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ABSTRACT 

Some 30000 people in the U. S. go to emergency rooms each year due to allergic 

reactions to food; more alarming, there are approximately 150-200 deaths every year, usually 

adolescents and young adults, in comparison to 50 deaths caused each year by E. coli O157:H7. 

Families with a food-allergic child experienced more stress and scored lower than the general 

population on scales of general health, emotional health and family activities. Although almonds 

are nutritionally and economically important, almond ranked third accounting for 15% of total 

allergic reactions triggered by an individual tree nut. Strict avoidance is currently the only way to 

prevent serious health consequences. Allergic reactions from accidental exposure are still 

relatively common even if patients attempt to avoid known allergens.  

The objectives of this study were to: 1) Identify and characterize murine monoclonal 

antibodies (mAbs) demonstrating high sensitivity and specificity to almond protein(s) but devoid 

of crossreactivity with other protein(s) for almond detection; 2) Construct, optimize, and validate 

a sensitive, specific, and reliable sandwich ELISA using mAbs for almond trace detection in 

routine food analyses; and 3) Assess the applicability of the assay for robustness in terms of 

sample source, conditions; and the stability of almond protein(s) towards the selected mAb(s).  

Using protein G affinity chromatography, seven pre-selected murine mAbs were purified. 

Five mAbs that demonstrated high affinity and sensitivity in Western blotting as the optimized 

Ab titer were 58.02, 5.88, 4.78, 30.29, and 78.87 ng/ml for 4C10, 4F10, 2A3, 4G2, and 3B4 

respectively that can detect as low as 30, 50, 100, 500, and 8000 ng of almond protein 

respectively. No cross-reactive protein was found in the tested foods or food ingredients. All five 

mAbs can sensitively detect both native and denatured almond protein(s) suggesting a stable 

interaction between the mAb and the corresponding recognized epitope on the almond protein. 

ELISA additivity test and amandin preparation using column chromatography revealed all five 

mAbs were recognizing shared or overlapping epitope (s) on amandin, the major storage protein 

that accounts for ~65% of the total seed proteins. Amandin is the major allergen in almond seeds. 

Molecular Weight of 4C10 reactive polypeptide was determined to be ~69 kDa by SDS PAGE 

using Fisher BioReagents* EZ-Run* Prestained Rec Protein Ladder 3602 and 3603 as well as 

ChemiDoc™ XRS+ System with Image Lab™ Software. 4C10 and 4F10 reactive polypeptides 

were purified using Cyanogen Bromide (CNBr) Affinity Chromatography. N-terminal 

sequencing of the affinity purified polypeptides further confirmed amandin to be recognized by 
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mAb 4C10 and 4F10. Therefore, mAbs 4C10 and 4F10 are both excellent candidates for almond 

assay development.  

Using rabbit anti whole almond polyclonal antibodies (pAb) as capture Ab, mAb 4C10 as 

detection Ab, a sandwich ELISA was constructed and optimized resulting in the following 

protocol:  

Corning® Costar 2797 plates were coated with 50 µl rabbit anti-whole almond protein 

extract pAbs in citrate buffer (48.5 mM citric acid, 103 mM Na2HPO4, pH 5.0, 604 ng/well) for 2 

hrs at 37ºC. Coated plates were then blocked with 200 µl 5% (w/v) non-fat dry milk (NFDM) in 

Tris buffered saline (TBS-T, 10 mM Tris, 0.9% w/v NaCl, 0.05% v/v Tween 20, pH 7.6). Plates 

were incubated sequentially with almond protein or amandin (8000 ng/ml, 4), mAb 4C10 (4 

ng/well), and alkaline phosphatase-labeled goat anti-mouse pAb (24 ng/well) in 1% NFDM in 

TBS-T. The plates were washed 3× with TBS-T after each incubation step (37ºC for 1 hrs). 

Color was developed using p-nitrophenyl phosphate substrate [1 tablet/ 5 ml substrate buffer 

(0.0049% w/v MgCl2, 0.096% v/v diethanolamine, pH 9.8)] at 37 ºC for 30 mins and stopped by 

adding 50 µl/well 3 M NaOH. Plates were read at 405 nm in an ELISA reader (model EL 307, 

Bio-Tek Instruments Inc., Riverton, NJ) and KC4 software were used to analyze data and 

generate four parameter curve for quantification.  

The constructed sandwich ELISA was validated to have LOD of 7 ng/ml (0.007 ppm), 

protein concentration at 50% maximum signal of 39.46 ± 0.54 ng/ml (n=510), True Positive Rate 

(aka. sensitivity) of 99.96%, and True Negative Rate (aka. specificity) of 99.05% without cross-

reactivity to a majority of tested food matrices except for a weak reactivity to corn, corn flakes, 

and red potato at % immuno-reactivity of 0.08 ± 0.01% (n=2), 0.14 ± 0.00 % (n=2), 0.37 ± 0.03 

% (n=4) respectively. This sandwich ELISA is reproducible and accurate as CVs of all ELISAs 

tested were less than 15% and the average recoveries were within 15% of the actual value. 

The general applicability of the constructed 4C10 sandwich ELISA was examined. This 

assay was able to detect and quantify amandin in all tested samples regardless of gene origin and 

growing condition as well as purified native and recombinant (Pru du 6.01) amandins. The assay 

can detect amandin under a variety of tested conditions including: presence/absence of lipids; 

several food processing methods; pH (1-13) exposure; and long-term storage. The assay can 

detect 2.11 ng/well of amandin in all the tested food matrices spiked with 50 ng/ml of almond 

protein (final concentration). Food matrices affect amandin recovery causing over- or under-
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estimation (275-24%). Overall, the constructed mAb 4C10-dependent sandwich ELISA is 

sensitive, specific, and robust as amandin is a stable allergen. 
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CHAPTER ONE 

INTRODUCTION 

In the US, the Mediterranean diet that includes several nut seeds (e.g. almonds, pine nuts, 

and others) is popular as the nut seeds provide healthy fats (Serra-Majem et al., 2006). The US 

per capita consumption of almond varied from 0.42 pounds (accounted for 23% of tree nut 

consumption) in 1980 to 1.60 pounds (36% of tree nut consumption) in 2010. Almonds 

contributed a significant increase in the value of production from 53% of all tree nut production 

value in 1980 to 62% in 2006 (USDA, 2011). The US has been the largest almond producer 

worldwide since 1987 followed by Spain, Italy, Greece and Turkey. The US almond production 

has continued to increase over time, eg. US accounted for ~85% of global production in 2008, 

normally ~70% is exported globally and the rest is for the domestic market (FAOSTAT, 2011; 

Almond Almanac, 2011). California produced ~80% of global and 100% of domestic almond 

supply (Almond Almanac, 2011). In 2009-2010 California produced 1.406 billion pounds and 

shipped 1.471 billion pounds of almonds. The US is also the major exporter of almonds in the 

world. In 2007, almonds became the #1 US Specialty Crop Exports by Value with 78.4% of the 

value of the global tree nut exports to over 90 countries. In 2009, US exports of almonds were 

valued at $1,923 million compared to wine/wine products, apples, walnuts, frozen potato fries, 

and grapes respectively valued at $ 831, $ 752, $ 666, $ 635, and $ 586 million, i.e. ~35.71% 

more value for almonds compared to grape/wine and wine products. Almonds were 16.60% in 

export value of US total meat & meat Prep ($11586383000) in 2009 (FAOSTAT, 2011). As a 

highly versatile ingredient that can be used in both sweet and savory dishes or prepared into 

foods of various forms and as a nutritional value-added product for humans, especially in the 

current society with a large aging population, this economically important tree nut has great 

potential for growth domestically and internationally. 

Background and Significance 

Almond 

Almond is a hard shelled fruit, therefore, it is considered as a tree nut although it belongs 

to the family of Rosaceae that includes apple, pear, peach, cherry, strawberry, raspberry, plum, 

nectarine, and apricot. Almonds (Prunus spp.) are valued for their crunchy texture, sweet nutty 
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taste, unique buttery flavor, and heart-healthy properties. Whole almond seeds (Prunus dulcis L.) 

are free of cholesterol, low in sodium (0.001%), and high in proteins (21.2%), lipids (49.4%), 

dietary fiber (12%), several minerals (e.g., P, Ca, Mg, K, Zn, Cu, Mn, Fe, and others), and 

vitamins B2, and E (alpha-tocopherol) (USDA, 2009). The essential amino acid pattern of 

almond meets the Food and Agriculture Organization (FAO)/World Health Organization (WHO) 

recommendation for adults except for the sulfur containing amino acids Met and Cys. The 

presence of an appreciable amount of arginine (2.446%), a precursor of nitric oxide (NO) in 

almond, suggests the almond’s role in reducing risks of cardiovascular disease (CVD) through 

vasodilatation, antioxidative and antiplatelet effects (FAO, 2009; Venkatachalam and Sathe, 

2006). The heart-healthy monounsaturated oleic acid (30.9%) and polyunsaturated linoleic acid 

(12.1%) make up 87% of total lipids in almonds (USDA, 2009). In 2003, the Food and Drug 

Administration (FDA) announced the approval of the first qualified health claims for nut 

consumption. The claim states, “Scientific evidence suggests but does not prove that eating 1.5 

ounces per day of most nuts [, such as name of specific nut,] as part of a diet low in saturated fat 

and cholesterol may reduce the risk of heart disease”. According to FDA, “Types of nuts eligible 

for this claim are restricted to almonds, hazelnuts, peanuts, pecans, some pine nuts, pistachio 

nuts and walnuts. Types of nuts on which the health claim may be placed are restricted to those 

nuts that were specifically included in the health claim petition, but that do not exceed 4 g 

saturated fat per 50 g of nuts. ” (Kris-Etherton et al., 2001; Nash and Westpfal, 2005; Kris-

Etherton et al., 2008; USDHHS and USDA, 2005; FDA, 2003; Salas-Salvado et al., 2006).  

Epidemiologic studies (Sabate, 2003; Wien et al., 2003; Fraser et al., 2002; Mattes et al., 

2008; Hollis and Mattes, 2007) has revealed that even though nuts are high in calories (570-720 

Kcal/100 g edible portion) those who regularly eat nuts including almonds tend not to gain 

weight possibly because of their satiety increased resting metabolic rate and/or incomplete 

absorption of energy from nuts. Almonds may play a role in improving glycemic control and 

lowering the risk of type 2 diabetes (Jiang et al., 2002; Lovejoy et al., 2002; Marlett et al., 2002; 

Jenkins et al., 2008; Rudkowska, 2009; Rumawas et al., 2006). The antioxidant polyphenols and 

vitamin E in almonds may enhance the possible defenses against chronic oxidative damage, 

inflammation, aging or degenerative diseases of aging such as cancer, immune system decline, 

brain dysfunction, and cataracts (Amarowicz et al., 2005; Barreira et al., 2008; Esfahlan et al., 

2010; Li et al., 2007; Jenkins et al., 2006; Jenkins et al., 2008; Lopez-Uriarte et al., 2009; 
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Milbury et al., 2006; Salas-Salvado et al., 2008). Almonds are commonly used on their own 

either in whole, pieces, slices, dices, or spreads or from unclearly/incorrectly labeled, thus hidden 

sources (e.g. commercial food preparations, barbecue sauces, cereals, crackers, and ice cream ) 

in snack foods, baked products, breakfast cereals, candies, main course dishes, vegetable dishes, 

confectionary, drinks, desserts, sauces and dressings, spreads, natural flavorings and extracts, 

and spices. They are usually consumed raw, blanched, or toasted. Almonds can be made into 

milk as soy-free, lactose-free, and cholesterol-free choice. Recent data exhibited that almond 

milk accounts for 21% of $1.3 billion US sales of non- dairy milk, i.e. $272 million sales for 

almond milk alone (Nutraceuticals World, 2010). Almond meal or flour is a great healthy gluten-

free substitute for wheat or rye flour in "quick-bread" type recipes, such as muffins and pancakes 

(Glutenfreehelp, 2012). Expensive almond oil has a long history in skin care, cosmetics and 

toiletries, and healing therapies (Athar and Nasir, 2005; Dweck, 1992).   

Allergy and Tree Nut Allergy 

One factor of concern regarding almond consumption is the potential to elicit allergies. 

An allergy is defined as an acquired condition resulting in overresponse of the human immune 

system to an innocuous foreign protein substance by ingestion (such as food and drugs), 

inhalation (such as plant pollens and dust mites), injection (such as insect venoms, and vaccines), 

or skin contact (such as plant leaves and synthetic chemicals e.g., latex) that result in symptoms 

as mild and annoying as a tingling sensation around the mouth, sneezing, hives, rash, and mucus 

secretion to as severe and terrifying as smooth muscle contraction, bronchial and tracheal 

constriction, anaphylaxis, and even death (Mosbech, 1983; FDA, 2007). Most of the time, the 

allergic symptoms are ignored without noticing the reactions.  

About one in five Americans are currently suffering from this chronic disease which is 

ranked 5th among all ages and 3rd among children less than 18 years of age (CDC, 2011; National 

Academy on an Aging Society, 2000). With globalization, industrialization, and many other 

factors, food compositions are getting complicated, new resources or substitutes for food are 

exploited, and foods are more likely to be prepared outside the home. The food-induced and IgE-

mediated allergy, also known as Type I (immediate) hypersensitivity, affected three times more 

(8.55 million) of the U.S population over the last 10 years afflicting about 12 million (4%) 

Americans (CDC, 2011; FAAN, 2011). Food allergies are believed to be one of the most 

common causes of the emergency room visits for anaphylaxis (Decker et al., 2008). The 
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incidence of food allergies has increased much more rapidly than any other disease worldwide, 

especially in the developed or industrialized countries. The direct annual cost of allergies is 

nearly $6 billion ($5.7 billion in medications and $300 million in office visits). Work 

absenteeism and “presenteeism” result in another $700 million productivity loss (National 

Academy on an Aging Society, 2000). Potentially life-threatening anaphylaxis (multi-systemic 

e.g. respiratory and cardiovascular collapse) reportedly increased from 46.9 per 100000 persons 

in 1990 to 58.9 per 100000 persons in 2000 with the highest risk in the population 19 years of 

age and younger (70 per 100000 people), and of these anaphylaxis cases, 33.2% were caused by 

ingested foods (National Academy on an Aging Society, 2000; Yocum et al., 1999). 

Approximately 150-200 Americans, usually adolescents and young adults, die annually from 

food-induced anaphylaxis,  in comparison to 50 deaths caused annually by E. coli O157:H7 

(Sampson, 2003; Bock et al., 2001; CDC, 1999; CDC, 2006).  

Recently, research focused on the long-term effects of frequent food related 

hypersensitivity in the human gut and also reported similarly elevated IgG, IgA and IgM levels 

in the human sera in addition to IgE levels. They also found that almost every tested serum with 

high levels of antibodies against food antigens showed high levels of antibodies against tissue 

protein such as myelin basic protein (MBP), oxidized low density lipoprotein (ox-LDL), and 

Advanced Glycation End products (AGEs) (e.g., AGE-human serum albumin and AGE-

hemoglobin). These data attracted more research interests and attention on the chronic health 

impacts of food allergens, other than the acute life-threatening effects, for the perturbation of the 

relationship between chronic food allergy and degenerative and autoimmune diseases, 

autoimmunity, neurodegeneration, and neuroautoimmunity, which were indicated by symptoms 

like fatigue, inflammation, depression, chronic headache, chronic bowel problems (such as 

diarrhea or constipation), and insomnia or diseases such as obesity, diabetes, atherosclerosis, and 

Alzheimer’s disease (Vojdani, 2009; Franceschi et al., 2000; Franceschi et al., 2007; MacDonald 

and Monteleone, 2005; de Martinis et al., 2005; Lopez, 2007; Wilders-Truschnig et al., 2008). 

Food allergies are becoming a prominent public health concern worldwide (NIAID, 2010; 

FAAN, 2011; FAAN, 2012; Rudders et al., 2010; Bjorksten et al., 2008). 

It was hypothesized that better hygiene and a lessened exposure to pathogens in 

childhood alters the balance between different arms of the immune system leading to enhanced 

susceptibility to sensitization by allergens (Corry, 1999). Much remains unknown about the 
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mechanisms by which a person develops an allergy to specific foods. The cross-linking of two 

human IgE molecules by the allergen, normally a protein, on the surface of a basophil or a mast 

cell that subsequently results in mast cell degranulation is a key to manifestation of allergy 

symptoms in susceptible individuals (Barrett, 1997). Typically peptide fragments containing 

multiple (at least two) IgE-binding sites (epitopes) and a minimum length of approximately 8-10 

amino acid residues per epitope are needed to cross-link to the antibody molecule (Maleki and 

Sathe, 2006; Sathe et al., 2009a; Lipman et al., 2005). These epitopes may be sequential or 

conformational. The sequential epitopes are stretches of contiguous amino acid residues in the 

primary structure of the protein and are usually not impacted by the various treatments except for 

hydrolysis of peptide bonds. Conformational epitopes consist of residues that may be distant in 

primary sequence but close in three dimensional space in the folded protein that may be 

destroyed or modified by denaturation treatments (Zhao and Chalt, 1994). Moveover, 

conformational epitopes have been reported to trigger stronger allergic reactions than sequential 

epitopes due to the high affinity binding of conformational epitopes to IgE (Padavattan et al., 

2009).  

Eight food groups, (milk, eggs, peanuts, tree nuts, fish, Crustacean shellfish, soybean, and 

wheat) account for 90% of allergic reactions in the sensitive individuals (FAO, 1995). Peanuts 

and tree nuts respectively affect ~0.6% and 0.5% of Americans, corresponding to more than 3 

million patients (Sicherer et al., 2001a; Sicherer et al., 2003; Sicherer et al., 2010; Ben-Shoshan 

et al., 2009; Keet and Wood, 2010). Although peanuts and tree nuts belong to different botanical 

families, around 37% of tree nut allergic patients react to multiple nuts and 23-50% of peanut 

allergic patients react to both peanut and tree nuts (Sicherer et al., 2003; Moneret-Vautrin et al., 

1998; Ewan, 1996). The strongest cross-reactivities among tree nuts may follow botanical family 

associations (e.g., walnut and pecan in the family of Juglandaceae and cashew and pistachio in 

the family of Anacardiaceae). Between families, walnut, pecan, and hazelnut form a group of 

strongly cross-reactive tree nuts and hazelnut, cashew, Brazil nut, pistachio, and almond form a 

group of moderately cross-reactive tree nuts. Cross-reactivities between these two groups are less 

pronounced (Sicherer, 2001; Goetz et al., 2005; Barre et al., 2007). Importantly, peanuts and tree 

nuts are responsible for more than 90% of fatalities from food allergy, which occurs most 

commonly outside the home where symptoms appear rapidly but neither accurate information on 

food ingredients nor proper treatments are typically available (Bock et al., 2001; Bock et al., 
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2007; Pumphrey and Gowland, 2007; Sicherer et al., 2003; Sicherer et al., 1998; Eigenmann and 

Zamora, 2002). The amount of offending protein in food required to trigger an allergic disorder 

(also known as threshold) may vary, ranging from a few milligrams to almost a normal portion 

size (e.g. 0.5 mg - 8~10 g for nuts) (Moneret-Vautrin and Kanny, 2004). Most food allergies are 

acquired under the age of six (Kalach et al., 2005); however, sensitization to heat-resistant 

proteins such as peanuts, tree nuts, fish, and shellfish proteins may appear in adults. The major 

agents that cause food allergies in young children are milk (~41%), eggs (~21%), and peanuts 

(~13%); shellfish (~54%), peanuts (~16%), and tree nuts (~13%) account for about 85% of the 

total food allergies in adults (Sampson, 2004). A majority of affected children develop tolerance 

to food allergens with age, but approximately 91% of tree nut allergies are retained throughout 

their lifetimes (Fleischer et al., 2005; Wood, 2003). Families with a food-allergic child 

experienced more stress and scored lower than the general population on scales of general health, 

emotional health and family activities (Sicherer et al., 2001b). 

Almond Allergens and Almond Allergy 

Seed proteins are classified in many ways based on solubility, sedimentation velocity, 

molecular weight, functional property, or biological activity. In many plants, the seed storage 

proteins [e.g. the legumin-group proteins (the 11S proteins), vicilins (the 7S proteins), and 2S 

albumins], normally function as a nitrogen source for seed germination and growth. In many 

instances, they are major components that are soluble in aqueous buffers (Sathe et al., 2002; 

Roux et al., 2001; Roux et al, 2003; Sathe et al., 2001; Wolf and Sathe, 1998; Teuber et al., 

2003; Breiteneder and Radauer, 2004; Sun et al., 1987; Sathe, 1993; Sathe et al., 2009a).  

While almond contains a variety of different proteins, only a few of these proteins with a 

molecular mass within a range of 10-70 kDa appear to elicit immunogenic response. They are 

amandin (Pru du 6) (Sathe et al., 2002; Roux et al., 1999; Roux et al., 2001; Garcia-Mas et al., 

1995; Gaur et al., 2008; Roux et al., 2003; Sathe et al., 2001; Wolf and Sathe, 1998; Su et al., 

2004; Venkatachalam et al., 2002), conglutin  (Poltronieri et al., 2002), 2S albumin (Poltronieri 

et al., 2002), profilin (Pru du 4) (Wang et al., 2002; Tawde et al., 2006), and a non-specific lipid-

transfer protein (nsLTP, Pru du 3) (Garrido-Fernández et al., 2009; Willison et al., 2009). Among 

these, amandin (Pru du 6), profilin (Pru du 4), and ns LTP (Pru du 3) have been purified, 

characterized, and/or identified as the major or minor allergens in our laboratory and our 

collaborator’s laboratory (Sathe et al., β005; IUIS, β012). 
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The almond amandin (also known as almond major protein, AMP, Prunin, or Pru du 6), 

constituting 65–70% of the water extractable proteins in almond, is the main storage protein and 

is not glycosylated. Purification and characterization of amandin has been reported by Sathe and 

others (Sathe et al., 2002) using column chromatography, cryoprecipitation, or isoelectric 

precipitation methods. Amandin is a 14S (375-475 kDa) legumin-type protein of the cupin 

superfamily (possess a common -barrel structural core domain (Dunwell et al., 2001). 

According to Sathe (1993), it is a hexamer that is composed of 2 major types of polypeptides,  

or acidic subunit and  or basic subunit, with estimated molecular mass of 4β~46 kDa and β0-22 

kDa respectively linked via disulfide bonds (totaling ~63 kDa). More than 50% of almond-

allergic patient sera recognized several protein bands in amandin, with the highest binding 

activity occurring within the 30-70 kDa range and a protein band at around 17 kDa, suggesting 

amandin to be a major almond allergen. Among these reactive proteins, the 44 kDa acidic 

subunit of amandin originally from a 66 kDa precursor protein from 11S legumin-like seed 

storage protein family reacted strongly with almond-allergic patient sera. The same set of 

peptides in amandin was recognized by rabbit IgG and patient IgE suggesting that amandin 

determination is not only indicative of the amount of almond in a given food sample but the 

relative allergenicity potential as well (Roux et al., 1999; Sathe et al., 2001). Using both rabbit 

antisera and sera from human almond-allergic patients, amandin has been reported to be 

antigenically stable towards denaturation upon processing including blanching, roasting, 

autoclaving, different doses of -irradiation, food matrices, and storage (Su, et al., 2004; 

Venkatachalam et al., 2002). 

The trimeric almond conglutin  is an IgE-binding seed storage protein from the 7S cupin 

family. Consisting of a 28~30 kDa heavy-chain subunit and a 17 kDa small subunit, each 

monomer of conglutin  has an estimated molecular weight of 45 kDa (Poltronieri et al., 2002). 

The almond conglutin  has 40% sequence identity and 60% homology to the conglutin  heavy 

chain from lupine seed (Lupinus albus) (Holden et al., 2008) and 50% similarity with the basic 

7S globulin from soybean (Glycine max). The almond 2S albumin is a 12 kDa IgE-binding 

storage protein belonging to the trypsin/alpha-amylase inhibitor family of the prolamin super 

family (Shewry et al., 2002). This heterodimeric protein synthesized as a single polypeptide may 

be cleaved during post translational modifications to yield 4 and 9 kDa subunits linked by 

disulfide bond(s) (Irwin et al., 1990). 2S albumin shows good homology to 2S albumin from the 
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English walnut (Jug r 1) and Brazil nut (Ber e 1) (Pastorello  et al., 1998). Almond conglutin  

and 2S albumin are cross-reactive with walnut, hazelnut, peanut, or Brazil nut antigens 

(Poltronieri et al., 2002; de Leon et al., 2003; de Leon et al., 2007). Purification and 

characterization of conglutin  and 2S albumin has been achieved using a 3-step procedure 

including pH fractionation, ammonium sulfate fractionation and column chromatography 

(Poltronieri et al., 2002).  

The almond profilin (Pru du 4) is a 12-16 kDa small allergic protein that has a highly 

conserved sequence (≥ 90% sequence identity with various plant profilins) and ubiquity. These 

two characteristics possibly lead to its cross-reactivity to the ryegrass pollen profilin.  Although 

dot-blot analyses revealed nearly half of allergic patient sera were reactive to Pru du 4, reactivity 

between assay types and between patients were variable suggesting that labile conformational 

epitopes of profilin may be primarily targeted by IgE in some patients making it susceptible to 

denaturation.  

The almond nsLTP 1 (Pru du 3) is a 9 kDa extracellular monomeric basic protein that is 

localized in cell walls (Salcedo et al., 2007; Kader, 1996). nsLTP represents a family of defence-

related proteins against adverse environmental factors or infections (Garcia-Olmedo et al., 1995) 

and binds with Ig E from allergic sera. LTPs have a ubiquitous distribution in tissues of many 

plant species. These proteins are structurally highly conserved. The almond nsLTP (Pru du 3) has 

been reported to be present in non pollinic structures such as almond fruit greenish epicarp/ 

leathery mesocarp and almond tree leaves (Figure 1.1) that may act as contact or airborne 

allergens and be responsible to their cross-reactivity with other members in the Rosaceae family 

(such as apple, peach, plum, apricot, etc.), plant pollen, and LTPs from other plants (e.g. hazel 

nut). nsLTP is resistant to proteolytic (Asero et al., 2000), thermal and acid-induced degradation 

(Garrido-Fernández et al., 2009; Willison et al., 2009).   

Sensitization and allergies to almonds occur either in the gastric intestinal (GI) tract 

(Class 1) or through inhalation of the allergens (Class 2) (Breiteneder and Ebner, 2000; Sampson, 

2004).  Reactions to almond Class 1 allergy range from hives to life threatening anaphylaxis to 

fatality (Teuber, et al., 2003; Bock et al., 2007). This type of allergen is normally but not 

necessarily heat-stable (Su et al., 2004; Venkatachalam et al., 2002) and resistant to digestion in 

the stomach (Sathe, 1993; Astwood, 1996; Fu, 2002; Burks et al., 1992; Besler et al., 2001). 
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        Figure 1.1: Parts of almond tree and fruit (Garrido-Fernández et al., 2009) 

   

 

Cross-reactivity among tree nuts and peanuts is common and variable (de Leon et al., 2003; de 

Leon et al., 2007; de Leon et al., 2005). An allergic 50 kDa band protein was reported to be 

common between almond and pine nut, indicating their cross-reactivity (De las Marinas et al., 

1998). Amandin has also been reported in an in vitro study to be cross-reactive with -zein, a 50 

kDa protein of Maize. This cross-reactivity has been further shown to be relevant to human 

allergies as demonstrated by IgE binding of pooled human sera of patients with self-reported 

severe almond allergy (Lee et al., 2005). Hence, botanically distant relation may not be able to 

predict the existence of cross-reactivity (Barre et al., 2007; Lee et al., 2005; De las Marinas et al., 

1998; Teuber et al., 2000; de Leon et al., 2005; Goetz et al., 2005; Scheibe et al., 2001). 

Furthermore, in vitro reactivity of an antigen against IgE does not necessary mean it is clinically 

relevant and therefore should be carefully assessed (Fleischer et al., 2005; Pasini et al., 2000; van 

Ree, 2004; Asero et al., 2007).  

Class 2 allergic symptoms, as a consequence of cross-reactivity or similarity in the 

structure between almond allergens and airborne pollen (e.g. birch or ragweed pollen), other 

plant or fungal allergens (e.g. plant pan allergen profilin or nsLTP), may vary from mild oral 

allergy syndrome (OAS) to potentially severe. Patients may be initially sensitized to these 

aeroallergens and subsequently develop clinical food allergies upon first exposure to cross-
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reactive proteins in almond, other members in the Rosaceae family, or other plant-derived foods 

(such as fruits and vegetables) (Sathe et al., 2005; Ebner et al., 1991; Eriksson et al., 1982; Asero 

et al., 2002; Rodriguez et al., 2000). Almond is frequently associated with Birch pollen allergies 

(Boehncke et al., 1998); for example, almost 33% of Birch pollen-allergic patients were reported 

to also be hypersensitive to almond and cherry (Eriksson et al., 1982). A five-month-old child 

with atopic dermatitis developed contact dermatitis to almond with the application of almond oil 

on the cheeks and buttocks indicating the occurrence of sensitization from a percutaneous route 

(Guillet and Guillet, 2000). Similar to the allergens in Class 1 allergy, IgE reactivity of allergens 

in this class may or may not be clinically relevant (Asero et al., 2002; Wensing et al., 2002; Mari 

et al., 1999).   

Although first in per capita consumption in the US, almond ranked third behind walnut 

(34%) and cashew nut (20%) accounting for 15% of total allergic reactions triggered by an 

individual tree nut in the self-reported survey of tree nut allergies (Sicherer et al., 2001a; 

Sicherer et al., 1999; Sampson et al., 1992; Sicherer et al., 2003). Biological relevance or 

structural similarity of almond allergens to various other allergens is responsible to the extensive 

cross-reactive allergic reactions in sensitive populations, rendering almond allergy more 

complicated and unpredictable. Currently, there are no standardized tests and procedures to 

diagnose food allergies. Furthermore, large amounts of data are self-reported. It is therefore not a 

surprise that the true prevalence rates of food allergies are unknown. With the wider use and 

increased consumption of almonds and other tree nuts worldwide, susceptible individuals may 

face progressively serious challenges and risks (USDA, 2011; Esfahlan et al., 2010; FAOSTAT, 

2011; CDC, 2011) 

Need for Food Allergen Detection Methods  

Currently, there is no cure for food allergies. Strict avoidance of the offending food 

allergens and early recognition and management of allergic reactions to food are therefore 

important and prudent measures to prevent serious health consequences. However, avoidance is 

not always feasible due to the presence of undeclared (hidden) allergens, allergens’ cross-

reactivity with other allergens, and food preparation methods (e.g. cross-contamination in any 

stage of the food chain). In addition, a diet that is completely restricted in certain protein 

(antigen)-rich foods may cause inadequate nutrient intakes.    
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To protect consumers from unintended exposure to the offending agents, the FDA Food 

Allergen Labeling and Consumer Protection Act of 2004 (FALCPA), which requires 

manufacturers to identify allergenic ingredients (including the type of tree nut in the case of tree 

nuts) on the labels of pre-packaged foods, became effective on January 1, 2006 in the US. 

Failure to properly label or declare any allergens may result in seizure and removal of the 

product from the market place or product recall (FDA, 2004). Similarly existing allergen labeling 

legislations include Australia New Zealand Food Standards Code, Standard 1.2.3 (effective on 

December 2002) (FSANZ), European Union Directive 2000/13/EC and its later amendments 

(effective on November 2004) (EC), and Japan Food Sanitation Law (effective on April 2002) 

(JATRO). In Canada, an initiative, which is currently ‘voluntary’ but covered by prohibition on 

Canada ‘erroneous impression’ clause, was proposed to amend Food and Drug Regulations in 

July, 2008 (HCCFIA)   

However, as foods with advisory labeling (e.g. ‘‘may contain’’) are increasingly 

prevalent, allergic patients are taking risks by increasingly disregarding advisory labeling. One 

study performed in Europe found that peanut traces were not detected in 75% of the cookies 

bearing a precautionary label (Pele et al., 2007). Another survey conducted in 2003 and 2006 in 

the US reported that only 10% food products carrying advisory statements had detectable 

allergenic protein and 10% less consumers were likely to heed advisory labeling (Hefle et al., 

2007). Most parents and allergic patients have difficulties in identifying common allergenic food 

ingredients (FDA, 2004; Joshi et al., 2002; Vierk et al., 2007). Simultaneously, there is a 

remarkable increase in the number of national and international recalls due to undeclared 

allergens or mislabeling, which suggests the severity and economic impact of the presence of an 

undeclared allergen or cross-contamination in foods (FDA, 2004; FSANZ, 2012; Vierk et al., 

2002; Holzhauser and Vieths, 1999). The direct product and retrieval costs associated with a 

food allergen recall ranged from $10000 to $7000000 with an average cost of $540000 (Ohr, 

2003; Borchgrevink et al., 2009). Allergic reactions from accidental exposure are still relatively 

common even if patients attempt to avoid known allergens. National Institute of Allergy and 

Infectious Diseases (NIAID) states that approximately 50% of food allergic subjects in the 

United States with food allergies have an unexpected exposure to foods that cause a reaction 

within a two year period (NIAID, 2010). Moreover, the restaurant industry was predicted by the 

lawyers to face a spate of food allergy lawsuits because allergens can occur in foods as a result of 
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cross-contamination during food preparation or processing. Incomplete cleaning and even a trace 

amount (10 mg/Kg or 10 ppm) (Moneret-Vautrin and Kanny, 2004) is enough to evoke life 

threatening allergic reactions in sensitive individuals. Allergen control therefore has become one 

of the major food safety challenges for both susceptible consumers and food manufacturers at all 

levels of the supply chain. More work is obviously needed to make clear, consistent, easy to find 

and believable label information regarding food product ingredients to enable affected 

individuals to make informed food choices.  

On the other hand, establishing threshold doses (i.e. the lowest amount of allergen that 

would elicit mild physical symptoms that can be diagnosed clinically in a general sensitized 

population) has been an issue of heated discussions within the scientific community (Taylor et 

al., 2002; Hourihane, 2001; Hourihane et al., 1997; Moneret-Vautrin and Kanny, 2004; Taylor et 

al., 2009). A double-blind placebo-controlled food challenge (DBPCFC) is widely considered as 

the gold standard for allergy diagnosis in an atopic patient and is also used for the establishment 

of thresholds. Tests such as Skin Prick Test (SPT), blood IgE qualitative or semi-quantitative 

immunoassays [e.g. rocket immunoelectrophoresis (RIEP), immunoblotting], and quantitative 

immunoassays [such as enzyme-linked immunosorbent assay (ELISA), radioallergosorbent test 

(RAST), and enzyme allergosorbent test (EAST)] may result in false positive or false negative 

reactions as the test condition varies. DBPCFC is highly risky for some sensitive patients and it is 

time consuming (Sampson, 2001). Although quantification of the allergen-specific IgE level 

(kU/L) is an effective tool for eliminating the need of performing DBPCFC in a significant 

number of patients (Sampson, 2001; Sampson, 1997), the resultant Ig E reactivity only predicts 

around 95% certainty of clinical reactivity, i.e. IgE reactivity is not always clinically relevant. 

Moreover, RAST, EAST and other assays that rely on human serum IgE are difficult to 

standardize and can only be handled in specialized (clinical) laboratories that make human-sera-

based methods not suitable for routine food analyses (Poms et al., 2004b). For these reasons, 

efforts directed at developing reliable, sensitive, specific and robust methods using animal-

derived antibodies to detect the offending agents in food products are urgently warranted and are 

of utmost priority to food processors and distributors (for avoidance of lose due to down-time, 

recalls, and reputation), consumers (for products satisfaction and quality of life), regulatory 

agencies (for enforcement purposes and complaint assistance), and clinical practitioners (for 

effective clinical treatment and service). 
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Available Almond Detection Methods 

Techniques that have been used in almond detection include ELISA (Roux et al., 2001; 

Sathe et al., 2001; Hlywka et al., 2000; Acosta et al., 1999; Ben Rejeb, et al., 2005), 

immunoblotting (Scheibe et al., 2001), real-time PCR (R-biopharm SureFood® ALLERGEN 

Almond, Pafundo et al., 2009; Koppel et al., 2010), and lateral-flow device (NEOGEN Reveal 3-

D Almond Test; R-biopharm BL601-25   Lateral Flow Almond). Methods that have been 

reported for almond detection are summarized in Table 1.1. Commercial products for almond 

detection are listed in Table 1.2.  

 
 
 
 
Table 1.1: Published almond detection methods  

Assay 

Type 

Protein

Marker 

Targeted 

Sample 

Type 

Ab 

Type 

Sensitivit

y (LOD
c
) 

(ppm)  

Test 

type 

Cross-

reactivity 

Refere

nce 

Competitiv
e inhibition 

ELISA 

Purified 
AMP 

Raw or 
processed 

food 

Ra  
pAb 

0.087 
Quanti
tative 

minor to 
nuts and 
legumes 

Roux 
et al., 
2001 

Sandwich 
ELISA 

Roasted 
almond 
proteins 

processed 
food 

R  
pAb 

Sb  
pAb 

<1 

Quanti
tative 

significant 
to nuts and 

sesame 

Hlywk
a et al., 
2000 

SDS 
PAGE/imm

unoblot 

Almond 
proteins 

Chocolate
s 

R  
pAb 

5 

Qualita
tive 

Not to milk, 
cocoa, and 
peanut, but 
to hazelnut 

Scheib
e et al., 
2001 

Real-time 
PCR 

Pru 1  
and  
rbcL 
genes 

Processed 
food 

- 
1 DNA 
copies 

Quanti
tative 

to 
DNA 

ribulose-
bisphosphat

e 
carboxylase 
Large gene 

(rbcL)  

Pafund
o et al., 
2009 

Real-time 
PCR 

Almond 
DNA 

Processed 
food 

- 
10-50 

(spiked) 

Quanti
tative 

to 
DNA 

NRd Koppel 
et al. 
2010 

Competitiv
e indirect 
ELISA 

Roasted 
almond 
proteins 

Chocolate
s 

R  
pAb 

1 

Qualita
tive 

Slightly to 
cashew 

Ben 
Rejeb 
et al., 
2005 

    a.Rabbit, b.Sheep, c.LOD: Limit of Detection d.NR: not reported 

http://www.r-biopharm.com/product_site.php?product_id=4124&product_class_one=QWxsZXJnZW5z&product_class_two=QWxtb25k&product_class_three=&product_class_four=&product_range=Food%20and%20Feed%20Analysis&
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Table 1.2: Available analytical methods for allergens from almond  

Manufact

urer 

Brand 

Name 

Assay 

Type 

Valid

ation
a
 

Sensitivity 

(LOD
b
) 

(ppm) 

Quantitati

on (ROQ
c
) 

(ppm) 

Sample Type 

Ab 

Typ

e 

Protein(s

) 

Targeted 

Testi

ng 

Time 

Test 

type 

Cross-

reactivity 

GENTAU
R 

Almond 
Diagno Kit 

Indirect 
competiti

ve 
ELISA 

No NRd 0.06-4 chocolate NR 
almond 
protein 

~ 3 
hrs 

Quantit
ative 

NR 

Elisa 
System  

ELISA 
system 

sandwich 
ELISA 

No 0.5 1-5 NR NR 

Heat 
stable 

almond 
protein  

~1hr 
Quantit

ative 
NR 

Neogen 
Alert for 
Almond 

sandwich 
ELISA 

No 5 No 
processed 

sample 
NR NR 

30 
min 

qualitati
ve 

NR 

Neogen 
Veratox for 

Almond 
sandwich 
ELISA 

Yes 2.5 2.5-25 
processed 

sample 
NR 

almond 
protein 

~1 hr 
quantita

tive 

NR, (Virginia 
Peanut) f 
(apricot, plum, 
peach, cherry,  
and nectarine 
)g 

Neogen 
BioKits 
Almond 

Assay Kit 

Lateral 
flow 

device 
No 0.06 1-20 NR NR 

almond 
protein 

<10 
min 

Quantit
ative 

apricot kernel 
 

Neogen 
Rapid 3-D 

Almond Test 

Lateral 
flow 

device 
No 0.06 NR NR NR 

almond 
protein 

<10 
min 

Qualitat
ive 

apricot kernel 

Neogen 
Rapid 3-D 

Bulk 
Almond Test 

Lateral 
flow 

device 
No 0.06 NR NR NR 

almond 
protein 

<10 
min 

Qualitat
ive 

apricot kernel 

R-
BioPharm 

RIDASCRE
EN FAST 

Mandel/Alm
ond 

sandwich 
ELISA 

No 1.7 2.5-20 
raw and 
cooked 

pAb 
Whole 

nut 
~1 hr 

Quantit
ative 

apricot stone 
(plum, peach, 
nectarine 

and cherry)g 
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Table 1.2-continued 

Manufact

urer 

Brand 

Name 

Assay 

Type 

Valid

ation
a
 

Sensitivity 

(LOD
b
) 

(ppm) 

Quantita

tion 

(ROQ
c
) 

(ppm) 

Sample Type 

Ab 

Typ

e 

Protein

(s) 

Targete

d 

Testi

ng 

Time 

Test 

type 
Cross-reactivity 

R-
BioPharm 

SureFood® 
ALLERGE
N Almond  

real-time 
PCR 

No 
< 5 DNA 
copies / < 
10 ppm 

NR 
raw and 
cooked 

NNe 
DNA 
from 

almond 
NR 

qualit
ative 

no cross-
reactivity 

R-
BioPharm 

Lateral 
Flow 

Almond 

Lateral 
flow device 

No NR NR 
raw and 
cooked 

NR NR NR 
qualit
ative 

apricot seed, 
Brazil nut 

Tepnel 
(bought 
out by 

neogen) 

BioKits 
Rapid 3-

DTM 
Almond 

Test 

Lateral 
flow device 

No 
0.06  

 

Validate 
LOD 

 
NR NR 

almond 
protein 

<10 
min 

qualit
ative 

apricot kernel 

Tepnel 
(bought 
out by 

neogen) 

BioKits 
Almond 

Assay Kit 
 

sandwich 
ELISA 

No 0.1 1-20 

Food samples 
extracted with 
Tris / high salt 
/ gelatin buffer 

pAb 
almond 
protein 

<2.5 
hrs 

Quant
itative 

apricot kernel 
(100%), hazelnut 

(0.00018%), 
pecan 

(0.00014%) 

Romer 
Labs 

AgraQua®A
lmond 

sandwich 
ELISA 

No 0.2 0.4-10 
raw materials 
and processed 

foods 
NR NR 

~2 
hrs 

Quant
itative 

NR 

Ingenasa Ingenasa 

Double 
antibody 
sandwich 
ELISA 

No NR NR NR NR NR NR NR NR 

Eurofins 
scientific 

NR PCR No NR NR NR NR NR NR NR NR 

aMLPT - Multiple Laboratory Performance Tested; JRC- European Commission Joint Research Centre; AOAC = AOAC International  
bLOD: Limit of Detection  cROQ: Range of Quantitation   dNR: not reported  eNN: not needed 
f. Kit was found cross-reactive to Virginia peanut in our Lab.    g. Kit was found cross-reactive to these four matrices by Röder et al. (2011) 
(Source: FDA, 2005-2006; Fielder et al., 2010; Mermelstein, 2008; Gentaur; Elisa System; Neogen; R-BIOPHARM; Tepnel; Romer Labs; Ingenasa; Eurofins scientific) 
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Both DNA-based and protein-based almond detection methods have been developed as 

indicated in the Tables 1.1 and 1.2. DNA-based tests measure genetic materials (i.e., DNA 

fragments) that produce the proteins, it is therefore considered less relevant for the detection of 

allergic proteins. It is also overly sensitive to be easily affected by the slightest contamination 

and food matrices (Chen et al., 2005). Moreover, DNA-based PCR assays require expensive 

equipment. Consequently, only the protein-based ELISA technique is presently used in routine 

food analysis due to its simple handling, rapid performance, low equipment cost per assay, high 

specificity, great precision, and good potential for standardization.  

