoon 

& Young 1984; Chetschik et al. 2008; Braddock et al. 1995). In the last 50 years, more than 300 

volatile compounds have been associated with roasted peanuts (Chetschik et al. 2008; Neta et al. 

2010). However, no single class of volatile compounds, including pyrazines, independently forms the 

flavor of roasted peanuts (Schirack et al. 2006). Other volatile compound classes have also been 

found essential for roasted flavors, including aldehydes, ketones, alcohols, certain hydrocarbons, and 

phenolic and furan derivatives (Manzano et al. 2013). Understanding the essential volatile 

compounds and the mechanisms that produce them could allow for replication of the natural flavor, 

along with maximizing the intensity of roasted peanut flavor in peanuts (Newell et al. 1967; Pattee et 

al. 1991).  

Despite the long list of compounds reported in peanuts, volatile research has shown that only 

a small number of the many compounds in food are significant in establishing the flavor (Grosch 
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1993). It is difficult to determine which compound(s) potentially relate to flavor because the presence 

of a compound is not always indicative of contribution to a particular flavor (Greene et al. 2008). 

Additionally, the majority of studies that investigated volatile compounds in peanuts focused on 

peaks with the greatest abundances, drawing correlations with sensory data (Wang 2015; Ng 2003). 

Despite this, relative concentration and relative flavor/odor-activity are not correlated across 

chemical compounds (Grosch 1993). 

Virginia and runner-type peanuts comprise 95% of the total peanut market in the United 

States (American Peanut Council 2018). Despite their ample presence, few differences have been 

distinguished between their volatile profiles (Wang 2015; Ng 2003). To achieve greater detection and 

discrimination of volatile compounds in peanuts, two-dimensional gas chromatography coupled with 

time of flight mass spectrometry (GCxGC-TOFMS) analysis was employed on raw and roasted 

peanuts from virginia and runner-market types.  

The discovery-based metabolomic approach has provided new insights into the diverse 

volatile compound profile of peanuts. Two-dimensional gas chromatography (GCxGC) includes two 

columns connected in series with different separation mechanisms. This technology coupled with 

time of flight mass spectrometry (GCxGC-ToFMS) has been found to result in improved mass 

spectral matches and detection of more components, compared to the technology with a single 

column (Adahchour et al. 2005). While previous work focused on the most abundant volatile 

components, this study investigated and compared all volatile compounds present in raw and roasted, 

runner and virginia-type peanut seeds. Through a nontargeted approach with the use of two-

dimensional GC analysis, greater detection and discrimination of volatile characteristics was 

achieved. The consequential data could provide new insights and a more comprehensive view of the 

compounds developed from roasting, along with differences between the top two market-types. 

Compounds present in raw peanuts, but absent in the roasted form, could be essential precursors in 

the thermal reactions that produce the attributes of a roasted peanut. Comparison of the sensory 
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attributes and the differing volatile chemical make-up between the market-types could drive new 

insights for compounds that influence roasted peanut flavor. Connections between specific chemical 

compounds and flavor attributes would allow for a greater understanding of how the metabolites 

present in raw peanut seeds transform into aroma-active volatile compounds during roasting. The 

knowledge will allow for a targeted breeding approach to improve peanut flavor quality.  

 

Materials and Methods 

Chemicals 

The internal standards pyrazine-d4 (98%) and pyrrole-d5 (98%) were obtained from CDN 

Isotopes Inc. (Quebec Canada). Sodium chloride (99.9%) and alkane standards, octane through 

icosane (C8-C20) and henicosane through tetracontane (C21-C40), were obtained from Sigma-

Aldrich (St. Louis, MO). The quality control sample was Standard Reference Material® 2387, which 

was acquired from the National Institute of Standards & Technology (NIST) (Gaithersburg, 

Maryland).  

 

Sample Acquisition  

 Raw virginia and runner type peanuts were collected from the 2014 growing season from six 

different warehouse locations. Each warehouse contributed five individual 4.54 kg samples, each 

from a distinct commercial lot, as visualized in Figure 2.1. The sample size was n=15 for each 

market type. The virginia type peanut samples were collected from warehouses in Aulander, North 

Carolina, Severn, North Carolina, and Suffolk, Virginia. The runner type peanuts were obtained from 

warehouses in Blakely, Georgia, Colquitt, Georgia, and Sylvester, Georgia. The utilization of 

multiple warehouse and commercial lots was done to obtain a representative sample from the annual 

U.S. crop. Each warehouse and commercial lot was given a code, which are available in Table 2.1. 
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The peanut samples were subdivided into 2.27 kg aliquots for raw and roasted treatments. 

The sample preparation was reported by Klevorn (2017) as follows: raw treatments were blanched, 

and roasted treatments were roasted at 177 °C to a Hunter L-value = 48 ± 1. Prior to blanching or 

roasting, samples were stored at -15 °C. 

The 2.27 kg subsamples from each commercial lot (n=30) for testing in the raw state was 

blanched. The blanching process was done to remove the skins, so that only seed tissue was included 

in the samples for analysis. Peanut skin removal prevents interference from interfering compounds, 

such as proanthocyanidins (Bansode et al. 2015). The peanuts were blanched with a convection oven 

(Despatch, Minneapolis, MN) heated to 92 °C for one hour, followed by forced air cooling and 

physically removing skins using a model EX whole nut blancher (Ashton Food Machinery, Newark, 

NJ). After blanching the samples were stored in vacuum-sealed mylar bags as 0.45 kg aliquots at -80 

°C until analysis (Klevorn 2017).  

For roasted samples, the 2.27 kg samples of runner (n=15) and virginia-type (n=15) peanuts 

were dry roasted to a Hunter L-value = 48 ± 1, where zero is black and 100 is white. Roasting 

followed the procedure described by Poirier et al. (2014) with an Aerolab T-8 lab scale batch roaster 

(Buhler Aeroglide, Cary, NC). Samples were roasted in removable square product trays that were 

uniformly perforated, with dimensions of 20 cm x 20 cm, and a depth of 7.62 cm. The temperature of 

the roaster was set to 177 °C and had an air flow rate of 1 m/s. To simulate industry roasting 

parameters, the airflow switched from up-flow to down-flow halfway through the roast. Immediately 

after roasting, peanuts were cooled to ambient temperature (~25 °C) using forced air. The skins were 

manually removed during the cooling. When the peanuts were cool, the samples were stored in 
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vacuum-sealed mylar bags as 0.45 kg aliquots in a -80°C freezer until analysis (Klevorn 2017).

 

Figure 2.1. Visual representation of the sampling plan (Klevorn 2017). 

 

Optimization of Sample Preparation 

Previous research in peanuts found HS-SPME susceptible to experimental conditions 

including fiber type, salt addition, extraction temperature, and extraction time to affect the extraction 

of aroma compounds (Neta 2010). Prior to sample analysis, an optimization study was carried out to 

ensure effective sample preparation was utilized. The five-gram sample size utilized by Neta (2010) 

was found to overload the fiber with volatiles, impairing the results.  

Three distinct experiments were conducted to test both raw and roasted, runner and virginia, 

peanut pastes with masses ranging between 0.0125 g to 2.0 g. The first experiment showed that 

roasted runner and virginia-type peanut pastes contained more volatile components and with greater 

relatively abundances than were detected in the raw peanut pastes. These samples were mixed with 

water to form a slurry. 
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The second experiment utilized a saturated sodium chloride solution to increase extraction 

efficiency of volatile compounds by “salting out” the volatiles. Salt addition may decrease the 

solubility of hydrophobic compounds and facilitate their transfer to the headspace (Yang & Peppard 

1994; Neta 2010). This study tested peanut sample masses of 0.1 g, 0.2 g, 0.4 g, 0.8 g, and 1.0 g with 

saturated sodium chloride to make each sample up to1.5 g. Examination of the data showed that the 

chromatography peaks were not proportional to the sample mass regression, and there appeared to be 

overloading in the second column for some components as seen in Figures 2.2 and 2.3. Linear 

regressions were performed for the responses of the raw and roasted samples at the varying masses to 

understand how the responses differed with sample mass.  

A final preliminary study was done to test much smaller sample sizes including, 0.0125 g, 

0.025 g, 0.05 g, 0.1 g, and 0.2 g samples. To “salt-out” the volatiles in this study a dry addition of 

sodium chloride (0.4 g and 0.6 g) with mass spectroscopy (MS) grade water was used. This enabled 

each sample to be tested with the same volume of headspace, despite differences in peanut mass. 

Internal standards were also incorporated into this study to ensured their visibility in the 

chromatographs. When observing individual peaks on the chromatographs, the best shaped peaks 

appeared to be between 0.05 g and 0.1 g for both raw and roasted (Figures 2.4 and 2.5). A mass of 

0.075 g was decided on for both raw and roasted samples for the following experiment.  
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Figure 2.2A.  

 

 

Figure 2.2B  

Figure 2.2.Two-dimensional plot of a raw (A) and roasted (B) peanut sample each with a sample 

mass of 0.075 g utilizing GC x GC-ToF-MS.  
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Figure 2.3. Chromatography peak of 1-pentanol for raw samples among masses 0.0125 g, 0.025 g, 

0.05 g, 0.1 g, and 0.2 g. 

 

 

 
Figure 2.4. Chromatography peak of 2-acetyl-1-pyrroline for roasted peanut samples with masses 

0.0125 g, 0.025 g, 0.05 g, 0.1 g, and 0.2 g. 

 

 

Internal Standard Preparation 

 Internal standards, pyrazine-d4 and pyrrole-d5 were incorporated into samples at 100 ppb. 

Solid pyrazine-d4 (0.05 g) was added to 10 mL of HPLC water to create a stock solution of 5000 

µg/mL concentration. Stock solution (10 µL) was added to 10 mL of HPLC water to create a 

working solution of 5 µg/mL. Working solution (30 µL) was added to each sample vial so it was 100 

ppb in the sample for analysis. The same procedure was used for the liquid pyrrole-d5 internal 

standard. Internal standard solutions were stored (4 °C) for up to two weeks.  
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Sample Preparation 

 

Peanuts were removed from the -80 °C freezer immediately before pasting. Each individual 

453-gram sample of frozen peanuts was processed into a paste with a Blixer-3 food processor (Robot 

Coupe, Jackson, MS, USA). Pasted peanut samples were weighed (0.075 g) directly into 10 mL clear 

screw cap vials (Microliter Analytical Supplies Inc. Suwanee, GA). Next, 0.6 grams of NaCl was 

added to each vial to “salt out” volatile components from the samples. Internal standards, pyrazine-

d4 and pyrrole-d5, were then added to each vial at a concentration of 100 µg/L. Lastly, 0.9329 mL of 

HPLC water was added to each vial to give it a final sample volume equal to 1.5 mL. Each sample 

was mixed using a vortex for one minute. NIST samples were acquired already pasted, otherwise 

prepared with the same procedure. Blank samples did not involve addition of a peanut paste, but 

were prepared the same as the samples. An n-alkane series was used for retention index calculations 

(Van den Dool & Kratz 1963). The alkane standards were prepared per run by pipetting 3 µL of a 

mix of alkanes: henicosane through tretacontane (C21-C40) into one clear screw cap vial, and then 1 

µL of a mix of alkanes: octane through icosane (C8-C20) into another vial.  

Samples were grouped by commercial lots (1 lot for each market type and warehouse per 

batch for analysis) and randomized for analysis order with an online randomizer (random.com). 

Samples were placed in the temperature controlled sample tray at 2 °C. Five batches of 33 samples 

were utilized to complete this study. One raw and one roasted peanut seed paste from each 

warehouse was tested in every batch (n=6 raw, n=6 roasted) along with the NIST quality control 

samples (n=3), alkane standards (n=2), and blank samples between runs to minimize carryover 

(n=16). In each run, the alkane standards were sampled first and last, and the NIST QC were sampled 

9th, 19th, and 27th (Table 2.2). 
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Solid-phase microextraction (SPME) of volatile components 

 

Peanuts volatile compounds were captured using headspace solid-phase microextraction (HS-

SPME) and a CTC Analytics combiPAL autosampler (Model CTC Analytics (Switzerland), LEAP 

Technologies, Carrboro, NC).  

 Volatile compounds were sampled using a 1 cm SPME fiber with three-phases 

divinylbenzene/carbonex/polydimethylsiloxane (DVB/CAR/PDMS) (Supelco; Bellefonte, PA, USA) 

and a coating thickness of 50/30 µm. Samples were equilibrated at 40 °C for 15 minutes with 

agitation at 500 rpm. SPME fibers were incorporated through the vial septa at a depth of 12 mm, and 

were exposed to the headspace above the sample. The SPME fibers then equilibrated with the sample 

headspace for 40 minutes at 40 °C with agitation at 100 rpm to extract the sample volatiles. The fiber 

desorbed into the GCxGC-TOFMS instrument for 15 minutes (Neta 2010). 

 

Comprehensive two-dimensional gas chromatography-time-of-flight mass spectrometry 

(GCxGC-TOFMS) 

 
Peanut volatile compounds were profiled on a LECO Pegasus III two-dimensional gas 

chromatograph (GCxGC) coupled with time of flight mass spectrometer (ToFMS) (Model #614-100-

700; Leco Corporation; St. Josep, MI, USA). The instrument was in connection with an Agilent GC 

(Model# 6890 N; Agilent Technologies; Santa Clara, CA, USA) fitted with a secondary oven. The 

system was assisted by a thermal modulator that was cooled with liquid nitrogen at a modulation 

time set to 1.75 sec and a hot jet pulse time of 0.35 sec. The cool time between stages was set as 0.53 

sec. Separation of components was conducted using a SolGel-WaxTM 30 m x 0.25 mm ID x 0.25 

µm df (SGE, Austin, TX) (polyethylene glycol) as the first dimension column, and a RTX 17-01 1 m 

x 0.1 mm ID x 0.1 µm df (Restek, Bellefonte, PA) (14% cyanopropylphenyl – 86% dimethyl 

polysiloxane) as the second dimension column. Helium was utilized as the carrier gas at a constant 

flow rate of 1.3 mL/ min. The transfer line was set as 250 °C and operated in pulsed splitless mode 
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with a pulse pressure of 37 psi for 1 min, and the split vent was opened for 2 min. The primary oven 

temperature was set to 40 °C, and programmed to increase to 140 °C at a rate of 5 °C/min, then 10 

°C/min to 250 °C with an initial hold of 2 min, and a final hold of 3 min. The secondary oven 

temperature increased from 55 °C to 155 °C at 5 °C/min then 10 °C/min to 250 °C with an initial 

hold of 2 min, and a final hold of 4 min. The time of flight mass spectrometer detector was operated 

at -70 eV and an ion source temperature of 200 °C. Masses within the range of 25-500 m/z were 

collected. The detector voltage was 1500 V, with a scan rate of 200 spectra/ s (Neta 2010). 

 

 GCxGC–ToFMS data processing 

 
ChromaTOF® software version 4.33 (Leco Corporation, St. Joseph, MI) data processing 

methods were employed to detect and quantify peaks established on unique masses as set by the 

deconvolution algorithm. Prior to processing the data, the alkane standard peaks were found and the 

retention time was identified to create a retention index table. The NIST/EPA/NIH Mass Spectral 

Library (National Institute of Standards and Technology (NIST), Gaithersburg, MD, 2005) was 

utilized for tentative identification of deconvoluted chromatographic peaks for the compounds. 

Processing parameters for the data are shown in Table 2.3. Chemical names were attached to peaks 

that had at least a mass spectral similarity ≥ 750, where 1000 is an exact match. The peak area 

calculations utilized the unique mass (U) for every peak, as assigned by the ChromaTOF® 

deconvolution algorithm. In StatCompare® in ChromaTOF®, samples were assigned to their 

corresponding class including blanks, samples, and quality control (QC) samples. Compounds across 

all samples were then aligned using the software algorithm and mass spectral similarity match ≥ 600. 

Tentative identification of volatile compounds in peanuts was performed by comparison of volatile 

compounds mass spectra and retention times to those reported in the literature, utilizing the National 

Institute of Standards and Technology (NIST) Chemistry Webbook 

(https://webbook.nist.gov/chemistry/) (last accessed May 25
th

, 2019).  

https://webbook.nist.gov/chemistry/
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Table 2.3. Data processing parameters used to create standardized peak tables in ChromaTOF® 

Data step Parameter Value 

Peak detection Baseline offset 0.8 

 Number of points averaged for smoothing Auto 

 Peak width (sec) 0.1 

 Signal to noise (S/N) 100 

 Number of apexing masses 2 

GC x GC 

parameters 

Match required to combine 600 

 Override the allowed retention time shift for 

combine (early and late) (sec) 

0.1 

 First dimension peak width (sec) 9 

Library 

identification 

Search mode Normal, Forward 

 Number of library hits to return 10 

 Molecular weight range 0-1000 

 Mass threshold 0 

 Minimum similarity match before name is 

assigned 

750 

 Library NIST mainlib 

Quantification Mass to use for area/height calculation U (unique mass) 

Reference Name, 1st dimension retention time (s), 2nd 

dimension retention time (s), and masses (unique 

mass in this case) 

Fields populated from 

peak table of the sample 
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Statistical Analysis 

 
The aligned chromatographic data was exported to Microsoft Excel 2016 (Microsoft 

Corporation, Redmond, WA) for data compilation. Analysis of variance (ANOVA) and hierarchical 

cluster analysis (HCA) were performed in JMP Genomics version 9.4 (SAS Institute, Cary NC).  

Aligned peak data was exported from ChromaTOF® and reconfigured using Excel 2016 (Microsoft 

Corporation, Redmond, WA). A new column that combined peak number and peak name was 

incorporated to give each peak a unique identifier for statistical analysis. Missing value replacement 

was performed in Excel with the “randbetween” function to provide substitution data that reflected 

possible responses below the detection limit of the method for undetected components 

(Johanningsmeier 2011). To normalize the peak area variances prior to statistical analysis, a log2 

transformation was utilized. An ANOVA was run on the log2 peak areas to detect differences in the 

compounds among the treatments. To check for instrumental drift, batch variation, and sample 

variation, the responses in quality control samples were observed for similar resolution of 

chromatographic peaks. Additionally, to ensure the variation in sample responses was due to the 

roast level and market-type, the weighted average proportion of variance across principal 

components was observed among the sample variables, the run order, the batch, and the residual 

variation. Metabolite peaks with significant differences (p < 0.05) among treatment groups were 

incorporated into hierarchical clustering analysis (HCA) utilizing the Fast Ward method as the 

clustering process (Johanningsmeier 2011). The results were displayed in heat maps, and were 

examined for relevant trends. Clusters of metabolites that were present in select treatment groups 

were selected for further investigation (Johanningsmeier 2011). Components that existed only in 

roasted peanut samples were presumed to have been formed as a result of chemical changes that 

occurred during the roasting process. Further statistical analysis was performed using XLStat version 

9.4 for WindowsTM (Addinsoft, Paris, France). Principal component analyses (PCA) were employed 
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to reduce the data from hundreds of variables to two independent components that accounted for 

majority of the variance. Additionally, the PCA aided to visualize the relationships between roast 

treatment and market-type.  

