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An easy analytical method for the determination of
L-Canavanine in legumes and pulse-based fish feed

C. Anagnostopoulos', A.C. Charalampous' and K. Liapis'

Summary L-Canavanine is a naturally occurring non-protein amino acid found in certain legumes,
where it plays a significant role in plant defence acting as an anti-herbivory compound by disrupting
the biology of insect herbivores and pulse-based fish feed. In this study, a simple, easy and robust an-
alytical method was developed and validated to monitor the compound accurately and reliable. The
developed method includes a simple quick and low-cost extraction procedure using acidified aceto-
nitrile. Chromatographic determination is based on Hydrophilic Interaction Liquid Chromatography
coupled to tandem mass spectrometry operating in positive electron spray ionization. The method
was successfully validated by assessing accuracy, precision, linearity of response (gradient of the cal-
ibration curve) at a range of concentrations 1.25 - 25 ug L', matrix effect and limit of quantitation ac-
cording to European Guidelines. One way analysis of variance (ANOVA) was employed for estimating
the contribution to overall uncertainty and finally to the reported value/concentration, of homogeni-

zation and sub-sampling step.

Additional keywords: Fish feed, HILIC, L-Canavanine, legumes, mass spectrometry

Introduction

L-Canavanine, (L-2-amino-4-(guanidinooxy)
butyric acid), is a non-protein amino acid,
structural analog to L-arginine (Fig. 1), and
possess potentially toxic properties for both
plant and animal systems, including hu-
mans (Rosenthal, 2001; Staszek et al., 2017).
L-Canavanine is a common ingredient,
naturally occurring in alfalfa sprouts (Med-
icago sativa L), broad beans, jack beans,
sword beans and other legume products
(Brown, 2005). Owing to this structural sim-
ilarity, L-Canavanine role in food produc-
tion revolves around its mistakenly incor-
poration into organism’s own proteins in
place of L-arginine, leading to the produc-
tion of structurally aberrant proteins (EFSA
2020). Canavanine has also been reported
to induce a condition that mimics systemic
lupus erythematosus (SLE) in primates (Ma-
linow, 1982; Prete, 1985), to increase anti-
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bodies to nuclear components and promote
SLE-like lesions in auto immune-susceptible
(Moulton, 2017). L-Canavanine can also act
as a feed-inhibitor for pigs at concentrations
13 mM kg™, reducing feed intake up to 25%
(Enneking et al., 1993).

Up to 2024, the references in public liter-
ature search (Scopus 2024) by using the key-
words ‘canavanine’, ‘determination’, ‘analyti-
cal methods’ is scarce. To our knowledge the
first reference for the determination of Can-
avanine is from 1954, where the detection
was carried out with a colour reaction of
pentacyanoferrate derivatives (Fearon and
Bell, 1955; Bell, 1958). In more recent studies,
analytical methods involved pre-column de-
rivatization step to form either dansylated
derivatives (Ekanayake et al., 2007) or dieth-
yl ethoxymethylenemalonated derivatives
(Megias et al., 2015), extraction with strong
acids in hydrophilic interaction chromatog-
raphy coupled to diode array detector (Irakli
et al., 2018). In addition to the above, a dual
fluorescent protein assay system also devel-
oped this compound and other DNA-dam-
aging substances in the yeast Saccharomy-
ces cerevisiae (Lu et al., 2015).

Liquid chromatography in combination
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Figure 1. Chemical structure of L-Canavanine (Left) and L-Arginine (Right)

with mass spectrometry (LC-MS/MS) is a
powerful analytical technique that enables
the determination of analytes at low levels
with minimum, in most cases, sample prep-
aration procedures. In this study, a simple,
quick and low-cost extraction procedure in
combination with LC-MS/MS was developed
and validated for the determination of Can-
avanine in pulses and related animal feed,
with a low limit of quantification (LOQ).

Materials and methods

Reagents and Chemicals

Analytical standard of L-Canavanine
(>98%) was purchased from Sigma - Aldrich/
Merck. Reagents used were acetonitrile
(ACN, >99,9%, HPLC gradient, Sigma Aldrich),
methanol (MeOH, >99.9%, LC-MS grade,
Fischer Scientific), water (H20, LC-MS grade,
Fischer Scientific), formic acid (98/100%, An-
alytical Reagent, Fischer Scientific), ammo-
nium formate (99%, Acros Organics) and
C18 Bondesil (400 um, Varian), a hydropho-
bic bonded silica sorbent used for dispersive
solid phase extraction (d-SPE) to remove fat
and other interferences from the extract.