However, challenges lie ahead in specifically detecting trace amounts of almonds in a 

variety of food products that have gone through different processing procedures. False negative 

results may be obtained from the assay because proteins may easily undergo various structural 

and characteristic changes even under the mildest processing conditions and may not be probed 

anymore by the specific Ab(s). For example, the proteins’ solubility is markedly affected by pH 

conditions or thermal processing thereby greatly influencing the robustness of the immunoassay 

(Su et al., 2004; Venkatachalam et al., 2002; Jones, 2003; Sharma et al., 2009; Venkatachalam et 

al., 2008; Sathe et al., 2009b). Majority of the existing almond detection methods exhibit cross-

reactivity thereby potentially increasing the likelihood of false positive results as well (Table 

1.1). Also, many methods are limited to particular categories of food samples (Table 1.1 and 1.2) 

due to the matrix effects (Tiwari et al., 2010). Furthermore, scientifically sound threshold levels, 

which can be used to set a baseline analytical sensitivity for a detection method, have not yet 

been established for almonds. This makes it difficult to judge the sensitivity of the assay (e.g., 

how much is too much?). Practically, it seems to be a general assumption that the LOD of an 

assay needs to be around 10 ppm [mg protein (allergen) / Kg food] or lower (Poms et al., 2004a; 

Poms et al., 2006; Koppelman et al., 1999; Taylor and Nordlee, 1995). Moreover, there is no 

consistent validation protocol to judge the test performance. To date, most methods has not gone 

through Multiple Laboratory Performance Tests and only five commercial products on food 

allergens detection for peanut, gliadin (including secalins, hordeins), and gluten have been 

granted AOAC official methods by the AOAC Research Institute (AOAC international, 2012). 

Thus, none of the existing methods for almond detection are well-characterized, sensitive, robust, 

or specific assays.  
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The protein-based ELISA depends largely on the specific recognition of an antigen 

(targeted marker) by the corresponding antibody (probe). Factors that impact the 3-dimensional 

interaction, such as selection of antigen, type of antibody produced, procedure of sample 

preparation, and design of ELISA, will together determine the performance (e.g., specificity, 

sensitivity, robustness, precision, and accuracy) of the assay to be developed. A mAbs-based 

ELISA targeting on abundant and stable almond allergenic proteins may therefore be a reliable, 

sensitive, specific and robust method to quantitatively detect almond allergen traces in food 

products. 

Statement of Problem 

The objectives of this research were to apply knowledge and experience in protein 

chemistry, immunology, and food science to address a significant and growing health concern 

for agricultural and food industries and governmental regulatory agencies and to protect 

consumers from a hidden and potentially life-threatening hazard, the immunoglobulin E (IgE) -

mediated almond allergy.  

While evidence suggests that adding almond to diet may have health benefits, scant 

information exists about the bioavailability and safety of the almond protein. Specifically, 

information is needed regarding: 1) the detection and quantification of trace amounts of almond; 

2) the detectability, accuracy, precision, sensitivity, and specificity validation of the few 

available almond assays or the assays under development; 3) the antibody (Ab) cross-reactivity 

that may lead to false positive identification of almond; 4) the robustness of the assay that may 

lead to false negative or positive identification in the detection of stored, thermal or non-thermal 

processed, digested almond, or almond in food matrices or food ingredients; and 5) the 

standardization of almond allergic potency in extracts used for clinical diagnosis. According to 

previous research findings on the compositional, structural, and immunological characterization 

of the almond major allergen, I addressed these issues through the production, purification, 

characterization, and standardization of mouse anti almond monoclonal antibodies (mAbs).  An 

Enzyme-linked Immunosorbent Assay (ELISA) constructed by immunoreagent consisting of 

such a panel of mAbs is suitable to detect and quantify trace amounts of almond major antigenic 

proteins in foods and serve as a tool to gain the said information. The information gained will 

complement previous efforts at developing polyclonal antibody (pAb) based immunoassays for 

tree nut allergen detection and research interests in understanding the antigenic properties of 
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almond major protein. It will also add to the knowledge of the relationship between the structure 

of native and recombinant allergens, their antigenicity, and their antigenic stability. In addition, 

this research will help identify both stable and susceptible epitopes in almond proteins under 

various circumstances and further support the development of hypoallergenic products or 

possible immunotherapy candidates. Results from the investigations should provide critical 

information needed by stakeholders in the regulatory agencies, agricultural and food industries, 

retailers, clinical practitioners and pharmacists concerning the detection and quantification of 

almond allergen, thereby improving food quality and safety, the implementation of food labeling 

law, and consumer health. The investment in this research is a cornerstone to improving the 

quality of life for sensitive consumers while also lowering costs for food manufactures and 

regulatory agencies. 

Central Hypothesis 

The mAbs can be used as effective immunoreagents to construct an ELISA to sensitively, 

specifically, and robustly detect trace amounts of almond. 

Specific Aims 

1. To screen, purify, characterize, and optimize anti-almond mAbs for immunoreactivity.  

1.1 Screen and select almond specific murine mAbs.  

1.2 Affinity purification of the selected mAbs.   

1.3 Determine sensitivity and robustness of selected specific mAbs.  

1.4 Epitope Comparison and Antigen Identification using selected mAbs. 

2. To develop a sandwich ELISA for the specific, sensitive and reliable detection of 

almonds.   

2.1 Assay construction including format selection, mAb selection, and Ab(s) and Ag 

concentration selection.  

2.2 Biotinylation of selected antibody for development of mAb-based cocktail ELISA.  

2.3 Assay optimization including selections of plate, coating buffer, incubation time and 

temperature, and color development time and temperature. 

2.4 Validation of the constructed ELISA in terms of the limit of detection (LOD), linear range of 

detection, accuracy, precision, specificity, cross-reactivity and sensitivity. 
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3. To assess the robustness of the optimized assay and the stability of major antigens in 

almonds of various forms.  

3.1 Immunoreactivity determination of genotypes, interspecies hybrids, cultivars, and marketing 

varieties of almond seeds.   

3.2 Immunoreactivity determination of purified Nonpareil almond major proteins (AMP) from 

column chromatography (named Col. AMP), cryo-precipitation (named Cryo AMP), or 

isoelectric precipitation (pI AMP) methods, and recombinant almond major protein (Pru du 

6.01 and 6.02).   

3.3 Immunoreactivity determination of thermal (moist or dry heat) or non-thermal (pH) 

processed Nonpareil almonds.   

3.4 Immunoreactivity determination of Nonpareil almonds stored in different format, 

temperatures, durations, and preservatives. 

3.5 Immunoreactivity determination of full fat and defatted almonds.  

3.6 Immunoreactivity determination of Nonpareil almonds spiked in various foods including 

baked products, breakfast cereals, main course dishes, snack foods, confectionary, fruits, 

vegetables, salads, dairy, drinks, desserts, sauces and dressings, spreads, natural flavorings 

and extracts, and spices. 
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CHAPTER TWO 

PURIFICATON AND CHARACTERIZATION OF ANTI-

ALMOND SOLUBLE PROTEIN MURINE MONOCLONAL 

ANTIBODIES 

 

Produced by specialized B lymphocytes (plasma cells) in response to a specific external 

protein (antigen), antibodies [also known as immunoglobulins (Ig)] are found in blood or other 

body fluids and are used to identify and ultimately neutralize foreign objects because of their 

high degree of affinity and specificity in this interaction with the antigens. Antibody 

polymorphism due to their unique hypervariable regions and other various mechanisms, such as 

class switching, accounts for enough diverse variants to bind a diverse spectrum of antigens. 

Class switching results in the production of different classes of antibodies (e.g. IgA, IgD, IgE, 

IgG, IgM in mammalian). Consisting of four distinct subclasses, IgG is a major antibody in 

immunity among these classes. Polyclonal antibodies (pAbs) are secreted by B cells targeting 

different epitopes on the antigens while monoclonal antibodies (mAbs) are secreted by a single B 

cell line. Both pAbs and mAbs can be prepared in bulk using different production methods. A 

comparison of these two kinds of antibodies is summarized in Table 2.1.  

 

 

Table 2.1: A comparison of polyclonal antibody (pAb) and monoclonal antibody (mAb) 

Parameter pAb mAb 

Ab class a mixture of antibody populations 
(isotypes) directed against 
multiple epitopes on any one 
antigen 
shows heterogeneity in the amino 
acid sequences of the antigen-
binding immunoglobulins (Ig) 

“cloned” antibody population 
(subtype) that are directed against 
exactly the same epitope of the 
same antigen 
homogeneous characteristics in 
the amino acid sequence, Defined 
biological properties 

Immunogen must be pure need not be pure 

Produced by more than one clone of B 
lymphocytes 

a single B cell clone 

Technology required low high 
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Table 2.1-continued 

Parameter pAb mAb 

Obtained from antisera ascites or hybridoma culture 

Affinity and avidity high and low high 

Sensitivity high and low; more tolerant of 
minor changes in the antigen, e.g. 
polymorphism, heterogeneity of 
glycosylation or slight 
denaturation 

High; more vulnerable to the loss 
of epitope through chemical 
treatment of the antigen  
 

specificity variable  specific [either a specific amino 
acid sequence stretch (linear 
epitope) or a structural motif 
(conformational epitope)] 

Cross-reactivity often high, requires 
immunoabsorption to remove 
cross-reactive components and 
standardization 

often low 

Non-specific binding high, because of the large 
amounts of non-specific 
antibodies  

low  

Agglutination more than one antibody molecule 
binds on multiple eptitopes, 
precipitate in immunodiffusion, 
can help amplify signal 

may miss the binding, not 
precipitate in immunodiffusion 
due to failure of cross-linking of 
only one mAb 

Supply limited to life of immunised 
animal 

indefinite supply of uniform 
antibody in large quantities 

Batch to batch 

variability 

high identical , useful for 
standardization of experimental 
procedures, highly reproducible 

Purification and 

coupling 

difficult easy, can be “biologically” 
modified 

Cost inexpensive and less labour 
intensive 

costly and labour intensive to 
produce, but eventually cost will 
be reduced because of the 
unlimited supply 

Time scale short longer time span 
(Source: Tiwari et al., 2010; Hlywka et al., 2000; Kaw et al., 2008; Acosta et al., 1999; Wei et al., 2003; Monaghan 
et al., 2008; Scheibe et al., 2001; abcam) 

 

 

Several rabbit pAbs and murine mAbs have been produced against soluble proteins in 

almond seeds in the year 1998 - 2010 in the Biomedical Research Facility [Florida State 

University (FSU)] and Hybridoma Core Facility (Department of Biological Science, FSU) by 

Martin Acosta, Mahesh Venkatachalam, Jason Robotham, Harshal Kshirsagar, Girdhari Sharma, 
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and Shyamali Jayasena under the direction of Profs. Sathe and Roux with the able and willing 

assistance from Dr. K. Harper and Pushparani Dhanarajan. 

The desired mAbs were first isolated from the obtained bulk by Protein G affinity 

chromatography before their application in assay construction to prevent problems (e.g. non-

specific binding) that may be created by contaminants in ascites fluid (e.g. host antibodies, 

proteases, nucleases, and viruses) or cell culture (e.g. growth factors, hormones, and transferrins) 

and to improve the sensitivity and specificity of the ELISA that being constructed. Protein G 

affinity purification is a quick and single-step method that utilizes the natural affinity of G 

protein to antibody Fragment crystallizable (Fc) region, thus resulting in a highly pure antibody.  

The final purity of antibodies is analyzed using gel electrophoresis followed by silver staining. 

Impurities produce bands of varying intensity depending on how much of the impurity is present. 

Purified mAbs were further characterized for immunoreactivity such as affinity, specificity, and 

crossreactivity for the intended use. Both qualitative (immunoblotting such as Western blotting) 

and quantitative ELISAs are used in exploring these characteristics. Immunoblots, which 

incorporate detergent, thermal denaturation, and reducing agents, reveals the binding of mAbs to 

the most stable epitopes.  ELISA is the mildest form of assay, which, if designed properly, leaves 

the antigen intact in the fluid phase subject only to bind by Ab (s).  

 

Materials and Methods 

Materials 

The almonds used in this study were Nonpareil almonds (Prunus dulcis L.) because 

Nonpareil continues to be the most important almond variety in California due to its consistently 

high productivity and high market demand. Almonds (Almond Board of California, Modesto, 

CA), pecans (cultivar Desirable, Dr. T. Thompson, USDAARS, Pecan Breeding and Genetics, 

Somerville, TX), pistachios (Paramount Farms, Inc., Los Angeles, CA), walnuts (Blue Diamond 

Growers, Sacramento, CA), and Virginia peanuts (VA 98R, Dr. Sean F. O’Keefe, VPI&SU, 

Blacksburg, VA) were gifts. Sources of other seeds (Brazil nuts, cashews, hazelnuts, macadamia 

nuts, pine nut, Spanish peanuts, sesame seeds (polished white color), sunflower seeds, soybeans, 

and navy beans), foods, and food ingredients were purchased from local grocery stores as needed 

and described in detail in Tiwari (2010).   
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Sources of chemicals and reagents were as follows:  

Electrophoresis and immunoblotting supplies were from Hoefer Scientific Co. (San 

Francisco, CA); chromatography columns and fraction collectors were from Pharmacia, Inc. 

(Piscataway, NJ); and disposable polypropylene columns (5 ml polypropylene column with 

polyethylene filter disc and top and bottom press-on caps) were from Pierce Inc. (Rockford, IL). 

 PVDF membranes (0.2 µm, 20 × 20 cm sheet) and DEAE DE-53 (binding capacity 150 

mg protein/mL) were from Whatman, Inc. (Piscataway, NJ); Protein G Sepharose 4 Fast Flow 

beads (2 mg protein G/ml drained medium, average particle size at 90 µm, store in 20% ethanol), 

Sephacryl S200 (25 -75 μm diameter in wet form, fractionation range 5 × 103 - 2.5 × 105 MW), 

and S300 HR (25 -75 μm diameter in wet form, fractionation range 1 × 104 - 1.5 × 106 MW) 

were from GE Healthcare (Piscataway, NJ).  

Cellulose extraction thimbles (25 mm × 100 mm), filter paper No. 4,  and Whatman 

Chromatography paper (3MM CHR 15 × 17.5 cm) were from Whatman international Ltd. 

(Maidstone, UK); Protran® nitrocellulose membranes (NC, 0.2 µm, 200 × 3 m) were from 

Schleicher & Schuell Bioscience, Inc. (Keene, NH); and X-ray film (BioMax XAR film) was 

from Eastman Kodak Co. (Rocheser, NY).  

RiBi adjuvants, horse radish peroxidase labeled goat anti-rabbit IgG, goat anti-mouse IgG 

(whole molecule) peroxidase conjugate antibody develop in goat (A4416 0.8 mg/ml), Ponceau S 

(P3504, practical grade, 3-hydroxy-4-(2-sulfo-4-[4-sulfophenylazo]phenylazo)-2,7-

naphthalenedisulfonic acid sodium salt), cyanogen bromide-activated-Sepharose (C9142, bead 

diameter 40-165 μm, binding capacity: ~30-40 mg chymotrypsinogen/ml gel), Folin-Ciocalteu’s 

phenol reagent (2 N), luminol (97.0%), and bovine serum albumin (BSA) were from Sigma 

Chemical Co. (St. Louis, MO).  

Chemzymes Ultra Pure acrylamide was from Polysciences, Inc. (Warrington, PA);  

TEMED (N, N, N’ N’-tetramethylenediamhe) and Bis-acrylamide were from BioRad (Hercules, 

CA); and Western Re-Probe for Stripping and Re-Probing Western blots was from G-

Biosciences (St. Louis, MO).  

All other chemicals (ACS grade) and protein markers including Fisher’s EZ-RUN™ Pre-

Stained Rec Protein Ladder for SDS PAGE (BP3603 is a mixture of 10 recombinant, highly 

purified colored proteins with the apparent molecular weights ranging from 10 to 170 kDa; 

BP3602 is a mixture of 14 highly purified recombinant proteins with the apparent molecular 
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weights ranging from 10 to 200 kDa) and Amersham High Molecular Weight Calibration Kit for 

NDND PAGE (Part number 17044501 contains Bovine Serum Albumin 66 kDa, Lactate 

Dehydrogenase 140 kDa, Catalase 232 kDa, Ferritin 440 kDa, and Thyroglobulin 669 kDa) were 

purchased from VWR Scientific (West Chester, PA ) and Fisher Scientific Co. (Pittsburgh, PA). 

Several specific chemical, reagent, and equipment sources were indicated along with the 

methods. 

Methods 

Antibody Production and Screening of mAbs 

Rabbit pAbs and murine mAbs were produced against almond protein in the year 1998-

2010 according to standard procedures (McCullough and Spier, 1990) and FSU animal care and 

use committee (ACUC) approved original protocol #0207 in the Biomedical Research Facility 

(FSU) and Hybridoma Core Facility (Department of Biological Science, FSU) respectively.  

For rabbit pAbs, New Zealand white female rabbits were immunized each with BSB 

extracted almond proteins (0.5 mg) in 0.5 ml RiBi adjuvant as described by Acosta et al. (1999). 

Five booster doses (0.5 mg each) were administered in RiBi adjuvant each at 4 week intervals. 

Each rabbit was subsequently bled and the serum was collected and stored at -20C until further 

use. Preimmune serum was collected to serve as the control when determining the antibody titer.  

For murine mAbs, BALB/c mice were immunized each with BSB extracted almond 

proteins (25 µg) in RiBi adjuvant. One booster dose (15 µg) was administered in RiBi after three 

weeks. The mice spleens were removed a week after the booster dose and plasma cells were 

fused with myelomas cells to create hybridoma cells. The resultant hybridomas produced 

Immunoglobulin G (IgG). Abs were screened and assayed for relative strength of reaction to 

almond proteins and various food proteins by direct binding ELISA and immunoblot 

(Deshpande, 1996),  e.g mAbs 4C10 and 4F10 were preliminarily screened against BSB soluble 

proteins prepared from unprocessed and processed (autoclaving, microwaving, roasting, and 

blanching) Nonpareil almond seeds by Mahesh Venkatachalam using Western blotting on July 

11, 2001.   

Preparation of Protein Extracts 

Almonds or foods were ground in an Osterizer blender (speed setting “grind”; Galaxy 

model 869-18R, Jaden Consumer Solutions, Boca Raton, FL) to homogeneous flour and defatted 
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for 8 hrs using a Soxhlet apparatus and petroleum ether (PE, boiling point range of 38.2-54.3 ºC, 

BDH® through VWR Scientific, West Chester, PA) as the extraction solvent. After overnight 

drying in a fume hood, the powder was passed through 40 mesh sieve and stored in screw-

capped plastic bottle at -20 °C until further use. Almonds or other food protein extracts were 

prepared by vortexing (Scientific Industries, Inc. Vortex-2 Genie®, 50 Hz, Bohemia, NY) the 

defatted flours in borate saline buffer (BSB, 0.1 M H3BO3, 0.025 M Na2B4O7, 0.075 M NaCl, pH 

8.45) at a flour to solvent ratio of 1:10 (w/v) at setting 6 for 1 hr at room temperature (RT, ~22 

C), followed by centrifugation at 16000 g for 20 min. The supernatants were stored at -20 C 

until further use. 

Protein Determination 

Soluble proteins were estimated as per the method of Lowry et al. (1951) or Bradford 

(1976) as appropriate. BSA was used as the standard protein. BSA standard curves (0-200 µg for 

the Lowry method and 0-600 µg for the Bradford method) were prepared for each assay in 

appropriate buffer, and suitable blanks were used in all assays. 

Antibody Purification 

Antibodies were purified as needed by affinity chromatography using protein G-

Sepharose to increase the sensitivity of the ELISA and reduce the background of non-specific 

binding. Briefly, antiserum or mAb supernatant was mixed with 0.1 M phosphate buffered saline 

(PBS, pH 7.2) preswelled protein G matrix and 0.1 M PBS in a 15 ml conical tube at 1:1:1 

(v/v/v) ratio. The tube was then incubated for 12 hrs in the cold room on a rocker (60 Hz, Rocker 

II model 260350, Boekel Scientific, Feasterville, PA). The mixture was transferred to a 5 ml 

disposable polypropylene column [Pierce Inc. (Rockford, IL)] containing a bottom filter and 

allowed to settle. The flowthrough (FT) containing unbound protein(s) was collected. 

Absorbance using optical density (OD) was read at a wave length of 280 nm using the reference 

of PBS. The column was then rinsed with additional PBS buffer (three bed volumes a time) and 

FTs were collected separately until OD280 reached the baseline. Two bed volumes of 0.2 M 

Glycine sulfate (GS, pH 2.3) [99%, Fisher Scientific Co. (Pittsburgh, PA)] were added to elute 

Ab from the protein G column and the eluate was collected in 1.5 ml conical micro tubes 

[Polypropylene, VWR international (West Chester, PA)] containing 0.1ml of 1 M 

Tris(hydroxymethyl) aminomethane buffer [pH adjusted by HCl, Tris-HCl (pH 8.5)], PBS was 

then added to wash the column, FT was collected in separate conical micro tubes, the absorbance 
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was read at 280 nm (GS as reference) and the tubes with the OD280 around the peak were 

combined in a 15 ml conical tube and immediately neutralized with 1 M Tris-HCl (pH 8.5) drop 

wise. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS PAGE) and Coomassie 

Billiant Blue R (CBBR) staining or silver staining (when necessary) were performed to check 

each fraction to confirm the successful purification of IgG. The IgG fraction was then dialyzed 

against 10 mM PBS, concentrated to the appropriate concentration by YM-3 amicon centrifugal 

filtration devices. NaN3 was added to the final concentration of 0.1% (w/v). The aliquot resultant 

Ab was stored at -20 C.  

SDS PAGE with CBBR Staining 

8-25% linear monomer acrylamide gradient (or single-percentage) SDS PAGE was done 

by using the method of Fling and Gregerson (1986). Protein extract or antibody samples were 

boiled in sample buffer (50 mM Tris-HCl, pH 6.8, 1% SDS, 0.01% bromophenol blue, 30% 

glycerol, and/or β% -mercaptoethanol) for 10 min and suitable aliquots were loaded and 

electrophoresed on an 8-25% linear monomer acrylamide gradient separating gel (14.5 cm × 16.5 

cm × 1.5 mm) and 4% stacking gel (1.0 cm × 16.5 cm × 1.5 mm) [or an 12% acrylamide 

separating gel (8 cm × 10 cm × 1.5 mm) and 4% stacking gel (1.0 cm × 10 cm × 1.5 mm)] along 

with the molecular weight markers. All gels were run at a constant current of 8-12 mA /gel until 

the tracking dye passed the gel edge. The gels were stained with 0.25% w/v Coomassie Brilliant 

Blue R (CBBR) in 50% v/v methanol (BDH® through VWR Scientific, West Chester, PA) and 

10% v/v acetic acid (unless used for protein transfer) and destained with 50% v/v methanol 

containing 10% v/v acetic acid for 4 hrs followed by 25% v/v methanol containing 5% v/v acetic 

acid until the blue background was completely removed.  

Silver Staining 

Gels were silver stained as per the protocol given by Westermeier (1993). Briefly, gels 

were first fixed in 0.7 M Trichloroacetic acid [ACS grade, BDH® through VWR Scientific (West 

Chester, PA)] in 30% (v/v) methanol containing 0.16 M sulfosalicylic acid (ACS Reagent, 

Mallinckrodt Baker Inc. Phillipsburg, NJ) for 2 hrs. After washing with excess DD H2O five 

times for 5 min each, the gels were treated with 25% (v/v) methanol containing 8% (v/v) acetic 

acid for 1 hr followed by 10% (v/v) glutaraldehyde [Fisher Scientific Co. (Pittsburgh, PA)] for 2 

hrs. The gels were thoroughly washed with DD H2O overnight (3-4 changes) before treating with 

0.8% silver nitrate [ACS grade, Fisher Scientific Co. (Pittsburgh, PA)] solution for 20 minutes 

http://www.wolframalpha.com/entities/chemical_molecular_weights/what_is_the_molecular_weight_of_sulfosalicylic_acid%3F/54/qj/u5/
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(1.6 g AgNO3 was dissolved in 8 ml DD H2O before adding into 42 ml DD H2O containing 0.15 

g NaOH and several drops of concentrated NH3•H2O, extra concentrated NH3•H2O was added to 

make a clear throughout solution (final point), and DD H2O was added to a final volume of 200 

ml). The gels were rinsed three times with excess DD H2O for 5 minutes each and then incubated 

in the developer solution [50 µl formaldehyde needed for 100 ml 0.005% (w/v) citric acid] until 

the bands were adequately developed. The developer was decanted and 200 ml 0.05% (w/v) 

citric acid containing 0.035 g methylamine [min. 98%, Fisher Scientific Co. (Pittsburgh, PA)] 

was added and kept for 5 minutes to stop the development.  Following this, Kodak fixer was 

added as such (Kodak, Rochester, NY) to remove the white background on the gels and then gels 

were washed and stored in DD H2O.  

Standardization of Purified mAb 

(A). IgG concentration: mAb IgG concentration was estimated by measuring the 

absorbance at 280 nm using a UV spectrophotometer. The concentration was calculated using the 

formula C = A/b×a where C is the IgG concentration of a mAb (mg/ml); A is the mAb 

absorbance at 280 nm, b is the path length of the cuvette (normally 1 cm) and a is the extinction 

coefficient (1.38 for IgG; Harkins, 1987). 

(B). Ab titer: When used in various dilutions (Ab: buffer=1:10~1:100000 v/v), the level 

of mAb reactivity with a given amount of almond protein (20 µg) in Western blots and ELISA 

representing the affinity between Ab-Ag.  

(C). Ag titer: the level of mAb reactivity at a given dilution/titer with various amounts 

(0.001-20 µg) of almond protein evaluated by Western blotting and ELISA representing the 

affinity between Ab-Ag. 

Epitope Comparison and Antigen Identification  

(A). Indirect ELISA was used to test the specificity/cross-reactivity of the mAbs. Briefly, 

fifty microliters (50 μl) of properly diluted almond protein extract containing 0.5 μg of soluble 

protein in 0.1 M citrate/phosphate coating buffer (pH 5.0, 48.5% 0.1 M citric acid, 51.5% 0.2 M 

Na2HPO4) was coated onto the wells of a 96-well polyvinyl microtitre ELISA plate (Costar 

brand, round bottom, cat#2797) and incubated at 37 C for 1 hr. The plate was washed 3 times 

with TBST and slap dried on paper towels. The plate was then incubated with β00 μL/well 

blocking solution (5% w/v NFDM in TBST) at 37 C for 1 hr followed by another washing and 

drying step. The undiluted or appropriately diluted mAb supernatants (50 μl) in antibody buffer 
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[1% (w/v) NFDM in TBST] was added to each well and incubated at 37 C for 1 hr. After 

washing 3 times with TBST, alkaline phosphatase (AP) -conjugated goat anti-mouse IgG 

[A3652, Lot. 050M6016, 2.8 mg/ml, Sigma Chemical Co. (St. Louis, MO)] was added. The plate 

was then incubated at 37 C for 1 hr and then washed 3 times and dried before the addition of the 

50 l/well p-nitrophenyl phosphate substrate solution [5 mg/ml p-NPP tablet dissolved in 5 ml of 

substrate buffer (0.0049% w/v MgCl2, 0.096% v/v diethanolamine (Fisher Scientific Co., 

Pittsburgh, PA), pH 9.8)]. The color development was at 37 C for 30 min. The enzyme reaction 

was stopped by adding 50 l/well of 3 M NaOH and the absorbance was measured at 405 nm 

using a microplate reader (Power Wave 200, Bio-Tek Instruments Inc, Riverton, NJ, USA). 

(B). ELISA additivity test was used to test if the mAbs bind to the same epitope (Friguet 

et al., 1983). Briefly, the first step involved the saturation of the antigenic protein with each mAb 

selected. The indirect ELISA procedure (50 ng almond protein coated) was run for various 

dilutions of the mAbs (1:10, 1:β0, 1:40… and 1:β0480). A plot of the reciprocal of the dilution 

(on the x-axis) against OD405 (on the y-axis) for each mAb was made to obtain saturation curves 

of the almond protein by each mAb. The dilution of each mAb at which a plateau was reached 

(which corresponds to the dilution for saturation of the almond antigen) was noted. In order to 

ascertain that the plateau was reached because the antigen was saturated (and not because the 

enzyme-linked tracer was exhausted); the same experiment was repeated with twice the amount 

of tracer. At saturation of almond antigen, the maximum OD405 reached with each mAb dilution 

should not change significantly compared to the previous experiment. The epitope specificity 

was then ascertained for each pair of antibodies as follows. For mAb A1 and A2, the mAb was 

added individually in separate wells, in amounts determined above, sufficient for each to saturate 

the coated almond antigen. In a third well, both mAbs (A1 and A2) were added to this single well 

in the antigen-saturating amount determined above. The OD405 for A1 and A2 alone was 

determined and the same was done for the combination of A1 and A2 in the third well. When the 

OD405 reached for the combination of A1 and A2 is equal to that reached for each fluid singly, it 

suggests that the two mAbs A1 and A2 compete for the same antigenic region on almond protein. 

On the other hand, when the OD405 reached for the combination of A1 and A2 is near the sum of 

the OD405 obtained for each fluid alone, then it suggests that the two mAbs bind simultaneously. 

An additivity index (A.I.) was calculated for each pair of mAbs (A1 and A2) as follows: 

A.I. = [(2A1+2/ (A1 + A2) – 1]  100 (Friguet et al., 1983) 
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Where A1, A2 and A1+2 are the absorptions reached in the indirect ELISA test, with the 

first mAb alone, the second mAb alone, and the two mAbs competing together. Values above 

50% are indicative of additivity whereas values below 50% are indicative of inhibitory binding. 

(C). Column Chromatography was used to separate and purify almond proteins as 

described by Sathe et al. (2002) with slight modifications. Briefly, 2 g defatted Nonpareil almond 

flour was extracted for 1 hr with 0.02 M Tris-HCl buffer (pH 8.1) (flour/buffer ratio 1:10 w/v), 

with constant magnetic stirring provided. The slurry was filtered through glass wool and 

Whatman filter paper No. 4 and centrifuged (12000 g, 20 min, 4 °C). Solid NaCl was added to 

the supernatant to a final concentration of 0.1 M. The supernatant was then divided into two 

portions and individually loaded onto a Sephacryl S 200 HR column (2.6 cm  83 cm) 

previously equilibrated with 0.02 M Tris-HCl buffer (pH 8.1) containing 0.1 M NaCl and 0.001 

M NaN3. Fractions (15 min per fraction, column flow rate was 33 ml/h) were pooled according 

to the absorbance at 280 nm and NDND/SDS PAGE results and 2 pools (pool containing 

11S+7S almond proteins and pool containing low molecular weight almond proteins) were 

respectively mixed with an equal amount of 20 mM Tris HCl pH 8.1 containing no salt and then 

separately loaded onto two DEAE DE-53 anion exchange columns previously equilibrated with 

20 mM Tris HCl pH 8.1 with 50 mM NaCl (2.6 cm  25 cm and 2.6 cm  13.5 cm respectively). 

The column was flushed with the equilibrium buffer until the absorbance at 280 nm reached the 

baseline and then developed with 0.05-0.5 M NaCl linear gradient (5 column volumes) in the 

equilibrium buffer. Fractions (15 min per fraction, column flow rate 24 ml/hr and 37 ml/hr 

respectively) containing almond proteins that present different profiles were pooled separately. 

All purification steps were done at 4 °C. Immunoreactivity of each fraction was examined 

against pAb and the selected mAbs by Western blotting.  

(D). Non-denaturing Non-dissociating-Polyacrylamide Gel Electrophoresis (NDND-

PAGE) was used to separate proteins based on their net negative electrical charge. NDND PAGE 

was done as described by Andrews (1986) and Sathe (1993). Resolving gel was of 3 to 30 % w/v 

linear acrylamide gradient gel with 90 mM Tris, 80 mM boric acid and 2.5 mM Na-EDTA pH 

8.4. The stacking gel was of 3 % w/v acrylamide. The electrophoresis buffer was 90 mM Tris, 80 

mM boric acid and 2.5 mM Na-EDTA pH 8.4. Protein samples were mixed in the NDND buffer 

(2 volumes of 0.45 M Tris, 0.4 M boric acid, 12.5 mM Na-EDTA mixed with 1 volume of 

glycerol containing 0.01 % w/v bromophenol blue as the tracking dye). Gels were run overnight 
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at a constant current of 10 mA with tap water cooling and stained 12-18 hrs with CBBR followed 

by destaining with 50 % v/v methanol containing 10 % v/v acetic acid for 4 hrs and then 25% v/v 

methanol containing 5% v/v acetic acid until the blue background was completely removed. 

Amersham High Molecular Weight Calibration Kit for NDND PAGE (Part number 17044501 

contains Bovine Serum Albumin 66 kDa, Lactate Dehydrogenase 140 kDa, Catalase 232 kDa, 

Ferritin 440 kDa, and Thyroglobulin 669 kDa) were used in each gel run as standards.  

(E). Western blotting was used to determine the reactive almond proteins and to determin 

if the mAbs bind to the same antigenic protein. Briefly, almond extracts and proteins from the 

gels were transferred onto 0.22 μm Protran nitrocellulose (NC) paper (Scheicher and Schuell 

Biosciences Inc., Keene, NH)  using a Hoefer TE22 (for 10  8 cm small gels) or TE52 (for 14  

18 cm large gels) transverse electrophoresis unit as described by Towbin et al. (1979). The 

blotted membranes or strips (3 mm wide, 20 µg each) were visualized  by brief staining (5 min) 

with 0.1% (w/v) Ponceau S before blocking with 5% (w/v) nonfat dried milk (NFDM) in Tris-

buffered saline containing Tween 20 [10 mM Tris, 0.9% (w/v) NaCl, and 0.05% (v/v) Tween 20 

(TBST, pH 7.6)] for 1 h at RT.  The membrane was washed with two changes of fresh TBS-T for 

2 min each. The membrane was then incubated with suitably diluted protein G-purified IgG 

mAbs (v/v)  depending on mAbs reactivity (Table 2.2) 10-12 hrs at 4 °C on a rocker.  The 

membrane was then washed 3 times with TBS-T for 15 min each.  The membrane was incubated 

with diluted secondary antibody [1 × 104, v/v, horseradish peroxidase (HRP) labeled goat anti-

mouse for 1 hr at RT on a rocker (Lab-Line Thermal Rocker, Model: 4637, Lab-Line 

Instruments Inc. Subsidiary of Barnstead Thermolyne. Melrose Park, IL).  The membrane was 

washed again as described above.  Bands reactive to mouse mAbs were visualized by using the 

luminol/p-coumaric acid system. The luminol and p-coumaric solutions were mixed together and 

spread evenly to cover the entire area of the blot.  The solution was left for 5 min on the 

membrane at RT.  The membrane was dried, placed in a translucent plastic cover, and exposed to 

X-ray film (Kodak X-OMAT AR Film, Eastman Kodak Co., Rochester, NY) for 

autoradiographic visualization. 

(F). Molecular Weight (MW) Determination by SDS PAGE. Three whole almonds BSB 

soluble protein samples prepared in SDS sample buffer and reduced with β% -ME were loaded 

on the same 8-25% gel at 30 µg, 60 µg, and 30 µg respectively. Two sets of MW standards 

including Fisher BioReagents* EZ-Run* Prestained Rec Protein Ladder BP 3602 and 3603 were 
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loaded at both sides of sample lanes.  Gel was run at a constant current of 10 mA /gel until the 

tracking dye migrated to the gel edge (typically 20 hrs) followed by CBBR staining. The gel was 

then scanned and analyzed using ChemiDoc™ XRS+ system with Image Lab™ software. A graph 

of log MW vs. Retention Factor (Rf) representing relative mobility of target protein band was 

plotted, where Rf = migration distance of the protein band/migration distance of the dye front 

from the top of the resolving gel. The MW of desired protein was then calculated by 

interpolation.  

(G). Cyanogen Bromide (CNBr) Affinity Chromatography was used to purify the almond 

proteins reactive against the targeted murine mAb. CNBr activated matrices (Sigma product No. 

C9142) was used to immbolize mAb(s) following the manufacturer’s product manual. Briefly, 

100 ml of 1 mM cold (4 C) HCl was devided into several aliquots to wash and swell 0.5 g dry 

CNBr resin, aliquot was decanted after each wash, this washing step takes at least 30 minutes for  

proper swelling of resin and removal of stabilizer lactose. The resin was then washed with 5 - 10 

column volumes of distilled water followed by resuspending immediately in the BSB (coupling 

buffer, 0.1 M H3BO3, 0.025 M Na2B4O7, 0.075 M NaCl, pH 8.45). Four ml of mAb in PBS 

(~360 µg) to be covalently coupled to CNBr activated beads was added, mixed, and incubated on 

a rotating mixer (LABQUNKE® Barnstead Thermolyne Shaker with clip bar, model 400110, full 

rotation is at a constant speed of 8 rpm. Barnstead International; Dubuque, IA) for 2 hrs at RT or 

10-12 hrs at 4 C. Unbound mAb was washed away using 3 ml BSB. Unreacted groups on the 

CNBr beads were blocked with 0.2 M Glycine [98.5%+, ACS grade, Fisher Scientific Co. 

