
ABSTRACT 

GRIFFIN, LAURA ELIZABETH. The Sensory and Nutritional Characterization of Cashew 

Nuts. (Under the direction of Lisa L. Dean). 

 

 

 Cashews, known for their pleasing flavor, are the second most popular type of tree 

nut.  While sales of cashew nuts continually grow at an annual rate of 7%, they are neither 

cultivated in plantations, nor processed with advanced industrial equipment.  As such, the 

trees are left to grow in low-nutrient environments and many cashew varieties exist due to 

self-pollination and seed dispersal.    

 Cashews are typically consumed as-is, but are also used in cooking and confectionary 

products worldwide.  Processing for direct consumption involves detachment from the 

cashew apple, shell drying, shelling, removal of caustic cashew nut shell liquid (CNSL), 

drying, peeling, roasting, and packaging.  Oil-roasting is the primary method of roasting and 

the nuts are almost exclusively sold without the shells and skins, as CNSL can cause allergic 

reactions in some individuals, despite the skins being a potential source of antioxidants. 

 The unique Karma brand nuts were analyzed for their nutritional content, with special 

interest in the skin-on product.  Proximate analysis indicated that the sugar content of the 

nuts varied due to processing.  Oleic (61.3-61.8%) and linoleic (16.7-17.3%) acids were 

present in the nuts in the highest levels and the second most abundant amino acid was 

arginine (1.24-1.57 g/100g), a known vasodilator.  The cashews had similar amounts of 

phytosterols (168.05-192.86 mg/100g) compared to other nuts, but were poor sources of 

water and fat soluble vitamins.  The skin-on nuts did contain some antioxidant activity (25.2 

mg Trolox eq/g cashew) but quantification of procyanidins revealed that only monomers 

were present in the skins.  It is likely that the water washing procedure to remove CNSL from 



the skins also removes some of the larger water soluble phenolics.  The amount of 

procyanidins in the cashew skins (1473.5 mg/100g) was much less than the amount in peanut 

skins (1500 mg/100g). 

Given the development of novel cashew products by Karma™, a lexicon was 

developed to describe cashew flavor.  The lexicon, validated by tasting 14 different cashew 

products, contained 22 flavors, 3 feeling factors, and 4 texture terms.  Principal component 

analysis of the cashew products indicated that Harris Teeter store brand cashews were most 

associated with the on-flavors found in cashews.  Cashews with skins were highest in 

“woody”, “bitter”, and “astringent” flavors, while rancid dry roasted samples were most 

associated with “cardboardy” and “painty” flavors.  Raw cashews were highest in “other nut 

meat”, “fruity”, and “raw, beany” flavors.   

Further consumer comparison of raw, dry roasted, skin-on, and oil roasted cashews 

yielded information regarding liking of different processing methods.  Acceptance testing 

results from 102 panelists indicated that the oil-roasted cashews were most liked in terms of 

appearance, overall flavor, sweetness, saltiness, and texture.  The oil roasted sample was also 

ranked the highest out of the four products.  The skin-on cashew appearance was “disliked 

slightly”, indicating that despite potential health benefits, visual appeal could impact sales.  

The raw cashews, although having the same overall flavor liking score as all other nuts 

received the lowest rank.  These observations indicated that nuts that have been roasted in 

some way were preferred.  Preference mapping did indicate however, that one cluster of 

consumers in the panel did prefer the raw and skin on products, indicating that these unique 

nuts would perform best in niche markets.  



 Cashew nuts have a unique sensory profile and different products appealed to 

different groups of consumers.  Although they do contain compounds known to reduce heart 

disease risk factors such as phytosterols, magnesium, and unsaturated fatty acids, the 

amounts in cashew nuts are lower than the amounts found in other nuts such as pistachios, 

peanuts, or almonds.   
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CASHEWS 

Introduction 

 The cashew tree (Anacardium occidentale L.) is a member of the Anacardiaceae 

family, along with the pistachio nut, mango, and poison ivy (Azam-Ali & Judge, 2001), and 

is one of the most economically important genera of its family (Trox et al., 2011).  The 

cashew is native to coastal areas of northeastern Brazil (Maia et al., 2000) and the nuts are 

considered valuable agricultural commodities in the Americas, the West Indies, India, and 

Madagascar, among other places worldwide (Akinhanmi et al., 2008).  The cashew tree 

produces a fruit, called an apple, and cashew nuts in shells adhere to the bottom of the apples.  

The nutshells contain a caustic resin unfit for human consumption and therefore, the nuts are 

always sold shelled, unlike peanuts and other tree nuts which can be sold with or without the 

shell.  Once the resin in the cashew shells has been removed, it is used to make varnishes and 

insecticides (Maia et al., 2000).  Although the cashew nut is the most widely consumed 

product of the cashew tree, the cashew apple itself may be eaten whole, used to make jam, or 

fermented into wine (Shahidi & Tan, 2008).  Cashew nuts may be consumed raw, fried, 

salted, or sweetened, and may also be used in cooking applications (Nandi, 2013).  The color 

of the cashew nuts range from bottle green (when fresh) to greyish-brown (after drying) 

(Ogunwolu et al., 2009).  

The interest in functional foods and bioactive ingredients has surged in the last few 

decades and has led to greater interest in the bioactive components of nuts, including the 

cashew nut.  Cashews contain considerable amounts of unsaturated fatty acids, phenolic 

compounds, phytosterols, tocopherols, phytates, and several key vitamins and minerals 
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(Shahidi & Tan, 2008).  They are commonly associated with other tree nuts as part of the 

Mediterranean diet (Kornsteiner et al., 2006) and vegetarian diets (Nascimento et al., 2010).   

History 

 Humans have consumed nuts for thousands of years.  In fact, it has been reported that 

humans gathered and consumed nuts as part of a normal diet before the development of 

agriculture.  Nuts are heartier, more reliable, and easier to store than cereal grains, so 

archeologists also believe that nuts were consumed as a staple food long before grains 

(Dreher et al., 1996).    

The cashew tree originated in coastal areas of northeastern Brazil and grows best in 

poor, sandy soil (Nandi, 2013), especially in the Brazilian Amazon (Lim, 2012).  It is also 

likely to have been found in the savannas of Columbia, Venezuela, and the Guianas (Lim, 

2012).  Different parts of the tree including the bark, leaves, stem, and fruits, were used as 

traditional medicine before the cashew nut even became an agricultural commodity used for 

food.  Cashew tree leaves have been used as a folk remedy for diabetes and the tannin-rich 

cashew tree bark has been used for wound healing, hypertension, and gastric disturbances.  

Cashew fruit has been used as a natural remedy for stomach ulcers (Shahidi & Tan, 2008).     

In the 15th and 16th centuries, the cashew tree was taken to other coastal regions of 

East Africa, West Africa, and India by Portuguese explorers (Nandi, 2013).  It is from the 

Portuguese word “caju” that the English name for cashew was derived (Salam & Peter, 

2010).  The trees were initially used as anti-erosion factors and not at all as a food source.  

However, as the trees prospered and spread via elephants that ate the fruit and dispersed the 

seeds, they became recognized for their agricultural and economic significance (Azam-Ali & 

Judge, 2001). 
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 India began manually processing cashews at the beginning of the 20th century.  The 

nuts were exported to wealthy western markets, specifically the United States, the 

Netherlands, Germany, and the United Kingdom, which lead other countries in East Africa to 

do the same (Azam-Ali & Judge, 2001; Hebbar & Ramesh, 2005).  Cashew production and 

consumption increased exponentially after the end of World War II.  At that time, cashew 

nuts were ranked as the second most popular dessert nut after almonds (Nandi, 2013).  It is 

estimated that 60% of processed cashews are consumed as snacks and 40% are used in 

confectionary applications (Azam-Ali & Judge, 2001).  Confectionary and culinary 

applications include crushing cashews and using them in cakes, candies, chocolates, biscuits, 

and ice cream.  Cashews can also be ground into cashew flour or cashew butter.    Some uses 

of cashews are unique to certain localities.  Cashews are eaten with Pilipino desserts 

including suman, a Pilipino rice-coconut milk dessert, and turrones de casuy, a marzipan-

wafer dessert.  A savory alternative is the Indian shahi korma sauce that contains ground 

cashew nuts (Lim, 2012).   

Before the 20st century, cashews were only consumed locally.  The first exportation 

of the crop occurred in 1938 when 210 tons of nuts were shipped from Tanzania to India.  

Shortly afterwards, the nuts were established as an important cash crop (Martin et al., 1997).  

In 1955, world consumption of cashew nuts was 125,000 tons and consumption increased to 

1.0 million tons by 1995 (Nandi, 2013).  Around the 1970s, African countries were the 

largest producers of cashew nuts, accounting for 67% of worldwide production (Hammed et 

al., 2008).  By 2005, the reported cashew consumption was up to 2.8 million tons (Shahidi & 

Tan, 2008).  At this time, African production had declined to 35% of worldwide production.  

Nigeria, Tanzania, and Mozambique became the new leaders in cashew production (Hammed 
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et al., 2008).  In 2014, it was reported that 629,668 metric tons of cashew kernels were 

produced.  India is now the leading producer (164,286 metric tons), followed by Vietnam 

(119,048 metric tons), and the Ivory Coast (109,583 metric tons) (Rico et al., 2015).  Other 

cashew producing countries include Tanzania, Mozambique, Sri Lanka, Kenya, Madagascar, 

Thailand, Malaysia, Indonesia, Senegal, Malawi, and Angola (Akinhanmi et al., 2008).  It is 

worth noting that 97% of the world’s production of cashews is from wild trees and a mere 

3% is from plantations (Omosuli et al., 2009).  This is due to the fact that most cashew 

farmers lack the capital to invest in costly production equipment and hired help (Martin et 

al., 1997).   

Today, the cashew is ranked as the second or third most expensive nut traded in the 

United States, following macadamia nuts and occasionally pecans if the cashew harvest is 

low.  Retail prices for cashews in the United States range from $4-11/lb. depending on nut 

size and packaging (Food and Agriculture Organization of the United Nations, 2010).  

Cashews are regarded as a high value luxury commodity and sales continue to grow at a rate 

of 7% annually (Hammed et al., 2008) 

Botany 

 Cashew trees (Figure 1) bear fruit (apples) upon which the cashew nuts are 

embedded.  The cashews, or “false fruit”, are attached to the receptacle of a flower 

(Ogunwolu et al., 2009).  An inner shell and an outer shell surround the cashew nut to 

provide protection.  Cashew nut shell liquid fills the space between the inner and outer shells 

in a honeycomb matrix (Trox et al., 2010).  The cashew nut, or kernel, is shaped like a 

kidney bean.  The kernel folds back on itself to form two cotyledons (Ogunwolu et al., 2009).  

A thin, membranous, reddish-brown peel called a testa covers the kernel, protects the 
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cotyledons, and is difficult to remove (Kamath & Rajini, 2007).  Figure 2 depicts the 

anatomy of the cashew.   

Cashew Varietals  

 Cashews are grown around the world in a multitude of environments.  The trees 

freely cross-pollinate, which allows for high variability within the species (Azam-Ali & 

Judge, 2001).  In India alone, there are at least sixteen high-yielding cashew varieties 

(Nagaraja & Murray, 1986) whose characteristics are described in Table 1 (Salam & 

Mohanakumaran, 1995).  Distinctions are typically only made between trees bearing yellow 

or red apples.  Studies indicate that larger shells typically yield smaller inferior kernels 

(Azam-Ali & Judge, 2001).   

Cashew Apples 

 The pseudo fruit of the cashew tree is the cashew apple (Figure 3).  Cashew apples 

are hard, pear shaped, non-climacteric fruits.  They are yellow, orange, or red in color, but 

commercial apples are predominantly red and yellow (Assuncao & Mercadante, 2003).  

When ripe, the apples are very juicy and fibrous with a thin skin (Salam & Peter, 2010).  

Cashew apples are considered to be a good source of Vitamin C (Assuncao & Mercadante, 

2003) and also have higher levels of calcium, phosphorous, iron, and Vitamin C than other 

tropical fruits including banana, apple, orange, and pineapple (Salam & Peter, 2010).  The 

apples also exhibit some antioxidant activity (Shahidi & Tan, 2008).  Cashew apples can be 

consumed fresh or turned into juice, wine, vinegar, syrup, and jam.  The apple waste can then 

be used as cattle feed or as a fiber source for human diets (Salam & Peter, 2010).   However, 

it has been reported that although Brazil produced 1.64 tons of apples in 1996, only 10% was 

actually used in commercial applications (Assuncao & Mercadante, 2003).   
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Cashew Nut Shell Liquid 

Cashew nut shell liquid (CNSL), which is found between the inner and outer shells of 

the cashew fruit, is rich in polyphenols and is classified as an oil, but does not actually 

contain triglycerides (Akinhanmi et al., 2008).  It is so classified due to the long alkyl chains 

with varying degrees of unsaturation (Gedam & Sampathkumaran, 1986).  The liquid is a 

dark brown, viscous, sticky substance that gives off choking fumes (Salam & Peter, 2010).  It 

is toxic and corrosive (Akinhanmi et al., 2008), but it protects the cashew nut from insect 

attack during the growth stages (FDA, 2013).  CNSL has been known to cause allergic 

reactions.  The cardol and anacardic acid (Figure 4) present in CNSL, which are chemicals 

structurally similar to the chemical in poison ivy (urushiol), cause contact or systematic 

dermatitis in some individuals (Teuber et al., 2002).  CNSL contains cardol and anacardic 

acid in a 10:90 ratio and both of these chemicals are known phenols (Gedam & 

Sampathkumaran, 1986).  Due to the high concentrations of these compounds, CNSL 

actually has the highest concentration of polyphenols of all parts of the cashew (Shahidi & 

Tan, 2008).   

CNSL is an important industrial commodity internationally (Food and Agriculture 

Organization of the United Nations, 2010).   Paint, brake linings, clutch facings, adhesives, 

electrical insulation and plastic are all items that can contain CNSL (Gedam & 

Sampathkumaran, 1986).  Cardol specifically is painted onto furniture, books, and other 

stationary to protect against insect destruction.  Cardol can also be used as a topical treatment 

for leprosy and ringworm.  The compounds used in industry applications are typically 

extracted from the cashew shells using commercial hexane solvent extraction (Salam & 

Peter, 2010).  
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Cashew Testa 

 The skins of cashews are another valuable byproduct of the cashew industry.  Cashew 

testa contain 24-26% tannin and 52-57% fiber (Salam & Peter, 2010).  They are pink on the 

outside, brown on the inside, and absorb water.  The tannins present in the skins have the 

ability to bind to salivary proteins and suppress lubrication, which in turn causes astringent 

sensations during consumption.  Additionally, these molecules can stimulate the trigeminal 

nerve, which leads to burning and tingling sensations (This, 2002).  Due to the undesirable 

flavors of testa mentioned above, they are typically removed from the nuts during processing 

(Nair, 2003).  The tannin from cashew testa is sold to the leather industry for the production 

of commercial tannin.  After the tannin has been extracted, the remains of the testa can 

further be used as organic manure (Salam & Peter, 2010).   

Due to their potentially harmful effects, testa are not consumed along with the nuts.  

Cashew testa have high concentrations of water soluble phenolic compounds compared to 

nuts without skins (Kamath & Rajini, 2007).  Cashews with and without skins have the same 

amounts of α-tocopherol and other fat soluble compounds.  A method for keeping the skins 

intact during processing was patented in 2005.  The method is not widely used and cashews 

without the skin are still considered of higher value and quality than cashews with skins 

(Trox et al., 2011). 

Cashew Growth and Harvest 

 Cashew trees are a fairly resilient species predominantly allowed to grow wildly.  The 

trees can withstand drought and poor soil conditions, but do not tolerate cold or frost very 

well (Akinhanmi et al., 2008).  Hence, they are mostly found in tropical climates within 27° 

North and 28° South of the equator (Salam & Peter, 2010).  The trees are capable of growing 
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at sea level up to an altitude of 1000m (Rico et al., 2015).  They are best grown on loams or 

in laterite soil on hill slopes.  The soil should also not be prone to waterlogging (Salunkhe & 

Dadam, 1995).  Cashew trees have an extensive root system, which allows them to tolerate a 

variety of soils and moisture levels, but productivity is highest when annual rainfall is 

between 889 - 3,048 mm (Azam-Ali & Judge, 2001).  The extensive root system provides 

structure for the trees in sandy soil and also allows them to extract the sparse soil nutrients 

that are required for growth (Hobbie, 1992).   

Wild cashew trees are propagated by seed dispersal, but new trees in cashew 

plantations are planted as soft wood grafts or seeds (Azam-Ali & Judge, 2001).  The grafts 

and seeds grow best when planted at the beginning of the rainy season.  Their growth rate 

depends on climate, soil conditions, irrigation, and the use of fertilizer (Salam & Peter, 

2010).  Grafts or seeds are planted 10-15 meters apart to prevent overcrowding and new 

fields are cleared of weeds and tree stumps before planting (Azam-Ali & Judge, 2001).   

 Cashew trees usually start producing fruit within 2-3 years of planting.  The initial nut 

yield ranges from 1-2.5 kg per plant and can reach up to 7 kg per plant within 5 years of 

planting.  After 7 years, cashew trees reach yield stability, meaning that the trees produce 

consistent volumes of fruit per year.  Plants grown in good environmental conditions yield 7-

10 kg of nuts per plant.  Irrigation is one of the most important factors leading to high cashew 

nut yield; it has been observed that irrigating cashew plantations can double the yield 

compared to no irrigation (Salam & Peter, 2010). 

 On average, cashew nuts require 50-70 days to reach full maturity in the tropical 

conditions found in southern India, but time varies depending on the season and variety.  

Within a month of pollination, a tender nut will develop.  The tender nut is green in color and 
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takes 30-40 days to mature into a sturdy, grey, mature nut.  The final nut size depends on the 

tree variety.  Nuts are sorted into three size categories (small, medium, or large) based on 

weight.  The weight of mature cashew nuts is typically 3-15 g.  Nut lengths are 3-6 cm, 

widths are between 3-4 cm, and thicknesses are 2.5-3 cm.  Mature nuts fall out of the tree 

with a mature apple.  They are manually collected, separated from the apple, dried 

immediately, and stored.  The sun drying process takes 2-3 days and reduces the moisture 

content of the nuts to 8% (Salam & Peter, 2010).  Cashew trees can live up to 60 years, but 

they typically only bear fruit and nuts for 15-20 years (Azam-Ali & Judge, 2001).   

Since cashews are grown in low-nutrient ecosystems, they grow slowly and utilize 

nutrients efficiently (Hobbie, 1992).  Some studies have indicated that cashew tree growth is 

improved by fertilizer usage (Ibiremo et al., 2012).  Other studies show that fertilizer 

increases nutrient uptake and growth, however the excess nutrients are stored in tree branches 

and leaves, not cashew nuts.  Regardless, growing cashew trees in plantations with proper 

care and fertilization is unlikely to be profitable for third-world country farmers (Richards, 

1992).   

Cashew Nut Quality 

 Nut quality is a key concern to the cashew nut processing industry. High quality nuts 

are those that have a moisture level of less than or equal to 8-10% and do not have any 

indication of pest or insect damage.  Furthermore, it is desirable that the kernel recovery be at 

least 25% for the crop to be considered of good quality (Salam & Peter, 2010).   

Several tests have been designed to evaluate raw cashew nut quality and maturity 

including the floating test, cutting test, count test, and moisture content test (Salam & Peter, 

2010).  The floating test is performed first to determine maturity.  Mature cashews are denser 
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than immature nuts and will sink in water.  In the float test, the percentage of floating nuts 

can indicate the overall harvest maturity.  The other tests can be used to indicate harvest 

quality.  Shortly after harvest, 1 kg of nuts is typically used to perform the cutting test.  Cut 

kernels can be checked for discoloration and damage.  This may indicate overall quality.  In 

the count test, the number of nuts per kg of raw nut can indicate quality.  The higher the nut 

count, the smaller the kernel size, and the lower the quality.  Raw nuts are typically 8-10% 

moisture.  Raw nuts containing greater than 10% moisture may indicate signs of low harvest 

quality (Salam & Peter, 2010).  No matter what the test results indicate, the best way to 

ensure high quality cashew nuts is to dry them immediately after harvesting and store them in 

sealed polythene bags under dry conditions to prevent any microbial growth, mold growth, or 

off-flavor development (Azam-Ali & Judge, 2001).   

 Cashew Processing 

 Once harvest quality has been established, the cashew nuts can be processed.  The 

processing of cashew nuts is expensive and tedious due to the nature of the shell and CNSL.  

Processing cashews is the livelihood of thousands of families in developing countries, 

particularly in India and Vietnam.  Each year, more processing facilities emerge in order to 

support local industry and cashew farmers, especially in Africa (Rico et al., 2015).   

An overview of cashew processing can be found in Figure 6.  Processing involves 

removal of the nut kernels from the shells (see Figure 5).  Processing can be performed 

manually, semi-automatically, or fully automatically.  The basic steps are similar in all three 

types of processing conditions.  First, the nuts are cleaned of debris brought in from the 

plantations via a sieve mechanism (Salam & Peter, 2010).  After cleaning, the nuts are 

soaked in water to prevent scorching during the drying process and to facilitate removal of 



 

12 

 

the cashew shells and cashew nut shell liquid (Azam-Ali & Judge, 2001).  The nuts are then 

roasted in either an open pan, a drum, using the sun, using steam, or using an oil bath (Salam 

& Peter, 2010).  Dry roasting using hot air is preferred because the oil content in the final 

product is lower (Wanlapa & Jindal, 2006).   Drying is considered one of the most critical 

steps in cashew processing since over processing leads to scorched and burned nuts as well 

as a higher percentage of broken nuts (Hebbar & Ramesh, 2005).   

Regardless of roasting type, significant changes in the product are seen.  Color, 

texture, aroma, and taste are drastically different before and after roasting (Wanlapa & Jindal, 

2006).  The final product is crisp and has a uniquely different flavor than raw cashews.  The 

amount of roasting dictates the degree of sensory changes imparted on the nuts 

(Chandrasekara & Shahidi, 2011a).  Studies suggest that longer roasting times at moderate 

temperatures (160ºC) produce the most desirable cashew textures (Wanlapa & Jindal, 2006).   

The nuts are shelled or cut right after roasting, which separates the kernels from the 

cashew nut shell oil and the shell itself.  After roasting and shelling, the nuts are cooled and 

the testa are peeled off.  Peeling is easier after the kernels have been dried and is usually 

performed by hand in India.  One worker can peel up to 4-5 kg of cashews in an 8 hr. shift 

(Salunkhe & Kadam, 1995).  After peeling, the nuts may be roasted in hot air or oil for 

additional flavor development and product sterilization.  Finally, the nuts are graded 

according to size and color.  In India, the Cashew Export Promotion Council establishes 

grade specifications and currently recognizes 26 cashew grades (Salam & Peter, 2010).  

Cashew kernels that are whole and white in color are considered the highest quality and are 

sold for a premium price (Hebbar & Ramesh, 2005).  After the cashews are graded, they are 

rehumidified, packaged, and distributed (Salam & Peter, 2010).   
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Chemical Composition 

The nutritional components found in cashew nuts can be found in Table 2.  The 

cashew nut is a nutritionally dense and highly concentrated form of energy.  Cashew nuts 

consist on average of 46% fat, 25% carbohydrates, and 21% protein, however, it has been 

noted that variety and growing conditions can play a role in nutrient ratios (Nandi, 2013).  

Furthermore, recent research on almonds has indicated that the current method for 

determining the energy content of foods (Atwater factors) is not well suited for nuts.  In a 

study involving almond consumption, it was determined that the caloric content of almonds 

is overestimated by 32%.  This could be the case in cashews and other nuts besides almonds 

as well (Novotny et al., 2012).  The USDA classifies nuts as part of the Meat/Meat 

Alternative portion of the food pyramid and are viewed as equally important as fruits, 

legumes, and vegetables in the Mediterranean diet (Dreher et al., 1996).   

Lipid 

 Lipids are the class of compounds that are characterized by long chains of carbon and 

hydrogen atoms. They are the most condensed form of energy, consisting of 9 calories per 

gram (Manore et al., 2009).  The umbrella category of lipids includes all compounds 

including sterols, glycerols, fatty acids, and others.  The primary lipids of interest to nutrition 

are triglycerides, sterols, and phospholipids.  Triglycerides make up roughly 90% of the 

lipids found in foods (Angelova-Romova et al., 2013).  They can either be solid or liquid at 

room temperature.  Animal fats are typically solids and consist of fully saturated fats, which 

are characterized by only carbon to carbon single bonds.  Plant oils, however, are typically 

liquids and consist of a variety of unsaturated fats, which are characterized by the presence of 

carbon to carbon double bonds along the chain of fatty acids (deMan, 1999).   
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The majority of the energy in cashews comes from their lipid content.  The fatty acid 

profile of cashews can be found in Table 3 (Nandi, 2013), however, it is important to note 

that the fatty acid composition of any nut is dependent on a variety of factors including seed 

maturity, environmental factors, use of fertilizer, storage conditions, and seasonal effects, etc. 

(Alasalvar & Pelvan, 2011).  Cashews, like most other nuts, contain many lipid-soluble 

bioactive substances including monounsaturated fatty acids (MUFA), polyunsaturated fatty 

acids (PUFA), monoacylglycerols (MAG), diacylglycerols (DAG), triacylglycerols (TAG), 

phospholipids, phytosterols, and essential oils, among others (Alasalvar & Pelvan, 2011; 

Alasalvar & Shahidi, 2009a).  Oleic acid (MUFA) and linoleic acid (PUFA) are the most 

prominent fatty acids found in the cashew nut (Shahidi & Tan, 2009).   

MUFAs and PUFAs have been proven to lower low-density lipoprotein (LDL) 

cholesterol, thus reducing the risk for cardiovascular disease (CVD) (Kris-Etherton et al., 

2008).  In 2003, the Food and Drug Administration approved a qualified health claim 

regarding tree nuts stating that “consumption of 1.5 oz. of tree nuts per day as part of a diet 

low in saturated fat and cholesterol could possibly reduce the risk for heart disease” (King et 

al., 2008).  It is important to note, however, that although cashews contain MUFAs and 

PUFAs, they also contain higher levels of saturated fatty acids compared to other nuts such 

as pistachios, pine nuts, and pecans (Ryan et al., 2006).   

Cashew oil is affected by processing conditions.  Studies indicate that oil yield from 

roasted cashews is significantly higher when higher temperatures (130ºC/33mins) are used in 

processing compared to low temperatures (70ºC/6hrs) or raw nuts.  This is attributed to the 

damage to cell membranes and protein denaturization that occurs due to high heat, which 

allows for more oil to be extracted.  The fatty acid profile of the extracted oil remains 
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unchanged regardless of processing.  Oil color is indicative of the level of heat processing; 

the color develops from light yellow to dark brown as processing temperature increases.  

This is likely due to Maillard browning reactions that occur during heat treatment 

(Chandrasekara & Shahidi, 2011b).  

Phytosterols 

 Phytosterols are plant-based sterols, similar in structure to cholesterol, that have been 

shown to reduce blood cholesterol and cancer (Phillips et al., 2005).  There are over 250 

known sterols found in plants, which are responsible for membrane fluidity and temperature 

regulation.  This is the same function that cholesterol serves in human cell membranes.  The 

most common phytosterols are sitosterol, stigmasterol, and campesterol (Piironen et al., 

2000).   

Phytosterols function in humans by actively lowering LDL-cholesterol levels in the 

blood while also inhibiting dietary cholesterol absorption in the gut (King et al., 2008).  Nuts 

and seeds are potent sources of phytosterols (Phillips et al., 2005).  Cashews and Brazil nuts 

have notably higher levels of phytosterols than other types of nuts (Bolling et al., 2011).  The 

total phytosterol content of cashews have been reported to be 150 mg/100g with -sitosterol 

(Figure 8) being the primary compound present (Phillips et al., 2005).  However, phytosterol 

content can vary due to the same factors that affect the fatty acid profile of cashews, 

including environmental factors, use of fertilizer, and storage conditions (Alasalvar & 

Pelvan, 2011).   
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Phospholipids 

 Phospholipids are a type of lipid that contain polar and nonpolar regions.  They have 

the critical biological role of maintaining cell membrane structure and permeability.  They 

are also used as emulsifiers (Angelova-Romova et al., 2013).  All fats and oils contain some 

levels of phospholipids.  Vegetable and other plant oils can contain up to 2-3 percent 

phospholipids, however, they are typically removed during the oil refining process (deMan, 

1999).  Phospholipids have been measured in cashews in the past using thin layer 

chromatography.  Four phospholipids have been identified: phosphatidyl choline, 

phosphatidyl serine, phosphatidyl ethanolamine, and lysophosphatidyl choline.  It was also 

found that the fatty acid portions of the phospholipids were predominantly palmitic acid, 

oleic acid, and linoleic acid (Maia et al., 1976).     

Carbohydrate 

 Carbohydrates exist in both animals and plants as monosaccharides (single sugar), 

oligosaccharides (short chain sugars), and polysaccharides (long chain sugars).  When 

consumed, carbohydrates supply 4 calories per gram (Manore et al., 2009).  In animals, the 

primary monosaccharide is glucose and the primary polysaccharide storage unit is glycogen.  

In plants, there is greater variety in mono and oligosaccharides, but the primary 

polysaccharide storage unit is starch.  Additionally, plants contain large amounts of cellulose, 

which provides structure to cell walls.  Carbohydrates are distinguished by their unique ring 

structures which are formed by a hemiacetal group between two carbons on the sugar 

backbone.  Most natural sugars are hexoses.  Monosaccharides are the building blocks of 

larger chains of carbohydrates.  Examples include glucose, galactose, and fructose.  Notable 

disaccharides, which are units of two joined monosaccharides include sucrose (table sugar), 



 

17 

 

lactose (milk sugar) and maltose.  When a chain of carbohydrates consists of up to 10 

monosaccharides, the carbohydrate is classified as an oligosaccharide.  Oligosaccharides are 

found predominantly in legumes and are poorly digested by humans.  Instead they are 

fermented in the large intestine and lead to gas production.  Plant starches, or polysaccharides 

are repeating units of glucose.  Starch granules come in different sizes and shapes in different 

species.  Starch can exist as a straight polymer chain, amylose, or as a branched polymer 

chain, amylopectin.  Cellulose is a long, straight, and rigid chain of carbohydrates that 

provides structure to the cell walls of plants (deMan, 1999).   

Carbohydrates are the least abundant macronutrient found in cashews, however 

studies show that cashews contain more carbohydrates than other nuts, such as pecans, 

almonds, pine nuts, and pistachios (Brufau et al., 2008).  Studies conducted in India indicate 

that reducing sugar content, non-reducing sugar content, and starch content may vary with 

cashew type.  In the studies, it was found that reducing sugar content ranged between 1-3%, 

non-reducing sugar content ranged between 2.4-8.7%, and starch content ranged between 

4.6-11.2% (Nandi, 2013).  Sugars identified in cashew nuts include glucose, maltose, lactose, 

fructose, cellobiose, raffinose, and stachyose (Nagaraja & Nampoothiri, 1986).  Since 

cashews contain very little carbohydrate, they do not cause significant postprandial glycemic 

response.  That is, they are a low glycemic index food.  In fact, the fat, protein, and 

phytochemical content of nuts have actually demonstrated glycemic response depression and 

oxidative stress reduction in the postprandial state.  These properties of nuts may help to 

reduce the onset of type 2 diabetes (Jenkins, et al., 2008).   
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Protein 

Protein is an extremely important constituent of the diet and both quality and quantity 

are of utmost importance.  Proteins are polymers of amino acids, and due to the wide 

varieties in the side chains of individual amino acids, proteins vary greatly in terms of their 

structure and function.  They are critical to the biological function of every cell in the human 

body (deMan, 1999) and supply 4 calories per gram (Manore et al., 2009).  Proteins provide 

structure to almost every cell in the body and have physiological roles including cell-to-cell 

signaling, nutrient uptake regulation, co-enzyme function, nucleic acid structure, and immune 

system functioning.  Without protein intake from the diet to support these functions, life 

would not be possible (Jones, 1941).  Plant and animal products contain protein (de Man, 

1999).  Cashews do contain some protein, but the quantity and quality are not optimal, since 

nut proteins are incomplete (Jones, 1941). 

Crude protein amount appears to have the greatest variation in reported values in 

cashew nuts.  Nandi, (2013) claims that protein content can range between 13.13% and 

25.03% in India.  However, Ogunwolu, et al., 2009 found that the cashew kernel contains 

roughly 42% crude protein, which is comparable to the amount of protein in peanuts.  

Akinhanmi, et al., 2008 reported that cashews contain 36.6% crude protein via the Kjeldahl 

method.  Brazilian Cerrado cashews, which are cashew specie native to the savanna region of 

Brazil, have been reported to have 22.67 + 0.20% protein via the Kjeldahl method (De 

Oliveira Sousa, et al., 2011).  The discrepancies in protein amounts could be due to 

differences in methodology, which was not reported for all studies.   

