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Eff ect of abiotic factors in seed germination of the medicinal 
aromatic plant Ziziphora hispanica L. 

M. Djebbouri1,2, M. Zouidi3* and M. Terras1

Summary   Ziziphora hispanica L. (Lamiaceae) is a medicinal aromatic plant which is native to Algeria in 
semi-arid regions, Morocco and southern Spain. Despite the medicinal and economic interests as well 
as the uncertain future that this species may encounter in its natural habitats, various aspects of the 
biology of its seeds have not been recognized up to date. To fulfi ll these gaps, seed germination has 
been studied under the eff ect of diff erent incubation temperatures, and under the infl uence of defer-
ential concentrations of water stress and saline stress. The seeds were fi rst incubated at diff erent tem-
peratures (15, 20 and 25°C). Then, at 20°C, germination studies were carried out at various sodium chlo-
ride concentrations (0, 25, 50, 75 and 100 Mmol /l) and various solutions of polyethylene glycol (PEG6000) 
(0, -0.2, -0.4, and-0.6 Mpa). The results showed that Z. hispanica seeds were not dormant, and the op-
timal temperature of germination was 20°C, at which the maximum fi nal germination percentage oc-
curred (94%). A high negative correlation was obtained between the germination percentage and the 
various concentrations of NaCl. In comparison to other plant species that share its habitats, the results 
of the water stress impact tests indicate that Z. hispanica is very sensitive to water stress, indicating dif-
fi culties in germinating in semi-arid and arid regions and that climate change may restrict its natural 
habitats. The results of this study can serve as guidelines for propagation protocols of this species to 
support its conservation and cultivation.

Additional keywords: abiotic factors, conservation, germination, Ziziphora hispanica

2010-2013, Euro+Med, 2015). In Algeria, it is 
found in the highlands and the regions of 
the Saharan Atlas (Quézel and Santa, 1961-
1962). It is medicinal and aromatic (Bekhechi 
et al., 2007; Benlamdini et al., 2014). Several 
studies have shown its various pharmaceu-
tical activities such as antibacterial (Bekhe-
chi et al., 2007; Rabah et al., 2013; Zenati et 
al., 2014) anti-fungal (Meratate et al., 2015) or 
antioxidant (Meratate et al., 2015). 

As medicinal plants and their cultivation 
is becoming popular due to the increased 
demand for natural products in the world 
(Tanga et al., 2018), in Algeria, many species 
of medicinal plants are collected by the local 
population and herbalists in an anarchic and 
abusive manner. The combined eff ect of this 
overexploitation with climate change makes 
these species increasingly rare, or threatened 
with extinction (Bouasla and Bouasla, 2017; 
Nasrallah et al., 2020). In the arid natural envi-
ronment which characterizes many regions 
of Algeria, certain environmental constraints 
(drought and salinity of the soils) are consid-
ered to be the main factors limiting the es-

Introduction

Lamiaceae is the fi fth largest family of fl ora 
in Algeria after Asteraceae, Fabaceae, Brassi-
caceae and Caryophyllaceae. It is represent-
ed by 36 genera in the Algerian fl ora and 
183 taxa (Dobignard and Chatelain, 2010-
2013). The genus Ziziphora of the Lamiaceae 
is represented by three species (Z. hispani-
ca L., Z. capitata L. and Z. tenuior L.) in Algeria 
(Dobignard and Chatelain, 2010-2013). 

Ziziphora hispanica is an annual herba-
ceous plant (Quézel and Santa, 1961-1962) 
which is native to Morocco, Algeria and 
southern Spain (Dobignard and Chatelain, 
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tablishment and cultivation of plants (Zouidi 
et al., 2020). Moreover, Mediterranean plant 
communities have exhibited adaptation fail-
ures to climate change (Cochrane et al., 2015; 
Dadach and Mehdadi, 2021).

The establishment of medicinal plant 
cultivation procedures is an alternative mea-
sure to ensure the preservation of fl oristic di-
versity on the one hand, and the availability 
of these medicinal plants for commercializa-
tion on the other (Rebbas et al., 2012; Tanga 
et al., 2018). Multiplication of plant species by 
seed for commercial propagation, including 
several medicinal plants, is a simple meth-
od (Laghmouchi et al., 2017). However, many 
abiotic factors, such as salt stress, tempera-
ture, and water stress aff ect the germination 
of medicinal plant seeds (Gorai et al., 2011; 
Said-Al Ahl and Omer, 2011; Laghmouchi et 
al., 2017). Indeed germination is one of plant 
growth stages more sensitive to salt, severe-
ly inhibited by increased salinity (Sosa et al., 
2005). According to several authors (Botía et 
al., 1998; Jamil et al., 2006, Medjebeur et al., 
2018), salinity aff ects seed germination by 
reducing osmotic potential to such an ex-
tent that it delays or prevents the absorp-
tion of water necessary for the mobilization 
of nutrients necessary for germination and/
or the toxic eff ects of Na+ and Cl- which can 
be toxic to the embryo. Therefore, informa-
tion regarding seed germination could be of 
immense help in the domestication of wild 
medicinal plants (Sharma and Sharma, 2017).

To our knowledge, no published re-
search has investigated the infl uence of abi-
otic factors on the germination of seeds of 
Z. hispanica. In this study, and in order to 
provide useful information for conservation 
programs and to promote its cultivation and 
reintroduction, we assessed the eff ect of 
temperature, saline stress and water stress 
on the germination of Z. hispanica seeds.