(Pittsburgh, PA)]  in BSB (pH 8.45) for 2 hrs at RT or 10-12 hrs at 4 C. Beads were washed 

extensively to remove the blocking solution, first with BSB, then with 0.1 M acetate buffer 

containing 0.5 M NaCl (pH 4). Completed four or five times wash cycle with BSB and acetate 

buffer solutions in succession with a final wash in BSB before incubating 10-12 hrs with 1 ml 

almond BSB soluble proteins (30 mg/ml) to be immobilized at 4 C. The reactive almond 

antigen immobilized on the beads by mAb(s) was eluted with 0.2 M GS and neutralized with 1M 

Tris HCl (pH 8.5) as described previously in the antibody purification section.  

(H). N-terminal Amino Acid Sequencing was used to identify the reactive protein in 

almond and its N-terminal amino acid sequence (primary structure). Briefly, SDS PAGE of mAb 

(4C10 and 4F10) reactive almond proteins were carried out as described eariler. The proteins were 

transferred to a 0.β μm polyvinylidene fluoride (PVDF) membrane presoaked in 100% methanol. The 
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membrane was briefly stained with CBBr for the detection of targeted protein bands. The protein 

bands of interest were selected based on the Western blotting results of same samples and sequenced 

from N-terminus using an ABI 477A sequencer with an online 120A HPLC system (Applied 

Biosystems, Foster City, CA). Sequence data were collected utilizing the ABI Procise Software 

(Applied Biosystems, Inc., model 610A) and analyzed with BLAST programming (National Center 

for Biotechnology Information, National Institutes of Health, Bethesda, MD; 

http://www.ncbi.nlm.nih.gov/BLAST/). 

Statistical Analysis 

All experiments were performed at least in triplicate and results analyzed using Microsoft 

Excel 2010. All statistical analyses were performed using SPSS statistical software (version 19; 

Chicago, IL). Results were considered to be statistically significant if p ≤ 0.05. 

Results and Discussion 

Antibody Production and Screening of mAbs 

After primary screening by quantitative ELISA with 2 Ab being anti-mouse IgG Ab and 

qualitative Western blotting under reducing and non-reducing conditions, seven murine IgG 

mAbs including 4C10, 4F10, 2A3, 4G2, 3B4, 2F11, 5D1 that are high in titer (functional 

concentration or dilution-factor), devoid of cross-reactivity and targeting different stable epitopes 

were selected. Figure 2.1 exhibits the profile of reactive proteins in almond against each 

individual mAbs under non-reducing and reducing (β% -ME added) condition. The figure 

illustrates the availability of several mAbs directed against different epitopes on the almond 

proteins. Recognition of multiple bands by a single mAb suggested the epitope recognized by the 

mAb is present on several polypeptides.  mAbs 2F11 and 4C10 each recognize one band, under 

reducing conditions, suggesting a single polypeptide was involved. mAb 3B4 recognized epitope 

under non-reducing condition but not reduced indicative of conformational epitopes. Similarly a 

significant decrease in signal upon reduction of disulfide linkage(s) suggests that a semi-

conformational epitope is being recognized by mAb 4C10. 

Antibody Purification 

The protein G purification of the seven selected mAbs was successful. Figure 2.2 

illustrates the profile comparison of mAb 4C10 by purification using two staining methods, 

CBBR (LOD ~100 ng) and Silver staining (LOD ~5-10 ng) (University of Missouri - Columbia 

http://www.ncbi.nlm.nih.gov/BLAST/
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Proteomics Center, 2006). No impure bands were visible in the CBBr staining. There are six 

light impurity bands appeared in the silver stain that count 30 ng impurities in 3000 ng 4C10 

mAb loaded suggesting the resultant 4C10 was 99-100% pure. The two bands with 

approximately 25 and 53 kDa represented the light and heavy chains of IgG respectively. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.1: Western blot for defatted almond flour protein extract (0.1 M BSB, pH 8.45) probed 
with select mAb supernatants under non-reducing (-) and reducing (+) conditions. Protein load in 
each lane was 30 µg. mAb supernatants were diluted to 500 ×, 50 ×, 250 ×, 3 ×, 5 ×, and 15,000 
× for 2A3/C9, 4G2/C9/E10, 5D1/D5/B7, 3B4/B10/G2, 2F11/H3/F2, and 4C10/A3 respectively. 
Exposure time was 90 seconds.  
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Figure 2.2: SDS PAGE of original (O) and protein G purified (P) mAb 4C10 stained with 
Coomassie Blue and Silver stain. S: standards. Protein load was 3 µg for mAb and 5 µl for S. 

 

 

Standardization of Purified mAbs 

The selected purified mAbs were analyzed for the IgG content and titers for the 

sensitivity and affinity for almond proteins under both non-reducing and reducing conditions. A 

representative 4C10 Ab titer and Ag titer against reactive almond protein by Western blotting 

was demonstrated as given in Figure 2.3. The results are summarized in Table 2.2. The results 

indicate a good sensitivity and affinity of the selected mAbs (except 5D1 and 2F11) on almond 

protein detection. For example, after diluting 15000 times, the mAb 4F10 can detect as low as 

0.05 µg of whole almond proteins loaded on the membrane which means 2.94 ng 4F10 

recognized 50ng almond protein (~ 32.5 ng AMP). Similarly, 2.39 ng 2A3 recognized 100 ng 

almond protein which equals to 65 ng AMP.  In the indirect ELISA, 2.90 ng 4C10 bound 2.5 µg 

whole almond proteins (1.63 µg AMP) on the plate and reached OD405 of ~1. 5D1 and 2F11 

were excluded from this study at this stage due to their low affinity.
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Table 2.2: Concentration and titers of selected mAbs  

mAb 
concentration 

(µg/mL) 

Western blotting  

Ab titer at 20 µg load Ag titer at Limit Of Detection  

Opt. Dilution band(s) recognized (estimated kDa) LOD (µg) Band(s) recognized (estimated  kDa) 

4C10A3    (-) 
145.04 

1^2500 63 0.03 63 

        (+) β ME 1^2500 63 1 63 

4F10C7     (-) 
88.24 

1^15000 38, 50, 55, 63  0.05 63 

        (+) β ME 1^15000 28, 32, 35, 40-50, 66, 72, 100 0.1 42, 48 

2A3C9      (-) 
28.68 

1^6000 36-38-50-61 0.1 61 

        (+) β ME 1^10000 20, 27, 29-33-35, 37-40-63-170 0.5 40 

4G2C9E10 (-) 
151.47 

1^5000 15-18-61-135-170 0.5 18, 61 

        (+) β ME 1^50000 15-18-20, 24-35, 37-38-40, 50, 55-61  4 18, 38, 61 

3B4B10G2 (-) 
236.62 

1^3000 14, 24, 50, 72 8 14 

        (+) β ME NA** NA** NA** NA** 

5D1D5B7  (-) 
NA* 

1^5 35, 50, 55, 120 1 55 

        (+) β ME 1^5 39, 66 4 39 

2F11H3F2  (-) 
NA* 

1^2 55 NA NA 

        (+) β ME 1^2 22, 55 10 22 
NA* = not assessed       NA**=not reacted        bold numbers represent major bands 
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Figure 2.3: Western blots of mAb 4C10 Ab titer (left, 30 µg loaded) and Ag titer (right, 15000 ×) 
under reducing (A), non-reducing (B) and NDND (C) conditions 
 

 

The cross-reactivity of the selected mAbs were checked against Brazil nut, cashew nut, 

hazelnut, macadamia nut, pecan, pine nut, pistachio, walnut, Spanish peanut, Virginia peanut, 

sesame seeds, sunflower seeds, soybean, Navy bean and so on by Western blotting and ELISA. 

No cross-reactivity of the selected mAbs was found (Figure 2.4). A cross-reactivity comparison 

of pAb and mAb demonstrated by rabbit anti almond pAb, rabbit anti amandin pAb and mouse 

anti almond mAb 4C10 was assessed as showed in Figure 2.5. Further, 4C10 and 4F10 were 

checked for robustness in detecting processed almonds. Western blots (Figure 2.6) suggest both 

mAbs were able to identify the epitopes processed in various ways with detectable change.  
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Figure 2.4: Immunoreactivity and specificity of anti-amandin mAbs using Western blotting.  
NR= 3B4B10G2 did not react with any polypeptides under reducing condition indicative of non-
accessible epitope 
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Figure 2.5: Assessment of cross-reactivity of (A) rabbit anti-almond pAb, (B) rabbit anti-
amandin pAb, and (C) mouse anti-almond mAb 4C10 against different nut and seed proteins 
using Western blotting. Protein load was 20 µg except amandin (10 µg) 
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Figure 2.6: Western blots for processed almond extracts probed with mAbs 4C10 (2500 ×) (A, 
B) and 4F10 (15000 ×) (C, D) under non-reducing (A, C) and reducing (B, D) conditions. 
UD/UP- unprocessed defatted (control); IR- -irradiating at 5 KGy + roasting at 140 °C/30 min; 
A1, A2 – autoclaved at 121 °C/5 and 10 min, respectively; B1, B2- blanching at 100 °C/3 and 10 
min, respectively; F1, F2- oil frying at 191 °C/1 and 2 min, respectively; M1, M2-Microwaving 
at 500 W/1 and 3 min, respectively; R1, R2- roasting at 140 and 160 °C/30 min, respectively; 
R3, R4- roasting at 168 and 172 °C for 12 min, respectively. Protein load was 30 µg  
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Epitope Comparison and Antigen Identification 

 As several almond allergic proteins has been identified in almond for example amandin 

(Pru du 6), conglutin , βS albumin, profilin (Pru du 4), and a non-specific lipid-transfer protein 

(Pru du 3), it is imperative to know if the selected mAbs targeted the same epitope and which 

protein these epitope(s) belong to for assay development and antigen immunogenic modification. 

    ELISA additivity test 

The five selected mAbs were assayed for the saturation curve when 50ng of whole 

almond protein was coated on each well. mAb 3B4 did not register a signal indicating the 

epitope was not accessible to 3B4 in the native protein. Appropriate dilution for each mAb was 

chosen and the additivity test was performed for all the combinations (10 pairs among 5 mAbs, 

2B4 is included). The average A405 (n=3) was used to calculate A.I. (Figure 2.7). Results suggest 

that all five selected mAbs inhibit each other, indicating that they recognize the same or 

overlapping epitope(s) on almond proteins.  

  Column Chromatography 

High-resolution gel filtration (Sephacryl S-200 HR) chromatography of crude almond 

extract resulted in a major peak with several minor fractions (Figure 2.8), based on the protein 

profile on NDND PAGE and SDS PAGE, two pools (Tubes 22-39 and Tubes 40-49) were 

prepared and loaded on two separate anion exchange (DEAE-DE53) columns respectively.  

The DE53 chromatography resolved the gel filtration Pool 1 (Tubes 22-39) into three 

distinct fractions at 0.10-0.12 M (Tubes 75-78), 0.13-0.21 M (Tubes 84-108) and 2.0 M (Tubes 

244- 253) NaCl respectively (Figure 2.9) and the gel filtration Pool 2 (Tubes 40-49) into another 

three distinct fractions at 0.12-0.15 M (Tubes 27-29), 0.16 M (Tube 30) and 0.17-0.20 M (Tubes 

31- 33) NaCl respectively (Figure 2.10).  

SDS PAGE (Figure 2.11) of Tubes 75-78 reveals a similar profile to that of Cryo AMP 

and pI AMP demonstrating two polypeptide types, 42-46 kDa (acidic polypeptides) and 20-22 

kDa (basic polypeptides) linked by disulfide bonds, and several minor polypeptides in the range 

of 16-68 kDa. NDND PAGE (Figure 2.11) again suggested a similar negative charge of this 

protein to Cryo AMP, pI AMP, and that reported for amandin (the major almond storage protein, 

a multimeric complex legumin protein with a sedimentation velocity of 14S and a molecular 

weight of 427300 ± 47600) by Sathe et al. (2002). Both observations clearly state that Tubes 75-

78 were the amandin (AMP). Cryo AMP and pI AMP profiles resemble Tubes 75-78 in both 
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NDND PAGE and SDS PAGE indicative of isomers or breakdown products which commonly 

occur during co- or post translational modification or extraction and column chromatography. 

Amandin did not bind to the Concanavalin (Con) A Sepharose 4B (GE Healthcare, Piscataway, 

NJ) indicative of a non-glycoprotein (Sathe et al., 2002; Jayasena, 2011). Amandin contains key 

IgE-reactive polypeptides and is a major allergen in almond seeds (Sathe et al., 2002; Willison et 

al., 2011). 

Tubes 84-108 and Tubes 244-253 eluted at 0.13-0.21 M and 2.0 M NaCl respectively 

have similarity with Conglutin  according to Poltronieri et al. (2002) and Jayasena (2011) based 

on the NDND and SDS PAGE profiles (Figure 2.11). This vicilin-like protein (a 7S globulin) is 

glycosylated and has major protein bands at 30 kDa, 45 kDa and 62 kDa with several minor 

polypeptides in the range of 11-72 kDa in the SDS PAGE gel (Mills et al., 2004). Jayasena 

(2011) reported their immunoreactivity with rabbit pAb but not mAb 4C10 and 4F10. Poltronieri 

et al. (2002) found IgE binding of a 45 kDa protein from Conglutin .  

NDND and SDS PAGE profiles suggest Tubes 27-29 that eluted at 0.12-0.15 M were 

similar to Tubes 84-108 and Tubes 244-253 and may contain minor components, isomer, or 

break-down products of Tubes 75-78 from Pool 1 (Tubes 22-39) (Figure 2.11). Tube 30 and 

Tubes 31-33 were distinct from Tubes 27-29 and contained a major polypeptide of 12 kDa 

similar to the 2S reported by Poltronieri et al. (2002). 

Since the five selected mAbs inhibit each other in the additivity test, the mAbs may react 

to the same almond protein or a repeating epitope on different almond proteins. For this reason 

the column purified fractions were transferred onto 0.2 µm NC membranes under non-reducing 

(NR) and reducing (R) conditions and probed by pAb and 5 mAbs respectively. pAb was 

included for comparison. As can be seen from Figure 2.12 rabbit anti-BSB soluble proteins in 

defatted Nonpareil almond flour pAb recognized all pools strongly while mAbs did not. 4C10, 

4F10 and 2A3 clearly recognized epitopes on amandin. The 4C10 targets semi-conformatonal 

epitope involving disulfide bond and 4F10 and 2A3 target linear epitopes that have qualitatively 

identical pattern on amandin suggesting overlapping of the two epitopes. The mAb 3B4 reacts to 

a conformational epitope on amandin as indicated by the loss of binding under reducing 

conditions (i.e. -S-S- bonds are absent) whereas 4G2 reacts to a linear epitope on amandin. 4G2 

epitope was on a polypeptide with low molecular weight under reducing and non-reducing  
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Figure 2.7: Epitope comparisons of selected mAbs using ELISA additivity test; A.I. =Additivity Index (%), none of A.I. is greater than 
50% indicating the same or overlapping epitope(s) on almond proteins are recognized  
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Figure 2.8: Elution profile for 0.02 M Tris-HCl buffer (pH 8.1) extract of defatted Nonpareil almond flour off Sephacryl S200 HR gel 
filtration column (2.6 × 83 cm). Red solid lines indicate pooled tubes. Insets: NDND PAGE (A) and SDS PAGE (B) analysis of 
fractions eluting off the column indicated by the tube number on top of the gel lane. Std= protein marker (molecular mass of each 
standard indicated in the left margin of each inset) WA=protein loaded on to the column. 10 µl Sample was prepared in same volume 
of sample buffer and 20 µl was loaded on each lane 
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Figure 2.9: Elution profile of gel filtration Pool 1 (tubes 22-39) off DEAE DE-53 anion exchange column (2.6× 25 cm). Proteins 
eluted with a 0.05-0.5 M NaCl gradient in the equilibration buffer. Red solid lines indicate pooled tubes. Inset: NDND PAGE (A) and 
SDS PAGE (B) analysis of fractions eluting off the column indicated by the tube number on top of the gel lane. Std= protein marker 
(molecular mass of each standard indicated in the left margin of each inset) Pool 22-39=protein loaded on to the column. 10 µl of each 
sample was prepared in same volume of sample buffer and 20 µl of each was loaded on the gel lane 
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Figure 2.10: Elution profile of gel filtration Pool 2 (tubes 40-49) off DEAE DE-53 anion exchange column (2.6 × 13.5 cm). Proteins 
eluted with a 0.05-0.5 M NaCl gradient in the equilibration buffer. Red solid lines indicate pooled tubes. Inset: NDND PAGE (A) and 
SDS PAGE (B) analysis of fractions eluting off the column indicated by the tube number on top of the gel lane. Std= protein marker 
(molecular mass of each standard indicated in the left margin of each inset) Pool 40-49=protein loaded on to the column. 10 µl of each 
sample was prepared in same volume of sample buffer and 20 µl of each was loaded on the gel lane
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Figure 2.11: CBBR of the NDND and SDS PAGE in the absence or presence of β% -ME 
analysis of pools eluting from corresponding column indicated by the tube number on top of the 
gel lane. Std= protein marker (0.75 µg each loaded, molecular mass of each standard indicated in 
the left margin of each segment); WA1= almond proteins extracted in SDS PAGE sample buffer; 
WA2=almond proteins extracted in BSB; E=empty; CryoAMP=AMP prepared by cryo-
precipitation; pIAMP=AMP prepared by isoelectric precipitation. Protein loaded on each lane 
was 10 µg except for WA1 (5 µl) and WA2 (30 µg) 
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Figure 2.12: Ponceau S. and Western blotting analysis [at the absence (NR) and presence (R) of β% -ME] of pools eluting from 
corresponding column indicated by the tube number on top of the gel lane. Std= protein marker (0.75 µg each loaded, molecular mass 
of each standard indicated in the left margin); WA1= almond proteins extracted in SDS PAGE sample buffer; WA2=almond proteins 
extracted in BSB; Cryo AMP=AMP prepared by cryo-precipitation; pI AMP=AMP prepared by isoelectric precipitation. Protein 
loaded on each lane was 10 µg except for WA1 (5 µl) and WA2 (30 µg). NA=not reactive 



48 
 

conditions therefore different from the epitopes reactive to 4F10 or 2A3.Interestingly, under 

reducing condition a 22 kDa polypeptide was recognized by all mAbs except for 3B4 suggesting 

these epitopes may be amandin basic unit related. The possible reasons for the signals of non-

amandin fractions (tubes 40-49, 27-29, and 30) in these blots include: a) amino acid sequence 

recognized by the mAb on amandin is repeated on non-amandin proteins; b) presence of amandin 

breakdown polypeptides.  

Of the three almond proteins fractionated in this experiment, amandin has been studied 

intensively due to its abundance and the availability of purification methods. Kshirsagar et al. 

(2011) reported that Amandin’s secondary structure is mainly comprised of -sheets and turns, 

followed by unordered structure and α-helix. Amandin is stable against heat denaturation (100 

°C 5 min) similar to most seed legumins. Although treatment with chaotropic agents (i.e. 2.5 M 

guanidine HCl and urea) caused a significant unfolding, such structure change did not affect 

immunoreactivity. Disulfide bond reduction by  ME (2% v/v) treatment with heat resulted in 

significant loss of ordered structure with a concomitant gain in random structure as a result of 

disulfide bond breakage, and this change significantly affected immunoreactivity (20-90% loss). 

SDS gradually reduced the amandin immunoreactivity as concentration increased. Willison 

(2011) found both linear IgE-binding epitopes and conformational epitopes on amandin and that 

denaturing agents did not affect IgE binding intensity to recombinant amandins indicative of 

important role for amandin sequential epitopes. Consequently, amandin is an excellent 

proteincandidate and allergy relevant marker for almond detection.  

Molecular Weight (MW) Determination by SDS PAGE 

As mentioned previously, the mAb 4C10 targeted one single polypeptide, thus it might be 

a simple start for the identification of antigenic almond proteins against these mAbs. Since 4C10 

targeted amandin, the current investigation focused on characterization of this specific 

polypeptide.  

To assure the correct reactive band was analyzed, 80 µg almond BSB soluble protein 

prepared in SDS PAGE sample buffer containing β% -ME was first loaded onto a 0.75 mm 

thick 8-25% acrylamide gradient gel; after CBBR staining and destaining, two possible bands at 

a MW between 60 and 70 kDa (Bands A and B in Figure 2.13) were cut out and separately 

loaded onto a second 1.5 mm thick 14% acrylamide gel for Western blotting probed by 4C10. As 

can be seen from Figure 2.13 band A and not B was recognized by the mAb 4C10.     
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To determine the MW of band A, three protein standards from Fisher Scientific and three 

separate almond protein extracts were loaded on an 8-25% gradient gel. The gel was scanned and 

analyzed for MW by both ChemiDoc™ XRS+ System with Image Lab™ Software and manual 

Rf and MW calculation (Figure 2.14, 2.15). The MW of protein band A was calculated by 

interpolation referring to the two standard curves, Mean ± SEM of MW for band A was 69.57  ± 

0.12 kDa (n=9) by Image Lab™ and 69.28  ± 0.89 kDa (n=9) by interpolation.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.13: Ponceau S stain and Western blot of the two polypeptides A and B indicated A was 
the 4C10 reactive polypeptide in almond 



50 
 

 
Figure 2.14: Gel scanned and analyzed with ChemiDoc™ XRS+System (Molecular Weight of 
protein bands are labelled). 1: Fisher BioReagents* EZ-Run* Prestained Rec Protein Ladder 
BP3603 (5 µl); 2: Fisher BioReagents* EZ-Run* Prestained Rec Protein Ladder BP3602 (5 µl); 

3: Whole almond BSB extract (+2% -ME) (30 µg); 4: Whole almond BSB extract (+2% -ME) 

(60 µg); 5: Whole almond BSB extract (+2% -ME) (30 µg); 6: Fisher BioReagents* EZ-Run* 
Prestained Rec Protein Ladder BP3602 (5 µl) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.15: Scatter plot of the relative mobility (Rf) as a function of MW (log10) of SDS PAGE 
separated Fisher BioReagents* EZ-Run* Prestained Rec Protein Ladder 3602 and 3603.  
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~50 kDa 

Cyanogen Bromide (CNBr) Affinity Chromatography 

Two mAbs (4C10 and 4F10) were each separately immobilized on CNBr-activated 

Sepharose 4B. Using these affinity matrices (column chromatography), the corresponding 

reactive polypeptides were purified from BSB (pH 8.45) soluble proteins extracted from defatted 

almond flour (Figure 2.16 and 2.17). The 4F10 reactive polypeptides exhibit one extra band at 

~50 kDa indicated by an arrow with number iii (Figure 2.16 and 2.18) compared to 4C10 

reactive polypeptides.   

N-terminal amino acid (AA) sequences of the purified polypeptides i, ii, iii, and iv were 

determined and subjected to Basic Local Alignment Search Tool (BLAST) analyses: 

http://www.ncbi.nlm.nih.gov/BLAST/). The three 4C10-reactive (i, ii, and iv) and four 4F10-

reactive (i, ii, iii, and iv) polypeptides  exhibited the same mixed N-terminal AA sequences- G L 

E E T F (X) S L R L K and A R Q S Q L S P Q N Q (Q). BLAST analyses revealed G L E E T F  

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.16: SDS PAGE (12%) for mAb 4C10 (lane 4) and 4F10 (lane 5) reactive polypeptides 
(A) silver and (B) Coomassic Brilliant Blue R 250 (CBBR) stained. 1: protein standards. 2: BSB 
soluble almond proteins (30 µg), 3: BSA (30 µg), 4 &5: 50 µg each 

http://www.ncbi.nlm.nih.gov/BLAST/
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Figure 2.17: Western blots of affinity purified mAbs 4C10 (lane 4) and 4F10 (lane 5) reactive 
polypeptides. A. Ponceau S. staining of proteins transferred to 0.2 µm nitrocellulose membrane 
(NC) from 12% SDS PAGE (non reducing) B. Blots probed by mAb 4C10 C. Blots probed by 
mAb 4F10 D. Blots probed by rabbit pAb. 1: protein standards 2: BSB soluble almond protein 
(30 µg) 3: BSA (30 µg) 4 and 5: 50 µg each 

 

 

(X) S L R L K and A R Q S Q L S P Q N Q (Q) to be located at the N-terminal of the basic 

subunit (AA residues 368-379) and the acidic subunit (residues 21-31), respectively when 

compared with the prunin 1 precursor (Accession No. ADN39440) sequence (Figure 2.18 and 

Table 2.3) 

This result confirmed that 4C10 and 4F10 react with amandin (i.e. the reactive 

polypeptides are not impurities in amandin). The CNBr affinity column chromatography can 

therefore be used to prepare highly pure and specific antigen. Various treatments with 

denaturants suggested the immunostability of this epitope except that β% -ME (with heat) and 

SDS may disrupt it. Also 4C10-binding is completely inhibited by IgE indicative of a shared or 

overlapped epitope for mAb 4C10 and IgE binding site (s) on amandin. Consequently, 4C10 and 

4F10 are excellent mAbs with high affinity, specificity and they are immunostable and an allergy 

relevant murine mAb for targeted almond detection. 
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Figure 2.18: CBBR staining of mAbs 4C10 (lane 4) and 4F10 (lane 5) reactive polypeptides 
transferred to 0.2 µm Polyvinylidene Fluoride (PVDF) membrane from 12% SDS PAGE (non-
reducing) for N-terminal amino acid sequencing. Protein bands marked by the red arrows were 
N-terminal sequenced 
 

 

Table 2.3: BLAST analyses of mAbs 4C10 and 4F10 reactive polypeptides indicated in Figure 2.18 
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Conclusions 

Using protein G affnity chromatography, seven pre-selected murine mAbs were purified. 

Using Western blotting, five mAbs demonstrate high affinity and sensitivity as the optimized Ab 

titer was 58.02, 5.88, 4.78, 30.29, and 78.87 ng/ml for 4C10, 4F10, 2A3, 4G2, and 3B4 

respectively that can detect as low as 0.03, 0.05, 0.1, 0.5, and 8 µg of almond protein 

respectively. No cross-reactive protein was found in probing the tested foods or food ingredients 

with these mAbs. All five mAbs can sensitively detect both native and denatured almond 

protein(s) suggesting a immunostable interaction between mAb(s) and the recognized epitope(s) 

on the almond protein (s). ELISA additivity test and amandin preparation using column 

chromatography revealed all five mAbs were sharing or overlapping epitope (s) on amandin, the 

major storage protein that accounts for ~65% of the total seed proteins and a major allergen 

containing key IgE-reactive epitope in almond seed proteins.  

Molecular Weight of 4C10 reactive polypeptide was determined to be ~69 kDa by SDS 

PAGE using Fisher BioReagents* EZ-Run* Prestained Rec Protein Ladder 3602 and 3603 as 

well as ChemiDoc™ XRS+ System with Image Lab™ Software. 4C10 and 4F10 reactive 

polypeptides were purified using Cyanogen Bromide Affinity Chromatography and N-terminal 

sequenced. The N-terminal amino acid data further confirmed amandin to be the reactive protein 

thereby indicating 4C10 and 4F10 to both be excellent candidates for almond assay development. 
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CHAPTER THREE 

DEVELOPMENT OF A SPECIFIC, SENSITIVE, AND 

RELIABLE SANDWICH ELISA 

 

One of the major obstacles in addressing the growing concerns regarding undeclared 

allergen in foods and unintended exposure  to allergen is the lack of well-characterized, sensitive, 

robust, reliable, and specific assays for detection.  A variety of Ab-based assays have been 

described against a wide range of allergenic foods and include both pAb- and mAb-based assays 

in ELISA, dot-blot, and Western immunoblotting formats (Ben Rejeb et al., 2004; Blais et al., 

2003; Clemente et al., 2004; Poms et al., 2004a; Koppelman et al., 1999). Among these 

immunoassays, ELISA serves best for quantification purpose while Western blotting works best 

for protein identification. There are several formats of ELISA and these can be chosen according 

to the purposes, both sandwich ELISA and inhibition ELISA can be used for the sensitive and 

specific detection but need to be tested to validate them for the desired applications.  

Antibodies, pAbs and mAbs, each offer advantages and disadvantages in immunoassays 

development (Table 2.1). Typically, pAbs are adequate for screening purposes, but they do not 

lend themselves to the performance uniformity and standardization generally required by 

regulatory agencies. Therefore, mAbs are an attractive alternative to pAb reagent for detection 

and quantification targeted antigen. Examples of mAb-based food-related assays are numerous 

and include those for the detection and/or quantification of wheat gluten (Mills et al., 2000; 

Molecular Probes, Inc, 2003), soybean protease inhibitor (Brandon et al., 1989), peanut allergen 

(Ara h 1) (Pomes  et al., 2003), rock shrimp (An  et al., 1990), -glucans in oats and barley 

(Rampitsch et al., 2003), brown shrimp allergen Pen a 1 (tropomyosin) (Jeoung  et al., 1997), 

molds (Penicillium and Aspergillus) (Kwak et al., 2001), sulfa-drugs (sulfadimethoxine) 

(Muldoon et al., 2000), herbicides (Rufo et al., 2004), and insecticides (Mickova et al., 2003). 

mAbs have also been used to detect pork in raw and cooked meats (Chen et al., 1998; Chen and 

Hsieh, 2000), assess heat induced structural changes in ovalbumin (Varshney et al., 1991), 

determine heat processing adequacy in ground pork and beef (Hsieh et al., 2002; Orta-Ramirez et 

al., 1996; Doi et al., 2009), and identify fish species (Asensio et al., 2003). However, commercial 
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development and sale of immunoassays does not necessarily indicate or insure specificity. We 

have collaborated extensively on investigations of tree nut allergens and have developed 

immunoassays to detect almonds that can be used to monitor for contamination in processed 

foods (Acosta et al., 1999; Roux et al., 2001).  During the course of these investigations, we also 

discovered that our rabbit pAbs raised against AMP and other edible nut seeds (pecan, pistachio, 

and walnut) exhibit varying degrees of cross-reactivity with each other, other tree nuts, and with 

some non-tree nut plant proteins.  Repeated attempts to completely remove cross-reactivity 

between cashew nuts and walnut proteins in pAbs raised against cashew nut proteins have been 

unsuccessful although the cross-reactivity was substantially reduced (Wei et al., 2003). Hlywka 

et al. (2000) reported development of an almond sandwich ELISA involving Rabbit pAb with 

significant cross-reactivity to nuts and sesame. A similar experience with a pAb-based hazelnut 

assay has been reported (Scheibe  et al., 2001).  Thus, the presence of cross-reactive antibodies in 

reagents used for pAb-based ELISAs does not permit unambiguous and specific detection of the 

targeted tree nut.  For these reasons we aimed to construct a ELISA based on the well-

characterized anti-amandin mAbs for the purpose of almond detection.   

Conceptually, incorporating a mixture of mAbs against different epitopes and different 

proteins in an ELISA should be advantageous. For example, target proteins or their constituent 

epitopes may be variably stable or accessible to react with specific mAbs under different food 

processing regimes, when in food matrices, or after storage. Moreover, a single mAb may not be 

able to match the signal generation afforded by pAb that typically target multiple epitopes on a 

protein antigen or a mixture of several antigens. Enbican and others (1995) reported developing a 

diagnostic ELISA with four mAbs of mutually exclusive epitope specificities. The double mAb-

based ELISA was further compared to the existing pAbs ELISAs. The mAb detection ELISA 

was found to be more sensitive than the pAb detection ELISAs for both cattle and sheep and 

resulted in higher optical densities for positive samples without an increase in background 

readings of negative controls.  Consequently, several mAbs against different epitopes of the 

same target protein permit development of assays with the desired qualities.  Such “cocktail” 

mAb ELISAs have been reported for detection and quantification of wheat gluten (Skerritt and 

Hill, 1991) and barley, rye and oats prolamin with a working range of 3-100 ng/ml (Sorell, 

1998). A two-mAb-based peanut detection assay that targeted Ara h 1 was sensitive to the 30 

ng/ml levels and was shown not to cross-react with 13 other legumes, however, testing with 
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other foods for cross-reactivity was not reported.  This assay was tested for food matrix effect 

using 83 foods or food ingredients, but not the effects of food processing and storage (Pomes et 

al., 2003). The aims of this chapter are to provide summary of efforts to construct, optimize and 

validate a specific, sensitive, and reliable ELISA with least cross-reactivity to quantify almond 

traces.  

Materials and Methods 

Materials 

The almonds used in this study were Nonpareil almonds (Prunus dulcis L.) because 

Nonpareil continues to be the most important almond variety in California due to its consistently 

high productivity and high market demand. Almonds (Almond Board of California, Modesto, 

CA), pecans (cultivar Desirable, Dr. T. Thompson, USDAARS, Pecan Breeding and Genetics, 

Somerville, TX), pistachios (Paramount Farms, Inc., Los Angeles, CA), walnuts (Blue Diamond 

Growers, Sacramento, CA), and Virginia peanuts (VA 98R, Dr. Sean F. O’Keefe, VPI&SU, 

Blacksburg, VA) were gifts. Sources of other seeds (Brazil nuts, cashews, hazelnuts, macadamia 

nuts, pine nut, Spanish peanuts, sesame seeds (polished white color), sunflower seeds, soybeans, 

and navy beans), non-fat dry milk (NFDM), Saran Wrap, aluminum foil, foods, and food 

ingredients were purchased from local grocery stores as needed and described in detail in Tiwari 

(2010).  

Different types of 96 Well microplates [2797: Serocluster; not treated; non-sterile; “U” 

bottom; Polyvinyl Chloride. 9018: EIA/RIA plate; high binding; non-sterile; flat; Polystyrene. 

3366:  EIA/RIA plate; high binding; non-sterile; round; Polystyrene. 3797: EIA/RIA plate; 

medium binding not treated; non-sterile; round Polystyrene. 3370: Assay plate with low 

evaporation lid not treated; sterile; flat; Polystyrene. 3360: Assay plate (no lid) Tissue culture 

treated; sterile; round; Polystyrene.] were gifts [Corning® Inc. (Lowell, MA)]. Extra 96 well 

microplates 2797 were purchased from Corning® Inc. (Lowell, MA) and were partially funded 

by College of Human Sciences DAP 2011-2012). 

Sources of chemicals and reagents, equipment, and plastic ware/glassware were as 

follows: 

Electrophoresis and immunoblotting supplies were from Hoefer Scientific Co. (San 

Francisco, CA); Spectra/Por® 6 Dialysis Membranes (Approximate Molecular Weight Cut Off 
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(MWCO) 1000 and 6-8000, Flat width 38 mm, diameter 24 mm, length 10 m) were from 

Spectrum laboratories, Inc. (Rancho Dominguez, CA); and YM-30 Amicon® Centrifugal Filter 

Devices were from Millipore Corporation, (Billerica, MA).  

Ultrospec™ β100 pro UV/Visible Spectrophotometer was from GE Healthcare 

(Piscataway, NJ); pH meter was from Corning® Inc. (Lowell, MA); Pipette tips were from USA 

Scientific, Inc. (Ocala, FL); and BioTek PowerWave™ β00 Microplate Scanning 

Spectrophotometer and KC4™ Software were from Bio-Tek Instruments, Inc, (Winooski, VT);  

PVDF membranes (0.2 µm, 20 × 20 cm sheet) were from Whatman, Inc. (Piscataway, 

NJ); Cellulose extraction thimbles (25 mm × 100 mm), filter paper No. 4,  and Whatman 

Chromatography paper (3MM CHR 15 × 17.5 cm) were from Whatman international Ltd. 

(Maidstone, UK); Protran® nitrocellulose membranes (NC, 0.2 µm, 200 × 3 m) were from 

Schleicher & Schuell Bioscience, Inc. (Keene, NH); and X-ray film (BioMax XAR film) was 

from Eastman Kodak Co. (Rocheser, NY).  

Rabbit anti whole almond pAb and murine mAbs (4C10, 4F10, 2A3, and 4G2) specific to 

amandin were produced in years 1998-2010 according to standard procedures (McCullough and 

Spier, 1990) and FSU animal care and use committee (ACUC) approved original protocol #0207 

in the Biomedical Research Facility (FSU) and Hybridoma Core Facility (Department of 

Biological Science, FSU) respectively. Rabbit pAbs and murine mAbs were purified and 

characterized and were ready for assay development. 

Horse radish peroxidase labeled goat anti-rabbit IgG, goat anti-mouse IgG (whole 

molecule) peroxidase conjugate antibody develop in goat (A4416 0.8 mg/ml), Ponceau S (P3504, 

practical grade), p-nitrophenyl phosphate (disodium salt), anti-mouse IgG (whole 

molecule)−alkaline phosphatase antibody produced in goat (Aγ65β, Lot. 050M6016, β.8 mg/ml), 

anti-rabbit IgG (whole molecule)−alkaline phosphatase antibody produced in goat, streptavidin-

alkaline phosphatase from Streptomyces avidinii (S2890), biotinamidohexanoic acid 3-sulfo-N-

hydroxysuccinimide ester sodium salt (BAC-sulfo NHS, B1022), dimethyl sulfoxide (DMSO), 

Folin-Ciocalteu’s phenol reagent (β N), luminol (97.0%), and bovine serum albumin (BSA) were 

from Sigma Chemical Co. (St. Louis, MO).  

Chemzymes Ultra Pure acrylamide was from Polysciences, Inc. (Warrington, PA); 

TEMED (N, N, N’ N’-tetramethylenediamhe) and Bis-acrylamide were from BioRad (Hercules, 
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CA); and Western Re-Probe for Stripping and Re-Probing Western blots was from G-

Biosciences (St. Louis, MO). 

 All other chemicals (ACS grade), plastic ware/glassware, Isotemp* 650D Gravity-

Convection  Standard Lab Incubators, Eppendorf  pipettes (single and multichannel), and protein 

markers including Fisher’s EZ-RUN™ Pre-Stained Rec Protein Ladder for SDS PAGE (BP3603 

is a mixture of 10 recombinant, highly purified colored proteins with the apparent molecular 

weights ranging from 10 to 170 kDa; BP3602 is a mixture of 14 highly purified recombinant 

proteins with the apparent molecular weights ranging from 10 to 200 kDa) and Amersham High 

Molecular Weight Calibration Kit for NDND PAGE (Part number 17044501 contains Bovine 

Serum Albumin 66 kDa, Lactate Dehydrogenase 140 kDa, Catalase 232 kDa, Ferritin 440 kDa, 

and Thyroglobulin 669 kDa) were purchased from VWR Scientific (West Chester, PA ) and 

Fisher Scientific Co. (Pittsburgh, PA). Several specific chemical, reagent, and equipment sources 

were indicated along with the methods. 

Methods  

Drying   

Most fresh foods/ingredients were freeze-dried.  Hygroscopic foods were oven dried.  

The dried almonds and foods/ingredients were ground in an Osterizer blender (model Galaxie, 

speed setting “Liquify”) with several γ0 seconds bursts each followed with a 15 second rest 

period. Full fat flour was stored at -20 oC in air-tight, screw-capped plastic containers until 

further use. Full fat flour was flushed with nitrogen gas prior to closing the container and upon 

every time the container was opened to prevent lipid oxidation.  

Defatting 

Dry, ground samples were defatted using a Soxhlet apparatus (Fisher Scientific Co., 

Orlando, FL). Ten volumes of petroleum ether were used to defat full fat samples for 6-8 hrs or 

longer (as needed).  The defatted samples were air-dried overnight in a fume hood, homogenized 

using an Osterizer blender (model Galaxie, speed setting “Liquify”) with several γ0 seconds 

bursts each followed with a 15 second rest period until the flour passed through a US standard 40 

mesh sieves [No. 40, 425 µm size, 30.5 cm outside diameter, Fisher Scientific Co. (Pittsburgh, 

PA)] and stored in air-tight screw-capped plastic containers at -20 C until further use. 

Preparation of Protein Extracts  
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Proteins in almond or food matrices were extracted using buffered saline borate (BSB, 

0.1 M H3BO3, 0.025 M Na2B4O7, and 0.075 M NaCl, pH 8.45). Protein content was tested using 

the Bradford method (Bradford, 1976) or the Lowry method (Lowry et al., 1951). Typically, 

flour to solvent ratio was 1:10 (w/v) for all extractions and the extractions were conducted at 

room temperature (RT, 22 C) for 1 hr with constant mechanical stirring provided.  When protein 

extraction by appropriate buffer was low (as would be expected in case of heat-denatured 

aggregated proteins), extraction buffer composition (e.g., inclusion of a detergent such as Tween 

20), volume, extraction temperature (e.g., 60 C), ionic strength (up to 4 M NaCl or 6 M urea), 

and duration (up to 4–16 hr) were adjusted as needed to improve protein extraction efficiency.  