 

Descriptive Sensory Panel  

 
The 30 roasted commercial lots of peanuts were evaluated by a trained descriptive sensory 

analysis panel of six panelists (n=1 male, n=5 female) with the Spectrum™ universal 15-point 

intensity scale. A peanut specific lexicon developed by Johnsen et al. (1988) and modified by 

Sanders et al. (1989) was utilized, as shown in the Literature Review Chapter in Table 1.3. The 

panelists included students and staff from the USDA Agricultural Research Service, Market Quality 

and Handling Research Unit, and the Department of Food, Bioprocessing and Nutrition Sciences at 

North Carolina State University, Raleigh, NC. Peanut samples were tempered to room temperature 

(~22°C) before sensory analysis. Two sample replicates of each roasted commercial lot was 

evaluated by the panel. The samples were evaluated in five batches of six samples per session, with a 

randomized order for each evaluation. Panelists tasted a reference peanut paste as a calibration, and 

cleansed their palates with unsalted crackers and rinsed their mouths with water between each 

sample. 

Statistical Analysis was done with multivariate analysis of variance (MANOVA) in SAS 

version 9.4 (SAS Institute, Cary NC) to determine sensory differences among samples in peanut 

varieties, warehouses, and replicates. A partial correlation coefficient was also generated for each 

flavor attribute. Principal component analysis (PCA) was employed using a correlation matrix to 

combine sensory attribute data and volatile metabolite data using XLStat version 9.4 for WindowsTM 

(Addinsoft, Paris, France). This analysis reduced the data from hundreds of variables to two 

independent components that accounted for majority of the variance.  
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Results and Discussion 

 

Identification and quantification of selected volatile compounds in peanuts 

 
Approximately 515 peaks with a signal to noise ratio S/N ≥ 20 were detected among the 

peanut samples. Manual inspection of chromatograms and peak table data for chromatograms for the 

peanut samples compared to salt water blanks established that 361 of the volatile compounds were in 

the peanut samples. The 154 artifact peaks included system contaminants such as formaldehyde, and 

were attributed to column bleed at the high end of the temperature program. The polar-semipolar 

two-column combination enables isolation of these artifacts from sample volatile components. 

Unlike single column GC chromatograms, this makes it possible to identify and quantify low-level 

volatile metabolites despite system contaminants (O‟Hagan et al. 2007; Johanningsmeier 2011). 

Of the 361 compounds detected in the peanut samples, 274 (75.9%) were tentatively 

identified by ChromaTOF® data processing with the use of the best spectral match to the NIST 

library with similarity ≥ 750. The 87 other compounds were unidentified. Comparisons to retention 

indices reported in the literature resulted in the presumptive identification of 155 volatile compounds 

in roasted and raw virginia and runner-type peanuts (Table 2.4). Published retention indices were not 

found or did not match for the other 119 compounds. Authentic standards of 57 compounds were 

individually chromatographed to confirm the quality of the tentative identifications, and 54 were 

found to be positively identified by comparisons of the volatile compound‟s retention index and mass 

spectra. Metabolites that did not match literature values were further investigated, and either 

concluded to be left as a mass spectral match or an unknown. Compounds matched to multiple peaks 

were visually investigated using the chromatographs and mass spectra to further determine the 

identity. The volatile compounds identified in the raw and roasted virginia and runner-type peanuts 

included 67 nitrogen containing compounds (of which there were 28 pyrazines, 23 furans, six 
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pyridines, and 17 pyrrole), 19 ketones, six diketones, seven esters, three ethers, 17 sulfur containing 

compounds, 27 alcohols, 25 aldehydes, and 40 hydrocarbons.  

Roasted peanuts contained more peaks and greater abundances than raw peanuts in both 

runner-type and virginia-type peanuts, as visualized in the chromatogram in Figure 2.5A&B. 

Between raw and roasted peanuts samples 252 volatile compounds were found to be significantly 

different (p < 0.05) with ANOVA. A total of 96 compounds were significantly different (p < 0.05) 

between the two market-types. For further investigation of trends in the data, hierarchical cluster 

analysis and principal component analysis were utilized. 

This study reported 119 volatile compounds that have not previously been reported in 

peanuts, including 11 furans, seven pyrroles, five pyridines, and 12 pyrazines. Additionally, more 

volatile compound differences were identified between runner and virginia market types than 

previously observed. Wang (2015) found no differences (p < 0.05) between virginia and runner-type 

peanuts in their concentrations of total alcohols, aldehydes, alkanes, pyrroles, ketones, pyrazines, and 

furan derivatives. 

 

Figure 2.5A. GCxGC-ToF-MS chromatogram of roasted (orange) and raw (blue) runner- type 

peanuts. 
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Figure 2.5B. GCxGC-ToF-MS chromatogram of roasted (orange) and raw (blue) virginia-type 

peanuts. 

 

Among the hundreds of detected metabolites, a wide variety of volatile compounds were 

determined.  In peanuts, aroma active compounds are generated through a number of chemical 

reactions, including the Maillard reaction, Strecker degradation, thermal degradation of sugars, and 

lipid oxidation (Neta et al. 2010; Lykomitros et al. 2016b).   

The Maillard reaction involves reducing sugars and amino compounds as reactants and yields 

heterocyclic nitrogen compounds including furans, thiazoles, thiophenes, oxazoles, pyrroles, 

imidazoles, pyridines, and pyrazines (Neta et al. 2010; Hodge 1953; Amrani-Hemaimi et al. 1995; 

Milic & Piletic 1983; Adams et al. 2008; Lykomitros et al. 2016a; 2016b). Dozens of these 

compounds were identified in roasted peanuts, which underwent the Strecker degradation, where α-

amino acids are converted by reductones (α-dicarbonyls) into aldehydes containing the side chain 

with an imine intermediate. This product can condense to form alkylpyrazines (Davies & Labuza 

1997; Manzocco et al. 2000; Purlis 2010; Sanders et al. 1995; Fennema 1996). Aldehydes, which 

were found abundant in raw peanuts, are important due to their ability to form Schiff base adducts 

with amino groups (Pattee et al. 1983). 

Caramelization, also known as the thermal degradation of sugars, yields low molecular 

weight open-chain oxygen containing products and heterocyclic oxygen-containing compounds 
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including furan derivatives (Coleman et al. 1994). As expected, roasted peanut samples contained 

significantly more (p < 0.05) furans than the raw samples. 

Lipids are also an important source of flavor compounds. While they do contribute flavors of 

their own, their primary importance is as precursors to volatile compounds that produce flavors in 

foods (Forss 1969; Pattee et al. 1983). Lipids with more than ten carbons are insoluble in water, have 

low volatility, and do not participate in basic taste (Pattee et al. 1983). Foods with polyunsaturated 

fatty acids are known to be highly susceptible to lipid oxidation, which leads to the formation of 

oxygen containing compounds including aliphatic aldehydes, acids, ketones, and alcohols (St. 

Angelo et al. 1996; Coleman et al. 1994; Warner et al. 1996). Each of these compound classes was 

detected in the virginia and runner type peanuts. Oil makes up 50% of a peanut seed, of which about 

50% is oleic (18:1) and 30% is linoleic (18:2) (Davis & Dean 2016; St. Angelo et al. 1996). Heat 

damage to the cell structure can augment the transfer of oxygen to peanut tissues by the release of 

substances from cell compartments. Due to this, lipid oxidation can potentially be accelerated due to 

roasting (Perren & Escher 2013). Long chain unsaturated fatty acids in peanuts have little 

participation in basic tastes, but have a tendency to oxidize. 

The presence of the double bonds enables free radicals to stabilize through the delocalizing of 

unpaired electrons. This leads to hydroperoxide formation, which is unstable and quickly 

decomposes into secondary reaction products (St. Angelo et al. 1996; Warner et al. 1996). Products 

of oxidation, including some alchohols, aldehydes, and furans were detected in greater abundance (p 

< 0.05) in roasted peanuts. Several of these pathways are discussed later in this chapter. 

 

Principal Component Analysis 

 
Principal component analysis (PCA) was performed to visually represent the variation in the 

grouping of peanut samples (Figure 2.6A) and grouping of their volatile compound compositions 

(Figure 2.6B). Principal components (PC) 1 and 2 accounted for a total of 71.62% of the variance, 
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with PC1 covering 63.7% and PC2 accounting for 7.92%. The roasted peanut samples loaded 

positively on PC1, and raw peanut samples loaded negatively on PC1. Several alcohol compounds, 

such as 1-nonanol, 1-propanol, 2-methyl-1-propanol, (S)-2-heptanol, 3-methyl-4-penten-1-ol, 

ethanol, (Z)-2-penten-1-ol, and 1-hexanol were loaded negatively on the PC1 vector, and were 

strongly associated with the raw samples. Numerous aldehydes were also correlated to the raw 

peanuts such as hexanal. Alcohols serve as an important precursor for lipoxygenase-mediated 

reactions in raw peanuts (Singleton et al. 1976). 

Enzyme reactions cause the conversion of alcohols, which were significantly more abundant 

in raw peanuts (p < 0.05), to corresponding aldehydes homologs, which were more abundant in 

roasted peanuts (Singleton et al. 1976). The volatile flavor profile of raw peanuts is correlated to 

enzyme activity across stages of maturation (Pattee et al. 1970). Singleton et al. (1976) observed n-

propanol and n-hexanol convert into their respective aldehydes. Pattee et al. (1970) found that the 

predominating volatile compounds in raw peanuts were: acetaldehyde, methanol, pentane, ethanol, 

and hexanal, which were each detected in this study, aside from ethanol. The authors speculated that 

these compounds, aside from hexanal, were produced via lipoxidase and alcohol dehydrogenase 

(ADH) in peanut seeds. Lovegren et al. (1982) found that methanol, acetaldehyde, ethanol, and an 

acetone group totaled approximately 80% of the total volatile peaks in raw virginia-type peanuts. The 

volatile compound data collected in this study includes those previously found, and shows a much 

wider array of compounds that contribute to the volatile peaks of raw peanuts. 

In the opposite direction of PC1, the quantity of compounds loaded in the positive direction 

were so numerous that they are difficult to depict in graphical form, so factor loading charts were 

investigated. This group includes many pyrazines, including 3-ethyl-2,5-dimethylpyrazine, 2-

ethenyl-6-methylpyrazine, 2-methyl-5-propylpyrazine, trimethylpyrazine, 2,3-dimethylpyrazine, and 

n-pentylpyrazine. Ketones, pyrroline, oxazole, thiophene, furan, pyrindine, and thiazole compounds 

also had strong associations in the positive direction of PC1.  
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The vertical axis graphically depicting PC2 is correlated to the peanut market-type, where 

virginia-type loaded positively, and runner market-type peanuts loaded negatively on PC2. 

Compounds present in virginia-type peanuts that most differentiated them included bis(1,1-

dimethylethyl)-nitroxide, o-methyloxime butanal, eucalptol, methallyl cyanide, isobutyronitrile, 3-

pentanol, pentanal, 2-hexenal, 1-octen-3-ol, a-pinene, pentane, (E)-3-octen-2-one, nitromethane, (Z)-

2-heptenal, (E)-2-octenal, 1-hexanol, and pentanoic acid. Several of these compounds are products of 

linoleic acid oxidation, which could be the result of virginia-type peanuts having a greater 

concentration of linoleic acid compared to runner-type peanuts (Raheja et al. 1987; Klevorn 2017). 

The mechanism of these lipid oxidation reactions is in more detail to follow.  

Runner peanuts were most differentiated by compounds: 2,2,4-trimethylpentane, 1,3-

dimethylbenzene, ethylbenzene, 3-methylpentanal, 3-methylbutanal, benzaldehyde, tetrahydrofuran, 

2,3,6-trimethylpyridine, and 2,3-pentadedione. Brown et al. (1972) found 3-methylbutanal to be a 

predominant compound distinguishing between raw and roasted runner-type peanuts. The authors 

found this branched chain aldehyde in large concentrations resulted in the harsh aroma of roasted 

peanuts. 3-methylbutanal has also been found to have a malty/chocolate aroma (Greene et al. 2008; 

Matsui et al. (1998). Low molecular weight aldehydes have been found to be the responsible 

compounds for the harsh aroma note in peanuts (Mason et al. 1967). They are formed during roasting 

as a product of the Strecker degradations (Mason et al. 1967; Smit et al. 2008). For example, leucine 

can form 3-methylbutanal through deamination followed by decarboxylation. Both leucine and 3-

methylbutanal were more abundant in viriginia-type peanuts (Klevorn 2017). 
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Figure 2.6A. Principal component analysis (PC1 vs. PC2) of raw and roasted virginia and runner-type peanuts samples. 

▲=Raw virginia, ▲=Roast virginia, ●=Raw runner, ●=Raw runner. 
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Figure 2.6B. Principal component analysis (PC1 vs. PC2) of volatile compounds detected in raw and roasted virginia and runner-

type peanuts.  
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Hierarchical Cluster Analysis 

 

 Hierarchical cluster analysis (HCA) was employed to further visualized the 361 metabolites 

that were significantly different among treatment groups (p < 0.05) The resulting heat map was 

observed for trends, and six distinct clusters were established (Figure 2.7). The groups represented 

metabolites present in greater concentrations as a result of being raw or roasted and/or market-type. 

From top to bottom the six groups represent metabolites present in significantly greater concentration 

in 1: roasted virginia and runner (blue), 2: roasted virginia (orange), 3: roasted runner (teal), 4: raw 

and roasted virginia (tan), 5: raw and roasted runner (grass green), and 6: raw virginia and runner 

(sky blue). Each of these groups was manually inspected for further biological trends.   
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Figure 2.7. Hierarchical clustering of volatile metabolites in peanuts that differed among roast 

treatment and/or market type (p < 0 .05). 
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 The majority of differentiating volatile compounds clustered together in Group 1 (Figure 

2.7) and represents the volatile compounds generated in roasted peanuts from both market types in 

the HCA. These 252 compounds include a wide variety of compound classes, comprised of 21 

aldehydes, 28 pyrazines, 18 furans, 18 pyrroles, 20 sulfur-containing compounds, along with 61 

unknown analytes. Group 2 shows 14 compounds that are predominantly present in roasted virginia 

peanuts. These compounds include hydrocarbons, aldehydes, a furan, and an oxazole. The 19 

compounds in Group 3 are differentiated based on their more prevalent concentration in roasted 

runner peanuts. These compounds included hydrocarbons, aldehydes, two furans, a ketone, and a 

sulfonyl. In Group 4, nine compounds differentiated raw and roasted runner peanuts, including six 

hydrocarbons, one alcohol, and two unknowns. Group 5 is comprised of 29 compounds that are 

dominant in raw and roasted virginia-type peanuts. Several nitrogen-containing compounds are 

present in this group, along with hydrocarbons, alcohols, aldehydes, and 13 unknowns. Finally, 

Group 6 contains the volatile compounds predominantly in raw peanuts from both market types, 

represented by 21 compounds, including 12 alcohols, hexanal and 2-hexenal, along with n-Caproic 

acid vinyl ester, pentanoic acid, 1-nitrohexane, and nitromethane. 

 Aldehydes are the most common functional class of the compounds in Group 5, followed by 

alcohols. These compounds were detected in greater abundance in raw and roasted virginia-type 

peanuts, which may be more prone to develop lipid oxidation. Virginia-type peanuts have higher 

concentrations of linoleic acid, which is likely to undergo oxidation due to the double bonds (Raheja 

et al. 1987; Frankel 1984). Oil makes up 50% of a peanut seed, and typically 30% of the oil is 

polyunsaturated linoleic acid (Davis & Dean 2016; St. Angelo et al. 1996). The virginia-type peanuts 

in this study had an average linoleic acid content of 29.55%, and the runner-type peanuts were 

12.94% linoleic acid (Klevorn 2017). Oxidation reactions can occur via autoxidation, enzymatic 

oxidation involving lipoxygenase, and by photo-oxidation (St. Angelo et al. 1996; Saaidia 1985). The 
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oil present in roasted peanuts would be more susceptible to nonezymatic forms of oxidation (St. 

Angelo et al. 1996). 

 

Lipid Oxidation Products 

 

Volatile products of autoxidation of fatty acids are significant for the aroma of foods due to 

their low threshold concentrations for taste and odor (Schieberle & Grosch 1981). Autoxidation 

products were found significant in roasted peanuts in this study. The mechanism of autoxidation of 

linoleic acid is shown in Figure 2.8, and involves a hydrogen atom that is removed from the 

methylene group adjacent to the double bond on carbon-11, and produces a pentadienyl radical. 

Oxygen molecules then attack from both end positions to create an equal combination of conjugated 

9- and 13-hydroperoxide isomers (Frankel 1984). These conjugated isomers are typical, however, 10- 

and 12-hydroperoxide isomers also exist. All can then undergo additional reactions that lead to a 

number of compounds, several of which were found in this experiment (Saxby 2012). Figure 2.8 

displays primary oxidation products of linoleate, along with secondary products that were detected as 

volatile compounds in this study.  

  



   

 

 

82 

Figure 2.8. Linoleate oxidation products present in roasted peanuts, with greater abundances in 

roasted virginia-type peanuts than in runner-type peanuts (fold increase in parentheses). The linoleic 

acid content of roasted virginia- and runner- type peanuts was 29.55% and 12.94% of fatty acid 

profile, respectively.   
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Methyl linoleate 9- and 13-hydroperoxide isomers can react into three monohydroperoxides, 

which then decompose into 2-octenal, hexanal, and 2,4-decadienal, which were found in Groups 5, 6, 

and 2, respectively (Forss 1969; Schieberle & Grosch 1981). Formation of 2,4-decadienal is derived 

from the 9-hydroperoxide isomers, with a beta scission. This product can undergo further oxidation, 

where a peroxy radical attacks the double bond on carbon-8 and forms 2-octenal (Schieberle & 

Grosch 1981; Saxby 2012). (E)-2-octenal was more abundant in raw (four-fold) and roasted (two-

fold) virginia peanuts than raw and roasted runner-type peanuts. Roasted virginia-type peanuts also 

contained 2 fold more 2,4-decadienal than runner-type peanuts.  

While 2,4-decadienal can only be formed from 9-hydroperoxide isomers, hexanal can arise 

from 9- or 13-hydroperoxide isomers. Thus, hexanal is the most abundant aldehyde product of 

linoleic acid oxidation (Schieberle & Grosch 1981). This was observed in the volatile compound 

data, as hexanal had the highest relative abundance for roasted virginia-type peanuts of the oxidation 

products in Figure 2.8, and the highest relative abundance of all compounds for raw virginia-type 

peanuts. Hexanal was four times more abundant in the raw treatments than the roasted, two times 

more abundant in raw virginia peanuts than raw runner-type peanuts, and three times more abundant 

in roasted virginias than roasted runner-type peanuts (p < 0.05).  

Heptanal can be formed from 2-octenal by autoxidation into a radical acid intermediate. This 

peracid then decomposes with carbon dioxide as a byproduct, which allows the enol to rearrange into 

a heptanal (Schieberle and Grosch 1981). Heptanal was found significantly more abundant in roasted 

peanuts of both market-types (Group 1) than of the raw peanuts. Virginia-type peanuts experienced a 

two-fold increase, and runner-type peanuts saw a five-fold increase after roasting. 

The 12-hydroperoxide isomer has been detected in vegetable oils, and can lead to the 

formation of aldehydes (Saxby 2012). The decomposition mechanism of linoleate 12-hydroperoxide 

into 2-heptenal involves an alpha scission. A vinyl radical reacts with oxygen to produce vinyl 

hydroperoxide, which then interacts with other lipid molecules to form 2-heptenal. Additional beta 
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scission pathways can produce other saturated aldehydes (Saxby 2012), which could have produced 

several of the saturated aldehydes found in this study, including, 2-methyl-2-hexenal, 2-ethyl-trans-2-

butenal, and 2-butenal. 2-heptenal was significantly more abundant in roasted virginia peanuts 

(Group 2) than the other groups. 