When discussing protein content, it is important to address protein value when 

consumed by humans.  Although cashew nuts may appear to be a good source of protein, the 
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protein digestibility corrected amino acid score (PDCAAS) and digestibility must be 

considered.  These tests are based on the first limiting essential amino acid in a food 

compared to a reference scoring pattern (Schaafsma, 2000).  In a study regarding cerrado 

cashews, it was determined that the PDCAAS value was 81.91 + 1.13% and the digestibility 

was 88.07 + 1.21%, therefore, if 5 grams of cashew protein were to be ingested, only 3.56 

grams will be utilized by the human body, unless limiting amino acids were consumed along 

with cashews (de Oliveira Sousa et al., 2011).  The limiting amino acid for cashews, as well 

as for most other nuts, is lysine (Venkatachalam & Sathe, 2006).  Nonetheless, it is 

interesting to note that cashews contain more protein than most other nuts, including pecans, 

macadamia nuts, Brazil nuts, pine nuts, and hazelnuts (Brufau et al., 2008).   

Cashew protein concentrates and isolates may have uses beyond basic nutrition when 

extracted from the cashew nut.  Studies show that cashew protein concentrate and isolate 

have greater foam stability and capacity and water and oil absorption capacity than defatted 

cashew nut powder.  The functional properties of extracted cashew proteins are similar to 

those of peanuts and soybeans, but cashew proteins have not yet become a mainstream 

functional ingredient in the food industry, which is most likely due to their low protein value 

(Ogunwolu et al., 2009).   

Although cashews may contain a good source of protein and have potential use as 

functional food ingredients, it is important to note that they are considered, along with 

peanuts and other tree nuts, as one of the leading causes of allergic reactions in humans and it 

is therefore required by law to label any product that may contain cashews with a warning 

statement (FDA, 2014).  IgE-mediated cashew allergic reactions can cause symptoms as mild 

as atopic dermatitis and as extreme as death (Teuber et al., 2002).  However, promising 
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research indicates that treating the reaction-inducing cashew proteins with sodium sulfite in 

the presence of heat may reduce the binding capacity of IgE antibodies with cashew proteins 

(Mattison et al., 2014).   

 Protein is distinguished from other macromolecules in the body by the presence of 

nitrogen.  Some analyses that can be performed to determine the protein content of a sample 

actually only test for the presence of nitrogen.  This is an inaccurate measurement of total 

protein however, since there are nitrogen molecules not associated with protein (i.e. non-

protein nitrogen) (Jones, 1941).  Examples of non-protein nitrogen include amino sugars such 

as glucosamine and phenol-protein complexes (Odum et al., 1979), as well as urea and 

ammonium bicarbonate, which are often found in animal feed and the human body (Loosli & 

McDonald, 1968).  In summary, if total nitrogen is to be measured, then a conversion factor 

is required to determine the total protein in the food in question.  For nuts, the conversion 

factor is 5.6.  This factor was obtained by exact determination of the amino acid profile and 

nitrogen composition of different categories of foodstuffs.  It is still provides an estimate of 

protein and non-protein nitrogen (Mariotte et al., 2008).   

Free Amino Acids and Flavor 

Free amino acids play a role in flavor and taste perception of select foods.  The 

importance of amino acids in taste was only discovered in 1908 when it was determined that 

monosodium glutamate was the primary component of the umami taste of traditional 

Japanese seasonings.  It has since been discovered that all free amino acids, meaning those 

that are not bound together in a peptide chain, contribute some sweet, sour, bitter, or umami 

flavor to foods.  Today, amino acids are added to foods not only for fortification of products 

such as cereals, but also to enhance the flavor of products (Kato et al., 1989).    



 

21 

 

Free amino acids taste differently depending on their properties such as structure and 

polarity.  Hydrophobic amino acids in the L-configuration are typically bitter.  Peptides made 

from these hydrophobic amino acids are also bitter, which suggest a positive correlation 

between hydrophobicity and bitterness.  Additionally, when proteins that have no taste are 

hydrolyzed by proteases, they produce bitter flavors (Nishimura & Kato, 2009).   

Hydrophobic amino acids in the D-configuration are sweet. In fact, leucine, tyrosine, 

histidine, phenylalanine, and tryptophan in the D-configuration are all magnitudes sweeter 

than basic sucrose (Kato et al., 1989).  It is suggested that the sweetness of these amino acids 

is due to their ability to bind to sweet substance receptors in the taste buds.  The sweet taste 

of crab and lobster is in fact due to the presence of glycine (Nishimura & Kato, 2009).  In 

contrast, aspartic acid and glutamic acid in the L-configuration elicit sour flavor when in the 

dissociated state, but their sodium salts contribute umami flavor (Kato et al., 1989).  The sour 

property is likely due to the binding of the dissociated hydrogen ion to the binding site in a 

taste bud (Nishimura & Kato 2009). 

To date, it is agreed that amino acids do not contribute to salty taste.  The salty taste 

of some proteins is due to the salts of certain amino acids that are a part of a peptide chain.  It 

has been suggested that since salts of amino acids contain no sodium ions, select proteins 

could be an alternative method for bringing salty taste to foods (Nisimura & Kato, 2009).   

It is important to note that although free amino acids contribute to the taste of foods, 

their individual threshold values are very high, and the amounts of amino acids typically 

found in most foods are low (Table 5).  Therefore, at natural levels, most free amino acids to 

not contribute to flavor at all (Kato et al., 1989).   
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To date, very little research has been performed on free amino acids in cashews.  It is 

possible, as mentioned above, that the sweet taste of the nuts stems in part from hydrophobic 

D-form free amino acids (Nishimura & Kato, 2009).  It is also plausible that free amino acids 

such as glutamine contribute to the umami flavor present in cashews (Kato et al., 1989).  

Volatile flavor compounds are a vast group of chemicals and it is possible that free amino 

acids contribute to some of those compounds as well.  Based on previous work done in 

peanut flavor, free amino acids may play a role in the development of roasted and sweet 

aromatic flavors by way of Maillard reactions.  This is certainly an area to explore in more 

detail in future studies involving cashew nuts (Pattee et al., 1981; St. Angelo et al., 1984).   

Vitamins and Minerals 

 Data regarding vitamins and minerals in cashews can be found in Tables 6 and 7.  

One serving of tree nuts provides over 10% of the male recommended dietary allowance for 

iron, magnesium, phosphorous, zinc, copper, thiamin, and vitamin E.  Additionally, cashews 

contain substantial amounts of Vitamin E, potassium, iron, and magnesium (Akinhanmi et 

al., 2008; Alasavar & Shahidi, 2009b; King et al., 2008).  Vitamin E acts as a powerful 

antioxidant (Ryan et al., 2006), while potassium and magnesium help maintain electrical 

potential in the nervous system (Akinhanmi et al., 2008).  If iron stores are insufficient, iron 

deficiency anemia can result (Nascimento et al., 2010).   

 When considering nutrient density of a food, bioavailability must be considered.  

Nutrient bioavailability depends on intestinal absorption and conversion of the nutrient to a 

biologically active form (Nascimento et al. 2010).  Since bioavailability refers to the 

concentration of a compound or metabolite at a target organ, it is a difficult quantity to 

measure in vivo (Holst & Williamson, 2008).   
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Few bioavailability studies have been performed regarding nuts.  It has been shown 

that several dietary components, such as lipids, from whole nuts are poorly absorbed.  This is 

likely due to the presence of unruptured cell wall structures present in whole nuts (Jenkins et 

al., 2008).   It has also been noted that zinc is less bioavailable when high concentrations of 

phytates are consumed, which is usually the case in vegetarian diets containing large 

quantities of legumes, nuts, fruits, and leafy vegetables (Hunt, 2003).  Cashews contain both 

phytate and zinc in a molar ratio of 22 (Harland et al., 2004).  Due to the presence of 

phytates, the zinc in cashews may not be completely bioavailable, especially if cashews are 

consumed as part of a vegetarian diet (Hunt, 2003).  Only some work regarding the 

bioavailability specifically of cashew nutrients has been performed.  In vitro studies reveal 

that approximately 75% of copper and 70% of iron present in cashews are bioavailable 

(Nascimento et al., 2010).  Iron from cashews is not completely bioavailable due to the 

phytate content of cashews as well as the oxalate content of cashews.  Both of these 

compounds bind to iron and calcium in the GI tract and inhibit their absorption.  This can be 

of particular concern in vegetarian and vegan diets (McEvoy & Woodside, 2010).   

Antioxidant Properties  

Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are associated 

with aging, cancer, and other adverse health effects (Kamath & Rajini, 2007).  ROS and RNS 

are normal byproducts of metabolism, exercise, and disease.  If they are not quenched by 

antioxidants, they will start to cause too much oxidative stress on human tissue and 

ultimately lead to inflammatory disease, ischemic disease, cancer, and neurological disease 

(Blomhoff et al., 2006).   
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Antioxidants are substances that have the ability to undergo redox reactions with 

oxidants in a non-enzymatic way so that oxidative stress is controlled (Blomhoff et al., 

2006).  They act by scavenging free radicals, chelating pro-oxidant metals, quenching singlet 

oxygen, and acting as reducing agents.  All food plants contain natural antioxidant 

compounds of varying structure.  It has been shown that antioxidants with different chemical 

structures can actually behave in a synergistic manner (Alasalvar & Shahidi, 2009a).  

Therefore, fruits and vegetables containing natural antioxidants could provide enough 

protection against ROS and RNS in the human body, especially when combined (Kamanth & 

Rajini, 2007).  Many nuts have been identified as rich sources of antioxidants (Blomhoff et 

al., 2006).  Specifically in cashews, the testa appear to have a high concentration of 

polyphenols (Blomhoff, et al., 2006; Kamath & Rajini, 2007; Trox et al., 2011), which are 

secondary metabolites of many plant species that have antioxidant capabilities (Manach et 

al., 2004).  Polyphenols are characterized by aromatic ring structures with hydroxyl groups 

attached which provide the radical scavenging activity (Manach et al., 2004).   

Various studies have been performed to investigate the antioxidant content and 

capability of the polyphenols found in cashew testa.  It has been reported that the total 

antioxidant content (TAC) of cashews with testa is 0.388 mmol/100 g.  Comparatively, 

almonds with testa have a TAC value of 0.412 mmol/100 g (Blomhoff et al., 2006).  

Polyphenols found in cashew skin have demonstrated their ability to scavenge superoxide 

radicals, inhibit the formation of hydroxyl radicals, and chelate metals (Kamath & Rajini, 

2007).  HPLC analysis has revealed that the polyphenols responsible for the antioxidant 

activity in cashew testa are (+)-catechin and (-)-epicatechin (see Figure 7).  The levels found 

in cashew testa are higher than the polyphenol content of dark chocolate.  It has even been 
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determined that cashew nut testa have higher levels of (+)-catechin and (-)-epicatechin than 

green tea.  It is important to note, however, that green tea still has more polyphenols overall 

than do cashew testa. It is also noteworthy that the research has been conducted 

predominantly on cashew testa, not cashew nuts, because the polyphenols are concentrated in 

the testa, not the nuts, and the testa are not consumed regularly (Trox et al, 2011).  

Cashew processing can affect the polyphenolic content of cashew nuts and testa.  

Results from experiments show that raw cashews have low antioxidant activity while cashew 

testa that have been roasted at high temperatures have high antioxidant activity.  Interestingly 

enough, cashew nuts themselves exhibit higher antioxidant activity if they have been roasted 

at high temperatures (Chandrasekara & Shahidi, 2011a).   

In addition to polyphenols, cashews also contain 1.2-1.3 mg/100g α-tocopherol 

(Vitamin E) equivalents, which is known for its powerful antioxidant capabilities and lipid 

oxidation inhibition properties.  Essentially all of the Vitamin E in cashews comes from γ-

tocopherol, one of the less bioavailable forms of Vitamin E.  The amount found in cashews is 

less than the amount in most other nut types (pistachio, walnut, pecan, etc.) (Wagner et al., 

2004).  Vitamin E is the predominant lipid-soluble antioxidant in the body and acts as the 

first line of defense against lipid peroxidation (Alasalvar & Shahidi, 2009a). Research efforts 

in the past several decades have focused primarily on α-tocopherol, which is the most 

bioavailable vitamer (Wagner et al., 2004) and also typically the most prevalent vitamer 

found in oils, nuts, and grains (Albanes et al., 1996).  However, γ-tocopherol is consumed in 

larger amounts in typical American diets and recent studies have indicated that γ-tocopherol 

may exhibit some bioactivity. γ-tocopherol can inactivate RNS, reduce inflammation, and 
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lower the risks for cancer and cardiovascular disease to the same or greater extent than α-

tocopherol (Wagner et al., 2004). 

Nut Consumption and Human Health 

 As mentioned in sections above, cashews contain many health promoting compounds 

ranging from unsaturated fatty acids, phytosterols, phenolics, plant protein, and tocopherols.  

As such, there is epidemiological and clinical data to support the belief that frequent 

consumption of nuts may reduce the risk of coronary heart disease (CHD), cancer and other 

inflammatory diseases (Kornsteiner et al., 2006).   

From a broad, epidemiological standpoint, it has been clear for some time that 

consumers of vegetarian or Mediterranean diets have lower incidence of CHD.  It was also 

discovered that consumers of such diets tend to eat more nuts than non-consumers, which 

indicated a link between nut oils and reduced risk of CHD.  The reduced risk of disease has 

been observed in many populations including men, women, and the elderly.  More elaborate 

quantitative studies have been performed since then (Sabate, 1999).  Several controlled 

feeding studies have examined the effects of nut consumption specifically on blood lipid 

profiles.  Studies varied in terms of duration, patient criteria, and degree of diet control, but 

all studies found that diets containing nuts reduced total and LDL cholesterol levels.  HLD 

cholesterol levels were not compromised (Kris-Etherton et al., 1999).  A more recent study 

looked more generally at the theory of nuts reducing the risk of all-cause mortality.  

Although not a randomized clinical trial, the prospective cohort study of 20,000 males 

indicated that consuming one serving of nuts per week could reduce the risk of not just CHD, 

but all causes of death (Hshieh et al., 2015).   
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In addition to research on nut consumption and CDH markers, work has been done on 

nut consumption and acute antioxidant effects.  In a randomized, cross over intervention 

study, 13 patients were fed polyphenol rich meals consisting of 75% nuts after fasting 

overnight.  It was observed in the hours afterwards that the nut rich meals increased blood 

plasma polyphenol concentrations and increased total antioxidant capacity.  These findings 

were in addition to reduced blood plasma lipid peroxidation.  These results are consistent 

with the acute effects of consuming other polyphenol rich foods such as chocolate, wine, 

olive oil, fruits, and vegetables (Torabian et al., 2009).   
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LABORATORY METHODS 

High Performance Liquid Chromatography 

 Chromatography refers to the set of techniques used to separate mixtures.  The 

method operates on the principle that components of mixtures separate into two immiscible 

phases based on their individual equilibrium distributions (Figure 9).  In chromatography, the 

two immiscible phases are the mobile phase and the stationary phase.  Laboratory based 

chromatography methods were initially developed in the early 20th century and included 

methods such as absorption chromatography, partition chromatography, and paper 

chromatography (Naushad et al., 2014).  High performance liquid chromatography (HPLC) 

was not developed until the 1960s.  HPLC is used for the analysis of compounds that are 

soluble in a liquid that can serve as the mobile phase for the instrument (Nielsen, 2010).  The 

mobile phase in HPLC is typically a nonpolar solvent in normal phase chromatography or a 

polar solvent in reverse phase chromatography.  The stationary phase in HPLC is the column 

through which the mobile phase and analytes travel.  It can be a solid or a liquid that is 

adsorbed onto a solid (Naushad et al., 2014).  In addition to serving as the stationary phase, 

HPLC columns are also filled with packing materials that stabilize and support the system.  

Porous silica and synthetic organic resins work very well in this role (Nielsen, 2010).   

 Other elements of the HPLC system include the pump, the injector, and the detector.  

The pump is responsible for moving the mobile phase through the column.  The injector is 

responsible for loading the sample into the mobile phase so that it can travel through the 

column.  The detector is responsible for translating sample concentration changes in the 

column into electrical signals.  Most detectors are based on ultraviolet-visible and 
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fluorescence spectrophotometry, refractive index determination, or electrochemical analysis 

(Nielsen, 2010).   

HPLC is likely the single most widely used analytical tool today, which is due to the 

extreme versatility of the instrument. In HPLC methods, both the mobile phase and 

stationary phase interactions can be manipulated in order to change the selectivity and 

sensitivity of the system (Gilbert, 1987).  Different modes of chromatography have been 

established so that a wide variety of compounds in various matrices can be separated using 

HPLC.  Common modes include normal phase, reverse phase, ion-exchange, and size 

exclusion chromatography.  In normal phase chromatography, the stationary phase is polar 

and the mobile phase is nonpolar.  The more polar the molecule, the longer it will take to 

dislodge it from the stationary phase. Compounds separate based on their level and strength 

of interaction with the stationary phase (Naushad et al., 2014).  Normal phase HPLC is 

currently used for analyzing biologically active polyphenols, fat soluble vitamins, and 

carotenoid pigments (Nielsen, 2010).  In reverse phase chromatography, as the name implies, 

the stationary phase is nonpolar and the mobile phase is polar (Naushad et al., 2014).  The 

majority of HPLC separations are done using reverse phase chromatography.  Applications 

include water and fat soluble vitamins, cereal proteins, antioxidants, phenolic flavor 

compounds and lipids.  In ion-exchange HPLC, the mobile phase is an aqueous buffer.  

Solute retention is altered by changing the mobile phase ionic strength and pH.  This type of 

HPLC can identify simple inorganic ions, carbohydrates, and amino acids.  Size exclusion 

chromatography fractionates compounds in a mixture based on size.  This type of HPLC is 

used for determining average molecular weight and molecular weight range of 

polysaccharides such as amylose, amylopectin, xanthan gum, and guar gum (Nielsen, 2010).   
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Gas Chromatography 

 Gas chromatography (GC) can be used for many types of analyses, including but not 

limited to, fatty acids, triglycerides, sterols, sugars, amino acids, vitamins, and flavor 

compounds (Nielsen, 2010).  It has been estimated that several thousand research articles 

have employed GC methods for analysis.  Gas chromatography was first used in the 1950s 

and is categorized as a form of partition chromatography (Conder & Young, 1979).  To date, 

is the most widely used method of chromatographic separation of volatile compounds (Poole, 

2003).   

In GC analysis, the column acts as the stationary phase (a liquid) and the mobile 

phase, which passes through the column, is a gas.  The stationary phase is typically contained 

in a rigid sort of tube of variable dimensions.  Pressure is used to force the mobile phase 

through the stationary phase, thus achieving chemical separation.  Typical mobile phases 

used in GC analysis are inert gases such as hydrogen, nitrogen, and carbon dioxide. 

Stationary phases used in GC have varied throughout time.  They are typically selected with 

specific criteria in mind.  It is desirable for the liquid to have a wide temperature operating 

range, be non-reactive, have low vapor pressure, and exhibit excellent coating characteristics 

(Poole, 2003).   

GC columns are quite variable.  Packed and capillary columns are two different types.  

Packed columns contain an inert solid support material, typically diatomaceous earth, is 

coated with liquid stationary phase.  The diameter of such a column is greater than 2 mm.  

Capillary columns are only fractions of a millimeter in diameter.  Capillary columns are 

either wall-coated open tubular (WCOT) or support-coated open tubular (SCOT).  WCOT 

columns consist of a capillary tube that is coated with liquid stationary phase.  SCOT 
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columns are lined with a layer of solid support material such as diatomaceous earth with 

stationary phase adsorbed on top.  Today, WCOT and traditional packed columns are the 

most common columns used.  Packed columns are cheap and easily prepared.  WCOT 

columns are more expensive but are highly sensitive (Poole, 2003).   

Although GC can be used for a variety of applications, it is not applicable to every 

sample (Nielsen, 2010).  It is however, an advantageous method due to its speed, minimal 

amount of sample required, and it does not require sample purification prior to testing 

(Conder & Young, 1979).  Analytes that are thermally stable and volatile are those best 

suited for GC.  Otherwise, the analytes must be derivatized to increase volatility or analyzed 

using a different method than GC (Nielsen, 2010).  

Spectrophotometry 

 Spectroscopy is one of the most common analytical techniques used in chemical 

analysis (Nielsen, 2010).  A spectrophotometer is an instrument that measures the amount of 

UV-Vis light absorbed by a material.  The interaction of the light from the spectrophotometer 

and the material depends on the physical properties of the material.  The strength of 

interaction can be used to measure physical properties of the material (Germer et al., 2014).   

In chemical analyses, spectrophotometry is particularly useful for measuring 

unknown concentrations of the sample material (Germer et al., 2014).  In practice, a beam of 

light is passed through a solution containing the analyte in question and quantified by a 

detector.  The result is compared to a reference sample in order to determine the unknown 

analyte concentration (Nielsen, 2010).   

For optimal results, considerations regarding sample and standard preparation must 

be made.  Clarification of samples is key so that light scattering due to turbidity does not 
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interfere with absorbance readings.  Furthermore, a sample blank containing the sample 

solvent should be prepared and used to cancel as much noise in the sample as possible.  For 

reference samples, it is best to prepare a range of known dilutions and preparing a standard 

curve to avoid extrapolation of data.  In addition to proper sample and standard preparation, 

it is also crucial to select the appropriate wavelength for the analyte in question.  Proper 

usage of spectrophotometric methods can generate quantitative measurements of macro-

components and micro-components of foods (Nielsen, 2010).   

Flavor Lexicon Development 

Although lexicons for peanut, almond, and black walnut flavor have been developed 

using sensory descriptive analysis, no such document exists for cashews (Civille et al., 2010; 

Johnsen et al., 1988; Miller & Chambers, 2013).  A flavor lexicon is defined as a set of 

words used to objectively describe the flavor of a product or commodity using descriptive 

analysis (Drake & Civille, 2003).  Descriptive analysis is a technique used to characterize 

products in terms of their attributes and intensities and is performed by a panel of trained 

individuals (Muñoz & Civille, 1998).  Lexicons that are developed by descriptive analysis 

are ideally discriminatory, descriptive, and not redundant (Drake & Civille, 2003).  The need 

for lexicons is driven by the food industry.  Companies may require sensory evaluation of the 

same product in multiple locations or in different business sectors and the lexicon is a useful 

tool for standardization (Lawless & Civille, 2013).  It can be used for comparing product 

prototypes, shelf-life studies, exploring the interactions between ingredients and processing 

methods, and for understanding consumer reactions to sensory aspects of a product (Murray 

et al., 2001).  Some lexicons that have already been developed for commodities include 

green tea (31 terms) (Lee & Chambers, 2007), green leafy vegetables (32 terms) (Talavera-
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Bianchi, et al., 2010), beef (18 terms) (Maughan et al., 2012), and dairy ingredients (Drake, 

2007).  Lexicon development is a slow process and involves establishing a frame of 

reference, generating terms to describe the product/commodity, reviewing the references and 

examples, and establishing a final descriptor list (Drake & Civille, 2003).   

Flavor lexicon development begins with developing a frame of reference.  A trained 

panel usually performs this task.  Training panelists is time consuming and costly.  Studies 

report 120 hours of training needed and 500-1,200 hours of experience before proficiency is 

achieved (Lawless & Civille, 2013).  In addition to training, panelists should also exhibit a 

certain level of sensory acuity (Murray et al., 2001).   

Once the panelists have been selected, it is possible to begin developing the frame of 

reference from a selection of products representative of the product category.  The 

appropriate number of products depends on the category.  It would not be necessary to 

sample every product in a large category with many stock keeping units (SKUs), but it may 

be beneficial in a product category with a limited number of SKUs (Lawless & Civille, 

2013).  As panelists sample the products, a list of terms to describe the flavors is generated.  

All panelists are invited to give their input on the initial descriptor list (Meilgaard et al., 

1999). Product samples should be prepared and served as consistently as possible in order to 

minimize bias among the panelists.  It is also beneficial for panelists to taste only a few 

products at a time so as not to overwhelm their palates (Lawless & Civille, 2013).  After the 

initial list of terms has been developed, the terms are evaluated, reduced, and rearranged so 

that the list covers all aspects of the flavors in the product but at the same time is not overly 

verbose.  After the list has been made, a variety of products and external references must be 

gathered to serve as examples of the terms on the descriptive list (Meilgaard et al., 1999).  
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They must correspond to attributes on the lexicon and have established intensities (Muñoz & 

Civille, 1998).   

The final steps in lexicon development include organizing and validating the terms.  

Validation is completed by having panelists taste two to four products and determining that 

the proposed lexicon allows for thorough sensory analysis.  The lexicon could also be 

validated by allowing other panels to evaluate it (Lawless & Civille, 2013).   

Texture Lexicon Development 

In addition to developing the flavor aspects of a lexicon, texture may also be 

evaluated. A textural sensory analysis involves the incorporation of sight, sound, and touch in 

relation to a food product’s structure, mechanical, and surface properties.  Texture is 

analyzed by oral sensory systems during the mastication process as food is converted from its 

initial form to a round bolus that can be swallowed (Lenfant et al., 2009).   

Consumers often associate sounds with food quality and negative auditory textures 

will lead to lower hedonic scores in sensory panels.  Sounds evaluated in auditory texture 

panels include crispiness and crunchiness (Lawless & Heymann, 1998).  Hardness and 

brittleness (breakdown) can also be evaluated.  Hardness is defined as the force required to 

break and chew a sample.  Brittleness (breakdown) is defined as the ability of a product to 

fracture into pieces and is measured by the number of pieces a product breaks into on the first 

bite (Lenfant et al., 2009).  Crispiness describes a food that is firm and snaps easily when 

deformed. It also emits a high-pitched sound (Hung & Chinnan, 1989; Lenfant et al., 2009) 

with a frequency higher than 1.9 kHz (Lawless & Heymann, 1998).  Crispiness has been 

reported as the most versatile and well-liked single texture.  Crunchiness is similar to 

crispiness in terms of the definition, but is associated with lower pitched sounds during 
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mastication (Saklar et al., 1999).  Crunchiness sounds typically have frequencies less than 

1.9 kHz (Lawless & Heymann, 1998).   

In order to rate auditory texture as part of a texture lexicon, panelists must be trained 

to properly chew samples (Lawless & Heymann, 1998).  When evaluating crispiness, 

panelists should bite the product with the front teeth (Hung & Chinnan, 1989) while keeping 

the mouth open so that the high-pitched frequencies can travel undistorted through the air 

(Lawless & Heymann, 1998).  Panelists can also judge the force required to break the sample 

and measure its hardness (Hung & Chinnan, 1989).  When evaluating crunchiness, panelists 

should chew the product with their molars and with their mouths closed so that the low-

pitched sounds can travel through the jawbone and skull to the ears (Lawless & Heymann, 

1998).   

Consumer Testing 

 The information gained from consumer sensory tests provides insight about products 

that is different than trained analytical panels, but the information gathered is just as useful.  

Although at first glance it may appear that consumer testing can simply measure preference 

and liking, the plethora of tests that fit this category are actually expansive and diverse, 

qualitative and quantitative.  The two types of consumer testing that will be employed are 

concept testing and acceptance testing (Drake, 2007).   

 Concept testing play a huge role in the early screening of new ideas and new 

products.  It can often determine whether to move forward with a product or a concept.  It 

can be used to effectively gauge consumer reactions to a new product.  Concept testing may 

involve simple drawings or descriptions of a novel product, as well as positioning statements 

or even prototypes (Dickinson & Wilby, 2003).  Consumers in this type of test are typically 
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presented with a concept and are questioned about their reaction to and expectations of the 

product (Lawless & Heymann, 1998).   

 Acceptance testing is a type of consumer test that assesses consumer appeal to foods 

using a hedonic scale for rating.  In acceptance testing, a choice between several products is 

not required as it is in preference testing.  It can be beneficial to run an acceptance test 

instead of a preference test because consumers may not like any of the products in a 

preference test, but would still be required to choose one over another.  In acceptance testing, 

however, insight is provided as to whether a product is liked or disliked in an absolute sense.  

Additionally, preference can also be inferred based on superior acceptance scores among 

products and it is thus unnecessary to run subsequent preference tests (Lawless & Heymann, 

1998).   

 When conducting acceptance tests, a ranking scale, such as the hedonic scale, is used 

to generate results.  The hedonic scale itself is a 9-point scale that has phrases ranging from 

“dislike extremely” to “like extremely”.  The scale has an equal number of like and dislike 

options with equally sized intervals between them (Yeh et al., 1998).  Consumers are 

instructed to select the phrase that best answers the questions presented in a panel and the 

numerical scores associated with the phrases can be used to interpret the data.   The hedonic 

scale has been in use since it was invented in the 1940s and has been shown to be useful in 

assessment of food, beverages, and non-food items (Lawless & Heymann, 1998).   
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Table 1. Characteristics of cashew varietals in India (Salam et al., 1995) 

Varietal Name Apple Color Nut Wt (g) Kernel Wt (g)  Mean Nut       

Yield/Tree (kg) 

Anakkayam-1  pinkish-  5.95  1.67   12.0 

(BLA-139-1)  yellow   

Madakkathara-1 yellow  6.2  1.64   13.8 

(BLA-39-4)   

K-22-1   red  6.0  2.8   17.0 

Kanaka (H-1598) yellow  6.8  2.08   12.0 

Dhana (H-1608) yellow  9.6  2.22   10.66 

H-3-17   yellow  5.7  1.5   17.9 

Priyanka (H-1591) yellowish- 10.8  2.87   16.9 

   red  

Vridhachalam-I yellow  5.0  1.4   7.12 

(M.10/4) 

Vridhachalam-2 pinkish- 5.12  1.45   6.0 

(M.44/3)  yellow 

Vridhachalam-3 pink  7.18  2.16   14.19 

(M.26/2) 

H-1597*  yellow  7.1  2.24   17.6 

H-1600*  red  8.2  2.0   13.48 

H-1610*  yellow  9.2  2.25   10.62 

*Designates hybrid variety 
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Table. 2 Nutritive value in 100 g of cashew nut 

 

Proximate  Nandi, 2013  Lim, 2012 

 

Moisture (g)  5.9   5.2 

Energy (kcal)  785   553 

Total Protein (g) 24   18.22 

Total Fat (g)  64   43.85 

Carbohydrate (g) 41   30.19 

Total Fiber (g)  1.3   3.3 
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Table 3. Fatty acid composition of the cashew nut 

Fatty Acid  Nandi, 2013   Shahidi & Tan, 2008 

Composition %   a  b  c  d 

16:0   0.89  11.5  10.7  9.93  9.93 

17:0   NA  0.13  0.12  0.14  0.12 

18:0   11.24  8.8  9.32  8.7  8.18 

18:1   NA  61.44  61.14  57.24  59.67 

18:2   7.67  17.09  16.88  20.8  19.74 

18:3   NA  0.2  0.32  0.23  0.16 
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Table 4. Amino acid composition of the cashew nut (Nandi, 2013) 

 

Amino Acid   Composition % 
 

Glutamic Acid   28 

Leucine   11.93 

Isoleucine   3.86 

Alanine    3.18 

Phenylalanine   4.35 

Tyrosine   3.2 

Arginine   10.3 

Glycine   5.33 

Histidine   1.81 

Lysine    3.32 

Methionine   1.3 

Cysteine   1.02 

Threonine   2.78 

Valine    4.53 

Tryptophan   1.37 

Aspartic Acid   10.78 

Proline    3.72 

Serine    5.76 
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Table 5. Amino acid taste, threshold, and discovery (Kato et al., 1989) 

 

Amino  Taste  Threshold Value   Where Found 

Acid     (mg/dl)     

His  bitter   20   casein and sturin* (1896) 

Met  bitter   30   casein* (1922) 

Val  bitter   40   albumin* (1879) 

Arg  bitter   50   casein* (1895) 

Ile  bitter   90   syrup (1904) 

Phe  bitter   90   bean sprouts (1881) 

Trp  bitter   90   casein* (1901) 

Leu  bitter   190   unknown (1819) 

Tyr  bitter   ND   casein* (1846) 

Ala  sweet   60   fibroin* (1875) 

Gly  sweet   130   gelatin* (1820) 

Ser  sweet   150   sericin* (1865) 

Thr  sweet   260   fibrin* (1935) 

Lys  sweet & bitter  50   casein* (1889) 

Pro  sweet & bitter  300   casein* (1901) 

Asp  sour   3   asparagine* (1827) 

Glu  sour   5   gluten* (1886) 

Asn  sour   100   asparagus (1806) 

Gln  flat   ND   beet (1883) 

Cys     ND   cysteine (1884) 

Glu Na  umami   30   sea tangle (1908) 

Asp Na umami   100   unknown 

*hydrolysate 
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Table 6. Vitamin content of the cashew nut 

 

Vitamin   Nandi, 2013  Judia, 2012 

(mg/100g) 

Thiamin    0.56   0.42 

Niacin    3.68   0.06 

Riboflavin   0.58   1.06 

Vitamin E   210   0.92 

Pyroxidine   trace   0.42 

Vitamin D   trace   NA 

Vitamin C   NA   0.35 

Pantothenic Acid  NA   0.86 

Folate    NA   0.02 

Vitamin K   NA   0.03 
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Table 7. Mineral content of the cashew nut 

 

Mineral  Nandi, 2013  Akinhanmi, 2008  Judia, 2012 

(mg/100g) 

Calcium  40   21.5    35.27 

Phosphorous  880   14    592.6 

Sodium  5   8.2    10.58 

Potassium  570   27.5    659.6 

Magnesium  280   19.3    292.8 

Iron   8   0.60    6.67 

Copper   2   NA    2.19 

Manganese  2   NA    NA 

Zinc   NA   0.80    5.78 

Selenium  NA   NA    0.02 
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Figure 1. Cashew trees in Guanacaste, Costa Rica (Culbert, 2008) 
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Figure 2. Cashew nut anatomy (Salam & Peter, 2010) 
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Figure 3. Cashew apples (Culbert, 2008) 
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Figure 4. Compounds in cashew nut shell liquid (Organic Cashew Nuts, n.d.) 