Materials and methods

Seed collection area
In this study, ripe seeds of Ziziphora his-

panica L. (Fig. 1) were collected in the Saida 

region in northwest Algeria in the sum-
mer of 2020 (Fig. 2). The climate of this re-
gion is semi-arid with typical Mediterranean 
climatic characteristics, i.e., low precipita-
tion (between 300 and 370 mm/year), a wet 
and cold winter, and a dry and hot summer 
(Djebbouri and Terras, 2019).

Collection and preparation of seeds
The largest number of Z. hispanica plants 

were found in the Saida region (more than 
200 individuals distributed in 13 locations) 
where from the seeds were collected (Fig. 
2). In the laboratory, the seeds were imme-
diately peeled manually and then sterilized 
with 5% bleach (sodium hypochlorite) for 1 
min, followed by an abundant rinse with dis-
tilled and air-dried water before being used 
in the germination experiments.

Experimental design
To determine the optimum temperature 

for germination and to test seed dormancy 
and viability, seed germination of Z. hispan-
ica was studied under diff erent incubation 
temperatures of 15°C, 20°C and 25°C. For 
water stress four concentrations of PEG6000 

were used, corresponding to osmotic pres-
sures of -0, -0.2, -0.4 and -0.6 Mpa (Michel 
and Kaufmann, 1973). To examine the im-
pact of salinity stress, the germination of 
the seeds was studied under solutions of 
increasing NaCl concentrations (0, 25, 50, 
75 and 100 mmol L-1). For water stress, four 
concentrations of PEG6000 were used, corre-
sponding to osmotic pressures of -0, -0.2, 
-0.4 and -0.6 Mpa (Michel and Kaufmann, 
1973). The germination tests were carried 
out in Petri dishes, each containing 5 ml of 
test solutions at 20°C because the tempera-
ture experiment revealed that the optimum 
temperature of germination was 20°C. Each 
experiment consisted of 90 seeds divided 
into 3 replicates with 30 seeds per Petri dish.

Expressions of germination results and 
statistical analyses

Two germination parameters were cal-
culated after 30 days of germination (germi-
nation was stabilized on day 21st):
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Figure 1. Ziziphora hispanica L. (full bloom and seeds).

Figure 2. Locations of seed harvesting areas Ziziphora hispanica L. in Algeria.
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Percentage of germination (GP℅ ) = (num-
ber of germinated seeds / total number of 
seeds) x 100 
Mean time of germination (MTG) accord-
ing to the formula given by Ellis and Roberts 
(1981):
MTG = ∑ n × D/∑ n
Where n: number of newly germinated 
seeds at time,
D: number of days since the start of the ger-
mination test,
Σn: number of seeds that germinated dur-
ing the germination test. 

The lower the MTG value, the faster is the 
germination (Melendo and Giménez, 2019). 
Germination percentages and average ger-
mination time were calculated with Germi-
naQuant software (Marques et al., 2015). The 
values for each treatment were calculated as 
averages of three replicates and were sub-
jected to an analysis of variance (ANOVA). 
Signifi cant diff erences between the mean 
values were tested using the Duncan test. 
The SPSS version 24 software was used in all 
analyses and the signifi cance level was set 
to 0.05.

Results

Eff ect of temperature on seed germina-
tion

The germination rate as a function of the 
tested temperatures varied signifi cantly (p 
<0.001). At temperatures of 15 and 25°C, the 
GP℅ ranged between 23.33% and 74.44% 

respectively  (Fig. 3). The highest GP℅ was 
observed at 20°C (94.44%). The mean MTG 
at the diff erent test temperatures are shown 
in Figure 3; it was lower at 20°C compared to 
25°C (Fig. 3).

Eff ect of water stress on seed germina-
tion

The highest GP℅ was recorded in con-
trol seeds (96.66%). At the osmotic pressure 
of -0.2 MPA, the GP℅ was reduced to 43.33% 
corresponding to a 55.17% drop compared 
to the control. The GP℅ decreased with the 
increase in the osmotic pressure of the im-
bibition medium. At the pressure of -0.4 
MPA, the reduction in germination reached 
96.55%. The germination was completely in-
hibited at -0.6 MPA (Fig. 4).

Like GP℅, the MTG required for germi-
nation of Ziziphora hispanica L. seeds in-
creased with osmotic pressure. The control 
seeds germinated faster than those treat-
ed with diff erent PEG concentrations (Fig. 
4). They required an average of 5.96 days to 
germinate, whereas, at higher osmotic pres-
sures (-0.2 Mpa and -0.4 Mpa), they germi-
nated after a longer time, 6.99 and 11.33 
days, respectively (Fig. 4).

Eff ect of saline stress on seed germina-
tion 

The eff ect of NaCl concentrations on 
GP℅ is statistically signifi cant (p< 0.001). 
Seed GP℅ decreased in response to in-
creased concentration of NaCl in the imbi-

Figure 3. Eff ect of temperature on percentage and mean time 
of germination of seeds of Ziziphora hispanica L. Bars repre-
sent the mean ± S.E. (n = 3). Values with diff erent letters are 
signifi cantly diff erent at p< 0.05.