Preparation of Analytical standards
Canavanine stock solution of 1000 mg
L' was prepared by accurately weighing
0.02551 g of Canavanine neat standard and
dilute in a grade A volumetric flask with 25
mL MeOH:H,O (1:1 v/v). Working solutions
were prepared with appropriate dilutions. In
particular, 3 series of calibration standards
were prepared within the range of 1.25 - 25
pg L' by serial dilution in acetonitrile, lentil
extract and animal feed extract. The lentil
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and animal feed extracts were prepared as
described below.

Extraction Procedure

The extraction procedure is based on a
previously published work for the determi-
nation of Aloin (Anagnostopoulos and Am-
padogiannis, 2020) applied successfully on
pulses and related animal feed with slight
modification on the clean-up step.

In particular, an aliquot of 5 (+0.05) g
of homogenized sample was weighted in
a 50mL polypropylene centrifuge tube, 10
mL of H,0 were added, and the mixture was
shaken at a Vortex mixer, until a homoge-
nized slurry was formed. The analyte was ex-
tracted by adding 10mL of ACN/H,0 (80:20,
v/v) acidified with 1% of HCOOH, and then
shaken intensively at a Vortex mixer for 2min.
After centrifugation at 4000 rpm for 5 min, an
aliquot of 2 mL of the supernatant was trans-
ferred into a 15mL polypropylene centrifuge
tube with 2 mL of ACN and 200 mg of octa-
decyl sorbent (Cis). The mixture was shaken
at a Vortex mixer for another 2 min and cen-
trifuged at 4000 rpm for 5 min. The final ex-
tract was filtered through a disposable PTFE
syringe filter, 0.45 um and transferred into
a screw cup storage vial and stored in the
freezer until analysis. A graphical presenta-
tion of the sample preparation procedure in
presented in Figure 2. Following this extrac-
tion procedure, the concentration C; (mg kg
") of the analyte in the sample corresponds to
8 x Cyiar (Ug ML) of the analyte in the extract.

Chromatographic analysis

Due to the physicochemical properties
(log Pow -4.26 and pKa values 2.1 and 9.31),
L-Canavanine, exists as zwitterion in pH
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range 2-9, so Hydrophilic Liquid Interaction
Chromatography (HILIC) coupled to mass
spectrometry was chosen.

LC analysis was conducted by a Vari-
an liquid chromatography system consist-
ing of two Varian Prostar 210 pumps and a
Prostar 420 autosampler using a 100 uL sy-
ringe, combined with triple quadrupole
mass spectrometer (Varian model 1200L).
Chromatographic separation was achieved
in the absence of guard column, using a HIL-
IC column (ZIC-pHILIC, 150 mm X 4.6 mm,
i.d=>5 um, SeQuant) at 35°C and a gradi-
ent program of a binary mobile phase sys-
tem consisting of solvent A (ACN/H,0, 90:10,
v/v) and solvent B (50 mM HCOONH, in H,0).
Flow rate was constant at 0.25 mL min” and
the elution program was as follows: After an
isocratic step at 10% B for 5 min, eluent B
was increased by a linear gradient from 10
to 95% in 10 min and held at 95% for 5 min.
At 20.1 min the eluent B was lowered to 10%
and held for 5 min to re-equilibrate the col-
umn. As to avoid carry-over phenomenon,
the needle was washed with a 0.1% HCOOH
in MeOH/H,0O (50:50, v/v) after each injec-
tion. The injection volume was 10uL and the
total run-time was 25 min.

Mass Spectrometry

Mass spectrometer was a Varian 1200L
triple quadrupole equipped with an elec-
trospray ionization interface operating in
the positive mode. The theoretical fragmen-
tation pattern of L-Canavanine under ESI-
(+)-MS/MS conditions is presented in Fig-
ure S1. Selected values for capillary voltage
(V) and collision energy (eV) used for each
transition are given in Table S1. For optimiz-
ing the above, a working solution of Cana-
vanine at 0.5 ug mL" in solvent was injected
in the absence of chromatographic column
using a loop, under Flow Injection Analysis
(FIA) conditions, firstly for optimized frag-
mentor voltage and secondly for optimized
collision cell energy. Typical source parame-
ters were as follow: source temperature was
set at 250°C and drying gas temperature at
250°C. Drying and nebulizing gas was nitro-
gen generated from a high purity genera-