 

 

 



 

57 

 

 

Figure 5. Cashew nuts after detachment from apple and before shelling and roasting (Culbert, 

2008) 
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Figure 6. Cashew processing (Azam-Ali & Judge, 2001) 
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Figure 7. Cashew polyphenols (Hurst et al., 2011) 
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Figure 8. Phytosterols (Winkler-Moser, 2011) 
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Distribution Coefficient (Kd) =   Concentration of component A in stationary phase 

      Concentration of component A in mobile phase 

 

Figure 9. Molecular distribution between stationary and mobile phases in HPLC (Naushad et 

al., 2014) 
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ABSTRACT 

Raw, dry roasted, and wrapped (skin-on) cashews were analyzed for their nutritional 

content.  Proximate analyses indicated that the total oil content of the cashews was the same 

across types, but was lower than other nuts.  The predominant fatty acids were palmitic, 

stearic, oleic, and linoleic acids.  The carbohydrate and protein contents of the cashew nuts 

were higher than other nuts.  Variations in individual sugars were observed due to differences 

in processing.  Amino acids did not vary between samples, but it was observed that arginine, 

a vasodilator, was the second most abundant amino acid in the samples.  The vitamin and 

mineral analyses revealed that cashews are relatively low in vitamins, contain trace minerals, 

and are good sources of phosphorous and magnesium.  The phenolic analyses indicated that 

only the wrapped cashews exhibited antioxidant activity, however the amount of phenolics 

present in the cashew skins are less than the amount found in other nut skins.  This is likely 

due to losses of water soluble phenolics during the water washing phase during nut 

processing.   

Results indicated that consumption of cashews could lead to reduced risk of 

cardiovascular disease, due to the presence of unsaturated fatty acids, arginine, phytosterols, 

and cashew skins.  However, other nuts such as almonds or pistachios have higher levels of 

these nutrients.  Future work should involve comparing the Karma nuts to traditional oil-

roasted nuts to compare roasting methods.  Additionally, it would be worth investigating the 

nutritional characteristics of cashews harvested from different environments, as cashew trees 

grow in different conditions, typically devoid of high quality soil.   
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INTRODUCTION 

Cashew trees (Anacardium occidentale L.) are native to coastal areas of Brazil and 

are important agricultural commodities of the Americas, India, and Madagascar (Akinhanmi 

et al., 2008).  The cashew nuts, technically seeds, are attached to cashew apples, which are 

the true fruit of the cashew tree.  The nuts are protected by shells and a caustic resin (CNSL) 

that must be removed before consumption (Maia et al., 2000).  Cashew nuts are typically 

consumed raw, fried, salted, or sweetened, without the skins and the shells.  Less frequently, 

they are used in cooking and confectionary applications (Nandi, 2013).   

 Cashews were brought from their native country to coastal areas of Africa and India 

by Portuguese explorers in the 15th and 16th centuries (Nandi, 2013).  At first the trees were 

only used as anti-erosion factors due to their extensive root systems.  They are a resilient 

species that can survive in poor soil and draught (Akinhanmi et al., 2008), and as a 

consequence, the trees grow slowly and utilize nutrients efficiently (Hobbie, 1992).  

Furthermore, since the trees were allowed to grow in a variety of different environments, 

there is high variability within the species (Azam-Ali & Judge, 2001).   

In the 20th century, India began manually processing the nuts and exporting them to 

western markets (Azam-Ali & Judge, 2001).  By the end of World War II, cashews were 

ranked as the second most popular nut, following almonds (Nandi, 2013).  Today, although 

cashews are considered a luxury commodity, sales continually grow at a rate of 7% annually 

(Hammed et al., 2008).  Despite the continual growth, cashew trees are still are not cultivated 

in plantations.  They are allowed to grow wildly in their native habitats (Omosuli et al., 

2009). 
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Since cashew trees are grown in variable environments with variable accessibility to 

nutrients, full characterization of cashew nuts could give insight into how environmental 

factors influence the nutritional composition of the cashews compared to other nuts.  Given 

that the Karma brand nuts are processed in three different ways (raw, dry roasted, and 

wrapped), it would also be possible to determine differences based on processing and the 

presence of nut skins.  Analyses performed included proximates, b-vitamins, fat soluble 

vitamins, minerals, phytosterols, phospholipids, cashew nut shell liquid residue, and multiple 

antioxidant analyses.   
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MATERIALS AND METHODS 

 Cashew samples for analytical evaluation were obtained from Karma brand cashews 

(Wenders Foods, Kerala, India). Jars of three different cashew products (raw, roasted, and 

wrapped) were composited and homogenized into a coarse meal.  The composite samples 

were stored at 4°C in glass jars to prevent degradation.  Whole nuts were also stored at 4°C 

in their sealed original containers for the analyses that required whole nuts.   

Determination of Moisture Content 

The cashew samples were analyzed for moisture content using the method that was 

originally developed for peanuts by Young et al., 1982.   Each cashew type was prepared in 

quadruplicate (n=4) using whole nuts from three different jars.   

Twelve metal pans, four for each nut type were weighed on an analytical balance.  

Samples were then added to the pans and the weights of the pans with nuts recorded.  Once 

the measurements were complete, the samples were placed in a forced draft oven set at 

130°C.  Samples were removed from the oven at t = 2, 4, 6, 8 and 24 hr. and were weighed 

on the analytical balance after resting in a desiccator for 5 minutes.  Checking the weights at 

periodic interval ensured that the samples were fully dried but not burned to the point of 

carbon dioxide loss and lipid oxidation. Equations 1-4 describe how the percent moisture was 

calculated in the nuts based on the data collected at the time point when all moisture had 

evaporated.   

Eq. 1: Wet Wt. (g) = wt. of pan and sample before drying (g) – wt. of pan (g) 

Eq. 2: Dry Wt. (g) = wt. of pan and sample after drying (g) – wt. of pan (g) 

Eq 3: % Moisture WWB = [wet wt. (g) – dry wt. (g)] / wet wt. (g) x 100% 

Eq 4: % Moisture DWB = [wet wt. (g) – dry wt. (g)] / dry wt. (g) x 100% 
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Determination of Total Oil Content 

 Total oil was measured using whole nuts and a Minispec MQ One Seed Analyzer 

(Bruker Corporation, Billerica, MA).  First, the instrument was validated using the provided 

reference standard according to the manufacturer’s specifications.  Then, 10 gram samples at 

room temperature were loaded into tubes provided with the instrument in triplicate.  The 

samples were loaded one at a time into the instrument and the total oil content was 

determined using time domain nuclear magnetic resonance.   

Determination of Tocopherols  

Before tocopherols could be measured, it was necessary to extract cashew oil from 

each nut type.   Oil was extracted from the composite using the Carver Laboratory Press 

apparatus (Carver, Inc., Wabash, IN).  The defatted cashew samples were reserved for 

additional analyses requiring fat-free mass.  The extracted oil was collected for tocopherol 

measurement and other lipid compound analyses.  

Tocopherols were measured in the samples in triplicate based on the method outlined 

in Hashim et al. 1993.  In a screw-capped autosampler vial, 200 mg of cashew oil was mixed 

with 0.8 mL of 1% 2-propanol in hexane, which was prepared by adding 600 mL of hexane 

(Thermo Fisher Scientific, Waltham, MA) to a 1000 mL graduated cylinder with 10 mL of 2-

propanol (Thermo Fisher Scientific, Waltham, MA), filling to volume with hexane, and 

vortexing to mix. After the addition of 1% 2-propanol in hexane, the sample vials were 

vortexed to mix.    In addition to the samples, a standard mix of tocopherols was prepared 

from stock solutions of α, ß, γ, and Δ tocopherol (Sigma Chemical Corp., St. Louis, MO (α, 

γ, Δ), Matreya LLC., Pleasant Gap, PA (ß)).  Stock solutions of individual tocopherols were 

prepared by dissolving authentic standards in hexane.  Exact concentrations of the standards 
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were determined from the absorbance of the solutions using extinction coefficients according 

to Beer’s Law.  The stock solutions of tocopherols for the procedure were 29.19, 29.80, 

34.62, and 36.56 µg/mL respectively.  Equal volumes of each tocopherol were mixed, diluted 

with hexane, and placed in an autosampler vial.  The mixture was vortexed before use. 

Samples and standards were analyzed by normal phase HPLC using a Luna Silica 5µ 

column (Phenomenex, Torrance, CA), 250 mm length, 4 mm i.d., fitted with a Silica guard 

column.  The column was heated to 30°C for the duration of the analysis.  The mobile phase 

was 1% 2-propanol in hexane.  20 µL of sample was injected using a 25 µL sample loop 

using the Agilent Autosampler (Model 110) (Agilent Technologies, Cary, NC).  The flow 

rate was 1.2 mL/min and the run time was 15 minutes.  A Waters 2487 Dual Wavelength 

Absorbance Detector (Waters Corp., Waltham, MA), set at 294 nm, was used for detection.  

The standard mix was run at the beginning, end, and after every third sample.  The first 

standard run was used to establish retention times for the tocopherols and subsequent 

standard injections were used in the calculations.  Equations 5-7 were used to determine the 

amount of tocopherols in each sample and were reported in µg/g.   

Eq. 5: Sample Dilution (mL) = sample wt. (g) x 0.92 (mL/g) + 0.8 (mL) hexane 

Eq. 6: Individual Tocopherol content (mcg/g oil) = (Std. Conc (µg/mL) x sample peak area) / 

(Avg Std. peak area x sample dilution (mL)) / sample wt.(g) 

 

Eq. 7: Total tocopherol content (µg/g oil) = α content (µg/g oil) + ß content (µg/g oil) + γ 

content (µg/g oil) + Δ content (µg/g oil) 

 

Determination of Fatty Acid Profiles 

Fatty acids were determined in the expressed cashew oil as methyl esters in 

accordance with the method outlined in Bannon et al. 1982.  Using the oil extracted from the 

Carver Laboratory press, 0.020-0.040 gram amounts were weighed out into screw capped 
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tubes in triplicate.  1 mL of 0.5 M methanolic sodium hydroxide was added to each tube.  

The methanolic sodium hydroxide was prepared by weighing 20.0 g of potassium hydroxide 

(Thermo Fisher Scientific, Waltham, MA) into a 1000mL volumetric flask, filling halfway 

with methanol (Thermo Fisher Scientific, Waltham, MA), and stirring mechanically until 

fully dissolved.  The solution was then diluted to the 1000 mL mark with methanol and 

stored in a screw-capped plastic bottle.  After the addition of methanolic sodium hydroxide, 

the tubes were capped and heated in a water bath set at 80-85ºC for 5 minutes.  After the 

heating, the tubes were allowed to cool at room temperature before 1 mL of 14% boron 

tetrafluoride in methanol (Sigma-Aldrich Corporation, St. Louis, MO) was added to each 

tube.  The tubes were returned to the water bath for 10 minutes.  Once heated, the tubes were 

removed from the water bath, cooled slightly, and 1 mL of water and 1 mL of hexane 

(Thermo Fisher Scientific, Waltham, MA) was added to each tube.  The tubes were vortexed 

for 15 seconds and then allowed to rest at room temperature until two distinct layers formed.  

The hexane (top) layer was removed from the tubes and transferred to another tube 

containing a few grains of sodium sulfate (Thermo Fisher Scientific, Waltham, MA).  The 

secondary tubes were swirled to remove any excess water from the hexane.  The samples 

were transferred to autosampler vials with crimp top closures.  Two standards of fatty acid 

methyl esters were prepared in addition to the samples to establish retention times.  Kel-Fir 

FAME-5 Standard (Matreya LLC., Pleasant Gap, PA) was purchased and run on the 

instrument as-is. One ampule of GLC-21A standard (Nu-Check Standards, Elysian, MN) was 

diluted to 50 mL with hexane and transferred to a screw-capped glass storage bottle.  An 

aliquot was transferred to a vial with crimp top closure for analysis.     
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Samples and standards were analyzed using a Perkin Elmer (Shelton, CT) 

Autosampler XL gas chromatograph fitted with a BPX70 (SGE Analytical Science, Austin, 

TX) capillary column (30 m length, 0.25 mm i.d., 0.25 µm film thickness).  Helium at 20 psi 

(1.85 mL/min) was the carrier gas.  A Flame Ionization (FID) detector set at 265°C was used 

with hydrogen (flowing at 45 mL/min) and air (flowing at 450 mL/min).  The injector was a 

split, packed type set at 220°C with a split flow ratio of 40:1 (76.9 mL/min).  The 

temperature program was: 60°C for 2 min, then increased to 180°C at 10°C/min, and then 

increased to 235°C at 4°C/min. The total run time for each sample 27.7 min.  The results 

were reported as percent of the total fatty acids based on peak areas according to AOCS CE 

1f-96 (Firestone, 2004).   

Determination of Phytosterol Content 

Phytosterols were analyzed in the cashew nuts as trimethylsilylesters based on the 

method outlined in Maguire et al. 2004.  50-100 mg of oil was weighed into screw capped 

glass tubes in triplicate.  To each tube, 300 µL of 50% (w/v) potassium hydroxide (KOH), 

1.5 mL 1% pyrogallol in ethanol, and 500 µL of cholestane internal standard (Sigma-Aldrich 

Corporation, St. Louis, MO) solution in ethanol, were added.  50% (w/v) KOH (Thermo 

Fisher Scientific, Waltham, MA) had been prepared by adding 50 g of solid KOH into a 400 

mL beaker with 50 g of water, stirring, and transferring to a screw capped plastic bottle for 

storage.  1% pyrogallol in ethanol had been prepared by adding 0.5 g of pyrogallol (Thermo 

Fisher Scientific, Waltham, MA) to a 100 mL beaker with 50 mL of 95% ethanol (Thermo 

Fisher Scientific, Waltham, MA) and stirring until dissolved.  5-alpha-cholestane (Sigma 

Aldrich, St. Louis, MO) in ethanol (100 µg/mL) was prepared by dissolving 10 mg of 

cholestane in 100 mL of ethanol.  After the reagents were added, samples were saponified in 
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a 70ºC water bath for 30 minutes.  After 30 minutes, the tubes were cooled on ice.  To each 

tube, 1 mL of water and 4 mL of hexane were added.  The tubes were vortexed at high speed 

for 30 seconds.  Upon layer formation, the hexane (top) layer was removed and transferred to 

a second glass vial.  Next, 2 mL additional hexane was added to each original tube and the 

tubes were capped, vortexed, and placed in the centrifuge for 10 minutes at 1,000 rpm.  The 

hexane (top) layer was transferred again to the second vial.  The vials containing only the 

hexane layer were then dried using nitrogen gas.  Once the hexane had evaporated, 200 µL of 

hexane was added to each vial.  The vials were vortexed and sonicated to dissolve all 

particulates.  The contents of the vials were transferred to crimp top autosampler vials.  To 

each tube, 100 µL of Tri-Sil reagent was added to derivatize the phytosterols in each sample 

into trimethylsilylesters.  The vials were sealed and heated at 75ºC for 30 minutes.  The 

internal standard solution (100 µg/mL) of 5-alpha-cholestane in ethanol was added to a crimp 

top autosampler vial and the solvent was evaporated.  25 µL of Plant Sterol Standard mix 

(Matreya LLC, Pleasant Gap, PA), 175 µg of hexane, and 100 µL of Tri-Sil were added to 

the vial.  The vial was sealed, vortexed, and heated at 75ºC for 30 minutes along with the 

samples. 

A DB-5 column (J&W, Folsom, CA) (30 m length, 0.25 mm i.d., 0.25 µm film 

thickness) was used to analyze the samples and standards on a Perkin Elmer (Shelton, CT) 

Autosampler XL gas chromatograph.  The carrier gas was helium at 15 psi.  An FID detector 

at 305ºC was used with hydrogen flow at 45 mL/min and the air flow at 450 mL/min.  The 

injector was a split, packed type set at 235ºC, with a split flow ratio of 20:1 (70 mL/min).  

The temperature program was: 100°C for 0.2 min, 305ºC at 10ºC/min and holding for 15 
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min.  The total run time was 35.7 min.  Phytosterol content was calculated using the relative 

response factors for each sterol.   

Determination of Phospholipid Content  

The method from Lee et al. 2011 was adapted and used to analyze the cashew 

samples for phospholipid content in triplicate.  Analytically, 1.0 g of each cashew sample 

was weighed into a 50 mL glass centrifuge tube.  To each tube, 1.5 mL of 10% (wt./vol) 

calcium chloride (CaCl) solution (prepared by dissolving 10 g of CaCl (Thermo Fisher 

Scientific, Waltham, MA) in water and diluting to 100mL) was added.  Then, 3.5 mL of 

HPLC water from an Elga Pure Lab Classic system (ELGA LabWater, Buckinghamshire, 

UK) was added to each tube.  The tubes were vortexed for 30 seconds and then 40 mL of 2:1 

(vol/vol) chloroform/methanol mixture was added.  The total mixture was vortexed again for 

one minute and then centrifuged at 1000 x g for 10 minutes.  After centrifugation, the 

chloroform (bottom) layer was extracted and filtered.  The extraction procedure was repeated 

twice more by adding 20 mL of 2:1 (vol/vol) chloroform/methanol solution, vortexing, 

centrifuging, extracting, and filtering.  The chloroform extracts were collected together and 

dried under nitrogen gas using a Turbovap (Biotage, Uppsala, Sweden).  The samples were 

evaporated until approximately 1 mL of solution remained.  The samples were transferred to 

storage vials and brought up to 1.5 mL with 2:1 (vol/vol) chloroform/methanol solution.     

Solid phase extraction was employed to remove neutral fat and capture the polar fat 

using the method adapted from Donato et al. 2011.  Silica normal phase SPE cartridges were 

used to concentrate the remaining phospholipids.  First, the cartridges were conditioned with 

4 mL of hexane.  The samples were then loaded in 0.5 mL aliquots.  The neutral lipids were 

eluted from the column using 3 mL of 8:1 (vol/vol) hexane/ethyl ether followed by 3 mL of 
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1:1 (vol/vol) hexane/ethyl ether.  Then, the polar lipids were eluted from the column using 4 

mL of methanol, followed by 2 mL of methanol, and finally 2 mL of 3:5:2 (vol/vol/vol) 

chloroform/methanol/water.  Once the polar lipids were collected, the solvents were 

completely evaporated under nitrogen gas.  The polar lipids were redissolved in 0.5 mL of 

2:1 (vol/vol) chloroform/methanol solution.  The lipids were then filtered with a 0.2 µm 

PTFE filter into amber HPLC vials. 

A Waters Ultra Performance Liquid Chromatogram (UPLC) (Waters Corp., Milford, 

MA) equipped with an evaporative light scattering detector (ELSD) was used to separate the 

phospholipids.  The drift tube temperature was 85ºC and the nitrogen gas flow rate was set at 

1.75 L/min.  The column was an HILIC type (BEH HILIC 1.7 µm 150 x 2.1 mm) (Waters 

Corp., Milford, MA) with the temperature set at 30ºC.  Quantification of compounds was 

performed using standard curves of phosphatidylcholine, phosphatidylserine, 

phosphatidylethanolamine, and sphingomyelin (Avanti Polar Lipids, Alabaster, AL) ranging 

from 2 µg/mL to 5 µg/mL.  Gradient elution was used with mobile phase A of 100% 

acetonitrile, mobile phase B of 100% water, and mobile phase C of 200 mM ammonium 

acetate pH 5.5.  The gradient was set up as described in Table 1.   

Table 1. LC gradient for analysis of phospholipids 

Time (min)  Flow (mL/min) %A  %B  %C 

0.0   0.6   95  0  5 

2.0   0.6   95  0  5 

12.0   0.6   73  22  5 

13.0   0.6   95  0  5 
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Determination of Carotenoid Content 

Β-carotene was measured in the samples based on the method outlined in Trox et al. 

2010.  Whole cashew homogenate was used for extraction and saponification of carotenoids.  

100 mg of each sample was mixed with 2 mL of 2.5% pyrogallol in ethanol and 1 mL of 50% 

KOH.  The samples were saponified under nitrogen gas using a hot water bath for 4h at 

38°C.  After the incubation period, 2 mL of saline solution was added to each tube.  The fat-

soluble substances were captured from the solution by adding 1 mL of hexane to the tubes, 

vortexing, allowing layers to form, and removing the top layer.  This process was performed 

twice to ensure complete extraction.  The fat-soluble portions in hexane were combined and 

washed with saline solution.  Nitrogen gas was used to evaporate the hexane.  The dried 

residue was redissolved in 200 µL of ethanol.  Samples were then loaded into screw-capped 

autosampler vials and analyzed.   

A Luna Silica 5µ column (Phenomenex, Torrance, CA), 250 mm length, 4 mm i.d., 

fitted with a Silica guard column was used for the analysis of β-carotene.  A column oven 

was set at 40°C.  A mobile phase of 82% acetonitrile, 15% dioxane, and 3% methanol 

containing 100 mM ammonium acetate and 0.1% trimethylamine was set to recirculate.  The 

flow rate was 1.6 mL/min.  A Waters 2487 Dual Wavelength Absorbance Detector (Waters 

Corp., Waltham MA), set at 450 nm was used as the detection method.  A standard curve was 

prepared using β-carotene purchased from Sigma Aldrich (St. Louis, MO) for the 

quantification of β-carotene in the samples.   

Determination of Vitamin K Content 

Vitamin K content was analyzed in accordance with the method outlined in Piironen 

& Koivu, 2000, and Otles & Cagindi, 2007.  The entire experiment was performed under low 
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actinic lighting to prevent degradation of light sensitive compounds.  Triplicate samples were 

prepared by weighing 200 mg of cashew oil into amber screw-capped autosampler vials and 

adding 0.8 mL of 1% 2-propanol in hexane.  The vials were capped and vortexed before 

analysis.  Vitamin K1 standard (Sigma Aldrich, St. Louis, MO) and Vitamin K2 standard 

(Sigma Aldrich, St. Louis, MO) were prepared by dissolving 10 mg of each reagent in 

separate 100 mL volumetric flasks, filling to volume, and inverting.  Working standards were 

prepared using 90:10 (v/v) methanol/dichloromethane and concentrations of the standards 

were confirmed with a spectrophotometer set at 248 nm.  Samples and standards were 

analyzed using the same HPLC specifications outlined in the Determination of Tocopherols 

section, with the only modification being a change in wavelength to 248 nm.   

Determination of Sugar Profile 

The cashew meal used in the oil extraction was further processed to remove all fat 

from the sample.  The meal was pulverized and passed through a sieve to produce a fine 

flour.  The flour was put into a cellulose thimble and inserted into a Soxlet apparatus and 

extracted with hexane for 6 hours to completely remove all remaining fat from the cashew 

flour.  The thimbles and their defatted contents were allowed to dry at room temperature 

overnight.  The dried flour was stored in 50 mL plastic tubes at 4°C until analysis.   

The three cashew products were prepared in triplicate using the defatted flour in 

addition to three replicates of a control sample (Cheerios).  90-100 mg of defatted cashew 

flour was weighed out into a 25 mL screw capped tube.  15 mL of 65:25:15 (vol/vol/vol) 

chloroform/methanol/water was added to each sample and sonicated for 15 minutes.  The 

samples were centrifuged using the IEC Model K centrifuge (Block Scientific, Inc., Bellport, 

NY) set at 1000 rpm for 20 minutes.  The solvent was decanted into a 50 mL beaker and the 
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solid pellet of remaining cashew flour was discarded.  The solvent evaporated overnight at 

room temperature.   

An internal standard solution was prepared with 80 mg of lactose (Sigma Aldrich, St. 

Louis, MO) and 40 mg of cellobiose (Sigma Aldrich, St. Louis, MO) by volumetrically 

diluting to 100 mL with water.  1 mL of internal standard solution was added to each dried 

sample residue and samples were sonicated.  A 0.050 mL aliquot of sample solution was 

diluted to 2 mL in water, then passed through a Dionex OnGuard-H filter (Dionex, 

Sunnyvale, CA).  The samples were then analyzed using HPLC with the standards, prepared 

as described below.   

A sugar standard stock solution was prepared by weighing 5 mg of myo-Inositol 

(Sigma Aldrich, St. Louis, MO), 15 mg of fructose (Thermo Fisher Scientific, Waltham, 

MA), 50 mg of sucrose (Thermo Fisher Scientific, Waltham, MA), 20 mg of raffinose 

(Sigma Aldrich, St. Louis, MO), and 20 mg of stachyose (Sigma Aldrich, St. Louis, MO) and 

diluting volumetrically to 50 mL.  The HPLC working standard was prepared by diluting 

0.25 mL of internal standard solution and 0.25 mL of sugar standard stock solution to 10 mL 

with water.   The standard solution was passed through Dionex OnGuard-H column into a 

screw-capped autosampler vial.    

The samples and standards were run on a Dionex Bio LC fitted with a Dionex 

CarboPacTM PA-1 column (250 mm length, 4 mm i.d.) and a CarboPacTM PA-1 guard 

column.  The column oven was set at 25°C.  The mobile phase was 200 mM sodium 

hydroxide and the injector solvent was water.  Mobile phase was prepared by mixing 20.8 

mL of 50% sodium hydroxide solution (Thermo Fisher Scientific, Waltham, MA) with water 

and filling to 1 L in a graduated cylinder.   Without stirring, the mixture was decanted to a 
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Dionex 2 L plastic mobile phase bottle.  1000 mL of water was added to the bottle, and the 

solution was sparged with helium for 2 hours to mix.  The flow rate was 1.0 mL/minute and 

the detector was a Dionex Pulsed Amperometric Detector (PAD) using the waveform 

described in Table 2.  The sensitivity was adjusted to change the scale of the resulting peaks 

as described in Table 3.  Individual and total sugar concentrations were calculated using peak 

heights and relative response factors of internal standards to sugar peaks.   

Table 2. Carbohydrate PAD waveform 

Number  Time (sec)   Potential (V)  Integration 

1   0.00   +0.10    

2   0.20   +0.10   Begin 

3   0.40   +0.10   End 

4   0.41   -2.00   

5   0.42   -2.00   

6   0.43   +0.60  

7   0.44   -0.10 

8   0.50   +0.10 

 

Table 3. Sensitivity adjustments for carbohydrate analysis 

Time (min)  Value (nC) 

Initial   100 

0.0   100 

4.5   500 

7.0   100 

15.0   100 

 

Determination of Total Nitrogen 

 Total nitrogen was measured in the cashew nuts by the Dumas method using an 

Elementar Vario Cube Macro CHN (Elementar, Germany).  The samples (n =3) were 

combusted with a steady flow of pure oxygen.  Carbon was converted to carbon dioxide and 

nitrogen was converted to nitrogen oxides.  The weights of gases were determined by gas 
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chromatography using a thermal conductivity detector.  A conversion factor of 5.6 and 

equation 8 were used to convert % nitrogen to % protein (Mariotte et al., 2008).   

Eq 8: % nitrogen x 5.6 = % protein in cashews 

Determination of Total Protein 

 The total % protein in the cashew samples (n = 5) was measured with a CEM Sprint 

Protein Analyzer (Matthews, NC).  Samples were prepared by weighing 0.22-0.28 g of whole 

cashew homogenate in disposable sample cups and transferring to the instrument.  The 

instrument determined the total protein content in each sample by tagging the basic amino 

acid side chains with an acidic crocein orange G.  The instrument had been factory calibrated 

for cashews using the Kjeldahl method.     

Determination of Total Amino Acids 

A. Free Amino Acids 

Defatted cashew flour was weighed into Eppendorf tubes in triplicate with 1 mL of 0.02 

N hydrochloric acid (HCl).  The tubes were vortexed and then centrifuged at 1800 rpm using 

an Eppendorf Centrifuge (Eppendorf, Hamburg, Germany).  The liquid was transferred to an 

autosampler vial with a pre-slit septum cap.  Amino Acid standard mixture (Pierce Chemical 

Corp., Rockford, IL) containing 2.5 µmol of 18 different amino acids was diluted with 0.02 

N HCl to produce the standard curve ranging from 1 to 5 nanomolar.  The samples and 

standards were analyzed using a Hitachi Model L-8900 Amino Acid Analyzer (Hitachi High 

Technologies, Dallas, TX) according to the manufacturer specifications.   

B. Analysis of Amino Acids Other than Tryptophan 

The first stage of amino acid analysis involved performic acid oxidation was performed 

on the samples to protect the sulfur containing compounds during processing (Rayaprolu et 
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al., 2015).  60 mL of performic acid was prepared by mixing 0.3 g Phenol with 6 mL 

hydrogen peroxide and 54 mL of formic acid.  The solution was allowed to rest at room 

temperature for 30 min and then chilled in an ice bath for 15 min prior to being used on the 

samples.  Cashews samples were weighed in 0.1 g aliquots in triplicate into CEM vials.  

Additionally, 50 mg of Standard Reference material (NIST 2358) was also prepared in 

duplicate as a reference sample.  To each vial, 5 mL performic acid was added.  The vials 

were capped, vortexed for 15 minutes, and left in an ice bath overnight.  After 16 hours, the 

samples were quenched with 0.84 g of sodium metabisulfite, stirred for 10 minutes, and 

evaporated using a Savant SpeedVac (Savant, Osterville, MA) for 2 hours.  After the solvent 

had evaporated from the samples, 4 mL of 6 N HCl with 1% phenol was added to each vial.  

6N hydrochloric acid with 1% phenol was prepared by diluting 500 mL of 12N HCl to 1000 

mL using distilled water.  Then, 10 g of phenol was dissolved into a 1000 mL flask with the 

6N HCl.  The vials were capped, vortexed, and left on a heating block set at 110-120°C for 

24 hours.  After the digestion, the samples were brought up to 25 mL with 0.02 N HCl and 

filtered to remove particulate.  The filtrate was then pipetted into a split-capped autosampler 

vial in a 1:5 ratio of sample to 0.02 N HCl.  The samples and standards were analyzed using 

a Hitachi Model L-8900 Amino Acid Analyzer (Hitachi High Technologies, Dallas, TX) 

using the manufacturers gradient.  A standard mixture of amino acids was also prepared for 

the generation of a standard curve using the same method outlined in Free Amino Acids.   

C. Tryptophan 

Tryptophan analysis was performed in accordance to the method of Kuminek et al. 

2011.   Samples were weighed out in triplicate in an amount such that 25 mg of protein was 

present in the sample.  In the cashews, the amount was 0.070 to 0.080 g of defatted meal.  
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Additionally, 50 mg of Standard Reference material (NIST 2358) was prepared in triplicate 

as a reference sample.  In each reaction vessel, 2 mL of 4.2 N sodium hydroxide (NaOH) in 

water (prepared by dissolving 33.6 g NaOH in water and filling volumetrically to 200 mL), 

50 mg of dried, hydrolyzed starch (Thermo Fisher, Waltham, MA), and 1 drop of octanol 

(Sigma Aldrich, St. Louis, MO) was added along with a stir bar.  The samples were then 

flushed with nitrogen for 30 seconds, capped, and vortexed.  The samples and standards were 

then digested using a CEM Discover Hydrolyzer (CEM, Matthews, NC) according to the 

program outlined in Table 4.   

Table 4. Digestion program for CEM discover reaction system 

Stage Temperature (°C) Time (min) Pressure (psi)  Power  Stirring  

1 100   1:30  249   200  high 

2 125   1:30  249   200  high 

3 145   1:30  249   200  high 

4 165   10:00  275   200  high 

 

A 0.2 M phosphate buffer was prepared by weighing out 5.68 g of sodium phosphate 

dibasic, 8.28 g of sodium phosphate monobasic, and 0.1 g of sodium azide into a 600 mL 

beaker with 450 mL of distilled water.  The solution was adjusted to pH 7.0 with sodium 

hydroxide before being transferred to a 500 mL volumetric flask and diluting to volume.   

After the samples cooled to room temperature, 1.4 mL of 6 N hydrochloric acid was 

added to each sample and the digests were transferred to corresponding 25 mL volumetric 

flask containing 5 mL of 95% ethanol.  The reaction vessels were rinsed with 0.2 M 

phosphate buffer and the buffer residue was transferred to the volumetric flasks.  The flasks 

were then diluted to volume with phosphate buffer.  The samples were filtered through 0.45 

µm membrane filters into a screw-capped autosampler vials.   
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A Thermo Finnigan HPLC (Thermo Quest, San Jose, CA) fitted with a C18, 250 x 

4.6 mm, 5 µm particle size column was used for the analysis of tryptophan.  The injection 

volume was 10 µL and the column oven was set to 30ºC.  The detection was by UV at a 

wavelength of 280 nm.  The flow rate was 1.5 mL/min.  The mobile phase was 90% 0.02M 

phosphate buffer at pH 3.3 and 10% LC grade acetonitrile.  Tryptophan in the samples was 

determined using an external standard curve from an authentic tryptophan standard (Pierce 

Chemical Corp., Rockford, IL).   

Determination of Thiamin and Riboflavin Content 

Thiamine and riboflavin were analyzed using a VitaFast® microbiological plate test 

purchased from r-biopharm (Darmstadt, Germany).  The analyses were performed with 

triplicate samples according the instructions provided by the test kit.  Additionally, since the 

tests were of microbiological nature, all preparation of the standards and 96 well plates were 

performed in a BSL-2 hood to prevent any contamination.   