The formation of volatile aldehydes has been associated with off-flavors in late stages of lipid 

oxidation, including for nonanal, octanal, decanal, heptanal, and hexanal (Warner et al. 1996). 

Hexanal has been found to have a green/cut grass aroma, which is characteristic of raw peanuts of 

both market-types (Erten 2016; Greene 2008; Didzbalis et al. 2004; Schieberle & Grosch 1985). 2-

octenal was associated with virginia-type peanuts both raw and roasted (group 5), and has been found 

to have citrus-like (Didzbalis et al. 2004), pungent/orange (Erten 2016), and fatty (Matsui et al. 1998) 

aroma qualities. 2,4-decadienal, which was associated with roasted virginia peanuts, and has been 

found to have a fatty, fried aroma (Schirack et al. 2006; Matsui et al. 1998; Erten 2016). (Z)-2-

heptenal was significantly associated with virginia-type roasted peanuts (group 2), and has been 

found to have a green or fatty aroma (Schieberle & Grosch 1985). Heptanal was present in the 

roasted peanuts of both market-types (group 1), and has been found to have a fatty odor (Schirack et 

al. 2006). 

1-octen-3-one is another compound that significantly increased (five-fold) after roasting 

(group 1). This ketone has been found to be a primary contributor to metallic tastes in fatty foods 

(Pattee et al. 1983; Forss 1969; Greene 2008), and to contribute to a mushroom-like flavor in peanuts 

(Kaneko et al. 2013; Erten 2016; Greene 2008). The metal flavor may be attributed to the presence of 

inorganic salts of copper and iron, which are responsible for the lipid oxidation due to catalyzing the 

break-down and formation of 1-octen-3-one (Forss 1969). Roasted peanuts are a good dietary source 

of each of these microminerals (Davis & Dean 2016). The alcohol homolog, 1-octen-3-ol, was in 

significantly higher concentrations (p < 0.05) in the virginia-type peanuts. This unsaturated alcohol is 

a major product of autoxidation of linoleic acid, and has been commonly found in meat volatiles, 
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with a mushroom-like odor (Maarse 1991). Autoxidation of arachidonic acid is another mechanism 

to produce 1-octen-3-one and 1-octen-3-ol. Linoleic acid has been noted as a precursor of 

arachidonic acid in peanut oil (Saxby 2012; Truswell et al. 1994).  

Furans can also be derived from oxidized linoleic acid. The proposed mechanism for 

formation involves linoleate 9-hydroperoxide decomposing to form 2-pentylfuran.  2-pentylfuran was 

found most abundant in roasted virginia peanuts (Group 2), which was two-fold more abundant than 

in both raw virginias and roasted runner-type peanuts. Along with several furan derivatives, 2-

pentylfuran is responsible for flavor defects in reverted soybean oil, including metallic and grassy 

flavors (Saxby 2012). At concentrations between 1-10 ppm in refined, bleached, and deodorized 

cottonseed oil, 2-pentylfuran emits a beany odor, although the effluent of 2-pentylfuran from gas 

chromatograph has a licorice, and not beany odor (Krishnamurthy et al. 1967). Furan compounds can 

also be derived from the thermal degradation of glucose (Zhang & Ho 1991), and through the 

Maillard browning reaction (Mottram 1993). Furans have been found to have caramel-like, sweet, 

roasty, burnt, fruity, and pungent aromas characteristic of in thermally processed foods (Kaneko et al. 

2013; Liu et al. 2011; van Boekel 2006). Food flavor development has been associated with increases 

in furan levels (Tai & Ho 1998). Of the 23 reported furans, 18 were more abundant in the roasted 

peanuts (Group 1), indicating that the development of most of the compounds in this group are 

related to thermal processing. However, 2-ethylfuran and 2-vinylfuran were most abundant in raw 

virginia-type peanuts. 

 

Products of the Maillard reaction 

 
Groups 1, 2, and 3 contained compounds that were present in roasted peanuts at levels 

significantly higher than the raw counterparts. Many compounds associated with thermal production 

and browning flavors are heterocylic (Fennema 1996). These compounds commonly include 
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nitrogen, sulfur, and oxygen substituents, and have been known to contribute general nutty, roasted, 

toasted, caramel, meaty, burnt, floral, and plant odors (Fennema 1996). Figure 2.9 displays the 

chemical structure of several of such compounds that were detected in this study in roasted peanut 

samples including pyrazine, pyridine, thiophene, furan, thiazole, pyrrole, and oxazoles. Many of 

these heterocyclic compounds are formed via the Maillard browning reaction, which utilizes amino 

groups and reducing sugars (Koehler et al. 1969), or lipid-derived carbonyls that can also react with 

amino acids (Zamora & Hidalgo 2011).  

 

 

Figure 2.9. Skeletons of heterocyclic compounds commonly associated with flavor in thermally 

processed or browned flavors. 

 

 Pyrazines have been found to be important contributors to flavors in many foods (Mottram 

1994). The 28 pyrazines detected in this study may have formed through several mechanisms. One 

pathway for pyrazine formation utilizes a reaction between amino acids in the peanut and α-

dicarbonyl compounds, which are intermediates in Maillard reactions (Figure 2.10). This reaction is 

carried out via the Strecker degradation, where α-amino carbonyls are produced and then condensed 

into alkylpyrazines (Fennema 1996). Different α-amino carbonyls can participate in the Strecker 

degradation and produce a variety of pyrazines including 2,6-dimethylpyrazine, trimethylpyrazine, 2-

ethyl-5-methylpyrazine, and methylpyrazine (depicted in Figure 2.11), which were all identified in 

the roasted peanuts in this study (Group 1). The alkyl group on the pyrazine is often obtained from α-

amino carbonyl group of the reactant derived from sugar (Shibamoto & Bernhard 1977). However, 

the distribution of reaction products in pyrazine formation can be influenced by reaction temperature, 
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reactant ratio, presence of anitoxidants or prooxidants, and oxygen (Shibamoto & Bernhard 1977). 

Each of these had significant (p < 0.05) increases in relative abundance after roasting, reported as 

follows: trimethylpyrazine (three-fold), methylpyrazine (two-fold), 2-ethyl-5-methylpyrazine (two-

fold), and 2,6-dimethylpyrazine (was not detected in the raw state). While many α-amino carbonyl 

fragments have been proposed, no intermediates or fragments in pyrazine formation have been 

isolated or identified to date (Shibamoto & Bernhard 1977). 

Another mechanism of pyrazine formation involves ammonia as the nitrogen source, which is 

released from pyrolysis of amino acids (Mottram 1994). Glutamine has been shown to yield 

considerable amounts of ammonia with moderate heating (110°C). At high temperatures (180°C) 

asparagine, which was more abundant (two-fold) in virginia-type peanuts, and aspartic acid released 

high amounts of ammonia. The ammonia can react with α-hydroxycarbonyl compounds and form α-

aminoketones in an Amadori rearrangement (Adams et al. 2008). 

 

Figure 2.10. Strecker degradation reaction between α-dicarbonyls and an amino acid forms 

alkylpyrazines. 

 

 

Figure 2.11. Formation of methylpyrazine from α-amino carbonyl condensation reaction.  
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Methional was found more abundant in roasted virginia and runner-type peanuts (Group 1). 

This compound is likely to have formed as a product of methionine through the Strecker degradation 

(Ballance 1961). Methionine was two-fold more abundant in virginia-type peanuts than in runners 

(Klevorn 2017). Methional has been associated with baked potato and brothy odor, and has been 

reported in roasted peanuts (Greene et al. 2008; Chetschik et al. 2008) and roasted almonds (Erten 

2016).  

Dimethyl trisulfide was also found to be significantly more abundant in roasted virgina and 

runner-type peanuts (group 1). This compound may have been produced by reactions with hydrogen 

sulfide, or by oxidation (Yu & Ho 1995). The reported aroma of dimethyl trisulfide is onion-y/garlic-

y and sulfur/cabbage-y, and has been found to be a key component in roasted peanuts (Chetschik et 

al. 2008; Neta 2010), cauliflower, broccoli, and cabbage (Buttery et al. 1976), wine (Guth 1997), 

almonds (Erten 2016), and in boiled meat aroma (Golovnja & Rothe 1980). 

Twelve pyrazines were detected for the first time in peanuts (Figure 2.12), including 

tetramethylpyrazine and isopropylpyrazine. Tetramethylpyrazine has been synthesized by 

condensation reaction between 2,3-butanedione and 2,3-butanediamine, and from 2,5- 

dimethylpyrazine via ring alkylations with methyllithium (Burdock 2010). This pyrazine has a 

slightly musty, nutty, cocoa-like aroma, and a nutty, musty cocoa, and chocolate-like taste (Ramli et 

al. 2006; Burdock 2010). The taste threshold for this chemical component is at 10 ppm. The aroma 

threshold detection value of 2-isopropylpyrazine is at 100 ppb (Burdock 2010). This pyrazine has 

been previously found in fish sauce and in cocoa (Shimoda et al. 1996; Flamen 1989). 
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Figure 2.12. Detected pyrazines not previously found in peanuts.   
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 Five pyridine compounds were detected novelly in peanuts (Figure 2.13) including pyridine 

and 2-ethylpyridine. Both of these compounds have been found present in coffee and tea (Flamen 

1989). Pyridine has also been found in cocoa beer, whiskey, roasted chicken, and oatmeal. This 

compound has been found to have grainy, beany, musty, earthy, nutty nuances of peanut and coffee, 

and raw potato flavors (Burdock 2010). 

 

 
Figure 2.13. Detected pyridines not previously found in peanuts 

 

Pyrrolines are another type of compound found to be significantly more abundant in roasted 

virginia and runner-type peanuts (Group 1), including 2-acetyl-1-pyrroline and pyrrole-2-

carboxaldehyde, 1-ethyl-1H-pyrrole, 1-ethyl-1H-pyrrole-2-carboxaldehyde, 1-butyl-1H-pyrrole, and 

2,5-dimethyl-1H-pyrrole. Pyrrolines are found in most heated foods, and have been known to 

contribute both desirable and unfavorable aromas (Mottram 1994). The aroma of pyrrole-2-

carboxaldehyde has been reported as sweet and corn-like, (Mottram 1994) and 2-acetyl-1-pyrroline 

has been associated with roasty/popcorn aromas reported in roasted peanuts (Chetschik et al. 2008; 

Neta 2010; Matsui et al. 1998; Greene 2008), and several other cooked products including roasted 

almonds (Erten 2016), bread crust (Schieberle and Grosch 1985), cooked rice (Buttery et al. 1982), 
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whey protein (Whetstine et al. 2005), and popcorn (Schieberle 1991). The formation of pyrroles, 

along with pyrrolines and pyrrolidines come from the amino acid, proline (Mottram 1994), which 

was significantly greater (0 < 0.05) in virginia-type peanuts (two-fold) (Klevorn 2017). 2-acetyl-1-

pyrroline can form from proline reacting with pyruvaldehyde or dihydroxyacetone as visualized in 

Figure 2.14. Pyrroles are also a product of the Amadori reaction (Figure 2.15), with carbohydrates 

such as fructose or 3-deoxyketose and proline as the reactant amino acid (Schieberle 1995; Mottram 

1994).   

Figure 2.14. Formation of volatiles with roast-like characteristics deriving from proline and 

pyruvaldehyde. 

 

Figure 2.15. Pyrrole and furan formation from Maillard reaction intermediates by way of the 

Amadori rearrangement. 
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Five thiazole compounds and one oxazole were found to have significantly greater 

concentrations in roasted peanuts than in the raw: 4-methylthiazole, thiazole, 2-methylthiazole, 4,5-

dimethylthiazole, 4-methyl-2-(1-methylethyl)-thiazole, and trimethyloxazole. Thiazole is closely 

related to the structures of oxazoles, but tend to be more abundant in food volatiles, especially fried 

or roasted foods (Mottram 1994). These compounds can arise from the degradation of thiamine, 

which react with 1,2-carbonyls and aliphatic aldehydes derived from amino acids in the Strecker 

degradation (Figure 2.16) (Mottram 1994).  

Figure 2.16. Formation of thiazoles from Strecker degradation intermediates. (Group refers to 

hierarchial cluster analysis group). 

 

2-methoxy-4-vinylphenol, which was present in roasted peanuts for both market-types, has 

been found to be uniquely in peanut oil, compared to other common vegetable oils (Hu et al. 2014). 

This compound can form from ferulic acid, which is an intermediate in the degradation of lignin 

polymers in the plant (Fiddler et al. 1967; Steinke et al 1964; Walradt et al. 1971). Lignins are 

important to the peanut plant for structural support of the tissues and for protection from pathogens 

and herbivores (Bennett et al. 2017). 2-methoxy-4-vinylphenol has been found to have sweet/licorice 

(Greene 2008) and spicy/phenolic (Matsui et al. 2008) aromas.
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Descriptive Sensory Analysis of Roasted Peanuts 

 
The majority of commercial production of peanuts in the United States is comprised of 

runner and virginia-type peanuts (95%) (American Peanut Council 2018). Some studies have noted 

that runner type peanuts are considered to be more highly flavored than virginias (Pattee et al. 2002; 

Pattee et al. 2000), but others have found no significant difference (Ng 2003; Wang 2015). The latter 

of those findings was confirmed in the present study. In roasted peanuts the intensity of aromatic 

flavor attributes, basic tastes, and feeling factors were analyzed, and only the attribute spice had a 

significant difference (p < 0.05) between runner and virginia-type peanuts.  

Significant correlations (p < 0.05) among the flavor attributes existed across all samples 

(Table 2.6). A strong positive correlation existed between the aromatic attributes roast peanutty and 

sweet aromatic. Consistent with the report of Pattee et al. (2000), roast peanutty had a moderate 

negative correlation with the bitter and astringent flavor attributes. The flavor attributes dark roast, 

woody/hulls/skins, bitter, and astringency had positive correlations with each other, and negative 

correlations with roast peanutty, sweet aromatic, raw beany, and sweet.   
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Table 2.5. Average descriptive sensory analysis attribute intensities for roasted runner- and virginia-

type peanuts. 

Sensory Attribute Virginia Runner p-value 

Roast Peanutty 4.8 ± 0.35 4.76 ± 0.28 0.560 

Sweet Aromatic 3.2 ± 0.22 3.27 ± 0.17 0.312 

Dark Roast 3.27 ± 0.19 3.17 ± 0.29 0.138 

Raw Beany 2.04 ± 0.20 1.98 ± 0.23 0.340 

Woody/Hulls/Skins 3.30 ± 0.12 3.23 ± 0.17 0.088 

Cardboardy 0.28 ± 0.36 0.18 ± 0.26 0.185 

Earthy 0.03 ± 0.13 0.03 ± 0.18 0.915 

Painty 0.05 ± 0.17 0.01 ± 0.06 0.209 

Fruity 0.04 ± 0.08 0.02 ± 0.07 0.448 

Spice 0.00 ± 0.00 0.03 ± 0.09 0.046* 

Sweet 2.79 ± 0.27 2.85 ± 0.23 0.337 

Bitter 2.54 ± 0.24 2.42 ± 0.29 0.075 

Astringent 1.09 ± 0.15 1.09 ± 0.19 0.893 

Ashy 0.54 ± 0.42 0.34 ± 0.37 0.057 

    P-value indicates significant difference between market types. 

   *Indicates significant difference at α = 0.05. 

 

Table 2.6. Correlations between peanut flavor attributes across all peanut samples of both runner 

and virginia-type peanuts.  

DF = 36 Sweet 

Aromatic 

Dark 

Roast 

Raw 

Beany 

Woody/H

ulls/Skins 

Sweet Bitter Astringenc

y 

Roast 

Peanutty 

0.76 -0.30 0.08 -0.22 0.09 -0.40 -0.54 

Sweet 

Aromatic 

  -0.23 0.07 -0.17 0.20 -0.34 -0.50 

Dark 

Roast 

    -0.73 0.72 -0.64 0.85 0.51 

Raw 

Beany 

      -0.66 0.49 -0.66 -0.28 

Woody/H

ulls/Skins 

        -0.47 0.63 0.41 

Sweet           -0.62 -0.18 

Bitter             0.55 

 Numbers in bold represent significant correlations (p < 0.05). 
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Principal component analysis (PCA) was carried out to determine whether roasted runner and 

virginia-type peanuts would group by the overall sensory profiles (Figure 2.17). This analysis 

enabled the reduction of ten flavor attributes into two principle components (PC1 and PC2), which 

explained 45.27% and 21.61% of the total variance, respectively. The majority of runner-type 

peanuts loaded negatively on the x-axis, which represents PC1, however three runner-type samples 

loaded far on the positive side of PC1. Virginia-type peanuts were not associated with PC1, and are 

loaded in the middle of the axis. Most of the variation displayed on PC1 was due to sensory 

attributes, where dark roast, woody/hulls, bitter, and ashy were loaded positively, and sweet aromatic 

and raw beany are loaded negatively on PC1. The sensory characteristics were also separated by 

PC2, where roast peanutty and sweet aromatic load positively, and cardboard and astringency load 

negatively. There was no association between the peanut market-types and PC2. The variation in 

sensory scores was not affected by market-type, but rather was due to sample-to-sample variation. 

Although sample-to-sample variation did exist, ANOVA showed that there was no significant 

differences (p < 0.05) in individual sensory attributes among the samples. This leads to two possible 

explanations: either the variation between the volatile profile of the two market-types has no 

influence on the flavor profile of the peanut samples, or the instrumental analysis was more sensitive 

at establishing differences between the market-types than the DSA panel.  
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Figure 2.17. Principal component analysis (PC1 vs. PC2) of the volatile compounds and sensory 

attribute scores of Virginia (●) and runner-type (●) peanuts. Astr is astringency, WHS is 

woody/hulls/skins, RB is raw beany, DR is dark roast, RP is roast peanutty, SA is sweet aromatic, 

and Card is cardboard.  

 

 

Although raw samples were not analyzed with DSA, it is well established that the flavor 

profile of peanuts changes considerably after roasting (Braddock et al. 1995; Neta 2010). In both 

roasted runner and virginia-type peanuts the compounds found in the highest relative abundances 

were 3-methylbutanal, methylpyrazine, 1-methyl-1H-pyrrole, benzeneacetaldehyde, 2-butanone, 

furfural, trimethylpyrazine, 2,3-butanedione, methyl ester acetic acid, 2-methylpropanal, 2-ethyl-5-

methyl-pyrazine, toluene, and 3-ethyl-2,5-dimethylpyrazine. 2,3-butanedione, also known as 

diacetyl, has a buttery aroma, and was positively correlated with the sweet aromatic and roast 

peanutty attributes (Erten 2016). 2-ethyl-5-methylpyrazine correlated with has been found to have a 
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fruity/sweet (Schirack et al. 2006) nutty/roasted (Braddock et al. 1995), sweet (Matsui et al. 1998) 

and sweet/nutty (Didzbalis et al. 2004) aroma in peanuts.  

In model systems the main contributors to roasted peanut aroma were 1-octen-3-one, 

methional, hexanal, octanal, 2-acetyl-1-pyrroline, nonanal, carbon disulfide, and phenylacetaldehyde 

(Neta 2010). All of these compounds, with the exception of the last three, were found in significantly 

greater concentrations in the roasted peanuts of both market-types. Additionally, the following 

previously identified compounds, and their reported flavor, were found significant in the roasted 

group (group 1): butyrolactone (sweet/caramel/buttery), 2-heptanone, heptanal (penetrating 

oily/harsh), benzeneacetaldehyde (harsh green), 5-methyl-2-furanmethanol (cooked sweet 

potato/honey), 5-methl-2-furancarboxaldehyde (sweet/spicy/caramel), butyrolactone (sweet/buttery), 

2-heptanone (banana, cinnamon) and 3-hexen-2-one (odorless/metallic) (Braddock et al. 1995; 

Lykomitros et al. 2016b; Neta 2010; Schirack et al. 2006; Chetschik et al. 2008).  