5 g Sample

U

+10mL H,0

Vortex agitation
for 2 min

+10 mL ACN/H20 (80:20/,)
1% HCOOH

i. Vortex agitation for 2
min

ii. Centrifuge (4000 rpm,
S min)

2 mL Supernatant

i.+ 2mLACN

i, + 200 mg C18 sorbent
iii. Agitation

iv. Centrifuge

v. Filter through PTFE

LC-HILIC-MS/MS

Figure 2. Abbreviated flow diagram describing extraction
procedure.

tor and their pressures were set at 18 and 55
psi respectively. For the operation in MS/MS
mode, Argon 99.999% was used as collision
gas with a pressure of 1.5 mTorr. The mul-
tiple reaction monitoring experiments were
conducted with a dwell time of 100 msec.
For instrument control, data acquisition and
processing, Varian MS Workstation software
version 6.8 was used. In Figure 3, the Total
lon Chromatogram (TIC) of blank sample,
and matrix match calibration standards are
presented.

Confirmation criteria

For initial identification of the analyte, the
retention time (tz) criterion was used. The t;
of the analyte was matched based on an ex-
ternal calibration standard at a tolerance of +
0.2 min. The final confirmation was done by
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Figure3. TIC chromatogram for matrix matched calibration standards of Canavanine (at 0.25 pg mL" (1 row) and 0.5 g

mL" (2" row) and for blank sample.

implementing the ion ratio criterion, accord-
ing to SANTE/11312/2021, whereas ion ratio
must be in the range of +30% of external
standard ratio (European Commission 2024).

Method validation

The following parameters were assessed
during validation procedure: accuracy and
precision based on recovery experiments,
linearity, limit of quantification, (LOQ), ma-
trix effects (ME). In addition, the overall un-
certainty (U) of the method was also esti-
mated. Homogeneity during sub-sampling
was also assessed as to exclude any results
variation due to too small sample size. Ac-
curacy was evaluated by calculating the at-
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tained mean recovery (% REC) at each for-
tification level and the deviation of results
expressed as percent relative standard devi-
ation (% RSD) was used for estimating pre-
cision. Homogenized samples of lentils and
animal feed based on dried beans, previous-
ly checked for the presence of Canavanine,
were used for recovery experiments (and
the whole validation process) at 5 concen-
tration levels (0.01, 0.02, 0.05, 0.1 and 0.2 mg
kg™) with 6 replicates at each.

Uncertainty of subsampling

For estimating the contribution to over-
all uncertainty and finally to the reported
value/concentration, of homogenization
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and sub-sampling step in the laborato-
ry, a 5 kg of blank animal feed sample (the
one used in fortification experiments), was
spiked at 1 mg kg' and homogenized us-
ing a knife-blender. Ten (10) subsamples of
5 g were prepared/extracted according to
the already described in house developed
method and were in duplicate analyzed/
measured. One-way ANOVA at 95% confi-
dence level, which tests the null hypothesis
(samples in two or more groups are drawn
from populations with the same values) was
employed for assessing distribution of re-
sults. As it is already known, ANOVA produc-
es an F-statistic (ratio between the variance
of mean values, to the variance between
samples) which is compared to F-criterion
(value produced when null hypothesis is val-
id). According to results, sub-samples were
homogeneous (F-statistic < F-criterion), and
the 5g sample is considered proper/enough
for the specific method.

Results and Discussion

Accuracy and Precision

Accuracy was evaluated by calculating
the attained mean recovery (% Rec) for Cana-
vanine at each fortification level, and the de-
viation of results expressed as percent rela-
tive standard deviation (RSD) was used for
estimating precision. Homogenized sam-
ples of lentils and animal feed based on dried
beans, previously checked for the presence
of Canavanine, were used for recovery exper-
iments (and the whole validation process) at
5 concentration levels (0.01, 0.02, 0.05, 0.1 and
0.2 mg kg™) with 6 replicates at each. Results
for both accuracy and precision are shown
in Table S2. Recovery values varied between
74.6 - 90.2 % and RSD values were well be-
low 20%, meaning that they were in accor-
dance with SANTE criteria for method valida-
tion (European Commission 2024).

Linearity

Linearity of response was assessed for
both calibration standards in solvent and in
matrix (lentils and animal feed). Regression

analysis was performed at 95% confidence
level using least squares, for concentration
varying from 1.25-25 ug L' (5 different con-
centrations) and correlation coefficient R?
was above 0.99 for each case (solvent, lentils,
animal feed). Results are listed in Table S3.