The samples were centrifuged in a tabletop microcentrifuge for 20 min (16100 g) and the 

supernatants were aliquoted and used immediately or stored at -20 C for further analysis. 

ELISA Construction and Optimization 

(A). Sandwich ELISA (Capture ELISA, Figure 3.1 and Table 3.1):  one or several 

optimally diluted Abs were used to coat the plate wells to capture almond protein, if present, in 

the test samples.  A second mAb, recognizing different epitopes than the one (s) used to capture 

almond Ag, was then allowed to react with the captured almond proteins followed by incubation 

of  AP-labeled secondary Goat anti mouse antibody(Molecular Probes, Inc., 2003) optimally 

diluted in 1% NFDM in TBS-T (24 ng/well) for 1 hr at 37 C. Between each step, the plate was 

washed 3 times with TBST.  The strength of the signal was assessed by color, following the 

addition of 50 l/well of p-nitrophenyl phosphate (pNPP) in substrate buffer followed by 30 min 

of incubation in dark.  To stop color development, 50 l of 3 M NaOH was added to each well.  

OD405 was measured by BioTek PowerWave™ β00 Microplate Scanning Spectrophotometer. On 

the same plate standards, negative control, and blanks were included using freshly prepared WA; 

0.1% BSA; and TBST, no-coating of capturing Ab, no detecting Ab, no enzyme-labeled Ab 

conjugate, or no substrate. A four parameter curve was generated by KC4 software and the 50% 

maximum signal concentration suggested the immunoreactivity of almond protein present in the 

test sample. The amount of signal developed in the wells was used for quantification by 

comparison to control reactions incorporating known amounts of almond protein (standards). 

Standard curve was prepared in each plate using freshly prepared WA assayed in triplicate. All 

the possible combinations of the mAbs (e.g. rabbit anti-BSB soluble almond protein pAb served 

as a coating reagent, 1-4 mAb (s) served as a detecting reagent; 1-4 mAb (s) served as a coating 
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reagent, biotinylated mAb 4C10 served as a detecting reagent) were tried for a good cocktail 

sandwich construction. The optimal combinations of these variables were determined 

empirically. 

 

 

  Table 3.1: Summary of sandwich ELISA procedure 

Coating 

Rabbit anti- BSB soluble almond protein pAb (302, 604, or 1208 ng/well) in 
ELISA coating buffer (citrate/phosphate, pH 5.0), or mAb 4F10 (294 ng/well); 
2A3 (143.4 ng/well); 4G2 (757 ng/well), 4F10 (147 ng/well)+2A3 (71.7 
ng/well); 4F10 (147 ng/well)+4G2 (378.5 ng/well); 2A3 (71.7 
ng/well)+4G2(378.5 ng/well); 4F10 (98 ng/well)+2A3(47.8 
ng/well)+4G2(252.3 ng/well) in ELISA coating buffer (citrate/phosphate, pH 
5.0) 

Blocking 200 µl/well of 5% w/v of NFDM in TBST (10 mM Tris, 0.9% w/v NaCl, 
0.05% v/v Tween 20, pH 7.6)  

Ag Almond BSB soluble protein 8000 ng/ml 4 × for pAb coated, or 24000 ng/ml 4 
× for mAb (s) coated 

Detecting 

Ab 

mAb 4C10 (4 ng/well); 4F10 (44.12 ng/well); 2A3 (14.34 ng/well); 4G2 (76 
ng/well); 4C10 (3.6 ng/well)+4F10 (22 ng/well); 4C10 (3.6 
ng/well)+2A3(14.34 ng/well); 4C10 (3.6 ng/well)+4G2(76 ng/well); 4F10 (22 
ng/well)+2A3(14.34 ng/well); 4F10 (22 ng/well)+4G2(76 ng/well); 2A3(14.34 
ng/well)+4G2(76 ng/well); 4C10 (2.4 ng/well)+4F10 (14.7 ng/well)+2A3(9.56 
ng/well); 4C10 (2.4 ng/well)+4F10 (14.7 ng/well)+4G2 (51 ng/well); 4C10 
(2.4 ng/well)+2A3(9.56 ng/well)+4G2(51 ng/well); 4F10 (14.7 ng/well)+2A3 
(9.56 ng/well)+4G2(51 ng/well); 4C10 (1.8 ng/well)+4F10 (11 ng/well)+2A3 
(7 ng/well)+4G2(38 ng/well) for pAb coated, or biotinylated 4C10 (40.5 
ng/well) for mAb (s) coated 

2 Ab 
Alkaline Phosphatase-labeled goat anti-mouse IgG (24 ng/well) in 1% w/v 
NFDM in TBST for pAb coated; or Streptavidin-Alkaline Phosphatase (50 
ng/well) in 1% w/v NFDM in TBST for mAb coated 

Substrate 50 µg/well p-nitrophenyl phosphate (pNPP) in substrate buffer  

Stopping 50 µl/well of 3 M NaOH 

 

 

(B). Inhibition ELISA (Figure 3.1 and Table 3.2):  Freshly prepared whole almond 

protein extract (WA) containing amandin was used to coat the plate wells.  To test for almond, a 

sample extract was pre-incubated with almond-specific mAbs. A quantitative determination of 

the amount of almond present in a test sample was provided by the degree to which the targeted 

almond protein inhibits the binding of the mAbs to the almond protein used for coating the plate.  
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Comparison to a standard curve based on inhibition by known quantities of the almond protein 

facilitated quantification. Specifically, the plate was coated with 50 µl of 10 g/ml BSB soluble 

defatted almond flour proteins in the coating buffer for 1 hr at 37 C (or 4 C overnight) and then 

blocked with 200 l of blocking buffer (5% nonfat dry milk in TBST) for 1 hr at 37 C.  To 

perform the assay, a WA standard and the test samples were serially diluted into a predetermined 

amount of mAb (in 1% NFDM in TBS-T), in a separate microtiter plate. After 1 hr incubation at 

37 C, 50 l aliquots/well was transferred to the almond coated plate and incubated for 1 hr at 37 

C.  This preincubation step, in which the mAb and inhibitor was allowed to react prior to 

exposure to almond proteins coated on the plate, can significantly increase sensitivity.  The plate 

was subsequently incubated with AP-labeled secondary antibody optimally diluted (24 ng/well) 

in 1% NFDM in TBS-T and incubated for 1 hr at 37 C.  Color development was as described 

above. A four parameter curve was generated by KC4 software and the 50% inhibitory 

concentration (IC50) suggested the effectiveness of the inhibition of the inhibitor. The 

concentration of almond in test sample was indirectly proportional to the color intensity of the 

test sample. On the same plate standards, negative control, and blanks were included using 

freshly prepared WA; 0.1% BSA; and TBST, no-coating of almond protein, no primary Ab, no 

enzyme-labeled Ab conjugate, or no substrate. Standard curve was also prepared in each plate 

using freshly prepared WA assayed in tripicate. 

 

 

Table 3.2: Summary of inhibition ELISA procedure 

Coating 500 ng/well of BSB soluble almond proteins prepared in the 
coating buffer (48.5 mM citric acid, 103 mM Na2HPO4, pH 
5.0) 

Blocking 200 µl/well of 5% w/v of NFDM in TBST (10 mM Tris, 
0.9% w/v NaCl, 0.05% v/v Tween 20, pH 7.2) 

1 Ab Mouse mAb 4C10 was diluted to 5.2 ng/well (90 µl) with 
1% w/v NFDM in TBST 

Inhibitory antigen concentration Five-fold antigen titration beginning with 10000 ng/ml (10 
µl) 

2 Ab Alkaline Phosphatase-labeled goat anti-mouse IgG (24 
ng/well) in 1% w/v NFDM in TBST 

Substrate 50 µg/well p-nitrophenyl phosphate (pNPP) in substrate 
buffer  

Stopping 50 µl/well of 3 M NaOH 
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(C). Checkerboard titration: also called two dimensional serial dilutions. This is a 

procedure to establish the optimal dilutions for two ELISA components (e.g. antigen 

concentration, antibody concentration) in a single experiment. In the procedure, one component 

(e.g. antigen) was serially diluted down the plate and the other component (e.g. primary 

antibody) was serially diluted across the plate. The design permitted identification of optimal 

dilutions for both components based on the experimental purposes and cost [e.g. max. OD 405nm = 

0.8-1 for positive control, OD 405nm =~0.2 for blank or negative control, ratio of signal: noise ≥γ 

(ideally 10)]. Ab dilution was selected initially according to the information collected in Ab (s) 

characterization and narrowed down according to the gained information in checkerboard 

titration.  Ag concentration tested included 100000, 10000, and 8000 ng/ml based on previous 

experience. mAbs and Ag were then diluted in two dimension at a factor of 10, 5, 4, or 2 for the 

optimal mAb (s) and Ag interaction represented by a four-parameter curve with low 50% signal 

(in the sandwich type) or IC50 (in the inhibition type) and broad linear range. 

(D). mAb Biotinylation (Smith, 2007): Protein G purified 4C10 (clean from NaN3, 

glycine, and Tris) was dialyzed against 0.1 M carbonate buffer (NaHCO3 pH 9) at 4 °C overnight 

with 4 changes of buffer. A 200-400 nm Spectrophotometer scan was taken for the 4C10 profile 

before biotinylation and this revealed the 4C10 concentration to be 1.49 mg/ml (~1 ml). For 300 

µl 4C10, 3.9 mg biotinamidohexanoic acid 3-sulfo-N-hydroxysuccinimide ester sodium salt 

(BAC-sulfo NHS, Sigma, B1022) was dissolved in 0.1 ml Dimethyl Sulfoxide (DMSO, Sigma, 

41648) to 39 mg/ml and diluted to 1.51 mg/ml in PBS (0.15 M NaCl, 0.1 M NaH2PO4 pH 7.2 w/ 

NaOH), of which 43.85 µl  (equal to 66 µg) was added to 4C10 to be conjugated (BAC-sulfo 

NHS to 4C10 ratio = 148 µg:1 mg). The eppendorf containing the mixture was wrapped with 

alumina foil and gently shaken for 4 hrs at RT. Finally, TBS (0.15 M NaCl, 50 mM Tris-HCl pH 

7.5) was added in serial (10 times, 7 times, and 17 times, v/v) to terminate the reaction followed 

by centrifugation in Amicon® Centrifugal Filter Devices [YM-30, Millipore Corporation, 

(Billerica, MA)] after each addition. Each centrifugation removed the free biotin reagent away 

and reduced the mixture volume to 50 µl. Additional 50 mM TBS was added to a final volume of 

300 µl.  Another 200-400 nm Spectrophotometer scan was taken for the biotinylated 4C10 

(B4C10) profile and determined the B4C10 concentration to be 0.81 mg/ml. B4C10 was stored 

in 10 mM Tris containing 150 mM NaCl and 0.1% NaN3 (pH 8.2) at 4 C. B4C10 was diluted to 
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the optimum dilution and applied in sandwich ELISA in comparison to 4C10 for performance 

and construction of cocktail ELISA. 

(E). Selection of plate type and coating buffer:  Six types of 96 well microtiter plates 

from Corning® Costar™ representing different types (such as polyvinyl or polystyrene; round or 

flat bottom) were evaluated using the capture ELISA.  They were 2797 (Serocluster; not 

treated; non-sterile; “U” bottom; polyvinyl chloride), 9018 (EIA/RIA plate; high binding; non-

sterile; flat; polystyrene), 3366 (EIA/RIA plate; high binding; non-sterile; round; polystyrene), 

3797 (EIA/RIA plate; medium binding not treated; non-sterile; round; polystyrene), 3370 (Assay 

plate with low evaporation lid not treated; sterile; flat; polystyrene), and 3360 (Assay plate (no 

lid) Tissue culture treated; sterile; round; polystyrene). Plate with highest coating efficiency and 

uniformity was chosen for subsequent assay development.  Six coating buffers covering pH 5 

through 10 were tested. They were 0.1 M citrate phosphate buffer (pH 5.5), 0.10 M PBS (pH 

7.2), 0.01 M PBS containing 0.02% Tween -20 (pH 7.4), 0.01 M Tris-HCl (pH 7.6), 0.1 M BSB 

(pH 8.45), and 0.1 M NaHCO3 (pH 9.6). The buffer with the highest coating efficiency was used 

for subsequent assay development. 

(F). Selection of test conditions: Test conditions including incubation temperature, 

incubation time, and color development temperature and time were evaluated and optimized. 

Specifically, the following were evaluated. 1) coating temperature [a. 4, 8, 16, or 24 hrs at 8 C 

(cold room); b. 15 min, 30 min, 45 min, 1 hr, 2 hrs, or 4 hrs at Room Temperature (RT); c. 15 

min, 30 min, 45 min, 1 hr, 2 hrs, or 4 hrs at 37 C (incubator)], 2) coating and antigen incubation 

time [Ag incubated 15 min, 30 min, 1 hr, 2 hrs, or 4 hrs on plate coated for 1 hr, 2 hrs, or 4 hrs], 

3) primary antibody incubation time [15 min, 30 min, 1 hr, 2 hrs, or 4 hrs], 4) color development 

temperature and time [a. 15 min, 30 min, 45 min, 1 hr, or 2 hrs at 22 C; b. 15 min, 30 min, 45 

min, 1 hr, or 2 hrs at 37 C].  Temperatures and Durations that produce high OD405 and good 

reproducibility of Ag concentration at 50% maximum signal were chosen. 

ELISA Validation 

(A). Limit of Detection (LOD): LOD is defined as the smallest quantity or concentration 

of an analyte that can be reliably distinguished from background in the assay. The optimized 

assay was tested against a series of samples, according to International Union of Pure and 

Applied Chemistry (IUPAC) (Mocak et al., 1997). LOD was calculated using the formula 

LOD=3/D (=0.05) where  is the standard deviation of the blank (mean) and D is the slope of 
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the regression line for the linear range. Sensitive mAbs achieved good LOD in ELISA. A 

detection limit of less than 10 ppm almond was generally accepted as a sensitive assay. Limit of 

quantification (LOQ) is the lowest level of analyte in a sample that can be reasonably quantified 

at a specified level of precision. 

(B). Sensitivity: Sensitivity is defined as the ability to detect positive samples as positive. 

This was done using almond containing products and was computed using A/B 100%, where B 

is the number of positive samples tested and A is the number of positive samples that the test was 

able to correctly identify as positive (Dixon, 1998).  

(C). Specificity: Specificity is defined as the ability to detect negative samples as 

negative. This was achieved by testing non-almond products. It was computed using C/D 

100%, where D is the number of negative samples tested and C is the number of negative 

samples that the test was able to correctly identify as negative (Dixon, 1998). 

(D). Cross-reactivity: Cross-reactivity is the extent to which the assay responds to only 

the specified analyte and not to other compounds or substances. Both almond containing and 

non-almond products were tested by the ELISA assay.  

(E). Reproducibility: Reproducibility is also called precision. It is defined as the ability of 

the assay to duplicate results in repeat determinations. It was determined by a statistical measure 

of the variation, the coefficient variation (%CV), between replicate determinations in the same 

assay (intraassay variability) and in different assays (interassay variability). Variation of at least 

five replicates of each sample was measured. At least three different samples within the plate for 

intraassay variability and in different plates for interassay variability were measured (USHHS et 

al., 2001). Percent coefficient variations (%CV) were calculated for the intraassay or interassay 

variability by dividing the standard deviation by the mean of the replicate determinations and 

multiplying by 100.                        

  (F). Accuracy: Accuracy describes the closeness of mean test results obtained by the 

assay to the true value (concentration) of the analyte. Recovery studies were performed by 

mixing an aliquot of non-almond sample extracts and an almond standard, the almond content 

was measured and percentage of recovery was determined (USHHS et al., 2001).   

Statistical Analysis 
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All experiments were performed at least in triplicate and results were analyzed using 

Microsoft Excel 2010. One-way ANOVA was performed with SPSS software (19.0 for 

Windows, SPSS Inc., Chicago, IL) to compare means for difference among three or more 

treatment groups. Post-hoc analysis was performed using Fisher’s Least Significant Difference 

(LSD). Significance was accepted at P ≤ 0.05.  

Results and Discussion 

ELISA Construction 

Selection of ELISA format 

 

 

Figure 3.1: The schematic representation of the inhibition ELISA and sandwich ELISA 
procedures 

 

 

 

Figure 3.1 is the schematic representation of the sandwich and inhibition ELISA 

Procedures and Table 3.3 briefly compares these two formats. Both have advantages and 

disadvantages for a specific, sensitive, and robust assay. Therefore, both formats were attempted 

initially.  mAb 4C10 was chosen, because of its excellent characteristics (Chapter two), to 
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demonstrate the possible difference in ELISA performance caused by the assay format. The 

results from several attempts are summarized in Table 3.4. 

 

 

Table 3.3: A comparison of sandwich and inhibition ELISA 

SANDWICH ELISA INHIBITION ELISA 
Noncompetitive Competitive 

Multivalent Ag Ag with one epitope (ideal) 

Low Ag concentration, Impure Ag Small Ag 

Needs two “matched pairs” mAbs Only one Ab needed 

mAbs needs to be purified Non-purified primary antibody 

Needs sample processing No need for sample processing 

Sensitive to sample dilution and matrix 

effects 

Less sensitive to sample dilution and matrix 

effects 

More sensitive, specific, and accurate 
Lower variable data, greater precision, 

accuracy, and reproducibility 

 

 

Table 3.4: A comparison of sandwich and inhibition ELISA using mAb 4C10 

FORMAT SANDWICH ELISA INHIBITION ELISA 
Concentration at 50% 

maximum signal or IC50  
(Mean ± SEM, n=4) (ng/ml) 

39.46 ± 0.54 327.98 ± 46.78 

Linear range (ng/ml) 8-200 80-1000 

 
  

As the results demonstrate (Table 3.4) sandwich ELISA was more sensitive than the 

inhibition ELISA and was therefore selected for further investigation. Sandwich ELISA does not 

require pure Ag to be constructed. The most common market variety, Nonpareil Supreme 

almonds (Prunus dulcis L.), thus can be utilized as control for quantification after 

standardization by pure amandin. This makes the possible assay both practical and convenient.  

Utilization of mAbs  

The plates were first coated with 1208 ng/well, 604 ng/well, or 302 ng/well of rabbit pAb 

and checkerboard titration was performed to select optimum Ag and mAb(s) dilutions. Ag 
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(almond BSB soluble proteins) loaded on the first row of the plate was 100000 ng/ ml, 25000 ng/ 

ml, 10000 ng/ ml, or 8000 ng/ml; Ag was diluted down the plate with a factor of 10, 10, 5, or 4 

respectively. Four selected mAbs for sandwich ELISA construction were 4C10, 4F10, 2A3, and 

4G2. 3B4 was eliminated in the first attempt due to its non-accessible epitope in ELISA. mAb 

was diluted across the plate at a factor of 2. Following checkerboard titration, mAb and Ag 

concentration can always be adjusted accordingly for a broader utilization of assay.  

Maximum signal, signal to noise ratio, Ag concentration at 50% of maximum signal, and 

the linear detection range were compared for the selection of optimum Ag or Ab dilution. 

Dilutions were narrowed, confirmed, and re-confirmed before final selection. Figure 3.2 

demonstrates a typical 4C10 sandwich ELISA curve created by KC4 software (n=33). All four 

mAbs were individually applied as a detecting reagent and Table 3.5 summarizes their 

performance. Additional attempts were made to investigate the possibility to increase assay 

sensitivity by using a mixture of mAbs as detecting reagent (Table 3.6). 

 

 

 

 

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
          Figure 3.2: Sandwich ELISA using mAb 4C10 as the detection mAb.  
 
 
 
 

Concentration  
at 50% signal 
   [35.35] (ng/ml) 
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Table 3.5: Detection sensitivity of anti amandin mAbs using indirect sandwich ELISAsa 

Detection mAb 
concentration (µg/ml) 

Dilution factor 
(v/v) 

Antigen concentration 
at 50% signal (ng/ml) 
Mean ± SEM (n=9) 

Detection range  
(ng/ml) 

4C10 (145.04) 1: 1800 39.46 ± 0.54 3-200 

4F10 ( 88.24) 1: 100 37.08 ± 5.98 3-300 

2A3 ( 28.68) 1: 100 44.42 ± 3.29 10-200 

4G2 (151.47) 1: 100 44.08 ± 3.11 8-200 

3B4 (236.62) NAb 
a Capture antibody (Ab) = rabbit anti-whole almond protein extract (604 ng/well), antigen (Ag) = 
0.1 M borate saline buffer (BSB, pH 8.45) soluble protein extract (8000 ng/ml) loaded in the top 
well and diluted 4× in the successive seven rows, detection mAb was stored in 10mM PBS 
containing 0.1-0.02% NaN3 and diluted as indicated in 1% NFDM in TBST. b mAb did not 
register signal indicating the epitope was not accessible in the native protein 

 

 

 

 

Table 3.6: Detection sensitivity of anti amandin mAbs mix using indirect sandwich ELISAsa 

Detection mAbsb 
Fraction 

(v/v) 

Antigen concentration 
at 50% signal (ng/ml) 
Mean ± SEM (n=2) 

Detection range  
(ng/ml) 

4C10+4F10 1:1 45.39 ± 12.36 5-300 

4C10+2A3 1:1 48.93 ± 10.74 8-1000 

4C10+4G2 1:1 39.18 ± 5.99 5-300 

4F10+2A3 1:1 27.84 ± 1.04 5-200 

4F10+4G2 1:1 26.41 ± 0.01 5-300 

2A3+4G2 1:1 35.96 ± 2.48 5-500 

4C10+4F10+2A3 1:1:1 30.92 ± 0.25 5-300 

4C10+4F10+4G2 1:1:1 42.50 ± 1.90 5-300 

4C10+2A3+4G2 1:1:1 38.97 ± 0.42 8-300 

4F10+2A3+4G2 1:1:1 43.25 ± 11.65 5-400 

4C10+4F10+2A3+4G2 1:1:1:1 31.44 ± 1.03 5-200 

LSD 62.57  
a Capture antibody (Ab) = rabbit anti-whole almond protein extract (604 ng/well),  antigen 
(Ag) = 0.1M borate saline buffer (BSB, pH 8.45) soluble protein extract (8000 ng/ml) loaded 
in the top well and diluted 4 × in the successive seven rows. b mAb 4C10 (1:1000), 4F10 
(1:100), 2A3 (1:50), and 4G2 (1:50) 
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Further, mAb 4C10 (1:1500, v/v) was used to capture amandin and rabbit anti almond 

protein pAb (1:5000) was used to detect amandin. The 50% signal was found to be 71.39 ± 3.78 

[Mean ± SEM, (n=4)] with a linear range of 8-800 ng/ml indicating pAb is a better capture Ab 

for higher sensitivity. As can be seen from the results, each mAb was a sensitive detector for 

almond amandin; however, no mAbs combinations yielded significantly higher sensitivity in 

comparision to 4C10 alone.  

mAb Biotinylation 

Biotinylation (Figure 3.3) of mAb 4C10 for the detection signal amplification was also 

assessed. Typically, three to six biotin molecules are conjugated to an Ab. Due to the specific 

and high affinity interaction between streptavidin (or avidin) and biotin, 3 to 6 times of 

streptavidin (conjugated with several AP) than goat anti mouse pAb (conjugated with AP) react 

with the biotinylated detecting reagent thus helping to increase the assay response and 

sensitivity. Similary, mAb-based sandwich ELISA can be constructed if the mAbs are matched 

in epitopes recognition and thereby inherently increase assay specificity. 

 

 

 

 

Figure 3.3: Conjugation of BAC-SulfoNHS to the amino group of IgG (source: Sigma-
Aldrich product information) 
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        Figure 3.4: Scanning of mAb 4C10 before and after biotinylation. mAb 4C10 
concentration was 1.49mg/ml before biotinylation and 0.81mg/ml after biotinylation 

 

 

Figure 3.4 illustrates 200-400 nm spectra of mAb 4C10 prior to and after biotinylation; 

both peaks at 280 nm clearly demonstrated the 4C10 concentration change through the 

biotinylation. Biotinylated 4C10 (B4C10) was then applied to sandwich ELISA. As can be seen 

(Figure 3.5), the absorbance in B4C10 sandwich ELISA did not register higher signal suggesting 

biotinylated 4C10 did not significantly inprove amandin detection signal. With 1 µg/ml increase 

of antigen, the absorbance increased 0.638 and 0.535 for unlabeled and labeled 4C10 

respectively indicating a similar sensitivity of both assays.  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 3.5: Sandwich ELISA absorbance using unlabeled and labeled 4C10. 
    Inset: change of OD405 as antigen concentration increase indicative of assay sensitivity   

280 

1.49 mg/ml 

0.81 mg/ml 
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 Furthermore, B4C10 was involved in mAb-based sandwich ELISA construction. mAb 

4F10 (1:15 v/v) was first used as capturer and B4C10 (1:1000 v/v) as detector, 25000 ng/ml Ag 

were loaded on the top wells and diluted 5× down. Subsequently, mAb 4F10 (1:15) was mixed 

with other mAb(s) [e.g. 4G2 (1:10) at 1:1 (v/v)] and coated on the plate; the rest remained the 

same. Figure 3.6 demonstrates typical curves of pAb captured and 4C10 detected (A), 4F10 

captured and B4C10 detected (B), and 4F10+4G2 captured and B4C10 detected (C) sandwich 

ELISA. The figure below summarizes performance of these three ELISAs.  

As can be seen in Figure 3.6, the mAb-based assays demonstrated higher maximum 

absorbance (405 nm), signal to noise ratio (S/N), and broader linear range. When Ag 

concentration increased one unit (µg/ml), OD405 increased twice in the mAb-based assays as 

much as the one using pAb as capturer.  However, these advantages were at the expense of 

detection limit, Ag concentration at the 50% signal, and labeling labor and time.  

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 3.6: Typical curves and performance of pAb captured and 4C10 detected (A), 4F10 
captured and B4C10 detected (B), and 4F10+4G2 captured and B4C10 detected (C) sandwich 
ELISA 

   

 

Consequently, the following design of sandwich ELISA was selected for further 

optimization and validation. Plates were coated with 50 µl (604 ng/well) rabbit anti-whole 

almond protein extract polyclonal antibodies (pAbs) and blocked with 200 µl 5% (w/v) non-fat 

A 1.325 0.171 7.75 0.44 8-200 48.27

B 1.578 0.166 9.51 0.82 20-3000 308.30

C 1.705 0.139 12.27 0.80 20-1000 131.60

50% Max. Signal 

(ng/ml)
Assay

Max. 

Absorbance
Noise

Signal to Noise 

Ratio
Sensitivity

Linear Range 

(ng/ml)

(A) (B) (C) 
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dry milk (NFDM) in Tris buffered saline (TBS-T, 10 mM Tris, 0.9% w/v NaCl, 0.05% v/v 

Tween 20, pH 7.6). Plates were then incubated sequentially with almond protein or amandin 

(8000 ng/ml, 4), mAb 4C10 (4 ng/well), and alkaline phosphatase-labeled goat anti-mouse pAb 

(24 ng/well) in 1% NFDM in TBS-T. The plates were washed 3× with TBS-T after each 

incubation step. Color was developed using p-nitrophenyl phosphate substrate [1 tablet/5 ml 

substrate buffer (0.0049% w/v MgCl2, 0.096% v/v diethanolamine, pH 9.8)] and stopped by 

adding 50 µl/well 3 M NaOH. 

ELISA Optimization 

Selection of plate type 

Various types of plates were in the market for different applications; six types of plates 

were chosen for a most efficient coating of Ab on the plate. Figure 3.7 suggests that except for 

plate 3797, which detected no binding activities, Plate 2797 demonstrated good binding ability to 

the capture pAb along with significantly low concentration at 50% signal (66.06  ± 0.79 ng/ml, 

n=2) in ELISA assay. Plate 2797 was very light and easy to handle in the experiment and it only 

required half volumes of each reagent in the assay compared to other plates. It was therefore 

selected for all future uses.  

 

 

Effects of plate type 
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Figure 3.7: Effects of plate type on the sandwich ELISA. Inset: Ag concentration at 50%     
maximum signal resulted from corresponding type of plate. (NA=no reaction), Fisher’s Least 
Significant Difference (LSD) = 16.74, the differences between means exceeding this value are 
significant (p = 0.05) 
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Selection of coating buffer  

Several types of buffer were used in coating Ab onto the solid phase depending on the 

properties of Ab used. Six coating buffers covering pH 5 through 10 were tested for highest 

coating efficiency. Figure 3.8 indicates that except for 0.01M PBS containing 0.02% Tween-20 

pH 7.4, which reveals no binding activities, all other types of buffer did not show significant 

difference in 50% signal of ELISA assay except for citrate-phosphate buffer (pH 5). Although 

citrate buffer gave a lower OD (0.15-0.45) and others gave a higher OD (0.17-1.00), 50% signals 

of assays using citrate phosphate as coating buffer are consistently lower than others indicative 

of higher sensitivity of the assay. Citrate-phosphate buffer (pH 5) was thus selected as the 

coating buffer for all future uses.  

 

 

 

Effects of coating buffer 
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Figure 3.8: Effects of coating buffer on the sandwich ELISA. Inset: Ag concentration at 50% 
maximum signal resulted from corresponding type of coating buffer (NA=no reaction); 
Fisher’s Least Significant Difference (LSD) = 51.62, the differences between means exceeding 
this value are significant (p = 0.05) 

 

 

 

Selection of test conditions 

(A).Coating temperature and duration 
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4 0.404±0.01 0.145±0.01 2.79 1.24 10-200 62.79±11.24

8 0.418±0.01 0.156±0.01 2.68 1.04 10-200 45.02±6.77

16 0.484±0.02 0.186±0.02 2.60 0.58 10-300 144.34±34.52

24 0.471±0.04 0.159±0.01 2.96 0.58 10-100/1000 84.38±24.92

0.25 0.509±0.02 0.156±0.01 3.26 0.86 10-100 35.53±6.50

0.5 0.389±0.01 0.151±0.01 2.58 0.72 10-100 33.38±5.21

0.75 0.450±0.01 0.151±0.01 2.98 0.48 10-1000 67.47±15.39

1 0.449±0.02 0.161±0.01 2.79 0.90 10-100 33.90±2.73

2 0.547±0.02 0.156±0.01 3.51 1.00 10-200 41.07±8.22

4 0.627±0.03 0.163±0.01 3.85 1.76 10-100 39.22±3.88

0.25 0.611±0.02 0.166±0.01 3.68 1.05 10-400 48.45±12.44

0.5 0.675±0.04 0.167±0.01 4.04 1.39 10-400 44.35±16.21

0.75 0.711±0.02 0.151±0.01 4.71 1.46 10-100 31.92±6.98

1 0.666±0.02 0.148±0.01 4.50 2.07 10-200 47.19±5.97

2 0.756±0.02 0.144±0.01 5.25 1.97 10-400 43.35±7.77

4 0.934±0.02 0.151±0.01 6.19 1.98 10-300 38.87±7.86

Time (hr)
Temperature 

(°C)

8

22

37

Max. 

Absorbance
Noise

Signal to noise 

ratio
Sensitivity 

Linear range 

(ng/ml)

50% Max. signal 

(ng/ml)

0.25 0.557±0.03 0.140±0.01 3.98 0.93 10-500 47.96±10.06

0.5 0.587±0.02 0.153±0.02 3.84 0.96 10-500 50.29±6.03

1 0.704±0.04 0.147±0.01 4.79 1.37 10-500 67.58±4.74

2 0.728±0.03 0.140±0.01 5.20 1.20 10-200 63.28±14.80

4 0.536±0.02 0.133±0.01 4.03 0.95 10-500 52.35±13.48

0.25 0.577±0.02 0.145±0.01 3.98 1.29 10-200 58.19±8.46

0.5 0.593±0.01 0.144±0.01 4.12 0.88 10-300 44.44±5.95

1 0.787±0.02 0.127±0.01 6.20 2.51 10-200 47.48±2.37

2 0.753±0.03 0.156±0.02 4.83 1.45 10-300 59.26±9.48

4 0.587±0.03 0.149±0.01 3.94 0.64 3-200 22.97±2.91

0.25 0.753±0.02 0.157±0.01 4.80 1.98 10-400 68.06±5.41

0.5 0.616±0.02 0.159±0.02 3.87 1.32 10-100 41.38±4.85

1 0.699±0.01 0.160±0.02 4.37 1.11 10-200 33.99±3.49

2 0.765±0.01 0.146±0.01 5.24 1.55 10-100 23.92±1.88

4 0.695±0.02 0.132±0.01 5.27 0.67 10-200 30.32±3.00

Sensitivity 
Linear range 

(ng/ml)

50% Max. 

signal (ng/ml)

1

2

4

Coating 

duration (hr)

Ag incubation 

Time (hr)

Max. 

Absorbance
Noise

Signal to noise 

ratio

Table 3.7: Effects of coating temperature and duration on ELISA performance (mean ± SEM, n=8) 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Coating temperature and duration did affect the ELISA (Table 3.7). Temperature affects 

Ab binding to the plate via hydrophobic interactions and thus affecting coating duration. As 

temperature increased, binding was facilitated and the time needed was shortened. As can be 

seen in the table the Maximum OD and signal to noise ratio (S/N) increased as temperature 

increased, absorbance changed more with every unit change of Ag concentration at a higher 

temperature indicative of higher sensitivity. As a result, coating was selected to be done at 37 C 

for 2 hrs.   

(B). Coating duration and antigen incubation time 

  
 
Table 3.8: Effects of coating duration and Ag incubation time on ELISA performance (mean ± SEM, n=8) 
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0.25 0.628±0.02 0.130±0.01 4.83 1.67 10-500 45.26±5.31

0.5 0.800±0.06 0.138±0.01 5.80 1.91 10-500 49.03±2.25

1 1.059±0.07 0.133±0.01 7.96 2.37 10-500 45.04±3.55

2 0.710±0.04 0.138±0.01 5.14 2.12 10-100 41.75±5.69

4 1.256±0.03 0.131±0.01 9.59 3.07 10-300 39.14±3.14

Linear range 

(ng/ml)

50% Max. 

signal (ng/ml)

mAb 4C10 

incubation Time 

(hr)

Max. 

Absorbance
Noise

Signal to 

noise ratio
Sensitivity 

15 0.230±0.01 0.126±0.01 1.83 0.39 10-200 31.95±2.80

30 0.455±0.05 0.145±0.01 3.14 0.79 10-400 62.02±13.95

45 0.469±0.03 0.142±0.01 3.30 0.74 10-300 45.80±5.83

60 0.561±0.02 0.146±0.01 3.84 0.87 10-500 48.14±9.73

120 1.134±0.03 0.183±0.02 6.20 1.92 10-500 44.98±2.76

15 1.511±0.06 0.153±0.01 9.88 5.49 10-300 47.10±4.43

30 1.840±0.22 0.153±0.01 12.03 5.35 10-500 49.44±3.62

45 2.300±0.26 0.166±0.01 13.86 9.06 10-200 37.02±1.76

60 3.150±0.26 0.178±0.01 17.70 12.21 10-200 39.18±1.43

120 4.229±0.01 0.223±0.02 18.96 16.90 3-100 26.94±1.02

Linear range 

(ng/ml)

50% Max. 

signal (ng/ml)

22

37

Temperature 

(C)

Development 

Time (min)

Max. 

Absorbance
Noise

Signal to 

noise ratio
Sensitivity 

Table 3.8 exhibits that coating at 37 C for approximately 2 hrs and incubating the Ag for 

approximately 1hr resulted in similar ELISA performance. Both durations were adequate for the 

Ab-Ag binding via non-covalent bindings such as electrostatic interaction, hydrogen bonding, 

hydrophobic interaction, and Van der Waals forces. 

(C). Detecting mAb (4C10) incubation time 

 
 
Table 3.9: Effects of detecting mAb (4C10) incubation time on ELISA performance (mean ± SEM, n=8) 

 

 

 

 

 

 

 

 

Incubation time did not significantly affect amandin detection when mAb 4C10 was used 

as the detecting probe (Table 3.9) due to the high affinity between 4C10 and amandin that causes 

a fast reaction.  Particular long incubations (e.g. 4 hrs), increased maximum absorbance and the 

absorbance change per unit concentration (µg/ml) change suggests increased assay response but 

not concentration at 50% signal. Consequently, 1hr incubation of 4C10 was selected.  

(D). Color development temperature and duration 

   
 

Table 3.10: Effects of color development temperature and duration on ELISA performance 
(mean ± SEM, n=8) 
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Table 3.10 reveals that temperature affected the color development significantly since the 

enzyme-alkaline phosphatase functions efficiently at a warm temperature (35-45 C). Color 

developed at 37 C had significantly higher intensity than that at RT (22 C). Change of color 

intensity as a function of Ag concentration increased at least six times at 37 C suggesting the 

improvement of assay sensitivity even if the Ag concentration at 50% signals were similar to 

each other. Duration of color development did not show as much effect as temperature did due to 

the high efficiency of enzymatic reactions but too short durations may result in false negatives of 

samples containing little amandin. Color developed for 30 minutes at 37 C gave enough signal 

to noise difference i.e. S/N>10, and therefore selected as optimum.  

 

ELISA Validation 

Once the sandwich ELISA was constructed and optimized, the assay performance should 

be characterized to ascertain its appropriate use. Validation provides LOD, sensitivity, 

specificity, cross-reactivity, reproducibility, and accuracy of the assay by statistical analysis on 

data collected from required tests over a period of time.  

LOD 

Two formulas were used to calculate the LOD of this assay. The LOD1 was calculated 

according to Mocak et al. (1997, IUPAC) such that LOD=3/D (=0.05) where  is the standard 

deviation of the blank (mean) and D is the slope of the regression line for the linear range. The 

LOD2 was based on Redl et al. (2010) that LOD in buffer was calculated by adding three times 

the standard deviation of the obtained absorbance to the mean absorbance and then converting 

the absorbance to concentration using the equation of the calibration curve. According to this 

same reference, LOQ in buffer was determined by adding 10 times (instead of three times) the 

standard deviation of the obtained absorbance to the mean absorbance and then converting to 

concentration as was done for LOD2. A sample calculation is given in Figure 3.9. As can be seen 

in the figure, the standard curve started moving up from around 2 ng/ml; therefore absorbance 

resulting from 2.5 ng/ml was significantly different from the blank [0.183 ± 0.025 (n=4)]. Even 

if these two LOD values varied from each other, both are acceptable LOD by the definition. In 

this assay, as little as 7 ng/ml (0.007 ppm) of amandin can be reliably distinguished from 

background (sample buffer) thus it is a sensitive assay according to the generally accepted level 

of ≤10 ppm. 
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Blank

8000 1.227 0.214

2000 1.106 0.174

500 1.051 0.19

125 0.931 0.154

31.25 0.66

7.8125 0.322

1.953125 0.233

0.4883 0.241

Mocak
  
et al., 1997 Redl et al., 2010

Mean 0.183 3 0.076 Mean+3 0.259

 0.025 D 0.01099 LOD2 2.479

LOD1 6.927 Mean+10 0.437

LOQ 12.584

concentration 

(ng/ml)
A405nm

Standard Curve

A405nm

 

 

 

 

 

 

 

 

 

 

Figure 3.9: A sample calculation of LOD for the constructed 4C10 sandwich ELISA 
 

 

Sensitivity, Specificity, and Cross-reactivity 

In the course of this study, over 25000 tests were performed using various sources such 

as almonds from different genetic origins, almonds of different varieties harvested at different 

locations, almonds subjected to different storage conditions, almonds passed through various 

thermal or non-thermal processing treatments, commercial products containing or not containing 

almonds, in-lab prepared samples containing or not containing almonds, and recombined almond 

major proteins (amandin). Twenty two thousand and fifty tests (~90%) were randomly picked for 

statistical analysis of assay sensitivity, specificity, and cross-reactivity. Table 3.11 summarizes 

the assay performance on these tests.  The superscripts 1 through 4 in the table represent four 

classes of results; i.e. true positive (TP), false positive (FP), false negative (FN), and true 

negative (TN) respectively.  