Several compounds were in significantly greater abundance in the raw peanuts (group 6), and 

have been found to have the following aromas, 1-penten-3-ol, 1-pentanol (fusel-like/sweet), 1-

hexanol (woody/sweet/green/fruity), pentanoic acid (sweaty/fatty), phenylethyl alcohol, n-caproic 

acid vinyl ester, 1-propanol, decane, hexanal (green/grassy) (Braddock et al. 1995; Lykomitros et al. 

2016b; Neta 2010). 

Roasted virginia peanuts (group 2) were significantly differentiated by (z)-2-heptenal, 

heptane, 2-pentylfuran (fruity) and 2,4-decadienal (oily/orange/fried) (Matsui et al. 1998; Lykomitros 

et al. 2016b). Both raw and roasted virginia-type peanuts (group 5) had (E)-2-octenal (fatty/nutty) 

and 1-octen-3-ol (earthy/mushroom-like) (Erten 2016; Braddock et al. 1995). Roasted runner-type 

peanuts (group 3) contained greater concentrations of 2-ethylfuran and 2-pentanone (ethereal/fruity) 

(Braddock et al. 1995). 
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Conclusion 

 
 Investigation of the volatile compound profiles between runner and virginia market-types of 

roasted and raw peanuts revealed a number of differences, including 119 compounds previously 

unreported in peanuts. Comprehensive two-dimensional gas chromatography with time-of-flight 

mass spectrometry (GCxGC-ToFMS) enabled greater detection and the identification of 96 volatile 

components differing between market-type, and 252 differing volatile components between raw and 

roasted. The roasted samples contained a greater abundance of volatile compounds than the raw 

samples, indicating the numerous changes in chemical composition as a result of roasting. The 

roasted samples were abundant in nitrogen-containing compounds including pyrazines, furans, 

pyrroles, pyridines. These compounds are products of the Maillard browning reaction, which are 

important for the development of the roasted peanut flavor, along with the other characteristic 

attributes including aroma, color, and texture. The specific mechanism to achieve roasted peanut 

flavor is not yet known, however, the newly detected compounds provide a wider breadth of small 

molecular weight volatile compounds that may contribute to aroma activity. The raw samples 

contained numerous alcohols and products of lipid oxidation. Although, there were fewer differences 

between the market-types, oxidation products were detected more abundantly in virginia-type 

peanuts. This can be attributed to the higher levels of polyunsaturated fatty acids in virginia-type 

peanuts compared to runners. No significant difference between the market-types was detected in the 

core peanut flavor attributes, indicating that the differentiating volatiles may not influence the flavor. 

Further investigation into the aroma activiety of these compounds could serve to find which 

compounds influence the flavor of the roasted peanuts. Mathematically modeling the volatile 

compound profiles with the nonvolatile compounds of raw and roasted runner- and virginia-type 

peanuts could provide insights about the precursors that lead to aroma-active compounds in roasted 
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peanuts. This could enhance the ability to understand the compounds most important to achieving the 

characteristic peanut flavors. 
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Table 2.1. Peanut sample codes. 

Market Type House Lot Treatment1 

Runner 4 Lot 10222 T1 

Runner 4 Lot 10223 T1 

Runner 4 Lot 10163 T1 

Runner 4 Lot 10166 T1 

Runner 4 Lot 10224 T1 

Runner 4 Lot 10222 T2 

Runner 4 Lot 10223 T2 

Runner 4 Lot 10163 T2 

Runner 4 Lot 10166 T2 

Runner 4 Lot 10224 T2 

Runner 31 Lot 17521 T1 

Runner 31 Lot 17513 T1 

Runner 31 Lot 17519 T1 

Runner 31 Lot 17517 T1 

Runner 31 Lot 17716 T1 

Runner 31 Lot 17521 T2 

Runner 31 Lot 17513 T2 

Runner 31 Lot 17519 T2 

Runner 31 Lot 17517 T2 

Runner 31 Lot 17716 T2 

Runner 54 Lot 16951 T1 

Runner 54 Lot 13632 T1 

Runner 54 Lot 17038 T1 

Runner 54 Lot 16915 T1 

Runner 54 Lot 13648 T1 

Runner 54 Lot 16951 T2 

Runner 54 Lot 13632 T2 

Runner 54 Lot 17038 T2 

Runner 54 Lot 16915 T2 

Runner 54 Lot 13648 T2 

Virginia 3 Lot 3205 T1 

Virginia 3 Lot 3217 T1 

Virginia 3 Lot 3207 T1 

Virginia 3 Lot 3216 T1 

Virginia 3 Lot 3204 T1 

Virginia 3 Lot 3205 T2 

Virginia 3 Lot 3217 T2 

Virginia 3 Lot 3207 T2 

Virginia 3 Lot 3216 T2 

Virginia 3 Lot 3204 T2 
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Table 2.1. Peanut sample codes. 

Market Type House Lot Treatment1 

Virginia 8 Lot E3203 T1 

Virginia 8 Lot E3205 T1 

Virginia 8 Lot E3204 T1 

Virginia 8 lot E3206 T1 

Virginia 8 Lot E3207 T1 

Virginia 8 Lot E3203 T2 

Virginia 8 Lot E3205 T2 

Virginia 8 Lot E3204 T2 

Virginia 8 lot E3206 T2 

Virginia 8 Lot E3207 T2 

Virginia 14 Lot 1092 T1 

Virginia 14 Lot 1095 T1 

Virginia 14 Lot 1097 T1 

Virginia 14 Lot 1093 T1 

Virginia 14 Lot 1096 T1 

Virginia 14 Lot 1092 T2 

Virginia 14 Lot 1095 T2 

Virginia 14 Lot 1097 T2 

Virginia 14 Lot 1093 T2 

Virginia 14 Lot 1096 T2 
1T1 = raw peanut sample, T2 = roasted peanut sample. 
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Table 2.2. Run order of alkanes, quality control samples, blanks, and peanut samples across the five 

batches. 

 

Run Order Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 

1.  Alkane Alkane Alkane Alkane Alkane 

2.  Blank Blank Blank Blank Blank 

3.  NIST NIST NIST NIST NIST 

4.  Blank Blank Blank Blank Blank 

5.  
House 8 Lot 

E3203 T2 

House 31 

Lot 17513 

T1 

House 3 Lot 

3207 T2 

House 3 Lot 

3216 T1 

House 8 Lot 

E3207 T1 

6.  Blank Blank Blank Blank Blank 

7.  

House 54 

Lot 16951 

T2 

House 8 Lot 

E3205 T1 

House 8 Lot 

E3204 T2 

House 31 

Lot 17517 

T1 

House 3 Lot 

3204 T1 

8.  Blank Blank Blank Blank Blank 

9.  
House 3 Lot 

3205 T1 

House 14 

Lot 1095 T2 

House 14 

Lot 1097 T2 

House 14 

Lot 1093 T2 

House 54 

Lot 13648 

T1 

10.  Blank Blank Blank Blank Blank 

11.  
House 14 

Lot 1092 T2 

House 14 

Lot 1095 T1 

House 31 

Lot 17519 

T1 

House 3 Lot 

3216 T2 

House 4 Lot 

10224 T2 

12.  Blank Blank Blank Blank Blank 

13.  
House 14 

Lot 1092 T1 

House 4 Lot 

10223 T1 

House 31 

Lot 17519 

T2 

House 54 

Lot 16915 

T2 

House 8 Lot 

E3207 T2 

14.  Blank Blank Blank Blank Blank 

15.  
House 31 

Lot 17521 

T1 

House 54 

Lot 13632 

T1 

House 14 

Lot 1097 T1 

House 54 

Lot 16915 

T1 

House 54 

Lot 13648 

T2 

16.  Blank Blank Blank Blank Blank 

17.  NIST NIST NIST NIST NIST 

18.  Blank Blank Blank Blank Blank 
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Table 2.2. Continued. 

 

Run Order Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 

19.  
House 4 Lot 

10222 T1 

House 4 Lot 

10223 T2 

House 8 Lot 

E3204 T1 

House 14 

Lot 1093 T1 

House 31 

Lot 17716 

T2 

20.  Blank Blank Blank Blank Blank 

21.  
House 3 Lot 

3205 T2 

House 54 

Lot 13632 

T2 

House 4 Lot 

10163 T2 

House 31 

Lot 17517 

T2 

House 4 Lot 

10224 T1 

22.  Blank Blank Blank Blank Blank 

23.  
House 8 Lot 

E3203 T1 

House 8 Lot 

E3205 T2 

House 3 Lot 

3207 T1 

House 4 Lot 

10166 T2 

House 14 

Lot 1096 T2 

24.  Blank Blank Blank Blank Blank 

25.  
House 4 Lot 

10222 T2 

House 31 

Lot 17513 

T2 

House 54 

Lot 17038 

T2 

House 4 Lot 

10166 T1 

House 3 Lot 

3204 T2 

26.  Blank Blank Blank 
 

Blank 
Blank 

27.  
House 31 

Lot 17521 

T2 

House 3 Lot 

3217 T2 

House 4 Lot 

10163 T1 

House 8 lot 

E3206 T1 

 

House 31 

Lot 17716 

T1 

28.  Blank Blank Blank Blank Blank 

29.  
House 54 

Lot 16951 

T1 

House 3 Lot 

3217 T1 

House 54 

Lot 17038 

T1 

House 8 lot 

E3206 T2 

House 14 

Lot 1096 T1 

30.  Blank Blank Blank Blank Blank 

31.  NIST NIST NIST NIST NIST 

32.  Alkane Alkane Alkane Alkane Alkane 
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Table 2.4. Volatile compounds in roasted and raw peanuts of runner and virginia market types detected using SPME GCxGC-ToFMS. 

Primary 

Class 
Compound CAS2 registry # 

Method of 

idenification3 

Simila

rity 

RI 

Calc
4 

RILit
5 

Unique 

mass6 

HCA 

Group7 

Alcohol Methyl Alcohol 67-56-1 MS, RI, ST 915 869 905 31 1 

Alcohol 2-Propen-1-ol* 107-18-6 MS, RI 867 1088 1124 57 1 

Alcohol 2-Methyl-5-hexen-3-ol* 32815-70-6 MS 788 1232 Nf 55 1 

Alcohol 2-Chloro-2-propen-1-ol* 5976-47-6 MS 763 1547 Nf 57 1 

Alcohol 2-Methoxyphenol 90-05-1 MS, RI 818 1820 1855 81 1 

Alcohol Benzyl alcohol 100-51-6 MS, ST 865 1836 Nf 79 1 

Alcohol 2-Methoxy-4-vinylphenol 7786-61-0 MS, RI 909 2134 2190 135 1 

Alcohol 4-Ethylcyclohexanol* 4534-74-1 MS 809 1509 Nf 58 2 

Alcohol 1-Butanol 71-36-3 MS, RI, ST 898 1120 1142 31 4 

Alcohol 1-Octen-3-ol 3391-86-4 MS, RI, ST 868 1418 1444 57 5 

Alcohol Isopropyl Alcohol 67-63-0 MS, RI, ST 877 903 905 45 6 

Alcohol 1-Propanol 71-23-8 MS, RI, ST 802 1012 1032 31 6 

Alcohol 2-Methyl-1-propanol 78-83-1 MS, RI, ST 900 1069 1090 41 6 

Alcohol 3-Pentanol* 584-02-1 MS, RI, ST 792 1084 1111 59 6 

Alcohol (S)-(+)-2-Pentanol 26184-62-3 MS 869 1096 Nf 45 6 

Alcohol 1-Penten-3-ol 616-25-1 MS, RI, ST 852 1132 1166 57 6 

Alcohol 1-Pentanol 71-41-0 MS, RI, ST 901 1222 1246 42 6 

Alcohol (Z)-2-Penten-1-ol* 1576-95-0 MS, ST 877 1289 1323 57 6 

Alcohol (S)-2-Heptanol* 6033-23-4 MS 787 1291 Nf 45 6 

Alcohol 1-Hexanol 111-27-3 MS, RI 891 1325 1355 56 6 

Alcohol 1-Nonanol* 143-08-8 MS, RI 882 1630 1647 41 6 

Alcohol Phenylethyl Alcohol 60-12-8 MS, RI, ST 896 1875 1904 91 6 

Alcohol (R)-2-Butanol* 14898-79-4 MS 849 998 Nf 45 

 Alcohol  3-Methyl-4-penten-1-ol* 51174-44-8 MS 755 1059 Nf 65 

 Alcohol (S)-2-Methylbutan-1-ol * 1565-80-6 MS 862 1179 Nf 41 

 Alcohol (S)-2-Hexanol 52019-78-0 MS 856 1192 Nf 45 

 Alcohol (E)-1,3-Butandien-1-ol* 70411-98-2 MS 776 1236 Nf 70 

 
         



   

 

 

105 

Table 2.4. Continued. 

Aldehyde  2-Methylpropanal 78-84-2 MS, RI, ST 788 801 817 72 1 

Aldehyde Butanal 123-72-8 MS, RI, ST 855 854 872 27 1 

Aldehyde 2-Methylbutanal 96-17-3 MS, RI, ST 887 894 905 41 1 

Aldehyde 3-Methylpentanal* 15877-57-3 MS, RI 865 1012 1032 56 1 

Aldehyde Heptanal 111-71-7 MS, RI, ST 873 1161 1185 41 1 

Aldehyde Benzaldehyde 100-52-7 MS, RI 893 1492 1518 77 1 

Aldehyde a-Methylbenzeneacetaldehyde* 93-53-8 MS 751 1607 Nf 105 1 

Aldehyde Benzeneacetaldehyde 122-78-1 MS 904 1609 Nf 91 1 

Aldehyde 2-Methyl-3-phenyl-2-propenal* 101-39-3 MS, RI, ST 820 1897 1992 115 1 

Aldehyde 3-Methylbutanal 590-86-3 MS, RI, ST 841 898 921 41 3 

Aldehyde O-Methyloxime butanal* 31376-98-4 MS 761 861 Nf 70 5 

Aldehyde Pentanal 110-62-3 MS, RI, ST 849 957 970 44 5 

Aldehyde Hexanal 66-25-1 MS, RI, ST 896 1059 1079 41 6 

Aldehyde  Acetaldehyde 75-07-0 MS, RI, ST 765 712 714 29 1 

Aldehyde  (Z)-2-Butenal 15798-64-8 MS, RI 925 1016 1035 70 1 

Aldehyde  (E)-2-Methyl-2-butenal 497-03-0 MS, RI, ST 940 1070 1087 55 1 

Aldehyde  2-Ethyl-trans-2-butenal* 63883-69-2 MS, ST 850 1135 Nf 41 1 

Aldehyde  2-Methyl-2-hexenal* 28467-88-1 MS 846 1156 Nf 41 1 

Aldehyde   (Z)-2-Heptenal 57266-86-1 MS, RI, ST 905 1299 1310 41 2 

Aldehyde  2,4-Decadienal 2363-88-4 MS, RI 860 1778 1794 81 2 

Aldehyde  (E)-2-Octenal 2548-87-0 MS, RI, ST 852 1401 1430 41 5 

Aldehyde  2-Hexenal 505-57-7 MS, RI 876 1192 1213 41 6 
Carboxylic 

acid  Methyl ester acetic acid* 79-20-9 MS, RI, ST 906 811 819 43 1 
Carboxylic 

acid  Methyl ester-2-propenoic acid* 96-33-3 MS, RI 870 918 938 55 1 
Carboxylic 

acid Acetic acid 64-19-7 MS, RI, ST 849 1421 1446 45 1 
Carboxylic 

Acid l-Pantoyl lactone 599-04-2 MS, RI 815 1988 1998 71 1 

Carboxylic 
Acid Pentanoic acid  109-52-4 MS, RI 873 1806 1728 60 6 
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Table 2.4. Continued. 

Chlorobenze Benzyl chloride* 100-44-7 MS, RI 852 1486 1488 91 1 

Diketone 2,3-Butanedione 

431-03-8 (or 625-34-

3) cis/trans MS, RI 863 952 970 43 1 

Diketone 2,3-Pentanedione 600-14-6 MS, RI, ST 883 1034 1060 43 1 

Diketone 2,3-Hexanedione* 3848-24-6 MS, RI 781 1106 1136 43 1 

Diketone 3,4-Hexanedione* 4437-51-8 MS, RI 809 1115 1163 57 1 

Diketone Acetyl valeryl* 96-04-8 MS, RI 818 1127 1146 43 1 

Diketone 1,4-Cyclohex-2-enedione* 4505-38-8 MS 821 1698 Nf 54 1 

Ester Methyl formate 107-31-3 MS, RI, ST 866 721 768 31 1 

Ester Methyl propionate* 554-12-1 MS, RI, ST 869 886 889 57 1 

Ester Methyl methacrylate* 80-62-6 MS, RI 818 988 1005 55 1 

Ester 2-Methylallyl methacrylate* 816-74-0 MS 755 1247 Nf 69 1 

Ester Tetrahydro-2H-pyran-2-one* 542-28-9 MS 816 1580 Nf 42 1 

Ester n-Caproic acid vinyl ester  3050-69-9 MS 801 1625 Nf 43 6 

Ether Trimethylene oxide* 503-30-0 MS, ST 843 759 Nf 29 1 

Ether (Methoxymethyl)oxirane* 930-37-0 MS 754 1328 Nf 45 1 

Ether Eucalyptol* 470-82-6 MS, RI, ST 819 1190 1215 43 5 

Furan Furan* 110-00-9 MS, RI 860 775 814 39 1 

Furan 3-Methylfuran 930-27-8 MS, RI 862 851 867 82 1 

Furan 2,4-Dimethylfuran* 3710-43-8 MS, RI 863 947 962 67 1 

Furan 2,3-Dihydro-3-methylfuran* 1708-27-6 MS 776 1085 1392 69 1 

Furan 2-(2-Propenyl)-furan* 75135-41-0 MS, RI 844 1183 1204 79 1 

Furan 2-Methyltetrahydrofuran-3-one 3188-00-9 MS 813 1236 Nf 43 1 

Furan 
Tetrahydrofuran-2-carbonyl 

chloride* 52449-98-6 MS 799 1328 Nf 43 1 

Furan 2-Furancarbonitrile* 617-90-3 MS 869 1360 Nf 93 1 

Furan Furfural 98-01-1 MS, RI, ST 872 1429 1457 39 1 

Furan 1-(2-Furanyl)-ethanone 1192-62-7 MS, RI 894 1470 1500 95 1 

Furan Acetate-2-furanmethanol* 623-17-6 MS, RI 814 1503 1542 81 1 

Furan Dihydro-3-(2H)-thiophenone 1003-04-9 MS, RI 837 1530 1563 46 1 

Furan 5-Methyl-2-furancarboxaldehyde 620-02-0 MS, RI 884 1538 1571 110 1 



   

 

 

107 

Table 2.4. Continued. 