Determination of Niacin Content 

Niacin content of the cashews was performed according to the AOAC 961.14 non-

cereal food method (Latimer, Jr., 2012).  28.35 g of defatted cashew flour was weighed into 

600 mL beakers in triplicate.  Additionally, 5 g of Tang (Kraft Foods, Northfield, IL) was 

weighed out into a beaker and used as a control sample.  To each 600 mL beaker, 200 mL of 

1 N sulfuric acid was added and mixed.  The samples were covered with aluminum foil, 

punctured for steam escape, and autoclaved for 30 minutes in an Amsco Scientific Series 

3021-S Gravity autoclave (Steris, Mentor, OH).  A niacin stock standard was prepared by 

adding 0.050 g nicotinic acid standard (Sigma Aldrich, St. Louis, MO) to a 500 mL 
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volumetric flask, adding 450 mL 25% 3A alcohol, mixing, and diluting to volume.  Niacin 

working standard was prepared by diluting 8 mL of the stock standard in water to 200 mL. 

For the duration of the experiment, low actinic lights were used.  The samples were 

removed from the autoclave and rapidly cooled in an ice bath.  Once the samples cooled to 

room temperature, the pH of each sample was raised to 4.5 with 10 N sodium hydroxide and 

an Isotemp pH meter (Thermo Fisher Scientific, Waltham, MA).  Samples were then 

transferred to 250 mL volumetric flasks, diluted to 250 mL with distilled water, and vacuum 

filtered to remove particulates using Whatman #42 filter paper (Whatman Inc., Florham Park, 

NJ).  40 mL of each supernatant was transferred to 50 mL volumetric flasks containing 17 g 

ammonium sulfate, and diluted to volume with distilled water.  Additionally, 0, 10, 20, 30, 

and 40 mL of the working standard was pipetted into the corresponding 50 mL volumetric 

flasks and diluted to volume with distilled water.  All flasks were vigorously shaken and 

filtered by vacuum using Whatman #42 filter paper.  1 mL aliquots of the supernatant were 

pipetted into two 50 mL glass screw top tubes.  One tube was used as a blank and one was 

used for the sample.  5 mL of distilled water were added to the blanks.   

The remainder of the procedure was performed in a fume hood.  A Genesys 20 UV-

VIS spectrophotometer (Thermo Fisher Scientific, Fairlawn, NJ) was set to 470 nm in 

absorbance mode.  Each blank and sample was prepared and measured one at a time.  Blanks 

were prepared by adding 0.5 mL 0.3 N ammonium hydroxide, vortexing, adding 2 mL 10% 

sulfanillic acid, vortexing, adding 0.5 mL 2.4 N hydrochloric acid, vortexing, and reading on 

the spectrophotometer.  Samples were prepared and measured one at a time.  Samples were 

prepared by adding to each tube 0.5 mL 0.3 N ammonium hydroxide, vortexing, 5 mL 10% 

cyanogen bromide, vortexing for 30 seconds, adding 2 mL of 10% sulfanilic acid, vortexing, 
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0.5 mL water, and vortexing.  The reading was made as the maximum absorbance started to 

decrease, which occurred within 2 minutes.   

The niacin standard curve was generated by plotting ΔAstd (Astd – Ablank) vs. 

niacin concentration (µg/mL). The niacin concentrations (µg/mL) for each sample could be 

determined using the best fit line for the standards and the ΔAsample (Asample – Ablank) for 

the samples.  To determine the niacin amount in mg/100g, equation 9 was used. 

Eq. 9: C from curve (µg/mL) x   1st vol (mL)       x    2nd vol (mL)         x     1 mg         x 100 

             Sample wt. (g)          1st aliquot (mL)          1000 µg 

 

Determination of Cashew Mineral Content 

 Planters and Karma brand cashews were analyzed for their mineral content using 

Inductively Coupled Plasma (ICP) Spectroscopy by the Analytical Spectroscopy Service 

Laboratory at the North Carolina State University (Raleigh, NC).  The samples were 

analyzed in triplicate for phosphorous, potassium, calcium, magnesium, sodium, iron, 

copper, manganese, and zinc.   

Determination of Total Phenolics 

The method for measuring total phenolics was adapted from Singleton et al. 1974.  

Whole cashew samples were homogenized to a fine meal using a Krups coffee grinder 

(Krups, Solinger, Germany). Four grams of each ground sample was extracted with 12 mL of 

volumetrically weighed 80% acidified ethanol in water (prepared by volumetrically mixing 

glacial acetic acid, 100% ethanol, and HPLC grade water in a 0.5:80:19.5 ratio).  The tubes 

were then vortexed for 1 minute, sonicated for 10 minutes, vortexed again for 20 seconds, 

and sonicated for another 10 minutes. The tubes were centrifuged for 5 minutes in an IEC 

Model K centrifuge (Block Scientific, Inc., Bellport, NY) at 1000 rpm.  The supernatant was 
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transferred to a clean storage tube.  The process of adding solvent, vortexing, sonicating, and 

centrifugation was repeated a second time and the supernatant was collected for analysis.   

A 20% sodium carbonate solution was prepared by adding 200 g of anhydrous 

sodium carbonate (Thermo Fisher Scientific, Waltham, MA) to 800 mL of deionized water.  

The beaker was placed on a hot plate and was gently stirred and heated to boiling.  The 

solution was allowed to remain on the hot plate until all of the sodium carbonate was 

dissolved.  Upon complete dissolution, the solution was allowed to cool to room temperature.  

Then, the solution was seeded with a few spatulas of fresh sodium carbonate.  Afterwards, 

the beaker was covered with parafilm and allowed to rest at room temperature for 24 hours.  

Finally, the solution was filtered and transferred to a 1 liter volumetric flask and brought to 

volume with water.  The phenolic stock solution was prepared fresh on the day of the 

analysis.  0.5 g (Thermo Fisher Scientific, Waltham, MA) gallic acid was weighed into a 100 

mL volumetric flask and 10 mL of ethanol was added.  The gallic acid was dissolved by 

swirling the flask and brought to volume with water.   

The standard assay was prepared in triplicate.  Glass tubes were labeled as 0, 0.1, 0.2, 

0.3, 0.5, 1.0, and 1.5 mL and filled with corresponding amounts of phenolic stock solution.  

Deionized water was added to each tube to make the total volume equal to 10 mL.  The tubes 

were thoroughly mixed.  A second set of tubes were labeled with 0, 50, 100, 150, 250, 500, 

and 750.  0.1 mL of the standards in the first set of tubes was pipetted into the corresponding 

tube in the second set of tubes.  To each tube, 7.9 mL of deionized water was added and 

mixed.  Finally, 0.5 mL of the Folin-Ciocalteu reagent (Sigma Aldrich, St. Louis, MO) was 

added.  After 30 seconds, 1.5 mL of 20% sodium carbonate solution was added and mixed.  

The tubes were then allowed to sit in the dark for 2 hours at room temperature.  The 
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standards were read on a UV-VIS PharmaSpec (Shimadzu, Durham, NC) at 765 nm using the 

0 standard solution as a blank.   

Samples were prepared in triplicate.  0.1 mL of each sample was pipetted into a glass 

test tube.  To each tube, 7.9 mL of water was added and mixed.  0.5 mL of the Folin-

Ciocalteu reagent was added to each tube and the tubes were mixed.  After 30 seconds, but 

before 8 minutes, 1.5 mL of 20% sodium carbonate solution was added and mixed in each 

tube.  The tubes were left in the dark at room temperature for 2 hours.  The samples were 

read at 765 nm.   

The standard curve was generated by plotting gallic acid vs absorbance at 765 nm.  

The amount of gallic acid in the samples was calculated using the linear equation from the 

standard curve and equation 10.   

Eq. 10: C (from curve) meq Gallic Acid x 24 mL cashew extract x 0.1 mL cashew extract  

                4 g whole cashew 

 

Determination of Total Antioxidant Activity  

The antioxidant activity was measured in cashews according to the AOAC Method 

1012.04 outlined in Plank et al. 2012.  The entire reaction was performed under low actinic 

light to protect the compounds from degrading.   

2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent (Thermo Fisher Scientific, Waltham, 

MA) was prepared by analytically weighing 20 mg of dry DPPH and dissolving in a 500 mL 

volumetric flask with 400 mL of methanol.  The flask was sonicated until all particulates 

were dissolved and filled to volume with methanol.  The solution was used immediately and 

discarded at the end of the experiment.  Trolox standard (Thermo Fisher Scientific, Waltham, 

MA) was prepared by weighing out 50 mg dry Trolox into a 100 mL volumetric flask 
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containing 50 mL of methanol.  The solution was inverted until all Trolox was dissolved and 

the flask was filled with distilled water.  

For the standard curve, aliquots of 0, 5, 10, 20, 40, 60, and 80 µL of Trolox solution 

were pipetted into screw-capped glass vials.  To each vial, 5 mL of 40 mg/L DPPH solution 

was added.  Additionally, 3 tubes to serve as a reagent blank were prepared.  0.1 mL of 80% 

methanol was pipetted into a screw-capped tube with 5 mL of 40 mg/L DPPH reagent.  The 

vials were capped, inverted, and allowed to incubate at 35ºC for 2 hours along with the 

samples.    

2 g of whole cashew homogenate was weighed out into Teflon microwave vessels in 

triplicate.  50 mL of 80% methanol was added to each.  The samples were then microwaved 

for 15 minutes using a CEM Mars 6 Microwave Digester (CEM, Matthews, NC).  Upon 

cooling, the samples were filtered and brought up to 50 mL in volumetric flasks with 80% 

methanol.  0.1 mL of raw and roast cashew extracted material was pipetted into each screw-

capped glass vial.  10 µL of wrapped cashew extracted material was pipetted into each 

screw-capped glass vial.  To each vial, 5 mL of 40 mg/L DPPH was added.  Samples were 

capped, inverted, and allowed to incubate at 35ºC for 2 hours.  After the reaction was 

complete, sample, standard, and blank absorbancies were measured at 517 nm using a 

Shimadzu UV-1700 PharmaSpec spectrophotometer (Durham, NC). 

From the absorbance readings, %DPPH quenched was calculated using equation 11.  

% DPPH quenched was plotted against the weight of Trolox standard and a linear regression 

line was generated.  The regression line and equation 12 were used to determine the amount 

of Trolox equivalents present from the cashew samples.    

Eq. 11: (1-Asample/Ablankavg) x 100%    
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Eq. 12: mg Trolox equivalents (from standard curve)  

  mL cashew extract used x (50 mL / initial sample wt. mg) 

Determination of Oxygen Radical Absorbance Capacity 

 Oxygen radical absorption capacity (ORAC) was measured in the cashew samples 

based on the method from Constanza et al. 2012.  The entire experiment was performed 

under low actinic lighting to prevent degradation of phenolic compounds.  In triplicate, 0.5 g 

of defatted cashew flour was weighed out into 15 mL plastic centrifuge tubes and 5 mL of 

0.5% acetic acid in methanol was added to each tube.  The tubes were capped, vortexed for 1 

minute, sonicated for 20 minutes, and centrifuged for 10 minutes.  The supernatant was 

collected in a 50 mL plastic centrifuge tube and the process was repeated two more times, 

collecting the supernatant in the same 50 mL centrifuge tube.  A 0.075M potassium 

phosphate buffer was prepared by making 500 mL of 0.075 M monobasic potassium 

phosphate (Thermo Fisher Scientific, Waltham, MA) and 1000 mL of 0.075 dibasic 

potassium phosphate (Thermo Fisher Scientific, Waltham, MA).  The monobasic solution 

was slowly added to the dibasic solution until a pH of 7.4 was reached.  The samples were 

diluted 10 and 100 fold in the phosphate buffer.   

 Trolox (Thermo Fisher Scientific, Waltham, MA) standards were prepared by 

dissolving 250 mg of Trolox in 50 mL of the phosphate buffer to create a 20 mM stock 

solution.  Serial dilutions using phosphate buffer were performed until a working standard 

solution of 500 µM was reached.  Using the working standard, serial dilutions were 

performed to generate solutions of 50, 25, 12.5, 6.25, and 3.175 µM Trolox in phosphate 

buffer.   
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Aliquots of 130 µL of samples and standards were pipetted into a 96 well plate.  To 

each well, 60 µL of fluorescein (Riedel-De Haen, Switzerland) (prepared by dissolving 0.025 

g of fluorescein in 50 mL of the phosphate buffer and using serial dilutions to generate a 

working reagent of 3480 nM) was added.  The plate was loaded into a Tecan Safire 

microplate reader (Tecan Group Ltd., Switzerland) for 15 minutes to equilibrate to 37ºC.  

During the equilibration period, a 153 mM 2,2’-Azobis(2-amidinopropane) dihydrochloride 

(AAPH) solution (Sigma Aldrich, St. Louis, MO) was prepared by dissolving 0.4148 g 

AAPH in 10 mL of phosphate buffer.  The AAPH was pipetted into each well, the plate was 

incubated at 37°C for 90 minutes.  The Tecan program was set to run 90 kinetic cycles of 60 

seconds each.  Data was read 10 times throughout the 90 minute period.  The excitation 

wavelength was 483 nm and the emission wavelength was 525. 

Determination of Procyanidin Content 

Procyanidins were analyzed according to the method outlined in Constanza et al. 

2012.  Defatted cashew flour was used in this analysis.  Triplicate samples 0.2 g were 

analytically weighed into glass screw capped tubes.  To each tube, 1 mL of 70% ethanol was 

added.  The samples were sonicated for 5 minutes and then centrifuged for 5 minutes.  The 

samples were transferred to centrifugal filters and centrifuged again for 5 minutes using an 

Eppendorf Centrifuge (Eppendorf, Hamburg, Germany).  The filtered supernatant from each 

sample was transferred to a tinted screw-capped vials and were analyzed on an HPLC.  

Standards of catechin (Sigma Aldrich, St. Louis, MO), epicatichin (Sigma Aldrich, St. Louis, 

MO), procyanidin A2 (ChromaDex, Irvine, CA), a procyanidin trimer (Planta Analytica, 

Danbury, CT), and a procyanidin tetramer (Planta Analytica, Danbury, CT) were purchased 

and used as external standards for calibration.   
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A Dionex Summit HPLC (Dionex Corp., Sunnyvale, CA) was fitted with a Luna 

silica column (Phenomenex, Torrance, CA) (5 µm, 250 x 4.6) and an RF2000 fluorescence 

detector.  The column oven was set to 37°C.  The flow rate was 1 mL/min and peaks were 

monitored using fluorescence with excitation at 276 nm and emission of 316 nm.  Monomers 

(DP1) through tetramers (DP4) were quantified based on the standard calibration curves.  All 

procyanidins with more than DP4 were expressed as DP4 equivalents.   

Determination of Small Molecule Phenolics 

Accelerated solvent extraction was used to extract the phenolics from the cashew 

samples based on the method outlined in Li et al. 2004.  In triplicate, 0.5 g of defatted 

cashew flour was weighed out and mixed with 25 g of clean sand.  The mixture was then 

filled into an extraction cell.  The cells were extracted with 80% methanol with a Dionex 

Accelerated Solvent Extraction (ASE) system (Dionex, Sunnyvale, CA) set at 1600 psi and 

100°C.  Three cycles were run, consisting of 5 minutes of heating and 5 minutes of cooling.  

Once the extraction was complete, all of the samples were diluted to 50 mL total in 80% 

methanol.  1 mL of each sample was filtered and placed in screw-capped vial for HPLC 

analysis.  Epicatechin (Sigma Aldrich, St. Louis, MO) was prepared for use as a standard.  

Stock solution (250 µg/mL) was prepared by dissolving 0.0025 g of epicatechin in 10 mL of 

acetone:water:acetic acid (AWA) (70:29.5:0.5).  A standard curve was generated by diluting 

the stock solution to range of 12.5 to 250 µg/mL.   

A Thermo Finnigan HPLC (Conquor Scientific, San Diego, CA) fitted with a C18, 

250 x 4.6 mm, 5 µm particle size column was used for the analysis.  The flow rate was 1 

mL/min and the mobile phase was a mixture of methanol:water:glacial acetic acid (20:80:1.0, 
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v:v).  UV detection at 287 nm was used.  Peak areas of the small phenolics were quantified as 

epicatechin using the external calibration curve. 

Determination of Cashew Nut Shell Liquid Residue 

The presence of cashew nut shell liquid (CNSL) was determined using a method 

adapted from Paramashivappa et al. 2001.  Whole nut cashew homogenate was used in 

triplicate for the analysis.  10 g of each sample was weighed out into a cellulose thimble.  

The samples were placed in Soxlet tubes and extracted with hexane for 6 hours to extract the 

oil.  After the extraction, the hexane was evaporated and 0.05 g of the residue was dissolved 

in 5 mL of acetonitrile.  The samples were transferred to HPLC autosampler vials for 

analysis.  An authentic sample of CNSL was obtained from Dr. Mihail Ionescu (Pittsburg 

State University, Pittsburg, KS) and used as a standard.  A stock solution of 1270 µg/mL of 

authentic CNSL was prepared in acetonitrile and a standard curve was prepared from the 

stock, ranging from 1.27 to 1270 µg/mL.   

The samples and standards were run using a Dionex summit HPLC (Dionex, 

Sunnyvale, CA) fitted with a Lichrosphere (Fisher Scientific, Waltham, MA) 100 RP-18, 5p, 

250 x 4.6 mm column.  The column oven set to 30°C.  The UV detector was set to 280 nm.  

The injection volume was 20 µL and the flow rate was 1.2 mL/min.  An injector solvent of 

1:1 acetonitrile: water was used.  The mobile phase was 80:20:1 acetonitrile: water: acetic 

acid.   
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RESULTS AND DISCUSSION 

Moisture  

 The moisture method was optimized for cashews to avoid over dryness due to losses 

in compounds other than water that could possibly skew the data.  The optimum point to 

measure dry weight was determined by the % moisture DWB vs time curve (Figure 1).  The 

point at which the % moisture values became negative (i.e. crossed the x-axis) was the point 

at which all of the water had evaporated and additional losses were due to destruction of 

other compounds causing reductions in nut weight.  Figure 1 indicated that the optimum time 

to measure cashew dryness was after 6 hours in the forced-draft oven, which is the same 

amount of time required for peanuts (Young et al., 1982).   Hence, the calculations for 

moisture content were made based on the measurements of dry weight after 6 hours in the 

oven.  The results can be found in Table 5.     

  

 

 

 

 

 

 

 Figure 1.  Moisture loss diagram for raw, dry roasted, and wrapped cashews 

 

 All cashew varieties studies had significantly different moisture content (p < 0.05), 

which was attributed to the differences in processing conditions before further drying for 
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moisture analysis.  Raw cashews had the highest water content, 4.57% WWB, of the three 

types, as these cashews have not undergone roasting processing like the other two varieties.  

Roasted (3.12% WWB) and wrapped cashews (2.50% WWB) had less moisture content due 

to the losses from dry roasting.  Wrapped cashews had significantly lower moisture than both 

the raw and roasted cashews as moisture was lost from the intact skins in addition to the nuts 

themselves.  In a study involving fresh cashews harvested from different locations, moisture 

content ranged from 2.3 to 5.3% based on location.  These findings indicate that in addition 

to processing losses, the moisture content of cashew nuts may vary according to the 

environment in which they were grown and the average rainfall during the growing season 

(Rico et al., 2015).  Other studies indicate that storage time and time of harvest also 

contribute to the moisture content of cashews (Alsalvar & Shahidi, 2009).   It is possible that 

a composite sample of cashew nuts grown in a different location than those presented in this 

experiment could yield a different moisture profile than the ones presented in Table 5.  In any 

case, it would be reasonable to suggest that the moisture of cashew nuts would range from 

2% to 5% based on current knowledge (Rico et al., 2015).   

Table 5. Moisture content 

 

Sample Avg % Moisture  Avg % Moisture  

   DWB   WWB  

Raw   4.79a + 0.24  4.57a + 0.22 

Roast   3.22b + 0.08  3.12b + 0.88 

Wrapped  2.56c + 0.11  2.50c + 0.11 

Different letters signify significantly different values, p < 0.05.   

Welch’s test and Wilcoxon pairwise comparisons used due to unequal variances 

 

 The moisture content of the cashews based on this study is similar to values reported 

for tree nuts.  Raw almonds are reported to have moisture of almost 10%, and peanuts and 
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pecans have moistures of about 7%.  Nuts with very little moisture include macadamia nuts 

(2.1%), and walnuts (2.7%) (Venkatachalam & Sathe, 2006).  Cashews fell mid-range in 

terms of moisture compared to other nuts, which was likely due the different environments in 

which nuts are grown and the amount of rainfall (Rico et al., 2015).   

Lipids in Cashews 

 The total oil content of the three cashew varieties was not significantly different for 

any nut type (Table 6).  The oil content ranged from 44.92-46.43%, which is consistent with 

the literature reported values for cashews (Venkatachalam & Sathe, 2006).  Processing 

conditions would not be expected to affect total oil content of the samples, and significant 

differences were not observed.  As it was, the oil was the primary constituent of cashew nuts, 

which was expected since nuts serve as storage organs for plants.  Since fat supplies the 

highest amount of energy per gram, it can be stored in nuts for a cashew tree seedling before 

it can provide energy for itself (Lim, 2012; McDougall, 2009).   

Table 6. Total oil content  

Sample Total Oil (%) 

Raw  46.43a + 1.2 

Roast  46.35a + 1.0 

Wrapped 44.92a + 0.86 
Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

 

Cashews have low levels of total lipid compared to other tree nuts.  Hazelnuts, 

pecans, macadamia nuts, pine nuts, and Brazil nuts all contain more than 60% lipid.  Only 

peanuts, with 42% lipid, have lower levels than cashew nuts (Venkatachalam & Sathe, 2006).  

The differences in lipid content across nut types can be attributed to different geographical 
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locations, cultivar type, and growing conditions (Alsalvar & Shahidi, 2009).  It is possible 

that cashew nuts contain lower levels of fat than other nut types because the poor growing 

conditions do not allow for massive energy reserves to accumulate in the nuts (Rico et al., 

2015).  Even though cashews are not low-fat foods despite having lower levels of lipids, 

perhaps they could be marketed as lower in fat compared to other nuts. 

The fatty acid profiles of cashew nuts were determined using extracted oil from the 

cashew samples.  The predominant fatty acids in cashews were palmitic acid (C 16:0), stearic 

acid (C 18:0), oleic acid (C 18:1), and linoleic acid (C 18:2).  The nuts also contained trace 

amounts of other fatty acids, as noted in Table 7.  The amounts of oleic and linoleic acids 

ranged from 61.3 to 61.8% and 16.7 to 17.3%, respectively.  The main saturated fatty acid in 

the samples was palmitic acid, which was found at levels of 10.3 to 10.4%.  Oleic acid, 

linoleic acid, and palmitic acid are also the most predominant fatty acids found in other nuts 

(Maguire et al., 2004).   
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Table 7.  Fatty acid profiles of cashew varieties 

 

Fatty Acid   Raw   Roast   Wrapped 

C 14:0   0.01a + 0.01  0.02a + 0.00  0.02a + 0.00 

C 16:0*  10.3a + 0.04  10.4a + 0.01  10.4a + 0.06 

C 16:1, cis*  0.37a + 0.00  0.38b + 0.00  0.37ab + 0.00 

C 17:0   0.12a + 0.00  0.12a + 0.00  0.12a + 0.00 

C 17:1, cis  0.05a + 0.00  0.05a + 0.00  0.05a + 0.00 

C 18:0*  8.8a + 0.01  9.2a + 0.01  9.2a + 0.04 

C 18:1*  61.8a + 0.03  61.7a + 0.02  61.3a + 0.08 

C 18:2   17.3a + 0.01  16.7b + 0.02  17.2c + 0.04 

C 18:3*  0.14a + 0.00  0.13a + 0.01  0.14a + 0.00 

C 20:0*  0.62a + 0.01  0.64a + 0.00  0.63a + 0.01 

C 20:1*  0.19a + 0.00  0.18b + 0.00  0.18ab + 0.01 

C 22:0   0.13a + 0.00  0.13a + 0.00  0.13a + 0.00 

C 22:1, cis  0.01a + 0.01  0.01 + 0.01a  0.01a + 0.01 

C 24:0   0.14a + 0.00  0.14a + 0.00  0.14a + 0.01 

C 26:0   0.01a + 0.01  0.02a + 0.00  0.01a + 0.01 

Others   0.26a + 0.00  0.27a + 0.01  0.26a + 0.03 

P/S   0.86a + 0.00  0.93b + 0.00  0.90c + 0.01   

 % Saturation  20.1a + 0.05  20.7a + 0.01  20.7a + 0.04 

Others refers to the fatty acids not accounted for here.  Others = 100 - ∑fatty acids in table 7 

P/S is the ratio of polyunsaturated fatty acids to saturated fatty acids 

% Saturation refers to the amount of fatty acids in the sample that have no double bonds 

Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

* Since variances were unequal, Wilcoxon’s test with multiple comparisons was used.  

 

 The majority of the fatty acids in the cashew nuts were not different statistically.  The 

three exceptions were palmitoleic acid (C 16:1), linoleic acid (C 18:2), and eicosenoic acid 

(C 20:1), which are all unsaturated fatty acids.  The differences among these fatty acids could 

be attributed to oxidation of some fatty acids during processing.  According to the literature, 

thermal oxidation could occur in edible oils at temperatures as low as 40ºC, but is not 

necessarily uniform across all samples or batches (Moreno et al., 1999).  This concept also 

explained the lack of differences among the saturated fatty acids.  The saturated fatty acids 

would not be subjected to thermal oxidation because they lack double bonds, do not oxidize, 
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and would not change due to processing (Moreno et al., 1999).   The destruction of fatty 

acids has been observed in other nut types when subjected to heat processing methods such 

as blanching, roasting, and drying (Luh, et al. 1981).   

The oleic acid content has been reported to be as high as 69% in almonds and 79% in 

hazelnuts, while the linoleic acid content has been reported to be as high as 44% in peanuts 

and 57% in walnuts.  Cashews only had 61% oleic acid and 17% linoleic acid according to 

this study and other literature sources (Maguire et al., 2004: Venkatachalam & Sathe, 2006).  

Unsaturated fatty acids are formed from saturated fatty acids by desaturation enzymes, which 

are only present in plants.  Stearic acid (18:0) is the typical precursor fatty acid for 

desaturation (Hoffman, 1989).  As such, the stearic acid content was significantly higher in 

cashews (9%), compared to other nuts such as almonds (1.29%), walnuts (2.27%), peanuts 

(2.66%), and hazelnuts (2.74%), which corresponded to the relatively lower levels of 

unsaturated fatty acids (Maguire et al., 2004).  It would seem that given the stressful 

conditions in which cashew trees are grown that the desaturation of fatty acids would not be a 

critical biological pathway for cashew tree survival, which explained the higher levels of 

stearic acid and lower levels of unsaturated fatty acids in the cashew nuts.   

The ratios of polyunsaturated to saturated fatty acids were high for the cashew nuts, 

ranging from 86-93% for the samples (Table 7).  The majority of the fatty acids are 

considered the health promoting variety, in that lower LDL cholesterol levels and decreased 

risk for CVD have been associated with them (Kris-Etherton et al., 2008).  This ratio was 

significantly different for all three cashew varieties which was due to unequal thermal 

oxidation of unsaturated fatty acids in the samples (Moreno et al., 1999) 
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Phytosterols 

 Plant sterols are essential to membrane structure of all eukaryotic organisms because 

they help control membrane fluidity and permeability.  They also may play a role in 

temperature adaptation of cell membranes.  Plants are able to synthesize their own plant 

sterols, or phytosterols, but other organisms must consume them.  In addition to their 

membrane functionality roles, phytosterols also appear to play a role in cellular 

differentiation and proliferation in plants.  For this reason, phytosterol reserves are kept in oil 

and seeds for future germination and growth.  Cashew nuts are one such reserve (Piironen et 

al., 2000) 

The phytosterol content of the samples can be found in Table 9.  Consistent with the 

literature, β-sitosterol was the predominant phytosterol measured in the samples.  The 

literature stated that cashews contain on average 150mg/100g of phytosterols.  The cashews 

in this study had almost 200mg/100g phytosterols (Phillips et al, 2005).  It is known that 

heating can result in phytosterol losses.  These results indicated that dry roasting was not as 

harsh of a heating procedure on phytosterol content as oil-roasting (Winkler et al., 2007).   

 

Table 8.  Phytosterol content of cashew nuts  

 

Phytosterol  Raw   Roast   Wrapped  

     mg/100g 

Brassicasterol  0.75a + 0.5  0.11a + 0.2  0.26a + 0.3  

Campesterol  14.2a + 1.3  14.6a + 2.7  15.1a + 2.9 

Stigmasterol  1.0a + 0.6  1.24a + 0.5  5.1b + 0.3 

Β-Sitosterol  152.1a + 28.7  173.7a + 30.2  172.4a + 41.3 
Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

* Since variances were unequal, Wilcoxon’s test with multiple comparisons was used 
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When examining the data, it was also noted that all of the levels of phytosterols were 

statistically insignificant across samples with the exception of stigmasterol in the wrapped 

cashews.  The raw and the roasted nuts had stigmasterol levels of 1.0-1.24 g/100g, while the 

wrapped cashews 5.1 g/100 g stigmasterol.  Although the majority of phytosterols are found 

in vegetable oils, they have been found in other parts of plant material, such as cereal grains, 

vegetables, and berries.  If phytosterols are present in the skins of some fruit and vegetable 

commodities, it would not be unreasonable to think that cashew skins contain some 

additional phytosterols, which could explain the slightly elevated level of stigmasterol in the 

wrapped nuts (Dutta, 2005).   

Phytosterols have become of interest due to their ability to block cholesterol 

reabsorption and reduce overall cholesterol levels.  There is an FDA approved health claim 

for foods containing at least 0.65 g of plant sterol esters.  Based on a 1 oz. serving of 

cashews, the cashew samples supply about 65 mg of phytosterols which was not enough to 

warrant a health claim (Winkler et al., 2007).  However, the samples did contain similar 

amounts of phytosterols as other nuts and can contribute towards the recommended daily 

intake.  Almonds and macadamia nuts have similar amounts of phytosterols, while pistachios 

(279 mg/100g), sunflower seeds (289 mg/100g), and pine nuts (236 mg/100g) have higher 

levels. The levels of phytosterols in walnuts (113 mg/100g), pecans (157 mg/100g), and 

hazelnuts (121 mg/100g) were much lower than the amounts in cashew samples (Phillips et 

al., 2005).   

Phospholipids 

 Phospholipid content was analyzed in the cashew nuts (Table 8).  Phospholipids 

consist of fatty acids attached to a polar head group and are one of the primary constituents 
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of all cell membranes.  In addition to their structural role, they are also important secondary 

messengers responsible for regulation of plant growth and cellular adaptation to 

environmental stress (Xue et al., 2009).  Naturally, phospholipids would be present in 

cashew nuts.  Consistent with the literature, phosphatidylcholine (PC), phosphatidylserine 

(PS), and phosphatidylethanolamine (PE) were identified in the nuts (Maia et al., 1976).  

Additionally, trace amounts of sphingomyelin were present.  The data strongly suggested that 

PC is by far the most prominent phospholipid in the samples.  Peanuts, pistachios, and 

hazelnuts also contain PC in the highest levels.  Sphingomyelin was the least abundant 

phospholipid. 

 Although insignificant, the data also showed increased levels of PC, PS, and total 

phospholipids in the roasted cashews compared to the raw cashews.  In contrast, PE and 

sphingomyelin levels were highest in the raw samples and lower in the roasted and wrapped 

samples.  The wrapped cashews had the lowest levels of phospholipids overall.  There are 

three possible explanations to these findings.  It has been observed in peanuts that roasting 

decreases total phospholipids, specifically PE.  This observation explained the reduced levels 

of PE and sphingomyelin in the roasted and wrapped cashews.  It did not, however, explain 

the increased levels of PC, PS, and total phospholipids in the roasted cashews.  It has also 

been noted in peanuts that moisture and temperature fluctuation can affect the phospholipid 

levels overall and the ratios of isoforms.  Additionally, research suggests that phospholipid 

levels decline with age.  As mentioned previously, cashews are subjected to diverse and 

variable growing conditions.  It is possible that the samples taken from the roasted set came 

from a population of nuts that experienced different growing conditions than the nuts in the 

raw set (Davis & Dean, 2016).   
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Table 9.  Phospholipid content of cashew nuts  

 

Phospholipid   Raw   Roast   Wrapped 

      mg/100g     
Phosphatidylcholine  241.7ab + 14.9  276.7a + 30.8  229.6b + 22.8  

Phosphatidylserine*  45.6ab + 6.1  51.4a + 10.2  33.4b + 9.8 

Phosphatidylethanolamine* 41.9a + 14.8  25.0ab + 2.91  14.7b + 5.92 

Sphingomyelin   13.8a + 5.0  10.5a + 6.5  11.6a + 6.0 

Total    343.3a + 35.6  403.2a + 90.8  289.4b + 39.7  
Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

  

 According to the data, the cashews contained 280 to 390 mg/100g total 

phospholipids.  These levels were much lower than those found in peanuts, which are 

reported to have 655 to 786 mg/100g (Davis & Dean, 2016).  Neither of these values 

compared to pistachios, however, which contain 1,700 mg/100g (Tokusoglu & Hall III, 

2011).  It seems likely that the phospholipid levels were lower in cashews because lipids are 

required for their production and cashews do not have as many lipid reserves as other nuts, as 

discussed previously.  Furthermore, it is currently understood that phospholipid signaling is 

predominantly related to root growth, pollen development, and vascular development, all of 

which are related to the cashew tree growth, not the cashew nuts, which are storage vessels.  