 
 

Table 3.11: Summary of sandwich ELISA performance*   

 
Predicted 

Total 
Percentage 

Correct + - 

observed 
+ 199441 202 19964 99.90 

- 83 20784 2086 99.62 

Total 19952 2098 22050 99.87 

True 
positive rate 

99.96 99.05 
True  

negative rate 
 

* data summarized in this classification table were collected from 22050 tests.  
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Therefore, the true positive rate (TPR) also referred to as sensitivity, describing the 

ability of the assay in recognizing positive samples was 19944/19952×100%=99.96%. Similarly, 

the true negative rate (TNR) also referred to as specificity, describing the ability of the assay in 

recognizing negative samples was 2078/2098 ×100%=99.05%.  Overall the assay correctly tested 

(19944+2078)/22050 ×100%=99.87% samples.  

In the eight positive samples that tested negative, the first two samples were cinnamon 

BSB original extract spiked with 8000ng/ml almond proteins; the tests failed due to the 

interaction (s) by tannin and other phenolic compounds in the samples (Tiwari et al., 2010). The 

next two samples that failed the tests were all-purpose spice mix as well as baking powder 

extract spiked with 50ng/ml of almond proteins; the test failed due to possible errors from 

sampling, pipetting, or other reasons because the five other replicates of both samples were 

positive, which confirmed the results were false. The other four separate samples that failed were 

commercial products, PLANTERS TRAIL MIX with almond and cashew. The reasons for the 

false tests might again be sampling; because this product was a mix of roasted peanuts, raisins, 

cashews, almonds, Brazil nuts, and pistachios etc. and almonds may accidently not have been 

included during the sampling, thus resulting in the false negative results.  

In the 20 negative samples that tested positive, four samples were BSB extracted lab-

prepared stir fry mix of celery, lotus root, mok yee (black fungus), green pepper, and corn; the 

other four were the BSB extracts of the same mixes cooked with cashew. These eight samples 

that did not contain almond proteins were positively identified by 4C10. Further, out of 89 food 

matrices (Table 3.12) that included snacks, breakfast cereals, plant-based protein foods, animal-

based protein foods, fruits (apple, peach, pear, apricot, cherry, and so on), food additives, 

vegetables, and beverages; only corn, corn flakes, and red potatoes were found to be weakly 

cross-reactive to 4C10 with the % immune-reactivity (Sharma 2009) of 0.08 ± 0.01% (n=2), 0.14 

± 0.00 % (n=2), 0.37 ± 0.03 % (n=4) respectively. Lee et al. (2005) reported cross-reactivity of a 

27 kDa and a 50 kDa -zein in maize with amandin by rabbit anti-AMP pAb. These researchers 

also found that the same -zein proteins reacted to IgE from pooled human sera from patients 

with self-reported severe almond allergies without allergy symptoms to corn. The molecular 

basis of this cross-reactivity remains unknown. Molecular modification of -zein for maize 

quality enhancement can help improve the assay performance even though no cross-reactivity 

was found in most of the tested breakfast cereals except the one (s) composed mainly of corn, 
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Food additives Breakfast Bevarages Mullusks

Colors/pigments (natural) 22 Raisin bran whole mix 47 Black tea 64 Oyster

1 annato 23 Corn flakes 48 Green tea Plant-Based Foods

2 Grape seed tannin 24 Multigrain cereal 49 Cocoa Dry Beans/Legumes/seeds

Colors/pigments (synthetic) FD&C Flour Dairy Products 65 Black bean

3 Blue No. 1 25 All-purpose wheat flour Cheese 66 Chick pea

4 Green No. 3 26 Whole wheat flour 50 Cottage Cheese 67 Lentil

5 Red No. 40 Confectionary 51 Swiss Cheese 68 Navy bean

6 Yellow No. 5 27 Baker's sweeteded chocolate Milk products 69 Soybean

Thickeners 28 Baker's unsweetened chocolate 52 Non-fat dry milk 70 Spanish Peanut

7 Pectin 29 Dark Chocolate 53 Vanilla ice cream 71 Virginia peanut

8 Microcrystalline cellulose 30 Milk Chocolate 54 Yogurt 72 Sesame

9 Corn starch 31 Sugar Animal-based foods 73 Sunflower Seeds

Spices/Seasoning 32 Brown sugar Poultry Tree nuts

10 All-purpose Spice mix 33 Baking powder 55 chicken 74 Brazil Nut

11 Black pepper Fruits Eggs/Egg products 75 Cashew Nut

12 Salt 34 Apple 56 Egg white 76 Hazelnut

13 Cinnamon 35 Banana 57 Egg yolk 77 Macadamia

14 Onion 36 Cherry Meat/meat products 78 Pecan

15 Nutmeg 37 Orange 58 Beef 79 Pine nut

Cereals 38 Mango 59 Lamb 80 Pistachio

Grains 39 Peach 60 Pork 81 Walnut

16 Amaranth 40 Pear Seafoods Vegetables

17 Barley 41 Pineapple Vertebrate 82 Asparagus

18 Corn 42 Strawberry 61 Salmon 83 Green pepper

19 Oat 43 Plum 62 Tuna 84 Broccoli

20 Rice 44 Apricot Crustacean 85 Carrot

21 Rye 45 Cranberries 63 Crab 86 Red Potato

46 Raisins 87 Spinach

88 Green salad mix

89 Mushroom

such as corn flakes.  Crossreactivity of red potato with almond amandin remains unknown and 

needs further investigation.  Overall these cross-reactivitives are not significant and can be easily 

eliminated by simple sample dilution permitted within the LOD. Besides the false positive results 

caused by shared/similar and cross-reactive epitopes between corn, or red potato, and amandin, 

two samples prepared from Betty Crocker white angel food cake, one sample prepared from peas 

and carrots (containing cashew), and one no coating control positively reacted possibly due to 

possible errors such as contamination from any steps of the test.  

 

 

  Table 3.12: Food matrices (n=89) to determine cross-reactivity of 4C10 sandwich ELISA 
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1 2 3

Sample A 114.745 125.352 118.561 119.553 5.373 4.49

Sample B 31.228 31.549 33.972 32.25 1.5 4.65

1 2 3

Assay a 122.425 128.668 118.266

Assay b 124.432 136.632 136.237

Assay c 106.907 107.494 110.217

Assay a 31.993 36.25 36.975

Assay b 34.774 32.895 33.338

Assay c 33.398 33.176 33.291

Sample B 34.01 1.65 4.85

Inter Assay
Concentration (ng/ml)

Mean SD
Inter CV 

(%)

Sample A 121.253 11.47 9.46

Intra Assay
Concentration (ng/ml)

Mean SD
Intra CV 

(%)

Assay 1

Reproducibility  

Reproducibility of the assay was evaluated by intra-assay variability and inter-assay 

variability. Three replicates of each sample carried out within a plate and at least three replicates 

of each sample carried out in different plates or on different days, were measured for the 

coefficient of variation (CV). Shown in Table 3.13 are the calculations for both intra- and inter- 

assay variability. Note that the samples for inter assays were not the same samples because such 

low concentration samples are not stable in storage; therefore, samples were always prepared 

fresh from stock using the same procedure to achieve the same concentration for testing. 

Variability may have been introduced during the sample preparation. This sandwich ELISA is 

considered reproducible because all the CVs tested were less than 15%. 

 
 
 
Table 3.13: Intra- and inter- assay variability for constructed sandwich ELISA 
 
 

 

 

 

 

 

 

 

 

 

Accuracy 

Two samples, each were tested 12 times using the constructed sandwich ELISA. The 

concentration observed from each measurement was compared with the actual concentration. 

Recoveries (%) were calculated (Table 3.14). The average recoveries (%) for both samples were 

within 15% of the actual value suggesting accuracy of the assay. 
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1 114.75 91.80

2 125.35 100.28

3 118.56 94.85

4 122.43 97.94

5 128.67 102.93

6 118.27 94.61

7 124.43 99.55

8 136.63 109.31

9 136.24 108.99

10 106.91 85.53

11 107.49 86.00

12 110.22 88.17

1 31.23 99.93

2 31.55 100.96

3 33.97 108.71

4 31.99 102.38

5 36.25 116.00

6 36.98 118.32

7 34.77 111.28

8 32.90 105.26

9 33.34 106.68

10 33.40 106.87

11 33.18 106.16

12 33.29 106.53

SEM      

(%)

2.33

1.61

96.66

107.42

Mean recovery 

(%)

Predicted 

(ng/ml)

Observed  

(ng/ml)

Recovery 

(%)

A

B

Sample

125

31.25

      Table 3.14: Accuracy of constructed sandwich ELISA 
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Conclusions 

Four purified murine mAbs, rabbit anti whole almond pAb, and biotinylated mAb 4C10 

were tested in the construction of sensitive, specific, and reliable ELISA(s) for trace almond 

detection. Using rabbit anti whole almond pAb as capture Ab, mAb 4C10 as detection Ab, a 

sandwich ELISA demonstrated outstanding sensitivity, specificity, and reliability at trace (1/100 

ppm) levels and therefore was chosen for further optimization.  

Optimization of the assay resulted in the following protocol.  

Plates (Corning® Costar 2797) were coated with 50 µl rabbit anti-whole almond protein 

extract polyclonal antibodies (pAbs) in citrate buffer (48.5 mM citric acid, 103 mM Na2HPO4, 

pH 5.0, 604 ng/well) for 2 hrs at 37ºC. Coated plates were then blocked with 200 µl 5% (w/v) 

non-fat dry milk (NFDM) in Tris buffered saline (TBS-T, 10 mM Tris, 0.9% w/v NaCl, 0.05% 

v/v Tween 20, pH 7.6). Plates were incubated sequentially with almond protein or amandin 

(8000 ng/ml, 4), mAb 4C10 (4 ng/well), and alkaline phosphatase-labeled goat anti-mouse pAb 

(24 ng/well) in 1% NFDM in TBS-T. The plates were washed 3× with TBS-T after each 

incubation step (37 ºC for 1 hr). Color was developed using p-nitrophenyl phosphate substrate [1 

tablet/ 5 ml substrate buffer (0.0049% w/v MgCl2, 0.096% v/v diethanolamine, pH 9.8)] at 37 ºC 

for 30 mins and stopped by adding 50 µl/well 3 M NaOH. Plates were read at 405 nm in an 

ELISA reader (model EL 307, Bio-Tek Instruments Inc., Riverton, NJ) and KC4 software were 

used to analyze data and generate four parameter curves for quantification.  

The optimized assay will be referred to as “the ELISA” heretofore.  

The ELISA was validated to have LOD of 7 ng/ml (0.007 ppm), protein concentration at 

50% máximum signal of 39.46  ± 0.54 ng/ml (n=510), True positive rate (aka. sensitivity) of 

99.96%, and True negative rate (aka. specificity) of 99.05% without being cross-reactivity to a 

majority of tested food matrices except for a weak reactivity to corn, corn flakes, and red potato 

at % immuno-reactivity of 0.08 ± 0.01% (n=2), 0.14 ± 0.00 % (n=2), and 0.37 ± 0.03 % (n=4) 

respectively. The ELISA is reproducible and accurate with CVs <15% and the average 

recoveries within 15% of the actual value.  
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CHAPTER FOUR 

ASSAY ROBUSTNESS AND IMMUNOLOGICAL STABILITY 

OF ALMOND MAJOR PROTEIN (AMP, AMANDIN) 

 

Aside from the issue of sensitivity, specificity and reliability in an ELISA development, 

assay robustness which defines the assay to perform well not only under optimized conditions 

but also under other conditions that trace almonds in various forms are possibly present makes 

almond detection and quantification more feasible. For example, a robust ELISA can be applied 

to detect almonds of different genetic origin, almonds in food complex or almonds that has 

undergone processing or storage treatments, where the accessibility/availability of specific 

epitopes to the detecting Ab may or may not possible due to the stability of Ag and the 

modifications of Ab-Ag interactions by various influences.  

The ELISA developed for detection and quantification of amandin was based on 

Nonpareil Supreme Almond. Amandin dominated the total soluble protein composition 

regardless of the genotypes, inter-species hybrids, and marketing varieties, however, distinct 

variations in the intensity and electrophoretic mobility of some polypeptides were observed 

raising a need to test general applicability of this assay because the source of almond used in the 

markets is rarely indicated (Sathe et al., 2001, Sathe et al., 2008).  

Reported to be the primary storage protein as well as a major allergen in almond-sensitive 

individuals, amandin (Pru du 6) have been purified and characterized (Sathe et al., 2002; Roux et 

al., 1999; Roux et al., 2001; Garcia-Mas et al., 1995; Gaur et al., 2008; Roux et al., 2003; Sathe 

et al., 2001; Wolf and Sathe, 1998; Su et al., 2004; Venkatachalam et al., 2002). But the 

immune-reactivity of amandin in its pure form remains undetermined.  

Recombinant amandin, Pru du 6.01 and 6.02 (Willison et al., 2011), have been cloned 

and expressed using cDNA library for almond nut seed proteins. If these recombinant amandins 

demonstrate immunological similarity (immunological co-identity) with their native counterpart, 

they would advantage in several ways in almond detection and quantification including: 1) an 

unlimited supply of biochemically and antigenically defined protein, free of variations resulting 

from cultivar source and climatic and growing conditions, 2) quality consistency of antigenic 
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protein standards thus enabling objective internal (within a single laboratory) and external 

(between multiple laboratories) comparison of assay results, 3) a ready source material for 

molecular studies aimed at enhancing understanding of the nature of allergenic proteins 

including the studies of their IgE-binding epitopes, allergen stability towards in vivo digestive 

enzymes and food processing, and their potential use in clinical diagnostics and immunotherapy. 

Currently very limited data are available that critically assess the influence of food 

processing on food allergens (Sathe et al., 2005; Thomas et al., 2007; Maleki, 2004).  This is of 

practical importance for patients who may be exceedingly sensitive to conformational but not 

linear epitopes (or vice-versa) on a specific allergen and may help explain why certain 

individuals may tolerate, for example, raw but not heat processed allergens and vice-versa 

(Maleki et al., 2000; Maleki et al., 2001). Attempts to define suitable processing conditions that 

may inactivate certain key epitopes with pAbs, with their multiple Ab subpopulations and target 

epitopes would be inordinately complicated and impractical (Su et al., 2004; Tiwari et al., 2010; 

Wei et al., 2003; Jones, 2003; Sze-Tao and Sathe, 2001; Sharma et al., 2009; Sze-Tao et al., 

2007; Venkatachalam et al., 2006; Venkatachalam et al., 2008), however studies using this 4C10 

sandwich ELISA may be feasible in improving understanding the effects of food processing  on 

the 4C10 reactive epitope stability. 

Furthermore, the facts that antigens are usually not present in pure form and are usually 

stored before processing or use indicate that the effects of lipids, food matrices and storage on 

amandin are important and should be assessed. False positive or false negative results may be 

found in detecting antigens in matrices by the binding or blocking of antigen due to the 

interfering components in complex food matrices and result in unwanted restriction or exposure 

of certain foods in predisposed individuals. The persistence of adequate quantities of relevant 

antigens from the time of the initial assay to the time of use also called the stability of antigen 

extracts warrants the validity of results in subsequent assessments or diagnosis because it 

ultimately is related to the capability of inducing immunological changes. Due to its instability, 

maintaining antigen activity in extracts is a challenge; the type of extraction buffers, the 

preservatives used in storage, the concentration of antigen and the temperature to be stored add 

to the essential information when considering the antigen shelf life (Soldatova et al., 2000; 

Vieths et al., 1998; Vailes et al., 2001; van Ree et al., 2008; Plunkett, 2008).  
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The aims of this chapter are to assess the applicability of the ELISA to almonds from 

various sources and conditions and to study the stability of amandin towards 4C10.  

Materials and Methods 

Materials 

The almonds used as the reference standard in this study were Nonpareil almonds 

(Prunus dulcis L.) because Nonpareil continues to be the most important almond variety in 

California due to its consistently high productivity and high market demand. Fifty-eight 

genotypes and inter-species hybrids of almonds (the experimental almond germplasm collection 

at University of California, Davis Table 4.1), eighty marketing varieties of Almonds (Almond 

Board of California, Modesto, CA Table 4.2), pecans (cultivar Desirable, Dr. T. Thompson, 

USDAARS, Pecan Breeding and Genetics, Somerville, TX), pistachios (Paramount Farms, Inc., 

Los Angeles, CA), walnuts (Blue Diamond Growers, Sacramento, CA), and Virginia peanuts 

(VA 98R, Dr. Sean F. O’Keefe, VPI&SU, Blacksburg, VA) were gifts. Sources of other seeds 

(Brazil nuts, cashews, hazelnuts, macadamia nuts, pine nuts, Spanish peanuts, sesame seeds 

(polished white color), sunflower seeds, soybeans, and navy beans), foods, and food ingredients 

were purchased from local grocery stores and in-lab prepared as needed (partially funded by FSU 

GAP 2010-2011) and as described in Tiwari (2010). Pure native amandins (column purified, 

cryo-precipitated, and isoelectric-precipitated) were prepared according to Sathe et al. (2002), 

recombinant amandins (Pru du 6.01 and 6.02) were provided by Dr. Roux’s lab.   

Sources of chemicals and reagents, equipment, and plastic ware/glassware were as 

follows:  

The major consumables 96 well microplates 2797 (Serocluster; not treated; non-sterile; 

“U” bottom; Polyvinyl Chloride) were purchased from Corning® Inc. (Lowell, MA) and were 

partially funded by College of Human Sciences DAP 2011-2012). Electrophoresis and 

immunoblotting supplies were from Hoefer Scientific Co. (San Francisco, CA); pipette tips were 

from USA Scientific, Inc. (Ocala, FL); Ultrospec™ β100 pro UV/Visible Spectrophotometer was 

from GE Healthcare (Piscataway, NJ); and pH meter was from Corning® Inc. (Lowell, MA). 

Panasonic Microwave oven was from Panasonic Company (Secaucus, NJ); Thermolyne Oven 

was from Thermolyne Corporation, Subsidiary of Sybron Corporation, (Dubuque, IA); and 
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BioTek PowerWave™ β00 Microplate Scanning Spectrophotometer and KC4™ Software were 

from Bio-Tek Instruments, Inc, (Winooski, VT).  

PVDF membranes (0.2 µm, 20 × 20 cm sheet) were from Whatman, Inc. (Piscataway, 

NJ); Cellulose extraction thimbles (25 mm × 100 mm) and Whatman Chromatography paper 

(3MM CHR 15 × 17.5 cm) were from Whatman international Ltd. (Maidstone, UK); Protran® 

nitrocellulose membranes (NC, 0.2 µm, 200 × 3 m) were from Schleicher & Schuell Bioscience, 

Inc. (Keene, NH); and X-ray film (BioMax XAR film) was from Eastman Kodak Co. (Rocheser, 

NY).  

Horse radish peroxidase labeled goat anti-rabbit IgG, goat anti-mouse IgG (whole 

molecule) peroxidase conjugate antibody develop in goat (A4416 0.8 mg/ml), Ponceau S (P3504, 

practical grade), p-nitrophenyl phosphate (disodium salt), anti-mouse IgG (whole 

molecule)−alkaline phosphatase antibody produced in goat (Aγ65β, Lot. 050M6016, β.8 mg/ml), 

anti-rabbit IgG (whole molecule)−alkaline phosphatase antibody produced in goat, Folin-

Ciocalteu’s phenol reagent (β N), luminol (97.0%), and bovine serum albumin (BSA) were from 

Sigma Chemical Co. (St. Louis, MO).  

Chemzymes Ultra Pure acrylamide was from Polysciences, Inc. (Warrington, PA); 

TEMED (N, N, N’ N’-tetramethylenediamhe) and Bis-acrylamide were from BioRad (Hercules, 

CA); and Western Re-Probe for Stripping and Re-Probing Western blots was from G-

Biosciences (St. Louis, MO). 

 All other chemicals (ACS grade), plastic ware/glassware, Isotemp* 650D Gravity-

Convection  Standard Lab Incubators, Eppendorf  pipettes (single and multichannel), and protein 

markers including Fisher’s EZ-RUN™ Pre-Stained Rec Protein Ladder for SDS PAGE (BP3603 

is a mixture of 10 recombinant, highly purified colored proteins with the apparent molecular 

weights ranging from 10 to 170 kDa; BP3602 is a mixture of 14 highly purified recombinant 

proteins with the apparent molecular weights ranging from 10 to 200 kDa) and Amersham High 

Molecular Weight Calibration Kit for NDND PAGE (Part number 17044501 contains Bovine 

Serum Albumin 66 kDa, Lactate Dehydrogenase 140 kDa, Catalase 232 kDa, Ferritin 440 kDa, 

and Thyroglobulin 669 kDa) were purchased from VWR Scientific (West Chester, PA ) and 

Fisher Scientific Co. (Pittsburgh, PA). Several specific chemical, reagent, and equipment sources 

were indicated along with the methods. 
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Table 4.1: Genotypes and inter-species hybrids of almonds (Note: No. 51 and 52 were exhausted 
in this study). (Source: Sathe et al., 2001) 
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Table 4.2: Marketing varieties of almonds harvested in years 2003-2006 from 12 counties throughout California Central Valley (supplied by 
the Almond Board of California, Modesto) a=Growing Conditions b=sample number 

 

 
           

1 
ETH-SWTZ 

27/30 
4 SanJoaquin 6 Tulare 16 

ETH-SWTZ 

25/27 
7 Stanilaus 2 Merced 

5 SanJoaquin  15 Tulare 8 Kern 17 Stanilaus 19 SanJoaquin 3 Stanilaus 

10 Colusa 18 Merced 21 Stanilaus 25 SanJoaquin 26 Butte 9 Kern 

13 Stanilaus 22 Butte 35 Merced 33 Merced 29 Fresno 11 Fresno 

14 Merced 23 Stanilaus 40 Glenn 41 Glenn 36 Tulare 12 Butte 

24 
ETH-SWTZ 

25/27 
32 Kern 45 Madera 50 Kern 37 Merced 20 Tulare 

27 Butte 34 Madera 47 Fresno 51 Fresno 44 Kern 31 SanJoaquin 

30 Madera 39 Fresno 49 SanJoaquin 52 Butte Total 7 42 
ETH-SWTZ 

30/33 

38 Glenn 370 
05-06 

Southern CA 
53 Colusa 54 

Colusa 
 

 
46 

ETH-SWTZ 

27/30 

43 Fresno 376 
05-06 

Northern CA 
56 Butte 375 

05-06 

Central CA 
28 

ETH-SWTZ 

18/20 
Total 9 

48 Tulare 469 
27/30 

Southern CA 
365 

Supreme 04-05 

Central CA 
Total 10 374 

05-06 

Central CA 
  

 

 

GC
a
 

S
b
 

GC
a
 

S
b
 

GC
a
 

S
b
 

Nonpareil Carmel 
GC

a
 

S
b
 

GC
a
 

S
b
 

GC
a
 

S
b
 

Mission Butte Padre Price 

GC
a
 

S
b
 

Monterey 
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Table 4.2-continued 

 
      

   
 

 
 
 

55 Kern 472 
23/25 

Central CA 
372 

05-06 

Southern CA 
Total 2 367 

4 05-06 

Central CA 

366 
Supreme 05-06 

Central CA 
475 

25/27 

Northern CA 
373 

05-06 

Northern CA 

 

Total 1 

368 
3 05-06 

Central CA 
478 

27/30 

Southern CA 
457 

23/25 

Central CA 

 

369 
Supreme 23/25 

Northern CA 
Total  14 460 

23/25 

Central CA 

371 
05-06 

Southern CA 

 

463 
23/25 

Central CA 

445 
27/30 

Central CA 
466 

23/25 

Southern CA 

448 
27/30 

Central CA 
Total 17 

451 
20/22 

Southern CA 

 
454 

23/25 

Northern CA 

Total  20 

GC
a
 

S
b
 

GC
a
 

S
b
 

GC
a
 

S
b
 

Nonpareil Carmel 
GC

a
 

S
b
 

Butte 
GC

a
 

S
b
 

Monterey Sonora 
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Methods 

Procedures for Defatting of Samples, Preparation of Protein Extracts, Soluble 

Protein Determination, SDS PAGE (followed by CBBR Staining), and Western Blotting 

were described in previous chapters.  

The ELISA 

Ninty-six-well microtitre plates (Corning® Costar 2797) were coated with 50 µl rabbit 

anti-whole almond protein extract polyclonal antibodies (pAbs) in citrate buffer (48.5 mM citric 

acid, 103 mM Na2HPO4, pH 5.0, 604 ng/well) for 2 hrs at 37ºC. Coated plates were then blocked 

with 200 µl 5% (w/v) non-fat dry milk (NFDM) in Tris buffered saline (TBS-T, 10 mM Tris, 

0.9% w/v NaCl, 0.05% v/v Tween 20, pH 7.6). Plates were incubated sequentially with almond 

protein or amandin (8000 ng/ml, 4), mAb 4C10 (4 ng/well), and alkaline phosphatase-labeled 

goat anti-mouse pAb (24 ng/well) in 1% NFDM in TBS-T. The plates were washed 3× with 

TBS-T after each incubation step (37 ºC for 1 hr). Color was developed using p-nitrophenyl 

phosphate substrate [1 tablet/ 5 ml substrate buffer (0.0049% w/v MgCl2, 0.096% v/v 

diethanolamine, pH 9.8)] at 37 ºC for 30 mins and stopped by adding 50 µl/well 3 M NaOH. 

Plates were read at 405nm in an ELISA reader (model EL 307, Bio-Tek Instruments Inc., 

Riverton, NJ) and KC4 software were used to analyze data and generate four parameter curve for 

quantification. 

Dot Immunoblotting 

Protein extracts were spotted (0.5 µg) on NC [Schleicher & Schuell Bioscience, Inc. 

(Keene, NH)] followed by blocking, washing, primary Abs incubation, washing, enzyme labeled 

secondary Ab reaction, and development as described in Western blotting. In inhibition blotting, 

it was considered that the native and recombinant forms to be substantially equivalent if the 

recombinant proteins inhibit ≥ 90% of the signal. 

Effects of genotype, hybrid, variety, and growing conditions 

Fifty-eight (Table 4.1 except for No. 51 and 52) almond genotypes and hybrids obtained 

from the experimental almond germplasm collection at University of California, Davis and 

eighty marketing varieties (Table 4.2) harvested in years 2003-2006 from 12 counties throughout  

California Central Valley supplied by the Almond Board of California, Modesto were assessed 

by 4C10 sandwich ELISA. R = concentration at the 50% of the maximum signal for the 
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sample/concentration at the 50% of the maximum signal for the reference (Nonpareil Supreme 

almond) was determined and the mean ± SEM was reported. 

Immunoreactivity comparison of native amandin and its recombinant counterparts 

Pru du 6.01 and Pru du 6.02 

(A). Amandins (AMPs) Purification 

Aqueous extracts of the defatted almond flours were obtained as described in the 

previous chapter. Anion exchange and gel filtration chromatography, cryo-precipitation, and 

isoelectric precipitation of native amandins (Col AMP, Cryo AMP, and pI AMP respectively) 

were prepared using standard techniques as described by Sathe et al. (2002). 

(B). Recombinant amandins (Pru du 6.01 and 6.02) production   

Pru du 6.01 and 6.02 were expressed in Rosetta cells in order to facilitate disulfide bonds 

formation and provided by Dr. Roux’s lab. 

(C) Immunoreactivity comparison 

Native amandins and Pru du 6.01 and 6.02 were assessed quantitatively by sandwich 

ELISA and qualitatively by SDS PAGE, Western blotting, and dot blotting to visualize protein 

profile and immunoreactivity (against 4C10). ELISA experiments were performed in duplicate in 

two different plates each day in four different days. R (mean ± SEM) was reported. 

 Effects of processing 

Whole Nonpareil Supreme almond seeds were subjected to autoclaving (121 °C, 15 psi, 5 

and 30 min), blanching (100 °C, 3 and 10 min), frying (191 °C, 1 and 2 min), microwaving (500 

W, 1 and 3 min),  and dry roasting (140 °C and 160 °C, 30 min each and 168 °C and 177 °C, 12 

min each).  

(A). Autoclaving: Sample almonds were placed in an autoclave at 121 °C, 15 psi, for 5 

and 30 min.  Autoclaved samples were air dried at RT in a fume hood until a constant weight 

was obtained. 

(B). Blanching: Sample almonds were exposed to moist heat in boiling water at 100 °C 

for 3 and 10 min.  The ratio of nut seeds to water was 1:10 w/v.  Samples were air dried at RT in 

a fume hood until constant weight.  

(C). Frying: Sample almonds were fried in vegetable oil (191 °C) for 1 and 3 min.  The 

ratio of nut seeds to oil was 1:10 w/v.  Samples were air dried at RT in a fume hood until 

constant weight. 
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(D). Microwaving:  Almonds were placed in a Panasonic Microwave oven at 50% power 

(500 Watts) for 1 and 3 min. 

(E). Dry roasting:  Sample almonds were placed in aluminum plates and subjected to 

roasting in an oven previously set at 140 °C and 160 °C (for 30 min each), and at 168 °C and 177  

°C (for 12 min each).  

(F). Dry roasting with sugars: whole almond seeds and flour were roasted at 170 °C for 

20 minutes with 2, 5, 10, and 20% high fructose corn syrup (HFCS) or sucrose.  

(G). pH exposure: defatted almond flour was extracted for 1 h in distilled (DI) water at 

flour to water ratio of 1:10 w/v and the pH of the slurry adjusted with 1.0 M NaOH or 1.0 M HCl 

to a desired value (pH 1 through 13, each at 1 pH unit interval). After holding the slurry at the 

adjusted pH for 1 h, half of each sample was neutralized to pH 7 and the other half was used as 

such. Processed samples were assessed quantitatively by sandwich ELISA and qualitatively by 

SDS PAGE and Western blotting to visualize protein profile and immunoreactivity. 

Effects of Storage 

Flours prepared from several varieties (California, Carmel, and Mission from Blue 

Diamond® Growers, Sacramento) of unprocessed and processed almonds (whole blanched, 

blanched sliced, dry roasted whole, and dry roasted whole blanched) were stored (03/31/1999) at 

RT (~22 °C). Defatted flour and Buffered Saline Borate (BSB; 0.1 M H3BO3, 0.025 M Na2B4O7, 

0.075 M NaCl, pH 8.45) protein extracts prepared from the Nonpareil variety and the genotypes 

and interspecies hybrids (fifty-eight types from the experimental almond germplasm collection at 

UC- Davis) were stored (04/21/2000) in the freezer at -20 °C. The BSB soluble protein (the 

Bradford method) aliquots were adjusted to 20 mg protein/ml, Glycerol was added to the BSB 

extracts (final concentration 50% v/v) prior to storage (08/08/2009) at 4 °C or -20 °C, either with 

or without 0.02% (w/v) sodium azide (NaN3). Stored samples were assessed quantitatively by 

sandwich ELISA and/or qualitatively by SDS PAGE and Western blotting to visualize protein 

profile and immunoreactivity. 

Effects of Lipids 

Immunoreactivity of protein extracts prepared using full fat and defated Nonpareil 

Supreme almond seed flours was compared by 4C10 sandwich ELISA. Subsequently eighty 

marketing almond varieties harvested in years 2003 to 2006 from 12 counties throughout the 

California Central Valley provided by the Almond Board of California, Modesto; were similarly 



94 
 

examined. Lastly, Nonpareil almond whole seeds,  full fat and defatted seed flour was roasted 

(170 °C, 20 min) in the presence of high fructose corn syrup or sucrose at 2, 5, 10, and 20% 

(final concentration) and examined.  

Effects of Food Matrices 

Foods and food ingredients containing known amounts of almond were used to assess the 

effects of food matrices on the ability to detect and quantify amandin in almonds.  Specifically, 

50ng/ml (final concentration) of almond protein aliquots was spiked in food matrices extracted in 

BSB (1:10 w/v) for 1h at RT with constant mechanical shaking followed by centrifugation 

(16100 g, 10 min, RT) and the supernatants were diluted appropriately with 1% NFDM in TBST 

according to its abundance in foods.  Tested food matrices include grape seed tannin (1:1000), 

corn starch (1:100), all-purpose spice mix (1:1000), salt (1:1000), cinnamon (1:1000), corn 

(1:100), raisin bran whole mix (1:1), multigrain cereal (1:1), all-purpose wheat flour (1:1), milk 

chocolate (1:100), sugar (1:100), baking powder (1:1000), apricot (1:100), soybean (1:1), 

macadamia (1:100), and green salad mix (1:1). 4C10 sandwich ELISA was used to examine 

amandin recovery and the effects of food matrices on the assay. 

Statistical Analysis 

All ELISA experiments were performed at least in triplicate and results were calculated 

using Microsoft Excel 2010 and data were typically reported as mean ± standard error of the 

mean (SEM). One-way ANOVA was performed with SPSS software (19.0 for Windows, SPSS 

Inc., Chicago, IL) to compare means for difference among three or more treatment groups. Post-

hoc analysis was performed using Fisher’s Least Significant Difference (LSD). Paired T-test was 

used to compare two means. Significance was accepted at P ≤ 0.05.  

 

Results and Discussion  

Effects of genotype, hybrid, variety, and growing conditions 

These results indicate that the ELISA could readily detect amandin in all tested genotypes 

(Figure 4.1) and marketing varieties harvested from different locations/various years (Figure 

4.2). The ratio (R) =concentration at 50% of the maximum signal of the sample/that of 50% of 

the maximum signal of the reference (Nonpareil Supreme almond protein extract). The R values 

were 2.67 ± 0.09 (n=174) for genotypes and hybrids and 1.71 ± 0.10 (n=240) for almond 

varieties  respectively. The R value of the tested samples differed significantly (up to 8-fold)  
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Figure 4.1: The ELISA for almond genotypes and hybrids. Genotypes and hybrid numbers are 
the same as those in Table 4.1. 0=reference aqueous extract from Nonpareil almond (different 
from genotype 26). Data are expressed in relation to the reference designated as 1.0. 
*=Significantly different from the reference (p<0.05, LSD=0.79) 

 

 

indicative of amandin content and immunoreactivity of almonds due to genetic diversity, 

hybridization, variety, and growing conditions.  

Collected data suggest that the ELISA can be used to quantitatively detect the presence of 

amandin regardless of the almond genotype and variety. Growing conditions such as location, 

weather, and the year of harvest significantly affected amandin content and thus 

immunoreactivity. Amandin is again shown to be an excellent marker molecule for detection of 

the presence almond. 

Immunoreactivity comparison of native amandin and its recombinant counterpart Pru du 

6.01 and Pru du 6.02 

The immunoreactivity of each amandin by the ELISA was shown in Table 4.3. Of all 

amandins prepared by different methods, Pru du 6.01 was significantly less immunoreactive (~20 

times) than the native AMPs, Pru du 6.02 was not detectable by mAb 4C10 suggesting non-

identical amandin structures. Moreover, 39% Col. AMP, 65% Cryo AMP, 61% pI AMP, and 

100% whole almond protein were equal to each other in terms of immunoreactivity. This agrees 

with the finding by Sathe et al. (1993) and Wolf and Sathe (1998) that amandin accounts for 

~65% of the total soluble proteins in almond seeds. The results indicate that the ELISA can 

detect native AMPs and recombinant Pru du 6.01. SDS PAGE, Western blots and dot blots 

reveal the results to be consistent with those using ELISA (Figure 4.3). 
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Figure 4.2: The ELISA for almond varieties. Sample number is the same as those in Table 4.2. 0=reference 
aqueous extract from Nonpareil almond. Data are expressed in relation to the reference designated as 1.0. 
*=Significantly different from reference (p<0.05, LSD=0.28) 
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Table 4.3: Immunoreactivity of native and recombinant amandins using the ELISAa 

Almonds                         
Concentration at 50% 

Max. Signal (ng/ml)  
R 

Whole Almond 37.91 ± 3.62 1.00 ± 0.00 

pI AMP 21.72 ± 2.18 0.61 ± 0.05 

Cryo AMP 23.15 ± 2.43 0.65 ± 0.05 

Col. AMP 13.58 ± 1.90 0.39 ± 0.05 

Pru du 6.01 738.37 ± 152.82 19.64 ± 3.42 

Pru du 6.02 NRc NRc 

LSDb 4.25 
a Data are expressed as mean ± SEM (n=16). b LSD = Fisher’s Least Significant Difference, the differences 
between means exceeding this value are significant (p = 0.05). c NR=no reaction 

 

 

 

Effects of processing 

 Thermal processing  

The R values (mean ± SEM) were 1.23 ± 0.09 (n=72, Table 4.4) for thermally processed 

samples and 17.77 ± 3.48 (n=48, Table 4.5) for samples subjected to thermal processing in the 

presence of sugars, indicative of immunoreactivity retention of almonds following simple food 

processing treatments and significant almond immunoreactivity modification by sugars during 

dry roasting possibly due to glycation. Processing may modify or destruct epitopes on amandin 

resulting in the increase, reduction, and/or elimination of immunoreactivity (Sathe et al., 2005). 

Amandin belongs to the cupin superfamily and proteins from this family are known to be heat 

stable with the formation of immunogenicity-enhancing aggregates (Breiteneder and Mills, 

2005). Albillos et al. (2009) observed no major changes in the secondary structure of amandin up 

to 90 C, although protein aggregation happened during thermal processing. Dry roasting in corn 

syrup (or sucrose) reduced the soluble protein content as measured by Lowry protein 

determination and protein immune-reactivity, yet the ELISA assay can detect the presence of 

almond protein after processing. 
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Figure 4.3: SDS PAGE, Western blots, and dot blots of amandins at the absence (A) and 
presence (B) of 2% (v/v) -ME. (a) 12% SDS PAGE (b) Ponceau S. staining of proteins 
transferred to 0.2 µm nitrocellulose membrane (NC) from 12% SDS PAGE (c) Western blots 
probed by mAb 4C10 (protein load was 15 µg each) (d) Dot blots probed by mAb 4C10 
(protein load was 1 µg each). S: protein standards, Pru du 6.01 and 6.02: isoforms of 
recombinant amandins, Col. AMP: Column AMP, Cryo AMP: Cryo precipitated AMP, pI 
AMP: Isoelectric precipitated AMP, WA: Whole almond BSB-extract 
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Table 4.4: Effects of thermal processing on amandin immunoreactivity as assessed by the 

ELISA.a  UP-Unprocessed; A1,A2-Autoclaving 121 C for 5 and 30 min; B1,B2-Blanching 100 

C for 3 and 10 min; F1,F2-Frying 191 C for 1 and 2 min; M1,M2-Microwave 500W for 1 and 

3 min; R1,R2-Roasting 140 and 160 C for 30 min; R3,R4-Roasting 168 and 172 C for 12 min. 
LSD= Least significant difference (p =0.05) 

Process Mean ±SEM  

UP 1.00 ± 0.00 

A1 0.91 ± 0.07 

A2 1.11 ± 0.07 

B1 0.74 ± 0.08 

B2 0.72 ± 0.07 

F1 0.93 ± 0.10 

F2 1.25 ± 0.16 

M1 0.91 ± 0.04 

M2 0.99 ± 0.01 

R1 1.20 ± 0.28 

R2 3.44 ± 0.61 

R3 1.57 ± 0.33 

R4 0.97 ± 0.12 

LSDb 0.61 
a R value = ratio (mean ± SEM) of concentration at 50% maximum signal for processed to unprocessed, n=6 each. b 
LSD=Fisher’s Least Significant difference, differences between two means exceeding LSD value are significant (p 
=0.05). 

 

 

Table 4.5: Effects of thermal processing in the presence of sugars on amandin immunoreactivity 
as assessed by the ELISA.a UP-Unprocessed; DFF (=Defatted flour) and DFS (=Defatted seeds) 

were roasted with 2, 5, 10, or 20% corn syrup or sucrose at 170 C for 20 min  

Process Mean ±SEM  Process Mean ±SEM  

UP 1.00 ± 0.00         

DFF (2% syrup) 16.53 ± 1.63 DFS (2% syrup) 1.78 ± 0.16 

DFF (5% syrup) 56.95 ± 5.49 DFS (5% syrup) 14.49 ± 0.89 

DFF (10% syrup) 69.71 ± 5.42 DFS (10% syrup) 5.11 ± 0.13 

DFF (20% syrup) 69.24 ± 9.60 DFS (20% syrup) 3.60 ± 0.21 

DFF (2% sucrose) 10.60 ± 1.12 DFS (2% sucrose) 5.67 ± 0.50 

DFF (5% sucrose) 9.83 ± 0.76 DFS (5% sucrose) 3.91 ± 0.38 

DFF (10% sucrose) 6.10 ± 0.26 DFS (10% sucrose) 3.60 ± 0.04 

DFF (20% sucrose) 4.48 ± 0.37 DFS (20% sucrose) 2.74 ± 0.05 

LSD 8.44 
a R value = ratio of concentration at 50% maximum signal for processed to unprocessed, n=3 each. b LSD= Least 
significant difference. Differences between two means exceeding LSD value are significant (p =0.05). 
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Non-thermal processing: pH exposure 

The ELISA results (Table 4.6) suggest the immunoreactivity of protein extracts from 

almond flour slurry at pH 1-4 decreased mainly due to a decrease in amandin solubility. 