Figure 4. Eff ect of diff erent water stress on the percentage 
and the mean time of germination of seeds of Ziziphora his-
panica L. Bars represent the mean ± S.E. (n = 3). Values with 
diff erent letters are signifi cantly diff erent at p< 0.05.
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bition medium (Fig. 5). The higher the os-
motic pressure, the higher was the recorded 
rate of reduction of germinated capacity 
(Fig. 5). Indeed, from 25 Mmol /l the infl u-
ence of salinity was signifi cantly percepti-
ble (p < 0.001) with a germination percent-
age of 66.66% corresponding to a reduction 
of 26.41%. The germination percentage de-
creased to a minimum value of 3.33% in 
seeds treated with 100 Mmol/Na Cl (Fig. 5).

The MTG of Z. hispanica seeds increased 
signifi cantly (p <0.001) with the rise of the 
salinity of the medium (Fig. 5). In controls, 
the MTG was 5.58 days whereas germina-
tion took 17.66 days at 100 Mmol /l of NaCl 
(Fig. 5). 

Discussion

Eff ect of temperature 
Z. hispanica seeds were not dormant 

in the context of Baskin and Baskin (2004), 
since they germinated at high percentages 
(>74%) over a wide temperature range (15–
20°C), with no pre-treatment. This is similar 
to many other species of the Lamiaceae fam-
ily in the Mediterranean regions (Laghmou-
chi et al., 2017). Although germination of Z. 
hispanica seeds was possible at tempera-
tures between 15°C and 25°C, a peak of ger-
mination percentage was recorded at 20°C. 

This thermal optimum germination is com-
parable to some Mediterranean Lamiaceae 
in arid and semi-arid regions such as Ballo-
ta hirtusa (Dadach and Mehdadi, 2018), Mar-
rubium vulgare, Sideritis incana and Stachys 
ocymastrum (Dadach et al., 2018), Thymus 
maroccanus Ball. and Thymus broussonetii 
Boiss (Abbad et al., 2011). The lowest ger-
mination percentage at 25°C indicates that 
most Z. hispanica seeds will probably germi-
nate in late fall and throughout the winter, 
when temperatures are below 25ºC.

Eff ect of water stress  
Seed germination decreased with in-

creased stress and stopped completely at 
-0.6 MPa which is considered value of toler-
ance for germination thresholds. Similar re-
sults for seed germination aff ected by the 
decline in water potential and high germina-
tion rate in the absence of stress, have been 
reported for several species of the family La-
miaceae in arid regions, such as Sideritis in-
cana, Stachys ocymastrum, and Thymus fon-
tanesii (Dadach and Mehdadi, 2021) Thymus 
maroccanus, T. broussonetii and T. serpyllum 
(Abbad et al., 2011; Dadach et al., 2015). Sim-
ilarly, germination of Salvia verbenaca, fl our-
ishing in semi-arid Mediterranean climate 
zones, was also very sensitive to a range of 
water potential from 0 to -0.6 Mpa: at an os-
motic potential of -0.4 Mpa, the germination 
percentage was 5% and it was complete-
ly inhibited at an osmotic potential of -0.6 
Mpa (Javaid et al., 2018).

Drought tolerance during seed germina-
tion is an essential criterion for identifying 
varieties of species capable of resisting wa-
ter defi cit in the early stages of plant growth 
(Hamdini et al., 2021). In this regard, our re-
sults revealed that although Z. hispanica is 
native to the Mediterranean, it will have a 
great diffi  culty germinating in arid and semi-
arid regions because it would not tolerate a 
water potential greater than -0.4 Mpa (3.33 
℅GP). Conversely, Plantago lanceolata L. and 
Ballota hirsute Benth, species sharing the 
same habitats where Z. hispanica, are more 
tolerant to water stress and could germinate 
at -1 Mpa (Dadach et al., 2015: Dadach and 

Figure 5. Eff ect of diff erent saline stress on the percentage 
and the mean time of germination of seeds of Ziziphora his-
panica L. Values with diff erent letters are signifi cantly diff er-
ent at p< 0.05.
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Mehdadi, 2018; Mira et al., 2018). 
As the climate change in the Mediter-

ranean Basin results in widespread increas-
es in average temperatures and longer and 
more frequent drought periods, and de-
creased rainfall (Pachauri et al., 2014), the 
germination of Z. hispanica has been severe-
ly disturbed by water stress. This indicates 
that climate change restricts its natural hab-
itats and possibly poses a threat to this spe-
cies.

Eff ect of salt stress 
In arid and semi-arid regions of Algeria, 

the long-standing drought has clearly led to 
the salinization of soils. The combination of 
these two natural stresses is becoming in-
creasingly stressful for the germination and 
growth of plants in their natural environ-
ment (Zouidi et al., 2019). Since the reduc-
tion of the germination percentage was sig-
nifi cant from the concentration of 25 mmol 
/L of NaCl and the germination was almost 
inhibited beyond 100 mmol/l of NaCl, this 
concentration seems to be the threshold 
of tolerance to the salinity of this species. 
The negative response to salinity stress at 
the germination stage has also been report-
ed for other Lamiaceae species (Laghmou-
chi et al., 2017; Dadach and Mehdadi, 2018; 
Dadach et al., 2018; Nedjimi et al., 2020). In 
addition, similar infl uence of saline stress at 
a concentration of 100 Mmol/l of NaCl has 
been recorded on the germination percent-
age of semi-arid climate Lamiaceae spe-
cies growing in Mediterranean climate such 
as Marrubium vulgare, Sideritis incana and 
Stachys ocymastrum (Dadach et al., 2018).

