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ABSTRACT: Cashews are one of the most prevalent causes of tree nut
allergies. However, the cashew proteome is far from complete, which limits
the quality of peptide identification in mass spectrometric analyses. In this
study, bioinformatics tools were utilized to construct a customized cashew
protein database and improve sequence quality for proteins of interest,
based on a publicly available cashew genome database. As a result, two
additional isoforms for cashew 2S albumins and five other isoforms for
cashew 11S proteins were identified, along with several other potential
allergens. Using the optimized protein database, the protein profiles of
cashew nuts subjected to different oil-roasting conditions (139 and 166 °C
for 2−10 min) were analyzed using discovery LC-MS/MS analysis. The
results showed that the cashew 2S protein is most heat-stable, followed by
11S and 7S proteins, though protein isoforms might be affected differently.
Preliminary target peptide selection indicated that out of the 29 potential targets, 18 peptides were derived from the newly developed
database. In the evaluation of thermal processing effects on cashew proteins, several Maillard reaction adducts were also identified.
The cashew protein database developed in this study allows for comprehensive analyses of cashew proteins and development of high-
quality allergen detection methods.
KEYWORDS: cashew, proteomics, proteogenomics, oil roasting, allergen

■ INTRODUCTION

Tree nuts are regulated as major allergenic foods in many
jurisdictions, including the United States and the European
Union.1,2 In the U.S., almonds, pecans, walnuts, pine nuts,
cashew nuts, Brazil nuts, coconuts, and several others are
considered tree nuts for the purposes of food allergen
regulations.3 Approximately 0.2−2% of adults in the U.S. have
tree nut allergies, of which 15−30% are allergic to cashew.4

Cashew trees (Anacardium occidentale) are in the same family
(Anacardiaceae) as mango (Mangifera indica) and pistachio trees
(Pistacia vera). Cashew-allergic patients are commonly found to
have cross-reactivity with pistachio.5−7 It was suggested that
cashew allergy may cause cardiovascular symptoms and
anaphylactic reactions more frequently than peanut allergy,
indicating a potentially higher level of severity of cashew
allergies.8,9 Three major allergenic proteins have been identified
in cashew nuts: Ana o 1 (7S vicilin), Ana o 2 (11S legumin), and
Ana o 3 (2S albumin).10−12 The Ana o 2 proteins account for
50% of soluble proteins in raw cashews, followed by the Ana o 3
proteins, whereas Ana o 1 is the least abundant one among the
three.13 Although oral immunotherapy for food allergies has
been extensively researched in recent years, there have not been
any therapies approved to treat cashew allergy.14 Therefore,
avoidance of the offending foods is still required to prevent onset
of allergic reactions in susceptible individuals.

Food allergen detection methods play critical roles in
preventing allergen cross-contact and protecting allergic
consumers. Enzyme-linked immunosorbent assays (ELISAs)
are the most used technique for allergen detection and
quantification. Despite the advantages of relatively fast detection
and easy operation, ELISAs can be susceptible to matrix
interferences and effects of food processing.15−17 One of the
most relevant effects of food processing is changes in protein
structure that can lead to differences in antibody recognition,
resulting in incorrect results. Moreover, protein insolubility
caused by thermal processing can be difficult to resolve due to
limitations of extraction buffers.
In the past decade, many mass spectrometry (MS)-based

methods have been developed for allergen detection and
quantification. MS-based methods have shown advantages,
such as less matrix interference and less susceptibility to
processing effects, compared with ELISA methods. Most MS-
based allergen detection methods rely on the detection of target
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peptides that serve as surrogates for proteins from the allergenic
source. Target peptides are often selected on the basis of a set of
criteria predictive of performance, including abundance and
susceptibility to modifications. However, the identification of
quality target peptides, which is the key to MS-based methods,
relies heavily on the completeness of protein sequence
databases. While some allergenic foods such as soybean and
peanut have been well investigated, the proteomes of many tree
nuts remain incomplete. Currently, only 105 protein sequences
for cashew are available on UniProt (accessed in June 2021),
four of which are associated with allergenic proteins. Such a
small protein database provides very limited options for target
peptide selection, which may affect the sensitivity and accuracy
of the MS method.
Researchers have explored alternatives for a surrogate protein

database when the proteome is not available. Xiong et al. were
able to select quality target peptides for English walnut based on
translated genomic sequences before the complete proteome
became available.18 In a subsequent study, Pirone-Davis et al.19

compared the peptide identification results of raw English
walnut samples using five databases, including six-frame
translation (6FT) of the genome, a tissue-specific transcriptome,
and three proteomes produced using different bioinformatic
pipelines. They found that all except for the 6FT method are
efficient in constructing a protein database for peptide
identifications.19 The 6FT method was less efficient due to the
disproportional increase of database size and increase in the
number of identified peptides.
Although a cashew proteome is not yet available, a prerelease

version of the cashew genome has been published on Phytozome
(https://phytozome-next.jgi.doe.gov/), the Plant Comparative
Genomics portal of the USDepartment of Energy Joint Genome
Institute. While the genome is incomplete, the protein
sequences predicted from the database can provide much
wider options for cashew proteome analysis, target peptide
selection, andMSmethod development. In combination with ab
initio gene prediction techniques, BLAST search against known
allergens, and discovery MS analysis, amino acid sequences of
proteins from commonly allergenic protein families can be
identified. The customized protein database can provide more
potential for target peptide selection, and thus may increase the
quality of MS-based detection and quantification methods.
The objectives of this study were to identify protein sequences

for known and potential cashew allergens, to improve sequence
accuracy for proteins of interest by incorporating ab initio gene
prediction methods, to analyze protein profiles in oil-roasted
cashews using the newly developed database, and to select
candidate target peptides for MS detection method develop-
ment.

■ EXPERIMENTAL SECTION

Materials and Reagents

Ammonium bicarbonate (AmBic), Tris(hydroxymethyl) ami-
nomethane (Tris), and iodoacetamide (IAA) were purchased
from Sigma-Aldrich. Sequencing grade modified trypsin and
chymotrypsin were purchased from Promega. Acetonitrile
(ACN, ultrahigh-performance liquid chromatography−mass
spectrometry, UHPLC−MS grade) and formic acid were from
Fisher Scientific. Pierce 660 nm protein assay reagent,
trifluoroacetic acid (TFA), dithiothreitol (DTT), and C18
spin columns were purchased from Thermo Fisher Scientific.