Furan 2-Furanmethanol 98-00-0 MS, RI 929 1619 1655 41 1 

Furan 5-Methyl-2-furanmethanol 3857-25-8 MS, RI 840 1682 1724 95 1 

Furan 2(5H)-Furanone 497-23-4 MS, RI 851 1714 1740 55 1 

Furan 3-phenylfuran 13679-41-9 MS, RI 855 1820 1855 115 1 

Furan 
2,5-Dimethylfuran-3,4(2H,5H)-

dione* 68755-49-7 MS 777 1987 Nf 43 1 

Furan 2-Pentylfuran 3777-69-3 MS, RI, ST 858 1211 1229 81 2 

Furan Tetrahydrofuran* 109-99-9 MS, RI 811 870 864 42 3 

Furan 2-Ethylfuran* 3208-16-0 MS, RI, ST 808 935 953 81 3 

Furan 2-Vinylfuran* 1487-18-9 MS, RI 853 1050 1074 65 

 Hydrocarbon Heptane 142-82-5 MS 870 694 Nf 43 1 

Hydrocarbon (Z),(Z)-2,4-Hexadiene* 6108-61-8 MS 916 765 Nf 67 1 

Hydrocarbon Octane 111-65-9 MS, ST 864 801 Nf 70 1 

Hydrocarbon 2,4-Dimethylhexane* 589-43-5 MS 839 900 Nf 57 1 

Hydrocarbon (2-Methylpropyl)-cyclopentane 3788-32-7 MS 852 972 Nf 41 1 

Hydrocarbon 3-Ethyl-1-pentene* 4038-04-4 MS 767 1129 Nf 41 1 

Hydrocarbon  Trans-1,2-dimethyl-cyclopropane* 2402-06-4 MS 764 1325 Nf 70 1 

Hydrocarbon Acetophenone 98-86-2 MS, RI, ST 830 1617 1647 77 1 

Hydrocarbon 1-Nitro-1-phenylpropane* 5279-14-1 MS 796 1669 Nf 91 1 

Hydrocarbon (Ethenyloxy)-benzene* 766-94-9 MS 832 2279 Nf 120 1 

Hydrocarbon 2-Octene* 111-67-1 MS, RI 846 851 862 55 2 

Hydrocarbon 3-Ethyl-2,5-dimethylhexane* 52897-04-8 MS 804 932 Nf 57 2 

Hydrocarbon Decane* 124-18-5 MS, ST 855 999 Nf 43 2 

Hydrocarbon (E)-1,3-Nonadiene* 56700-77-7 MS, RI 824 1039 1046 54 2 

Hydrocarbon 1-Butyl-2-ethyl-cyclopropene* Nf MS 787 1389 Nf 67 2 

Hydrocarbon Benzene 71-43-2 MS, ST 933 922 Nf 78 3 

Hydrocarbon Toluene 108-88-3 MS, RI, ST 914 1020 1038 91 3 

Hydrocarbon Ethylbenzene 100-41-4 MS, RI 877 1106 1133 91 3 

Hydrocarbon 1,3-Dimethylbenzene 108-38-3 MS, RI 904 1120 1140 91 3 
Hydrocarbon 7-Ethyl-1,3,5-cycloheptatriene* 17634-51-4 MS 818 1188 Nf 91 3 



   

 

 

108 

Table 2.4. Continued. 

Hydrocarbon Styrene 100-42-5 MS, RI 921 1232 1253 104 3 

Hydrocarbon Tridecane 629-50-5 MS, ST 821 1301 Nf 57 3 

Hydrocarbon 2,2,4-Trimethylpentane* 540-84-1 MS, RI 795 646 708 57 4 

Hydrocarbon 4-Methylheptane* 589-53-7 MS, RI 840 751 790 43 4 

Hydrocarbon o-Xylene 95-47-6 MS, RI 855 1128 1180 91 4 

Hydrocarbon 
Trans-1,2-bis(1-methylethenyl)-

cyclobutane* 19465-02-2 MS, RI 853 1182 1238 68 4 

Hydrocarbon 1,2,3-Trimethylbenzene* 526-73-8 MS 873 1261 Nf 105 4 

Hydrocarbon Pentane 109-66-0 MS 884 575 Nf 43 5 

Hydrocarbon Cyclohexane* 110-82-7 MS, RI, ST 807 705 739 28 5 

Hydrocarbon α-Pinene* 80-56-8 MS, RI, ST 893 1013 1025 93 5 

Hydrocarbon β-Pinene 127-91-3 MS, RI 877 1091 1101 93 5 

Hydrocarbon  3-Methylundecane* 1002-43-3 MS 764 1165 Nf 57 5 

Hydrocarbon Cis-1,2-dimethyl-cyclopropane* 930-18-7 MS 797 593 Nf 55 6 

Hydrocarbon 1,4-Pentadiene* 591-93-5 MS, RI, ST 854 627 646 67 

 Hydrocarbon 2-Methylbutane 78-78-4 MS 829 810 Nf 58 

 Hydrocarbon  (Z)-3-Methyl-2-pentene* 922-62-3 MS 757 838 Nf 69 

 Hydrocarbon 3-Ethylhexane* 619-99-8 MS 841 855 Nf 43 

 Hydrocarbon 3-Methylnonane 5911-04-6 MS, RI 796 964 967 57 

 Hydrocarbon 2,2-Dimethyldecane* 17302-37-3 MS 781 991 Nf 57 

 Hydrocarbon 4-Ethyl-2-methylhexane* 3074-75-7 MS 827 1096 Nf 43 

 Hydrocarbon Dodecane* 112-40-3 MS, ST 869 1197 Nf 57 

 Ketone Acetone 67-64-1 MS, RI, ST 935 801 826 43 1 

Ketone 2-Butanone 78-93-3 MS, RI 855 878 910 43 1 

Ketone 2,4-Dimethylpentanal* 27944-79-2 MS 820 1029 Nf 58 1 

Ketone (E)-3-Penten-2-one 3102-33-8 MS, ST 830 1102 1100 69 1 

Ketone 3-Hexen-2-one 763-93-9 MS, RI 852 1109 1210 55 1 

Ketone Cyclopentanone 120-92-3 MS, RI 859 1158 1172 55 1 

Ketone 2-Heptanone 110-43-0 MS, RI, ST 831 1159 1184 43 1 

Ketone 3-Methyl-3-penten-2-one* 565-62-8 MS, ST 769 1172 Nf 55 1 

Ketone Acetoin 513-86-0 MS, RI, ST 833 1255 1281 45 1 
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Table 2.4. Continued. 

Ketone 1-Hydroxy-2-propanone * 116-09-6 MS, RI 883 1269 1304 43 1 

Ketone 1-Octen-3-one 4312-99-6 MS, RI, ST 822 1277 1304 55 1 

Ketone 2-Cyclopenten-1-one* 930-30-3 MS, RI 767 1325 1349 82 1 

Ketone 4-Methyl-2-hexanone* 105-42-0 MS 802 1365 Nf 43 1 

Ketone 1-(Acetyloxy)-2-propanone 592-20-1 MS, RI 872 1427 1475 43 1 

Ketone 4-Cyclopentene-1,3-dione 930-60-9 MS, RI 843 1550 1542 42 1 
Ketone Butyrolactone 96-48-0 MS, RI 924 1590 1635 42 1 

Ketone 6-Oxa-bicyclo[3.1.0]hexan-3-one* 74017-10-0 MS 824 1726 Nf 55 1 

Ketone 2-Pentanone 107-87-9 MS, RI 855 954 983 43 3 

Ketone 3-Methyl-2-butenal* 107-86-8 MS, RI, ST 803 1106 1216 55 

 Ketone (E,E)-2,4-Heptadienal 4313-03-5 MS, RI 825 1463 1492 81 

 Nitrogen 
Containing N,N-Dimethyl-methylamine* 75-50-3 MS, RI 756 625 558 58 1 
Nitrogen 

Containing 2-Propenenitrile* 107-13-1 MS, RI 895 966 1002 53 1 
Nitrogen 

Containing 1-Methyl-2-methyleneaziridine* 25012-55-9 MS 759 1109 Nf 42 1 
Nitrogen 

Containing Trimethyloxazole 20662-84-4 MS, RI 844 1166 1202 43 1 

Nitrogen 
Containing Methyl 2-oxopropanoate 600-22-6 MS, RI 797 1207 1199 43 1 
Nitrogen 

Containing 2,3,4,5-Tetrahydropyridazine* 113375-01-2 MS 773 1217 Nf 84 1 
Nitrogen 

Containing 
3,3-Dimethyl-

cyclobutanecarbonitrile* 53783-86-1 MS 798 1226 Nf 56 1 
Nitrogen 

Containing 2,3-Dihydro-1H-indole* 496-15-1 MS 756 1613 Nf 118 1 
Nitrogen 

Containing 5H-1-Pyrindine* 270-21-7 MS 856 2326 Nf 117 1 

Nitrogen 
Containing 4,5-Dimethyl-2-isopropyloxazole 19519-45-0 MS, RI 779 1238 1261 43 2 
Nitrogen 

Containing Butyl isocyanatoacetate* 17046-22-9 MS 803 674 Nf 42 5 
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Table 2.4. Continued. 

Nitrogen 
Containing Isobutyronitrile* 78-82-0 MS, RI 786 978 1010 42 5 
Nitrogen 

Containing Bis(1,1-dimethylethyl)-nitroxide* 2406-25-9 MS 786 1188 Nf 41 5 
Nitrogen 

Containing Methallyl cyanide* 4786-19-0 MS 829 1193 Nf 41 5 
Nitrogen 

Containing Nitromethane* 75-52-5 MS, RI 836 1127 1177 30 6 

Nitrogen 
Containing 1-Nitrohexane 646-14-0 MS 783 1475 Nf 41 6 

Pyrazine Methylpyrazine 109-08-0 MS, RI 888 1236 1272 94 1 

Pyrazine 2,6-Dimethylpyrazine 108-50-9 MS, RI 938 1299 1331 108 1 

Pyrazine Ethylpyrazine 13925-00-3 MS, RI 894 1304 1342 107 1 

Pyrazine 2,3-Dimethylpyrazine 5910-89-4 MS, RI 910 1315 1346 67 1 

Pyrazine 2-Isopropylpyrazine* 9820-90-0 MS 774 1325 Nf 107 1 

Pyrazine 2-Ethyl-5-methylpyrazine 13360-64-0 MS, RI 861 1362 1385 39 1 

Pyrazine Trimethylpyrazine 14667-55-1 MS, RI 816 1373 1402 122 1 

Pyrazine n-Pentylpyrazine* 6303-75-9 MS 837 1388 1575 94 1 

Pyrazine Ethenylpyrazine* 4177-16-6 MS, RI 876 1403 1430 106 1 

Pyrazine  2,6-Diethylpyrazine 13067-27-1 MS, RI 854 1405 1452 135 1 

Pyrazine 3-Ethyl-2,5-dimethylpyrazine 13360-65-1 MS, RI 886 1415 1444 42 1 

Pyrazine 2,3-Diethylpyrazine 15707-24-1 MS, RI 896 1425 1449 121 1 

Pyrazine 2-Methyl-6-propylpyrazine* 29444-46-0 MS 807 1435 Nf 108 1 

Pyrazine Tetramethylpyrazine* 1124-11-4 MS, RI 849 1443 1462 54 1 

Pyrazine 2-Methyl-5-propylpyrazine* 29461-03-8 MS, RI 866 1447 1458 108 1 

Pyrazine 2-Ethenyl-6-methylpyrazine 13925-09-2 MS, RI 755 1457 1493 52 1 

Pyrazine 2-Isobutyl-3-methylpyrazine* 13925-06-9 MS, RI 806 1460 1490 108 1 

Pyrazine (1-Methylethenyl)pyrazine* 38713-41-6 MS 780 1463 Nf 52 1 

Pyrazine 3,5-Diethyl-2-methylpyrazine 18138-05-1 MS, RI 854 1466 1495 149 1 

Pyrazine 2,3,5-Trimethyl-6-ethylpyrazine 17398-16-2 MS, RI 786 1484 1506 149 1 
Pyrazine 2,5-Dimethyl-3-isobutylpyrazine* 32736-94-0 MS, RI 797 1497 1514 122 1 
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Table 2.4. Continued. 

Pyrazine 
2,3-dimethyl-5-(2-propenyl)-

pyrazine* Nf MS 751 1559 Nf 147 1 

Pyrazine 
5H-5-Methyl-6,7-

dihydrocyclopentapyrazine 23747-48-0 MS, RI 844 1588 1631 119 1 

Pyrazine 
2-(3-Methylbutyl)-3,5-

dimethylpyrazine* 111150-30-2 MS, RI 824 1628 1530 122 1 

Pyrazine 
2,5-Dimethyl-6,7-dihydro-(5H)-

cyclopentapyrazine 38917-61-2 MS, RI 831 1641 1672 133 1 

Pyrazine 2-Acetyl-3-methylpyrazine 23787-80-6 MS, RI 789 1657 1628 43 1 

Pyrazine 
(E)-2-Methyl-5-(1-propenyl)-

pyrazine 18217-82-8 MS, RI 774 1679 1635 134 1 

Pyrazine 2-Butyl-3-methylpyrazine* 15987-00-5 MS, RI 851 1471 1459 108 

 Pyridine Pyridine* 110-86-1 MS, RI 874 1152 1188 52 1 

Pyridine 2-Methylpyridine* 109-06-8 MS, RI 852 1186 1212 93 1 

Pyridine 3-Ethenylpyridine* 1121-55-7 MS 865 1475 Nf 104 1 

Pyridine 2-Acetylpyridine 1122-62-9 MS, RI 833 1569 1591 79 1 

Pyridine Methyl nicotinate* 93-60-7 MS, RI 841 1739 1766 78 1 

Pyridine 
1-Acetyl-1,2,3,4-

tetrahydropyridine* 19615-27-1 MS 775 1775 Nf 82 1 

Pyrrole 1-Methyl-1H-pyrrole 96-54-8 MS, RI 871 1117 1154 81 1 

Pyrrole 1-Ethyl-1H-pyrrole 617-92-5 MS, RI 919 1158 1177 80 1 

Pyrrole 3-Ethyl-1H-pyrrole 1551-16-2 MS 872 1158 Nf 80 1 

Pyrrole 1-Butyl-1H-pyrrole* 589-33-3 MS 769 1237 Nf 80 1 

Pyrrole 2-Acetyl-1-pyrroline 85213-22-5 MS, RI 790 1309 1347 43 1 

Pyrrole 2-Methyl-1H-pyrrole 636-41-9 MS, RI 882 1519 1559 80 1 

Pyrrole 3-Methyl-1H-pyrrole 616-43-3 MS, RI 907 1538 1601 80 1 

Pyrrole 
1-Ethyl-1H-pyrrole-2-

carboxaldehyde* 2167-14-8 MS, RI 809 1576 1564 94 1 

Pyrrole 1-Methylpyrrole-2-carboxaldehyde 1192-58-1 MS, RI 876 1586 1622 109 1 

Pyrrole 2,5-Dimethyl-1H-pyrrole* 625-84-3 MS, RI 868 1614 1601 94 1 

Pyrrole 1-(1-Methylpyrrol-2-yl)-ethanone* 932-16-1 MS, RI 755 1620 1639 108 1 
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Table 2.4. Continued. 

Pyrrole 
Methyl 1-methylpyrrole-2-

carboxylate* 37619-24-2 MS 867 1665 Nf 108 1 

Pyrrole 2-Ethyl-4-methyl-1H-pyrrole 69687-77-0 MS 761 1676 Nf 94 1 

Pyrrole 1-(2-Furanylmethyl)-1H-pyrrole 1438-94-4 MS, RI 825 1791 1838 81 1 

Pyrrole 3-Acetylpyrrole* 1072-82-8 MS 875 1926 Nf 94 1 

Pyrrole 1H-Pyrrole-2-carboxaldehyde 1003-29-8 MS, RI 856 1980 2023 95 1 

Pyrrole 4-Pyridinemethanol* 323355-16-6 MS 834 2051 Nf 109 

 Sulfur 
Compounds Methanethiol 74-93-1 MS, RI 869 644 671 47 1 

Sulfur 
Compounds Thiophene* 110-02-1 MS, RI 933 1001 1018 84 1 

Sulfur 
Compounds Methyl thiolacetate* 1534-08-3 MS, RI 908 1026 1055 43 1 

Sulfur 
Compounds 3-Methylthiophene 616-44-4 MS, RI, ST 918 1098 1116 97 1 

Sulfur 
Compounds 2-Ethylthiophene 872-55-9 MS, RI 818 1150 1177 97 1 

Sulfur 
Compounds 2-Methylthiazole 3581-87-1 MS, RI 790 1208 1240 58 1 

Sulfur 
Compounds Thiazole 288-47-1 MS, RI 885 1218 1250 58 1 

Sulfur 
Compounds 4-Methylthiazole 693-95-8 MS, RI 855 1250 1289 71 1 

Sulfur 
Compounds Methylthio-2-propanone* 14109-72-9 MS 853 1306 Nf 61 1 

Sulfur 
Compounds 

4-Methyl-2-(1-methylethyl)-

thiazole* 15679-13-7 MS, RI 823 1325 1339 126 1 
Sulfur 

Compounds 4,5-Dimethylthiazole* 3581-91-7 MS, RI 804 1343 1361 71 1 

Sulfur 
Compounds Dimethyl trisulfide 3658-80-8 MS, RI, ST 903 1356 1379 45 1 

Sulfur 
Compounds Methional 3268-49-3 MS, RI 758 1423 1457 48 1 
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Table 2.4. Continued. 

Sulfur 
Compounds 

Dihydro-2-methyl-3(2H)-

thiophenone 13679-85-1 MS, RI 814 1497 1537 60 1 
Sulfur 

Compounds 2-Thiophenecarboxaldehyde* 98-03-3 MS, RI 863 1657 1707 111 1 
Sulfur 

Compounds  1-(2-Thienyl)-ethanone  88-15-3 MS, RI 830 1739 1744 111 1 
Sulfur 

Compounds n-Hexanesulphonylacetonitrile* 203310-42-3 MS 809 833 Nf 41 3 

1
 Compounds not reported previously in peanuts are designated with an *  

2
 Chemical Abstracts Service registry number  

3
 MS: identification based on mass spectral match to the NIST 05 library with >750 similarity, RI: comparison with published retention 

indices on polyethylene glycol column phase, ST: mass spectral and retention index match to authentic standard  
4
 Retention indices based on first dimension retention of components on a SOL-GEL-WAX (polyethylene glycol) column using SPME 

GCxGC-ToFMS  
5
 Retention indices reported in the literature (Nf = not found); References available at the NIST Chemistry WebBook database, 

http://webbook.nist.gov 
6 

Unique mass for each component was used for peak area calculations 
7 

HCA Group # refers to Figure 2.7 

http://webbook.nist.gov/
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CHAPTER THREE: The effect of roast time on the physical and chemical attributes of dry-

roasted peanuts 
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Abstract 

 

The majority of peanuts consumed across North America and Europe are dry roasted. 

Industry practices rely on the surface darkness (Hunter L-value) of the peanut to indicate roast 

completion. This practice does not optimize peanut flavor or peanut quality, as variation exists 

among peanut seeds and occurs in processing. The objective of this study was to observe the physical 

and chemical changes that a peanut undergoes at distinct times in roasting. A single lot of runner 

peanuts was divided into 105 aliquots and assigned to fifteen different roast times, ranging between 4 

and 24 minutes, at 177 °C. The Hunter L, a, and b color of pasted seeds and of whole seed peanuts, 

moisture content, total lipid content, seed size, descriptive sensory analysis, free amino acid content, 

and carbohydrate content were determined on raw and roasted peanuts from each aliquot. Different 

statistical techniques were employed including analysis of variance and Tukey test to separate means. 