Limit of Quantitation (LOQ)

LOQ was determined as the lowest forti-
fication level for which accuracy and preci-
sion are acceptable according to SANTE (Eu-
ropean Commission 2024), thus 0.01 mg kg™.
Taking into consideration that LOD equals to
(LOQ/3), then LOD is set at 0.0033 mg kg™.

Uncertainty estimation

The uncertainty of the method was
calculated based on the Eurachem/Citac
Guidelines (Ellison 2012) as described below.

Type A Uncertainty

For the calculation of type A uncertainty,
uncertainty associated with the use of cal-
ibration curve and the least square fitting
Ucaicurv iIs combined with uncertainty associ-
ated with bias Upis according to Eq.1

S 1 1
U =Sy /1. 1
calcurv b N + n +

where Sy is the residual standard deviation,
b the slope of the calibration curve, N the
number of calibration levels (x), n the num-
ber of values per level, yo the experimental
value of y for which the concentration is xo,
y the average of y values and 5%,(zi —2)>- the
sum of the obtained concentration (given
by the calibration curve) minus the average
concentration of the standards used in the
calibration curve.

(yo—y)*

Wy, (Eq.1
b2+2f\;1(zi71)2ﬁ( q1)

Ubias

The uncertainty related to bias, is esti-
mated through recovery experiments at dif-
ferent fortification levels (Eq. 2).

Ubias= v/ RMSbias + uCrecovery? — (EQ. 2)

where RMSg.s = 2:(1;%3)

and Ucrecovery = \/u(RefMat)2 + uwvol? —(Eq. 3)
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where u(RefMat) the uncertainty from the
reference material and Uvol the uncertain-
ty from the use of automated micropippetes
(see Type B uncertainty).

Type B Uncertainty

For the calculation of type B uncertainty,
all parameters that contribute to the overall
uncertainty of the final result, and which are
the result of use of weighing scale (Unass), me-
chanic pipettes (U,o), use of analytical stan-
dard stock solution (Uswc) are combined as to
calculate total type B uncertainty (Eq. 4).

Usotal= v/ Umass? + Uvol? + Ustock? — (EQ. 4)
where:

Umasst Based on the calibration certificate of
the balance (Upaiance) the relative uncertain-
ty associated with mass measurement is:
Unmass = Umass/Msampte = (0.02+3.7319x10-°x5)/5=
0.004.
U,oi: For the uncertainty associated with the
use of automated micropipettes, a rectan-
gular distribution is assumed. Taking into
consideration the standard deviation S from
the calibration certificate of the mechanical
pipette, the uncertainty from the addition
of the extraction solvent is:
i. Addition of 10 mL: Uy = U,e/Vol = (S/4/3)/10
=0.001156
ii. Addition of 2 mL: Uy = Uye/Vol = (S/4/3)/2
=0.138672
Uswoak: For the uncertainty rising from the
use of analytical standard, a rectangular dis-
tribution is for once more assumed. Taking
into consideration the S from manufactur-
er’s certificate, uncertainty is equal to:

Ustock: (S/\/3) =0.00289

Utota= \/Umass2 + Uwol? + Ustock?= 0.138769
=13.87%

The impact of type B uncertainty is minimal
in comparison to type A, highlighting that
achieving reliable measurements primari-
ly depends on the method’s performance
within the laboratory.
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Matrix Effects (ME)

Matrix Effects, is the effect of the com-
ponents of a matrix to the response of a de-
tector to a certain analyte, compared to it's
response in the absence of matrix. Matrix
components can suppress or increase de-
tector’s response. ME was calculated as the
percentage relative difference of the slopes
(Eq. 5), of two calibration curves in the
above-mentioned range, one by using ma-
trix matched calibration standards and one
in solvent.

% ME =100 x [(bsolvent‘bmatrix)/bsolvent] % (Eq 5)

According to regression analysis data, |ME|
was >20%, meaning that the use of matrix
matched calibration standards deemed ne-
cessary.