It seems likely that the cashews are not high in phospholipids because the signaling pathways 

they are involved in would not be important in cashew nuts as much as other parts of the tree 

(Xue et al., 2009).   

The comparatively low levels of dietary choline provided by phospholipid intake 

from cashews are not of concern since the AI for choline (the product of the cleavage of 

certain phospholipids) is 550 mg/d for men and 425 mg/d for women.  Choline is widely 
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distributed in food, making it easy to meet the AI daily recommendations without 

supplementation (Zeisel & Caudill, 2010).   

Carbohydrate 

 The cashews were analyzed for several mono, di, and oligosaccharides (Table 10).  

Total sugar content of the cashews ranged from 5.9 to 6.3%.  The most abundant sugar in the 

cashews was the disaccharide sucrose, which ranged from 3.5 to 3.8 g/100g, and was present 

at statistically similar levels across the cashew types.  The cashews were also statistically 

similar in the amounts of raffinose and stachyose, which were the only oligosaccharides 

measured in the analysis.  Raffinose was the second most abundant sugar found in cashew 

nuts, ranging from 1.7-1.8 g/100g.  The amounts of raffinose and stachyose, while similar 

within the products, were higher than levels reported for other nut types (Pattee et al., 2000; 

Yada et al., 2011.  Raffinose and stachyose are considered soluble fibers, which are not 

digested by human enzymes in the small intestine (Preedy, 2015).  Instead, they travel 

undigested to the large intestine, where they are fermented by bacteria that produce gas 

(FAO, 1997).  The higher levels of raffinose and stachyose compared to other nuts suggested 

the presence of larger oligomers and starches in cashew nuts, which could explain the higher 

levels of carbohydrate overall in cashews compared to other nuts.   
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Table 10.  Sugar profile of cashew varieties 

 

Sugar  Raw Cashew  Roast Cashew Wrapped Cashew 

g/100 g  

Inositol 0.049a + 0.002  0.053b + 0.00  0.061c + 0.001 

Glucose 0.012a + 0.001  0.019b + 0.002  0.039c + 0.003   

Fructose 0.010a + 0.001  0.024b + 0.003  0.065c + 0.004 

Sucrose* 3.6a + 0.16  3.8a + 0.009  3.5a + 0.079 

Raffinose 1.8a + 0.069  1.8a + 0.085  1.7a + 0.028 

Stachyose 0.54a + 0.033  0.58a + 0.035  0.57a + 0.008 

Total                6.0a + 0.266                 6.3a + 0.12                  5.9a + 0.11   
Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

* Since variances were unequal, Wilcoxon’s test with multiple comparisons was used.  

 

 The cashews were also measured for inositol, glucose, and fructose content, which 

was significantly different (p < 0.05) for all the varieties.  The wrapped cashews had 

significantly higher levels of inositol, glucose, and fructose than the other nut types, and raw 

cashews had significantly lower levels of the monosaccharides compared to the other nut 

types.  There are two possible mechanisms for these results, described below (Wall & 

Gentry, 2007).   

 Sucrose, which is a disaccharide comprised of glucose and fructose, can hydrolyze 

into its component monosaccharides during processing.  According to the literature, this 

could be an issue particularly if the nuts were not dried shortly after harvesting.  Once broken 

apart, fructose and glucose can participate in Maillard browning reactions, but only if the 

correct temperatures and participating free amino acids are available.  In short, the breaking 

down of sucrose molecules during processing resulted in higher fructose and glucose levels 

in the roasted and wrapped cashew nuts (Luh, et al., 1981; Wall & Gentry, 2007).   

 Another possible mechanism to explain the increased levels of reducing sugars in the 

wrapped cashews is destruction of the phenolic compounds in the skins during roasting.  
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Many polyphenolic compounds, namely flavonols and flavones, exist with a sugar moiety 

attached to them.  Glucose is the most common sugar found attached to such polyphenols 

(Vercauteren et al., 1998).  According to Xu & Chang, 2008 and Buchner et al., 2006, 

thermal processing degrades polyphenols, including those that are bound to sugars, resulting 

in higher levels of reducing sugars in the wrapped cashew samples, not in the roasted 

cashews. 

 The total amount of sugars found in the cashews in the study were slightly higher 

than other values in the literature.  Venkatachalam & Sathe (2006) report the total sugars in 

cashews to be 3.96 g/100 g, whereas these cashews had total sugar contents of around 6 

g/100g.  The difference could be due to processing or cashew variety used in the study.  Rico 

et al., 2015 found that sugar content of fresh cashews depended on location, which could 

explain the discrepancy between these values and others.   

Cashews have significantly higher levels of sugars than all other nuts, which balances 

the comparatively lower levels of lipid.  Almonds, Brazil nuts, hazelnuts, macadamia nuts, 

pine nuts, and pistachios contain total sugar levels of around 1.5 g/100g.  Although, a 

relatively novel concept, there is some evidence that sugars may play an antioxidative role in 

plants in response to abiotic stresses including reactive oxygen species (ROS) accumulation 

and osmotic stress.  It has also been suggested that sugars may help maintain cell membrane 

integrity which is critical to survival under stressful conditions.  There has even been some 

evidence that the antioxidant capacity of sugars during the onset of ROS stress has been 

grossly underestimated.  It is possible that any of these abiotic stresses could be contributing 

to the higher levels of sugars in cashews compared to other tree nuts (Keunen et al., 2013).   

 



 

104 

 

Protein  

 Plants deposit proteins in seeds to help with seedling germination and growth.  Since 

cashews are the seeds of the cashew tree, it was likely that they would contain an appreciable 

amount of protein (Muntz, 2001).  Total protein was analyzed using two different methods; 

by the Dumas method, which measured total nitrogen (Table 11) and direct measurement of 

total protein with a CEM Sprint Protein Analyzer (Table 12) and.  Both methods yielded 

similar results in terms of the protein content of cashew nuts and indicated that the amount of 

protein in the wrapped cashews was significantly lower than the amount of protein in the raw 

and roasted cashews.   

 When the Dumas method was used to determine the percent nitrogen in each sample, 

a conversion factor was required to determine the percent protein in the sample.  According 

to the literature, the conversion factor for nuts is 5.6 (Mariotti et al., 2008).  After conversion, 

the % protein for raw, roasted, and wrapped cashews were 18.9, 19.5, and 17.2%, 

respectively.  The CEM protein analyzer values were similar; 17.2, 17.5, and 15.3% for raw, 

roasted, and wrapped cashews, respectively.  

 

Table 11. Total protein content determined by Dumas method 

Sample  Total % Nitrogen  Total % Protein  

Raw   3.27a + 0.1   18.9 + 0.6 

Roast   3.47a + 0.03   19.5 + 0.2 

Wrapped  3.07b + 0.1   17.2 + 0.6 
Total protein was calculated based on the conversion factor of 5.6 (Mariotti et al., 2008) 

Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 
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Table 12. Total protein content determined by CEM 

Sample   % Protein  % Non-protein Nitrogen 

Raw    17.2a + 0.13   0.20a + 0.03 

Roast    17.5a + 0.40   0.35a + 0.08 

Wrapped   15.3b + 0.30   0.33a + 0.06 
Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

 

As mentioned above, the wrapped cashews had significantly (p < 0.05) less protein 

than the other nuts analyzed here.  The weight contributes of the skins (7% of the total 

weight) could have caused this reduction, and additional losses in protein could have been 

due to the water washing step of CNSL removal (Nair, 2003).  Nonetheless, the amount of 

protein found in the cashew nuts is consistent with the literature, and is higher than some 

other nuts, notably macadamia nuts (7.9%), pine nuts (11.6), and pecans (9.2%).  Almonds, 

pistachios, and cashews have the highest levels of protein of all tree nuts.  This can be 

explained by the fact that these nut types all have correspondingly lower levels of lipid to 

balance the increased protein level.  This does not, however, take into consideration that the 

biological value of nuts is low due to limiting amino acids (Alsalvar & Shahidi, 2009; Brufau 

et al., 2008).   

In addition to determining the total amount of protein in the cashew samples by two 

different methods, the amount of non-protein nitrogen was quantified (Table 12).  Non-

protein nitrogen is present in nearly all foods and although they only contain a very small 

amount, cashews are no exception (Nielsen, 2010).  Plants require nitrogen for growth and 

acquire it from the soil in forms such as ammonium (NH4
+) and nitrate (NO3

-).  It is from 

these sources that the cashew nuts obtained their non-protein nitrogen (Kaye & Hart, 1997).  
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Although not statistically significantly different from each other, the levels of non-protein 

nitrogen were slightly different.  Soil from different regions contains different amounts of 

non-protein nitrogen, which, in addition to competition from other microorganisms, could 

lead to different amounts of non-protein nitrogen in the cashews (Kaye & Hart, 1997; 

Schulten & Schnitzer, 1998). 

Amino Acid Profile 

 An amino acid analyzer was used to determine the total amounts of 17 amino acids 

found in cashews (Table 13).  Across all samples, glutamic acid was the predominant amino 

acid and tryptophan was the least prominent.  Furthermore, it was clear from the data that 

amino acids with acidic side groups (aspartic acid, glutamic acid) were the most prevalent 

type found in cashews, followed by amino acids with aliphatic side groups (alanine, glycine, 

valine, isoleucine, leucine, proline).  Other studies showed that these groups of amino acids 

are the most prevalent across all nut types (Venkatachalam & Sathe, 2006).   

It was also noted that the total amounts of amino acids were slightly less than the 

reported amounts for total protein analyzed with Dumas and CEM methods (Table 11 and 

Table 12).  However, not all 20 of the amino acids were identified in the analysis and free 

amino acids were not included in this total.  Additionally, 100% recovery was unlikely due to 

the performic acid conversion of sulfur containing amino acids and the lengthy acid 

digestion.   It was possible that not all of the cysteine and methionine was successfully 

converted and protected for the analysis.  It was also possible that the acid digestion step did 

not digest all available protein.  In any case, the losses were minimal.     
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Table 13.  Amino acid profiles of various cashew products  

 

Amino Acid  Raw Cashew  Roast Cashew Wrapped Cashew 

g/100g 

Aspartic Acid  1.37a + 0.01  1.23a + 0.22  1.38a + 0.06 

Threonine  0.53a + 0.1  0.47a + 0.08  0.53a + 0.02 

Serine   0.78a + 0.3  0.71a + 0.12  0.79a + 0.03 

Glutamic Acid  3.34a + 0.1  3.0a + 0.53  3.19a + 0.13 

Glycine  0.68a + 0.02  0.61a + 0.11  0.69a + 0.03 

Alanine  0.57a + 0.02  0.51a + 0.09  0.58a + 0.02 

Valine   0.80a + 0.02  0.72a + 0.13  0.77a + 0.03 

Methionine  0.37a + 0.01  0.32b + 0.07  0.33b + 0.01 

Cysteine   0.56a + 0.01  0.50a + 0.08  0.55a + 0.02 

Isoleucine  0.61a + 0.01  0.55a + 0.09  0.60a + 0.02 

Leucine  1.02a + 0.02  0.92a + 0.15  1.01a +0.04 

Tryptophan  0.14a + 0.01  0.12a + 0.02  0.13a + 0.01 

Phenylalanine  0.68a + 0.02  0.62a + 0.1  0.68a + 0.03 

Lysine   0.60a + 0.01  0.55a + 0.09  0.56a + 0.02 

Histidine  0.43a + 0.14  0.31a +0.05  0.33a + 0.01 

Arginine  1.24a + 0.78  1.5a + 0.26  1.57a + 0.06 

Proline   0.75a + 0.3  0.51a + 0.09  0.57a + 0.02 

Total   14.9 + 0.01  13.5 + 2.3  14.6 + 0.55 
Different letters signify significantly different values, p < 0.05.   

Since variances were unequal, Wilcoxon’s test with multiple comparisons was used.  

 

 Statistical analysis revealed no significant differences in amino acid content across 

the three sample types.  This finding indicated that the roasting process, regardless of the 

presence of skins, had no effect on the amino acid composition of the nuts.  This can be 

explained by the concept of denaturation.  Denaturation occurs when processing of a protein 

containing food leads to alteration of molecular structure of the proteins.  These changes take 

place in the presence of heat or change in pH and can disrupt the secondary and tertiary 

structure of proteins.  Characteristics such as texture, water holding ability, enzyme 

functionality, and coagulation are all properties of proteins that could be affected by 

denaturation.  The primary structure of amino acids, however, remains untouched and 
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unchanged.  This indicates that although heat treatment may affect moisture content or 

enzyme activity in the roasted cashew nuts, there should not have been any differences in the 

composition of amino acids across samples (deMan, 1999).   

 It would appear that the amino acid profiles of cashew nuts were similar to other nuts.  

Although glutamic acid was the most abundant amino acid in the cashews, arginine was the 

second most abundant, which is also the case in other nut types (Venkatachalam & Sathe, 

2006).  Arginine is a precursor for nitric oxide, which is a key substrate in developmental 

processes and abiotic stress responses.  Additionally, arginine acts as a storage and carrier 

form of nitrogen in plants, which explains its high concentration in cashews and other nuts 

(Shi & Chan, 2013).  Arginine plays a role in vasodilation of blood vessels in the human 

body.  This could be a possible mechanism by which cashews contribute to reduced risk of 

cardiovascular disease (Venkatachalam & Sathe, 2006), in addition to the LDL-cholesterol 

lowering effects of MUFAs, PUFAs, and phytosterols (King et al., 2008; Kris-Etherton et al., 

2008).  The amount of arginine present in cashews (1.50 g arginine/100g) was somewhat 

lower than other nuts, notably pine nuts (2.0 g arginine/100g), walnuts (1.85 g 

arginine/100g), and Brazil nuts (1.80 g arginine/100g), but it could still contribute to the 

overall heart related health benefits of cashew nuts (Venkatachalam & Sathe, 2006).  It is 

possible that the reduced level of arginine compared to other nuts could be related to nitrogen 

deficient, poor quality soil that also explains the low levels of non-protein nitrogen in the 

cashews.   

 Lysine and threonine are the first and second limiting amino acids in cashews and 

most other nuts (Venkatachalam & Sathe, 2006), meaning that these amino acids were not 

present in sufficient amounts in cashews for protein synthesis in the human body.  If cashews 
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were fortified with these amino acids, they could possibly become complete proteins 

(Levetin & McMahon, 2015).  Although lysine and threonine levels were too low for 

cashews to be considered a complete protein, they were present at higher levels than in most 

other nuts.  This indicated that less fortification would be required to make cashew nuts 

complete protein sources compared to nuts such as peanuts (Venkatachalam & Sathe, 2006).   

Free Amino Acids 

 The cashew samples were analyzed for free amino acids (Table 14).  The free amino 

acids that were most prominent in the cashew samples were asparagine, glutamate, arginine, 

alanine and proline.  Several other amino acids were present at greater than 1 mg/100g, 

including histidine, lysine, phenylalanine, valine, glycine, and serine.  To date, not much 

work has been done on free amino acids in cashew nuts.  There are some reports on peanuts 

and some findings may translate to cashews. 

As reported in Chapter 1, free amino acids elicit tastes in some foods.  They can 

contribute their own sweet, salty, sour, and bitter flavors, but only when present above 

threshold levels (Nishimura & Kato, 1988).  Based on the oral thresholds outlined in 

Shiffman et al., 1979, only free glutamate was present above the threshold in the cashew 

samples.  No other free amino acid present in the cashews was at high enough concentration 

to contribute to cashew taste.  According to Nishimura & Kato, 1988, glutamate in the free 

form has an umami flavor.  It is possible that the umami flavor identified in the cashew nuts 

by the DA panel was generated in part from free glutamate.  
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Table 14.  Free amino acid profiles of various cashew products 

 

Amino Acid  Raw Cashew  Roast Cashew Wrapped Cashew 

mg/100g 

Asparagine  20.0a + 1.0  17.0b + 1.0  21.0a + 1.0 

Threonine  0.85a + 0.1  0.94a + 0.2  0.71a + 0.0 

Serine   1.2a + 0.3  1.3a + 0.4  1.7a + 0.7 

Glutamate*  42.0a + 1.0  34.0a + 1.0  30.0a + 5.0 

Glycine  2.8a + 0.2  2.8a + 0.3  2.3a + 0.2 

Alanine  13.0a + 0.8  11.0a + 2.0  12.0a + 1.0 

Valine   1.5ab + 0.1  1.2a + 0.0  1.8b + 0.2 

Methionine  0.51a + 0.0  0.2b + 0.0  0.31b + 0.0 

Cysteine*   0.00a + 0.0  0.00a + 0.0  0.00a + 0.0 

Isoleucine  0.86a + 0.0  1.1b + 0.0  1.5c + 0.0 

Leucine  0.93a + 0.0  0.54b + 0.0  0.72c +0.0 

Tryptophan  2.3a + 0.0  1.7b + 0.0  1.5b + 0.0 

Phenylalanine  1.9a + 0.1  1.5b + 0.0  1.4b + 0.1 

Lysine   3.8a + 0.2  3.0b + 0.2  3.0b + 0.1 

Histidine  2.2a + 0.1  1.7b +0.1  1.6b + 0.0 

Arginine  14.0a + 2.0  11.0a + 1.0  12.0a + 0.4 

Proline   8.2a + 0.2  6.7ab + 0.7  7.5b + 0.2 
Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

* Since variances were unequal, Wilcoxon’s test with multiple comparisons was used.  

 

In addition to contributing their own flavors to a food, free amino acids are also able 

to react with sugars to produce other flavor compounds.  The Maillard reaction is the most 

common reaction of this type and is responsible for brown coloration during cooking 

(Lingnert & Eriksson, 1979).  Maillard reactions contribute to many flavors of cooked foods, 

and form when an amino group from a protein reacts with a reducing sugar.  The possible 

flavor compounds that form depend on the initial reagents, temperature, and pH.  There are 

several classes of compounds produced by Maillard reactions that could contribute to the 

flavor of cashew nuts.  Pyrazines and furans have been reported as flavor compounds (van 

Boekel, 2006).  They could be found in roasted cashews and contribute to flavors identified 



 

111 

 

in the cashew lexicon (Oupadissakoon & Young, 1984).  Furthermore, it has been 

hypothesized that free glutamate, glutamic acid, aspartate, aspartic acid, histidine, and 

phenylalanine are the precursors for roasted peanut flavor in Maillard reactions.  All of these 

free amino acids were present in the cashew samples in amounts >1 mg/100g, allowing these 

free amino acids to contribute to roast cashew flavor (Pattee et al., 1981).  Furans are another 

class of Maillard compounds (van Boekel, 2006).  They contribute sweet, caramel-like 

flavors and are present in peanuts.  They are likely related to the “sweet aromatic” attribute 

from the cashew and peanut lexicons (St. Angelo et a., 1984).  It has also been hypothesized 

that lysine, tyrosine, and threonine give rise to flavor compounds that are undesirable in 

peanuts.  The threonine content in the cashews was (0.71-0.94 mg/100g), the tyrosine content 

was (1.5-2.3 mg/100g), and the lysine content was (3.0-3.8 mg/100g).  These amounts were 

lower than most other types of free amino acids in the samples, which could infer that the 

free amino acids that cause off flavors in peanuts are the same in cashews, since these 

samples were fresh and unlikely to have developed off flavor compounds (Pattee et al., 

1981).   

Research has been performed on natural phenolic compounds and their role in flavor 

production.  Bredie & Petersen (2006) observed flavor and color compound production from 

reactions between amino acids and quinones, such as aldehydes and imines.  Flavor 

compounds were also generated from carotenoids during coffee roasting.  Although these 

topics have not been explored in depth, it is possible that the phenolics and carotenoids 

present in the wrapped cashews could also generate flavor compounds.  

The cashew data revealed that some free amino acids were present in higher 

quantities than others.  Additionally, statistical analysis revealed that there were some 
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differences in the levels of free amino acids present across samples.  Asparagine, valine, 

methionine, isoleucine, leucine, tryptophan, phenylalanine, lysine, and histidine were 

significantly different between samples.  Some amino acid compounds were present in higher 

amounts in the raw samples and lower amounts in the processed cashews, such as tryptophan 

and lysine.  Other amino acids were present in higher amounts in the processed samples, such 

as valine and isoleucine.  There are several reasons for the differences observed.  Free amino 

acids and reducing sugars were both produced by heating.  It has also been observed that 

amino acids are destroyed at different rates during heating (Teranishi et al., 1998).  This 

could explain why some of the free amino acids are present at higher levels in some of the 

cashews.  However, the production of free amino acids and reducing sugars allows for more 

creation of Maillard compounds, which would reduce the levels of free amino acids in the 

roasted products (van Boekel, 2006).  There are several other environmental factors that 

could influence the differences in free amino acid levels of the cashews.  It has been 

observed in peanuts that location and variety has significant effects on free amino acid levels.  

The same could hold true for cashews since many varieties grow in different parts of the 

world (Oupadissakoon et al., 1980).  Storage time also effects the free amino acid 

composition of peanuts and could also impact the cashews.  It was unknown whether the nuts 

used in the test are the same age, and therefore, some of the free amino acid level differences 

could be due to aging (Pattee et al., 1981).     

B Vitamins  

Thiamine (B1), riboflavin (B2), and niacin (B3) were analyzed in the samples.  These 

and other B vitamins, are necessary in plants for energy production and metabolism.  Their 
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stability in plants is dependent upon a multitude of factors including processing, light, 

oxygen, and pH (Bartz & Brecht, 2002). 

Thiamine (vitamin B1) was discovered in 1926 and was quickly recognized as a 

cofactor in energy metabolism pathways in all living organisms including plants.  Recent 

studies also indicate that thiamine acts as a defense mechanism triggering signaling molecule 

against pathogens.  It would appear that thiamine pools fluctuate depending on 

environmental stresses in plants, indicating that it also plays a role in defense mechanisms for 

abiotic stresses (Goyer, 2010).  Other studies suggest that thiamine plays a role as an 

antioxidant in stressed situations (Asensi-Fabado & Munne-Bosch, 2010). 

Thiamine levels were analyzed in the cashew samples using a microbiological assay 

kit.  The samples were prepared, plated on a 96-well plate coated with L. rhamnosus, and 

allowed to incubate for 48 hours (Figure 2).  The turbidity of the samples corresponded to 

thiamine content and the results are displayed in Table 15.  The results indicated that cashews 

had extremely low levels of thiamine overall, but the wrapped cashews had significantly 

higher levels of thiamine than the raw nuts.  Although the wrapped cashews had significantly 

higher levels of thiamine than the raw nuts, the difference was only by 0.006 mg, so it would 

hardly seem beneficial to consume cashews with skins for their higher thiamine content.  

Despite that the cashews only supply approximately 0.0127 mg of thiamine in a 1 oz. serving 

(1% dietary reference intake) based on these results, it is inconsequential because thiamine 

deficiency is not an issue in the US population (USDA, 2015a).   
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Figure 2. Growth of L. rhamnosus correlational to thiamine content 

 

Although the assay kit gave some indication of the thiamine concentration in cashew 

nuts, there was some reason to believe that the reported values may not be a completely 

accurate representation of the thiamine levels in cashews.  It was predicted that the thiamine 

content would be higher due to the abiotic stress on cashew trees, thiamine’s role as a 

signaling molecule and potential antioxidant (Asensi-Fabado & Munne-Bosch, 2010; Goyer, 

2010), and the values for thiamine in fresh cashews (0.369-0.624 mg/100g) in Rico et al., 

2015.  The values obtained from the test kit did not meet these expectations.  Potential 

reasons as to why these extremely low values were observed are discussed below.   

 

Table 15. Thiamine concentrations of various cashew products 

 

Sample   Thiamine mg/100g   

Raw   0.042b + 0.003  

Roast   0.045ab + 0.001 

Wrapped    0.048a + 0.002 
Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 
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As seen in Figure 2, some growth was apparent due to thiamine in the cashew 

samples, but only in the undiluted replicates.  The dilutions made based on the USDA 

reported values for cashews exhibited no growth.  It was also clear that the growth from the 

thiamine standards was nonexistent until the three most concentrated standards.  The 

generated standard curve actually represented a logarithmic growth curve characteristic of 

microbial growth, not a linear portion of the growth curve that was expected.  In fact, it 

would appear that there was no growth until the standard concentration was at least 0.036 

mg/100 g of thiamine.  This was clearly a problem inherent to the test kit, which was not 

observed in the riboflavin assay (described below).  To address this problem, it was decided 

to only use the data from the standards that exhibited growth (0.036 to 0.06 mg/100).  The 

downside of this correction was that only three data points were used to generate the standard 

curve, and slight extrapolation was required to interpret the results. The only samples with 

growth were the undiluted samples whose absorbances measured were slightly higher than 

the absorbance for the most concentrated standard.  Again, this result was due to an inherent 

flaw to the test kit.  Clearly a threshold amount of thiamine was required for L. rhamnosus to 

grow and the standard concentrations outlined in the test kit did not meet those requirements, 

which led to diluting the samples to concentrations below the threshold thiamine level.   

It is also worth mentioning that the assay involved heating of the samples to 121ºC.  

Recent literature suggests that thiamine is a heat-sensitive vitamin (Leskova et al., 2006).  

There is a possibility that in addition to the faulty standard curve, the test was too harsh for 

thiamine, which could have caused the reported thiamine concentration to be lower than the 

values maintained by the USDA and the findings of Rico et al., 2015.  Again, this was an 

inherent flaw of the test kit.  
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Riboflavin (B2) is another water soluble vitamin that plays a critical role in certain 

redox reactions related to energy metabolism in all aerobic cells (Powers, 2003).  Only plants 

and certain microorganisms are capable of riboflavin synthesis.  Cashew trees are no 

exception to the list of plant species which generate their own riboflavin (Rebeille & Douce, 

2011). 

A microbiological analysis was utilized to determine the riboflavin content in the 

cashew samples.  A 96 well plate coated with Lactobacillus rhamnosus was allowed to 

incubate in the presence of riboflavin extracted from the cashew samples (Figure 3).  The 

turbidity of the wells was correlated with the amount of riboflavin present and a standard 

curve was used to interpolate the amount of riboflavin in the cashews (Table 16).   

 

 

 

 

 

 

 

 

 

Figure 3.  Growth of L. rhamnosus correlational to riboflavin content 

 

The results indicated that the wrapped cashews had statistically more (0.18 mg/100g) 

riboflavin than the raw cashews (0.12 mg/100g).  The roast cashews had 0.13 mg/100g of 
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riboflavin, which was statistically similar to the amount in the raw and the wrapped cashews.  

It is well known that riboflavin is extremely sensitive to light but is resistant to heat and 

oxidation, which explains why the processed samples do not have reduced levels of 

riboflavin due to dry roasting.  This observation was also a possible explanation as to why 

the wrapped cashews have a higher level of riboflavin.  The skins are opaque and can protect 

the nuts from light exposure, unlike the other products.  Furthermore, riboflavin is also 

sensitive to oxygen.  It is also possible that the phenolics present in the cashew skins 

protected the riboflavin from oxidation in addition to light (Leskova, et al., 2006).  Since the 

roasted cashews are not different than the wrapped cashews, these may not be the only 

explanations.  It was also possible that dry roasting actually increases the bioavailability of 

riboflavin.  This was not an unreasonable explanation since the reported cashew riboflavin 

values by the USDA indicated an increase of riboflavin content in roasted cashews compared 

to raw cashews (USDA-ARS, 2014).   

Table 16. Riboflavin concentrations of various cashew products 

 

Sample   Riboflavin mg/100g   

Raw   0.12b + 0.01  

Roast   0.13ab + 0.02 

Wrapped    0.18a + 0.04 
Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

 

 Cashew nuts had a comparable amount riboflavin to foods that are considered good 

sources of riboflavin.  Milk and yogurt (0.18 mg/100g), pork (0.2 mg/100g), beef (0.2 

mg/100g), and avocado (0.1 mg/100g) all have similar amounts of riboflavin as cashews 

(Rebeille & Douce, 2011).  However, some other nuts, notably almonds (0.81 mg/100g) and 

pistachios (0.15 mg/100g) have even higher levels of riboflavin than cashews and other 
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products (Chen et al., 2006; Watson & Preedy, 2010).  It is likely that cashews have less 

riboflavin than other nuts due to the nutrient deficient environment they are typically grown 

in.  The cashew trees need riboflavin for energy metabolism, but did not have sufficient 

amounts to store in the nuts for future seedling development (Akinhanmi et al., 2008).   

The dietary reference intake (DRI) for riboflavin in humans is 1.1-1.3 mg/d.  A 1 oz. 

serving of cashew nuts contains roughly 0.05 mg of riboflavin (3.8-4.5% DV).  Therefore, 

even though it would appear that cashews have a comparable amount of riboflavin to other 

foods such as milk or dairy products on a 100 g basis, it would be quite difficult to meet the 

daily requirements for riboflavin relying on cashews alone.  However, cashews may help 

meet the requirements for riboflavin in dairy free or vegetarian individuals (Rebeille & 

Douce, 2011).   

Niacin (B3) is a critical coenzyme in biological redox reactions related to energy 

metabolism.  It takes the form of nicotinamide adenine dinucleotide (NAD) or nicotinamide 

adenine dinucleotide phosphate (NADP), which are molecules that can accept or donate 

hydride ions.  NADP is the primary form of niacin found in plants (Bartz & Brecht, 2002).   

NADP has a role in photosynthesis, the process by which plants create energy from sunlight.  

Photosynthesis is carried out in the chloroplasts of plant cells, where NADP is used to 

maintain a hydrogen ion gradient.  This gradient drives the production of ATP, which can 

then be used to synthesis molecules of glucose in mitochondrial cells (Raven et al, 2011). 
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Table 17. Niacin concentrations of various cashew products 

 

Sample   Niacin mg/100g   

Raw   0.34a + 0.19  

Roast   0.22a + 0.14 

Wrapped    0.58a + 0.20 
Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

 

Niacin concentration ranged from 0.22 to 0.85 mg/100g (Table 17).  The 

concentrations were not significantly different across samples.  The DRI for niacin ranges 

from 14-16 mg/d (USDA, 2015c).  Based on a 1 oz. serving, the cashews only provide 0.4 to 

1.4% of the DRI for niacin.  They would not be considered a good source of this vital 

nutrient, but this is not of great concern since the average niacin intake of Americans exceeds 

the DRI (USDA, 2015a).  Cashews were low in niacin due to the fact that niacin is required 

in chloroplast cells to carry out metabolism, which are concentrated in the leaves of plants to 

capture sunlight.  Therefore, the highest concentrations of niacin (in the form of NADP) 

would be in the leaves of cashew trees, not the nuts (Raven et al., 2011).  These findings 

were consistent with literature.  Tree nuts in general are not good sources of niacin, given the 

role of nitrogen in chloroplast cells, not storage vessels (Whitley et al., 2011).  Furthermore, 

since cashew trees are grown in nutrient poor environments, it would seem likely that all 

available niacin would be utilized in the plant, not be put aside for storage.   

Fat Soluble Vitamins 

As mentioned in Chapter 1, vitamin E is a lipid soluble antioxidant vitamin that 

inhibits lipid peroxidation propagation.  Since lipids are the predominant macronutrient 
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found in cashew nuts, it was expected that vitamin E would be present to prevent oxidation 

of the fragile unsaturated fatty acids (Delgado-Zamarreno et al., 2001).  Furthermore, it has 

been recently hypothesized that tocopherols play an important role reactive oxygen species 

(ROS) protection during seed germination.  ROS signaling is required to break dormancy by 

acting as a signaling molecule or interacting with growth hormones.  It is imperative that the 

seed have ample stores of vitamin E during the germination stage to prevent dangerous 

accumulation of ROS in addition to other roles of lipid protection during all life stages (Siles 

et al., 2013).   

Eight configurations of vitamin E exist in nature, but alpha tocopherol is recognized 

as the primary active form in humans (USDA, 2015b).  Recent literature on the contrary, 

suggests that delta and gamma tocopherol may also exhibit some bioactivity (Li et al., 2011).  

Gamma tocopherol is actually consumed in larger quantities than alpha tocopherol and 

gamma tocopherol was the predominant form of vitamin E found in cashews (Wagner et al., 

2004). 

The results of vitamin E analysis can be found in Table 18.  The cashews were 

analyzed for all four configurations of tocopherols.  Gamma tocopherol levels were highest 

across all samples and beta tocopherol was not present in any sample.  Currently, RDA 

values for vitamin E are only expressed in terms of alpha tocopherol since the alpha 

configuration is the one most active in the human body, despite research that suggests 

otherwise. The RDA for alpha tocopherol is 15 mg/d.  Since fat intake in the United States is 

excessively high, Vitamin E deficiency is not a concern (USDA, 2015b).   Nonetheless, the 

raw and roasted cashews supplied approximately 4% of the DRI for vitamin E, while the 

wrapped sample would supply 10%.  The reason for the higher levels of gamma tocopherol 
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compared to alpha tocopherol could be explained by the literature.  Gamma tocopherol is 

more active towards scavenging radicals in lipid stores in plants, whereas alpha tocopherol is 

more active in metabolic tissue and photosynthetic tissue and hence, gamma tocopherol 

would be present predominantly in the nuts (Abbasi et al., 2007).   