Pearson‟s correlations and principal component analysis (PCA) were utilized to establish 

relationships. Moisture content declined with increasing roast time, and ranged from 3.134% for the 

4 minute roast, to 0.327% for the 24 minute roast. A descriptive sensory analysis panel reported an 

increase in roast peanutty (RP) until ~12 minutes, followed by a decline. When mathematically 

modeled, the peak RP score was at 12.15 minutes. The surface darkness of the seeds was equal to the 

internal seed darkness at 12.97 minutes, when the Hunter L-value of the pasted and whole seed 

roasted peanuts intersected. Seventeen free amino acids (FAA) had significant declines with 

increased roast time. Glutamic acid and phenylalanine were consistently the most abundant FAA 

across roast times (p < 0.05). Correlations between L-value and several sensory characteristics were 

significant, indicating that the color measurement related to flavor properties of the peanuts. 

Enhanced understanding of physical and chemical effects of roast time may help shape new practices 

to better optimize peanut quality. 
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Introduction 

 
 The majority of peanuts are consumed after thermal processing, which is used to improve 

food safety and food quality, as it inhibits food borne pathogens and improves palatability (Shi 2015; 

Poirier et al. 2014). Dry roasting is the most common of thermal processes, as it converts the product 

to an optimal texture, flavor, and color through the controlled application of heat in a low moisture 

environment (van Boekel et al. 2010; Davis & Dean 2016). Proper roasting can provide additional 

benefits, such as inactivating natural toxins and enzymes, improving digestibility and the 

bioavailability of nutrients, and enhancing health-promoting antioxidants (van Boekel et al. 2010). 

However, if not properly controlled, negative outcomes of thermal processing can include carcinogen 

formation including acrylamide, nutrient loss, and the formation of undesired flavors (van Boekel et 

al. 2010). In industry, it is a standard practice to roast peanut seeds to a specified color (Hunter L 

value), as these measurements are rapid, non-destructive, and an association between color and 

roasted flavor and aroma has been reported (Pattee et al. 1991; Mason et al. 1966). The Maillard 

browning reaction is responsible for the formation of various compounds, including volatile 

heterocyclic compounds such as pyrazines, pyrroles, pyridines, oxalines, and oxazoles, which are 

known to contribute to the characteristic flavors and aromas of the peanut (Purlis 2010; Schirack et 

al. 2006). The Maillard reaction occurs between the carbonyl group of a reducing sugar and the free 

amino group of an amino acid (Newell et al. 1967). Roasting also reduces the moisture content and 

impacts the microstructure of peanuts, which creates the desired crunchy texture of roasted peanuts 

(Lee & Resurreccion 2006).  

  Understanding how individual free amino acids vary across roast times is needed. Previous 

research has reported that asparagine, glutamic acid, glutamic acid, alanine, aspartic acid, histidine, 

and phenylalanine were primary precursors for typical peanut flavors (Newell et al. 1967). This was 

reported on the basis that these free amino acids made up most of the total free amino acids in this 
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data. Rodriguez et al. (1989) found that raw peanut seeds had significantly more amino nitrogen than 

their roasted counterparts. The authors reported that this is likely due to the Maillard reaction that 

occurs during roasting between amino acids and sugars, or due to breakdown of the amino acids into 

non-amino acid forms. 

 While industry typically roasts to a specific end color for a given application, the chemical 

and physical changes within the peanuts alters over the course of the entire roast. These changes 

include moisture content, sugar content, color, free amino acid content, flavor, etc., and are attributed 

to or correlated with browning reactions (Davies & Labuza 1997; Purlis 2010; Buckholz et al. 1980). 

The Maillard reaction is the predominant browning reaction that occurs during roasting in peanuts, 

and has been found responsible for the formation of characteristic flavors, aromas, colors and 

textures in the peanut (Davies & Labuza 1997; Purlis 2010; Buckholz et al. 1980). While the 

differences between raw and roasted peanuts are understood, the objective of this research was to 

evaluate how the chemical and physical attributes change at varying roast time durations. Peanuts 

were dry roasted, and evaluated for color, macronutrient content, moisture content, and sensory 

attributes. Correlations among these characteristic properties as related to roast time were 

determined. This body of research contributes to further understanding the changes occurring 

throughout the roasting time of a peanut. The comprehensive findings should allow these peanut 

properties to be optimized during industrial roasting. 

  

Materials and Methods 

 

Material Acquisition 

 

Jumbo-grade sized peanuts of the GA-06G cultivar, large-seed, runner-type variety, were 

obtained from the 2015 U.S. peanut harvest by the National Peanut Research Lab in Dawson, 

Georgia. Prior to acquiring the peanuts, they had been grown, harvested, cured, shelled, sized, and 
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stored according to standard industry practices. Upon delivery to the USDA ARS Market Quality & 

Handling Research Unit at North Carolina State University in Raleigh, North Carolina, the peanuts 

were stored in sealed and refrigerated containers until sample analysis and roasting was performed. 

Chemical reagents utilized in analyses were obtained from Thermo Fisher (Thermo Fisher, 

Waltham, MA) unless otherwise stated. 

 

Separation 

 

Unblanched peanut seeds (12,800) were separated into 128 coded aliquots of 100 grams. This 

was done with an in house fabricated riffle divider, which divides dry materials in equal halves with 

a series of chutes that discharge from a divided hopper. Ten grams from each group were removed 

for sugar and amino acid analyses of the raw peanuts. These samples were stored in individual plastic 

tubes at 15°C until analysis. To conduct moisture content analysis, another 15 grams of raw peanut 

seeds were removed from each aliquot. 

  

Seed Sizing 

 

Approximately 75 grams of raw seeds were counted with an Old Mill seed counter, model 

850-3 (International Marketing and Design Corp, San Antonio, TX). This instrument uses vibration 

to drop seeds individually down a chute, where the seed interrupts a light signal, indicating a count. 

The seed is then collected and weighed. The average seed size was calculated by dividing the total 

weight by number of seeds. 

  

Roasting 

 

The remaining 75 grams of each peanut aliquot was roasted in a lab scale oven (Despatch 

Industries, Minneapolis, MN) at 177 °C for a predetermined time between 4 - 24 minutes in 
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replicates of seven (Table 3.1). Immediately after roasting, peanuts were cooled to ambient 

temperature (~21 °C) using forced air. The skins were manually removed during the cooling. 

  

Table 3.1 Roast times in minutes at 177 °C carried out in seven replicates. 

Minutes 

Roasted 4 6 8 9 10 11 12 13 14 15 16 17 18 20 24 

 

Moisture Content 

 
The moisture content of both raw and roasted peanut seeds was measured gravimetrically. 

Fifteen gram samples of peanuts were separated out, divided into three pre-weighed metal tins 

(Heathrow Scientific LLC, Vernon Hills, IL), and weighed for moisture content analysis. Full trays 

of tins were dried in a LXD Series Despatch forced air oven (Despatch Industries, Minneapolis, MN) 

at 130 °C for 6 hours (Young et al. 1982). The weight after the heat treatment was recorded, and the 

difference was used to calculate the moisture content by percent of the dry weight. 

Percent total moisture was calculated using Equation 3.1. 

Equation 3.1: 

% total moisture = [((total before mass - total after mass)/(total before mass - pan mass)) x 100] 

 

Color 

 

Color was measured in L, a, b values with a HunterLab D25L DP 9000 colorimeter (Hunter 

Associates Lab Incorporated, Reston, VA). The color values of roasted samples were first assessed as 

a whole seed, in five replicates. The samples were then ground into a paste with a Blixer-3 food 

processor (Robot Coupe, Jackson, MS, USA) and reassessed for color, in three replicates. The pasted 

samples were stored at 5°C until descriptive sensory analysis was performed. 
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Total Oil Content 

 

Total oil content was determined for both raw and roasted peanuts, using a Minispec MQ 

One Seed Analyzer (Bruker Corporation, Billerica, MA) by time domain nuclear magnetic resonance 

(NMR). The instrument was first calibrated using a standard reference, according to the 

manufacturer‟s instructions and specifications. Then, each sample aliquot was analyzed in 10-11 

gram samples in triplicate, using different peanuts for each measurement. 

 

Sample Preparation for Sugar and Amino Acid Analysis 

 

Peanut samples were analyzed for carbohydrate content following the method of Pattee 

(2000a). Peanut seed samples of ten grams were ground by pulsing a coffee grinder (Cuisinart, East 

Windsor, NJ) to achieve a consistent meal. Ground samples were weighed to 0.2 grams into a 25mL 

glass tube and 10 ml of hexane was added. The tubes were capped and vortexed for 15 seconds. The 

sample was then sonicated for ten minutes, and then centrifuged at 2.236 x 10^12 x g with an IEC 

Model K centrifuge (Block Scientific, Inc., Bellport, NY) for ten minutes. Hexane was poured off to 

waste, and an extraction solvent of methanol:chloroform:water (60:25:15 v:v:v) was added to the 

glass tubes. The tubes were then vortexed for 15 seconds and sonicated for ten minutes to mix 

thoroughly. The samples were then centrifuged for ten minutes to separate the solid particulates. The 

supernatant was then poured off into 50 mL beakers and the solid pellet was discarded. The solvent 

was evaporated overnight at ambient temperature. The following day, the dried sample was 

solubilized with 1 mL of a carbohydrate internal standard mixture to dissolve the carbohydrates and 

re-suspend the amino acids. The beakers were sonicated for ten seconds to aid in solubilizing. The 

internal standard consisted of 800 μg of lactose (Sigma, St. Louis, MO) and 400 μg of cellobiose 

(Sigma, St. Louis, MO) per mL of HPLC grade water. The resulting sample extracts were then 

transferred to 2 mL glass vials for storage. 
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Quantification of Sugars 

 

Sample extractss were diluted 40:1 with HPLC grade water, and then decanted into a syringe 

fitted with a Dionex OnGuard-H filter (Dionex, Sunnyvale, CA) and filtered into an HPLC 

autosampler vials. A standard solution was prepared consisting of 5 μg/mL myo-inositol (Sigma, St. 

Louis, MO), 40 μg/mL sucrose (Thermo Fisher Scientific, Waltham, MA), 10 μg/mL fructose 

(Thermo Fisher Scientific, Waltham, MA), 10 μg/mL raffinose (Sigma, St. Louis, MO), and 15 

μg/mL stachyose (Sigma, St. Louis, MO). This standard solution was prepared by diluting 250 μL of 

internal standard solution and 250 μL of standard stock solution to 10 mL with HPLC grade water. 

The standard solution was then filtered through a syringe and transferred to a screw-capped 

autosampler vial. 

A Dionex Bio LC system (Sunnyvale, CA) was fitted with a Dionex CarboPac™ PA-1 

column (250 mm length, 4 mm i.d.) and a CarboPac™ PA-1 guard column was used to analyze the 

prepared samples. The column oven was heated to 30°C. The mobile phase was 200 mM sodium 

hydroxide at a constant flow rate of 1.0 mL/minute. Water was used as the injection solvent. A 

Dionex Pulsed Amperometric Detector (PAD) was used to detect compounds, and was adjusted with 

time to change the scale of compound peaks to account for variation in carbohydrate concentrations. 

The peak heights and relative response factors of the internal standards were used to calculate 

concentrations of carbohydrate analytes, which were reported on a dry-weight basis. Four aliquots 

from each roast time were analyzed for sugars in the raw and roasted state. 

 

Quantification of Free Amino Acids 

 

Sample extracts were prepared for sugar analyses were transferred from the 2mL glass vials 

into centrifugal filter units (Durapore® Ultrafree-MC-GV, Merck Millipore, Cork IRL). The tube was 
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centrifuged for ten minutes, and the solid material was discarded. The liquid was then transferred into 

HPLC vials designated for free amino acid analysis. 

The extracts were analyzed using a Hitachi Model L-8900 Analyzer (Hitachi High 

Technologies, Dallas, TX). The instrument was fitted with an ion exchange column (#2622SC PF, 40 

mm length, 6.0 mm i.d.) and a guard column. Amino acid separation was achieved using a gradient 

of borate buffers (PF type, Hitachi High Technologies, Dallas, TX) with a temperature ramp from 

30°C to 70°C, as utilized by Klevorn (2017). The amino acids were then derivatized with ninhydrin 

for detection at wavelengths of 570 nm and 440 nm. Standard curves of amino acids were created 

with serial dilutions of amino acid standard mixture, which contained 2.5 µM of 20 individual amino 

acids (Fluka, St. Louis, MO). Four aliquots from each roast time were analyzed for free amino acids 

in the raw and roasted state. Concentrations of the free amino acids (FAA) present in the samples 

were calculated from the standard curve and adjusted based on the sample weight.  

  

Descriptive Sensory Analysis (DSA)  
 

A trained descriptive sensory panel of six panelists (n=2, male, n=4 female) evaluated the 

seven replicates of 15 roasting treatments with the Spectrum™ universal 15-point intensity scale 

(Meilgaard et al. 1999). A peanut specific lexicon developed by Johnsen et al. (1988) and modified 

by Sanders et al. (1989) was utilized, as shown in Table 3.2, and Table 3.3 includes additional flavor 

attributes determined by the panel. The panel included students and staff from the USDA 

Agricultural Research Service, Market Quality and Handling Research Unit, and the Department of 

Food, Bioprocessing and Nutrition Sciences at North Carolina State University, Raleigh, NC. Peanut 

samples were tempered to room temperature (~21°C) before sensory analysis. The samples were 

evaluated in a randomized order for each evaluation. Panelists tasted a reference peanut paste as a 
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warm-up, and cleansed their palates with unsalted crackers and rinsed their mouths with water 

between each sample. 

 

Statistical Analysis 

 

Statistical analysis was performed using XLStat version 9.4 for WindowsTM (Addinsoft, 

Paris, France). An analysis of variance (ANOVA) was employed to determine the significance of 

roasting time on peanut chemical and physical attributes. Pairwise comparisons were used to find 

Tukey (HSD) groupings of least squares means at a p < 0.05 significance level.  

Relationships among a number of chemical and physical attributes were examined using 

Pearson correlation coefficients, which is a measure of the strength of linear dependence between any 

two variables. Principal component analysis (PCA) was employed to reduce the sugar data and 

descriptive sensory analysis data from dozens of variables to two independent components that 

accounted for majority of the variance. Additionally, the PCA aided to visualize the relationship 

between sugar concentrations and sensory attributes.  
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Table 3.2. Lexicon of peanut flavor attributes. (Johnsen et al. 1988; Sanders et al 1989). 

Attribute Descriptor Definition 

Aromatics Roast peanutty The aromatic associated with medium roast peanuts 

(about 3-4 on USDA color chips) and having 

fragrant character such as methyl pyrazine 

  Sweet aromatic The aromatic associated with sweet material such as 

caramel or molasses 

  Dark Roast The aromatic associated with dark roasted peanuts 

(4+ on USDA color chips) and having very 

browned or toasted character 

  Raw/Beany The aromatic associated with under-roasted peanuts 

or beans 

  Woody/Hulls/Skin The aromatic associated with base peanut character 

(absence of fragrant top notes) and related to dry 

wood, peanut hulls, and skins 

  Cardboardy/Stale The aromatic associated with somewhat oxidized 

fats and oils and reminiscent of cardboard 

  Earthy/Musty/Wet Dirt The aromatic associated with wet dirt and mulch 

  Painty/Old Oil The aromatic associated with linseed oil, oil based 

paint 

  Plastic/Chemical The aromatic associated with plastic and burnt 

plastics 

  Fruity/Fermented The aromatic associated with fruity or fermented 

foods 

Basic Tastes Sweet The taste on the tongue associated with sugars 

  Bitter The taste on the tongue associated with bitter agents 

such as caffeine of quinine 
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Table 3.2. Continued 

 Salty The taste on the tongue associated with sodium ions 

  Sour The taste on the tongue associated with acids 

Feeling Factors Astringency A chemical feeling factor on the tongue and oral 

tissues, described as puckering/dry and associated 

with tannins or alum 

  Metallic A chemical feeling factor on the tongue described 

as flat, metallic and associated with copper and iron 

 

 

Table 3.3. Additional peanut flavor attributes determined by the panel. 

Attribute Descriptor Definition 

 Aromatics Spice The taste on the tongue associated with nutmeg, 

cinnamon, or cloves 

  Ashy The aromatic associated with cigarette ash 

  Other Aromatics Other aromatics detected in the sample 

 Feeling Factors Tongue and Throat 

Burn 

A chemical feeling factor described as a burning 

sensation on the tongue or throat 

 

 

Results and Discussion 

 

Moisture Content (% dry weight) 

 

 Moisture content (MC) affects the quality, flavor, shelf-life, texture, along with reaction 

rates, which influence the free amino acid and sugar composition of roasted peanuts (Pattee et al. 

1981a; Pattee et al. 1982a; McDaniel et al. 2012). During roasting, peanuts release moisture into the 

atmosphere at a rate that is dependent on the roast temperature and time (McDaniel et al. 2012). The 
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MC of the raw and roasted samples are presented in Figure 3.1A. The average raw moisture content 

was 6.20%, and had a range from 4.62-8.50%. The MC of the roasted samples was influenced by 

roast time (p < 0.0001) and varied from 0.32% (24 minute roast) to 4.15% (4 minute roast). The 

relationship in roasted samples between the MC and roasting time shows an exponential trend that is 

negative sloping (R² = 0.969). These findings of a decrease in MC with increased roast time are 

consistent with previous studies reported by McDaniel et al. (2012) and Shi (2015). All roast time 

durations had a significantly lower MC (p < 0.05) than the raw peanut seeds, as seen in Figure 3.1B. 

The shortest three roast times (4, 6, and 8 minutes) saw moisture contents that were significantly 

different from all other roast times, but as the roast times increased, fewer significant differences are 

seen. 

 The MC of the roasted samples had significant correlations with numerous chemical and 

physical attributes known to be important for final product quality for peanut seeds. Surface darkness 

of both the whole peanut seeds and pasted seeds, in terms of Hunter L value, strongly correlated with 

MC (with r values of 0.85 and 0.86, respectively). Color development occurs as a result of Maillard 

browning reactions, and the rate of Maillard reactions is dependent on moisture content (Davies & 

Labuza 1997; Wang et al. 2011; Lund & Ray 2017; Peterson et al. 1994). 
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Figure 3.1A. Change in moisture content of peanuts (% dry weight) during roasting. 

  
Figure 3.1B. Average moisture content (% dry weight) of raw and roasted peanut seeds at fifteen 

time durations.Bars labeled with different letters are significantly different (p < 0.05) among roast 

times. 
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Color Measurements 

 

 Melanoidins, produced in the polymerization step of the Maillard browning reaction, are 

nitrogen-containing compounds that contribute to the characteristic brown color of the roasted peanut 

(Liu et al. 2011; Davies & Labuza 1997; Wang et al. 2011). Although the chemical structures are still 

relatively unknown, it is accepted that the concentration of these color-producing compounds 

increase as browning increases (Wang et al. 2011). Volatile melanoidins reported from model 

systems of food products, consisted of primarily furans, along with pyrroles, pyrazines, pyridines, 

and carbonyl compounds (Wang et al. 2011). It is likely that some of there chemical components 

affected the peanuts in this study, as it was observed that browning increased with roasting time. 

 Roasting time had a significant effect (p<0.0001) on the color, expressed in Hunter L, a, and 

b values, for the whole peanut kernels and for pasted peanuts (Figure 3.2). The Hunter L value, 

which indicates darkness, steadily declined with increased roast time (r = -0.98). This is consistent 

with findings reported by previous studies (Moss & Otten 1989; Chun 2002). Longer roasting times 

can promote color enhancement during roasting (Ćosović et al. 2010). During roasting samples 

underwent Maillard browning reactions, and the longest roasted samples had the darkest surface 

colors. .  