Urea and Mini-PROTEAN TGX stain-free gels (4−20%) were
purchased from Bio-Rad.
Blanched raw cashew nuts (halves) were purchased from R U

Nuts (Lincoln, NE). A portion of the raw cashew nuts was
washed with distilled water five times and air-dried overnight to
remove potential cross-contact from other tree nuts. The
washed and unwashed cashew nuts were analyzed for peanuts,
walnuts, almonds, and sesame by ELISA in a service laboratory
(FARRP Confidential Analytical Testing Laboratory). The
samples showed results of below the limit of quantification for all
foods tested.

Sample Preparation for LC-MS/MS Discovery Analysis

Cashew nuts were ground using a freezer mill (SPEX 6850) and
extracted at a 1:20 sample-to-buffer ratio (w/v, 0.07 g sample:
1.4 mL buffer) using 50 mM Tris-HCl, pH 8.6, with 6 M urea
and 20 mM DTT. The samples were incubated in a 60 °C
shaking water bath for 30 min, followed by centrifugation at
13 000g for 10 min. Soluble protein concentration of the extract
supernatant was determined using the Pierce 660 nm protein
assay. Sample extracts were analyzed on sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) under reduc-
ing conditions using Tris-glycine gels. 10-fold diluted extracts
(containing approximately 10 μg protein) were taken for in-
solution tryptic digestion. The diluted extract (21 μL) was
mixed with 50 mM AmBic (30 μL) and 100 mM DTT (3 μL)
and incubated at 95 °C for 5min. Upon cooling, 100mM IAA (6
μL) was added to samples, which were then placed in the dark at
room temperature for 20 min. After alkylation, samples were
digested with trypsin at 1:100 protein-to-trypsin ratio (w/w) at
37 °C for 3 h, then added with the same amount of trypsin for
overnight digestion (at least 12 h). Chymotryptic digestion was
conducted on separate reduced and alkylated extract aliquots.
The digestion conditions (time duration, protein-to-enzyme
ratio) used for the chymotryptic samples were the same as the
tryptic samples, with the only difference on incubation
temperature (25 °C for chymotryptic samples).
The digested samples were desalted using Pierce C18 spin

columns following the manufacturer’s instructions. Samples
were then dried in a vacuum evaporator and stored at −20 °C.
Prior to injection, samples were resuspended in 40 μL 0.1%
formic acid and 3% acetonitrile in HPLC-grade water. Each
cashew sample was extracted in duplicates and analyzed in
duplicate injections by LC-MS (n = 4).

LC-MS Settings: Discovery Analysis

Two experiments for discovery analysis were conducted. The
first experiment was to generate proteomic evidence using raw
cashew nuts digested using trypsin or chymotrypsin for cashew
protein database development. The second experiment was to
analyze change of protein profile in oil-roasted cashew nuts.
Raw cashew samples digested using trypsin were analyzed

using Thermo Scientific Q Exactive HF Hybrid Quadrupole-
Orbitrap Mass Spectrometer coupled with UltiMate 3000
RSLCnano system. The injection volume was 3 μL. The LC
column was aWaters Acquity UPLCM-Class Peptide CSHC18
column (250 mm × 75 μm i.d.) with 1.7 μm particles (130 Å).
The samples were eluted from 5 to 32% solvent B (80% ACN,
1% formic acid in water) in 96 min with 0.260 μL/min column
flow rate. MS1 resolution was set at 120 000. Maximum
injection time (IT) and automatic gain control (AGC) are 60
ms and 3 × 106, respectively. MS2 resolution was set as 15 000.
Maximum IT and AGC for MS2 were 250 ms and 1 × 105,
respectively. Top 15 precursors were selected for fragmentation
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with 30 s dynamic exclusion. The isolation window was 1.6 m/z
without offset. Intensity threshold was 1 × 105. Charge states at
1, 6−8, >8, and unassigned were excluded.
Raw cashew samples digested using chymotrypsin and all

cashew samples in the oil-roasting experiment were analyzed
using a Thermo Scientific Q Exactive Plus Orbitrap Mass
Spectrometer coupled with Dionex UltiMate 3000 RS ultrahigh
performance liquid chromatography (UHPLC) system. Sam-
ples were loaded onto a Hypersil GOLD C18 Selectivity LC
Columns (100mm× 1mm i.d.) with 1.9 μm silica particles (175
Å). The column flow rate was maintained at 0.06 mL/min.
Peptides were eluted with a linear gradient of 2−40% solvent B
over 67 min, where mobile phase A consisted of 0.1% (v/v)
formic acid in water and mobile phase B consisted of 0.1% (v/v)
formic acid in ACN. MS1 resolution was set as 70 000.
Maximum IT and AGC target for MS1 were set as 100 ms
and 1 × 106, respectively. Top 10 precursor ions were selected
for fragmentation with 10 s dynamic exclusion. The isolation
window was 2 m/z without offset. The intensity threshold was
1.5 × 104. MS2 resolution was 35 000. Maximum IT and AGC
for MS2 were 100 ms and 1 × 105, respectively.

LC-MS Settings: Targeted Analysis

Oil-roasted cashew samples were prepared as mentioned above
and injected into LC-MS for targeted analysis using Thermo
Scientific Q Exactive Plus Orbitrap Mass Spectrometer coupled
with an Dionex UltiMate 3000 RS UHPLC system. Peptides
were eluted with a linear gradient of 2−25.8% solvent B over 42
min. A 5 min retention window was scheduled for target
peptides. MS1 resolution was 17 500 followed by MS2 at
140 000 using Parallel Reaction Monitoring (PRM). ACG
targets were 1 × 106 for MS1 and 2 × 105 for MS2. Maximum IT
was 50 ms for MS1 and auto for MS2. Isolation window was 1.6
m/z without offset.