Neutralization of slurry to pH 7 before collecting the supernatant allowed precipitated proteins to 

be recovered and thus facilitated amandin quantification at all tested pH values. SDS PAGE and 

Western blots (Figure 4.4) reveal qualitative changes in protein profile and immunoreactivity 

respectively; both were consistent with the ELISA results. Overall, regardless of the processing 

conditions to which almonds were subjected, the ELISA could detect amandin under the 

experimental conditions used. 

 

 

Table 4.6: Effects of non-thermal processing on amandin immunoreactivity as assessed by the 
ELISA.a BSB-Control; pH 1-13-pH of extraction; Neutralization-pH adjusted to pH 7.0 after 
extraction; NR-No Reaction  

NO Neutralization Neutralization 

pH Mean ±SEM  pH Mean ±SEM  

BSB (pH 8.45) 1.00 ± 0.00         

1 NR 1 65.14 ± 4.18 

2 NR 2 81.99 ± 6.83 

3 NR 3 73.83 ± 13.07 

4 NR 4 3.84 ± 0.26 

5 84.55 ± 10.22 5 1.79 ± 0.13 

6 31.97 ± 5.18 6 2.17 ± 0.19 

7 12.66 ± 4.22 7 5.40 ± 1.24 

8 2.09 ± 0.03 8 4.96 ± 1.37 

9 1.32 ± 0.10 9 3.06 ± 0.42 

10 1.36 ± 0.14 10 3.29 ± 1.11 

11 1.11 ± 0.10 11 0.92 ± 0.20 

12 1.73 ± 0.20 12 1.57 ± 0.22 

13 90.54 ± 6.66 13 51.29 ± 13.57 
a R value = ratio of concentration at 50% maximum signal for processed to unprocessed, n=3 each 
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Figure 4.4: SDS PAGE and Western blots of almond proteins on pH (1-13) exposure with No 
neutralization (A) and with neutralization (B). (a) 8-25% SDS PAGE (non-reducing) (b) 
Western blots of proteins transferred to 0.2 µm nitrocellulose membrane (NC) from 8-25% SDS 
PAGE and probed by mAb 4C10.  S: protein standards, BSB: almond proteins extracted in 
BSB, pH 1-13: almond proteins extracted in pH 1-13 respectively. Protein load was 15 µg each 

 

 

 

Effects of Storage 

Stored in full fat flour form 
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Table 4.7: Effects of long-term storage (11 years and 8 months) on amandin immunoreactivity as 
assessed by the ELISA.a W=whole, N=natural, B=blanched, S=sliced, DR=dry roasted 

Samples Mean ±SEM  Samples Mean ±SEM  

Nonpareil (control) 1.00 ± 0.00         

Nonpareil (W, N) 1.13 ± 0.04 Carmel (W, N) 1.32 ± 0.21 

Nonpareil (W, B) 0.97 ± 0.14 Carmel (W, B) 0.72 ± 0.04 

Nonpareil (S, B) 0.69 ± 0.07 Carmel (S, B) 0.69 ± 0.06 

Nonpareil (W, N, DR) 1.22 ± 0.07 Carmel (W, N, DR) 1.30 ± 0.18 

Nonpareil (W, B, DR) 1.16 ± 0.10 Carmel  (W, B, DR) 1.32 ± 0.22 

California(W, N) 0.64 ± 0.03 Mission (W, N) 1.29 ± 0.12 

California(W, B) 0.65 ± 0.10 Mission (W, N, DR) 0.96 ± 0.11 

California(S, B) 0.85 ± 0.07 

 

California(W, N, DR) 2.46 ± 0.16 

California(W, B, DR) 0.82 ± 0.11 

LSDb 0.33 
a R value=ratio of concentration at 50% maximum signal for stored almonds to fresh Nonpareil almond control , n=3 
each). b LSD= Least significant difference. Differences between two means exceeding LSD value are significant(p 
=0.05). 

 

 

Stored in defatted flour vs BSB-extract form 

 

 

Table 4.8a: Effects of long-term storage (10 years and 7 months) on amandin immunoreactivity 
as assessed by the ELISA.a Genotypes and hybrid numbers are the same as those in Table 4.1  

Samples 
Defatted flour BSB-extract 

Mean ±SEM  Mean ±SEM  

Nonpareil (control) 1.00 ± 0.00       

1 1.40 ± 0.19 1.17 ± 0.26 

2 2.03 ± 0.37 1.79 ± 0.25 

3 4.22 ± 0.38 2.53 ± 0.47 

4 2.29 ± 0.16 1.39 ± 0.11 

5 3.17 ± 0.44 3.43 ± 0.23 

6 2.53 ± 0.16 1.01 ± 0.03 

7 1.75 ± 0.04 1.26 ± 0.05 

8 3.03 ± 0.22 1.73 ± 0.03 

9 1.86 ± 0.06 1.17 ± 0.21 
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Table 4.8a-continued 

Samples 
Defatted flour BSB-extract 

Mean ±SEM  Mean ±SEM  

10 1.70 ± 0.41 1.66 ± 0.07 

11 1.99 ± 0.41 1.71 ± 0.12 

12 3.14 ± 0.13 1.04 ± 0.04 

13 1.99 ± 0.06 1.36 ± 0.07 

14 2.80 ± 0.27 2.56 ± 0.15 

15 6.12 ± 0.40 2.16 ± 0.06 

16 4.54 ± 0.96 3.86 ± 0.43 

17 2.57 ± 0.26 2.04 ± 0.24 

18 5.95 ± 0.28 2.59 ± 0.16 

19 2.81 ± 0.29 1.50 ± 0.04 

20 2.24 ± 0.30 1.24 ± 0.02 

21 2.16 ± 0.15 1.00 ± 0.27 

22 3.68 ± 0.06 2.47 ± 0.13 

23 1.76 ± 0.16 1.76 ± 0.24 

24 2.21 ± 0.07 1.49 ± 0.16 

25 2.21 ± 0.12 1.02 ± 0.01 

26 2.20 ± 0.04 1.05 ± 0.12 

27 1.16 ± 0.07 0.79 ± 0.04 

28 2.57 ± 0.32 1.33 ± 0.21 

29 2.03 ± 0.04 0.85 ± 0.04 

30 1.72 ± 0.19 1.15 ± 0.12 

31 1.81 ± 0.16 0.86 ± 0.06 

32 1.47 ± 0.12 0.89 ± 0.06 

33 2.76 ± 0.04 1.02 ± 0.03 

34 2.39 ± 0.06 1.17 ± 0.06 

35 2.24 ± 0.31 2.42 ± 0.20 

36 1.41 ± 0.17 0.84 ± 0.05 

37 3.48 ± 0.33 3.14 ± 0.44 

38 2.56 ± 0.08 0.83 ± 0.02 

39 2.82 ± 0.09 1.08 ± 0.02 

40 2.40 ± 0.12 1.78 ± 0.14 

41 2.26 ± 0.11 2.43 ± 0.09 

42 1.01 ± 0.03 0.65 ± 0.01 

43 2.38 ± 0.30 1.82 ± 0.18 
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Table 4.8a-continued 

Samples 
Defatted flour BSB-extract 

Mean ±SEM  Mean ±SEM  

44 2.19 ± 0.34 1.83 ± 0.18 

45 3.70 ± 0.04 2.20 ± 0.07 

46 2.22 ± 0.23 2.02 ± 0.14 

47 1.56 ± 0.13 1.36 ± 0.04 

48 2.04 ± 0.19 2.91 ± 0.10 

49 3.08 ± 0.19 1.84 ± 0.05 

50 3.28 ± 0.30 1.76 ± 0.01 

53 2.60 ± 0.33 2.11 ± 0.32 

54 3.44 ± 0.22 1.41 ± 0.56 

55 1.77 ± 0.23 1.21 ± 0.09 

56 4.01 ± 0.22 2.81 ± 0.23 

57 6.41 ± 1.03 1.97 ± 0.35 

58 3.58 ± 0.21 2.55 ± 0.10 

59 2.59 ± 0.15 1.65 ± 0.11 

60 3.58 ± 0.10 1.81 ± 0.16 
a R value= ratio of concentration at 50% maximum signal for stored almonds (in defatted flour form vs in BSB-
extract) to fresh Nonpareil almond control , n=3 each. 

 

 

   Table 4.8b: Paired T-test of the ELISA results 
 

 

 

 

 

 

 

 

 

 

 

 

 

0 0 0 0 

Mean N

Std. 

Deviation

Std. Error 

Mean

Defatted Flour 2.6708 174 1.18662 .08996

BSB-extract 1.7012 174 .75953 .05758

Paired Samples Statistics

 

Pair 1

Lower Upper

Pair 1 Flour - 

BSBextract

.96960 1.04823 .07947 .81275 1.12645 12.201 173 .000

Paired Samples Test

 

Paired Differences

t df

Sig. (2-

tailed)Mean

Std. 

Deviation

Std. Error 

Mean

95% Confidence 

0 

0 

0 
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Stored in BSB extracts form with temperature and preservative control 

 

 

Table 4.9: Effect of long-term storage (2 years and 4 months) on amandin immunoreactivity as 

assessed by the ELISA.a 1: BSB-extract stored without NaN3 at 4C, 2: BSB-extract stored 

without NaN3 at -20C, 3: BSB-extract stored with NaN3 at 4C, 4: BSB-extract stored with 

NaN3 at -20C 

Stored samples Mean ±SEM  Stored samples Mean ±SEM  

Nonpareil (control) 1.00 ± 0.00 
    1 0.57 ± 0.02 2 0.63 ± 0.02 

3 0.88 ± 0.07 4 0.63 ± 0.03 

LSDb 0.11 
a R value= ratio of concentration at 50% maximum signal for stored almonds (in BSB-extract form with temperature 
and preservative control) to fresh Nonpareil almond control , n=5 each. b LSD= Least significant difference. 
Differences between two means exceeding LSD value are significant(p =0.05). 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Figure 4.5: SDS PAGE and Western blots for stored almond BSB-extracts in the absence of 2% 
(v/v) -ME. Left: 12% SDS PAGE, middle: Ponceau S. staining of proteins transferred to 0.2 
µm nitrocellulose membrane (NC) from 12% SDS PAGE, right: Western blots probed by mAb 
4C10 (protein load was 15 µg each). S: protein standards, BSB: fresh whole almond BSB-

extract (control), 1: BSB-extract stored without NaN3 at 4C, 2: BSB-extract stored without 

NaN3 at      -20C, 3: BSB-extract stored with NaN3 at 4C, 4: BSB-extract stored with NaN3 

at -20C 
 

 



106 
 

These data collected from several almond varieties subjected to various storage 

conditions (Table 4.7, Table 4.8a, Table 4.8b, and Table 4.9) suggest that amandin post long-

term (2.5-11.5 years) storage can be detected by the ELISA used. Furthermore, amandin is 

immunologically stable to storage regardless of forms and conditions of storage. Although nut 

lipids, glycerol, and temperature of storage may affect amandin immunoreactivity to an extent, 

this effect did not inhibit the detection by the ELISA. SDS PAGE and Western blots reveal 

qualitatively similar results compared to those by the ELISA (Figure 4.5).  

Effects of Lipids 

Immunoreactivity of defatted and full fat Nonpareil almonds  

The defatted Nonpareil almond samples registered concentration (mean ± SEM) at 50% 

of the maximum possible signal at 39.46 ± 0.54 ng/ml (n=510) which was significantly lower (p 

< 0.05) than that of the full fat counterpart (60.27 ± 2.54 ng/ml, n=123) and thus indicative of 

increased concentration of the targeted protein (amandin) in the defatted almond. However, this 

change does not preclude amandin detection by an order of magnitude and the detection range 

for the optimized assay.  

Immunoreactivity of defatted and full fat marketing variety of almonds 

 

 

Table 4.10a: Effects of almond lipids on amandin immunoreactivity as assessed by the ELISAa 
Almond marketing variety numbers are the same as those in Table 4.2 

Samples 
DF FF 

Mean ±SEM  Mean ±SEM  

Nonpareil (control) 1.00 ± 0.00       

365 1.25 ± 0.04 0.76 ± 0.04 

366 1.47 ± 0.13 0.85 ± 0.11 

367 1.63 ± 0.13 1.44 ± 0.02 

368 1.10 ± 0.10 0.95 ± 0.10 

369 1.31 ± 0.17 0.72 ± 0.03 

370 0.95 ± 0.09 0.68 ± 0.07 

371 1.24 ± 0.03 1.09 ± 0.15 

372 1.14 ± 0.09 0.91 ± 0.05 

373 1.21 ± 0.06 0.75 ± 0.04 

374 2.43 ± 0.03 1.31 ± 0.04 

375 1.34 ± 0.10 1.11 ± 0.14 
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Table 4.10a-continued 

Samples 
DF FF 

Mean ±SEM  Mean ±SEM  

376 1.11 ± 0.11 0.66 ± 0.07 

445 1.64 ± 0.02 1.09 ± 0.02 

448 0.99 ± 0.04 1.45 ± 0.11 

451 1.14 ± 0.12 1.40 ± 0.11 

454 1.45 ± 0.09 1.15 ± 0.04 

457 1.18 ± 0.12 1.09 ± 0.04 

460 0.88 ± 0.10 1.14 ± 0.19 

463 1.00 ± 0.09 1.61 ± 0.06 

466 0.98 ± 0.07 0.67 ± 0.03 

469 1.54 ± 0.12 0.80 ± 0.03 

472 1.22 ± 0.08 0.95 ± 0.07 

475 0.84 ± 0.09 0.93 ± 0.11 

478 0.78 ± 0.10 0.89 ± 0.08 

1 1.62 ± 0.01 0.97 ± 0.07 

2 0.96 ± 0.04 1.08 ± 0.09 

3 1.85 ± 0.15 1.13 ± 0.02 

4 1.47 ± 0.03 0.85 ± 0.06 

5 4.36 ± 0.14 1.53 ± 0.09 

6 1.45 ± 0.07 0.88 ± 0.04 

7 0.72 ± 0.11 0.98 ± 0.13 

8 0.77 ± 0.10 1.05 ± 0.02 

9 0.62 ± 0.07 1.23 ± 0.04 

10 1.64 ± 0.10 1.41 ± 0.10 

11 2.03 ± 0.10 1.27 ± 0.09 

12 2.09 ± 0.04 1.32 ± 0.06 

13 1.03 ± 0.00 1.59 ± 0.04 

14 0.83 ± 0.05 1.21 ± 0.02 

15 1.23 ± 0.06 1.11 ± 0.08 

16 1.27 ± 0.02 1.96 ± 0.31 

17 1.20 ± 0.16 3.30 ± 0.48 

18 0.87 ± 0.03 2.24 ± 0.15 

19 1.97 ± 0.05 1.21 ± 0.12 

20 4.42 ± 0.24 1.62 ± 0.18 

21 2.38 ± 0.13 1.79 ± 0.07 
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Table 4.10a-continued 

Samples 
DF FF 

Mean ±SEM  Mean ±SEM  

22 3.23 ± 0.02 1.02 ± 0.07 

23 1.14 ± 0.05 0.83 ± 0.02 

24 1.91 ± 0.06 0.96 ± 0.01 

25 5.31 ± 0.01 1.41 ± 0.06 

26 1.22 ± 0.01 1.24 ± 0.03 

27 1.54 ± 0.06 1.49 ± 0.01 

28 1.84 ± 0.06 1.51 ± 0.14 

29 1.31 ± 0.09 1.42 ± 0.05 

30 1.83 ± 0.12 1.50 ± 0.10 

31 1.99 ± 0.06 1.43 ± 0.04 

32 1.84 ± 0.03 2.82 ± 0.28 

33 2.23 ± 0.21 1.88 ± 0.10 

34 1.58 ± 0.02 1.65 ± 0.13 

35 1.98 ± 0.07 1.26 ± 0.08 

36 1.21 ± 0.26 1.05 ± 0.02 

37 1.45 ± 0.06 1.82 ± 0.09 

38 2.00 ± 0.15 2.34 ± 0.14 

39 1.02 ± 0.06 1.79 ± 0.09 

40 1.19 ± 0.00 1.44 ± 0.04 

41 3.06 ± 0.02 1.33 ± 0.14 

42 2.19 ± 0.04 1.70 ± 0.19 

43 1.30 ± 0.13 1.42 ± 0.07 

44 1.30 ± 0.19 0.89 ± 0.06 

45 1.37 ± 0.02 1.31 ± 0.05 

46 1.54 ± 0.06 1.46 ± 0.02 

47 1.38 ± 0.06 1.21 ± 0.06 

48 3.45 ± 0.26 1.80 ± 0.16 

49 3.19 ± 0.10 1.39 ± 0.06 

50 4.48 ± 0.05 1.86 ± 0.07 

51 1.52 ± 0.05 1.52 ± 0.02 

52 2.64 ± 0.03 1.63 ± 0.13 

53 1.27 ± 0.05 1.24 ± 0.13 

54 2.75 ± 0.02 1.31 ± 0.03 



109 
 

 

Table 4.10a-continued 

Samples 
DF FF 

Mean ±SEM  Mean ±SEM  

55 2.82 ± 0.05 1.35 ± 0.02 

56 2.46 ± 0.19 1.24 ± 0.06 
a R value=ratio of concentration at 50% maximum signal for defatted (DF) or full fat (FF) marketing variety of 
almonds to fresh defatted (DF) Nonpareil almond control , n=3 each. 

 
 
 
 

Table 4.10b: Paired T-test of the ELISA results  

Paired Samples Statistics 

  
Mean N 

Std. 
Deviation 

Std. Error 
Mean 

Pair 
1 

DF 1.7143 240 .92589 .05977 

FF 1.3206 240 .47918 .03093 

Paired Samples Test 

 

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Std. 
Deviation 

Std. Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Pair 
1 

DF-
FF 

.39362 .93838 .06057 .27430 .51295 6.498 239 .000 

 

 

 

Paired sample t-test results (Table 4.10a and Table 4.10b)  reveal a mean ratio difference 

between the eighty FF and DF marketing variety almonds of 0.39 ± 0.06 (n=240), suggesting that 

while almond lipids reduced amandin detection by the ELISA, they do not inhibit the detection 

of amandin. 

Immunoreactivity of defatted and full fat Nonpareil almonds cooked in the presence 

of sugars  
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Table 4.11a: Effects of almond lipids on amandin immunoreactivity as assessed by the ELISAa 
UP-Unprocessed Nonpareil almond control; DFF (=Defatted flour), DFS (=Defatted seeds), FFF 
(=Full fat flour), and FFS (=Full fat seeds) were roasted with 2, 5, 10, or 20% corn syrup or 

sucrose at 170 C for 20 min 

DF Mean ±SEM FF Mean ±SEM 

UP 1.00 ± 0.00 
    

DFF (2% syrup) 16.53 ± 1.63 FFF (2% syrup) 30.04 ± 3.89 

DFF (5% syrup) 56.95 ± 5.49 FFF (5% syrup) 112.19 ± 35.41 

DFF (10% syrup) 69.71 ± 5.42 FFF (10% syrup) 245.11 ± 84.46 

DFF (20% syrup) 69.24 ± 9.60 FFF (20% syrup) 95.53 ± 22.98 

DFF (2% sucrose) 10.60 ± 1.12 FFF (2% sucrose) 16.59 ± 5.68 

DFF (5% sucrose) 9.83 ± 0.76 FFF (5% sucrose) 9.24 ± 4.79 

DFF (10% sucrose) 6.10 ± 0.26 FFF (10% sucrose) 4.97 ± 0.13 

DFF (20% sucrose) 4.48 ± 0.37 FFF (20% sucrose) 3.38 ± 0.08 

DFS (2% syrup) 1.78 ± 0.16 FFS (2% syrup) 1.51 ± 0.05 

DFS (5% syrup) 14.49 ± 0.89 FFS (5% syrup) 7.38 ± 1.54 

DFS (10% syrup) 5.11 ± 0.13 FFS (10% syrup) 466.24 ± 111.02 

DFS (20% syrup) 3.60 ± 0.21 FFS (20% syrup) 0.42 ± 0.03 

DFS (2% sucrose) 5.67 ± 0.50 FFS (2% sucrose) 7.12 ± 0.66 

DFS (5% sucrose) 3.91 ± 0.38 FFS (5% sucrose) 5.19 ± 0.15 

DFS (10% sucrose) 3.60 ± 0.04 FFS (10% sucrose) 15.03 ± 3.89 

DFS (20% sucrose) 2.74 ± 0.05 FFS (20% sucrose) 3.19 ± 0.84 
a R value=ratio of concentration at 50% maximum signal for Defatted (DF) or full fat (FF) Nonpareil almonds 
cooking with sugars to fresh defatted (DF) Nonpareil almond control , n=3 each. 

 

 

Table 4.11b: Paired T-test of the ELISA results 

Paired Samples Statistics 

 
Mean N 

Std. 
Deviation 

Std. Error 
Mean 

Pair 1 
DF 17.7702 48 23.99304 3.46310 

FF 63.9460 48 133.22686 19.22964 

Paired Samples Test 

 

Paired Differences 

t df 
Sig. 
(2-

tailed) Mean 
Std. 

Deviation 
Std. Error 

Mean 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 

Pair 
1 

DF - 
FF 

-46.17 127.68 18.42 -83.25 -9.10 -2.50 47 0.016 
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The immunoreactivity of samples subjected to thermal processing in the presence of 

sugars, with or without lipids, revealed a 3.6 fold increase (Table 4.11a and Table 4.11b) for the 

R (full fat samples) compared to those of the defatted samples. The results indicated an influence 

of lipids on almond immunoreactivity detectable by the ELISA. As can be seen from the table, 

roasting almond flour with sugar does significantly decrease immunoreactivity (i.e. importance 

of Maillard reaction in immunoreactivity). Thus the use of Hunter color color difference meter to 

determine L, a, b values of processed samples to describe the extent of Maillard reaction would 

be helpful [LabScan® XE spectrophotometer, Hunter Associates Laboratory, Inc. (Reston, VA)). 

Presence of lipids reduces Maillard reaction effect as contact between protein and sugar is 

reduced. However, the ELISA can quantitate amandin even in the presence of lipids.  

Effects of Food Matrices 

The results from recovery experiments indicate the ELISA was able to detect 3.25 

ng/well (0.05 ppm) of whole almond protein (equal to 2.11 ng/well amandin) in all the tested 

properly diluted food matrices (Table 4.12), however, similar to what was observed by Tiwari et 

al. (2010), significant matrix effects caused amandin over- or under-estimation in the spiked 

samples due to unveiling or masking of epitopes by food matrix components and/or interaction 

between food matrix components and assay reagents were shown in Table 4.12. Further studies 

on over- or under-estimation of matrix on the ELISA are therefore warranted.  

 
 

Table 4.12: Effects of food matrices on amandin recovery as assessed by the ELISAa  

Samples Mean ± SEM  Samples Mean ±SEM  

Nonpareil (control) 100 ± 0.00         

grape seed tannin (1:1000) 61.28 ± 3.39 all-purpose wheat flour (1:1) 274.87 ± 14.09 

corn starch (1:100) 71.28 ± 3.88 milk chocolate (1:100) 176.75 ±    6.61 

all-purpose spice mix (1:1000) 84.50 ± 5.56 sugar  (1:100) 216.07 ± 21.62 

salt (1:1000) 81.81 ± 4.10 baking powder (1:1000) 157.97 ± 14.35 

cinnamon (1:1000) 66.81 ± 3.57 apricot (1:100) 111.79 ±    7.15 

corn (1:100) 92.93 ± 5.97 soybean (1:1) 214.96 ± 21.62 

raisin bran whole mix (1:1) 73.09 ± 4.93 Macadamia (1:100) 83.18 ±   8.68 

multigrain cereal (1:1) 102.74 ± 7.30 green salad mix (1:1) 23.24 ±    2.38 

LSDb 27.84 
a data expressed as mean ± SEM of % recovery, n=6 each; 50ng/ml almond protein was loaded in each well of the food 
matrices (final volume=65 µl).b LSD= Least significant difference. Differences between two means exceeding LSD 
value are significant(p =0.05). 



112 
 

Conclusions  

The ELISA was able to readily detect and quantify amandin in all tested genotypes, 

interspecies hybrids, and marketing varieties harvested from different locations/years as well as 

purified native amandins (Col. AMP, Cryo AMP, and pI AMP) and recombinant amandin Pru du 

6.01.  

The ELISA was also able to detect and quantitatively differentiate amandin in the 

absence or presence of almond lipids in the tested samples.  

The ELISA can detect amandin in samples containing lipids, following different food 

processing procedures, such as autoclaving, blanching, frying, microwaving, dry roasting (in the 

absence or presence of sugars), and pH exposure in the range of 1-13, or long-term storage in the 

conditions tested. However, almond lipids, sugars, glycerol, and temperature of storage may 

affect amandin immunoreactivity detectable by the ELISA and warrants further investigation.  

Recovery experiments suggest that the ELISA can detect 2.11 ng/well of amandin in all 

the tested food matrices spiked with 50 ng/ml of almond protein (final concentration); however, 

food matrices affect amandin recovery causing an over- or under-estimation (275-24%).  

Overall, the ELISA is useful in detecting trace amounts (0.5-10 ppm) of amandin, a 

known major allergen in almond seeds. The stability of amandin towards tested factors makes it 

a stable, useful, and quantifiable target marker protein for the sensitive, specific, and robust 

detection of amandin.  
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APPENDIX A 

THE ANIMAL CARE AND USE COMMITTEE APPROVAL 

MEMORANDUM 
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APPENDIX B 

POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE) 

RECIPES 

10 ml volume 6 8 10 12 14 15 16 18 20 22 24 25

Low er stock (ml) 1.33 2.67 4.00 5.33 6.67 0.00 1.33 2.67 4.00 5.33 6.67 0.00

Acrylamide stock (ml) 1.20 1.60 2.00 2.40 2.80 3.00 3.20 3.60 4.00 4.40 4.80 5.00

Distilled w ater (ml) 7.47 5.73 4.00 2.27 0.53 7.00 5.47 3.73 2.00 0.27 -1.47 5.00

10% APS (l) 4.73 4.47 4.20 3.93 3.67 0.00 7.10 6.70 6.30 5.90 5.50 0.00

TEMED (l) 33.33 33.33 33.33 33.33 33.33 0.00 50.00 50.00 50.00 50.00 50.00 0.00

2 4 6 8 10 2 4 6 8 10

Upper stock (ml) 2.50 2.50 2.50 2.50 2.50 3.75 3.75 3.75 3.75 3.75

Acrylamide stock (ml) 0.40 0.80 1.20 1.60 2.00 0.60 1.20 1.80 2.40 3.00

Distilled w ater (ml) 7.10 6.70 6.30 5.90 5.50 10.65 10.05 9.45 8.85 8.25

10% APS (l) 50.00 50.00 50.00 50.00 50.00 75.00 75.00 75.00 75.00 75.00

TEMED (l) 10.00 10.00 10.00 10.00 10.00 15.00 15.00 15.00 15.00 15.00

PERCENT RESOLVING GEL 8 25

Low er stock (ml) 7.50 7.50

Acrylamide stock (ml) 2.40 7.50

Distilled w ater (ml) 5.10 0.00

10% APS (l) 50.00 50.00

TEMED (l) 10.00 10.00

 4 % PERCENT STACKING GEL

Upper stock (ml) 2.50

Acrylamide stock (ml) 0.80

Distilled w ater (ml) 6.64

10% APS (l) 50.00

TEMED (l) 10.00

10 ml volume 3 6 8 10 12 14 15 16 18 20 22 24

Acrylamide stock (ml) 0.60 1.20 1.60 2.00 2.40 2.80 3.00 3.20 3.60 4.00 4.40 4.80

Glycerol (ml) 0.40 0.80 1.07 1.33 0.00 0.60 1.20 1.60 2.00 0.00 0.00 0.00

Tris-Borate-EDTA  (ml) 1.33 1.33 1.33 1.33 0.00 2.00 2.00 2.00 2.00 0.00 0.00 0.00

Distilled w ater (ml) 7.67 6.67 6.00 5.33 7.60 4.60 3.80 3.20 2.40 6.00 5.60 5.20

10% APS (ml) 33.33 33.33 33.33 33.33 0.00 50.00 50.00 50.00 50.00 0.00 0.00 0.00

TEMED (ml) 6.67 6.67 6.67 6.67 0.00 10.00 10.00 10.00 10.00 0.00 0.00 0.00

3.00 6.00 8.00 10.00 3.00 6.00 8.00 10.00

Acrylamide stock (ml) 0.60 1.20 1.60 2.00 0.90 1.80 2.40 3.00

Tris-Borate-EDTA  (ml) 2.00 2.00 2.00 2.00 3.00 3.00 3.00 3.00

Distilled w ater (ml) 7.40 6.80 6.40 6.00 11.10 10.20 9.60 9.00

10% APS (ml) 50.00 50.00 50.00 50.00 75.00 75.00 75.00 75.00

TEMED (ml) 10.00 10.00 10.00 10.00 15.00 15.00 15.00 15.00

PERCENT RESOLVING GEL 3 30

Acrylamide stock (ml) 0.90 9.00

Glycerol (ml) 0.40 0.40

Tris-Borate-EDTA  (ml) 3.00 3.00

Distilled w ater (ml) 10.34 2.54

10% APS (ml) 50.00 50.00

TEMED (ml) 10.00 10.00

3 % PERCENT STACKING GEL

Tris-Borate-EDTA  (ml) 2.00

Acrylamide stock (ml) 0.60

Distilled w ater (ml) 7.34

10% APS (ml) 50.00

TEMED (ml) 10.00

10 ml volume 15 ml volume

FOR SINGLE-PERCENTAGE GELS 

FOR 8-25% LINEAR MONOMER ACRYLAMIDE GRADIENT GELS

PERCENT STACKING GEL

FOR 8-25% LINEAR MONOMER ACRYLAMIDE GRADIENT GELS

NDND PAGE ELECTROPHORESIS

 PERCENT RESOLVING GEL 

 PERCENT RESOLVING GEL 

FLING & GREGORSON SDS PAGE ELECTROPHORESIS

10 ml volume 15 ml volume

 PERCENT STACKING GEL

FOR SINGLE-PERCENTAGE GELS 
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Acrylamide stock (50% w/v ) Tris-Borate-EDTA stock  (NDND-PAGE)

acrylamide: Bis = 37:1 5X stock , pH 8.4

caution: acrylamide is neurotoxic/

 handle w ith care Tris (base) 109.03 g

Boric acid 49.46 g

Acrylamide 148 g N94-EDTA.2H20 10.41 g

Bis 4 g DI w ater to make 2 L

Distilled w ater to make 296 ml

Upper stock (SDS-PAGE) Lower stock (SDS-PAGE)

0.4% w/v SDS in 0.5M Tris-HCl (pH 6.8) 0.2% w/v SDS in 1.5M Tris-HCl (pH 8.8)

Tris (base) 30.2 g Tris (base) 90.8 g

SDS 2 g SDS 1 g

DI w ater to make  500 ml DI w ater to make  500 ml

10% APS NDND-PAGE running buffer 

Ammonium Persulfate 1 g Dilute Tris-Borate-EDTA stock 5x 

DI w ater to make 10 ml before use

SDS-PAGE sample buffer (w ithout  -ME) SDS-PAGE sample buffer (2%  -ME)

1% w/v SDS, 0.01% w/v Bromophenol blue 2% v/v  -ME,1% w/v SDS, 0.01% w/v Bromophenol

30% v/v glycerol in 0.05 M Tris-HCl (pH 6.8)  blue, 30% v/v glycerol in 0.05 M Tris-HCl (pH 6.8)

Tris (base) 3.029 g Tris (base) 3.029 g

SDS 5 g SDS 5 g

Bromophenol blue 0.5 g -Mercaptoethanol 10 ml

Glycerol 150 ml Bromophenol blue 0.5 g

DI w ater to make 500 ml Glycerol 150 ml

(adjust pH w ith conc. HCl) DI w ater to make 500 ml

(adjust pH w ith conc. HCl)

SDS-PAGE running buffer NDND-PAGE sample buffer

5X stock , pH 8.6 30% v/v glycerol, 0.01% w/v Bromophenol blue

(dilute 5x before use) in 0.05 M Tris-HCl (pH 6.8)

Tris (base) 180 g Tris (base) 3.029 g

Glycine 864 g Bromophenol blue 0.5 g

SDS 10 g Glycerol 150 ml

DI w ater to make 6 L DI w ater to make 500 ml

(adjust pH w ith conc. HCl) (adjust pH w ith conc. HCl)

(adjust pH w ith conc. HCl) (adjust pH w ith conc. HCl)

POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE) 

COMPOSITIONS 
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APPENDIX C 

OPERATIONAL PROCEDURE FOR POWER WAVE 200™ 

MICROPLATE SCANNING SPECTROPHOTOMETER (MODEL 

EL 307) AND KC4 SOFTWARE (BIO-TEK INSTRUMENTS INC. 

RIVERTON, NJ) 

1. Turn on computer, monitor, Microplate reader and sign in the log book 

2. Double click KC4 icon, and click OK in the pop-up window 

3. Go to protocol 

a. To open a desired protocol : click protocol and select open to direct to the folder 

storing the existing protocol, double click to open 

b. To design a new quantitative protocol: click protocol and select new protocol and 

then quantitative 

4. To read plate: Go to protocol and select read, in the pop-up window select end point in 

the reading type section, 405nm in the wavelengths section with 1 being checked, first 

strip at 1 and last strip at 12 in the strips section, click OK 

a. Place 96-well plate in the reader and close door  

b. Go to data and select read plate,  in the pop-up window, enter your name in the 

Prompt 1 and description of assay in the Prompt 2, click start reading 

c. When reading is complete, click data and select save as to save the reading in the 

name of the date of operation and the number of plate in the appropriate folder in 

the computer, click OK.  

5. To analyze the data:  

a. Go to protocol and select plate configuration, in the pop-up window, select 

standard in the identifier section, auto and vertical in the filling section if 

standards spans the plate vertically, and appropriate number of replicates in the 

horizontal direction (to be included in one displaying curve) in the replicates 

section, click on the first left top well of standard and move mouse towards right 

and down while holding its left button until all replicates are highlighted  
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b. Click the standards button at the bottom left of screen, in the pop-up window, 

check the auto factor and fill in the dilution factor, the unit,  and the concentration 

of the standard 1, then press the down arrow key for computer until the row of the 

highest dilution (to computer concentration of standard in each row), click OK 

c. Go to protocol and select curves 

d. Select axes, in the pop-up window, check log and display grid, fill in 

concentration to title and 1.1 to extrapolation factor in the x axis section; check lin, 

display grid, and auto, fill in mean. OD to title in the y axis section, click OK 

e. Go to protocol and select curves 

f. Select fit, in the pop-up window, check 4 parameters under the curve fit section, 

click OK 

g. Go to display and select curve (s) to display the 4 parameter curve 

h. Use the print screen key to copy the curve for data recording.   

6. In the completion, exit program, shut down computer; turn off the reader, and finish log 

information in the log book. 
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APPENDIX D 

DETERMINATION OF PROTEIN CONCENTRATION 

A. Lowry Method: Lowry, O.H., Rosebrough, N.J., Farr, A.I., and Randall, R.J. Protein 
measurement with Folin phenol reagent J. Biol. Chem., 1951, 193: 265-275. 
1. Materials 

a. Bovine Serum Albumin (BSA, ≥ 98% pure, Sigma)  

b. Reagent A: dissolve 20.0 g Na2CO3, 4.0 g NaOH, and 1.6 g Potassium Tartarate 

in DI water and then make the final volume to 1 L 

c. Reagent B: 4% (w/v) CuSO4·5H2O in DI water 

d. Reagent C: mix 100 parts Reagent A with 1 part Reagent B 

e. Folin-Ciocalteu’s phenol reagent: dilute phenol reagent (β N) 1:1 with distilled 

water. The solution should be made fresh 

f. Ultrospec™ β100 pro UV/Visible Spectrophotometer (GE Healthcare, Piscataway, 

NJ) 

g. Test tubes, pipettors, and pipette tips 

2. Procedure  

a. Prepare serial dilutions of standard BSA (0, 20, 40, 60, 80, 100, 120, 140, 160, 180, 

and 200 µg in 1.00 ml BSB) in triplicate from 200 µg/ml BSA in BSB. Usually lab 

keeps 10 mg/ml stock in the freezer.  

b. Prepare 1.00 ml BSB diluted samples containing 10-200µg of protein in triplicate.  

c. Add 3 ml reagent C to each tube and incubate for 10-60 minutes at room 

temperature.  

d. Add 0.3 ml Folin-Ciocalteu reagent to each tube, vortex immediately and allow 

setting in dark for 45 minutes at room temperature.  

e. Turn on and zero a spectrophotometer to a wavelength of 660 nm using the BSB as 

blank.  

f. Read absorbance of the standards and samples at 660 nm on spectrophotometer.  

g. A standard curve is generated by plotting the absorbance of the standards against 

their concentration and the protein concentrations of the samples are determined 

from the standard curve.  
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B. Bradford Method: Bradford, M. M. A rapid and sensitive method for the quantitation of 
microgram quantities of protein utilizing the principle of protein-dye binding. Anal 
Biochem. 1976, 72, 248-254. 
1. Materials 

a. Bovine Serum Albumin (BSA, ≥ 98% pure, Sigma)  

b. Coomassie™ Brilliant Blue Gβ50 (CBBG, ~90% dye by elemental analysis, 

Sigma) 

c. Bradford reagent (5 × concentrate): dissolve 50.0 mg CBBG in 25 ml ethanol, add 

50 ml of o-phospharic acid and dilute to 100 ml with DI water. Store at 4 °C  

d. Power Wave β00™ Microplate Scanning Spectrophotometer (model EL 307) and 

KC4 software (Bio-Tek Instruments Inc. Riverton, NJ) 

e. 96-well microtiter plates, pipettors, and pipette tips 

2. Procedure 

a. Pipette 10 µl each serial dilutions of standard BSA (0, 50, 100, 200, 300, 400, 500, 

and 600 µg/ml) into separate wells of microtiter plate in triplicate. Usually lab 

keeps 10 mg/ml stock in the freezer.  

b. Pipette 10 µl appropriately diluted samples containing 10-600µg of protein into 

separate wells of microtiter plate in triplicate.  

c. Add 200 µl of five times diluted Bradford reagent in each well using multichannel 

pipettor and incubate at room temperature for approximately 10 minutes.  

d. Turn on Power Wave β00™ Microplate Scanning Spectrophotometer (model EL 

307) and KC4 software. 

e. Read absorbance of the standards and samples at 595 nm on spectrophotometer.  

f. A standard curve is generated by plotting the absorbance of the standards against 

their concentration and the protein concentrations of the samples are determined 

from the standard curve.  

 

 

 

 

 



122 
 

REFERENCES 

Abcam plc. 1998. Available from: 
http://www.abcam.com/index.html?pageconfig=resource&rid=11269&pid=11287 (Last 
accessed Jan 12, 2012).  

Acosta, M. R.; Roux, K. H.; Teuber, S. S.; Sathe, S. K. Production and characterization of rabbit 
polyclonal antibodies to almond (Prunus dulcis L.) major storage protein. J. Agric. Food 

Chem. 1999, 47, 4053–4059. 

Allergen Nomenclature. International Union of Immunological Societies (IUIS) Allergen 
Nomenclature Sub-Committee; http://www.allergen.org (Last accessed Jan 12, 2012). 

Almond Almanac. 2011.  Almond Board of California, Modesto, CA. Available from: 
http://www.almondboard.com/AboutTheAlmondBoard/Documents/ALM110600_Alman
ac2011_LR.pdf  (Last accessed Feb 27, 2012).  

Albillos, S, M.; Menhart, N.; Fu, T. J. Structural stability of amandin, a major allergen from 
almond (Prunus duilcis), and its acidic and basic polypeptides. J. Agric. Food Chem. 
2009. 57: 4698-4705. 

Amarowicz, R.; Troszynska, A.; Shahidi, F. Antioxidant activity of almond seed extract and its 
fractions. Journal of food lipids 2005, 12, 344-358. 

An, H.; Klein, P. A.; Kao, K. J.; Marshall, M. R.; Otwell, W. S.; Wei, C. I. Development of 
monoclonal antibody for rock shrimp identification using enzyme-linked immunosorbent 
assay. J Agric Food Chem. 1990, 38, 2094-2100. 