The eff ect of PEG and NaCl solutions on 
seed germination under these conditions 
can be compared with similar osmotic po-
tential. The -0.2 Mpa and -0.4 Mpa PEG solu-
tions had similar osmotic potential with the 
50 and 100 Mmol/l NaCl solutions, respec-
tively. Seeds showed similar germination 
percentages under similar osmotic poten-
tials and this was consistent with what has 
been reported in other species (Mira et al., 
2018, Song et al., 2021). 

Conclusion 

The results of this study showed that based 
on its seed germination capacity, Z. hispan-
ica seems to be more sensitive under water 
stress compared to other species that share 
the same habitats. Thus, future projections 
of climate change, combined with the abu-
sive collection of this species as a medici-
nal plant will have a negative impact on the 
population dynamics of this species in Al-
geria. However, to extrapolate our results, 
the eff ects of temperature, salinity and wa-
ter stress should be assessed in the labora-
tory and in the fi eld at later growth stages 
of this species.

The authors thank the members of Laboratory 
of Water Resources and Environment, Depart-
ment of Biology, Faculty of Science, University 
of Saida and the Forestry Department for this 
work.
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Επίδραση αβιοτικών παραγόντων στη βλάστηση των σπόρων 
του φαρμακευτικού αρωματικού φυτού Ziziphora hispanica L.

M. Djebbouri, M. Zouidi και M. Terras 

Περίληψη   Το Ziziphora hispanica L. (Lamiaceae) είναι ένα φαρμακευτικό αρωματικό φυτό, ιθαγενές 
στην Αλγερία σε ημιξηρικές περιοχές, στο Μαρόκο και στη νότια Ισπανία. Παρά το φαρμακευτικό και 
οικονομικό ενδιαφέρον καθώς και το αβέβαιο μέλλον που μπορεί να έχει αυτό το είδος στους φυσικούς 
του βιότοπους, διάφορα θέματα σχετικά με τη βιολογία των σπόρων του δεν είναι γνωστά μέχρι σή-
μερα. Για να καλυφθούν αυτά τα κενά γνώσης, μελετήθηκε η βλάστηση των σπόρων υπό την επίδρα-
ση διαφορετικών θερμοκρασιών επώασης, διαφορετικών συγκεντρώσεων υδατικής καταπόνησης και 
αλατότητας. Οι σπόροι επωάστηκαν αρχικά σε διαφορετικές θερμοκρασίες (15, 20 και 25°C). Στη συνέ-
χεια, στους 20°C, πραγματοποιήθηκαν μελέτες βλαστικότητας σε διάφορες συγκεντρώσεις χλωριού-
χου νατρίου (0, 25, 50, 75 και 100 Mmol/l) και σε διάφορα διαλύματα πολυαιθυλενογλυκόλης (PEG6000) 
(0, -0.2, -0.4, και -0,6 Mpa). Τα αποτελέσματα έδειξαν ότι οι σπόροι του Z. hispanica δεν έχουν λήθαργο 
και η βέλτιστη θερμοκρασία βλάστησης ήταν 20°C, όπου σημειώθηκε το μέγιστο τελικό ποσοστό βλά-
στησης (94%). Παρατηρήθηκε υψηλή αρνητική συσχέτιση μεταξύ του ποσοστού βλάστησης και των 
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διαφόρων συγκεντρώσεων NaCl. Σε σύγκριση με άλλα φυτικά είδη που μοιράζονται τους οικοτόπους 
του, τα αποτελέσματα των δοκιμών επίδρασης υδατικής καταπόνησης δείχνουν ότι το Z. hispanica εί-
ναι πολύ ευαίσθητο στην υδατική καταπόνηση, υποδεικνύοντας δυσκολία στη βλάστηση σε ημιξηρι-
κές και ξηρικές (άνυδρες) περιοχές και ότι η κλιματική αλλαγή μπορεί να περιορίσει τους φυσικούς του 
βιότοπους. Τα αποτελέσματα αυτής της μελέτης μπορούν να χρησιμεύσουν ως κατευθυντήριες γραμ-
μές για τα πρωτόκολλα πολλαπλασιασμού αυτού του είδους για την υποστήριξη της διατήρησης και 
της καλλιέργειάς του.

Hellenic Plant Protection Journal 18: 1-9, 2025
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SHORT COMMUNICATION

First record of the scale insect Parlatoria camelliae Comstock 
(Hemiptera: Coccomorpha: Diaspididae) in Greece

G.J. Stathas1*, E.D. Kartsonas2, P. Skouras1 and M. Dervišević3

Summary   The scale insect Parlatoria camelliae Comstock (Hemiptera: Coccomorpha: Diaspididae) is 
recorded for the fi rst time in Greece οn 12 August 2024. It was found on Camellia japonica L. (Theace-
ae: Ericales) in Chalkidiki. From preliminary studies it was found that P. camelliae is an oviparous, bipa-
rental species.

Additional keywords: Camellia japonica, Greece, Parlatoria camelliae

ca, Africa, Asia and Australia (García Morales 
et al., 2016). In Europe it has been recorded 
in France (Foldi, 2001), Georgia (on Camellia 
japonica, C. sasanqua (Theaceae) and Prunus 
laurocerasus (Rosaceae)) (Miller and David-
son, 2005; Batsankalashvili et al., 2017), Ita-
ly (Longo et al., 1995), Portugal (Nakahara, 
1982) and Spain (Morrison, 1939).