Data Analysis

All data generated from the discovery analyses were analyzed
using Proteome Discoverer 2.3. Precursor mass tolerance and
fragment mass tolerance were set to 10 ppm and 0.02 Da,
respectively. False discovery rate (FDR) of 1% was applied to
peptide spectrum matches, peptide, and protein levels. The
maximum number of dynamic modifications allowed for each
peptide was four. Dynamic modifications included oxidation
(M) and carbamylation (peptide N-Terminus), and static
modification included carbamidomethyl (C). Full tryptic
cleavage with a maximum of two missed cleavage sites was
used as digestion settings. For the chymotryptic digested
samples, peptide settings were set as full chymotrypsin
(FWY). Sequest HT was used as the search algorithm with
Percolator used for peptide validation. For cashew protein
database development, both tryptic and chymotryptic raw
cashew samples were analyzed and combined in the results. For
the analysis of oil-roasted cashew samples, the PDstudy files
were imported into Skyline 19.0 to evaluate MS1 peak quality
and to calculate the MS1 peak area. The Skyline file for MS1-
based protein quantification of oil-roasted cashew samples has
been uploaded to PanoramaWeb (https://panoramaweb.org/
CashewDB.url).
For the data analysis of Maillard reaction products, the

following dynamic modifications were included: Hex/+162.053
Da (K, R, peptide N-Terminus), Carboxymethyl/+58.005 Da
(K, R, peptide N-Terminus), Carboxyethyl/+72.021 Da (K, R,
peptide N-Terminus), HydroxymethylOP/+108.021 Da (K, R,
peptide N-Terminus), Pyronyl-amine/+126.032 Da (K, R,

peptide N-Terminus). Trypsin (semi, C-terminus cleaved by
trypsin) was used as the enzyme setting. To limit the database
search time, only sequences for high confidence proteins
identified in the peptide search using the regular settings on
the same samples were included for the Maillard reaction
product search.
The protein/peptide identification files have been deposited

to the ProteomeXchange Consortium via the PRIDE partner
repository with the data set identifier PXD027543 and DOI: 10.
6019/PXD027543.20

Protein Database Development

Cashew genomic and protein sequence information was
downloaded from JGI Phytozome V12.1. These sequence data
were produced by the US Department of Energy Joint Genome
Institute (http://www.jgi.doe.gov/) in collaboration with the
user community. The downloaded files included protein
sequences with all alternative splice variants, protein sequences
from primary transcript only, genome assembly, and annotation
information, separately. The details on genome analysis can be
found at https://phytozome.jgi .doe.gov/pz/portal .
html#!info?alias=Org_Aoccidentale_er. According to the in-
formation provided, the genome annotation was determined
using homology-based gene prediction programs along with
RNA-Seq evidence. The RNA-Seq results, however, were not
available to download.
To construct a cashew protein database, the protein

annotation information acquired from Phytozome was attached
to the corresponding protein accessions using text concate-
nation in Microsoft Excel (not all accessions were annotated).
All sequences were screened for duplication using DBToolkit.21

The accession number of the repeated sequence would be
attached to the title of the first occurrence of the sequence and
the repeated sequences were removed. AUGUSTUS22,23 gene
prediction was performed on the Phytozome cashew genome on
both forward and reverse strands, using Arabidopsis thaliana as
the reference genome (see Table S1 for parameters used in
AUGUSTUS prediction). Alternative splicing prediction was
disabled in the initial prediction. The getAnnoFasta.pl script
(https://github.com/Gaius-Augustus/Augustus/blob/master/
scripts/getAnnoFasta.pl) was used to extract amino acid
sequences from the results. The AUGUSTUS gene prediction
generated 51 598 unique protein sequences. A second
AUGUSTUS gene prediction was performed specifically on
scaffold 8, a region where several 11S protein coding-genes were
found, of the Phytozome cashew genome with alternative
splicing enabled.
The final protein database contains 38 798 protein sequences,

including all UniProt Anacardium occidentale sequences
(denoted as “UniProt”, 96 sequences, accessed in January
2019), all Phytozome protein sequences predicted on the basis
of primary transcripts (denoted as “Phytozome-primary”,
38 669 sequences), selected Phytozome protein sequences
predicted on the basis of alternative transcripts (denoted as
“Phytozome-selected secondary”, 21 sequences), and selected
AUGUSTUS predicted protein sequences (denoted as “selected
AUGUSTUS”, 12 sequences). The selection criteria for which
sequence should be included in the final database are described
in the Results and Discussion section.

Oil-Roasting of Cashew Nuts

Blanched raw cashew nut halves (100 g) were oil-roasted in 1 L
of soybean oil using a kitchen-scale fryer at two different
temperatures (139 and 166 °C) for different time durations (2,
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4, 8, and 10 min). The temperature fluctuation, measured by a
digital thermometer, was ±5 °C over the course of roasting.
Approximately 25 g of cashew halves were sampled at each time
point. All cashew halves were placed on a paper towel to remove
excess oil. Samples were then ground and stored at −20 °C.
Cashew samples were prepared for LC-MS/MS analysis
following extraction, reduction, alkylation, in-solution tryptic
digestion, and C18 cleanup as described above. Each oil-roasted
cashew sample was extracted in duplicate and analyzed in
duplicate injections by LC-MS (n = 4).

■ RESULTS AND DISCUSSION

Peptide Identification Using the Protein Database
Available from Phytozome

Raw cashew nut samples were analyzed using LC-MS/MS in
data dependent acquisition mode. The peptide identification
was initially performed using a database that contains UniProt
sequences (96 sequences) and Phytozome-primary sequences

(38 669 sequences). A total of 6595 high confidence peptides
were identified in raw cashew samples (FDR < 1%, identified in
at least 2 out of 4 replicates, tryptic digestion). Upon adding
protein sequences from Phytozome alternative transcripts
(28 319 sequences), the number of high confidence peptides
that can be exclusively attributed to the alternative transcripts
only increased by 22, which was not a substantial increase given
the number of additional protein sequences in the database.
Therefore, to shorten the run time of peptide searches and avoid
false-positive issues in the statistical analyses of the search
algorithm, only the protein sequences that have at least 1 unique
and high confidence peptide identified in the Phytozome
alternative transcripts were included in future database searches
(Phytozome-selected secondary, 21 sequences).