Andrews, A.T. Electrophoresis: Theory, Techniques, and Biochemical and Clinical Applications, 
2nd Edition; Clarendon Press: Oxford, UK. 1986; pp79. 

Asensio, L.; Gonzalez, I.; Rodriguez, M. A.; Mayoral, B.; Lopez-Calleja, I.; Hernandez, P. E.; 
Garcia, T.; Martin, R. Identification of grouper (Epinephelus guaza), wreck fish 
(Polyprion americanus), and Nile perch (Lates niloticus) fillets by polyclonal antibody-
based enzyme-linked immunosorbent assay. J Agric Food Chem. 2003, 51(5), 1169-
1172. 

Asero, R.; Mistrello, G.; Roncarolo, D.; de Vries, S. C.; Gautier, M. F.; Ciurana, C. L. F.; 
Verbeek, E.; Mohammadi, T.; Knul-Brettlova, V.; Akkerdaas, J. H.; Bulder, I.; Aalberse, 
R. C.; van Ree, R. Lipid transfer protein: a pan-allergen in plant-derived foods that is 
highly resistant to pepsin digestion. Int Arch Allergy Immunol. 2000, 122, 20–32. 

Asero, R.; Mistrello, G.; Roncarolo, D.; Amato, S.; Caldironi, G.; Barocci, F.; van Ree, R. 
Immunological cross-reactivity between lipid transfer proteins from botanically unrelated 
plant-derived foods: a clinical study. Allergy  2002, 57(10), 900-906. 

http://www.abcam.com/index.html?pageconfig=resource&rid=11269&pid=11287
http://www.allergen.org/
http://www.almondboard.com/AboutTheAlmondBoard/Documents/ALM110600_Almanac2011_LR.pdf
http://www.almondboard.com/AboutTheAlmondBoard/Documents/ALM110600_Almanac2011_LR.pdf


123 
 

Asero, R.; Ballmer-Weber, B. K.; Beyer, K.; Conti, A.; Dubakiene, R.; Fernandez-Rivas, M.; 
Hoffmann-Sommergruber, K.; Lidholm, J.; Mustakov, T.; Elberink, J. N. G. O.; 
Pumphrey, R. S. H.; Skov, P. S.; van Ree, R.; Vlieg-Boerstra, B. J.; Hiller, R.; Hourihane, 
J. O.; Kowalski, M.; Papadopoulos, N. G.; Wal, J. M.; Mills, E. N. C.; Vieths, S. IgE-
mediated food allergy diagnosis: current status and new perspectives. Mol. Nutr. Food 

Res. 2007, 51, 135-147. 

Association of Analytical Communities (AOAC) international. 2009. Available from: 
http://www.aoac.org/testkits/testedmethods.html (Last accessed Jan 12, 2012). 

Astwood, J. D.; Leach, J. N.; Fuchs, R. L. Stability of food allergens to digestion in vitro. Nat. 

Biotechnol. 1996, 14, 1269-1273. 

Athar, M.; Nasir, S. M. Taxonomic perspective of plant species yielding vegetable oils used in 
cosmetics and skin care products. African Journal of Biotechnology 2005, 4 (1), 36-44. 

Barre, A.; Jacquet, G.; Sordet, C.; Culerrier, R.; Rouge, P. Homology modeling and 
conformational analysis of IgE-binding epitopes of Ara h 3 and other legumin allergens 
with a cupin fold from tree nuts. Molecular Immunology 2007, 44, 3243–3255. 

Barreira, J. C. M.; Ferreira, I. C. F. R.; Oliveira, M. B. P. P.; Pereira, J. A. Antioxidant activity 
and bioactive compounds of ten Portuguese regional and commercial almond cultivars. 
Food and chemical toxicology 2008, 46, 2230-2235. 

Barrett, K. E. Mast Cells, basophils, and immunoglobulin E. In Food Allergy: Adverse Reactions 

to Foods and Food Additives, 2nd edition; Metcalf, D. D.; Sampson, H. A.; Simon, R. A., 
Eds.; Blackwell Science: Boston, MA, 1997, pp27-48. 

Ben Rejeb, S.; Lauer, B.; Salminen, J.; Roberts, I.; Wadhera, A.; Abbott, M.; Davies, D.; 
Cléroux, C.; Weber, D.; Lau, B.; Bacler, S.; Langlois, D.; Kurz, K.  Regulatory and 
compliance activities to protect food-allergic consumers in Canada: research in support of 
standard setting and consumer protection.  JAOAC Intl. 2004, 87(6), 1408-1416. 

Ben Rejeb, S.; Abbott, M.; Davies, D.; Cleroux, C.; Delahaut, P. Multi-allergen screening 
immunoassay for the detection of protein markers of peanut and four tree nuts in 
chocolate. Food Additives and Contaminants 2005, 22(8), 709–715.  

Ben-Shoshan, M.; Kagan, R. S.; Alizadehfar, R.; Joseph, L.; Turnbull, E.; St Pierre, Y.; Clarke, 
A. E. Is the prevalence of peanut allergy increasing? A 5-year follow-up study in children 
in Montreal. J Allergy Clin Immunol. 2009, 123, 783-788. 

Besler, M.; Steinhart, H.; Paschke, A. Stability of food allergens and allergenicity of processed 
foods. J. Chromatogr. B. 2001, 756, 207–228. 

Bjorksten, B.; Crevel, R.; Hischenhuber, C.; Lovik, M.; Samuels, F.; Strobel, S.; Taylor, S. L.; 
Wal, J. M.; Ward, R. Criteria for identifying allergenic foods of public health importance. 
Regulatory Toxicology and Pharmacology 2008, 51, 42–52. 

http://www.aoac.org/testkits/testedmethods.html


124 
 

Blais, B. W.; Gaudreault, M.; Phillippe, L. M.  Multiplex enzyme immunoassay system for the 
simultaneous detection of multiple allergens in foods.  Food Control 2003, 14, 43-47.  

Bock, S. A.; Muñoz-Furlong, A.; Sampson, H. A. Fatalities due to anaphylactic reactions to 
foods. J Allergy Clin Immunol. 2001, 107, 191-193. 

Bock, S. A.; Muñoz-Furlong, A.; Sampson, H. A. Further fatalities caused by anaphylactic 
reactions to food, 2001-2006. J Allergy Clin Immunol. 2007, 119, 1016-1018. 

Boehncke, W. H.; Loeliger, C.; Kuehnl, P.; Kalbacher, H.; Bohm, B. O.; Gall, H. Identification 
of HLA-DR and -DQ alleles conferring susceptibility to pollen allergy and pollen 
associated food allergy. Clin Exp Allergy 1998, 28(4), 434-441. 

Borchgrevink, C. P.; Elsworth, J. D.; Taylor, S. E.; Christensen, K. L. Food intolerances, food 
allergies, and restaurants. Journal of Culinary Science & Technology 2009, 7, 259–284. 

Bradford, M. M. A rapid and sensitive method for the quantitation of microgram quantities of 
protein utilizing the principle of protein-dye binding. Anal Biochem. 1976, 72, 248-254. 

Brandon, D. L.; Bates, A. H.; Friedman, M. Monoclonal antibody-based enzyme immunoassay 
of the Bowman-Birk protease inhibitor of soybeans. J Agric Food Chem. 1989, 37(4), 
1192-1196.  

Breiteneder, H.; Ebner, C. Molecular and biochemical classification of plant-derived food 
allergens. J Allergy Clin Immunol. 2000, 106, 27-36. 

Breiteneder, H.; Radauer, C. A classification of plant food allergens. J Allergy Clin Immunol. 
2004, 113, 821-830. 

Breiteneder, H.; Mills, E. N. C. Plant food allergens-structural and functional aspects of 
allergenicity. Biotechnol. Adv. 2005, 23: 395-399.  

Burks, A. W.; Williams, L. W.; Thresher, W.; Connaughton, C.; Cockrell, G.; Helm, R. M. 
Allergenicity of peanut and soybean extracts altered by chemical or thermal denaturation 
in patients with atopic dermatitis and positive food challenges. J. Allergy Clin. Immunol. 
1992, 90, 889–897. 

Centers for Disease Control and Prevention (CDC). 1999. Available from: 
http://www.cdc.gov/ncidod/EID/vol5no5/mead.htm (Last accessed Mar 05, 2010). 

Centers for Disease Control and Prevention (CDC). 2006. Available from: 
http://www.cdc.gov/ecoli/qa_ecoli_sickness.htm (Last accessed Jan 11, 2012). 

Centers for Disease Control and Prevention (CDC). 2011. Available from: 
http://www.cdc.gov/nchs/fastats/allergies.htm (Last accessed Jan 11, 2012). 

http://www.cdc.gov/ncidod/EID/vol5no5/mead.htm
http://www.cdc.gov/ecoli/qa_ecoli_sickness.htm
http://www.cdc.gov/nchs/fastats/allergies.htm


125 
 

Chen, F. C.; Hsieh, Y. H. P.; Bridgman, R. C. Monoclonal antibodies to porcine thermal-stable 
muscle protein for detection of pork in raw and cooked meats. J Food Sci. 1998, 63(2), 
201-205. 

Chen, F. C.; Hsieh, Y. H. P. A monoclonal antibody-based ELISA for detection of pork in heat-
processed meat products. J AOAC Int. 2000, 83(1), 79-85. 

Chen, Y.; Wang, Y.; Ge, Y.; Xu, B.  Degradation of endogenous and exogenous genes of 
roundup-ready soybean during food processing.  J. Agric. Food Chem. 2005, 53, 10239-
10243. 

Clemente, A.; Chambers, S. J.; Lodi, F.; Nicoletti, C.; Brett, G. M. Use of the indirect 
competitive ELISA for the detection of Brazil nut in food products. Food Control, 2004, 
15, 65-69. 

Corry, D. B.; Kheradmand, F. Induction and regulation of the IgE response. Nature 1999, 
402(6760), B18-23. 

Decker, W. W.; Campbell, R. L.; Manivannan, V.; Luke, A.; St. Sauver, J. L.; Weaver, A.; 
Fernanda Bellolio, M.; Bergstralh, E. J.; Stead, L. G.; Li, J. T. C. The etiology and 
incidence of anaphylaxis in Rochester, Minnesota: A report from the Rochester 
Epidemiology Project.  J Allergy Clin Immunol. 2008, 122, 1161-1165. 

De las Marinas, D.; Vila, L.; Sanz, M. L. Allergy to pine nuts. Allergy 1998, 53(2), 220-222. 

de Leon, M. P.; Glaspole, I. N.; Drew, A. C.; Rolland, J. M.; O’Hehir, R. E.; Suphioglu, C. 
Immunological analysis of allergenic cross-reactivity between peanut and tree nuts. Clin 

Exp Allergy 2003, 33, 1273–1280. 

de Leon, M. P.; Drew, A. C.; Glaspole, I. N.; Suphioglu, C.; Rolland, J. M.; O’Hehir, R. E.  
Functional analysis of cross-reactive immunoglobulin E antibodies: peanut-specific 
immunoglobulin E sensitizes basophils to tree nut allergens.  Clin. Exp. Allergy 2005, 35, 
1056-1064. 

de Leon, M. P.; Drew, A. C.; Glaspole, I. N.; Suphioglu, C.; O’Hehir, R. E.; Rolland, J. M. IgE 
cross-reactivity between the major peanut allergen Ara h 2 and tree nut allergens. 
Molecular Immunology 2007, 44, 463–471. 

de Martinis, M.; Franceschi, C.; Monti, D.; Ginaldi, L. Inflamm-ageing and lifelong antigenic 
load as major determinants of ageing rate and longevity. FEBS letters 2005, 579, 2035-
2039. 

Deshpande, S. S. Enzyme Immunoassays from Concept to Product Development. Chapman & 
Hall: New York, NY, 1996; pp 464. 

Directive 2000/13/EC  relating to the labelling, presentation and advertising of foodstuffs. Off. J. 

Eur. Union β000, L109, β9−4β. 



126 
 

Directive 2003/89/EC amending Directive 2000/13/EC regarding indication of the ingredients 
present in foodstuffs. Off.J. Eur.Union 2003, L308, 15-18. available from: 
http://ec.europa.eu/food/food/labellingnutrition/foodlabelling/fl_com2003-89_en.pdf  
(Last accessed Jan 12, 2012). 

Dixon, D. E. Immunoassay. In Food Analysis, 2nd edition; S.S. Nielsen, ed.; Aspen Publication: 
Gaithersburg, MD, 1998; pp 342-344. 

Doi, H.; Watanabe, E.; Shibata, H.; Tanabe, S. A reliable enzyme linked Immunosorbent assay 
for the determination of bovine and porcine gelatin in processed foods. J. Agric. Food 

Chem. 2009, 57, 1721–1726. 

Dunwell, J. M.; Culham, A.; Carter, C. E.; Sosa-Aguirre, C. R.; Goodenough, P. W. Evolution of 
functional diversity in the cupin superfamily. Trends Biochem. Sci. 2001, 26(12), 740-
746. 

Dweck, A. C. Natural extracts and herbal oils: concentrated benefits for the skin. Cosmetics & 

Toiletries 1992, 107 (5), 89-98. 

Ebner, C.; Birkner, T.; Valenta, R.; Rumpold, H.; Breitenbach, M.; Scheiner, O.; Kraft, D. 
Common epitopes of birch pollen and apples-studies by western and northern blot. J 

Allergy Clin Immunol. 1991, 88(4), 588-594. 

Eigenmann, P. A.; Zamora, S. A.  An internet-based survey on the circumstances of food-
induced reactions following the diagnosis of IgE-mediated food allergy. Allergy 2002, 57, 
449–453. 

Elisa System. 2006. Available from: 
http://www.funakoshi.co.jp/news/061101zpdf/061101z_p1819.pdf (Last accessed Mar 
05, 2010). 

Entrican, G.; Dand, A.; Nettleton, P. F. A double monoclonal antibody ELISA for detecting 
pestivirus antigen in the blood of viraemic cattle and sheep. Veterinary Microbiology 
1995, 43, 65-74. 

Eriksson, N. E.; Formgren, H.; Svenonius, E. Food hypersensitivity in patients with pollen 
allergy. Allergy 1982, 37(6), 437-443. 

Esfahlan, A. J.; Jamei, R.; Esfahlan, R. J. The importance of almond (Prunus amygdalus L.) and 
its by-products. Food chemistry 2010, 120, 349-360. 

Eurofins. 2005. Available from: http://www.eurofins.com/en/food--feed-testing/allergens.aspx 
(Last accessed Jan 12, 2012). 

Ewan, P. W. Clinical study of peanut and nut allergy in 62 consecutive patients: new features 
and associations. British Medical Journal, 1996, 312 (7038), 1074-1078. 

http://ec.europa.eu/food/food/labellingnutrition/foodlabelling/fl_com2003-89_en.pdf
http://www.funakoshi.co.jp/news/061101zpdf/061101z_p1819.pdf
http://www.eurofins.com/en/food--feed-testing/allergens.aspx


127 
 

Food and Agriculture Organization (FAO). Report of the FAO Technical Consultation on food 
allergies. Rome, Italy. November 13-14, 1995. 

FAO, Food and Agriculture Organization of the United Nations. 2009. Nutritional value-tree 
nuts and health; available from: 
http://www.fao.org/inpho_archive/content/documents/vlibrary/AE613/index_eng.htm 
(Last accessed Feb 15, 2012). 

FAO, Food and Agriculture Organization ProdStat Database; 2011; available from: 
http://faostat.fao.org/faostat (Last accessed January 25, 2012). 

FDA. Administration Qualified Health Claims: Letter of Enforcement Discretion-Nuts and 
Coronary Heart Disease, Docket No. 02P-0505; Food and Drug Administration, 
Washington DC, 07/14/2003, Available at: 
http://www.fda.gov/Food/LabelingNutrition/LabelClaims/QualifiedHealthClaims/ucm07
3992.htm#nuts (Last accessed February 27, 2010). 

FDA. Food Allergen Labeling and Consumer Protection Act of 2004 (Public Law 108-282, Title 
II). 2004. Available from: 
http://www.fda.gov/food/labelingnutrition/FoodAllergensLabeling/GuidanceCompliance
RegulatoryInformation/ucm106187.htm (Last accessed Jan. 11, 2012). 

FDA. Approaches to Establish Thresholds for Major Food Allergens and for Gluten in Food. 
Appendices. 2005-2006. Available from: 
http://www.fda.gov/Food/LabelingNutrition/FoodAllergensLabeling/GuidanceComplianc
eRegulatoryInformation/ucm106577.htm  (Last accessed Jan 12, 2012). 

FDA. Food Allergies What You Need to Know. 2007. Available from: 
http://www.fda.gov/downloads/Food/ResourcesForYou/Consumers/UCM220117.pdf 
(Last accessed Jan. 11, 2012). 

Fielder, R.; Higgs, W.; Barden, K. Nut Allergen Detection. In Molecular Biological and 

Immunological Techniques and Applications for Food Chemists, Popping, B.; Diaz-
Amigo, C.; Hoenicke, K. Eds.; John Wiley & Sons, Inc.: Hoboken, NJ, 2010; pp380-405. 

Fleischer, D. M.; Conover-Walker, M. K.; Matsui, E. C.; Wood, R. A. The natural history of tree 
nut allergy. J  Allergy Clin Immunol. 2005, 116, 1087-1093. 

Fling, S. P.; Gregerson, D. S. Peptide and protein molecular weight determination by 
electrophoresis using a high-molarity Tris buffer system without urea. Anal. Biochem. 
1986, 155, 83–88.  

Food Standards Australia New Zealand (FSANZ), Australia New Zealand Food Standards Code 
Available from: http://www.foodstandards.gov.au/foodstandards/ (Last accessed Jan 12, 
2012). 

Food Standards Australia New Zealand (FSANZ), Australia New Zealand Food Standards Code 
Available at: 

http://www.fao.org/inpho_archive/content/documents/vlibrary/AE613/index_eng.htm
http://faostat.fao.org/faostat
http://www.fda.gov/Food/LabelingNutrition/LabelClaims/QualifiedHealthClaims/ucm073992.htm#nuts
http://www.fda.gov/Food/LabelingNutrition/LabelClaims/QualifiedHealthClaims/ucm073992.htm#nuts
http://www.fda.gov/food/labelingnutrition/FoodAllergensLabeling/GuidanceComplianceRegulatoryInformation/ucm106187.htm
http://www.fda.gov/food/labelingnutrition/FoodAllergensLabeling/GuidanceComplianceRegulatoryInformation/ucm106187.htm
http://www.fda.gov/Food/LabelingNutrition/FoodAllergensLabeling/GuidanceComplianceRegulatoryInformation/ucm106577.htm
http://www.fda.gov/Food/LabelingNutrition/FoodAllergensLabeling/GuidanceComplianceRegulatoryInformation/ucm106577.htm
http://www.fda.gov/downloads/Food/ResourcesForYou/Consumers/UCM220117.pdf
http://www.foodstandards.gov.au/foodstandards/


128 
 

http://www.foodstandards.gov.au/consumerinformation/foodrecalls/foodrecallstats.cfm  
(Last accessed Jan 12, 2012). 

Franceschi, C.; Bonafe, M.; Valensin, S.; Olivieri, F.; de Luca, M.; Ottaviani, E.; de Benedictis, 
G. Inflamm-aging: An Evolutionary Perspective on Immunosenescence. Annals New 

York Academy of Sciences (issue molecular and cellular gerontology) 2000, 908, 244-
254. 

Franceschi, C.; Capri, M.; Monti, D.; Giunta, S.; Olivieri, F.; Sevini, F.; Panourgia, M. P.; 
Invidia, L.; Celani L.; Scurti, M.; Cevenini, E.; Castellani, G. C.; Salvioli, S. 
Inflammaging and anti-inflammaging: A systemic perspective on aging and longevity 
emerged from studies in humans. Mechanisms of Ageing and Development 2007, 128, 
92-105. 

Fraser, G. E.; Bennett, H. W.; Jaceldo, K. B.; Sabate, J. Effect on body weight of a free 76 
Kilojoule (320 calorie) daily supplement of almonds for six months. J Am Coll Nutr 
2002, 21(3), 275-283. 

Friguet, B.; Djavadi-Ohaniance, L.; Pages, J.; Bussard, A.; Goldberg, M. A convenient enzyme-
linked immunosorbent assay for testing whether monoclonal antibodies recognize the 
same antigenic site. Application to hybridomas specific for the beta 2-subunit of 
Escherichia coli tryptophan synthase. J Immunol Methods 1983, 60, 351-358. 

Fu, T. J. Digestion stability as a criterion for protein allergenicity assessment. Ann. N.Y. Acad. 

Sci. 2002, 964, 99–110. 

Garcia-Mas, J.; Messeguer, R.; Arus, P.; Puigdomenech, P.  Molecular characterization of 
cDNAs corresponding to genes expressed during almond (Prunus amygdalus Batsch) 
seed development.  Plant Mol Biol. 1995, 27, 205-210.  

Garcia-Olmedo, F.; Molina, A.; Segura, A.; Moreno, M. The defensive role of nonspecific lipid-
transfer proteins in plants. Trends in Microbiology 1995, 3(2), 72-74. 

Garrido-Fernández, S.; Garcia, B. E.; Sanz, M. L.; Ariz, S.; Tabar, A. L. The role of lipid transfer 
proteins in the almond tree and almond fruit as contact and airborne allergens. J Investig 

Allergol Clin Immunol. 2009, 19(1), 61-63. 

Gaur, V.; Sethi, D. K.; Salunke, D. M. Purification, identification and preliminary 
crystallographic studies of Pru du amandin, an allergenic protein from Prunus dulcis. 
Acta Crystallogr Sect F Struct Biol Cryst Commun. 2008, F64, 32-35.  

GENTAUR. 2002. Available from: 
http://www.genoprice.com/D0170%20ALMOND%20DIAGNOKIT.pdf (Last accessed 
Mar 05, 2010). 

Glutenfreehelp. 2012. Available from: http://glutenfreehelp.info/20-minute-recipes/gluten-free-
almond-meal-pancakes/  (Last accessed Jan. 11, 2012). 

http://www.foodstandards.gov.au/consumerinformation/foodrecalls/foodrecallstats.cfm
http://www.genoprice.com/D0170%20ALMOND%20DIAGNOKIT.pdf
http://glutenfreehelp.info/20-minute-recipes/gluten-free-almond-meal-pancakes/
http://glutenfreehelp.info/20-minute-recipes/gluten-free-almond-meal-pancakes/


129 
 

Goetz, D. W.; Whisman, B. A.; Goetz, A. D. Cross-reactivity among edible nuts: double 
immunodiffusion, crossed immunoelectrophoresis, and human specific IgE serologic 
surveys. Ann Allergy Asthma Immunol. 2005, 95, 45–52. 

Guillet, G.; Guillet, M. H. Percutaneous sensitization to almond oil in infancy and study of 
ointments in 27 children with food allergy. [French] Allerg Immunol. (Paris) 2000, 32(8), 
309-311. 

Harkins, K. R. Antibody purification methods. In Basic methods in antibody production and 

characterization; Howard, G. C.; Bethell, D. R. Eds.; CRC Press LLC.:Boca Raton, FL, 
2001; pp147. 

Health Canada and the Canadian Food Inspection Agency (HCCFIA). Available from:  
http://www.inspection.gc.ca/english/fssa/labeti/allerg/allergee.shtml (Last accessed Feb. 
03, 2012). 

Hefle, S. L.; Furlong, T. J.; Niemann, L.; Lemon-Mule, H.; Sicherer, S.; Taylor, S. L. Consumer 
attitudes and risks associated with packaged foods having advisory labeling regarding the 
presence of peanuts. J Allergy Clin Immunol. 2007, 120, 171-176. 

Hlywka, J. J.; Hefle, S. L.; Taylor, S. L. A sandwich enzyme-linked Immunosorbent assay for 
the detection of almonds in foods. J. Food Prot. 2000, 63(2), 252-257. 

Holden, L.; Sletten, G. B. G.; Lindvik, H.; Faste, C. K.; Dooper, M. M. B. W. Characterization 
of IgE binding to lupin, peanut and almond with sera from lupin-allergic patients. Int 

Arch Allergy Immunol. 2008, 146, 267–276. 

Hollis, J.; Mattes, R. Effects of chronic consumption of almonds on body weight in healthy 
humans. Br J Nutr 2007, 98, 651-656. 

Holzhauser, T.; Vieths, S. Quantitative sandwich ELISA for determination of traces of hazelnut 
(Corylus avellana) protein in complex food matrixes. J. Agric. Food Chem. 1999, 47, 
4209–4218. 

Hourihane, J. O'B.; Kilburn, S. A.; Nordlee, J. A.; Hefle, S. L.; Taylor, S. L.; Warner, J. O. An 
evaluation of the sensitivity of subjects with peanut allergy to very Iow doses of peanut 
protein: A randomized, double-blind, placebo-controlled food challenge study. J Allergy 

Clin Immunol. 1997, 100, 596-600. 

Hourihane, J. O'B. The threshold concept in food safety and its applicability to food allergy. 
Allergy 2001, 56 (suppl.) 67, 86-90.  

Hsieh, Y. H. P.; Zhang, S.; Chen, F. C.; Sheu, S. C. Monoclonal antibody based ELISA for 
assessment of endpoint heating temperature of ground pork and beef. J Food Sci. 2002, 
67(3), 1149-1154. 

Ingenasa. http://www.ingenasa.eu/ingles/in_a_prod_alim_02.asp?Vfam=51#  (Last accessed Jan 
12, 2012). 

http://www.inspection.gc.ca/english/fssa/labeti/allerg/allergee.shtml
http://www.ingenasa.eu/ingles/in_a_prod_alim_02.asp?Vfam=51


130 
 

Irwin, S. D.; Keen, J. N.; Findlay, J. B. C.; Lord, J. M. The Ricinus communis 2S albumin 
precursor: A single preproprotein may be processed into two different heterodimeric 
storage proteins. Mol Gen Genet. 1990, 222, 400-408. 

Japan External Trade Organization (JATRO). Food Sanitation Law. 2002. Available from: 
http://www.jetro.go.jp/en/reports/regulations/ (Last accessed Mar 03, 2010). 

Jayasena, H. S. Purification and characterization of select glycoproteins of almonds (Prunus 

dulcis L.). MS Thesis. 2011. Florida State University, Tallahassee, FL. 

Jenkins, D. J.; Kendall, C. W. C.; Josse, A. R.; Salvatore, S.; Brighenti, F.; Augustin, L. S. A.; 
Ellis, P. R.; Vidgen, E.; Rao, A. V. Almonds decrease postprandial glycemia, 
insulinemia, and oxidative damage in healthy individuals. J Nutr 2006, 136, 2987–2992. 

Jenkins, D. J.; Kendall, C. W. C.; Marchie, A.; Josse, A. R.; Nguyen, T. H.; Faulkner, D. A.; 
Lapsley, K. G.; Blumberg, J. Almonds reduce biomarkers of lipid peroxidation in older 
hyperlipidemic subjects. J Nutr 2008, 138, 908–913. 

Jenkins, D. J. A.; Hu, F. B.; Tapsell, L. C.; Josse, A. R.; Kendall, C. W. C. Possible benefit of 
nuts in type 2 diabetes. J. Nutr 2008, 138, 1752S-1756S. 

Jeoung, B. J.; Reese, G.; Hauck, P.; Oliver, J. B.; Daul, C. B.; Lehrer, S. B. Quantification of the 
major brown shrimp allergen Pen a 1 (tropomyosin) by a monoclonal antibody-based 
sandwich ELISA. J Allergy Clin Immunol. 1997, 100(2), 229-234. 

Jiang, R.; Manson, J. E.; Stampfer, M. J.; Liu, S.; Willett, W. C.; Hu, F. B. Nut and peanut butter 
consumption and risk of type 2 diabetes in women. JAMA 2002, 288, 2554-2560. 

Jones, M. S. Effects of thermal and non-thermal processing on the immunoreactivity of cashew 
(Anacardium occidentale L.) proteins. MS Thesis. 2003. Florida State University, 
Tallahassee, FL. 

Joshi, P.; Mofidi, S.; Sicherer, S. H. Interpretation of commercial food ingredient labels by 
parents of food-allergic children. J. Allergy Clin Immunol. 2002, 109, 1019-1021. 

Kader, J. C. Lipid-transfer proteins in plants. Annu. Rev. Plant Physiol. Plant Mol. Biol. 1996. 
47, 627–654. 

Kalach, N.; Soulaines, P.; Guerin, S.; de Boissieu, D.; Dupont, C. Time course of total and food 
specific IgE antibodies (Rast F×5) in the developing allergic child. Eur Annals Allergy 

Clin Immunol. 2005, 37, 257-261. 

Kaw, C. H.; Hefle, S. L.; Taylor, S. L. Sandwich enzyme-linked immunosorbent assay (ELISA) 
for the detection of lupine residues in foods. J. Food Sci. 2008, 73(8), 135-140. 

Keet, C. A.; Wood, R. A. New aspects of peanut and tree nut allergy. In Allergy Frontiers: 

Therapy and Prevention Volume 5, Pawankar, R.; Holgate, S. T.; Rosenwasser, L. J. 
Eds.; Springer: Tokyo, Japan, 2010; 5, pp675. 

http://www.jetro.go.jp/en/reports/regulations/


131 
 

Koppel, R.; Dvorak, V.; Zimmerli, F.; Breitenmoser, A.; Eugster, A.; Waiblinger, H. Two 
tetraplex real-time PCR for the detection and quantification of DNA from eight allergens 
in food. Eur Food Res Technol. 2010, 230, 367–374. 

Koppelman, S. J.; Knulst, A. C.; Koers, W. J.; Penninks, A. H.; Peppelman, H.; Vlooswijk, R.; 
Pigmans, I.; van Duijn, G.; Hessing, M.  Comparison of different immunochemical 
methods for the detection and quantification of hazelnut proteins in food products. J. 

Immunol. Methods 1999, 229, 107-120. 

Kris-Etherton, P. M.; Zhao, G.; Binkoski, A. E.; Coval, S. M.; Etherton, T. D. The effects of nuts 
on coronary heart disease risk. Nutr Rev. 2001, 59 (4), 103-111. 

Kris-Etherton, P. M.; Hu, F. B.; Ros, E.; Sabate, J. The role of tree nuts and peanuts in the 
prevention of coronary heart disease: multiple potential mechanisms. J. Nutr 2008, 138, 
1746S-1751S. 

Kshirsagar, H. H.; Fajer, P.; Sharma, G. M.; Roux, K. H.; Sathe, S. K. Biochemical and 
Spectroscopic Characterization of Almond and Cashew Nut Seed 11S Legumins, 
Amandin and Anacardein. J Agric Food Chem. 2011, 59, 386–393. 

Kshirsagar, H. H. Spectroscopic and biochemical characterization of almond (Prunus dulcis L.) 
and cashew (Anacardium occidentale L.) nut seed legumins. Ph D dissertation. 2009. 
Florida State University, Tallahassee, FL. 

Kwak, B. Y.; Shon, D. H.; Kwon, B. J.; Kweon, C. H.; Lee, K. H. Detection of Aspergillus and 
Penicillium genera by enzyme-linked immunosorbent assay using a monoclonal antibody. 
J Miocrobiol Biotechnol. 2001, 11, 21-28.  

Lee, S. H.; Benmoussa, M.; Sathe, S. K.; Roux, K. H.; Teuber, S. S.; Hamaker, B. R. A 50 kDa 
maize gamma-zein has marked cross-reactivity with the almond major protein. J Agric 

Food Chem. 2005, 53(20), 7965-7970. 

Li, N.; Jia, X.; Chen, C.Y.; Blumberg, J. B.; Song, Y.; Zhang, W.; Zhang, X.; Ma, G.; Chen, J. 
Almond consumption reduces oxidative DNA damage and lipid peroxidation in male 
smokers. J Nutr 2007, 137, 2717–2722. 

Lipman, N. S.; Jackson, L. R.; Trudel, L. J.; Weis-Garcia, F. Monoclonal versus polyclonal 
antibodies: distinguishing characteristics, applications, and information resources. ILAR 

JOURNAL 2005, 46 (3), 258–268. 

Lopez, L. The danger of hidden food allergies. 2007. Available from: 
http://www.cbn.com/health/nutrition/DrLen_031207.aspx (Last accessed Mar 04, 2010). 

Lopez-Uriarte, P.; Bullo, M.; Casas-Agustench, P.; Babio, N.; Salas-Salvado, J. Nuts and 
oxidation: a systematic review. Nutrition reviews 2009, 67(9), 497-508. 

http://www.cbn.com/health/nutrition/DrLen_031207.aspx


132 
 

Lovejoy, J. C.; Most, M. M.; Lefevre, M.; Greenway, F. L.; Rood, J. C. Effect of diets enriched 
in almonds on insulin action and serum lipids in adults with normal glucose tolerance or 
type 2 diabetes. Am. J. Clin. Nutr 2002, 76, 1000–1006. 

Lowry, O. H.; Rosebrough, N. J.; Farr, A. L.; Randall, R. J. Protein measurement with Folin 
phenol reagent. J Biol Chem. 1951, 193, 265-275. 

MacDonald, T. T.; Monteleone, G. Immunity, inflammation, and allergy in the gut. Science 
2005, 307, 1920-1925. 

Maleki, S. J.; Chung, S. Y.; Champagne, E. T.; Raufman, J. P. The effects of roasting on the 
allergenic properties of peanut proteins. J Allergy Clin Immunol. 2000, 106(4), 763-768. 

Maleki, S. J.; Chung, S. Y.; Champagne, E. T.; Khalifah, R. G. Allergenic and biophysical 
properties of peanut proteins after roasting. Food Allergy and Intolerance 2001, 2(3), 
211-221. 

Maleki, S. J. Food processing: effects on allergenicity. Current Opinion in Allergy and Clinical 

Immunology 2004, 4(3), 241-245. 

Maleki, S. J.; Sathe, S. K. The Effects of Processing Methods on Allergenic Properties of Food 
Proteins. In Food Allergy, Maleki, S.J.; Burks, A. W.; Helm, R. M. Eds.; ASM Press:  
Washington, DC, 2006; pp 310. 

Mari, A.; Lacovacci, P.; Afferni, C.; Barletta, B.; Tinghino, R.; Di Felice, G.; Pini, C. Specific 
IgE to cross-reactive carbohydrate determinants strongly affect the in vitro diagnosis of 
allergic diseases. J Allergy Clin Immunol. 1999, 103, 1005-1011. 

Marlett, J. A.; McBurney, M. I.; Slavin, J. L. Position of the American Dietetic Association: 
health implications of dietary fiber. J. Am. Diet. Assoc. 2002, 102, 993–1000. 

Mattes, R. D.; Kris-Etherton, P. M.; Foster, G. D. Impact of peanuts and tree nuts on body 
weight and healthy weight loss in adults. J. Nutr 2008, 138, 1741S-1745S. 

McCullough, K. C.; Spier, R. E., Eds.; Monoclonal Antibodies in Biotechnology: Theoretical 
and Practical Aspects. Cambridge University Press: New York, NY, 1990; p 90. 

Mermelstein, N. H. Testing for allergens. Food technology 2008, 62 (9), 70-74. 

Mickova, B.; Zrostlikova, J.; Hajslova, J.; Rauch, P.; Moreno, M. J.; Abad, A.; Montoya, A. 
Correlation study of enzyme-linked immunosorbent assay and high-performance liquid 
chromatography/tandem mass spectrometry for the determination of N-methylcarbamate 
insecticides in baby food. Anal Chim Acta. 2003, 495, 123-132. 

Milbury, P. E.; Chen, C. Y.; Dolnikowski, G. G.; Blumberg, J. B. Determination of flavonoids 
and phenolics and their distribution in almonds. J. Agric. Food Chem. 2006, 54, 5027-
5033. 



133 
 

Mills, E. N.; Field, J. M.; Kauffman, J. A.; Tatham, A. S.; Shewry, P. R.; Morgan, M. R. 
Characterization of a monoclonal antibody specific for HMW subunits of glutenin and its 
use to investigate glutenin polymers. J Agric Food Chem. 2000, 48(3), 611-617. 

Mills, E. N. C.; Jenkins, J. A.; Bannon, G.A. Plant Seed Globulin Allergens. In Plant food 

allergens, Mills, E. N. C.; Shewry, P.R. Eds.; Blackwell Science Ltd.: Oxford, UK, 2004; 
pp144. 

Mocak, J.; Bond, A. M.; Mitchell, S.; Scollary, G. A statistical overview of standard (IUPAC and 
ACS) and new procedures for the determining the limits of detection and quantification: 
application to voltammetric and stripping techniques. Pure & Appl. Chern. 1997, 69(2), 
297-328. 

Molecular Probes, Inc., Eugene, OR.  Zenon mouse IgG labeling kit (Cat. No. Z25050), 2003, 
p7. 

Monaghan, E. K.; Venkatachalam, M.; Seavy, M.; Beyer, K.; Sampson, H. A.; Roux, K. H.; 
Sathe, S. K. Enzyme linked immunosorbent assay (ELISA) for detection of sulfur-rich 
protein (SRP) in soybeans (Glycine max L.) and certain other edible plant seeds.  J. 

Agric. Food Chem. 2008, 56, 765-777. 

Moneret-Vautrin, D. A.; Rance, F.; Kanny, G.; Olsewski, A.; Gueant, J. L.; Dutau, G.; Guerin, L. 
Food allergy to peanuts in France: evaluation of 142 observations. Clin Exp Allergy 1998, 
28, 1113–1119. 

Moneret-Vautrin, D. A.; Kanny, G. Update on threshold doses of food allergens: implications for 
patients and the food industry. Curr Opin Allergy Clin Immunol. 2004, 4, 215–219. 

Mosbech, H. Death caused by wasp and bee stings in Denmark 1960-1980. Allergy 1983, 38 (3), 
195-200. 

Muldoon, M. T.; Buckley, S. A.; Deshpande, S. S.; Holtzapple, C. K.; Beier, R. C.; Stanker, L. 
H. Development of a monoclonal antibody-based cELISA for the analysis of 
sulfadimethoxine. 2. Evaluation of rapid extraction methods and implications for the 
analysis of incurred residues in chicken liver tissue. J Agric Food Chem. 2000, 48(2), 
545-550. 

National Academy on an Aging Society. 2000. Chronic conditions: A challenge for the 21st 
century. available from: http://www.agingsociety.org/agingsociety/pdf/chronic.pdf (Last 
accessed Feb. 11, 2012). 

National Institute of Allergy and Infectious Diseases (NIAID), 2010. Food AllergyQuick Facts. 
Available from:  
http://www.niaid.nih.gov/topics/foodAllergy/understanding/Pages/quickFacts.aspx (Last 
accessed Jan. 11, 2012). 

Nash, S. D.; Westpfal M. Cardiovascular benefits of nuts. Am J Cardiol. 2005, 95(8), 963-965. 

http://www.agingsociety.org/agingsociety/pdf/chronic.pdf
http://www.niaid.nih.gov/topics/foodAllergy/understanding/Pages/quickFacts.aspx


134 
 

Neogen. http://www.neogen.com/FoodSafety/FS_Product_List.asp?Test_Kit_Cat=203a (Last 
accessed Feb 15, 2012). 

Neogen. Reveal 3-D Almond Test — 902086G. available from: 
http://www.neogen.com/FoodSafety/pdf/ProdInfo/Page_R-3DAllergens.pdf  (Last 
accessed Jan. 11, 2012). 

Nutraceuticals World. 2010. Available from: 
http://nutraceuticalsworld.com/contents/view_breaking-news/2012-01-19/almond-milk-
leads-dairy-alternative-beverage-market/ (Last accessed Feb. 27, 2012). 

Ohr, M. L. Tracking Food Allergens. 2003. PREPARED FOODS NETWORK. available from: 
http://www.preparedfoods.com/articles/tracking-food-allergens (Last accessed Jan 12, 
2012). 

Orta-Ramirez, A.; Wang, C. H.; Abouzied, M. M.; Veeramuthu, G. J.; Price, J. F.; Pestka, J. J.; 
Smith, D. M. Lactate dehydrogenase monoclonal antibody sandwich ELISA to determine 
cooking temperature of ground beef. J Agric Food Chem. 1996, 44(12), 4048-4051. 

Padavattan, S.; Flicker, S.; Schirmer, T.; Madritsch, C.; Randow, S.; Reese, G.; Vieths, S.; 
Lupinek, C.; Ebner, C.; Valenta, R.; Markovic-Housley Z. High-affinity IgE recognition 
of a conformational epitope of the major respiratory allergen Phl p 2 as revealed by X-ray 
crystallography. J. Immunol. 2009, 182, 2141-2151. 