Table 18. Tocopherol content of cashews 

 

Tocopherol  Raw   Roast   Wrapped 

(µg/g) 

Alpha   1.92b + 0.3  2.22b + 0.2  4.25a + 0.3 

Beta   0.00a + 0.0  0.00a + 0.0  0.00a + 0.0 

Gamma  41.1b + 2.2  40.7b + 0.5  85.5a + 2.7 

Delta*   3.47a + 0.4  2.76a + 0.9  6.19a + 3.5 

Total   46.6b + 1.2  45.9b + 1.4  95.9a + 1.1 
Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

* Since variances were unequal, Wilcoxon’s test with multiple comparisons was used.  

 

It would appear that the amount of vitamin E in the wrapped cashews was about 

double the amount in the raw and roasted cashews.  Statistical analysis indicated that the 

amount of alpha, gamma, and tocopherols were significantly higher in the wrapped cashews.  

Upon close examination of the chromatograms of the wrapped cashews and the standard 

chromatogram (Figures 4 and 5), however, it appeared that the skins interfered with the 

analysis of alpha tocopherol.  The alpha tocopherol peak was not clearly defined and there 

was more noise in the sample chromatogram than the standard chromatogram.  When the 

experiment was validated using a different instrument, the same result was observed.  

Therefore, it could only be concluded that the skins interfered with the analysis of alpha 

tocopherol and it was unlikely that the wrapped cashews had twice the amount of alpha 

tocopherol as the other samples.  In fact, the wrapped cashews probably had the same amount 

of alpha tocopherol (only 4% of DRI, not 10%) as the roasted cashew samples since they 
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were processed in the same manner.  In conclusion, it was likely that all of the cashews have 

the same levels of alpha tocopherol, but overall, the level did not contribute significantly to 

the overall daily requirement of vitamin E in the diet, unless the DRI is changed to include 

gamma or delta tocopherol (USDA, 2015b).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  Tocopherol standard mix chromatogram 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Chromatogram of tocopherols in wrapped cashews 

 

Although it seemed unlikely that the alpha tocopherol level was elevated in the 

wrapped nuts, the gamma tocopherol level was much higher.  The same trend has been 
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observed in almonds with and without skins.  It was possible that the phenols in the skins 

were acting as a first line of defense against radicals, thus sparing the gamma tocopherol 

within the nuts.  In any case, it was clear that the gamma tocopherol level in the wrapped nuts 

was two times the amount found in the other types (USDA-ARS, 2014).   

Vitamin A is another lipid soluble vitamin that exists in two forms, retinol being the 

active form.  Other molecules that can be converted to retinol are considered to be provitamin 

A substances, otherwise known as carotenoids.  Alpha carotene, beta carotene, and beta 

cryptoxanthin are all carotenoids with provitamin A activity (USDA, 2015b).  Carotenoids 

assist in photosynthetic processes, which occur only in plants.  They are characterized by 

vibrant red, orange, and yellow colors.  Carotenoids serve as accessory pigments that capture 

wavelengths of light for photosynthesis that cannot be captured by chlorophyll, the main light 

capturing molecule (Raven et al., 2011).  In humans, provitamin A activity is the only fully 

recognized function of carotenoids (USDA, 2015b).  However, there is some evidence that 

carotenoids also decrease the risk of certain cancers, cardiovascular disease, and eye 

diseases.  They are thought to reduce the risk for these diseases by scavenging free radicals 

and protecting LDL cholesterol from oxidation (Voutilainen et al., 2006).  The cashews were 

analyzed for their β-carotene content and the results are presented in Table 19. 

 

Table 19. Carotenoid content of cashews 

 

Cashew Type β-carotene (μg/100g)  Vitamin A activity from        

      Β-carotene (IU/100g) 

Raw 112.7    67.61 

Roast 113.8    68.3 

Wrapped 352.8    211.65 
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The data from this analysis indicated that the wrapped cashews had more than double 

the amount of carotenoids and vitamin A activity than the raw and the roasted cashews.  This 

aligned with the literature, which states that carotenoids are concentrated in the skins of 

many foods, including fruits, vegetables, and nuts.  Obviously, if carotenoids were 

concentrated in the skins, then there would be low levels in cashews without skins.  It was 

worth noting, however, the levels of carotenoids found in nut skins are much lower than the 

amounts found in fruits and vegetables.  Concentrations of carotenoids in fruits and 

vegetables are in milligram quantities, while nuts contain carotenoids in microgram 

quantities, with the exception of pistachios.  Cashews, therefore, were not a significant 

source of carotenoids or provitamin A, which was consistent with the results from studies 

involving other types of nut skins (Chen & Blumberg, 2008; Bolling et al., 2011; Kornsteiner 

et al., 2006).  This observation relates to the primary role of carotenoids in plants.  They exist 

to capture wavelengths of light unable to be captured by chlorophyll for the purpose of 

energy production.  Although nut skins have other compounds similar to the skins of fruits 

and vegetables, they are encased in shells.  There was no need for significant sources of 

carotenoids in nut skins because they are unable to capture any light from inside the shells 

(Raven et al., 2011).   

Vitamin K is another fat soluble vitamin found in cashews.  This vitamin plays a role 

in the synthesis of proteins related to blood clotting and bone metabolism in the human body.  

Literature suggests that vitamin K may help reduce the risk of heart disease, promote skin 

health, and have antioxidant properties in humans (Otles & Cagindi, 2007).  Although it 

exists naturally in two forms, phylloquinone (K1) and menaquinones (K2), the majority 

contributor of vitamin K to the human diet is phylloquinone.  Menaquinones are produced in 
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the large intestine and are mostly not resorbed by the body (Booth & Suttie, 2000).  

Phylloquinone is ubiquitous in the human diet, however, the amount of Vitamin K obtained 

from different food groups varies greatly.  It is a well-known fact that the best sources of 

phylloquinone are green, leafy vegetables.  Plant oils are the second most abundant source 

and cashew oil is no exception. The cashews were analyzed for their Vitamin K content and 

the results are summarized in Table 20 (Otles & Cagindi, 2007).   

Table 20. Vitamin K content of cashews 

 

Cashew Type  Vitamin K (µg/100g) 

Raw   12.1a + 0.19 

Roast   12.7a + 0.06 

Wrapped  13.7a + 0.67 
Different letters signify significantly different values, p < 0.05.   

Since variances were unequal, Wilcoxon’s test with multiple comparisons was used.  

 

It is clear from the results that whole cashew samples had vitamin K contents ranging 

from 12.1 to 13.7 µg/100g.  These results were comparable to the values published in the 

USDA Nutrient Database (2014) and Rico et al., 2015.  It was likely that the cashew oil 

contains vitamin K to assist vitamin E in the protection of fatty acids from lipid peroxidation 

(Asensi-Fabado & Munne-Bosch, 2010).  According to the results, no significant differences 

in vitamin K were observed among the sample types.  According to Leskova et al., 2006, 

vitamin K is not light stable, but it is heat stable.  It was therefore unlikely that the dry 

roasting process would cause destruction of the vitamin in the roasted samples.   

Compared to other traditional plant oils, the amount of vitamin K in cashew oil was 

low.  Based solely on oil, the cashew samples contained 24-27 µg/100g oil.  In comparison, 

olive oil (55 µg/100g), canola oil (127 µg/100g), cottonseed oil (60 µg/100g), and soybean 

oil (193 µg/100g), all have much higher amounts of Vitamin K than cashews.  However, 
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cashew oil has more vitamin K than corn oil (3 µg/100g) and butter (7 µg/100g) (Booth & 

Suttie, 2000).  The differences in vitamin K content of different oils was largely due to 

differences in oil processing and starting materials (Otles & Cagindi, 2007).   

Cashews had relatively high amounts of vitamin K compared to other nuts.  As 

indicated in Table 20, cashews contained 12.1-13.7 µg/100g whole nut.  Cashews, pistachios 

(13.2 µg/100g), and hazelnuts (14.2 µg/100g), all have similar amounts of vitamin K, 

compared to peanuts, walnuts, and macadamia nuts, which reportedly have little to trace 

amounts.  In conclusion, it would appear that cashew nut oil contains less vitamin K than 

other plant oils, but the whole nuts contained relatively high amounts compared to other nuts 

(Dismore et al., 2003).         

 There is no DRI for vitamin K.  Only an Adequate Intake (AI) has been established, 

which indicates women should consume 90 µg/day and men should consume 120 µg/day 

(USDA, 2015c).  A 1 oz. serving of cashews contains approximately 4.7 µg of vitamin K, 

which translates to a mere 4-5% of the AI.  This indicates that nuts in general are not a major 

contributing dietary source of vitamin K (Dismore et al., 2003).  It would be best to consume 

green leafy vegetables such as chard to meet the daily requirement (Otles & Cagindi, 2007).      

Minerals 

Some differences in minerals were detected among the cashew samples, the most 

notable being the difference in values for sodium (Table 21).  Phosphorous, calcium, and 

zinc were also significantly different among the brands.   

Raw cashews had essentially no sodium, while the wrapped cashews contained on 

average 0.71 wt.%, which was significantly different than all other brands.  The Planters 

cashews and the roast cashews contained the same amount of sodium on average.  This 
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observation suggested that the cashews did not contain any sodium in their naturally raw 

state.  The higher sodium values of the other nuts could be attributed to addition of sodium 

chloride after processing.  Sodium is generally toxic to plants so it would not be a mineral 

stored in high quantities.  It can lead to water imbalances and impair normal functioning, so 

most plants have mechanisms in place to prevent too much sodium uptake.  In times of 

potassium stress, it would appear that sodium can maintain the biological processes normally 

regulated by potassium, but since the cashews had ample stores of potassium, this would not 

be the case (Wakeel et al., 2011).     

Table 21.  Mineral profiles of various cashews 

 

Mineral  Raw  Roast  Wrapped Planters 
Phosphorous (wt. %)* 0.58a + 0.00 0.60ab + 0.01 0.50ab + 0.00 0.55b + 0.00 

Potassium (wt. %)* 0.73a + 0.02 0.75a + 0.02 0.75a + 0.00a 0.71a + 0.01 

Calcium (wt. %)*  0.04ad + 0.00 0.05bd + 0.00 0.06cd + 0.00 0.06d + 0.00 

Magnesium (wt. %)* 0.28a + 0.00 0.30a + 0.00 0.25a + 0.01 0.28a + 0.01 

Sodium (wt. %)  0.01a + 0.00 0.30b + 0.00 0.71c + 0.03 0.30d + 0.03 

Iron (mg/kg)*  70.6a + 0.05 70.3a + 1.3 78.9a + 1.1 64.1a + 0.9 

Copper (mg/kg)*  21.8a + 0.06 21.2a + 0.4 19.63a + 0.4 26.2a + 0.4 

Manganese (mg/kg) 19.9a + 1.0 20.8a + 0.2 20.5a + 0.5 20.3a + 0.3 

Zinc (mg/kg)  67.8a + 1.0a 70.2a + 1.0 59.7b + 0.8 54.3c + 1.3 

Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

* Since variances were unequal, Wilcoxon’s test with multiple comparisons was used.  

 

Some other differences among the cashew minerals included phosphorous, calcium, 

and zinc.  Phosphorous levels varied from 0.50 to 0.60 wt. %.  The raw cashews were 

significantly different from the Planters samples, but the dry roasted and wrapped cashews 

were not different from any other sample.  The calcium levels of cashews were low across all 

samples, however, the Planters cashews had the most.  The samples were all significantly 

different from each other, but not from Planters.  Zinc levels were statistically similar for the 

raw and roasted cashews, but significantly different for the wrapped cashews and the Planters 
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cashews.  The Planters cashews had the lowest levels of zinc, 54.3 mg/kg, and the dry roasted 

cashews had the most, 70.2 mg/kg.   

There are several possible mechanisms as to why the cashews had significantly 

different levels of the aforementioned nutrients.  Mineral and trace element content of plant 

products is directly affected by fertilizers, growing conditions, cultivar of the plant, and age 

of the plant at harvest (Ekholm et al., 2007).  It was unlikely that the different cashew brands 

were grown in the same region or are even the same cultivar of cashews.  If they were not 

grown in the same area, it was unlikely that the nuts would have the same mineral profile.  

Furthermore, it was unlikely that the cashew trees are fertilized, since the trees are typically 

grown in poor conditions (Ibiremo et al., 2012).  All of these unknown factors could explain 

some of the significant variability in cashew minerals (Ekholm et al., 2007).  Fagbemi, 2008 

noted that the information regarding the mineral profile of cashews before and after 

processing is limited.  Fagbemi, 2008 then went on to suggest that cashew mineral profiles 

change during processing due to processing water leaching.  These changes were seen during 

fermentation, boiling, and roasting methods.  It could therefore be possible that the Karma 

and Planters cashews, already different from being sourced from different regions, could be 

even more different in terms of mineral profile due to the processing conditions, particularly 

wrapped cashews in the case of water leaching.   

Minerals support enzymes with important biological function.  Excessive intake of 

some minerals, such as sodium, is deleterious to health, but intake of others may reduce the 

risk of some chronic disease.  The mineral profile of cashews will be discussed and compared 

to the amounts to the DRI (Segura et al., 2006).   
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Although calcium is an essential element in humans, the amount required by plants is 

low enough to seem more like a micronutrient.  Research shows that calcium is required to 

maintain cell wall structure and fluidity.  Therefore, it would be present in small amounts in 

all plants.  Currently, it does not appear that calcium is important in the regulation of 

biological pathways related to growth, so, as seen in this study, the cashews did not have an 

amount beyond what would be required for cell wall maintenance (Hepler, 2005).  Calcium is 

one of the most important minerals, as it serves a vital role in bone formation and muscle 

contraction in humans.  Not many foods are good sources of calcium outside of dairy 

products and legumes.  The DRI for calcium is 1500 mg/d.  According to the data, cashews 

contained trace amounts of calcium, but not enough to supply the amount needed to maintain 

bone structure.  One serving of cashews would provide roughly 16 mg of calcium, which 

equates to only 1% of the DRI (Segura et al., 2006).  Phosphorous is the second most 

important mineral involved in bone formation and a 1 oz. serving of cashews provided 

roughly 18% of the 800 mg DRI.  It was present at high enough levels to warrant a “good 

source” label claim (Fagbemi, 2008).  The phosphorous content of cashews is comes from 

phospholipids, which make up the cell membranes of all living things (Davis & Dean, 2016). 

Although phosphorous is important in bone formation with calcium, excess intake of 

phosphorous would be deleterious to bone health.  High levels of phosphate circulating in the 

blood will bind to calcium ions and cause calcification of soft tissues.  Therefore, the high 

level of phosphorous and the low level of calcium in cashews may not be good if one is 

concerned about bone health (Portale & Perwad, 2009).  These levels were consistent with 

the literature, which also indicated that cashews have the lowest levels of calcium of all nuts.  
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Almonds (0.2%) have the most calcium, followed by hazelnuts and pistachios (0.1%) 

(Segura et al., 2006).   

Magnesium is another mineral that is critical to biological systems.  In plants, 

magnesium plays a pivotal role in biochemical pathways related to photosynthesis, protein 

metabolism, and nucleotide metabolism (Verbruggen & Hermans, 2013).  In humans, it is 

involved in metabolism, protein synthesis, fatty acid synthesis, and glucose utilization.  

Magnesium is found in plant based foods and deficiency is becoming a problem in Western 

populations.  The DRI for magnesium is 400 mg/d, and nuts contain the highest levels of 

magnesium compared to all other plant based foods (Segura et al., 2006).  This is due to the 

magnesium requirements of a germinating seedling to grow and flourish.  Seeds must have 

ample magnesium stores to provide for a new tree (Vergruggen & Hermans, 2013).  The data 

presented in Table 21 indicated that the cashews contained about 280 mg/100g, which was 

similar to the amount found in almonds and Brazil nuts.  A 1 oz. serving of these cashews 

could provide roughly 80 mg of magnesium, which is 20% of the DRI, and worthy of an 

excellent source claim.  Since magnesium deficiency is associated with hypertension, 

osteoporosis, diabetes, and coronary heart disease, consuming cashews in moderate amounts 

could reduce the risk of these diseases (Segura et al., 2006).   

Sodium and potassium exist in the body primarily as ions that regulate nerve 

transmission and cell membrane potential.  Although both are important, the typical western 

diet consists primarily of sodium and very little potassium.  This imbalance is associated with 

hypertension and heart disease.  Consistent with the literature, potassium is the most 

abundant mineral in cashews (Aremu et al., 2006).  As such, they provided 5% of the 4.7 g/d 

AI for potassium (USDA, 2015c).  Like magnesium, potassium is a critical mineral for 
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successful survival of a growing seedling.  It is responsible primarily for regulating the 

opening and closing of plant stomates which allow for gas and water exchange.  

Additionally, it has a role in photosynthesis and nutrient transport.  Therefore, it would be 

necessary for cashew trees to store the nutrient in its seeds (International Plant Nutrition 

Institute, 1998).  The amount of potassium in cashews was similar to the amount found in 

Brazil nuts (0.66%) and hazelnuts (0.68%), but was lower than the amount found in almonds 

(0.7%) and pistachios (1.0%).   The raw cashews contain no sodium and some potassium.  

They could be consumed as an alternative to roasted and salted nuts in order to reduce the 

amount of sodium consumed in the diet and reduce the risk of high blood pressure and 

associated diseases (Segura et al., 2006). 

Consistent with the literature, the trace elements, copper, iron, manganese, and zinc 

were found in cashews at very low levels, which was to be expected as they are classified as 

micronutrients, which are found in the human body at levels less than 0.01% (Aremu et al., 

2006; Davis & Dean, 2016).  In plants, these microminerals play a role in non-cyclic 

photosynthetic reactions in the thylakoid membranes of chloroplast cells.  Iron and 

manganese are housed in photosystems, where light photons are captured and used to drive 

photosynthesis.  Manganese is key to the splitting of water which is necessary for the 

reaction.  Copper, zinc, and iron are also involved in electron transport processes associated 

with photosystem I, which lead to the generation of NADPH, which is then used for 

chemiosmosis and the creation of ATP (energy).  Since these minerals are required for 

photosynthesis and the generation of energy in plants, it would seem likely that these 

nutrients would be stored in small amounts in nuts for future seedling germination (Raven et 

al., 1999; Raven et al., 2011). 
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These micronutrients are required at very low levels in human biological systems for 

various functions and must be consumed from food sources.  Manganese assists in bone 

development and antioxidant enzyme complexes.  Iron is involved in the blood carrying 

capacity of oxygen.  Copper plays a role in energy metabolism and iron metabolism.  Zinc 

assists a variety of enzymes and antioxidant enzyme complexes such as Cu-Zn superoxide 

dismutase.  Although all of these minerals are required for normal biological function, they 

are toxic when consumed in excess.  For this reason, the upper tolerance limits (UL) are more 

important that DRI’s.  The UL’s for manganese, iron, copper, and zinc are 11, 45, 10, and 40 

mg/d, respectively.  A 1 oz. serving of cashews supplied roughly 0.5 mg of manganese, 2 mg 

of iron, 0.5 mg of copper, and 2 mg of zinc.  A huge overdose of cashew nuts would be 

required before there could be any valid concern regarding trace mineral overdose (Fraga, 

2006).   

The low levels of microminerals in cashews could be attributed to the poor growing 

conditions of the cashew trees, as these minerals were obtained from the soil (Soetan et al., 

2010; Davis & Dean, 2016).  As mentioned in Chapter 1, the vast majority of cashew trees 

are grown wildly and without proper care and nutrition that would be provided in a plantation 

setting.  If mineral nutrients were not present in the soil in which the wild trees were 

growing, they would not have excess minerals for utilization and storage in the cashew nuts 

(Ibiremo et al., 2006; Omosuli et al., 2009).   

Phenolic Content of Cashew Nuts  

 The fundamental role of cashew testa is to provide nutrition to an embryonic seed and 

to control dormancy and germination by limiting exposure to detrimental materials during 

storage (Debeaujon et al., 2000).  When in the embryonic stage, it is known that the testa 
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assists in the transfer of amino acids and sugars to the seed from the phloem of the maternal 

plant.  Once germination has been initiated by the uptake of water by the seed, it has also 

been suggested that the testa prevents leakage of nutrients back into the soil (Duke & 

Kakefuda, 1981).   

In addition to their role in embryonic development, protection during storage, and 

germination, testa also contain phenolic compounds, which also play a protective role in seed 

and human health.  Phenolics are the primary antioxidants found in foods (Singleton et al., 

1974).  They are naturally occurring, and although it is understood that they play no nutritive 

role in plants, it is thought that they accumulate in fruit, vegetable, and nut skins to protect 

the plant against free radicals and ROS damage (Ferguson, 2001).  Free radicals and ROS are 

natural byproducts of metabolic reactions, diseases, and environmental pollution, to name a 

few.  If ROS accumulate, they can disrupt normal functioning of plants at the cellular level 

(Blomhoff et al., 2006).  Experimental data even shows that even simple abiotic stresses such 

as abnormal temperature fluctuations can cause higher than normal accumulation of 

phenolics in plants.  Cashew trees may be subjected to all of these causes of ROS 

accumulation, thus it is likely that phenolic compounds are generated in the cashew skins to 

protect the nuts from any sort of free radical damage (Rivero et al., 2001).  Additionally, 

some phenols are toxic when consumed by pathogens and insects.  Since the cashew nut is 

the seed of the cashew tree, it would be advantageous for proliferation of the species to 

protect the nuts from pests and disease.  For these reasons, multiple analyses regarding the 

phenolic content of cashews were performed (Vermerris & Nicholson, 2008).   

 The Folin-Ciocalteu assay was performed on the cashews to determine total phenolics 

as gallic acid equivalents.  The results are summarized in Table 22.  The data indicated that 
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the wrapped cashews had over three times as many phenolics as the raw and roasted cashews.  

This observation concurred with the literature, which states that nut skins are a good source 

of phenolic compounds (Kamath & Rajini, 2006).  The amount of total phenolics found in 

the wrapped cashew skins was similar to the amounts found in other nuts with skins, 

including pistachios, walnuts, and pistachios (Arcan & Yemenicioglu, 2009).  Furthermore, 

the phenolic content of the skinless cashews was similar to other skinless nuts, such as 

almonds and Brazil nuts (Kornsteiner et al., 2006).  

Table 22.  Total phenolic content of cashews expressed as gallic acid equivalents. 

Sample  mg Gallic Acid Equivalents/100g Cashew 

Raw   81.6b + 14.1 

Roast   95.4b + 16.6 

Wrapped  301.0a + 28.0 
Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

 

 It was important to note that the Folin-Ciocalteu assay gives only a general estimate 

of the total phenolic content of the Karma brand cashews.  Studies indicate that the Folin-

Ciocalteu reagent reacts not only with phenols, but also with other compounds such as 

vitamin derivatives, proteins, and some inorganic ions.  For this reason, several other more 

accurate measures of phenols were performed on the cashew samples, which are discussed 

below (Everette et al., 2010).   

 When looking at the data generated from the DPPH assay (Table 23), the trend was 

the same as was shown in the Folin-Ciocalteu assay.  However, instead of measuring the 

amount of phenols present in a sample, the DPPH assay measured antioxidant activity in 

terms of Trolox equivalents.  The free radicals in the DPPH reagent were scavenged by the 
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antioxidants in a sample, which induced a color change.  The wrapped cashews expressed 

significantly higher levels of antioxidant activity than the raw and roasted cashews.  The 

antioxidant activity of the raw and roast cashews was essentially nonexistent.  This 

observation indicated that the phenols detected in the Folin-Ciocalteu assay were most likely 

interference compounds such as protein or vitamins.  Moreover, it also indicated that 

cashews without the skins did not contain any antioxidant activity in these chemical assays.  

Based on this test, only the wrapped cashews appeared to have any activity (Everette et al., 

2010).   

Table 23. Antioxidant capacity of cashew products using DPPH method 

Sample  Average mg Trolox Equivalents/g Cashew 

Raw    1.05b + 0.16 

Roast     1.07b + 0.11 

Wrapped   25.2a + 0.74 
Different letters signify significantly different values, p < 0.10.   

Since variances were unequal, Wilcoxon’s test with multiple comparisons was used.  

 

 Although measurements of antioxidant capacity using the DPPH assay have been 

performed for other nuts, it was not wise to make comparisons of the antioxidant capacity of 

the cashews to other samples.  The protocols for the assay vary greatly in terms of incubation 

time, pH, and DPPH concentration.  The variation makes it impossible to compare data from 

different labs.  Nonetheless, it would appear that cashew skins are the only component of the 

nut that has any free radical scavenging activity (Sharma & Bhat, 2009).   

The oxygen radical absorption capacity (ORAC) assay was used as a secondary 

measurement of the antioxidant activity of phenolic compounds in foods.  Like the DPPH 

assay, it is reported in Trolox equivalents, but unlike DPPH, values can be compared to other 
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studies.  The ORAC assay was performed on the cashew samples and the results can be 

found in Table 24.  According to the results, the wrapped nuts had significantly more Trolox 

equivalents than the roasted and raw nuts.  It was important to note that antioxidant 

compounds interact with free radical sources quite differently based on chemical structure, so 

it was not wise to directly compare the results of the DPPH assay and the ORAC assay 

(USDA-ARS, 2010).  However, it was noted that both tests indicated that the raw and roasted 

nuts had essentially no antioxidant activity, despite the presence of antioxidants other than 

phenols (vitamin E, carotenoids, vitamin K), as discussed above.  This observation indicated 

that only phenolic compounds, which were found in the nut skins had any substantial 

antioxidant capability in these types of chemical tests.   

Table 24. Antioxidant capacity of cashew products using ORAC method 

Sample  Average µg Trolox Equivalents/100 g Cashew 

Raw    711.4b + 83.0 

Roast     599.5b + 55.3 

Wrapped   4287.9a + 350.5 
Different letters signify significantly different values, p < 0.05.   

Since variances were unequal, Wilcoxon’s test with multiple comparisons was used.  

 

As expected, the wrapped cashews had the highest ORAC values.  The values were 

comparable to other sources of phenolics including Granny Smith apples (3898 µg Trolox 

eq/100g), dried apricots (3234 µg Trolox eq/100g), blueberries (4669 µg Trolox eq/100g), 

and sweet cherries (3747 µg Trolox eq/100g).  The ORAC score for the cashews was also 

higher than some fruits, notably grapefruit (1548 µg Trolox eq/100g), grapes (1018 µg 

Trolox eq/100g), and kiwi (1210 µg Trolox eq/100g).  Compared to other nuts, the cashews 

with skins had a similar ORAC score to almonds (4454 µg Trolox eq/100g), but much lower 

than pistachios (7675 µg Trolox eq/100g), walnuts (23057 µg Trolox eq/100g), and pecans 
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(17524 µg Trolox eq/100g).  The wrapped cashews received higher scores than Brazil nuts 

(862 µg Trolox eq/100g), macadamia nuts (1443 µg Trolox eq/100g) and pine nuts (276 µg 

Trolox eq/100g) (Alasalvar & Shahidi, 2009; Haytowitz & Bhagwat, 2010).  ORAC values 

for other nut skins have also been determined.   

Peanut skins, hazelnut skins, and almond skins had 2.13, 3.05, and 1.07 mmol Trolox 

eq/g of skin, respectively.  Since this data was reported on skins alone, it could not be 

directly compared to the cashew data.  However, given that the ORAC score for whole 

almonds was 4454 Trolox eq/100g, which was very similar to the value from the wrapped 

cashews, it is possible that the cashew skins alone would generate ORAC values around 1.07 

mmol Trolox eq/g.  If this conjecture were true, cashews would not be as potent antioxidants 

as other nut skins (Monagas et al., 2009).  It is apparent from the ORAC data that cashew 

skins had a comparable amount of antioxidant activity as other phenolic containing fruits and 

nuts.  However, it would be much easier to consume larger amounts of antioxidant containing 

fruits than cashews as part of a normal diet.   

It is important to mention that although it would appear than the wrapped cashews 

have a relatively high ORAC score, in 2012, the USDA ORAC database was dismantled due 

to growing evidence that antioxidant capacity is not indicative of the effects of bioactive 

compounds on human health.  It would not be wise to base any sort of cashew skin health 

claim on DPPH or ORAC scores.  However, the ORAC method may be a more powerful test 

since it demonstrated better antioxidant capacity of the skinless nuts (USDA-ARS, 2010).   

In addition to the holistic approaches of the total phenolics assay, the DPPH assay, 

and the ORAC assay, the cashew samples were analyzed for more specific types of 

phenolics.  The quantification of cashew procyanidins (Table 25) and small molecule 
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phenolics (Table 26) were performed, which gave a more accurate representation than the 

Folin-Ciocalteu assay of the amount of phenols present. 

Table 25. Procyanidins in cashews 

Sample  Procyanidins as Trimers (mg/100g) 

Raw    136.6b + 11.7 

Roast     128.0b + 21.3 

Wrapped*   1473.5a + NA 
Different letters signify significantly different values, p < 0.05.   

Since variances were unequal, Wilcoxon’s test with multiple comparisons was used.  

*3rd replicate for wrapped sample could not be used.  With only 2 replicates, no standard deviation could be generated 

 

Procyanidins in cashews were calculated as trimers.  The wrapped cashews had 

significantly higher levels of procyanidins compared to the raw and the roasted cashews, 

much like the observations made regarding the total phenolics assay and the DPPH assy.  The 

increased levels of procyanidins could be attributed to the presence of cashew skins, which 

have been established as a good source of phenolics by the literature and this study (Kamath 

& Rajini, 2007).  This observation was similar to the results found in peanut skins, which 

also have substantial amounts of procyanidins.  However, it was documented in Constanza et. 

al, 2012 that peanut skins contain approximately 1,500 mg/100g of total procyanidins 

including monomers, dimers, trimers, tetramers, and polymers.  This amount was much 

higher than the amount found in the cashew skins.  The chromatogram from the HPLC 

analysis explained this observation.  According to the chromatogram, the only procyanidins 

present in the cashew skins were monomers.  This indicated that the water washing 

processing step, which was necessary to remove CNSL from the skins, also removed the 

larger water soluble procyanidins.  This observation was noted in the patent which described 

the method of retaining the cashew skins but removing all traces of CNSL using a boiling 
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water technique.  Tannins were extracted along with the CNSL in the water in this process 

(Nair, 2003).  It was possible that cashew skins have the same concentrations of phenolics as 

peanut skins in their crude state, but if they were washed away during processing, they would 

never be available for human consumption and supposed health benefits.  In terms of usage 

as a functional food ingredient, peanut skins would be a better choice (Constanza et al., 

2012).   

Small molecule phenolics were analyzed in the cashew samples.  Again, the wrapped 

cashews had significantly higher levels of phenolics, which was attributed to the presence of 

the skins.  The phenolics were quantified as epicatechin, which according to the literature is 

one of the most prominent small molecule phenolics present in cashews, along with catechin.  

Furthermore, the amount of epicatechin quantified in the wrapped cashews was higher than 

the amount found in green tea (450 µg/g) (Trox et al., 2011).   

Table 26. Small molecule phenolics in cashews 

Sample  Small molecule phenolics as Epicatechin (µg/g) 

   ASE Method   Microwave Method* 

Raw   540.9b + 107.2   265.3b + 7.4 

Roast    398.3b + 148.9   272.5b + 11.7 

Wrapped*  1567.3a + NA   1307.4a + NA 
Different letters signify significantly different values, p < 0.05.   

*Since variances were unequal, Wilcoxon’s test with multiple comparisons was used.  

**3rd replicate for wrapped sample could not be used.  With only 2 replicates, no standard deviation could be generated 

 

Although it was possible to analyze the small phenolic content of the cashews, there 

were some complications with the methodology.  Initially, the phenolics were analyzed with 

the ASE method, but when the data was analyzed using HPLC, the results from one of the 

wrapped cashew samples was found to be 10-fold less than the other two replicates.  The 

experiment was validated using the microwave extraction method and the same results were 
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replicated.  It was decided that the faulty replicate be removed from the results displayed in 

Table 25.  It was also observed from this validation study that the microwave method may be 

more reliable than the ASE method, given that the standard deviations for the microwave 

method samples were 10-fold lower than the ASE method samples.    

It was clear from all of the studies regarding phenolics in cashews that the wrapped 

cashews were the best source of phenolics.  It would appear that cashews without skins 

exhibit little to no chemical antioxidant activity.  The wrapped samples did have some 

antioxidant activity and higher levels of phenolic compounds than some substances such as 

green tea, but in comparison to other nut skins, they were not as potent.  This was attributed 

to the washing step during processing.   

Cashew Nut Shell Liquid 

 CNSL is a toxic byproduct of the cashew processing industry (Akinhanmi et al., 

2008).  While it protects the cashew nuts from insect attack while growing, it can cause 

contact dermatitis when consumed by some individuals (Teuber et al., 2002).  During cashew 

processing, the CNSL is removed when the nuts are soaked in a water bath.  The water 

washing facilitates the removal of the shells and the caustic resin with them (Azam-Ali & 

Judge, 2001).  The cashews were analyzed for CNSL residue and the results are found in 

Table 27. 

 

 

 

 

 



 

141 

 

Table 27. Cashew nut shell liquid in cashew nuts 

Sample CNSL (µg/g cashew) 

Raw  0.023a + 0.04 

Roast  0.032a + 0.03 

Wrap  1.07b + 0.14 
Different letters signify significantly different values, p < 0.05.   

Pairwise differences determined by Tukey’s HSD 

 

 The data indicated that the wrapped cashews had significantly more CNSL than the 

raw and the roasted cashews.  The difference was likely due to the presence of the skins.  The 

skins had more contact with CNSL inside the shell during growth (Trox et al., 2010).  