Potential Allergen Identification and Classification Using
AllergenOnline

Although the annotation information for many protein
sequences is available via Phytozome, the annotation is mostly

Table 1. Results Summary of BLASTP Search against AllergenOnline V18B

query ID top match NCBI protein ID (AllergenOnline V18B)
sequence identity of

the top match
average sequence

identity of all matches
number of matches

(sequence identity ≥35%)
Anaoc.0001s2422.1.p gi|24473800|gid|77|2s albumin [Anacardium occidentale]

(Q8H2B8a)
100.0 50.8 9

Anaoc.0001s2421.1.p gi|24473800|gid|77|2s albumin [Anacardium occidentale] 83.3 49.8 9
Anaoc.0020s0683.1.p gi|110349081|gid|1270|Pis v 1 allergen 2S albumin

[Pistacia vera]
74.0 48.8 9

Anaoc.0002s1062.1.p gi|25991543|gid|76|allergen Ana o 2 [Anacardium
occidentale] (Q8GZP6)

100.0 47.0 8

Anaoc.0008s0618.1.p gi|110349083|gid|1093|Pis v 2.0101 allergen11S globulin
precursor [Pistacia vera]

85.2 45.7 42

Anaoc.0008s0618.2.p gi|110349083|gid|1093|Pis v 2.0101 allergen11S globulin
precursor [Pistacia vera]

84.0 46.6 42

Anaoc.0008s0621.1.p gi|110349083|gid|1093|Pis v 2.0101 allergen11S globulin
precursor [Pistacia vera]

83.6 44.8 8

Anaoc.0603s0005.1.p gi|110349083|gid|1093|Pis v 2.0101 allergen11S globulin
precursor [Pistacia vera]

78.0 45.0 10

Anaoc.0004s0038.1.p gi|110349083|gid|1093|Pis v 2.0101 allergen11S globulin
precursor [Pistacia vera]

77.1 45.0 10

Anaoc.0008s0624.1.p gi|110349083|gid|1093|Pis v 2.0101 allergen11S globulin
precursor [Pistacia vera]

63.1 44.1 28

Anaoc.0006s0989.1.p gi|25991543|gid|76|allergen Ana o 2 [Anacardium
occidentale]

54.5 39.4 6

Anaoc.0005s1212.1.p gi|29839254|gid|531|13S globulin seed storage protein 1
precursor [Fagopyrum esculentum]

36.3 35.9 2

Anaoc.0476s0001.1.p gi|29839254|gid|531|13S globulin seed storage protein 1
precursor [Fagopyrum esculentum]

36.3 36.3 1

Anaoc.0006s0058.1.p gi|21914823|gid|75|vicilin-like protein [Anacardium
occidentale] (Q8L5L5)

100.0 57.0 9

Anaoc.0006s0058.1.p gi|21666498|gid|75|vicilin-like protein [Anacardium
occidentale] (Q8L5L6)

99.8 51.7 8

Anaoc.0008s0426.1.p gi|42414627|gid|257|vicilin [Pisum sativum] 42.1 39.4 4
Anaoc.0228s0005.2.p gi|42414627|gid|257|vicilin [Pisum sativum] 35.5 35.5 1
Anaoc.0228s0005.3.p gi|42414627|gid|257|vicilin [Pisum sativum] 35.5 35.5 1
Anaoc.0010s1033.1.p gi|187766749|gid|567|Gly m Bd 28K allergen [Glycine

max]
58.9 58.2 5

Anaoc.0005s1273.1.p gi|187766749|gid|567|Gly m Bd 28K allergen [Glycine
max]

58.3 56.7 5

Anaoc.0228s0005.1.p gi|187766747|gid|567|Gly m Bd 28K allergen [Glycine
max]

58.2 58.2 1

Anaoc.0017s0279.1.p gi|187766749|gid|567|Gly m Bd 28K allergen [Glycine
max]

36.7 36.5 4

Anaoc.0758s0003.1.p gi|122218540|gid|2284|Oleosin 2 [Arachis hypogaea] 73.4 56.1 9
Anaoc.0018s0441.1.p gi|29170509|gid|389|oleosin [Corylus avellana] 71.7 65.6 6
Anaoc.0013s0411.1.p gi|5381321|gid|1238|15 kDa oleosin [Sesamum indicum] 58.3 48.1 9
Anaoc.0004s1797.1.p gi|10834827|gid|1893|oleosin [Sesamum indicum] 50.9 45.3 7

aQ8H2B8, Q8GZP6, Q8L5L5, and Q8L5L6 are UniProt accession numbers for the same sequence in NCBI.
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based on protein domains and not necessarily a clear indication
of the classification of allergen proteins. Therefore, all
Phytozome cashew protein sequences were searched (BLASTp)
against the AllergenOnline (Version 18B) database, a curated
allergen database.24 Sequences that havemore than 35% identity
with allergenic proteins in the AllergenOnline database were
identified. The sequence identity threshold was selected based
on the CODEX Alimentarius Commission in 2003.24,25 The
analysis was focused on the sequences that have matches against
allergenic proteins such as 7S vicilins, 11S legumins, 2S
albumins, oleosins, and a protein that belongs to the cupin
superfamily (Table 1).
At the time this study was conducted, the public databases

(UniProt and NCBI) had one sequence each for cashew 11S
protein (Ana o 2) and 2S albumin (Ana o 3) and two sequences
for 7S protein (Ana o 1). The two sequences for 7S protein have
only one amino acid difference, presumably representing an
allelic difference in their genomic sequences.10 Only one variant
of the 7S protein-coding gene was found in the Phytozome
cashew genome.
Although there was only one sequence available for 2S

albumin, there have been evidence from previous studies
suggesting that two more isoforms existed for cashew 2S
albumin,12,26 which is consistent with the findings of the current
study. The two additional 2S albumin sequences identified in the
current study match the N-termini sequence of the large subunit
identified in the previous study. The new 2S protein sequences
also have the typical 8-cystine pattern commonly found in 2S
albumins (Figure 1). Interestingly, one of the isoforms has one
extra cysteine at theN-termini of the large subunit. The presence
of the extra cysteine can be confirmed by a high confidence
peptide identified in the region (Figure S1A). The extra cysteine,
however, was not found in the N-terminal sequencing in the
previous study.12 In fact, the study indicated that all three
isoforms have serine in this position. The difference could be
related to a point mutation in the genome because the codon for
serine and cysteine only has one base difference (AGU and AGC
for serine versus UGU and UGC for cysteine).
The 11S proteins (also called legumins) are commonly found

in other plant seeds such as peanut, soybean, and other tree nuts.
The protein is known for its trimer−dimer structure in other
plants.27 Each monomer consists of an acidic subunit and a basic
subunit cleaved by post-translational processing. As multiple
isoforms have been identified for both soybean and peanut 11S
proteins, a similar situation can be expected for cashew 11S
proteins, and indeed multiple cashew sequences with high
sequence identity against 11S proteins in other plants were
found (Table 1). The typical amino acid pattern for the 11S
legumins posttranslational cleavage site, N.GXEET, was also
observed in all these sequences, further suggesting the identity of