Pafundo, S.; Gulli, M.; Marmiroli, N. SYBR®GreenERTM real-time PCR to detect almond in 
traces in processed food. Food Chemistry 2009, 116, 811-815. 

Pasini, G.; Simonato, B.; Giannattasio, M.; Gemignani, C.; Curioni, A. IgE binding to almond 
proteins in two CAP-FEIA-negative patients with allergic symptioms to almond as  
compared to three CAP-FEIA-false-positive subjects. Allergy 2000, 55, 955-958. 

Pastorello, E. A.; Farioli, L.; Pravettoni, V.; Ispano, M.; Conti, A.; Ansaloni, R.; Rotondo, F.; 
Incorvaia, C.; Bengtsson, A.; Rivolta, F.; Trambaioli, C.; Previdi, M.; Ortolani, C. 
Sensitization to the major allergen of Brazil nut is correlated with the clinical expression 
of allergy. J. Allergy Clin. Immunol. 1998, 102(6), 1021-1027. 

Pele, M.; Brohée, M.; Anklam, E.; Van Hengel, A. J. Peanut and hazelnut traces in cookies and 
chocolates: Relationship between analytical results and declaration of food allergens on 
product labels. Food Additives & Contaminants, 2007, 24(12), 1334-1344. 

Plunkett, G. Stability of allergen extracts used in skin testing and immunotherapy. Curr Opin 

Otolaryngol Head Neck Surg 2008, 16, 285–291. 

Poltronieri, P.; Cappello, M.S.; Dohmae, N.; Conti, A.; Fortunato, D.; Pastorello, E.A.; Ortolani, 
C.; Zacheo, G. Identification and characterization of the IgE-binding proteins 2S albumin 
and conglutin gamma in almond (Prunus dulcis) seeds. Int Arch Allergy Immunol. 2002, 
128(2), 97–104. 

http://www.neogen.com/FoodSafety/FS_Product_List.asp?Test_Kit_Cat=203a
http://www.neogen.com/FoodSafety/pdf/ProdInfo/Page_R-3DAllergens.pdf
http://nutraceuticalsworld.com/contents/view_breaking-news/2012-01-19/almond-milk-leads-dairy-alternative-beverage-market/
http://nutraceuticalsworld.com/contents/view_breaking-news/2012-01-19/almond-milk-leads-dairy-alternative-beverage-market/
http://www.preparedfoods.com/articles/tracking-food-allergens


135 
 

Pomes, A.; Helm, R. M.; Bannon, G. A.; Burks, A. W.; Tsay, A.; Chapman, M. D. Monitoring 
peanut allergen in food products by measuring Ara h 1. J Allergy Clin Immunol. 2003, 
111(3), 640-645. 

Poms, R. E.; Anklam, E.; Kuhn, M.  Polymerase chain reaction techniques for food allergen 
detection.  JAOAC Intl. 2004a, 87(6), 1391-1397. 

Poms, R.E.; Klein, C.L.; Anklam, E. Methods for allergen analysis in food: a review. Food 

Additives and Contaminants 2004b, 21, 1-31. 

Poms, R.; Emons, H.; Anklam, E. Reference materials and method validation in allergen 
detection. In Detecting allergens in food, Koppelman, S. J.; Hefle, S. L Eds.; CRC Press 
LLC: Boca Raton, FL, 2006; pp 349-354. 

Pumphrey R.S.H.; Gowland, M. H. Further fatal allergic reactions to food in the United 
Kingdom, 1999-2006. J Allergy Clin Immunol. 2007, 119, 1018-1019. 

Rampitsch, C.; Ames, N.; Storsley, J.; Marien, L. Development of a monoclonal antibody-based 
enzyme-linked immunosorbent assay to quantify soluble beta-glucans in oats and barley. 
J Agric Food Chem. 2003, 51(20), 5882-5887. 

R-BIOPHARM. http://www.r-
biopharm.com/product_site.php?action=product_open&pto=ELISA&product_class_one=
QWxsZXJnZW5z&product_class_two=QWxtb25k&product_class_three=&product_clas
s_four=&product_range=Food and Feed Analysis& (Last accessed Jan 12, 2012). 

R-BIOPHARM. SureFood® ALLERGEN Almond Product Code S3104, available from: 
http://www.r-
biopharm.com/product_site.php?product_id=512&product_class_one=QWxsZXJnZW5z
&product_class_two=QWxtb25k&product_class_three=&product_class_four=&product_
range=Food%20and%20Feed%20Analysis& (Last accessed Jan 12, 2012). 

R-BIOPHARM. BL601-25   Lateral Flow Almond, available from: http://www.r-
biopharm.com/product_site.php?product_id=4124&product_class_one=QWxsZXJnZW5
z&product_class_two=QWxtb25k&product_class_three=&product_class_four=&product
_range=Food%20and%20Feed%20Analysis& (Last accessed Jan 12, 2012). 

Redl, G.; Husain, F.T.; Bretbacher, I. E.; Nemes, A.; Cichna-Markl, M. Development and 
validation of a sandwich ELISA for the determination of potentially allergenic sesame 
(Sesamum indicum) in food. Anal Bioanal Chem. 2010, 398, 1735-1745. 

Röder, M.; Vieths, S.; Holzhauser, T. Sensitive and specific detection of potentially allergenic 
almond (Prunus dulcis) in complex food matrices by Taqman® real-time polymerase 
chain reaction in comparison to commercially available protein-based enzyme-linked 
immunosorbent assay. Analytica Chimica Acta 2011, 685, 74–83.  

http://www.r-biopharm.com/product_site.php?product_id=512&product_class_one=QWxsZXJnZW5z&product_class_two=QWxtb25k&product_class_three=&product_class_four=&product_range=Food%20and%20Feed%20Analysis&
http://www.r-biopharm.com/product_site.php?product_id=512&product_class_one=QWxsZXJnZW5z&product_class_two=QWxtb25k&product_class_three=&product_class_four=&product_range=Food%20and%20Feed%20Analysis&
http://www.r-biopharm.com/product_site.php?product_id=512&product_class_one=QWxsZXJnZW5z&product_class_two=QWxtb25k&product_class_three=&product_class_four=&product_range=Food%20and%20Feed%20Analysis&
http://www.r-biopharm.com/product_site.php?product_id=512&product_class_one=QWxsZXJnZW5z&product_class_two=QWxtb25k&product_class_three=&product_class_four=&product_range=Food%20and%20Feed%20Analysis&
http://www.r-biopharm.com/product_site.php?product_id=4124&product_class_one=QWxsZXJnZW5z&product_class_two=QWxtb25k&product_class_three=&product_class_four=&product_range=Food%20and%20Feed%20Analysis&
http://www.r-biopharm.com/product_site.php?product_id=4124&product_class_one=QWxsZXJnZW5z&product_class_two=QWxtb25k&product_class_three=&product_class_four=&product_range=Food%20and%20Feed%20Analysis&
http://www.r-biopharm.com/product_site.php?product_id=4124&product_class_one=QWxsZXJnZW5z&product_class_two=QWxtb25k&product_class_three=&product_class_four=&product_range=Food%20and%20Feed%20Analysis&
http://www.r-biopharm.com/product_site.php?product_id=4124&product_class_one=QWxsZXJnZW5z&product_class_two=QWxtb25k&product_class_three=&product_class_four=&product_range=Food%20and%20Feed%20Analysis&
http://www.r-biopharm.com/product_site.php?product_id=4124&product_class_one=QWxsZXJnZW5z&product_class_two=QWxtb25k&product_class_three=&product_class_four=&product_range=Food%20and%20Feed%20Analysis&


136 
 

Rodriguez, J.; Crespo, J.F.; Lopez-Rubio, A.; De La Cruz-Bertolo, J.; Ferrando-Vivas, P.; Vives, 
R.; Daroca, P. Clinical cross-reactivity among foods of the Rosaceae family. J Allergy 

Clin Immunol. 2000, 106, 183-189. 

Romer Labs. AgraStrip® Almond and AgraQuant® Almond. Available from: 
http://www.romerlabs.net/pdts_kits.html (Last accessed Jan 12, 2012). 

Roux, K. H.; Sathe, S. K.; Peterson, W. R.; Teuber, S. S. The major seed storage protein of 
almond (Almond Major Protein) is an allergen. Abstract 255. J Allergy Clin Immunol. 
1999, 103, S66. 

Roux, K. H.; Teuber, S. S.; Robotham, J. M.; Sathe, S. K. Detection and stability of the major 
almond allergen in foods. J Agric Food Chem. 2001, 49(5), 2131–2136. 

Roux, K. H.; Teuber, S. S.; Sathe, S. K. Tree nut allergens. Int Arch Allergy Immunol. 2003, 
131(4), 234-244. 

Rudders, S. A.; Banerji, A.; Corel, B.; Clark, S.; Camargo, C. A. Jr. Multicenter study of repeat 
epinephrine treatments for food-related anaphylaxis. Pediatrics 2010, 125(4), 711-718. 

Rudkowska, I. Functional foods for health: focus on diabetes. Maturitas 2009, 62, 263-269. 

Rufo, C.; Hammock, B. D.; Gee, S. J.; Last, J. A.; Gonzalez-Sapiena, G. Robust and sensitive 
monoclonal enzyme-linked immunosorbent assay for the herbicide molinate. J Agric 

Food Chem. 2004, 52(2), 182-187. 

Rumawas, M. E.; McKeown, N. M.; Rogers, G.; Meigs, J. B.; Wilson, P. W. F.; Jacques, P. F. 
Magnesium intake is related to improved insulin homeostasis in the Framingham 
Offspring Cohort. J Am Coll Nutr 2006, 25(6), 486-492. 

Sabate, J. Nut consumption and body weight. Am J Clin Nutr 2003, 78 (suppl), 647S–650S. 

Salas-Salvado, J.; Bullo, M.; Perez-Heras, A.; Ros, E. Dietary fibre, nuts and cardiovascular 
diseases. Br J Nutr 2006, 96 (Suppl.), 2, S45-S51. 

Salas-Salvado, J.; Fernandez-Ballart, J.; Ros, E.; Martinez-Gonzalez, M.; Fito, M.; Estruch, R.; 
Corella, D.; Fiol, M.; Gomez-Gracia, E.; Aros, F.; Flores, G.; Lapetra, J.; Lamuela-
Raventos, R.; Ruiz-Gutierrez, V.; Bullo, M.; Basora, J.; Covas, M. Effect of a 
Mediterranean diet supplemented with nuts on metabolic syndrome status. One-year 
results of the PREDIMED randomized trial. Arch Intern Med. 2008, 168(22), 2449-2458. 

Salcedo, G.; Sanchez-Monge, R.; Barber, D.; Diaz-Perales, A. Plant non-specific lipid transfer 
proteins: An interface between plant defence and hman allergy. Biochimica et Biophysica 

Acta 2007, 1771, 781–791. 

Sampson, H. A.; Dean, M. D.; Metcalfe, D. D. Food Allergies. JAMA 1992, 268, 2840-2844. 

http://www.romerlabs.net/pdts_kits.html


137 
 

Sampson, H. A.; Ho, D. G. Relationship between food-specific IgE concentrations and the risk of 
positive food challenges in children and adolescents. J Allergy Clin Immunol. 1997, 100 
(4), 444-451.  

Sampson, H. A. Utility of food-specific IgE concentrations in predicting symptomatic food 
allergy. J. Allergy Clin. Immunol. 2001, 107(5), 891-896. 

Sampson, H. A. Anaphylaxis and emergency treatment. Pediatrics 2003, 111(6), 1601-1608. 

Sampson, H. A. Update on food allergy. J. Allergy Clin. Immunol. 2004, 113(5), 805-816. 

Sathe S. K. Solubilization, electrophoretic characterization and in vitro digestibility of almond 
(Prunus amygdalus) proteins. J. Food Biochem. 1993, 16, 249-264. 

Sathe, S. K.; Teuber, S. S.; Gradziel, T. M.; Roux, K. H.  Electrophoretic and immunological 
analyses of almond (Prunus dulcis L.) genotypes and hybrids. J Agric Food Chem. 2001, 
49(4), 2043-2052. 

Sathe, S. K.; Wolf, W. J.; Roux, K. H.; Teuber, S. S.; Venkatachalam, M.; Sze-Tao, K.W. 
Biochemical characterization of amandin, the major storage protein in almond (Prunus 

dulcis L.). J Agric Food Chem. 2002, 50 (15), 4333–4341. 

Sathe, S. K.; Kshirsagar, H. H.; Roux, K. H. Advances in seed protein research: A perspective on 
seed allergens. J. Food Sci. 2005, 70 (6), 93-120. 

Sathe, S. K.; Teuber, S. S.; Roux, K. H.  Effects of food processing on the stability of food 
allergens.  Biotechnol. Adv. 2005, 23(6), 423-429. 

Sathe, S. K.; Seeram, N. P.; Kshirsagar, H. H.; Heber, D.; Lapsley, K. A. Fatty Acid 
Composition of California Grown Almonds. J Food Sci. 2008, 73 (9), C607–C614.  

Sathe, S. K.; Sharma, G. M.; Roux, K. H. Tree nut allergens. In Tree Nuts: Composition, 

Phytochemicals, and Health Effects, Alasalavar, C.; Shahidi, F. Eds.; Taylor and Francis 
Group: Boca Raton, FL, 2009a; pp65-83. 

Sathe, S. K.; Venkatachalam, M.; Sharma, G. M.; Kshirsagar, H. H.; Teuber, S. S.; Roux, K. H. 
Solubilization and electrophoretic characterization of select edible nut seed proteins. J. 

Agric. Food Chem. 2009b, 57, 7846–7856. 

Scheibe, B.; Weiss, W.; Rueff, F.; Przybilla, B.; Gorg, A. Detection of trace amounts of hidden 
allergens: hazelnut and almond proteins in chocolate. J Chromatogr B Biomed Sci Appl. 
2001, 756(1-2), 229-237. 

Serra-Majem, L.; Roman, B.; Estruch, B. Scientific evidence of interventions using the 
Mediterranean Diet: a systematic review. Nutrition Reviews 2006, 64(2), S27-47. 



138 
 

Sharma, G. M.; Roux, K. H.; Sathe, S. K. A sensitive and robust competitive enzyme-linked 
immunosorbent assay for Brazil nut (Bertholletia excelsa L.) detection. J. Agric. Food 

Chem. 2009, 57(2), 769-776. 

Shewry, P. R.; Beaudoin, F.; Jenkins, J.; Griffiths-Jones, S.; Mills, E. N. C. Plant protein families 
and their relationships to food allergy. Biochem. Soc. Trans. 2002, 30(6), 906-910. 

Sicherer, S. H.; Burks, A. W.; Sampson, H. A. Clinical features of acute allergic reactions to 
peanut and tree nuts in children. Pediatrics 1998, 102(1), 1-6. 

Sicherer, S. H.; Munoz-Furlong, A.; Burks, A. W.; Sampson, H. A. Prevalence of peanut and tree 
nut allergy in the US determined by a random digit dial telephone survey. J Allergy Clin 

Immunol. 1999, 103(4), 559-562. 

Sicherer S. H.; Furlong, T. J.; Muñoz-Furlong, A.; Burks, A. W.; Sampson, H. A. A voluntary 
registry for peanut and tree nut allergy: Characteristics of the first 5149 registrants. J 

Allergy Clin Immunol. 2001a, 108 (1), 128-132. 

Sicherer, S. H.; Noone, S.; Munoz-Furlong, A. The impact of childhood food allergy on quality 
of life. Ann Allergy Asthma Immunol. 2001b, 87(6), 461-464. 

Sicherer, S. H. Clinical implications of cross-reactive food allergens. J Allergy Clin Immunol. 
2001, 108, 881–890. 

Sicherer, S. H.; Muñoz-Furlong, A.; Sampson, H. A. Prevalence of peanut and tree nut allergy in 
the United States determined by means of a random digit dial telephone survey: a 5-year 
follow-up study. J Allergy Clin Immunol. 2003, 112(6), 1203-1207. 

Sicherer, S. H.; Muñoz-Furlong, A.; Godbold, J. H.; Sampson, H. A. US prevalence of self-
reported peanut, tree nut, and sesame allergy: 11- year follow-up.  J Allergy Clin 

Immunol. 2010, 125(6), 1322-1326. 

Skerritt, J. H.; Hill, A. S. Enzyme immunoassay for determination of gluten in foods: 
collaborative study. J Assoc of Anal Chem. 1991, 74(2), 257-264. 

Smith, G. P. Chemical and Proteolytic Modification of Antibodies. In Making and using 

antibodies-a practical handbook, Howard, G. C.; Kaser, M. R. Eds.; Taylor and Francis 
Group: Boca Raton, FL, 2007; pp196-198. 

Soldatova, L. N.; Paupore, E. J.; Burk, S. H.; Pastor, R. W.; Slater, J. E. The stability of house 
dust mite allergens in glycerinated extracts. J Allergy Clin Immunol. 2000, 105, 482-488. 

Sorell, L.; Lopez, J. A.; Valdes, I.; Alfonso, P.; Camafeita, E.; Acevedo, B.; Chirdo, F.; 
Gavilondo, J.; Mendez, E. An innovative sandwich ELISA system based on an antibody 
cocktail for gluten analysis. FEBS Letters 1998, 439(1-2), 46-50.  



139 
 

Su, M.; Venkatachalam, M.; Teuber, S. S.; Roux, K. H.; Sathe, S. K. Impact of -irradiation and 
thermal processing on the antigenicity of almond, cashew nut, and walnut proteins. J Sci 

Food Agric 2004, 84, 1119-1125. 

Sun, S. S. M.; Leung, F. W.; Tomic, J. C. Brazil nut (Bertholletia excelsa HBK) proteins: 
fractionation, composition, and identification of a sulfur-rich protein. J. Agric. Food 

Chem. 1987, 35 (2), 232-235. 

Sze-Tao K. W. C.; Sathe S. K. Effects of sodium dodecyl sulfate, guanidine hydrochloride, urea, 
and heat on denaturation of sulfur rich protein in soybeans (Glycine max L.). Food 

Biochem. 2001, 25 (6), 483-492. 

Sze-Tao K. W. C.; Kshirsagar, H. H.; Venkatachalam M.; Sathe S. K. A circular dichroism and 
fluorescence spectrometric assessment of effects of selected chemical denaturants on 
soybean (Glycine max L.) storage proteins glycinin (11S) and -conglycinin (7S). J. 

Agric. Food Chem. 2007, 55, 8745–8753. 

Tawde, P.; Venkatesh, Y. P.; Wang, F.; Teuber, S. S.; Sathe, S. K.; Roux, K. H. Cloning and 
characterization of profilin (Pru du 4), a cross-reactive almond (Prunus dulcis) allergen. J 

Allergy Clin Immunol. 2006, 118, 915-922. 

Taylor, S. L.; Nordlee, J. A. Detection of food allergens. Food Technology 1995, 5, 231. 

Taylor, S. L.; Hefle, S. L.; Bindslev-Jensen, C.; Bock, S. A.; Burks, A. W.; Christie, L.; Hill, D. 
J.; Host, A.; Hourihane, J. O'B.; Lack, G.; Metcalfe, D. D.; Moneret-Vautrin, D. A.; 
Vadas, P. A.; Rance, F.; Skrypec, D. J.; Trautman, T. A.; Yman, I. M.; Zeiger, R. S. 
Factors affecting the determination of threshold doses for allergenic foods: How much is 
too much?  J Allergy Clin Immunol. 2002, 109, 24-30. 

Taylor, S. L.; Gendel, S. M.; Houben, G. F.; Julien, E. The Key events dose-response 
framework: a foundation for examining variability in elicitation thresholds for food 
allergens. Critical Reviews in Food Science and Nutrition 2009, 49, 729–739. 

Teuber, S. S.; Sathe, S. K.; Roux, K. H.; Peterson, W. R. Cross-reactivity of walnut and other 
tree nuts by IgE immunoblot inhibition. J Allergy Clin Immunol. 2000, S140. 

Teuber S. S.; Comstock S. S.; Sathe S. K.; Roux K. H. Tree nut allergy. Curr Allergy Asthma 

Rep. 2003, 3(1), 54-61. 

The food allergy & anaphylaxis network (FAAN). 2011. Food Allergy Facts and Statistics for 
the U.S. http://www.foodallergy.org/page/facts-and-stats also available from: 
http://www.foodallergy.org/files/FoodAllergyFactsandStatistics.pdf  (Last accessed Dec. 
2, 2011). 

The food allergy & anaphylaxis network (FAAN), 2012. Five Steps Forward for Food Allergy. 
Available from: http://www.foodallergy.org/files/fivesteps.pdf (Last accessed Jan. 11, 
2012). 

http://www.foodallergy.org/page/facts-and-stats
http://www.foodallergy.org/files/FoodAllergyFactsandStatistics.pdf
http://www.foodallergy.org/files/fivesteps.pdf


140 
 

Thomas, K.; Herouet-Guicheney, C.; Ladics, G.; Bannon, G.; Cockburn, A.; Crevel, R.; 
Fitzpatrick, J.; Mills, C.; Privalle, L.; Vieths, S. Evaluating the effect of food processing 
on the potential human allergenicity of novel proteins: International workshop report. 
Food and Chemical Toxicology 2007, 45, 1116–1122. 

Tiwari, R. S.; Venkatachalam, M.; Sharma, G. M.; Su, M.; Roux, K. H.; Sathe, S. K. Effect of 
food matrix on amandin, almond (Prunus dulcis L.) major protein, immunorecognition 
and recovery. LWT - Food Science and Technology 2010, 43, 675–683. 

Towbin, H.; Staehlin, T.; Gordon, J. Electrophoretic transfer of proteins from polyacrylamide 
gels to nitrocellulose sheets: procedures and some applications. Proc. Natl. Acad. Sci. 
U.S.A. 1979, 76, 4350–4354. 

US Department of Agriculture (USDA). Fruit and Tree Nuts Situation and Outlook Yearbook; 
Market and Trade Economics Division, Economic Research Service, U.S. Department of 
Agriculture: Washington, DC, Oct. 2011. 

US Department of Agriculture (USDA), USDA National Nutrient Database for Standard 
Reference, Release 22, National Technical Information Service, USDA, Springfield, VA, 
2009. 

U.S. Department of Health and Human Services (USHHS), Food and Drug Administration 
(FDA), Center for Drug Evaluation and Research (CDER), Center for Veterinary 
Medicine (CVM) Guidance for Industry. Bioanalytical Method Validation. May 2001, p 
5. 

US Department of Health and Human Services (USHHS) and US Department of Agriculture 
(USDA). Dietary Guidelines for Americans. 2005. Available from: 
www.health.gov/dietaryguidelines/dga2005/document/ (Accessed February 27, 2010). 

University of Missouri - Columbia Proteomics Center, Acrylamide gel protein detection 
methods. 2006. Available from: 
http://proteomics.missouri.edu/protocols/proteinDetection.html (Accessed Jan. 18, 2012). 

Vailes, L.; Sridhara, S.; Cromwell, O.; Weber, B.; Breitenbach, M.; Chapman, M. Quantitation 
of the major fungal allergens, Alt a 1 and Asp f 1, in commercial allergenic products. J 

Allergy Clin Immunol. 2001, 107(4), 641-646. 

Varshney, G. C.; Mahana, W.; Filloux, A. M.; Venien, A.; Paraf, A. Structure of native and heat-
denatured ovalbumin as revealed by monoclonal-antibodies-epitopic changes during heat-
treatment. J Food Sci. 1991, 56 (1), 224-227. 

van Ree, R. Clinical importance of cross-reactivity in food allergy. Curr Opin Allergy Clin 

Immunol. 2004, 4, 235–240. 

van Ree, R.; Chapman, M. D.; Ferreira, F.; Vieths, S.; Bryan, D.; Cromwell, O.; Villalba, M.; 
Durham, S. R.; Becker, W. M.; Aalbers, M.; Andre, C.; Barber, D.; Bahima, A. C.; 
Custovic, A.; Didierlaurent, A.; Dolman, C.; Dorpema, J. W.; Di Felice, G.; Eberhardt, 

http://www.health.gov/dietaryguidelines/dga2005/document/
http://proteomics.missouri.edu/protocols/proteinDetection.html


141 
 

F.; Caldas, E. F.; Rivas, M. F.; Fiebig, H.; Focke, M.; Fotisch, K.; Gadermaier, G.; Das, 
R. G.; Mancebo, E. G.; Himly, M.; Kinaciyan, T.; Knulst, A. C.; Kroon, A. M.; Lepp, U.; 
Marco, F. M.; Mari, A.; Moingeon, P.; Monsalve, R.; Neubauer, A.; Notten, S.; Heer, P. 
O.; Pauli, G.; Pini, C.; Purohit, A.; Quiralte, J.; Rak, S.; Raulf-Heimsoth, M.; Moncin, M. 
M. S. M.; Simpson, B.; Tsay, A.; Vailes, L.; Wallner, M., Weber, B. The CREATE 
project: development of certified reference materials for allergenic products and 
validation of methods for their quantification. Allergy 2008, 63, 310-326. 

Venkatachalam, M.; Teuber, S. S.; Roux, K. H.; and Sathe, S. K.  Effects of roasting, blanching, 
autoclaving, and microwave heating on antigenicity of almond (Prunus dulcis L.) 
proteins.  J. Agric. Food Chem. 2002, 50, 3544-3548. 

Venkatachalam M.; Teuber, S. S.; Peterson, W. R.; Roux, K. H.; Sathe, S. K. Antigenic stability 
of pecan [Carya illinoinensis (Wangenh.) K. Koch] proteins: effects of thermal 
treatments and in vitro digestion. J. Agric. Food Chem. 2006, 54, 1449-1458. 

Venkatachalam, M.; Sathe, S. K. Chemical composition of selected edible nut seeds. J. Agric. 

Food Chem. 2006, 54, 4705–4714. 

Venkatachalam M.; Monaghan, E. K.; Kshirsagar, H. H.; Robotham, J. M.; O’Donnell, S. E.; 
Gerber, M. S.; Roux, K. H.; Sathe, S. K. Effects of processing on immunoreactivity of 
cashew nut (Anacardium occidentale L.) seed flour proteins. J. Agric. Food Chem. 2008, 
56, 8998–9005. 

Vierk, K.; Falci, K.; Wolyniak, C.; Klontz, K. C. Recalls of foods containing undeclared 
allergens reported to the US Food and Drug Administration, fiscal year 1999. J Allergy 

Clin Immunol. 2002, 109, 1022-1026. 

Vierk, K. A.; Koehler, K. M.; Fein, S. B.; Street, D. A. Prevalence of self-reported food allergy 
in American adults and use of food labels. J Allergy Clin Immunol. 2007, 119, 1504-
1510. 

Vieths, S.; Hoffmann, A.; holzhauser, T.; Muller, U.; Reindl, J.; Haustein, O. Factors influencing 
the quality of food extracts for in vitro and in vivo diagnosis. Allergy 1998, (Suppl 46) 53, 
65-71. 

Vojdani, A. Detection of IgE, IgG, IgA and IgM antibodies against raw and processed food 
antigens. Nutrition & Metabolism 2009, 6-22.  

Wang, F.; Roux, K. H.; Teuber, S. S.; Sathe, S. K. Profilin (Prunus dulcis) direct submission to 
NCBI. 2002. Bathesda, Md.: National Center for Biotechnology Information, US 
National Library of Medicine. Accession no. AAL91662. 

Wei, Y.; Sathe S.K.; Teuber S.S.; Roux K.H. A sensitive sandwich ELISA for the detection of 
trace amounts of cashew (Anacardium occidentale L.) nut in foods. J Agric Food Chem. 
2003, 51(11), 3215-3221. 



142 
 

Wensing, M.; Akkerdaas, J. H.; van Leeuwen, W. A.; Stapel, S. O.; Bruijnzeel-Koomen, C. A. F. 
M.; Aalberse, R. C.; Bast, B. J. E. G.; Knulst, A. C.; van Ree, R. IgE to Bet v 1 and 
profilin: Cross-reactivity patterns and clinical relevance. J Allergy Clin Immunol. 2002, 
110, 435-442. 

Westermeier, R. Electrophoresis in practice. a guide to theory and practice. method 8: SDS 
polyacrylamide electrophoresis. VCH: Weinheim, Germany, 1993; pp 182. 

Wien, M. A.; Sabate, J. M.; Ikle, D. N.; Cole, S. E.; Kandeel, F. R. Almonds vs complex 
carbohydrates in a weight reduction program. Int J Obesity 2003, 27, 1365-1372. 

Wilders-Truschnig M.; Mangge H.; Lieners C.; Gruber, H. J.; Mayer, C.; Mgrz, W. IgG 
antibodies against food antigens are correlated with inflammation and intima media 
thickness in obese juveniles. Exp Clin Endocrinol Diabetes 2008, 116, 241-245.  

Willison, L. N.; Tawde, P.; Roux, K. H. Identification of almond lipid transfer protein (LTP) 
isoform. Submitted (JAN-2009) to the EMBL/GenBank/DDBJ databases Available at: 
http://www.uniprot.org/uniprot/C0L0I5  (Accessed Mar 07, 2010).  

Willison, L. N.; Tripathi P.; Sharma G.; Teuber S. S.; Sathe S. K.; Roux K. H. Cloning, 
expression and patient IgE reactivity of recombinant Pru du 6, an 11S globulin from 
almond. Int Arch Allergy Immunol. 2011, 156, 267-281.  

Wolf, W. J.; Sathe, S. K. Ultracentrifugal and polyacrylamide gel electrophoretic studies of 
extractability and stability of almond meal proteins. J. Agric. Food Chem. 1998, 78, 511-
521. 

Wood, R. A. The natural history of food allergy. Pediatrics 2003, 111(6), 1631–1637.  

Yocum, M. W.; Butterfield, J. H.; Klein, J. S.; Volcheck, G. W.; Schroeder, D. R.; Silverstein. 
M. D. Epidemiology of anaphylaxis in Olmstead County: A population-based study. J 

Allergy Clin Immunol. 1999, 104, 452-456. 

Zhao, Y.; Chalt, B. T. Protein epitope mapping by mass spectrometry. Anal. Chem. 1994, 66, 
3723-3726. 

 

 

 

 

 

 

http://www.uniprot.org/uniprot/?query=author:%22Willison+L.N.%22
http://www.uniprot.org/uniprot/?query=author:%22Tawde+P.%22
http://www.uniprot.org/uniprot/?query=author:%22Roux+K.H.%22
http://www.uniprot.org/uniprot/C0L0I5
http://www.uniprot.org/uniprot/?query=author:%22Willison+L.N.%22


143 
 

BIOGRAPHICAL SKETCH 

EDUCATION 

Apr. 2012 
Ph.D. in Food and Nutrition 

College of Human Sciences (CHS), Florida State University (FSU) 

Dec. 2002 
MS in Food and Nutrition 

CHS, FSU 

PROFESSIONAL EXPERIENCE 

Aug. 2007-to date    

Graduate Research Assistant 

FSU, Tallahassee, FL 

Assisted Dr. S. K. Sathe in research needs 

Aug. 2007-Apr. 2011 

Graduate Teaching Assistant 

FSU, Tallahassee, FL 

Courses taught: Foods lab (FOS 3026L), Food Science lab (FOS 4114c) 

Jan. 2006-to date 
Vice President for Academic Affairs 

Fujian HwaNan Women’s College, Fuzhou, Fujian, the PRC 

Aug. 1991-Jul. 2007 

Instructor  

Fujian HwaNan Women’s College, Fuzhou, Fujian, the PRC 

Courses taught: Chemistry Lab; Nutrition and Food Hygiene; Food 

Analysis (+lab); Fermented Food Technology; Food and the Consumer 

AWARDS AND HONORS 

2011 
The Betty Watts Memorial Scholarship and The Elsie Thomas Miller Scholarship 

[Nutrition Food and Exercise Sciences Dept. (NFES) CHS FSU] 

2010 
The Pao-Sen Chi Scholarship and The Florence Smith McAllister Endowed Fellowship 

(NFES CHS FSU) 

2009 The Elsie Thomas Miller Scholarship and The Pao-Sen Chi Scholarship (NFES CHS 
FSU) 

2008 The Wilson-Sitton Scholarship and The Anne Marie Erdman Scholarship (NFES CHS 
FSU) 

2006 “Outstanding Educator in Higher Vocational Education” (Fujian Education 
Commission, The PRC) 

2002 “Dean’s Scholar” (CHS FSU) 



144 
 

GRANTS 

2012 Spr. The Florida State University the Graduate School Dissertation Research Grant 

2011-2012 College of Human Science Dissertation Award 

2011, 2002 FSU COGS Travel Grants for the institute of food technologist (IFT) annual meeting 

2008, 2009 CHS Graduate Student Advisory Council (GSAC) Travel Presentation Grant 

2006-2008 The United Board for Christian Higher Education in Asia Fellows Program Grant 

PUBLICATIONS AND PRESENTATIONS 

Research papers 

1. Su, M., Venkatachalam, M., Roux, K.H., Sathe, S. K. 2012. Development of a sensitive, 
specific, and reliable Enzyme-Linked Immunosorbent Assay (ELISA) for the detection of trace 
amounts of almond (Prunus dulcis L.). (Under preparation)  
2. Su, M., Venkatachalam, M., Roux, K.H., Sathe, S. K. 2012. A Robust sandwich ELISA for 
the detection of trace amounts of almond (Prunus dulcis L.). (Under preparation) 
3. Sharma, G.M., Su, M., Joshi, A. U., Roux, K. H., and Sathe, S.K. 2010. Functional properties 
of select edible oilseed proteins. J. Agric. Food Chem. 58(9):5457-5464. (Equal contribution 
with Sharma, G.M.) 
4. Tiwari, R. S., Venkatachalam, M., Sharma, G. M., Su, M., Roux, K. H., Sathe, S. K.  
2010. Effect of Food matrix on Amandin, Almond (Prunus dulcis L.) Major Protein,  
Immunorecognition and Recovery. LWT-Food Science and Technology 43(4): 675-683. 
5. Sathe, S.K., Sharma, G.M., Kshirsagar, H.H., Su, M., Roux, K.H. 2009. Effects of Long-Term 
Frozen Storage on Electrophoretic Patterns, Immunoreactivity, and Pepsin in Vitro Digestibility 
of Soybean (Glycine max L.) Proteins. J. Agric. Food Chem. 57(4):1312-1318. 

6. Su, M., Venkatachalam, M., Teuber, S.S., Roux, K.H., Sathe, S.K. 2004. Impact of -
Irradiation and Thermal Processing on the Antigenicity of Almond, Cashew Nut and Walnut 
Proteins. J Sci Food Agric. 84(10): 1119–1125. 

Peer Reviewed Abstracts/Presentations 

1. Su, M., Gradziel, T., Venkatachalam, M., Roux, K. H., Lapsley, K., Sathe, S. K. 2012. Effects 
of Genotype, Hybrid, Variety, and Growing Conditions on the Detection of Almond (Prunus 

dulcis L.) using a Sensitive and Specific Murine Monoclonal Antibody (mAb) Based Sandwich 
Enzyme-Linked Immunosorbent Assay (ELISA). US Department of Agriculture (USDA) 
National Research Initiative (NRI) Cooperative State Research Education and Extension Service 
(CSREES). Project Director Meeting and Institute of Food Technologist (IFT) annual meeting, 
Las Vegas, NV, June, 25-28, 2012. (Accepted)  
2. Su, M., Venkatachalam, M., Roux, K. H., Sathe, S. K. 2012. Effects of Processing on Almond 
(Prunus dulcis L.) Detection Using a Sensitive and Specific Murine Monoclonal Antibody 
(mAb) Based Sandwich Enzyme-Linked Immunosorbent Assay (ELISA). IFT annual meeting, 
Las Vegas, NV, June, 25-28, 2012. (Accepted) 
3. Su, M., Roux, K. H., Venkatachalam, M., Sathe, S. K. 2012. Effects of Storage on the Almond 
(Prunus dulcis L.) Amandin Detection Using a Sensitive and Specific Murine Monoclonal 
Antibody (mAb)-Based Sandwich Enzyme-Linked Immunosorbent Assay (ELISA). IFT annual 



145 
 

meeting, Las Vegas, NV, June, 25-28, 2012. (Accepted) 
4. Su, M., Willison, L. N., Roux, K. H., Venkatachalam, M., Sathe, S. K. 2012. 
Immunoreactivity of Native Almond Major Protein (Amandin) and its Recombinant Counterpart 
Pru du 6.01 and Pru du 6.02. IFT annual meeting, Las Vegas, NV, June, 25-28, 2012. (Accepted) 
5. Su, M., Roux, K. H., Venkatachalam, M., Sathe, S. K. 2012. Effects of Lipids on the 
Detection of Almond (Prunus dulcis L.) Using a Sensitive and Specific Murine Monoclonal 
Antibody (mAb) Based Sandwich Enzyme-Linked Immunosorbent Assay (ELISA). IFT annual 
meeting, Las Vegas, NV, June, 25-28, 2012. (Accepted) 
6. Su, M., Roux, K. H., Sathe, S. K. 2011. Mouse monoclonal antibody (mAb)-based cocktail 
ELISA for sensitive, specific, and robust detection of almond (Prunus dulcis L.) major protein 
amandin. USDA NRI CSREES Project Director Meeting and IFT annual meeting, New Orleans, 
LA, USA in June, 11-14, 2011 (Abstract No. 161-06). 
7. Su, M., Peacock, J., Willison, L., Roux, K. H., Sathe, S. K. 2010. Mouse Monoclonal 
Antibody (mAb) based Enzyme Linked Immunosorbent Assay (ELISA) for Sensitive, Specific, 
and Robust Detection of Almond (Prunus dulcis L.). USDA NRI CSREES Project Director 
Meeting and IFT annual meeting, Chicago, IL, July, 17-20, 2010 (Abstract No. 186-07). 
8. Sathe, S. K., Su, M., Sharma, G. M., Willison, L., Xia, L., Robotham, J., Roux, K. H. 2009. 
Monoclonal Antibody (mAb)-Based Enzyme Linked Immunoassay (ELISA) for Sensitive, 
Specific, and Robust Detection of Trace Quantities of Almond (Prunus dulcis L.). USDA NRI 
CSREES Project Director Meeting, Anaheim, CA, June 05-06, 2009. 
9. Su, M., Sharma, G. M., Roux, K. H., Sathe, S. K. 2009. A Competitive Inhibition Enzyme 
Linked Immunosorbent Assay (ELISA) for Pine Nut Detection. College of Human Science (CHS 
FSU) 2009 Creativity day and IFT annual meeting, Anaheim, CA, June, 06-09, 2009 (Abstract 
No. 060-39). 
10. Sharma, G.M., Kshirsagar, H.H., Su, M., Roux, K.H., Sathe, S.K. 2008. Functional and 
biochemical properties of seed protein isolates. IFT annual meeting, New Orleans, LA, June, 28-
July, 01, 2008 (Abstract No. 177-15). 
11. Sathe, S.K., Kshirsagar, H.H., Venkatachalam, M., Su, M., Sharma, G.M., and Roux, K.H. 
2008. Biochemical and nutritional properties of Inca peanut (Plukenetia volubilis L.) proteins. 
IFT annual meeting, New Orleans, LA, June, 28-July, 01, 2008 (Abstract No. 007-04). 

12. Su, M., Venkatachalam, M., Teuber, S.S., Roux, K.H., and Sathe, S.K. 2003. Impact of -
Irradiation and Thermal Processing on the Antigenicity of Almond, Cashew Nut and Walnut 
Proteins.  IFT annual meeting, Chicago, IL, July, 12-16, 2003 (Abstract No. 60B-10). 

13. Su, M., Venkatachalam, M., Teuber, S.S., Roux, K.H., and Sathe, S.K. 2002. Effect of -
Irradiation on the Antigenicity of Almond, Cashew Nut and Walnut Proteins. CHS FSU 2002 
Creativity day and IFT annual meeting, Anaheim, CA, June 15-19, 2002 (Abstract No. 30C-13). 

PROFESSIONAL MEMBERSHIPS 

2009- to date Golden Key International Honor Society 

2009- to date Kappa Omicron Nu Honor Society 

2008- to date The American Oil Chemists’ Society (AOCS) 

2008- to date Institute of Food Technologists (IFT) 

1995- to date Chinese Nutrition Society, Fuzhou, CHINA 

 


	The Florida State University
	DigiNole Commons
	4-8-2012

	Development Of A Specific, Sensitive, And Robust Enzyme-Linked Immunosorbent Assay (elisa) To Detect Trace Amounts Of Almond (prunus Dulcis L.)
	Mengna Su
	Recommended Citation