Furthermore, CNSL might not have been entirely be removed from the skins during the water 

washing due to the hydrophobicity of the CNSL.  There was minimal CNSL residue in the 

raw and roasted samples because they were water washed and the entire skins were removed 

(Akinhanmi et al., 2008).   

Although there were traces of CNSL in the wrapped nuts, no deleterious effects were 

observed during consumption of the product.  The level of CNSL present was therefore 

unlikely to be high enough to cause harm in most individuals.  It was possible, however, that 

the residue CNSL could be contributing to the tongue and throat burn feeling factor that was 

sometimes present in sensory analysis.   
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CONCLUSIONS 

The results of the cashew chemical analysis revealed some key insights about raw, 

dry roasted, and wrapped cashews compared to each other and compared to other nuts.  The 

total amount of oil in cashews was lower than the levels found in other nuts, but the total 

carbohydrates and protein was higher.  This indicated that cashews are a lower calorie nut 

than other choices.  Additionally, the fatty acid profiles and amino acid profiles of the 

different cashew types were not different between sample groups.  However, the wrapped 

samples had less protein than the others due to the presence of the skins.  The sugar types 

differed in the cashew samples due to processing (Maillard browning) and the cashew skins 

(sugar-phenolic bonding).   

Other observations were made regarding the vitamins, minerals, and other substances 

found in cashews.  Cashews were poor sources of B-vitamins and fat soluble vitamins.  

Thiamin, riboflavin, niacin, and tocopherol levels in cashews were far too low for any type of 

nutritional label claim.  The wrapped cashews did have significantly higher levels of β-

carotene than the other cashew types, but not nearly as much as the amount found in fruits 

and vegetables.  All of the cashews had similar levels of phytosterols, indicating that 

processing did not impact the levels of phytosterols in cashews.  Furthermore, the levels of 

phytosterols were similar to those found in other nuts such as almonds.  The levels of 

phospholipids, however, were lower than those found in other nuts.  The mineral profile of 

cashews was slightly more interesting than the vitamin profile of cashew nuts.  They were 

found to be good sources of phosphorous and magnesium.  Although there were no DRIs for 

trace minerals, the cashews also contained appreciable amounts of copper, magnesium, and 

zinc.  Additionally, the cashews contained low levels of sodium.   
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The final set of analyses performed on the cashews were a series of phenolic 

analytical tests.  The raw and the roasted cashews had essentially no antioxidant activity.  

The wrapped cashews contained higher epicatechin levels than green tea, but did not have 

nearly as many procyanidins overall compared to peanut skins.  It would appear that the 

water washing step in cashew processing washed away some of the phenolic compounds, 

especially those with higher degrees of polymerization.  At this point in time, it would appear 

that other nut skins, such as peanuts, would be a better source of phenolic compounds than 

cashews.   

The Karma brand cashew nuts were characterized and compared by these analyses.  

Although they did contain unsaturated fatty acids, arginine, phytosterols, and phenolics, 

which may help reduce the risk of cardiovascular disease, other nuts such as almonds and 

pistachios have larger amounts of these nutrients.  Future work should include the analysis of 

oil roasted cashews, rancid cashews, and cashews grown in different environments to fully 

capture the subtleties of the differences in cashew products.   
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ABSTRACT 

 Cashews are known for their unique and delicate flavor.  They are the second most 

popular tree nut consumed and sales of cashew nuts have continued to grow at an annual rate 

of 7%.  They are typically consumed as-is, but are sometimes used in confectionary products.  

Karma cashews are a unique line of cashew products that come in raw, dry roasted, and 

wrapped (skin-on) varieties.  Given their novelty, Karma brand nuts were evaluated using 

descriptive sensory analysis, new product concept testing, and acceptance testing.  A lexicon 

for cashew flavor was developed by a trained panel, consisting of 22 flavor terms, 3 feeling 

factors, and 4 texture terms.  The lexicon was validated using 14 varieties of commercial 

cashew products including raw, oil roasted, dry roasted, skin-on, and rancid types.  Results 

from the validation study indicated that raw cashews were very low in “roast cashew flavor”, 

the wrapped samples were highest in “woody”, “dark roast”, “crispy”, and “astringency”, and 

the dry roasted samples were low in “cooked, fried” flavor.  Aging of these samples 

produced “cardboardy” and “painty” off-flavors.  102 consumers were recruited for the new 

concept and acceptance tests.  The majority of the consumers were between the ages of 18 

and 30 and indicated that they consumed cashews a “few times per month”.  The dry roasted 

cashews received the highest concept liking score and the wrapped cashews received the 

lowest.  In terms of acceptability, the wrapped cashews were disliked slightly in terms of 

appearance.  The overall flavor of the control, Planters brand, was liked best (like slightly 

score) and Planters brand received the highest rank of all 4 products tasted.  Preference 

mapping of the descriptive data and consumer panel indicated that traditional oil roasted 

cashews and associated flavors were most preferred.  However, one cluster of consumers 
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preferred the novel wrapped and raw products.  It is clear that Karma brand nuts occupy a 

unique sensory space in terms of cashew flavor and should be marketed accordingly.   
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INTRODUCTION 

 Sensory analysis involves the identification, description, quantification, and 

interpretation of the properties of food.  Although sensory analysis is a fairly new tool for the 

food industry, humans have used the five senses to describe and evaluate food for ages.  In 

terms of product development and food quality assurance, sensory analysis contains three 

categories of tests that can be used to improve products: discrimination, description, and 

preference.  Discrimination involves using people to determine if a difference exists between 

two or more products.  Description is used to characterize the flavors in different food 

products and to quantify their intensity.  Preference tests are used to determine liking of a 

product.  Discrimination tests and preference tests involve untrained consumer panelists, 

whereas descriptive tests use highly trained panels (Carpenter et al., 2012)  

Descriptive sensory analysis is used for the determination of flavor and texture 

attributes and intensities in food products or commodities.  Before the characterization of any 

product can occur, the development of a sensory lexicon for flavor and texture is required.  

As described in Chapter 1, a lexicon is a set of words used to describe attributes of a product 

or commodity and is accompanied by a set of references and definitions for each attribute.  A 

panel with extensive training in flavor and texture is used for lexicon development.  

Following development, validation of the lexicon is performed by tasting a variety of 

products and confirming that the lexicon is able to differentiate products in terms of their 

flavor profile (Drake & Civille, 2006).   

In addition to trained panel methods of describing sensory aspects of a product, 

untrained consumer panels can be used to glean information about liking and purchase intent.  

New product concept testing is typically employed in early stages of product development to 
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determine consumer reactions to a novel idea.  It gives insight as to whether a product will do 

well at the retail level.  Typically, photographs of the samples are presented to the consumers 

and questions regarding reactions and expectations of the products are asked (Dickinson & 

Wilby, 2003).  New product concept testing can be paired with acceptance testing.  

Acceptance testing is a form of analytical sensory analysis that employs the hedonic scale to 

determine consumer liking of a food product.  The test provides insight as to whether a 

product is inherently liked and if any attributes are unbalanced by the use of “just about 

right” (JAR) questions (Lawless & Heymann, 1998).   

 The Karma brand cashews are novel cashew products in that they are raw, dry 

roasted, and wrapped (skin-on), compared to traditional oil-roasted nuts like Planters brand.  

Given the novelty of these cashew products, the purpose of this set of experiments was to 

fully characterize the flavor and liking of the nuts.  This was accomplished with descriptive 

analysis, new product concept testing, and acceptance testing. 
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MATERIALS AND METHODS 

A. Descriptive Sensory Analysis 

Commercial Cashew Samples 

 Cashew samples for sensory evaluation were obtained from Karma Nuts (Wenders 

Foods, Kerala, India).  These included dry roasted and salted cashews, raw cashews, and 

wrapped cashews (Appendix Figures 1-3).  Additional cashews for lexicon development 

were commercial brands including Planters (Kraft Foods Inc., Northfield IL), Emerald 

(Diamond Foods, Stockton, CA), Frito-Lay (Plano, TX) and store brands including Harris 

Teeter brands (Matthews, NC), Archer Farm (Target, Minneapolis, MN), and Premium 

Orchard cashews (Mixed Nuts, Inc., Los Angeles, CA) (Table 1).  The commercial brands 

were purchased from local retail stores in Raleigh, NC.  All cashews were stored at 4°C and 

were equilibrated to room temperature before tasting panel sessions.  The nuts were 

presented to the panelists in glass jars labeled with 3-digit codes.   

Panelists 

 The cashew lexicon was developed according to the Spectrum® Descriptive Analysis 

Method (Meilgaard et al., 1999).  Ten panelists, three males and seven females, trained in 

descriptive sensory analysis were selected to develop the cashew lexicon.  Ages ranged from 

22-71.  The panelists were all students, faculty, or staff at the North Carolina State University 

who were trained using the Sensory Spectrum™ method.  At least 100 hours of training 

specifically in descriptive sensory analysis of peanuts and tree nuts had been performed by 

the panelists before beginning work on the cashew lexicon.   

 

 



 

161 

 

Initial Products Screening 

 Lexicon development began with an initial product screening.  Name brand, store 

brand, and lab-roasted cashews were evaluated (Table 1) to produce an exhaustive list of 

attributes to describe cashew flavor.  During the initial screening, brand identification was 

not withheld.  The panel performed this exercise in 1-hour sessions on 3 separate occasions.  

The list generated in the initial products screening included flavors, textures, and feeling 

factors (Table 2).  
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Table 1. Cashew samples used for lexicon development and subsequent lexicon verification 

Brands   Roasting Specifications  Salt Specifications 

Planters   Oil Roast    Salted 

Emerald   Oil Roast    Salted 

Harris Teeter Deluxe   Oil Roast    Salted 

Harris Teeter Colossal Oil Roast    Salted 

Frito-Lay   Oil Roast    Salted 

Archer Farms   Raw     Unsalted 

    Oil Roast    Salted 

Great Value   Oil Roast    Salted 

Publix    Oil Roast    Salted 

Kroger    Oil Roast    Salted 

Premium Orchard  Dry Roast    Salted 

Karma    Raw     Unsalted 

    Dry Roast    Salted 

    Dry Roast with Skins   Salted 

Lab Roasted, Generic  Dry roast at different temperature Unsalted 

 

 

Table 2. Preliminary cashew attributes list 

 

Nut Flavors   Infrequent Flavors   Other Flavors 
Roasted cashew Cardboardy  Fruity 

Toasted Fishy  Fatty 

Nutty Oxidized  Hay 

Beany Wet earthy  Paper 

Dark roast Metallic  Hexanal 

Sweet aromatic Ashy  Brothy 

Smooth Greenwood bitter Rich 

Dairy cream Phenolic  Baked Potato 

Buttery Unripe  Caramel 

 

Basic Tastes   Basic Textures 

Sweet Crispy 

Sour Crunchy 

Salty Hardness 

Bitter Breakdown 

Umami 
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Lexicon Development 

After the initial list of attributes was generated, the group refined the list of terms by 

consolidating similar terms and deleting redundant ones.  The peanut lexicon was used as a 

template (Johnsen et al. 1987).  The descriptor list continually evolved as the panel discussed 

the cashews on 4 subsequent panel meetings as the unique cashew products and other nuts, 

including pecans, hazelnuts, walnuts, and Brazil nuts, were tasted.  The texture terms and 

feeling factors were also critically evaluated at this time.  Once the attribute list was 

complete, the commercial products were evaluated two more times by the panel to ensure 

that the terms made sense and captured the complete sensory space of cashews.  

Additionally, references and definitions for all the attributes were determined.  The working 

lexicon was considered complete when the panelists came to consensus on all terms and 

could generally identify the individual flavors, textures, and feeling factors.   

Once the panel was finished adding attributes to the lexicon, it was decided that 

Planters cashews would be the reference sample for the panel as it was the leading national 

brand for cashew nuts and would be readily available from most retail locations.  Planters 

cashews were evaluated by the panel in six multi-sample panels and the average attribute 

intensity scores generated by the panel were used as the reference values for each attribute.  

The reference scores were presented to the panel as part of the tasting ballot (Appendix A) at 

each subsequent panel, along with a sample of reference cashews for calibration before 

beginning each session.  Before proceeding to score commercial samples for recording, it 

was ensured that the panel was able to score reference cashews to within 0.5 SD from the 

established reference value.   
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Evaluation Protocol 

 All products were evaluated after equilibration to room temperature.  Panel sessions 

began with panelists cleansing their palates with crackers and water and calibrating with a 

reference sample.  Once panelists were ready, they sampled cashews from jars labeled with 

3-digit codes in random order.  Panelists scored samples on paper ballots and waited 2 

minutes before evaluating another sample to reduce fatigue.  Panelists evaluated no more 

than 8 samples at a time for this same reason.   

Lexicon Verification 

 Lexicon validation could be completed once the panel could replicate the scores for 

the reference cashews.  Verification was completed by having the panel taste and evaluate a 

total of 14 cashew products and ensuring that the panel could differentiate the samples.  

Differentiation was confirmed via statistical analysis.     

Statistical Analysis 

 The data generated by the panel was analyzed using SAS (9.2, Cary, NC).  A mixed 

model was used with least square means.  The cashew brands were designated as a fixed 

effect, the panelists were designated as a random effect, and the replication was designated as 

a random effect.  Principal component analysis was also performed using JMP Pro 12 

(Leksrisompong et al. 2012).   

B. New Product Concept and Consumer Acceptance Testing of Karma Nuts 

Sensory Analysis 

Consumer sensory testing was performed on Karma brand cashews with the help of the 

Sensory Service Center at the North Carolina State University.  Acceptability of the unique 

Karma cashews (Figures 1-3 in Appendix A) was assessed using new product concept testing 
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paired with acceptance testing (Lawless & Heymann, 1998).  All three of the Karma brand 

products were tested against Planters Cashews as a reference sample.   

Consumer Recruitment 

 IRB approval was obtained before the consumer sensory testing began.  No specific 

demographics were targeted for the testing of the cashews.  Potential panelists in the Sensory 

Service Center database were emailed and panelists were recruited on a first come, first serve 

basis.  Only those who were allergic to tree nuts were excluded from the test.  Panelists were 

recruited until a quota of 100 participants was met.  Participants were rewarded with a small 

food treat for their participation.   

Sample Preparation 

 Before testing, each of the 4 types of cashews was assigned a 3-digit code.  One 

hundred 2 oz. cups were labeled with the 3-digit code for each sample.  Approximately 6 

cashews were placed into each of the cups prior to the beginning of the sensory test.  During 

the sensory test, samples were presented to the consumers in a balanced, randomized design.  

Panelists were provided with unsalted crackers and water for palate cleansing between 

samples.   

Concept Statements and Acceptance Questions 

 Concept statements were required for the new product concept portion of the sensory 

test (Dickinson & Wilby, 2003).  The statements can be found in Appendix A.  The concept 

statements were presented with a photograph of the cashews.  The questions related to 

acceptance of the nuts can also be found in Appendix A.  Acceptance questions included 

overall liking, flavor liking, texture liking, and others.  Just about right (JAR) questions were 

also asked for specific attributes (Lawless & Heymann, 1998).  During the test, consumers 
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were presented with the concept statement for a given product, then asked to taste the product 

and answer the acceptance questions related to that product.  Ranking and demographic 

questions were asked at the end of the test.  Compusense At Hand (Compusense Inc., 

Guelph, ON, Canada), a web-based computer application designed to electronically collect 

sensory data, was used to administer the ballot during the consumer test.  

Statistical Analysis 

 Statistical analysis was performed using XLSTAT (Microsoft Corporation, Redmond, 

WA) with the help of the Sensory Service Center. 
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RESULTS AND DISCUSSION 

A. Descriptive Sensory Analysis 

The validated cashew lexicon with attributes, definitions, and references is presented 

in Table 3.  It consisted of 22 flavor terms, 4 texture terms, and 3 feeling factors.  The 

references listed may be used for review or calibration of a new cashew DA panel.   
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Table 3. Cashew flavor and texture lexicon 

 

Descriptor   Definition 

Flavors 
Roast cashew The aromatic associated cashew nuts that have been gently oil or dry roasted 

 Reference: Planters Deluxe Cashews 

Other nut meat  Aromatics associated with nuts other than cashew  

 Reference: Mixture of pistachios, hazelnuts, almonds 

Beany, raw The aromatic associated with lightly roasted cashews that have an unripe 

characteristic 

 Reference: Raw cashew nuts/legumes 

Dark roast The aromatic associated with dark-roasted cashews that have a toasted or burnt 

characteristic 

 Reference: Cashews roasted for too long 

Sweet aromatic  Aromatics associated with cooked, sweet materials 

 Reference: Molasses, caramel, cooked sugar 

Creamy, buttery Aromatic associated with dairy cream or melted butter 

 Reference: Half and half, heavy cream 

Cooked, fried  The aromatic associated with deep-fried foods 

 Reference: Fried foods like chicken or shrimp 

Woody, skins The aromatic associated with base cashew character (absence of fragrant top notes) 

and dry cashew hulls and skins 

 Reference: Peanuts in the shell 

Baked potato The aromatic associated with baked potatoes that have a starchy characteristic 

 Reference: A fresh baked potato, room temperature 

Fruity   Aromatics associated with fruit 

 Reference: Brewed black tea at room temperature 

Greenwood bitter Aromatics associated with uncooked vegetables, twigs, grass, and cis-3-hexenal 

 Reference: Uncooked cruciferous vegetables 

Cardboardy Aromatics associated with partially oxidized oil and characteristics of a cardboard 

box, staleness 

 Reference: Cashews exposed to moisture, old cashews 

Fishy   Aromatics associated with old fish, cod liver oil, or trimethylamine  

 Reference: Cooked tilapia or salmon filet 

Metallic   Chemical feeling factor associated with metal or coins in the mouth 

 Reference: Coins in the mouth 

Painty   The aromatic associated with oil-based paint or linseed oil 

 Reference: Cashew paste with added rancid oil 

Earthy, musty  Aromatics associated with wet dirt, mulch 

 Reference: Wet soil or a musty basement (aroma) 

Phenolic, band aid Aromatics associated with chewing a plastic Band-Aid in the mouth 

 Reference: Chewing on a plastic Band-Aid 
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Table 3. (Continued) 

 

Basic Tastes 
Sweet   The taste on the tongue associated with sugars 

 Reference: 5.0% sucrose in distilled water 

Sour    The taste on the tongue associated with acid 

 Reference: 0.08% citric acid in distilled water 

Salty   The taste on the tongue associated with sodium chloride 

 Reference: 0.3% sodium chloride in distilled water 

Bitter   The taste on the tongue associated with caffeine, alkaloids, quinine 

 Reference: 0.1% solution caffeine  

Umami Feeling factor associated with monosodium glutamate, ribonucluotides 

 Reference: 1% monosodium glutamate in distilled water 

 

Feeling Factors 
Astringent  Feeling factor associated with dryness and puckering of the mouth 

 Reference: 1% alum in distilled water 

Tongue, throat burn Chemical feeling factor associated with heat, or capsaicin 

 Reference: Paprika 

Fatty   Feeling of mouth coating associated with eating vegetable oil or butter 

 Reference: A stick of butter 

 

Textures 
Crispy Amplitude of high-pitched sound associated with mastication with incisors   

 Reference: Corn chips (Frito-Lay) 

Crunchy  Amplitude of low-pitched sound associated with mastication of sample with molars 

 Reference: Corn chips (Frito-Lay)  

Hardness  Amount of force required to break through the sample with molars 

 Reference: Corn chips (Frito-Lay) 

Breakdown   Ease at which the sample breaks as it is chewed with molars 

 Reference: Corn chips (Frito-Lay) 

Civille et al. 2010; Johnsen et al. 1987; Krinsky et al. 2006; Lee and Resurreccion 2004; Young et al. 2005  
 

Lexicon Verification  

Verification of the cashew lexicon was performed by having the DA panel blindly 

taste and score 14 unique samples of cashews, fresh and rancid, raw and roasted, salted and 

unsalted.  The intensity scores for the 14 cashew types, which were an average of three 

different tastings, are provided in Table 4.  It was required that all “on” flavors be scored at 

each tasting.  “Off” flavors were only scored when detected.  The only off flavors reported in 

Table 4 were those whose average was greater than the limit of detection (1.0).  Although 

some other “off” flavors were detected in some samples by some panelists, such as “fishy” 
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and “greenwood bitter”, the average intensities were not high enough to be included in the 

table.  Nonetheless, these flavors could be detected by future panelists in rancid samples 

above the detection limit.   

None of the flavor attributes scored higher than 4.5, although the texture attributes 

were scored up to 7.7.  Flavor attributes that were highest in the fresh cashews included 

“roast cashew”, “sweet aromatic”, “creamy, buttery”, and “sweet”.  “Breakdown” was of the 

highest intensity of the texture terms.  “Creamy, buttery”, and “other nut meat” were of high 

intensity in the rancid cashews.   

ANOVA and pairwise comparisons within an attribute were performed on the cashew 

samples to determine differences among attributes.  Since there were many samples and thus 

many comparisons to be made within an attribute, it was decided that no post-hoc tests be 

performed in order to adjust the p-values.  Using a post hoc test such as Bonferroni’s highly 

significant difference test would require a miniscule p value (p < 0.0001) in order to find 

significance with such a large sample size (Ott & Longnecker, 2010).  To address this 

problem, each pairwise comparison was evaluated without any adjustment and the panel 

leader decided whether the p-value was significant or not.  The lettering in Table 4 indicates 

the significant differences between samples.  If the p-value for the pairwise comparison was 

less than 0.01, it was deemed significant.  Based on the pairwise comparisons outlined in 

Table 4, several important observations were made in regard to cashew flavor and texture.   

In terms of “roast cashew” flavor, the fresh and rancid raw samples were significantly 

lower than all other samples with intensity scores below the limit of detection.  This was due 

to the fact that these samples were not roasted like the others.  The rancid Karma brand dry 

roasted cashews had the second lowest score (1.2) for “roast cashew”, which was also 
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significantly different than all other types except the rancid Publix brand cashews (3.4).  

Harris Teeter brand colossal cashews had the highest “roast cashew” score (4.3), which was 

statistically similar to the scores of Planters, Emerald, Frito-Lay, Karma dry roasted, rancid 

Publix, rancid Archer Farms, and rancid Great Value cashew brands.  These observations 

suggested that oil roasting was correlated with more roast cashew flavor, even when oil 

roasted cashews were not fresh.  The Karma brand wrapped samples had a significantly 

lower “roast cashew” intensity (2.6) than the high scoring nuts.  This indicated that the flavor 

of the skins possibly overpowered the “roast cashew” flavor, or the dry roasting with the 

skins prevented the full development of “roast cashew flavor”.   

“Other nut meat” flavor exhibited some interesting trends.  Again, the Karma brand 

raw (3.0) and rancid raw (2.9) samples scored the highest and were significantly different 

from all other cashew types except the wrapped samples.  This suggested that when cashews 

were not roasted or contain skins, the flavor of other nuts, such as pistachio, was more 

prominent.  Furthermore, it would appear that the rancid samples had higher levels of “other 

nut meat” flavor and lower levels of “roast cashew” flavor than their fresh counterparts.  This 

suggested that the aging process increased “other nut meat” flavor and decreased “roast 

cashew” flavor.   

 As expected, the raw (3.5) and rancid raw (3.3) samples had significantly higher 

scores for “beany, raw” flavor than all other samples, which was due to lack of roasting.  The 

Karma brand wrapped cashews had the lowest score (1.7) for “beany, raw” and the highest 

score (2.1) for “dark roast”.  This suggested that the skins contributed a dark, roasted flavor 

to the cashews that would not be present in skin-off samples.  In general, all cashews aside 

from the wrapped types had higher “beany, raw” scores than “dark roast” scores.  This 
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indicated that aging did not impact the relative ratio of “beany, raw” flavor to “dark roast” 

flavor and neither did the type of roasting.   

 “Sweet aromatic” is a term used to describe the caramelized sugar flavor present in 

baked products.  As such, the Karma brand raw samples had the lowest level of “sweet 

aromatic” flavor (1.2).  This was attributed to the lack of roasting, which is necessary for the 

development of “sweet aromatic” flavor.  All other samples had similar levels of “sweet 

aromatic” flavor, indicating that the type of roasting did not impact the intensity of “sweet 

aromatic” flavor.   

 Several trends were seen in the “woody, skins” attribute.  As expected, the skin on 

samples were the highest scoring samples.  The rancid wrapped (3.9) and fresh wrapped (3.6) 

samples were significantly different from each other and all other samples.  The rancid 

Karma brand dry roasted samples were the third woodiest nuts (2.3) and were significantly 

different than all other nuts.  These scores indicated that the presence of skins contributed to 

the “woody, skins” flavor of nuts, dry roasting led to higher levels of “woody, skins” flavor”, 

and aging possibly increased the “woody, skins” flavor beyond normal levels. 

 Despite the few significant differences in “fruity” flavor, there were some notable 

differences.  The Karma brand rancid (2.6) and fresh (2.5) raw cashews had the highest 

“fruity” score, followed by rancid Great Value brand cashews (2.3) and rancid Archer Farms 

brand (2.3) cashews.  This suggested that “fruity” flavor was highest in unroasted samples, 

and furthermore, that rancidity increased “fruity” flavor.  The Karma brand wrapped samples 

also had a high level (2.2) of “fruity” flavor, suggesting that cashew skins contributed to the 

overall “fruity” flavor.  It was discussed during the tasting panels that the wrapped cashews 

had a “raisin-like” fruity flavor that was not present in the other samples.   
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 The basic tastes of sweet, salty, bitter, and umami were recorded in each cashew 

sample.  In terms of sweet taste, the rancid Karma brand dry roasted (2.8) and rancid Karma 

brand wrapped (2.8) samples had the lowest intensity.  These intensities were significantly 

different than their fresh counterparts.  The other rancid samples were not significantly 

different from the fresh cashew samples, which implied that sweetness decreased with age at 

a more rapid rate in dry roasted samples than in the oil roasted samples.  Saltiness was the 

most variable of the basic tastes in the cashew nuts.  Naturally, the rancid (0.1) and fresh 

(0.2) Karma brand raw cashews had significantly lower scores in salty taste compared to all 

other nuts except the rancid Karma dry roasted cashews.  This was expected as the raw 

cashews were not salted at all and the dry roasted cashews were only very lightly salted.  In 

contrast, Planters brand, Harris Teeter brand colossal cashews, Frito-Lay brand, and rancid 

Karma brand wrapped cashews had the highest salty scores, with Frito-Lay brand having the 

highest score (4.5).  The other rancid samples had low salty intensities at the same 

significance level as the Karma brand dry roasted cashews.  Very few differences were 

observed in umami flavors among the cashews.  The Karma brand raw cashews (1.6) were 

significantly different than all of the rancid samples aside from Kroger brand, fresh Harris 

Teeter brand colossal cashews, and fresh Frito-Lay brand cashews.  None of these samples 

were different than each other nor any other samples.  This observation suggested that aging 

and oil roasting may have impacted the level of umami flavor in cashews compared to raw 

nuts.  The bitterest samples in decreasing order were rancid Karma brand wrapped cashews 

(2.6), rancid Karma brand dry roasted cashews (1.9), and fresh Karma brand wrapped 

cashews (1.6).  These bitter scores were significantly different from each other and all other 

samples, implying that the skins of cashews impart some bitterness into the overall cashew 
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flavor and that aging of dry roasted nuts leads to bitter off flavors.  Since the oil roasted fresh 

and rancid samples were not different from each other, it would seem that aging did not 

increase the bitterness in oil roasted nuts.  Additionally, since the fresh and rancid raw 

cashews had statistically similar bitterness scores as all of the other nuts except those 

mentioned initially, it would appear that oil roasting did not impart any bitterness on the nuts.  

Bitterness only increased with aging in dry roasted nuts.  

In order to determine the presence of off flavors in cashew nuts, several brands were 

aged at least 3 months past their use-by date before tasting.  The off flavors that were 

detected in the cashews at average scores > 1.0 included “cardboardy”, “painty”, “phenolic, 

Band-Aid”, and “tongue and throat burn (TTB)”.  Scores for these attributes were included in 

Table 4.  The samples with the highest “cardboardy” scores were the rancid Karma brand dry 

roasted (2.5), rancid Kroger brand (1.4), and rancid Karma brand wrapped nuts (2.5).  The 

rancid dry roasted nuts and the rancid Kroger brand nuts were significantly different than all 

other nuts and each other, but were not significantly different than the rancid wrapped nuts.  

None of the fresh samples had any traces of cardboard flavor.  The other rancid samples had 

traces of cardboard flavor, not quite above detection limit, and not significantly different 

from the fresh samples with no cardboard flavor.  The same pattern was seen in “painty” 

flavor.  Rancid Karma brand dry roasted (2.8) and wrapped cashews (2.2) had significantly 

higher “painty” flavor than all other nuts, followed by the rancid Kroger brand cashews.  The 

other rancid samples had trace levels of “painty” flavor, but the scores were not different 

from the fresh nuts or the rancid Kroger brand cashews.  From these results, it was seen that 

“cardboardy” and “painty” flavors develop over time in cashews and they may develop more 

quickly in dry roasted nuts than raw or oil roasted nuts.  Since “cardboardy” and “painty” 
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flavors were associated with oil rancidity, these results further indicated that the onset of 

lipid oxidation in dry roasted nuts occurred more rapidly than in oil roasted nuts (Johnson et 

al., 1987).  Moisture content could explain the higher levels of lipid oxidation.  The frying 

process involved the removal of water from the oil-roasted nuts, which would not occur to 

the same extent in the dry roasted nuts (Choe & Min, 2007).  Moisture content is a known 

contributing factor to lipid oxidation (St. Angelo, 1992).  It is plausible that the dry roasted 

samples had higher moisture levels than the oil-roasted samples, which could have caused the 

onset of “cardboardy” and “painty” off-flavors.   

Slightly different trends were observed in “phenolic, Band-Aid” off-flavor.  This off-

flavor was not present at as high intensities as “painty” and “cardboardy”.  In fact, the highest 

score received was only 1.1, barely above detection level.  This intensity score was found in 

the rancid Karma brand wrapped cashews and was statistically similar to the value obtained 

by the rancid raw samples (0.9).  The only other sample worth mentioning is the rancid 

Karma brand roasted nuts, which had an intensity score of 0.7, which was similar to the other 

rancid Karma brand samples, but was also similar to most other nut types.  Some “phenolic, 

Band-Aid” flavor was detected in the rancid Archer Farms brand and rancid Great Value 

brand cashews, but not above detection level, and not significantly different than those 

samples with a score of 0.0.  It was clear that “phenolic, Band-Aid” flavor can develop in 

rancid samples, but it would be more problematic in rancid dry roasted samples than rancid 

oil roasted samples.  The final off-note detected in the cashews above the limit of detection 

was TTB, which was actually classified as a feeling factor.  It was only detected in rancid 

Karma brand dry roasted and wrapped samples at levels of 1.1 and 1.4, respectively.  These 

scores were statistically similar to each other and different from all other nut types.  Since the 
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fresh Karma brand wrapped samples did not contain the off-note, a correlation between the 

development of TTB and aging of dry roasted cashew nuts was observed. 

The final set of attributes scored in the cashew nuts were textures.  Most differences 

in texture attributes were due to aging of the samples.  “Crispy” texture was highest in the 

fresh (3.3) and rancid (3.9) Karma brand wrapped samples, indicating that the skins 

contribute a high pitched sound when the nuts are bitten with the front teeth.  The differences 

in crispy texture in the wrapped were due to the moisture content of the samples.  As 

described in chapter 3, the wrapped nuts had much lower moisture levels than other nuts, 

which would lead to increased crispiness.  Not many other differences were seen among the 

rest of the nuts without skins, however the fresh Karma brand dry roasted cashews scored 

significantly higher (2.1) than the rancid Karma brand dry roasted cashews (1.4).  It was 

possible that crispiness was affected by aging, especially in dry roasted nuts.  Minimal 

significant differences were seen across the “crunchy”, “hardness”, and “breakdown” 

attributes, indicating that age did not greatly impact these attributes and neither did 

processing type.   