these sequences.28 In addition, a peptide with the cleavage site at
its N-terminus, GLEETICTMTLK, was identified in the
discovery analysis with high confidence (Figure S1B). The
sequence alignment of the potential 11S proteins can be found in
Figure S3.
Besides the known major cashew allergens, other sequences

for potentially allergenic proteins were found. Oleosins are oil-
body associated proteins that serve to maintain the integrity of
the oil body during seed development and prevent coales-
cence.29 The size of these proteins is typically 15−26 kDa. The
N- and C-terminals of oleosins typically have conserved amino
acid compositions, while the central regions are more variable
and hydrophobic.30 Several protein sequences share the same
pattern as oleosins in other plants (Table 1). Additionally, a few
sequences shared substantial sequence identity with Gly m Bd
28K proteins (Table 1). Aside from Anaoc.0017s0279.1, the
average sequence identity of these cashew proteins against the
Gly m Bd 28K protein is greater than 50%. Gly m Bd 28K
protein is a soybean protein that belongs to the cupin
superfamily. Gly m Bd 28K protein does not have substantial
sequence identity with glycinin or beta-conglycinin, two major
cupin proteins in soybean.31 Gly m Bd 28K protein was first
isolated from a 28 kDa band in soybean extract, and was
subsequently demonstrated an in vitro binding capacity with
soy-allergic patient IgE antibodies.31−33 A further investigation
on the cashew proteins that have high sequence identity with
Gly m Bd 28K is necessary to evaluate their allergenicity.

Protein Database Improvement Using Ab Initio Gene
Prediction

Beyond the Phytozome protein database generated using the
evidence-based genome annotation approach, a protein data-
base generated by ab initio gene prediction was also investigated.
AUGUSTUS is an ab initio gene prediction method based on a
probabilistic model of a sequence and its gene structure.23,34 In
this study, AUGUSTUS was used to predict genes and generate
protein sequences using cashew genomic sequences provided by
Phytozome. A more thorough gene prediction focusing on
alternative splicing was conducted on scaffold 8 due to the
ambiguity of the results. It should be noted that the focus of
these efforts was to improve the sequence accuracy for the
known allergen protein families (7S vicilin, 11S legumin, 2S
albumin) and potential allergens (oleosins and cupin family
proteins), rather than for the entire cashew genome.
Using Arabidopsis thaliana as the reference genome,

AUGUSTUS predicted 51 598 unique protein sequences
(10 542 of those are duplicates of Phytozome sequences). A
discovery proteomics database search was performed using all
AUGUSTUS predicted sequences, Phytozome-primary, and
Phytozome-selected secondary (total of 72 842 sequences). A

Figure 1. Isoforms of cashew 2S albumin (Ana o 3). Red triangles indicate the typical 8-cysteine motif, and the red box indicates the extra cysteine on
Anaoc.0020s0683.1.
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total of 187 high confidence peptides (FDR < 1%, found in at
least 2 out of 4 samples) were unique to the AUGUSTUS
predicted sequences. Most of the proteins from which these
peptides derived were functional proteins, such as heat shock
protein and aspartyl protease family protein. Two proteins
(g14981.t1 and g32004.t1) shared high degrees of sequence
similarity (40−60%) to oleosins in other plants like peanuts,
hazelnuts, and sesame. Twelve unique peptides were found in
each of these proteins, resulting in at least 46% protein coverage
(Table 2). The low protein coverage could be a result of several
factors: the size of the protein, the distribution of enzymatic
cleavage sites, and the hydrophobic nature of the central region,
which renders many peptides derived from oleosins unsuitable
forMS detection. Given the analytical difficulties, in silico tryptic

digestion of the protein indicated that most of the tryptic
peptides (10 out of 11) that have a peptide length between 6 and
25 aa have been identified in the discovery MS analysis.
To compare the gene prediction accuracy for the allergens of

interest, a proteomics approach was implemented. The protein
coding-genes predicted by AUGUSTUS were aligned with ones
predicted by Phytozome for manual inspection of gene
structure. Raw cashew proteins were digested using either
trypsin or chymotrypsin, followed by discovery MS. Chymo-
trypsin was used to help with the identification of exon−exon
spanning peptides because tryptic cleavage sites often coincide
with exon-ending and exon−exon junction residues.35 High
quality peptides (FDR < 1%, found in at least two of four
replicates) identified in the database search were then mapped

Table 2. Comparison of Gene Prediction Methods

cashew protein
group

temporary
protein ID transcript name

source of gene
predictionc genomic location (strand)d

number of unique
peptidese

sequence
coverage (%)

Ana o 1 (7S) Ana o 1.1a Anaoc.1125s0001.1 P contig_1125:4,696−6,964(−) 59 82
Anaoc.0006s0058.1 P scaffold_6:4,091,886−

4,094,154(−)
Ana o 2 (11S) Ana o 2.1 Anaoc.0002s1062.1 P; AG scaffold_2:14,428,739−

14,431,163(−)
63 89

Ana o 2.2b Anaoc.0004s0038.1 P scaffold_4:234,132−
235,889(−)

51 80

Anaoc.0603s0005.1 P contig_603:32,000−33,756(−)
Ana o 2.3 g19481.t1 AG scaffold_8:3,581,945−

3,583,745(−)
11 69

Ana o 2.4 g600.t3 AG-alt scaffold_8:3,567,552−
3,569,367(+)

10 52

Ana o 2.5 g602.t3 AG-alt scaffold_8:3,576,579−
3,578,454 (+)

10 62

Ana o 2.6 Anaoc.0008s0624.1 P scaffold_8:3,595,033−
3,596,788(−)

31 58

Ana o 3 (2S) Ana o 3.1 Anaoc.0001s2422.1 P; AG scaffold_1:26,642,130−
26,643,032(−)

14 79

Ana o 3.2 Anaoc.0020s0683.1 P; AG scaffold_20:9,974,954−
9,975,606(−)

12 65

Ana o 3.3 Anaoc.0001s2421.1 P; AG scaffold_1:26,640,627−
26,641,712(−)

11 64

Cupin family
protein

Ana o 4.1 Anaoc.0005s1273.1 P scaffold_5:13,846,350−
13,848,657(+)

5 49

Ana o 4.2 Anaoc.0010s1033.1 P scaffold_10:12,433,535−
12,436,104(+)

13 37

Ana o 4.3 Anaoc.0017s0279.1 P; AG scaffold_17:1,742,852−
1,747,444(−)