In Chalkidiki, P. camelliae was found in 
high infestation density on a twenty year old 
C. japonica plant (Fig. 1). The scale was main-
ly settled on the upper surface of the leaves 
(Fig. 2). The examination of samples of the 
infested leaves in the laboratory showed 
that the species is biparental and oviparous. 
The majority of the live individuals on the 
samples were ovipositing female adults (Fig. 
3). However, preovipositing female adults 
and crawlers were also recorded. The female 
adults of the scale were used for the identi-
fi cation of the species (Figs 4 and 5). In addi-
tion, scales with an exit hole of unidentifi ed 
endoparasite individuals were recorded.

Little information is provided in bibliog-
raphy on the biology and economic impor-
tance of P. camelliae. Miller and Davidson 
(2005) referred that males and females were 
found on the top and underside of camel-
lia leaves, close to the veins. McKenzie (1956) 
reported P. camelliae as the most important 
scale insect pest of camellias in California 
whereas Miller and Davidson (1990) consid-
ered this species to be an occasional pest.

Parlatoria camelliae Comstock (Hemiptera: 
Coccomorpha: Diaspididae) is recorded for 
the fi rst time in Greece on Camellia japoni-
ca L. (Theaceae: Ericales) from northwestern 
area of Karyes, Holy Mount Athos (40°18’ N, 
24°12’ E), on 12 August 2024, in Halkidiki. The 
confi rmation of the species P. camelliae was 
made by Professor Giuseppina Pellizzari (Di-
partimento di Agronomia, Animali, Alimen-
ti), University of Padua, Italy. Vouchers of 
permanent slides of the scale insect are kept 
in the Laboratory of Agricultural Entomolo-
gy and Zoology, Department of Agriculture, 
School of Agriculture and Food, University 
of the Peloponnese.

Genus Parlatoria Targioni Tozzetti, in-
cludes 80 species (García Morales et al., 
2016). Four species of Parlatoria are recorded 
in Greece: P. oleae (Colvée) (Koroneos, 1934),
P. pergandii Comstock (Koroneos, 1964), P. 
theae Cockerell (García Morales et al., 2016) 
and P. ziziphi (Lucas) (Koroneos, 1934; Nor-
mark et al., 2019).

Parlatoria camelliae has been recorded in 
several countries of north and south Ameri-
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Figure 1. Camellia japonica infested by Parlatoria camelliae.

Figure 2. Colony of Parlatoria camelliae on leaf of Camellia ja-
ponica.

Figure 3. Eggs laid by ovipositing female of Parlatoria camel-
liae (↓).

Figure 4. Body of female adult of Parlatoria camelliae.

Figure 5. Pygidiun of Parlatoria camelliae female adult:
(a): median (L1), second (L2) and third lobe (L3), 
(b): microducts, (c): perivulval pores.
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ΣΥΝΤΟΜΗ ΑΝΑΚΟΙΝΩΣΗ

Πρώτη καταγραφή του κοκκοειδούς εντόμου Parlatoria 
camelliae Comstock (Hemiptera: Coccomorpha: Diaspididae) 
στην Ελλάδα

Γ.Ι. Σταθάς, E.Δ. Κάρτσωνας, Π. Σκούρας  και M. Dervišević

Περίληψη   To κοκκοειδές έντομο Parlatoria camelliae Comstock (Hemiptera: Coccomorpha: Diaspi-
didae) καταγράφεται για πρώτη φορά στην Ελλάδα στις 12 Αυγούστου 2024. Το έντομο βρέθηκε επί 
του φυτού Camellia japonica L. (Theaceae: Ericales) στην Χαλκιδική. Από προκαταρκτικές μελέτες 
διαπιστώθηκε ότι το είδος P. camelliae είναι ωοτόκο και αμφιγονικό.

Hellenic Plant Protection Journal 18: 10-12, 2025
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 SHORT COMMUNICATION

First record of Maconellicoccus hirsutus (Green) (Hemiptera: 
Pseudococcidae) on Albizia julibrissin - Honeybee foraging on 
mealybug honeydew

A.E. Tsagkarakis1, M.B. Kaydan2,3, G.J. Stathas4 and G. Gastouniotis1 

 Summary     In August 2024, the pink hibiscus mealybug, Maconellicoccus hirsutus (Green) (Hemiptera: 
Coccomorpha: Pseudococcidae), was found in heavy infestations on  Albizia julibrissin Durazz. (Fabace-
ae) and Grevillea robusta A. Cunn. (Proteaceae) in Athens, Greece. This is the fi rst global record of A. ju-
librissin and the fi rst record on G. robusta in Greece, as hosts of M. hirsutus. All developmental stages: 
eggs, nymphs, and adult males and females, were present. Honeybees (Apis mellifera L.) were observed 
actively foraging on the abundant honeydew secreted by the mealybugs. Further research is necessary 
to assess the potential impact of this invasive pest on host plants in Greece, and the signifi cance of its 
honeydew as an alternative food resource for honeybees.

Additional keywords: Albizia julibrissin, Apis mellifera, climate change, Grevillea robusta, honeydew, Maconelli-
coccus hirsutus

All developmental stages of the scale were 
recorded: eggs covered by waxy ovisac, 
nymphs and male and female adults. Fe-
male adults were collected and microscop-
ic permanent slides were made according to 
the method of Kosztarab and Kozár (1988). 
The identifi cation of the species  M. hirsutus 
was made by Professor Mehmet Bora Kay-
dan ( Biotechnology Development and Re-
search Centre, Adana),  Çukurova Universi-
ty, Turkey. The vouchers of the permanent 
slides are kept in the Biotechnology Devel-
opment and Research Centre of Çukurova 
University and in the Laboratory of Agri-
cultural Entomology and Zoology, Depart-
ment of Agriculture, University of the Pelo-
ponnese.