At the lowest roast times the pasted samples exhibited slightly higher L values, indicating 

lighter color, and declined with a steeper slope than the whole seed measurements. For all following 

roast times, the whole seed L value measurements overtook those of the pasted samples, and 

remained greater, thus lighter.  

During roasting, the exterior of the peanut seed is the first to experience heat transfer. As the 

roast continues, the heat transfers inward in spherical planes, until reaching the center. The whole 

seed L values were darker than the pasted samples at the same roast time because the surface of the 

peanut seeds was darker than the interior (Dincer & Genceli 1995; Fadai et al. 2017). When the seeds 

are pasted together, the colors blended and created an average L value of all parts of the peanut seed. 
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When the two L value models (Eq. 3.2 & 3.3) were set equal, the intersection occurred at 12.97 

minutes. This is where the L value of the center of the peanut was equal to the surface. After this 

time, the center of the peanut was darker than the surface.  

Eq. 3.2-3.3. Show the fitted model obtained for predicting the response variables below: 

 

3.2. Hunter L, pasted: Y1 = 0.0022x3−0.0475x2−1.644x+70.51 

3.3. Hunter L, whole seed: Y1 = 0.0037x3−0.1055x2−1.4827x+74.901 

 

When the Hunter a value is positive it indicates red chroma, and when it is negative it 

represents green chroma. The Hunter a values saw a slight increase with roast time. For the first five 

roast times, the a value of the whole seed was slightly higher than the a value of the pasted sample, 

and then the a value of the pasted sample became greater. When the models (Eq. 3.4 & 3.5) were set 

equal, the intercept occurred at 10.94 minutes. In both the whole seed and pasted samples, the a value 

leveled off and was not statistically different in samples roasted 16 minutes or longer. The a value 

had negative values in roasts at four and six minutes, indicating these samples had more green than 

red chroma. All samples roasted longer than six minutes had positive values, which indicates the 

development of more red pigment with increases in roast time until 16 minutes. 

 

Eq. 3.4-3.5. Show the fitted model obtained for predicting the response variables below: 

 

3.4. Hunter a, pasted: Y1 = 0.0003x3-0.0598x2+2.1483x-10.086 

3.5. Hunter a, whole seed:  Y1 = 0.0012x3-0.0936x2+2.2763x-8.6191 

 

The b value expresses how yellow (positive) or blue (negative) the samples are. The Hunter b 

value was fairly level across roast times, with a slight increase between four and eight minutes, and a 

mild decline after roasting longer than ten minutes. The whole seed peanut samples had a higher b 

value at the four minute roast, but in all longer roast times, the pasted samples had a higher b value. 

The models (Eq. 3.6 & 3.7) of the two b value measurements intersected at 5.69 minutes. The 

maximum b value for whole seed samples was at 8.5 minutes, and for pasted seed samples was at 
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10.15 minutes. At no time did any peanut sample experience a negative b value in this study. The b 

values for roast times 11, 12, and 13 did not change significantly.  

 

Eq. 3.6-3.7. Show the fitted model obtained for predicting the response variables below: 

 

3.6. Hunter b, pasted: Y1 = 0.0058x3−0.2921x2+4.1366x+6.0931 

3.7. Hunter b, Whole seed: Y1 = 0.0032x3−0.1603x2+2.0315x+14.434 

 

The darkness measurement (L values) correlated strongly with numerous attributes in the 

peanut seeds. The total oil content negatively correlated with the L-value (r = -0.67). The amino acids 

phenylalanine, asparagine, tyrosine, proline, valine, glycine, aspartic acid, isoleucine, lysine, serine, 

threonine, arginine, glutamic acid, and histidine each had strong positive correlations (r >0.70) with 

both L value measurements. The concentration of these amino acids decreased in a proportion that 

strongly correlate with the rise of dark color, which is caused by the Maillard browning reaction.  

The Maillard browning reaction utilizes amine groups and sugars as a reactant and produces 

compounds that have dark pigmentation. Although glucose and fructose were not significantly 

correlated to the darkness measure, sucrose and the total sugars concentrations saw strong positive 

and significant correlations with the L value (r > 0.85). Raffinose and stachyose had significant 

moderate correlations (r =0.57 and 0.51, respectively) with the pasted L value.   

Sensory attributes also saw strong correlations with product darkening. “Sweet” and “raw 

beany” attributes correlated strongly positive (r > 0.70) with the L value measures. The flavors and 

aromas “bitter,” “woody-hulls-skins,” and “dark roast” correlated strongly negative (r < -0.70) with 

the L value. As the peanut seeds darkened, less raw beany flavor and sweetness was observed, but 

more bitterness, wood-hull-skins, and dark roast flavors were detected. 
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Figure 3.2. Average Hunter L, a, b color measurements roasted peanut seeds and pasted peanut seeds 

roasted at fifteen time durations. 

 

Oil Content 

 

 The total oil content of the peanut samples had significant differences (p < 0.0001) across 

varying roast times (Figure 3.3). There was a sharp increase in total oil content between raw peanuts, 

which had the lowest total oil content at 50.91%, and peanuts at eight minutes of roasting. The roast 

times between eight and 24 minutes did not produce a significant difference, and ranged between 

54.68-55.44% oil. The roast time was strongly correlated with total oil content (r = 0.92). The 

increase in total oil content comes as a consequence of the mass transfer of water vapor and volatiles 

from the peanut seeds that occurs during roasting (Perren & Escher 2013; Ortheofer & List 2007). 

Although the true mass of oil is unchanged, with the loss of total mass, the ratio of the total oil 

content increases. As expected, the total oil content had a significant and strong negative correlation 

with MC (R²=-0.75). 

 The changes in total oil content over roast times saw a significant and strong negative 

correlation (r <-0.70) with a number of amino acids, including: valine, glycine, isoleucine, arginine, 
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threonine, serine, lysine, glutamic acid, histidine, and proline. Additionally, the total oil content 

experienced a strong and positive correlation with the Hunter a values, both in the form of whole 

seed and pasted.  

 

 
Figure 3.3. Total oil contents (% wet weight) of raw and roasted peanut seeds at fifteen time 

durations. Bars labelled with different letters are significantly different (p < 0.05) among roast times. 

 

Seed Size 

 

 The average mass of the jumbo-grade peanut seeds was 0.665 grams, with a standard 

deviation of 0.011. No differences in seed size were observed among aliquots.  

 Although only one size peanut seed was observed in this study, previous research has found 

significant relationships between peanut seed size and chemical and physical attributes. Pattee et al 

(1982b) found changes in flavor scores and color measurements with peanut seeds of different sizes. 

Pattee et al (1981a) found correlation with seed size and amino acid concentrations, and Pattee et al 

(1981b) found seed size has a significant effect on individual carbohydrate content on a per seed 

basis.  
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 Peanut size has been found to influence the attributes of roasted peanuts, thus optimal 

roasting parameters of different-sized peanut seeds will likely shift. Further investigation into the 

changes of chemical, physical, and sensory characteristics of peanuts during roasting should be 

conducted on peanut seeds of another size. The relationship between size and roasting parameters 

will allow for further understanding on optimizing roasting conditions for all peanut seeds. 

 

Sugar Composition 

 

Carbohydrates with a hemiacetal, also referred to as reducing sugars, are known to be 

important in the development of roasted peanut color, flavor, and aroma (Pattee et al. 2000b; Newell 

et al. 1967; Mason et al. 1969; Basha 1992). Peanuts naturally contain low concentrations of glucose 

and fructose, which act as precursors in Maillard browning reactions producing pyrazines and 

carbonyl compounds (Basha 1992). Peanuts have larger contents of oligosaccharides including 

sucrose, raffinose, and stachyose. Although not reducing sugars, these carbohydrates can breakdown 

into monosaccharides during sample processing, including glucose and fructose (Newell et al. 1967; 

Basha 1992). 

The sugar contents in the raw and roasted peanuts are summarized in Table 3.4 and Table 

3.5, respectively. The total sugar content describes the combination of glucose, fructose, sucrose, 

raffinose, inositol, and stachyose. Together, glucose and fructose made up approximately 0.4% of the 

total sugar in the peanut samples. All individual sugars, aside from inositol, experienced significant 

differences (p<0.0001) with regard to time roasted. Sucrose was the most abundant sugar present in 

both raw and roasted peanuts, contributing to approximately 88% of the total sugar content. 

Consequently, total sugar content and sucrose were strongly correlated (r = 0.997), which is 

visualized in Figure 3.4. The general trend of sucrose and total sugar content showed a decline with 

roast time, however, there was an increase between the raw samples and the four-minute roast. 

Contents of stachyose and raffinose also saw a decline with increase roast time. Despite their known 
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involvement in Maillard browning reactions, glucose and fructose increased in concentration as roast 

time lengthened (Figure 3.5). This was attributed to the hydrolysis of sucrose during roasting 

(Mason et al 1969). 

 

Table 3.4. Mean values ± standard deviations of sugar 

concentrations (µg/g dry meal) of raw peanuts 

Inositol 231.9 ± 21.5 

Glucose 46.1 ± 9.6 

Fructose 34.6 ± 7.8 

Sucrose 29954.7 ± 3071.5 

Raffinose 631.4 ± 80.3 

Stachyose 3077.6 ± 378.3 

Total Sugars 33974.5 ± 3311.3 
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Table 3.5. Mean values of sugar concentrations (µg/g dry meal) of peanuts roasted across roast times.  

   Roast 

Time Inositol Glucose Fructose Sucrose Raffinose Stachyose 

4 223.9 
a
 ± 5.6 89.3 

a
 ± 4.8 79.8 

a
 ± 4.0 36708.1 

a
 ± 526.2 735.6 

a
 ± 17.8 3653.6 

a
 ± 97.2 

6 210.8 
a
 ± 4.7 75.6 

ab
 ± 4.0 68.0 

abc
 ± 3.3 35955.7 

a
 ± 442.2 624.3 

abc
 ± 15.0 3123.0 

ab
 ± 81.6 

8 221.7 
a
 ± 3.9 45.9 

c
 ± 3.3 48.1 

bc
 ± 2.8 31832.9 

b
 ± 336.4 694.3 

ab
 ± 12.4 3280.9 

ab
 ± 67.6 

9 225.2 
a
 ± 3.5 49.4 

bc
 ± 3.0 48.2 

bc
 ± 2.5 30243.1 

b
 ± 333.2 613.7 

abc
 ± 11.3 2945.6 

ab
 ± 61.5 

10 219.0 
a
 ± 3.2 66.6 

abc
 ± 2.8 59.3 

abc
 ± 2.3 30467.4 

b
 ± 304.7 619.4 

abc
 ± 10.3 3010.0 

ab
 ± 56.3 

11 211.4 
a
 ± 3.0 61.0 

abc
 ± 2.6 42.8 

c
  ± 2.1 31022.1 

b
 ± 282.3 627.5 

abc
 ± 10.0 2895.8 

ab
 ± 52.1 

12 198.8 
a
 ± 2.8 73.0 

abc
 ± 2.4 56.9 

abc
 ± 2.0 30846.8 

b
 ± 267.4 650.5 

abc
 ± 9.1 3339.6 

ab
 ± 49.4 

13 212.7 
a
 ± 2.8 74.1 

abc
 ± 2.4 56.5 

abc
 ± 2.0 30745.1 

b
 ± 261.5 640.4 

abc
 ± 8.9 3188.6 

ab
 ± 48.3 

14 226.0 
a
 ± 2.8 64.9 

abc
 ± 2.4 49.2 

abc
 ± 2.0 30710.4 

b
 ± 264.9 645.2 

abc
 ± 9.0 3160.9 

ab
 ± 48.9 

15 212.4 
a
 ± 3.0 75.8 

abc
 ± 2.5 62.0 

abc
 ± 2.1 30192.6 

b
 ± 277.5 625.3 

abc
 ± 9.4 3102.0 

ab
 ± 51.2 

16 217.0 
a
 ± 3.2 89.0 

a
 ± 2.7 72.0 

abc
 ± 2.2 27989.0 

bc
 ± 298.1 592.7 

abc
 ± 10.1 2781.8 

ab
 ± 55.0 

17 212.1 
a
 ± 3.5 67.7 

abc
 ± 3.0 56.8 

abc
 ± 2.4 24072.1 

cd
 ± 325.1 530.0 

bc
 ± 11.0 2596.2 

b
 ± 60.0 

18 219.1 
a
 ± 3.8 83.0 

abc
 ± 3.2 69.4 

abc
 ± 2.7 24960.7 

cd
 ± 357.1 595.0

 abc
  ± 12.1 2980.4 

ab
 ± 65.9 

20 220.4 
a
 ± 4.6 88.6 

ab
 ± 3.9 76.9 

ab
 ± 3.2 23052.1 

d
 ± 431.6 490.5 

c
 ± 14.6 2487.8 

b
 ± 79.7 

24 222.1 
a
 ± 6.4 76.2 

abc
 ± 5.5 61.0 

abc
 ± 4.5 22802.5 

d
 ± 603.0 513.9

 c
  ± 20.4 2528.5

 b
  ± 111.3 

Pr > 

F(Model) 
0.971 

    
0.003* 

    
0.001* 

    
< 0.0001* 

    
0.000* 

    
0.002*   

  

Values labelled with different letters are significantly different (p < 0.05) among roast times.
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Figure 3.4. Average sucrose, raffinose, stachyose, and total sugar contents of unroasted (raw) peanut 

seeds and peanuts roasted to fifteen time durations. 

  
Figure 3.5. Average inositol, glucose, fructose, and raffinose contents of unroasted (raw) peanut 

seeds and peanuts roasted to fifteen time durations. 
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Relationships among a number of chemical and physical attributes were examined using 

Pearson correlation coefficients, which is a measure of the strength of linear dependence between any 

two variables. Glucose and fructose had a significant (p<0.0001) and strong positive correlation (r = 

0.91) with each other. Fructose had moderate negative correlations (p<0.005) with roast peanutty (r = 

-0.48) and sweet aromatic (r = -0.43) flavors. Glucose had weak negative correlations (p<0.005) with 

roast peanutty (r = -0.31), sweet aromatic (r =-0.27), and sweet (r = -0.26) flavor attributes. Each of 

these monosaccharides also had a moderate negative correlation (p<0.005) with the Hunter b value of 

the pasted samples (r = -0.51 for glucose, and = -0.46 for fructose). 

Raffinose and stachyose had significant (p < 0.05) moderately positive (r > 0.40) correlations 

with the free amino acids: tyrosine, proline, valine, glycine, aspartic acid, isoleucine, lysine, serine, 

threonine, arginine, alanine, glutamic acid, histidine, phenylalanine, and asparagine. Leucine had a 

moderately positive correlation with raffinose and a weaker relationship for stachyose (r = 0.35). 

Sucrose was strongly correlated (r > 0.70) with all of the previous free amino acids aside from 

leucine, tryptophan, and threonine (r = 0.36, 0.42, and 0.69, respectively). Sucrose also had strong 

positive relationships with sweet (r = 0.86) and raw beany flavor attributes (r = 0.86), and strong 

negative relationships with flavor attributes bitter (r = -0.78), woody/hulls/skins (r = -0.77), and dark 

roast (r = -0.84). 

 

Free Amino Acid Composition 

 

 Free amino acids (FAA) are known to be precursors of roasted peanut flavor due to their 

involvement in sugar-amine nonenzymatic browning reactions that form pyrazines, aldehydes, and 

carbonyl compounds (Newell et al. 1967; Oupadissakoon & Young 1984b). The following free 

amino acids in peanuts saw a significant difference in concentration across roast times: aspartic acid, 

threonine, serine, asparagine, glutamic acid, alanine, glycine, valine, isoleucine, leucine, tyrosine, 
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phenylalanine, tryptophan, lysine, histidine, arginine, and proline (Table 3.6). These amino acids saw 

an overall downward trend in amino acid concentration with increased roast time. This corresponds 

with previous studies, and is likely due to amino acid involvement in Maillard reactions 

(Oupadissakoon & Young 1984a; Rodriguez et al. 1989; Sanders et al. 1995). Glutamic acid and 

phenylalanine were consistently the most predominant amino acids present, at high concentrations 

between 900 and 100 µg/g through the first fifteen minutes of roasting (Figure 3.6A). Arginine, 

proline, glycine, asparagine, and aspartic acid were each present at mid-level concentrations between 

180 and 20 µg/g for the first fifteen minutes of roasting (Figure 3.6B). While all of these compounds 

had an overall downward trend, each of the high-concentration and mid-concentration FAA 

experienced an increase between zero and six minutes of roasting and between ten and thirteen 

minutes of roasting, with the exception of glutamic acid. Glutamic acid had a fairly steep drop in 

concentration between six minutes and ten minutes, leveled out, and had another steep drop between 

12 and 14 minutes. For all FAA, these periodic increases are likely due to protein hydrolysis, while 

the decreases in concentration can be attributed to their participation in thermal chemical reactions. 

Methionine and cysteine were the only FAA‟s that did not experience a significant difference with 

roasting time. The other ten free amino acids had low-concentrations below 51 µg/g for the entire 

roast. 
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Figure 3.6A. Free amino acid concentration with varying roast times. 

 

 
Figure 3.6B. Free amino acids with mid-concentrations, varying across roast times. 
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Table 3.6. Average free amino acid content of peanuts at varying roast times. 

Roast 

Time 

Aspartic 

Acid 

Threonin

e 
Serine 

Asparagin

e 

Glutamic 

Acid 

Glutamin

e 
Alanine Glycine Valine 

Methionin

e 

0 117.1 abc 14.1 ab 30.8 ab 136.6 a 715.1 a 3.1 b 50.8 a 112.0 ab 48.7 a 13.1 a 

4 169.8 a 16.9 ab 38.3 a 102.8 ab 863.4 a 22.4 ab 44.8 abc 126.5 a 48.2 ab 8.5 a 

6 150.4 ab 17.0 a 34.6 a 125.6 ab 806.1 a 15.8 ab 49.4 ab 107.7 abc 42.9 abc 5.4 a 

8 101.4 abcd 11.4 abc 20.7 abc 104.9 ab 418.7 b < 0.1 b 30.9 bcd 84.7 abcd 46.6 abc 7.0 a 

9 86.9 bcde 9.5 abcd 19.8 abc 95.9 ab 377.0 bc < 0.1 b 27.0 bcd 75.5 abcde 39.2 abcd 6.6 a 

10 84.2 bcde 6.7 cd 13.5 bc 71.2 ab 304.6 bc < 0.1 b 22.9 bcd 62.9 bcdef 30.2 bcde 6.1 a 

11 84.6 bcde 7.3 abcd 15.0 bc 83.4 ab 298.4 bc 0.0 b 27.7 bcd 63.3 bcdef 31.5 abcde 4.0 a 

12 83.9 bcde 5.5 cd 11.5 c 89.7 ab 280.2 bc < 0.1 b 24.9 bcd 65.7 bcdef 26.5 bcdef 1.9 a 

13 68.5 cde 7.0 bcd 11.8 bc 58.5 ab 218.6 bc 0.0 b 22.0 cd 49.4 cdef 24.0 cdef 5.1 a 

14 52.5 cde 2.4 cd 7.2 c 31.6 b 130.4 bc 0.0 b 10.9 d 35.7 def 12.4 ef 1.3 a 

15 46.5 de 2.6 cd 6.1 c 25.4 b 117.9 bc 0.0 b 9.6 
d 33.9 def 12.0 ef 1.0 a 

16 33.2 de 1.7 cd 3.9 c 13.3 b 74.9 c 0.0 b 8.5 d 22.1 ef 8.0 ef 3.7 a 

17 40.3 de 3.0 cd 5.8 c 14.3 b 95.4 bc 20.6 ab 11.5 d 24.5 def 10.7 ef 5.4 a 

18 54.6 cde 3.9 cd 9.2 c 28.4 b 211.1 bc 0.0 b 19.2 
cd 34.5 def 17.9 def 4.6 a 

20 46.2 de 4.2 cd 8.2 c 27.9 b 184.6 bc 0.0 b 14.7 d 29.0 def 14.3 ef 7.1 a 

24 22.9 e 1.5 d 2.9 c 8.1 
b 41.0 c 34.0 a 6.1 d 11.9 f 4.9 f 3.7 a 

Pr > 

F(Model

) 

< 0.0001* < 0.0001* 
< 

0.0001* 
< 0.0001* < 0.0001* 0.000* 

< 

0.0001* 
< 0.0001* < 0.0001* 0.154 

* Indicates significant difference at α=0.05 
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 Table 3.6. Continued.         