33 53

Ana o 4.4 Anaoc.0228s0005.1 P scaffold_228:23,267−
25,313(+)

2 51

Oleosins Ana o 5.1 Anaoc.0004s1797.1 P; AG scaffold_4:17,984,031−
17,985,076(+)

11 44

Ana o 5.2 g14981.t1 AG scaffold_6:9,939,182−
9,940,201(+)

12 54

Ana o 5.3 Anaoc.0013s0411.1 P; AG scaffold_13:2,799,872−
2,800,315(+)

7 46

Ana o 5.4 g32004.t1 AG scaffold_14:10,700,811−
10,701,316(+)

12 46

Ana o 5.5 Anaoc.0018s0441.1 P; AG scaffold_18:3,510,835−
3,512,387(+)

3 19

Ana o 5.6a Anaoc.0010s0356.1 P scaffold_10:4,241,394−
4,242,735(+)

4 34

Anaoc.0758s0003.1 P contig_758:80,258−81,599(+)
aAnaoc.1125s0001.1 and Anaoc.0006s0058.1 have identical sequences. Anaoc.0010s0356.1 and Anaoc.0758s0003.1 also share identical sequences.
bAnaoc.0004s0038.1 and Anaoc.0603s0005.1 are 97% identical, but no unique peptides can be found in Anaoc.0603s0005.1. cP = Phytozome; AG
= AUGUSTUS prediction for primary transcript only; AG-alt = AUGUSTUS prediction for alternative splicing variants in scaffold 8. dGenomic
locations in JGI cashew genome v0.9 (Phytozome genome ID: 449). eAll peptides were identified with high confidence (FDR< 1%) in at least two
out of four replicates in either the tryptic or chymotryptic digestion group. Data were collected from discovery analysis on raw cashew samples,
combining tryptic and chymotryptic results. Peptides with different modifications were counted as one peptide. See the details of the peptides in
Table S4.
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to the genome using BLAST and a genome location conversion
tool36 to assist in the assessment of gene prediction accuracy. A
manual inspection was conducted using the proteomic evidence
provided by the discovery MS analysis. Several factors were
considered in the assessment: the number of peptides identified
in the transcripts predicted by the two sources, the uniqueness of
the identified peptides, and the biochemical properties of
proteins (length of signal peptides, starting position of the
mature protein, and amino acid pattern typical to the protein
family). The assessment was performed according to the two
following rules: (1) if all peptides identified in the region were
shared between the two predictions, and there was no other
evidence to support either prediction, the Phytozome prediction
was selected by default, and (2) when there is at least one
peptide unique to either prediction and none in the other
prediction, the prediction with unique peptides was selected.
Examples of the assessment are demonstrated in Figure 2. The
comparison results are summarized in Table 2. A temporary
protein ID is given for each distinguishable protein sequence (at
least one unique peptide can be found). However, these
temporary IDs are only for simplified protein reference in this
study and not any indications of the WHO/IUIS allergen
nomenclature. Except Ana o 1.1, 2.1, and 3.1, all other protein
sequences listed in Table 2 were newly identified.
As suggested in Table 2, among the 22 selected protein

sequences, nine were contributed by Phytozome, five by
AUGUSTUS, and eight shared by both. This result suggested
that Phytozome had predicted accurate results in most cases,
and AUGUSTUS could improve the prediction in some cases
(Figure 2). As illustrated in Figure 2A, several unique peptides
can bemapped to the Phytozome prediction (the fifth exon from
the right) but none to the AUGUSTUS prediction. Moreover,
three exon−exon spanning peptides between the first and
second exons were identified, of which two are chymotryptic
peptides. In the case of Ana o 5.2 (Figure 2B), AUGUSTUS
predicted a gene on the reverse strand while Phytozome
predicted one on the forward strand. The AUGUSTUS
prediction was considered correct because several unique
peptides were identified for the AUGUSTUS protein sequence
but none for the Phytozome sequence. A more complicated case
lies within Ana o 2.4 and Ana o 2.5, which correspond to

Anaoc.0008s0618.2 and Anaoc.0008s0618.1 in the Phytozome
predictions. These two proteins were predicted as a result of
alternative splicing by Phytozome. However, it was predicted
that Anaoc.0008s0618.1 contains an intron that is 8000
nucleotides long, which is much larger compared with those in
other 11S protein-coding genes (<200 nucleotides). Therefore,
a more thorough gene prediction was performed using
AUGUSTUS with the inclusion of all possible transcripts on
scaffold 8, a region hosting several 11S protein-coding genes.
Through the second prediction using AUGUSTUS, g600.t3 and
g602.t3 were considered to be the correct predictions as each of
those contained a number of peptides (nine for g600.t3 and five
for g602.t3) that cannot be explained by the Phytozome
sequences. Moreover, both g600.t3 and g602.t3 have reasonable
intron length similar to other 11S proteins. The two proteins
also had different coding genes instead of being the result of
alternative splicing suggested by Phytozome. The customized
cashew protein database can be found in the Supporting
Information S2 and the sequences for cashew major seed
proteins in the Supporting Information S3. Figure S4 shows the
comparison of gene predictions and proteomic evidence
mapped to the genome. The number of unique peptides
identified in each protein and the sequence coverage results are
listed in Table 2. Compared with using the Phytozome-primary
and UniProt database, the finalized database detected 168
additional high confidence peptides (FDR < 1%, detected in at
least 2 out of 4 replicates, tryptic and chymotryptic raw cashew
digests) with 143 peptides derived from cashew allergens or
potential allergens.