The genus  Maconellicoccus Ezzat (He-
miptera: Coccomorpha: Pseudococcidae in-
cludes nine species. Only the species M. hir-
sutus, which is native to southern Asia, is 
recorded in Greece . Maconellicoccus hirsu-
tus is a highly polyphagous species infesting 
plants of 258 Genera, belonging to 84 Fam-
ilies. It is distributed in 110 countries world-
wide (García Morales et al., 2016) while in 
Europe it is recorded in Greece and Cyprus 

Maconellicoccus hirsutus (Green) (Hemiptera: 
Coccomorpha: Pseudococcidae) was fi rst 
recorded in Greece on Hibiscus rosa-sinen-
sis (Linnaeus) (Malvaceae) on the island of 
Rhodes in 2014. Subsequent records in 2016 
included Hibiscus sp., Ceratonia siliqua, Ery-
thrina sp. and Bauhinia sp. (Fabaceae) (Milo-
nas and Partsinevelos, 2017).

The present study reports the fi rst glob-
al record of the ornamental plant Albizia juli-
brissin Durazz. (Fabaceae) and the fi rst Greek 
record of Grevillea robusta A. Cunn. (Prote-
aceae) as host plants for M. hirsutus. Both 
records were documented in Alimos, Attiki 
(37°55’36 N, 23°44’37 E) in August 2024 (Figs 
1 and 2). The plants were heavily infested. 
Samples of the infested shoots were trans-
ferred to the laboratory for examination. 
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(Ülgentürk and Hocaali, 2019). Moreover, 
other records from the Mediterranean ba-
sin include the countries Algeria (EFSA PLH 
Panel, 2022), Egypt (Williams, 1986), Israel 
(Spodek et al., 2018), Tunisia (Halima-Kamel 
et al., 2015) and Turkey (EFSA, 2021).

The fi rst global record of M. hirsutus on A. 
julibrissin and the fi rst Greek record on Gre-
villea robusta expand the pest’s known host 
range and geographic distribution. Geor-
gopoulou et al. (2025) highlights the pest’s 
wide host range and its ability to thrive in di-
verse climates; the climate change scenario 
SSP5-8.5 projects further range expansion 
of M. hirsutus into areas of southern Europe, 
including Spain, Italy, Greece, and the Med-
iterranean coastline, with increased climat-
ic suitability for persistent populations. This 
aligns with our current fi ndings, and sug-
gests that urban and peri-urban landscapes, 
with their mix of ornamental and agricultur-
al plants, could serve as critical zones for fur-
ther establishment and spread. According 
to EFSA PLH Panel (2022), M. hirsutus meets 
the criteria that are within the remit of EFSA 
to assess for it to be regarded as a potential 
Union quarantine pest.

Al-Fwaeer et al. (2014) reported that M. 
hirsutus completes one generation in warm 
period of the year in Jordan. Regarding the 
host plants, damage and economic impor-
tance of M. hirsutus, Charlet (1997) referred 
that the mealybug invaded the US Virgin Is-
lands, Puerto Rico, St. Kitts, Trinidad, Toba-
go, Grenada and several other Caribbean 
islands, where it was damaging coff ee, cot-
ton, soybean, citrus and some other crops. 

According to the same study, the mealybug 
feeds on soft plant tissues and injects a tox-
ic saliva that distorts leaves and buds, caus-
ing curling, twisting, and a bushy appear-
ance at shoot tips. Infestations also lead to 
shortened internodes, and heavy honey-
dew excretion, which fosters black sooty 
mold and can stunt, particularly seedlings 
and weakened trees. The pest occurs on 
stems, leaves, buds, fruit, and even under-
ground parts (e.g., roots, pods, and pegs in 
peanuts), reducing yields and compromis-
ing plant vigor. In cotton, it infests growing 
parts, producing bunchy growth and fewer, 
smaller bolls, while in grapevines, severely 
infested clusters may shrivel and drop (Wil-
liams, 1996).

Natural enemies of M. hirsutus include 
72 species belonging to 22 Insect Families 
of parasitoids and predators (mainly Hyme-
noptera, Coleoptera, Neuroptera, Diptera, 
Lepidoptera, Hemiptera, Thysanoptera), the 
entomopathogenic fungi Beauveria bassi-
ana and the nematode Heterorhabditis am-
azonensis. (García Morales et al., 2016). The 
coccinellid predator Cryptolaemus mon-
trouzieri Mulsant and the parasitoid wasp 
Anagyrus kamali Moursi are recommended 
for biological control of the mealybug (Eti-
enne et al., 1998). 

A noteworthy observation on A. julibris-
sin and G. robusta was the presence of abun-
dant honeydew secreted by M. hirsutus. This 
honeydew attracted honeybees, off ering an 
alternative food source during periods of 
scarce fl oral resources (Fig. 3). In the insight 
of climatic crisis, the potential impact of the 

Figure 1. Infestation of Albizia  julibrissin by Maconellicoccus 
hirsutus.