Roast 

Time 
Cysteine 

Isoleucin

e 

Leucin

e 
Tyrosine 

Phenylalanin

e 

Tryptoph

an 
NH3 Lysine 

Histidin

e 
Arginine Proline 

0 0.031 a 22.7 abc 19.4 b 22.3 abc 288.8 ab 23.1 a 8.5 a 14.3 abc 25.9 ab 115.0 ab 86.6 abcd 

4 0.000 a 29.9 a 27.4 ab 33.6 ab 347.0 ab 10.5 ab 10.7 a 18.4 a 36.8 a 142.8 ab 139.2 a 

6 0.000 a 26.9 ab 25.2 ab 35.2 a 391.2 a 7.9 ab 8.5 a 16.2 ab 30.8 ab 158.3 a 102.6 ab 

8 0.000 a 19.7 abcd 44.7 a 20.2 abcd 275.7 abc 7.2 ab 12.7 a 
11.9 
abcd 

17.4 bc 113.9 abc 92.0 abc 

9 0.000 a 17.0 bcde 19.1 b 18.0 cd 260.4 abc 4.9 ab 14.2 a 8.8 bcde 13.0 c 84.6 abcd 69.3 bcde 

10 0.004 a 12.0 def 12.2 b 18.2 cd 269.1 abc 4.0 ab 12.6 a 6.5 cde 9.4 c 60.5 bcd 53.7 bcde 

11 0.000 a 14.4 cdef 15.5 b 21.2 abc 271.2 abc 4.6 ab 6.6 a 7.5 bcde 8.2 c 77.6 abcd 61.1 bcde 

12 0.000 a 12.9 def 13.1 b 18.5 bcd 326.7 ab 5.0 ab 9.5 a 4.5 de 7.7 c 55.7 bcd 66.9 bcde 

13 0.000 a 11.5 def 13.0 b 17.6 cd 246.2 abcd 3.4 ab 5.7 a 4.5 de 4.7 c 46.5 cd 46.6 bcde 

14 0.000 a 6.9 ef 7.6 b 9.9 cde 159.0 cd 0.0 b 11.0 a 2.5 e 2.7 c 28.4 cd 37.5 cde 

15 0.000 a 6.7 ef 6.8 b 7.9 cde 157.6 cd 0.0 b 14.1 a 2.2 e 2.5 c 24.9 cd 41.4 bcde 

16 0.000 a 4.9 ef 5.3 b 5.1 de 97.9 d 0.3 b 7.8 a 1.4 e 1.5 c 23.6 cd 29.5 de 

17 0.000 a 7.0 ef 11.1 b 7.5 cde 186.3 bcd 2.7 b 7.3 a 1.6 e 2.0 c 22.2 d 26.9 de 

18 0.000 a 8.6 def 11.1 b 8.3 cde 212.8 bcd 2.6 b 6.1 a 2.9 de 5.4 c 35.8 cd 21.2 e 

20 0.000 a 6.2 ef 8.6 b 5.3 de 150.5 cd 4.8 ab 5.1 a 3.3 de 5.9 c 27.5 cd 24.2 e 

24 0.000 a 3.7 f 7.3 b 2.3 e 122.9 cd 0.2 b 9.6 a 0.9 e 1.5 c  10.6 d 14.0 e 

Pr > 

F(Model

) 

1.000 
< 

0.0001* 

< 

0.0001

* 

< 0.0001* < 0.0001* 

< 

0.0001

* 

0.456 

< 

0.0001

* 

< 

0.0001* 

< 

0.0001* 

< 

0.0001* 

* Indicates significant difference at 

α=0.05  
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Descriptive Sensory Analysis 

 

Flavor is the primary driving force behind the consumption of peanut products, and it can be 

described and quantified through descriptive sensory analysis (DSA) (Sanders et al. 1997; Neta et al. 

2010). Roasting time had a significant effect (p<0.0001) on peanut flavor attributes including roast 

peanutty (RP), sweet aromatic (SA), dark roast (DR), raw beany (RB), woody/hulls/skins (WHS), 

sweet, bitter, and astringency (Table 3.7). A significan difference was also observed for the off-

flavors: ashy and tongue and throat burn, at p < 0.0001 and 0.0003 respectively. The other seven 

recorded off-flavors did not show significant differences with roasting time.  
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Table 3.7. Descriptive sensory analysis of peanut paste at varying roast times (minutes). A trained descriptive sensory panel analyzed the 

peanut pastes using the SpectrumTM universal 15-point method and the peanut lexicon. 

Time Roasted Roast Peanutty Sweet Aromatic Dark Roast Raw Beany 

4 <0.01g ± 0.28 <0.01g ± 0.20 <0.01j ± 0.11 4.51a ± 0.10 

6 0.27gf ± 0.24 0.27g ± 0.17 0.12j ± 0.10 4.02a ± 0.08 

8 1.97cde ± 0.20 1.67de ± 0.14 1.11i ± 0.08 3.30b ± 0.07 

9 2.40cd ± 0.18 2.01cde ± 0.13 1.58i ± 0.07 3.05b ± 0.07 

10 3.43ab ± 0.16 2.52abc ± 0.11 2.37h ± 0.07 2.65bc ± 0.06 

11 3.93a ± 0.15 2.77ab ± 0.11 2.86gh ± 0.06 2.26c ± 0.06 

12 4.05a ± 0.14 2.96a ± 0.10 3.09fg ± 0.06 2.01cd ± 0.05 

13 3.57ab ± 0.14 2.79ab ± 0.10 3.60ef ± 0.06 1.52de ± 0.05 

14 2.72bc ± 0.14 2.13bcd ± 0.10 3.66def ± 0.06 1.21ef ± 0.05 

15 2.75bc ± 0.15 2.25abcd ± 0.10 3.99cde ± 0.06 0.88efg ± 0.06 

16 2.32cd ± 0.16 1.86cde ± 0.11 4.05cde ± 0.07 0.65fgh ± 0.06 

17 1.54de ± 0.18 1.56de ± 0.12 4.32bcd ± 0.07 0.17h ± 0.06 

18 1.17fe ± 0.19 1.36ef ± 0.13 4.47bc ± 0.08 0.23gh ± 0.07 

20 0.29gf ± 0.23 0.55g ± 0.16 4.88ab ± 0.09 <0.01h ± 0.09 

24 0.19g ± 0.32 0.61fg ± 0.23 5.22a ± 0.13 0.02h ± 0.12 

Mean sensory intensities in the same column with different letters are significantly different (p < 0.05) among roast times. 
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Table 3.7. Continued 

Time Roasted Woody/Hulls/ Skins Sweet Bitter Astringency 

4 2.63
h
 ± 0.04 3.40

a
 ± 0.05 2.08

g
 ± 0.05 0.99

b
 ± 0.06 

6 2.77
gh

 ± 0.03 3.35
a
 ± 0.04 2.14

g
 ± 0.04 1.00

b
 ± 0.05 

8 2.86
fgh

 ± 0.03 3.21
ab

 ± 0.03 2.22
g
 ± 0.04 1.01

b
 ± 0.05 

9 2.96
fgh

 ± 0.03 3.16
ab

 ± 0.03 2.20
g
 ± 0.04 1.03

b
 ± 0.04 

10 3.01
efgh

 ± 0.02 3.01
abc

 ± 0.03 2.20
g
 ± 0.03 1.00

b
 ± 0.04 

11 3.10
defg

 ± 0.02 2.77
bcd

 ± 0.03 2.35
fg

 ± 0.03 1.00
b
 ± 0.03 

12 3.19
cdef

 ± 0.02 2.61
cde

 ± 0.03 2.52
fg

 ± 0.03 1.03
b
 ± 0.03 

13 3.39
abcde

 ± 0.02 2.63
cde

 ± 0.02 2.74
ef
 ± 0.03 1.00

b
 ± 0.03 

14 3.36
bcde

 ± 0.02 2.39
defg

 ± 0.02 2.97
de

 ± 0.03 1.01
b
 ± 0.03 

15 3.41
abcd

 ± 0.02 2.42
def

 ± 0.03 3.00
cde

 ± 0.03 1.00
b
 ± 0.03 

16 3.48
abcd

 ± 0.02 2.23
efg

 ± 0.03 3.19
cd

 ± 0.03 1.01
b
 ± 0.04 

17 3.47
abcd

 ± 0.03 1.96
gh

 ± 0.03 3.31
bcd

 ± 0.03 0.99
b
 ± 0.04 

18 3.53
abc

 ± 0.03 2.02
fg

 ± 0.03 3.42
bc

 ± 0.04 1.06
b
 ± 0.04 

20 3.72
ab

 ± 0.03 1.56
hi
 ± 0.04 3.65

ab
 ± 0.04 1.06

b
 ± 0.05 

24 3.77
a
 ± 0.05 1.34

i
 ± 0.06 3.93

a
 ± 0.06 1.21

a
 ± 0.07 

Mean sensory intensities in the same column with different letters are significantly different (p < 0.05) among roast times. 
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 Roast peanutty (RP) received the highest score when roasted for 12 minutes (Figure 3.7), 

however, these samples were not statistically different than samples roasted for 10, 11, and 13 

minutes. The overall trend of RP was a bell-shaped curve (Figure 3.8), where the flavor intensity 

increased with additional roast time until the peak, after this point RP experienced a downward trend. 

When the curve was mathematically modeled, the peak was found to be at 12.15 minutes (Y = 

3.8826 x exp( -0.04279 (X-12.1510)^2). When RP was at a maximum the surface darkness had an L 

value equal to 47.52. At maximum RP the L value of the pasted peanut sample was 47.79. The 95% 

confidence interval of each of these L values overlap, indicating that the maximum RP happens while 

the internal and external darkness of the peanut seeds are equal. Between 12 and 13 minutes of 

roasting, the darkness of the peanut seeds is homogenous throughout the surface and interior of the 

seed, and the roast peanutty score was at its highest. Additionally, the declining moisture content 

became less steep and had fewer significant differences after 11 minutes of roasting. The rate of 

Maillard reactions is dependent on moisture content. With higher concentrations of water, the 

reactants have higher mobility, but as the moisture decreases the reactants become more 

concentrated. The maximum rate of Maillard browning reactions occurs in intermediate moisture 

systems (Lingnert 1990; Lund & Ray 2017; Peterson et al. 1994).  

 Roast peanutty flavor is associated with products of Maillard browning reactions, specifically 

volatile heterocyclic nitrogen-containing compounds such as pyrazines and pyrroles (Neta 2010; 

Baker et al. 2003; Lykomitros et al. 2016). These products are also linked to color development 

(Davies & Labuza 1997). Previous research has drawn strong correlations between roast peanutty 

and many compounds, including 2-ethyl-6-methylprazine (Buckholz et al. 1980), 2,5-

dimethylpyrazine (Baker et al. 2003; Lykomitros et al. 2016), and methylpyrazine (Leunissen et al. 

1996). 
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Figure 3.7. Average roast peanutty score of peanuts roasted to fifteen distinct time durations. Bars 

labelled with different letters are significantly different (p < 0.05) among roast times. 
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Figure 3.8. Distribution of roast peanutty (RP) scores across 15 distinct roast times. 

 

 

 Raw beany (RB) was scored the highest at the lowest roast times, and experienced a 

downward trend until reaching zero (Figure 3.9). RP was scored higher than RB after a roast time 

that was at least 9.21 minutes. Previous studies have correlated sensory attributes and volatile 

compounds, and found RB to be correlated with many alcohols and aldehydes (Pattee et al. 1969). 

Dark roast (DR) experienced the opposite trend, as it was initially zero and increased with 

roasting time, achieving a maximum intensity of 5.22 at 24 minutes. DR became a more dominant 

flavor attribute than RB at 10.23 minutes. Then at 13.14 minutes DR becomes the most pronounced 

flavor of all of the attributes, including RP. Previous studies have found an association with longer 

roast times and pyrazine formation, which in high concentration can be associated with dark roast 

and bitter attributes (Smyth et al 1998; McDaniel et al. 2012). 2-acetyl-3-methylpyrazine has been 

found to correlate with dark roast and 2-ethyl-5-methylpyrazine correlated with dark roast and with 
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woody/hulls/skins. 2-acetyl-3-methylpyrazine possess a roasted/nutty aroma (Neta 2010). 2-ethyl-5-

methylpyrazine has been found in peanuts to comprise a sweet/nutty (Didzbalis et al. 2004), 

fruity/sweet (Schirack et al. 2006) nutty/roasted (Braddock et al. 1995), and sweet (Matsui et al. 

1998) odor. Woody/skins/hulls (WSH) had a slight and steady increase with longer roast times. Off 

notes, along with bitter flavor are perceived as negative attributes in peanuts (Schirack et al. 2006). 

However, RP and SA have been reported as generally positive attributes, associated with contributing 

pleasant flavor in peanuts (Schirack et al. 2006).  

Sweet aromatic (SA) was scored similarly to roast peanutty, with a bell-shaped curve, but had 

a flatter slope than RP. The two attributes had a strong positive correlation (r = 0.96). SA was at a 

maximum at 11.53 minutes of roasting. Several ketones and aldehydes identified in roasted peanuts 

in the previous chapter have been found to correlate with sweet aromatic sensory attributes, including 

2,3-pentanedione, 2-methyl-butanal, and 2,3-butanedione. 2,3-pentanedione has been reported to 

have a honey-like aroma in almonds (Erten 2016) and in peanuts (Lykomitros et al. 2016). 2,3-

butanedione has also significantly correlated with RP, and has a buttery aroma (Erten 2016). 

 The basic tastes bitter and sweet had opposite trends (Figure 3.10), where bitter decreased 

and sweet increased with roast time. Bitter flavor becomes stronger than sweet at 12.33 minutes. 

After 9.71 minutes RP becomes more pronounced than the sweet flavor. However, after 14.54 

minutes bitter is a stronger flavor attribute than RP. Bitter correlated with DR (r = 0.86), as was 

previously observed by Schirack et al. (2006). 

Significant correlations existed between the sensory data and the rest of the physical and 

chemical characteristics. The Hunter L value, for both the whole seeds and pasted seeds, had 

significant (p<0.0001) and strong (r < -0.85) correlations with bitter, WHS, and dark roast flavor 

attributes. Additionally, the surface darkness correlated positively (r > 0.90) with sweet and raw 

beany flavors. Moisture content had similar correlations, relating strongly with DR (r = -0.86), RB (r 

= 0.85), WHS (r = -0.74), sweet (r = 0.70), correlating moderately with bitter (r = -0.65) and SA (r = 
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-0.45). RP had moderate correlations with fructose (r = -0.48) and the Hunter b values, both pasted 

and whole seed measurement (r = 0.68 and 0.52, respectively). 

 

 

 
Figure 3.9. Sensory scores of roast peanutty (RP), dark roast (DR), raw-beany (RB), sweet aromatic 

(SA), and woody/hulls/skins (W/H/S) of roasted peanuts across fifteen distinct roast times. 
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Figure 3.10. Sensory scores of roast peanutty (RP), sweet, and bitter of roasted peanuts across fifteen 

distinct roast times. 

 

To examine the relationships between sugar composition and sensory attributes of roasted 

peanuts, principal component analysis (PCA) was employed. PCA allowed the reduction of 13 

variables into two principal components (PC1 and PC2) explaining 49.26% and 20.57% of the total 

variance, respectively (Figure 3.11). PC1 was highly loaded with sweet, sucrose, raw beany, 

raffinose, and stachyose in the positive direction, and with bitter, woody/hulls/skins, and dark roast in 

the negative direction. Roast times were spread across PC1 in a descending trend, where longer roast 

times were further along the negative direction of PC1, and shorter roast times were loaded far in the 

positive dimension. To summarize, raw-beany and sweet taste attributes in roasted peanuts were 

mostly associated with sucrose, stachyose, and raffinose. Bitter taste, woody/hulls/skins, and dark 

roast were weakly associated with glucose and fructose. PC2 was highly loaded with roast peanutty 

and sweet aromatic flavors in the positive direction, while glucose and fructose were loaded in the 

negative direction.  
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Figure 3.11. Principal component analysis biplot (PC1 vs. PC2) of carbohydrates and descriptive 

sensory attributes of roasted peanuts across fifteen varying roast times. The labeled numbers indicate 

roast time. 
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Figure 3.12. Principal component analysis biplot (PC1 vs. PC2) of carbohydrates and descriptive 

sensory attributes of roasted peanuts across fifteen varying roast times. The labeled numbers indicate 

roast time. 
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precursors in the Maillard browning reactions. Glutamic acid, phenylalanine, arginine, proline, 

glycine, asparagine, and aspartic acid were present at the highest concentrations before roasting, and 

experienced the most deterioration. The longer roast durations correlated with the decline of total 

sugars and free amino acids, and were also associated bitter, dark roast, and woody/hulls/skins flavor 

attributes. Shorter roasts were more associated with more sweet and raw beany flavor attributes. 

Roast peanutty and sweet aromatic flavors were associated with low levels of glucose and fructose. 

Important changes were observed near 11-13 minutes of roasting, including MC stabilization, color 

equilibriums, and with flavor attributes. Roast peanutty peaked near 12 minutes, after which time 

bitter becomes more pronounced than sweet. Then, after 13 minutes DR becomes the most noticeable 

flavor of all of the attributes, including RP. This study features the effects of roast duration on the 

chemical, physical, and sensory composition of peanuts, and can be used to better understand and 

optimize roasted peanut quality.   

 Peanut seed size influences the attributes of roasted peanuts, thus optimal roasting parameters 

will shift for peanut seeds of another size. Further investigation into the changes of chemical, 

physical, and sensory characteristics of peanuts during roasting should be conducted on seeds of 

another size. The relationship between size and roasting parameters will allow more optimization of 

roasting conditions for peanut seeds. 

 The distictions between a raw peanut and a roasted peanut are well documented, but this 

study looked at the incremental changes happening during roasting. There is need to further research 

the chemical composition of peanuts at distinct roast durations. This would allow researchers to 

understand how the changes of precursers documented in this study relate to transformations in 

chemical profile, which influence physical properties of the peanut. Volatile chemical analysis paired 

with descriptive sensory analysis could provide new insights on the development of roasted peanut 

flavors. Non-volatile chemical analysis could deliver insights on the compounds impacting 
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pigmentation, which causes surface darkness. A greater understanding on the reactions that cause 

surface darkness will advance the roasting practices of the peanut industry.  
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