As demonstrated above, it was clear that many differences exist between the 14 

brands of cashews evaluated in the study.  The attributes presented in the lexicon were able 

to separate the cashews based on differences in processing, age, and presence of skins.  The 

exercise of using the lexicon to determine the aforementioned differences in cashews 

indicates that it was validated.  
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Table 4. Intensities of flavor attributes in cashews 

Attribute        Intensity 

   Planters  Karma Dry Roast Karma Raw Karma Skin-On Frito-Lay  Emerald  HT Colossal  

Roast cashew  4.1a + 0.5  3.5a + 0.5  0.1e + 0.4  2.6d + 0.8  3.9a + 0.6  3.5a + 0.5  4.3a + 0.7   

Other nut meat  1.6c + 0.7  2.0bc + 0.4  3.0a + 0.6  2.7ab + 0.7  1.7c + 0.5  1.8bc + 0.6  1.8bc + 0.6   

Beany, raw  2.3d + 0.6  2.3bd + 0.5  3.5a + 0.5  1.7c + 0.6  2.2d + 0.7  2.6bd + 0.6  1.9c + 0.6   
Dark roast   1.9ab + 0.5  1.5b + 0.5  0.0c + 0.2  2.1a + 0.7  1.9ab + 0.6  1.6ab + 0.5  2.0ab + 0.8   

Sweet aromatic  3.8a + 0.6  3.2a + 0.5  1.2b + 1.1  2.5a + 0.7  3.4a + 0.5  3.3a + 0.8  3.8a + 0.7   

Creamy, buttery  3.8a + 0.4  3.9a + 0.4  3.5b + 0.5  3.2b + 0.8  3.9a + 0.4  3.8a + 0.7  4.1a + 0.5   

Cooked, fried  2.0ac + 0.7  1.0cdef + 0.8 0.0ge + 0.2  0.6acefg + 0.8 2.4ad + 0.9  1.7acde + 0.6 2.6ad + 0.6   

Woody, skins  1.2e + 0.6  1.5de + 0.4  1.6de + 0.5  3.6b + 0.8  1.4de + 0.6  1.6de + 0.5  1.4de + 0.4   

Baked potato  1.4b + 0.7  2.0ac + 0.5  1.9abc + 0.6  2.3a + 1.2  1.8abc + 0.6  1.6bc + 0.5  1.8abc + 0.6   
Fruity   1.9b + 0.9  2.1ab + 0.6  2.5a + 0.5  2.2ab + 0.9  1.9b + 0.5  1.9ab + 0.5  1.8ab + 0.8   

Greenwood bitter          

Cardboardy  0.0d + 0.0  0.0d + 0.0  0.0d + 0.0  0.46cd + 0.8 0.0d + 0.0  0.5cd + 0.8  0.0d + 0.0   
Fishy        

Metallic 

Painty   0.0c + 0.0  0.0c + 0.0  0.0c + 0.0  0.0c + 0.0  0.0c + 0.0  0.8bc + 0.8  0.0c + 0.0   
Earthy, musty 

Phenolic, Band-Aid  0.0c + 0.0  0.14bc + 0.4 0.0c + 0.0  0.14bc + 0.5 0.0c + 0.0  0.0c + 0.0  0.0c + 0.0   

Sweet   3.8b + 0.5  4.0b + 0.6  4.0b + 0.7  3.2bc + 0.6  4.0a + 0.5  3.9b + 0.6  4.1b + 0.5   
Salty   3.0bce + 0.7  1.3f + 0.8  0.2g + 0.5  2.3c + 1.0  4.5abd + 0.9  2.7abcd + 1.1 3.6cd + 0.8   

Sour 

Bitter   1.2d + 0.3  1.3d + 0.8  0.9d + 0.5  1.6c + 0.8  1.0d + 0.5  1.2d + 0.5  1.1d + 0.4   
Umami   1.9ab + 0.6  1.0ab + 0.3  1.6b + 0.6  2.1a + 0.5  2.1a + 0.6  1.8ab + 0.5  2.2a + 0.5   

Astringent   0.8b + 0.5  1.0abc + 0.4  1.0abc + 0.4  1.7a + 0.7  0.8abc + 0.5  0.9bc + 0.4  0.7abc + 0.4   
Tongue & Throat Burn 0.0b + 0.0  0.0b + 0.0  0.0b + 0.0  0.0b + 0.0  0.0b + 0.0  0.0b + 0.0  0.0b + 0.0   

Fatty   4.5ab + 0.7  4.5ab + 0.6  4.0bc + 0.5  4.0bc + 1.0  4.6ab + 0.8  4.1abc + 0.7  4.8a + 0.8   

Crispy   1.7cd + 0.5  2.1d + 0.6  2.2c + 0.6  3.3b + 0.7  1.8cd + 0.5  1.5cd + 0.5  2.0cd + 0.8   
Crunchy   4.0a + 0.6  4.0a + 0.6  3.6ab + 1.0  4.3aa + 0.8  3.8ab + 0.8  3.5ab + 0.9  4.2a + 0.8   

Hardness   4.3ab + 0.8  4.5ab + 0.6  4.7ab + 0.7  4.7ab + 0.7  4.3b + 0.6  4.3ab + 1.1  4.5ab + 0.7   

Breakdown  7.5a + 1.1  7.0ab +1.5  6.4b + 1.2  6.8ab + 1.1  7.0ab + 0.8  6.9ab + 1.1  6.8ab + 0.7   
Off flavors only reported when detected at levels >1.0 

Means in a row not followed by a common letter are statistically different, p < 0.05.   
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Table 4. (Continued) 

Attribute        Intensity 

   Raw Old  Dry Roast Old Skin-On Old Kroger Old Archer Farms Old Great Value Old Publix Old 

Roast cashew  0.3e + 0.4  1.2c + 0.8  2.3bd + 0.6  2.8bd + 0.8  2.8bd + 0.6  2.8abd + 0.7  3.4bc + 0.4 

Other nut meat  2.9a + 0.3  2.4b + 0.7  2.3bc + 0.5  2.2bc + 0.4  2.2bc + 0.3  2.2bc + 0.3  2.1bc + 0.4 

Beany, raw  3.3a + 0.4  2.9bd + 0.4  2.4bd + 0.5  2.6bd + 0.3  2.1cd + 0.5  2.1cd + 0.5  2.0bc + 0.5 
Dark roast   0.0c + 0.2  0.6c + 0.5  1.7ab + 0.5  1.5b + 0.5  1.6ab + 0.5  1.6ab + 0.5  2.0ab + 0.5 

Sweet aromatic  2.3ab + 0.4  2.0a + 0.8  2.3ab + 0.6  3.4a + 0.6  3.4a + 0.8  3.4a + 0.8  3.5a + 0.8 

Creamy, buttery  3.6b + 0.6  3.4a + 0.6  3.3b + 0.7  3.7ab + 0.4  3.7b + 0.4  3.7b + 0.4  3.8a + 0.5 

Cooked, fried  0.2bdefg + 0.5 0.4bf + 0.6  1.4cde + 0.6  1.8ac + 0.4  2.0ac + 0.4  2.0ac + 0.4  2.5eg + 0.6 

Woody, skins  1.6de + 0.8  2.3c + 0.7  3.9a + 0.8  1.3de + 0.3  1.4de + 0.3  1.4d + 0.3  1.6d + 0.5 

Baked potato  2.0abc + 0.7  1.8abc + 0.5  2.1ac+ 0.7  1.8abc + 0.4  2.0ac + 0.5  2.1d + 0.5  2.1ac + 0.4 
Fruity   2.6ab + 0.8  2.0b + 0.6  1.9b + 0.5  2.0ab + 0.4  2.3ab + 0.5  2.3ab + 0.5  2.2ab + 0.5 

Greenwood bitter          

Cardboardy  0.5cd + 1.0  2.5a + 1.3  2.1ab + 1.4  1.4b + 1.2  0.3cd + 0.4  0.8cd + 0.7  0.8c + 1.2 
Fishy        

Metallic  

Painty   0.2bc + 0.6  2.8a + 1.4  2.2a + 1.5  1.0b + 0.9  0.0bc + 0.0  0.1bc + 0.4  0.3bc + 0.7 
Earthy, musty     

Phenolic, Band-Aid  0.9a + 1.0  0.7ab + 1.0  1.1a + 1.1  0.1bc + 0.4  0.6abc + 0.8  0.5abc + 0.8  0.6abc + 0.9 

Sweet   3.9ab + 0.6  2.8c + 0.5  2.8c + 0.6  3.6ab + 0.5  3.8ab + 0.6  3.8ab + 0.6  3.6ab + 0.5 
Salty   0.1g + 0.9  0.3g + 0.4  3.1bcde + 0.8 1.8ef + 0.8  1.4f + 0.7  1.4ce + 0.7  2.4ce + 0.6 

Sour 

Bitter   1.1d + 0.2  1.9b + 0.7  2.6a + 0.7  1.1d + 0.3  1.1d + 0.3  1.1d + 0.3  1.2d + 0.5 
Umami   1.8ab + 0.5  1.8ab + 0.5  2.2a + 0.5  2.1a + 0.3  2.3a + 0.4  2.3a + 0.4  2.2a + 0.5 

 
Astringent   1.2ac + 0.6  1.3abc + 0.4  2.2ac + 0.6  1.0abc + 0.1  1.0ac + 0.0  1.0abc + 0.0  1.1ac + 0.2 

Tongue & Throat Burn 0.2b + 0.5  1.1a + 1.1  1.4a + 1.0  0.1b + 0.3  0.1b + 0.3  0.1b + 0.6  0.0b + 0.0 

Fatty   4.2abc + 0.4  4.1abc + 0.5  3.8c + 0.5  4.4abc + 0.4  4.5ab + 0.3  4.5ab + 0.3  4.5ab + 0.6 
Crispy   2.0cd + 0.6  1.4c + 0.4  3.9a + 1.1  1.7cd + 0.5  1.9cd + 0.7  1.9cd + 0.7  1.9cd + 0.8 

Crunchy   3.6ab + 1.0  2.7c + 1.0  4.1ab + 0.8  3.3c + 1.0  3.8ab + 0.8  3.8ab + 0.8  3.5bc + 1.1 

Hardness   4.0b + 1.0  3.0b + 1.0  4.5ab + 0.7  4.0b + 1.0  4.1a + 0.6  4.1a + 0.6  3.7b + 1.2 

Breakdown  6.9ab + 0.9  6.8a + 1.1  7.3ab + 0.8  7.5a + 0.8  7.2ab + 0.6  7.2ab + 0.6  7.7ab + 1.2 
Off flavors only reported when detected at levels >1.0 

Means in a row not followed by a common letter are statistically different, p < 0.05.   
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Principal Component Analysis   

 The pairwise comparisons were used to detect differences between cashew brands 

and to validate the lexicon.  In addition to the comparisons, principal component analysis 

(PCA) was performed on the data to determine which attributes in the lexicon were related.  

Furthermore, the PCA suggested which products were most associated with specific 

attributes.  The results of PCA can be found in Figure 1.  Examination of a scree plot 

indicated that four principal components explain 87.4% of the variability.  The factor loading 

matrix can be found in Table 5.   

 A cluster of flavors and products was observed in quadrant 3 of the PCA biplot.  The 

flavor attributes “fruity” and “beany, raw” were highly correlated with each other and were 

also correlated with the fresh raw and rancid raw cashews.  “Other nut meat” flavor was also 

somewhat correlated with these flavor terms and products.  This indicated that raw cashews 

were associated with “other nut meat”, “beany, raw” and “fruity” flavor.  In contrast, these 

flavors and products were diagonally opposite to “dark roast”, “salty”, and “roast cashew” 

flavors, meaning that they were inversely correlated with these attributes.  It was concluded 

that “dark roast”, “salty”, and “roast cashew” flavors were associated with roasted nuts, not 

raw ones.   

 The off-flavors associated with cashews were all correlated with each other and were 

associated with high values of principal component 2.  They were located in quadrant two of 

the biplot.  The off-flavors “painty” and “cardboardy” were highly correlated with each other 

and also somewhat correlated with “astringency” and “bitter” flavors.  These attributes were 

most associated with the rancid Karma brand dry roasted cashews, which had the highest 

scores in off-flavors.  The rancid and fresh wrapped Karma brand cashews were also 
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associated with these off-flavor attributes, but not as closely as the rancid Karma brand dry 

roasted nuts.  From this cluster of data, it was clear that the rancid dry roasted samples and 

cashew skins were most associated with off-notes in cashew nuts.  Furthermore, these 

products and attributes were very negatively correlated with the flavors “sweet” and 

“creamy, buttery”, since these attributes were located diagonally opposite of the off-flavors.   

 The third cluster of attributes was visible in quadrants 1 and 4 of the PCA biplot.  The 

flavors “sweet”, “creamy, buttery”, “fatty”, “roast cashew”, “salty”, and “dark roast” were all 

highly correlated with principal component 1 and therefore with each other.  These were all 

desirable characteristics of cashew nuts, so it was obvious that they should be correlated.  

Harris Teeter brand colossal cashews were highly associated with principal component 1 and 

therefore most associated with all of the aforementioned on-notes in cashews.  The on-notes 

could be further separated into two groups based on their association with principal 

component 2.  “Dark roast”, “salty”, roast cashew” and “hardness” were associated with 

positive values of principal component 2, while “sweet”, “creamy, buttery”, and “fatty” were 

associated with negative values of principal component 2.  Based on these separations, it 

could be deduced that the rancid Archer Farms, Emerald brand, Karma dry roast, and rancid 

Kroger brand samples were correlated closely with each other, with “sweet” flavor, and to a 

lesser extent, “creamy, buttery”.  Frito-Lay and Planters brand cashews were closely 

associated with “creamy, buttery” and “fatty”.  These brands were also moderately associated 

with principal component 1, meaning they were associated with “roast cashew”, “salty”, and 

“dark roast”, but to a lesser degree than the Harris Teeter colossal brand.  The final two 

brands, rancid Publix and rancid Great Value were closely associated with each other and 

moderately associated with “hardness”, “salty”, and “roast cashew” flavor.  They were also 
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somewhat associated with rancid Archer Farms and rancid Publix brand cashews, based on 

their locations on the biplot, showing that all of the rancid oil roasted nut brands were 

somewhat similar.   

The results from the PCA biplot reinforced the results from the pairwise comparison 

data.  It was clear that certain flavor attributes from the cashew lexicon were correlated, such 

as “fruity” and “beany, raw”, and “fatty” and “creamy, buttery”.  Furthermore, differentiation 

among the cashew brands was possible with the PCA data.  It was clear that the raw 

products, the skin-on products, the dry roasted products, and the Harris Teeter brand colossal 

cashews were very different in terms of their flavor profile.  The lexicon was clearly able to 

differentiate cashew product 

  

Figure 1.  Principal component analysis of cashew products and flavors 
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Table 5. Factor loadings of attributes on principal component analysis  

 

Attribute  Principal 1 Principal 2 Principal 3 Principal 4 

Roast Cashew  0.87998  0.38803  -0.14926  0.09270 

Other Nut Meat  -0.83311  -0.25541  0.41307  0.14554 

Raw, Beany  -0.57084  -0.65975  -0.05454  -0.37517 

Dark Roast  0.65701  0.65845  -0.04949  0.29696 

Sweet Aromatic   0.69173  0.24049  -0.54757  -0.02321 

Creamy, Buttery  0.88402  -0.28009  -0.10655  -0.17643 

Cooked, Fried  0.81956  0.37760  -0.22815  0.10658 

Woody, Skins  -0.61345  0.69643  0.21878  0.07036 

Baked Potato  -0.38518  0.35540  0.42970  0.56376 

Fruity   -0.43744  -0.53832  0.33642  0.50739  

Cardboardy   -0.62153  0.48116  -0.52050  -0.17996 

Painty   -0.60472  0.41745  -0.53664  -0.38744 

Phenolic, Band Aid -0.59427  0.34523  -0.19773  0.22817 

Sweet   0.65138  -0.65712  0.30005  0.00346 

Salty   0.67795  0.56712  -0.01469  -0.03180 

Bitter   -0.54403  0.78164  -0.18493  -0.08198 

Umami   0.39875  0.71122  0.05186  0.41767 

Astringent  -0.71878  0.64457  0.12077  0.12078 

TTB   -0.07825  0.63494  0.19499  -0.65729 

Fatty   0.89318  -0.09309  -0.14007  0.03619  

Crispy   0.01029  0.65580  0.68572  -0.24940 

Crunchy   0.43555  0.36677  0.73181  -0.20840 

Hardness  0.48410  0.21408  0.62816  -0.18368 

Breakdown  -0.18519  -0.02212  -0.58644  0.69868 
Numbers in bold are believed to be of primary importance for principal components 1-3 for a factor loading > |0.5|  

Numbers in bold for principal component 4 had a loading > |0.5| and were not selected for principals 1-3 but may be of importance  

 

 

B. New Product Concept and Consumer Acceptance Testing of Karma Nuts 

Sensory Analysis 

 

Consumer Sensory Analysis 
 

The consumer sensory test began at 8 am and quota was met at 1 pm. Of the 102 

panelists recruited on the day of the test, 26 of the participants were male and the remaining 

76 were female.  The majority of the panelists were in the 18-30 age category and consume 

cashews “a few times per month”.  The complete demographic dataset can be found in Table 

6.   
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Table 6. Demographic of consumers (n=102) 

 The new product concept portion of the test was used to judge panelists’ attitudes 

about the unique cashew products before tasting them (Table 7).  The panelists were 

presented with the concept statements (Appendix A) and a photograph of the cashews.  The 

data from the new product concept test indicated that Planters, Karma wrapped, and Karma 

brand raw cashews were “liked slightly” and Karma brand roasted cashews were “liked 

moderately”.  However, statistical analysis indicated that the Karma brand dry roasted 

cashews and Planters brand scores were not different. The scores were significantly higher 

than the Karma brand wrapped and Karma brand raw products.  This indicated that on 

appearance alone, consumers liked the idea of the dry roasted cashews and traditional oil 

roasted cashews better than the idea of raw or skin-on cashews.   
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Table 7. Concept statement results 

 
Data represents 102 consumers 

Liking attributes are scored on a 9-pt hedonic scale where 1= dislike extremely and 9 = like extremely 

5 pt. non-JAR attributes are scored on a scale where 1= definitely would not purchase/does not match, and 5 = definitely would 

purchase/matches  

Different letters in rows following means denote significant differences (p < 0.05) using Fisher’s pairwise comparisons 

 

Even though there were statistical differences in purchase intent based on concept, all 

products scored “maybe or maybe would not purchase”.  It appeared that the consumers did 

not feel strongly about trying any of the products based on idea alone.  This also suggested 

that the appearance of the cashew skins did not negatively influence the purchase intent of 

consumers based on image alone.  However, the possible nutritional benefits did not appear 

to positively influence the purchase intent compared to the other products, either.   

 After the concept testing was completed for each sample, the consumers moved on to 

acceptance testing and tasting of the products (Table 8).  The series of questions asked can be 

found in Appendix A.  Appearance liking scores were significantly different for all samples, 

with the wrapped cashews scoring a “dislike slightly” and Planters brand scoring highest 

with a “like moderately” score.  This indicated that the presence of skins significantly 

decreased visual appeal of cashews.  The appearance of the raw cashews was not well liked 

either, with a score of “neither like nor dislike”.  This indicated that consumers expect a 

roasted, slightly brown coloration in their cashew products.  In terms of flavor liking, 

Planters brand flavor was significantly different from the wrapped cashew flavor liking.   The 
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raw and dry roasted cashews were not different from any samples.  Despite the statistical 

differences between samples, all cashews scored the same rating of “like slightly”.  This was 

worth noting as the trained panel data, described in Part A of this chapter, indicated that the 

flavors of the different cashew types were very different.  Clearly, average consumers could 

not differentiate the flavors and did not think that any particular flavor was superior.   

Table 8. Mean liking scores 

 
Data represents 102 consumers 

Liking attributes are scored on a 9-pt hedonic scale where 1= dislike extremely and 9 = like extremely 

Different letters in rows following means denote significant differences (p < 0.05) using Fisher’s pairwise comparisons 

Higher rank number indicates higher preference 

 

The rest of the attributes analyzed by the panelists for liking were accompanied with a 

just about right (JAR) question (Table 9). Sweetness liking was not statistically different 

across samples.  All cashews scored “like slightly”.  Penalty analysis indicated that the 

majority of consumers thought that sweetness was JAR for all of the cashew samples (Figure 

2).  Saltiness varied among the samples, which was due to the fact that some samples were 

salted and others were not (Figure 3).  Planters brand and dry roasted Karma brand cashews 

were statistically similar and were scored as “like slightly”.  Raw and wrapped Karma brand 

cashews were significantly different from each other and the other samples, even though both 

were scored as “neither like nor dislike” in terms of salty taste liking.  The penalty analysis 

revealed that the majority of consumers found the salt level to be JAR in the Planters brand 

and wrapped Karma brand cashews, but too low for the raw and dry roasted Karma brand 

cashews.  It seemed odd that the wrapped cashew saltiness was found to be JAR, and yet it 
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had the lowest liking score.  This may have indicated there was another flavor in the skins 

that the consumers were confusing with salty taste such as astringency, bitterness, or woody 

flavor.  This data also indicated that overall flavor liking of the raw and dry roasted cashews 

was reduced due to the salt imbalance.  This indicated that when consumers want to purchase 

cashew nuts, they expect a salty, roasted variety.  Planters brand texture liking was 

significantly different than the Karma brand cashews (Figure 4).  Planters brand scored a 

“like moderately”, whereas the Karma brand cashews only scored a “like slightly”.  This 

could indicate that consumers still preferred the textural properties of an oil-roasted product 

over the dry roasted products.  This observation also indicated that the texture of the skins 

did not affect liking of the wrapped cashews.  According to the JAR analysis, all of the 

cashews were considered JAR in terms of texture, except for the raw cashews.  The raw 

cashews were rated to have too little crunchy texture, which indicated that consumers 

preferred the texture of cashews that had been roasted in some way.  The reduced 

crunchiness was due to the higher moisture content, as seen in Chapter 2.     

Table 9. JAR results 

 
 

Data represent 102 consumers 
 

JAR scales are scored on a 5-point scale where too little = 1 or 2, just about right = 3, and too much = 4 or 5 
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Figure 2. Sweetness JAR data 

 

Figure 3. Saltiness JAR data 
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Figure 4. Crunchiness JAR data 

 

After tasting all of the products, consumers were presented with a ranking question.  

The Planters cashews, Karma brand dry-roasted and Karma brand wrapped cashews scored 

an average of second place.  The raw Karma brand cashews scored an average of third place, 

which was significantly different than the other three scores.  None of the products received a 

first place score, but overall, the Planters brand was ranked highest with a score of 2.2.   

When asked if the product matched the concept after tasting the nuts, all of the 

products scored “slightly agree”, indicating improvements could be made to all products so 

that they matched their concepts in consumer eyes.  Finally, consumers were asked about 

purchase intent after tasting the products.  All products were statistically similar, but the raw 

cashews scored a “maybe would purchase”, while the other products scored a “maybe or 

maybe would not purchase”.  Furthermore, the purchase intent score of the wrapped nuts also 

increased before and after tasting the product, even though it was still considered “maybe or 
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maybe would not purchase”.  These observations showed that if the unique cashew products 

are marketed correctly, they could be purchased at the same frequency as the other types.       

Future Testing Considerations 

 It is worth noting that although 96.1% of the consumer panel participants indicated 

that they enjoyed consuming cashews and most consumed them “a few times per month”, the 

reference cashews (Planters brand) only scored “like slightly” in terms of overall flavor.  

This seemed like a low score considering the frequency of which the panelists claim to 

consume cashews.  Since the panelists were not pre-screened before entering the study, it 

may not have been an entirely truthful answer, or it just may not have been the best pool of 

individuals.  It may be wise to repeat the test and recruit only avid consumers of cashews or 

nuts in general.  This pool of panelists may give more insight as to the acceptability of the 

Karma brand nuts.   

Preference Mapping of Karma Cashews 

 The results of the descriptive analysis data were combined with the consumer data to 

generate a preference map to determine the drivers of liking of the cashews tasted in the 

consumer test.  A second PCA biplot was generated to map the flavor attributes against the 

Planters brand and Karma brand products (Figure 5).  The first two principal components 

explained 89.47% of the variability between the four samples.  Then, a preference map was 

created using partial least squares regression of the consumer panelists’ overall liking scores 

for the cashew samples (Figure 6).  Three consumer clusters were defined and were 

differentiated based on product liking.   

The biplot in Figure 5 showed that Planters brand cashews and Karma brand wrapped 

cashews were very different in terms of principal component 1, but were very similar in 
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terms of principal component 2.  Both nut types were associated with “roast cashew”, “sweet 

aromatic”, “salty”, “dark roast”, and “cooked fried” flavor.  However, the Planters brand nuts 

were also associated with “creamy, buttery” and “fatty” flavor, while the wrapped cashews 

were related to “bitter”, “crunchy”, “TTB”, “woody, skins”, “crispy”, and “umami”.   

The Karma brand raw cashews were very highly associated with negative values of 

principal component 2, unlike all of the other samples.  The attributes most related to the raw 

nuts were “beany, raw”, “sweet”, “fruity”, and “other nut meat”.  The Karma brand dry 

roasted cashews were correlated with neither principal component 1 nor 2.  The attributes 

most associated with these nuts were “fatty”, “creamy, buttery”, and “sweet”.    

Figure 6 depicts the three consumer clusters and their relationship with the cashew 

products.  Although the consumer panel data indicated that Planters brand was the overall 

preferred cashew brand, some consumers preferred the Karma products.  The first cluster of 

consumers liked the both raw and wrapped cashews based on the location on the biplot.  The 

preferences of consumer cluster one indicated that the flavors associated with the raw 

cashews such as “beany, raw” and “other nut meat” were not disliked by all consumers.  

Furthermore, the odd flavors associated with the wrapped cashews such as “astringent” and 

“woody, skins” were not disliked by all consumers.  Still, most consumers preferred the more 

typical cashew products (Planters brand and Karma brand dry roasted cashews) and the 

flavors associated with them.  The second cluster of consumers most preferred the dry 

roasted cashews and therefore the flavors “creamy, buttery” and “fatty”.  The third cluster of 

consumers most preferred the Planters brand cashews and therefore the flavors of “roast 

cashew”, “sweet aromatic” and “cooked, fried”.   
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 Figure 5.  PCA biplot of Planters and Karma cashews.   

 

 

 

 

 

 

 

 

 

Figure 6. PCA biplot of consumer panel preference vectors in relation to cashew flavor 
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CONCLUSIONS 

 Two methods of sensory analysis were employed to fully characterize the flavor and 

acceptability of Karma brand cashews.  Firstly, a lexicon was developed in order to describe 

the flavor and texture of the Karma brand nuts.  It was validated using 14 brands of cashew 

nuts and results indicated several differences between products.  The raw products were most 

associated with “fruity”, “other nut meat”, and “beany, raw” flavor.  The rancid Karma brand 

products appeared to develop off flavors like “cardboardy” more rapidly than the oil-roasted 

products.  Additionally, the oil-roasted samples were more associated with “roast cashew” 

flavor than their dry roasted counterparts.  However, “sweet aromatic” flavor was similar 

across all of the samples.  Overall, the PCA biplot indicated that Harris Teeter brand colossal 

cashews were most associated with the on-notes of cashews, followed by Planters and Frito-

Lay brands.  It may be worth investigating the liking of Harris Teeter brand colossal cashews 

compared to Planters brand cashews in the future since the store brand seemed to be so 

highly rated.   

 The second phase of the sensory analysis involved a consumer panel.  New product 

concept and consumer acceptability testing was performed using 102 untrained panelists.  

The results indicated that consumers were not displeased by the appearance of the wrapped 

cashews, nor by the taste of the dry roasted or raw cashews.  In fact, all cashew samples 

received the same overall liking score of “like slightly”.  Furthermore, the Karma brand 

wrapped and raw cashews had increased purchase intent scores after tasting the products.  

Despite these results, traditional Planters brand cashews were still the overall preferred 

product.  Nonetheless, preference mapping did indicate that some consumers did prefer the 
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nontraditional Karma brand wrapped and raw cashew varieties.  They are clearly unique 

tasting products that should be featured in gourmet and niche markets.       
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SUGGESTIONS FOR FUTURE WORK 

 After extensive analysis of the cashew nuts discussed in this work, it was clear that some 

areas regarding the cashew could be explored further.  Since nutritional data was captured 

only from finished goods, it would be reasonable to explore the effects of location, soil 

composition, and other environmental effects on the nutritional profile of cashew nuts.  In 

addition, comparisons of oil-roasted cashews and dry-roasted cashews should be made in 

terms of nutrition to see if any other differences are observed.  Furthermore, it may be wise 

to perform more phenolic analyses on the cashew skins alone, as the majority of the research 

performed on nuts is on a skin-only basis.  This would allow for more direct comparison of 

benefits to human nutrition.  To identify whether the CNSL washing step actually removes 

phenolics from the cashew skins, phenolic quantification analyses should be done pre and 

post processing.  In addition to obtaining a better understanding regarding the phenolic 

profile of the cashew skins, it may also be worth investigating the biological effects of the 

bioactive constituents of cashews using in vitro and in vivo models.   

 In addition to the suggestions for future work regarding chemical analysis of the cashew, 

more targeted consumer panels could yield insights about consumer liking of the cashew 

nuts.  In addition to looking specifically at frequent nut consumers, the consumers could 

evaluate oil-roasted, dry-roasted, and store brand varieties in order to determine what drives 

consumers to purchase specific brands of cashews.   
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Cashew Lexicon Tasting Ballot 

Flavor 

 Reference Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 

 Planters             

Roast Cashew 4.1 + 0.5             

Other Nut Meat 1.6 + 0.7             

Beany, Raw 2.3 + 0.6             

Dark Roast 1.9 + 0.5             

Sweet Aromatic 3.8 + 0.6             

Creamy, Buttery 3.8 + 0.4             

Cooked, Fried 2.0 + 0.7             

Woody, Skins 1.2 + 0.6             

Baked Potato 1.4 + 0.7             

Fruity 1.9+ 0.9             

Greenwood Bitter               

Cardboardy               

Fishy               

Metallic               

Painty               

Earthy, Musty               

Phenolic, Band Aid               
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Sweet 3.8 + 0.5             

Salty 3.0 + 0.7             

Sour                

Bitter 1.2 + 0.3             

Umami, Brothy 1.9 + 0.6             

Astringent 0.8 + 0.5       

TTB         

        

        

Texture 

Crispy Sound 1.7 + 0.5             

Crunchy Sound 4.0 + 0.6             

Hardness 4.3 + 0.8             

Breakdown 7.5 + 1.1             

Fatty 4.5 + 0.7             
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Unique Karma Cashew Products 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Karma raw cashews 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Karma dry roasted cashews 
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Figure 3. Karma wrapped cashews 
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Consumer Test Concept Statements 

Planters 

These cashews are produced by a national brand.  They are commercially oil-roasted in 

peanut or cottonseed oil and lightly salted with sea salt.   

Karma Raw 

These cashews are a raw.  They have not been processed beyond removal of shells and skins 

and they have not been salted.  They are non-GMO, gluten free, and are good sources of iron, 

magnesium, and phosphorus.  

Karma Dry Roast 

These cashews are dry roasted (not in oil) and lightly salted with sea salt.  They are gluten-

free, non-GMO, and are good sources of iron, magnesium, and phosphorus. 

Karma Skin-On 

These cashews are dry roasted (not in oil) and still contain their skins to make them extra 

crunchy.  They have been lightly salted with sea salt.  These skin-on cashews have more fiber 

than traditional cashews and are high in antioxidants.  They are gluten-free, non-GMO, and 

are good sources of iron, magnesium, and phosphorus. 

Consumer Ballot 

Sample  
[Present picture of cashews and concept statement] 

 

Based on the description and photograph, how much do you like the idea of this 

product? 
 

Like extremely 

Like very much 

Like moderately 
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Like slightly 

Neither like nor dislike 

Dislike slightly 

Dislike moderately 

Dislike very much 

Dislike extremely 

 

Based on the description and photograph, how likely would you be to buy this product? 
 

Definitely would purchase 

Maybe would purchase 

Maybe or maybe wouldn’t purchase 

Probably would not purchase 

Definitely would not purchase 

 

[Present cashew sample] 

 

Before tasting the sample, describe how much you like the appearance of this product: 
 

Like extremely 

Like very much 

Like moderately 

Like slightly 

Neither like nor dislike 

Dislike slightly 

Dislike moderately 

Dislike very much 

Dislike extremely 

 

Taste the sample and describe how much you like the overall flavor of this product: 
 

Like extremely 

Like very much 

Like moderately 

Like slightly 

Neither like nor dislike 

Dislike slightly 

Dislike moderately 

Dislike very much 

Dislike extremely 

 

How much do you like the sweet taste of this product: 

 

Like extremely 

Like very much 
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Like moderately 

Like slightly 

Neither like nor dislike 

Dislike slightly 

Dislike moderately 

Dislike very much 

Dislike extremely 

 

Please rate the sweetness of the product: 

 

Not nearly sweet enough 

Not quite sweet enough 

Just about right 

Slightly too sweet 

Much too sweet 

 

How much do you like the salty taste of this product: 
 

Like extremely 

Like very much 

Like moderately 

Like slightly 

Neither like nor dislike 

Dislike slightly 

Dislike moderately 

Dislike very much 

Dislike extremely 

 

Please rate the saltiness of this product: 

 

Not nearly salty enough 

Not quite salty enough 

Just about right 

Slightly too salty 

Much too salty 

 

How much do you like the texture of this product? 

 

Like extremely 

Like very much 

Like moderately 

Like slightly 

Neither like nor dislike 

Dislike slightly 

Dislike moderately 
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Dislike very much 

Dislike extremely 

 

Please rate the crunchiness of this product: 

 

Not nearly crunchy enough 

Not quite crunchy enough 

Just about right 

A little too crunchy 

Much too crunchy 

 

How likely would you be to purchase this product? 
 

Definitely would purchase 

Maybe would purchase 

Maybe or maybe wouldn’t purchase 

Probably would not purchase 

Definitely would not purchase 

 

How well did the product match the concept? 

 

Strongly agree 

Slightly agree 

Neither agree nor disagree 

Slightly disagree 

Strongly disagree 

 

[Continue with samples 2-4] 

 

Please rank the samples in order of preference, 1st being the most preferred. 
 

126 

741 

252 

485 

 

Demographic Questions: 
 

What is your gender? 
 

Male 

Female 

 

What is your age? 
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>18 

18-30 

31-45 

45-60 

>60 

 

Do you enjoy consuming cashews? 
 

Yes 

No 

 

How often do you consume cashews? 
 

Daily 

Weekly 

A few times per month 

Monthly 

Once every 6 months 

2-3 times per year 

Yearly 

Never 

 

 