Figure 2. Infestation of Grevillea robusta by Maconellicoccus 
hirsutus.
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pest on host crops in Greece should be in-
vestigated, as well as the role of the mealy-
bug’s honeydew in apiculture.
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Figure 3. Honeybees feeding on honeydew secretions of Ma-
conellicoccus hirsutus. 
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ΣΥΝΤΟΜΗ ΑΝΑΚΟΙΝΩΣΗ

Πρώτη καταγραφή του ψευδόκοκκου Maconellicoccus hirsutus 
(Green) (Hemiptera: Coccomorpha: Pseudococcidae) στο 
καλλωπιστικό φυτό Albizia julibrissin - Διατροφή μελισσών 
στις μελιτώδεις εκκρίσεις

Α.Ε. Τσαγκαράκης, M.B. Kaydan, Γ.Ι. Σταθάς και Γ. Γαστουνιώτης 

Περίληψη   O ψευδόκοκκος Maconellicoccus hirsutus (Green) (Hemiptera: Coccomorpha: 
Pseudococcidae) βρέθηκε τον Αύγουστο του 2024 σε μεγάλους πληθυσμούς στα καλλωπιστικά φυτά 
Albizia julibrissin και Grevillea robusta στην Αθήνα. Αυτή είναι η πρώτη παγκόσμια καταγραφή του A. 
julibrissin και η πρώτη καταγραφή του G. robusta στην Ελλάδα, ως ξενιστές του M. hirsutus. Κατά τις 
δειγματοληψίες, βρέθηκαν όλα τα στάδια ανάπτυξης του εντόμου: ωά, νύμφες και άρρενα και θήλεα 
ακμαία. Επί των αποικιών του εντόμου παρατηρήθηκε παρουσία μελισσών (Apis mellifera L.) που δια-
τρέφονταν στις άφθονες μελιτώδεις εκκρίσεις του ψευδόκοκκου. Περαιτέρω έρευνα απαιτείται για την 
αξιολόγηση της πιθανής επίδρασης αυτού του χωροκατακτητικού εντόμου στα φυτά ξενιστές της χώ-
ρας μας και της σημασίας του μελιτώματός του ως εναλλακτικού πόρου τροφής για τις μέλισσες.

Hellenic Plant Protection Journal 18: 13-16, 2025
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Determination of nitroimidazole and fumagillin residues 
in honey employing Liquid Chromatography-Tandem Mass 
Spectrometry: An insight in the 2023-2024 Greek honey 
production 

E. Manea-Karga1, F. Kanteli1 , E.A. Papadopoulou1,2*, K. Machera1 and K.M. Kasiotis1*

Summary   Honey bees (Apis sp.) are vital to ecosystems, enhancing agricultural productivity and pre-
serving biodiversity. However, the observed decline of their populations, caused by, among other, No-
sema infections has led to the use of the antibiotics fumagillin and nitroimidazoles. Nonetheless, due 
to increasing concerns over their genotoxic, mutagenic, and carcinogenic properties, the presence of 
fumagillin residues in honey is prohibited, while similar is the case for the parent nitroimidazoles and 
their metabolites in animal-derived food. Within this context and considering the limited availability of 
pertinent data on Greek honey, we have developed and applied robust analytical methods for the de-
tection of fumagillin and nitroimidazole residues in honey, employing liquid chromatography-tandem 
mass spectrometry (LC-MS/MS). The developed protocols, based on solid phase extraction, proved fi t 
for the purpose of detecting fumagillin and nitroimidazoles in honey samples with substantial sensitiv-
ity (detection capability, CCβ not exceeding 0.78 μg/kg), comparable to recent literature, and could be 
applied in routine analyses to ensure consumers’ safety. Application of the methods in 30 Greek honey 
samples did not unveil residues above the CCβ of the analytes, and the developed pipeline can be fur-
ther exploited in future large-scale monitoring studies to investigate Greek apiculture and its adher-
ence to regulatory obligations.

Additional keywords: Dimetridazole, LC-MS/MS, Metronidazole, Ronidazole, Solid Phase Extraction, Veteri-
nary antibiotics

ers, the reduction of their natural habitats, 
climate change, exposure to pesticides, as 
well as various diseases caused by pests and 
pathogens (Goulson et al., 2015).

Microsporidian parasites of the genus 
Nosema, and more specifi cally the species 
Nosema apis, Nosema ceranae, and the re-
cently detected Nosema neumanni, cause 
one of the most devastating honey bee dis-
eases, nosemosis (Mazur and Gajda, 2022). 
These parasites infect the gut epithelial 
cells of adult bees causing symptoms such 
as dysentery, reduced lifespan, and de-
creased foraging effi  ciency. Infected bees 
often show signs of lethargy, poor coordina-
tion, and inability to return to their hive. The 
disease can result in colony collapse, dimin-
ished honey production, and increased win-
ter mortality (Grupe and Quandt, 2020; Hris-
tov et al., 2020). Prevention and treatment of 
nosemosis include regular monitoring and a 
combination of hive management practices 

Introduction

Honey bees is a subset of bees in the genus 
Apis that are indispensable to ecosystems 
and agriculture, mainly due to their excep-
tional pollination abilities, which not only 
enhance agricultural productivity and yield, 
but also safeguard biodiversity conserva-
tion (Galajda et al., 2021). Nonetheless, over 
the last two decades, a decline in honey bee 
populations has been observed worldwide, 
a multifaceted issue driven by several biot-
ic and abiotic factors, including, among oth-
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and chemical treatment, with the most used 
antibiotics being fumagillin and nitroimid-
azoles (NIs) (Formato et al., 2022).