Effects of Oil-Roasting on Cashew Nuts

The protein database developed in this study has provided
opportunities for MS analyses of cashew proteins affected by
food processing methods. Oil roasting is a common food
processing method for tree nuts. The processing operation is
similar to frying, where the food is submerged in an oil bath for a
certain amount of time to reach preferred taste and texture
properties. Temperatures used for oil roasting are generally
between 120 and 180 °C for 2−10 min.37,38 Although the effects
of dry roasting on tree nuts have been widely studied,39,40

research on the effects of oil roasting on tree nuts is rare. In this
study, cashew nuts were submerged in an oil bath and oil-roasted

Figure 2.Comparison of gene prediction results in genomic region scaffold_8:3,595,033−3,596,788 (Ana o 2.6) and scaffold_6:9,939,182−9,940,201
(Ana o 5.2). In the proteomics evidence section, red indicates unique tryptic peptide, yellow indicates unique chymotryptic peptide, and blue indicates
nonunique peptides that were found in the protein. The correct prediction is indicated by the black arrow. The± sign indicates whether the prediction
was based on the forward or reverse strand. Gene prediction comparison for other proteins can be found in Figure S4.
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at 139 and 166 °C for 2, 4, 8, and 10 min, separately. The
physical appearance of the oil-roasted cashews can be found in
Figure 3. The colors of cashew nuts roasted at 139 °C for 10 min
and ones roasted at 166 °C for 2 min were visually similar to
those of commercially available snack nuts. When protein from
oil-roasted cashew nuts was extracted (50mMTris-HCl, pH 8.6,
with 6 M urea and 20 mM DTT), the soluble protein content
decreased substantially with increasing roasting time and
temperature (Figure 4). These results were expected because

heat processing induces protein aggregation, thus reducing
protein solubility. The degree of decrease in protein solubility
was greater in high-temperature roasting compared with the low
temperature condition for the same time duration.
The SDS-PAGE protein profile of oil-roasted cashews showed

that protein aggregation was induced with increased heating,
while some of the proteins were still soluble. The bands at
around 20−25 and 7 kDa remained visible after roasting at 166
°C for 10 min, while the intensity of bands at 50 and 17 kDa
decreased significantly at high temperature and long roasting
time (Figure 5). On the basis of the molecular weight of major
cashew proteins reported in previous studies,10−12 the bands
between 20 and 25 kDa and 7 kDa likely corresponded to Ana o
2 (11S legumins) and to Ana o 3 (2S albumin), respectively. The
50 kDa band is likely to be the Ana o 1 proteins (7S proteins).
Other studies on thermal processing of cashews indicated that
Ana o 1 is heat-labile while Ana o 2 and 3 are more stable to heat
treatment, which is consistent with the SDS-PAGE profile
observed in the current study.40

The effects of oil-roasting on major cashew proteins were
further analyzed using LC-MS/MS. In order to calculate the
MS1 abundance of major cashew proteins (2S, 7S, and 11S), the
summedMS1 peak area of the top three most abundant peptides
was used for the calculation (Figure 6). Only peptides that are

unique to each isoform and were consistently detected in all
roasting conditions were included. The results indicated that
among the three major cashew protein groups, 11S proteins and
2S proteins account for approximately 63 and 35% of total
abundance in raw cashews, respectively (Figure 6A). In samples
that have been roasted for 10min at 166 °C, 11S proteins and 2S
proteins represent 57% and 43% of the total abundance,
respectively. The relative abundance of the 7S protein changed
from 3% (Raw) to 0.1% (High-10m). The results also suggested
that the decrease in protein abundance of all 2S proteins was less
substantial compared with 11S proteins when roasted at the
lower temperature (Figure 6B). The protein with the least
reduction in abundance after oil-roasting is Ana o 3.1, retaining
31% abundance in the most processed condition compared with
raw, followed by Ana o 2.2 (Figure 6B).
Target Peptide Selection for Oil-Roasted Cashew Nuts

The customized cashew protein database provides many more
options for target peptide selection for MS detection method
development. A set of predetermined criteria was used for target
peptide selection. Three criteria were quality-related, including
high confidence peptide identification (FDR < 1%), low mass
error (±5 ppm), and consistent peak quality (isotope dot
product values >0.8 in 34 out of 36 samples) throughout all oil-
roasting conditions applied to cashews. Two criteria were related
to suitability as target peptides: specificity to cashew
(determined by BLASTp search against NCBI protein database)
and free of common modifications (oxidation and carbamyla-
tion). A list of peptides that passed all the criteria was further

Figure 3. Appearance of oil-roasted cashew nuts prepared under different roasting conditions.

Figure 4. Soluble protein concentration of the oil-roasted cashew
extracts [mean ± standard deviation (SD); n = 4, two extractions
measured in duplicate].

Figure 5. SDS-PAGE of the oil-roasted cashew samples (reducing
condition, equal volume loading).
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examined. All modified and miscleaved versions identified for
these peptides were investigated. If the total abundance of these
versions of the peptide was greater than 10% of that of the
unmodified peptide, the peptide was excluded. The modifica-
tions investigated in this phase of selection included
carbamylation [peptide N-terminus], oxidation [M], and several
modifications derived from Maillard reactions (hexose-adduct,
N-ε-carboxymethyl-amine, carboxyethyl-amine, pyrraline, and

pyronyl-amine). The details of these modifications are discussed
in the next section.
Overall, 29 peptides were selected as preliminary target

peptides for an MS detection method. The sensitivity of these
candidate peptides was also investigated. The reconstituted, raw
cashew digest was serially diluted to different levels. The on-
column protein loadings (calculated based on soluble protein
assay results) of the serial dilutions were 1146, 114.6, 22.9, 11.5,

Figure 6. Protein abundance calculated using the sum of the top 3 most abundant peptides (only unique and fully tryptic peptides were considered).
See protein ID information in Table 2. (A) Change of composition of cashew major protein with roasting conditions. Percentage composition was
calculated by normalizing the value to the sum of protein abundances (red line). Data points represent mean ± SD (n = 4). (B) Mean protein
abundance normalized to the counterpart in raw cashews. The mean of the normalized abundance is given on the figure. The Skyline file for MS1 peak
abundance calculation can be found at https://panoramaweb.org/CashewDB.url.
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1.1, and 0.1 ng protein, respectively. Nineteen peptides were
detected at or below the 11.5 ng level (Table S3). Three of those
peptides can be detected with high peak quality (low mass error,
high fragment ion dot product value, and symmetrical peak
shape) in the 0.1 ng sample (Figure 7). The 19 peptides were

taken for further examination for suitability as target peptides.
Among the 19 highly sensitive peptides, 13 peptides were from
newly identified protein sequences (Table S3).
The protein database developed in this study reveals 17

additional amino acid sequences for cashew major proteins and
potentially allergenic proteins. These additional protein
sequences had contributed 13 potential target peptides (Table
S3) for cashew detection using MS. Although some peptides
(WLQLSVEK, ADIYTPEVGR, and VFDGEVR) have been
identified as target peptides in previous studies based on a
limited number of cashew protein sequences,41−44 the extra
protein sequences can provide additional flexibility for target
peptide identification. As demonstrated in the oil-roasting
experiment, certain proteins/peptides are more susceptible to
the food processing effects and thus may not be ideal for the MS
analysis of oil-roasted cashew nuts. Moreover, as demonstrated
by Xiong et al.,18 a comprehensive protein database enables the
selection of target peptides with enhanced differentiation

between closely related species. This is critical because cashews
are closely related to pistachios (Pistacia vera), another
important food allergen. Overall, the new sequences provide
the ability for quality target peptide selection and comprehen-
sive cashew allergen analyses.