Conclusions

A simple quick and easy method was devel-
oped and validated for the determination of
L-canavanine in pulse-based fish feed and
legumes. The method is simple, low cost,
with excellent validation data and low over-
all uncertainty of the measurement at the
validated range. The LOQ of the method is
0.01 mg kg™. The extraction procedure can
be considered as universal, since it does not
include any specific analytical step or re-
agent dedicated for canavanine. The use
of LC-MS/MS chromatography is also an as-
set, sinceitis already known to be the meth-
od of choice when it comes to multi resi-
due methods. This gives the opportunity,
for future work, since other analytes shar-
ing similar physicochemical properties (po-
lar compounds in zwitterion form), like polar
pesticides (Anastassiades et al., 2023), polar
veterinary drugs, melamine (Molognoni et
al., 2024), aminoglycosides (Yang et al., 2022)
or other natural toxins in food could be ex-
tracted along with canavanine simultane-
ously. Finally, the above described method
could be useful in the investigation of chem-
ical composition of plant matrices.
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Mpoodiopiopdg tng L-KavaBavivng oe oompla Kat ixOuotpopég
ME MPWTN UAN Ta 60TIpla

X. Avayvwotoémoulog, A.X. Xapahdumouc kat K. Alamig

NepiAnyn H L-KavaBavivn givat éva QuOIkd un MPWTEIVIKG apvo&d Tou TEPIEXETAL OE OPIOUEVEC Ka-
TNyopiec oompiwv. O pOAOC TNC OTNV AUUVA TWV GUTWV EiVal ONUAVTIKOC, KABWC pa W TPOOTATEVTI-
KA évwon évavTl TG putoayiag, emneedlovtag Tn Guotoloyia Twv evTOuwV f/Kal Twv {Wwv ToU Ka-
TAVAAWVOULV OOTIPLA. ZTNV TTaPoUoa UEAETN avamTuxOnKe pia eVXpnoTn Kal aglomaoTtn avaAuTIKY e-
BodoMoyia yia Tov mpoodloplopd auTthE TNE vOoyeVOUC 0UGiag, XPNOIUOTTOIWVTAC OEIVIOUEVO AKETOVI-
TPiAIo W¢ SlahuTn eKXVUAIONG Kal Xpwpatoypagia udpo@IAng ahAnAenidpaong vypnc edong (HILIC) oe
ouvOuacuo pe pacpatoueTpia pdlag tpimhou tetpandiou (MS/MS). H uébodoc emkupwOnke pe emitu-
xia akoAouvBwvtag Ti¢ Eupwmaikég KateuBuvtrpleg Mpappég, HEAETWVTAG TNV akpifela, Tnv emavainyi-
HOTNTA, TN YPAUMIKOTNTA TNE AmOKPIoNC (KAion Tng KapmUAng Babuovéunong) o VPOC CUYKEVTPW-
ogwv 1,25 - 25 ug L', tnv emidpaon Tou umooTPWHATOC Kal TO Oplo TOCOTIKOToINoNG. MNa TNV EKTiUnoN
NG 6UVOAIKAC Sleupupévng afeBaldtnTag xpnotpomolBnKe HOVOTapayovTIK avaiucon Slakupavong
(ANOVA), AapBdvovtag umoygn ta otddia opoyevomoinang Kat umodelypatoAnyiag.

Hellenic Plant Protection Journal 18: 40-49, 2025
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Supplementary material
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¥
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Figure S1. Theoretical fragmentation pattern of L-Canavanine under L-ESI(+)-MS/MS conditions.

Table S1. Retention time t; and data acquisition parameters for LC-MS/MS operating in posi-

tive MRM mode.

Type tr Precursor lon Product lon Capillary Voltage | Collision energy
of transition (min) (amu) (amu) (eV)* (V)*
Quant 177 75.6 40 14.5

Qual 1 3.85 177 76.9 40 14

Qual 2 177 117.6 40 N

Qual 3 77 159.7 40 6

* These values are optimized for the specificinstrument conditions, model, and manufacturer. A small variation may
be observed between different models and instrument condition. However, they may differentiate significant
between different manufacturers.
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Table S2. Mean recoveries (% REC) and percentage relative standard deviation (%RSD) val-
ues for estimating accuracy and precision.

Matrix Fort”?;a;/cl’(g)mve' REC (%) RSD (%)
0.01 76.3 5.6
0.02% 87.2 23
Animal Feed 0.05* 74.6 1.2
0.1 78 8
0.2% 817 9.3
0.01 90.2 19
0.02 85.3 35
Lentils 0.05% 95.1 7.2
0.1 84.2 3.1
0.2% 99.1 21

*n =3 replicates

Table S3. Regression analysis data.

Matrix n r? b Sb a Sa Su

Lentils 5 0.9997 3.0E+08 2.8E+06 1.4E+07 5.9E+06 0.03
Animal Feed 5 0.9997 1.7E+08 1.6E+06 1.7E+07 1.6E+06 0.01
Solvent 5 0.9999 5.2E+08 3.4E+06 -5.0E+06 7.1E+06 0.02
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