Identification of Maillard Reaction Products

Maillard reactions, also known as nonenzymatic browning
reactions, are a set of complicated chemical reactions that occur
between reducing sugars and primary amine groups, predom-
inantly upon heating.45,46 The initial products of Maillard
reactions are the result of condensation of primary amines and
reducing sugars, including the formation Schiff bases, also
known as early glycation products. As Schiff bases degrade,
advanced glycation end-products are formed, such as carbox-
ymethyl-amine, carboxyethyl-amine, and pyrraline. Finally, a set
of colored compounds that contribute to the browning is
formed. Many factors can affect Maillard reactions, such as
temperature, pH, water activity, and presence of metal ions.46

The main implication of Maillard reaction product (MRP)
formation in this study is that covalent modifications alter the
peptide mass-to-charge ratio, resulting in a loss of target peptide
signals. More broadly speaking, however, the analysis of MRPs
may also be useful in understanding the impact of heating on
cashew allergenicity.
In this study, several MRPs were investigated, including

hexose-adducts (early glycation products), N-ε-carboxymethyl-
amine, carboxyethyl-amine, pyrraline (advanced glycation
endproducts), and pyronyl-amine (color products).47 Cross-
linked products were not investigated due to complications in
both the instrument and data analysis components. The criteria
to confirm the presence of MRPs include the following: (1) at
least one fragment ion containing the modification site should
be identified; (2) the peptide should be identified with high
confidence determined by Sequest HT in at least 2 out of 4
replicates.
By including the modification settings in the peptide search,

several MRPs were identified. Interestingly, KFHLAGNPK, a
peptide derived from a cashew 11S protein (Ana o 2.1), was
observed with several types of Maillard reaction modifications
(see spectra matches in Figure S2). For the modifications of
KFHLAGNPK that have peak quality suitable forMS1 peak area
calculation, the change of peptide abundance over the course of
roasting time and temperature is shown in Figure 8A. The

Figure 7. Serial dilution results of the three most sensitive peptides.
Individual values are plotted (n = 4, two extractions were analyzed in
duplicate by MS).

Figure 8.Maillard reaction modifications on peptide KFHLAGNPK. (A) Peptide MS1 abundance of different modifications on KFHLAGNPK (11S
peptide) after different roasting treatments. Only peptides that have high MS1 peak quality (peak shape, idotp, etc.) by manual examination were
plotted (mean ± SD, n = 4). (B) MS1 abundance of different modifications and missed cleavages for peptide FHLAGNPK.
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presence of MRPs in raw cashew could be a result of the
preprocessing and/or storage conditions of cashew nuts.
Cashew nuts are naturally surrounded by a thick shell that
contains cashew nut shell liquid, a toxic liquid that makes the
removal of the shell by hand unsafe. Therefore, removal of
cashew nut shell liquid by heating (steam roasting, open-pan
roasting, etc.) is a common practice in cashew preprocess-
ing.48,49 Such processes have likely initiated the Maillard
reactions, resulting in the formation of MRPs. The change in
MS1 abundance of the modified peptide may indicate the
progress of Maillard reactions, with a higher abundance of
peptides that have carboxymethyl-amine and carboxyethyl-
amine modification with the increase of roasting time and
temperature (Figure 8A).
As stated earlier, another purpose of identifying MRPs was to

distinguish the peptides that are less affected by Maillard
reaction modifications. Figure 8B demonstrates that for some
peptides, the peptide abundance of the modified forms can be
much higher than the unmodified and properly cleaved form. In
the case of peptide FHLAGNPK, KFHLAGNPK (the missed
cleavage form) and the carbamylated form K[+43]FHLAGNPK
have much higher MS1 abundances compared with the
unmodified and fully tryptic-cleaved form. In this case, although
peptide FHLAGNPK had robust performance (high idotp
values, high abundance, etc.) across different roasting conditions
and remained with high detectability in the extensively roasted
samples, the peptide was excluded from the potential target
peptide list.

■ CONCLUSIONS
In this study, a protein database for cashews (Anacardium
occidentale) was developed using genomic and bioinformatic
tools, and the accuracy of protein sequences of interest was
validated using proteomic evidence. Gene predictions produced
by an evidence-based approach (Phytozome) and an ab initio
approach (AUGUSTUS) were investigated. Although the ab
initio gene prediction approach used in this study is relatively
simple (without training for prediction parameters), it was
sufficient for the analysis focusing on seed storage protein in
cashews and target peptide selection. The number of high
confidence cashew peptides (FDR < 1%, found in at least 2 out
of 4 replicates, tryptic digestion) identified when using the
AUGUSTUS database alone was similar to those using a
combined database of UniProt and all Phytozome sequences
(6578 vs 6595 peptides, see details in Table S2). This result
indicated that even a protein database generated using a simple
gene prediction may be able to provide a solution for MS
discovery analysis when a reference proteome is not available,
which is the case for many food commodities. However, because
ab initio gene prediction tools use mathematical characteristics
of a reference genome to discern genes in the genome of interest,
the quality of the prediction is subject to the similarity between
the genome of interest and the reference genome. Therefore,
further research is needed to assess how robust this approach
may be for the analysis of other foods. Despite the challenges
associated with the gene prediction without training, the results
in this study showed that the newly developed cashew protein
database is important for target peptide selection for the MS-
based cashew allergen detection method. The database can also
facilitate proteomic analyses of cashew nut. Compared with de
novo sequencing, which may be advantageous to target peptide
selection when a complete proteome is not available, the
approach presented in this study can provide protein-level

information, enabling the analysis of protein and protein
isoforms.
The proteomic analysis of oil-roasted cashew demonstrated

that cashew 2S albumins and 11S legumins are more heat stable
compared to 7S vicilin, and thus can serve as quality targets for
both MS-based and antibody-based methods, although there
might be discrepancies among different isoforms. The criteria
used for target peptide selection took various modifications into
consideration so that the selected peptides might be less
susceptible to modifications caused by Maillard reactions. The
selected target peptides can be used for method development for
the detection of cashew proteins that have gone through oil
roasting.
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