Fumagillin is a mycotoxin initially report-
ed in 1949 by Hanson and Eble, who isolat-
ed it from the fi lamentous fungus Aspergil-
lus fumigatus (Hanson and Eble, 1949). It is 
a meroterpenoid of low molecular weight 
(458.54 g·mol−1), with poor water solubility, 
whereas it is soluble in organic solvents (Gu-
ruceaga et al., 2019). In the early 1950s, not 
long after its discovery, fumagillin was rec-
ognized as a bioactive compound against 
Nosema infections and has been used ex-
tensively since (Peirson and Pernal, 2024; 
Stanimirovic et al., 2007; van den Heever et 
al., 2015a). Its mode-of-action involves its 
binding to the active site of the methionine 
aminopeptidase type 2 (MetAP-2) protein 
through the epoxide located on its cyclo-
hexane moiety (Van den Heever et al., 2014). 
Since the MetAP-2 enzyme plays a key role 
in protein synthesis, this inhibition disrupts 
essential cellular processes, leading to im-
paired growth and replication of the Nose-
ma spores within the honey bees’ guts (Gu-
ruceaga et al., 2019).

On the other hand, NIs is a group of an-
tibiotics discovered in the early 1950s when 
researchers isolated azomycin, a 2-nitro-
imidazole compound, from a Streptomy-
ces extract (Nakamura, 1955). This discovery 
spurred the synthesis of an array of deriv-
atives with remarkable bioactivity, mainly 
against anaerobic bacteria, protozoa, and 
parasites (Ang et al., 2017). Their chemical 
structure is characterized by the presence 
of an imidazole ring with a nitro group at-
tached to it in diff erent positions (Guo et al., 
2017). Synthetic 5-nitroimidazole (5-NI) de-
rivatives, such as dimetridazole, metroni-
dazole, ronidazole, and ipronidazole, have 
been extensively exploited in the preven-
tion and management of nosemosis in hon-
ey bees (Zhou et al., 2007; Mitrowska et al., 
2014). These metabolites seem to exert their 
antimicrobial properties due to the pres-
ence of the nitro group in their molecule, 
which generates reactive nitro radical an-
ions, inhibiting microbial nucleic acid syn-

thesis and leading to cell death (Ang et al., 
2017).

Despite the eff ectiveness of fumagil-
lin and NIs in combating Nosema disease in 
honey bees,  the potential presence of their 
residues in honey can pose a potential risk 
to consumer health. Fumagillin is believed 
to be genotoxic, which can be a threat to 
both beekeepers and consumers of hon-
ey-containing residues (Stanimirovic et al., 
2007), and therefore, it is no longer autho-
rized in most European Union (EU) member 
states (European Commission 2009; Kunat-
Budzyńska et al., 2022). Since no maximum 
residue limit (MRL) has been established for 
honey, any detectable fumagillin residue 
levels are prohibited, adhering to a zero-tol-
erance policy (Nozal et al., 2008). Likewise, 
NIs are considered mutagenic and carcino-
genic to humans and thus, they are classifi ed 
at the group A6 of prohibited substances 
(European Commission 1996). Consequent-
ly, their use in food-producing animals is not 
allowed in the EU under Regulation 2377/90, 
depicted also for dimetridazole, metronida-
zole, ronidazole and other NIs in EU Regu-
lation 37/2010 (European Commission 2010). 
Also, metabolites formed by hydroxylation 
of the main NIs (e.g., hydroxy metronidazole 
and hydroxy ipronidazole) could display sim-
ilar mutagenic properties and, as a result, EU 
Reference Laboratory’s recommended con-
centration for analytical methods to deter-
mine parent NIs and their metabolites in an-
imal-derived food is suggested at 3 μg·kg-1 
(CRL 2007).

Based on the abovementioned, there 
is an increasing need for the generation of 
analytical data on contaminants in honey 
due to its broad consumption and acknowl-
edgment of health benefi ts. In this context, 
the development and application of sensi-
tive analytical methods for the detection of 
a wide range of levels of NIs and fumagil-
lin in honey, for the discovery of any illegal 
uses that may occur, is of high importance. 
Such a task requires the development and 
validation of sophisticated sample prepa-
ration and analytical protocols. Within this 
context, and focusing on consumers’ safe-
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ty, here, enhanced experimental protocols 
and robust analytical methods were devel-
oped for the detection of fumagillin and NI 
residues in honey based on Liquid Chroma-
tography-Tandem Mass Spectrometry (LC-
MS/MS) and Solid Phase Extraction (SPE). 
The methods were applied to Greek honey 
samples collected during the period 2023-
2024. Greek honey has exceptional quality 
with pronounced biological properties (Pa-
touna et al., 2023), which is attributed to the 
unique plant diversity of the country and 
respective chemical constituents (Karaba-
gias et al., 2014; Kasiotis et al., 2022). There-
fore, the prevalence of these compounds 
in this valuable food commodity should be 
contemplated. To our knowledge, there is 
a shortage of data on monitoring the pres-
ence of such chemicals in Greek apicultural 
products.

Materials and methods

1. Chemicals and Reagents
All chemicals and reagents used in the 

sample preparation and analysis were of the 
highest commercially available grade. More 
specifi cally, the organic solvents, metha-
nol (MeOH) and acetonitrile (ACN) (purity ≥ 
99.9%) were purchased from Fisher Chemi-
cal (Thermo Fisher Scientifi c, Waltham, MA, 
USA). Ultrapure water was obtained by an 
Ultra-Clear® TWF UV ultra-clear water sys-
tem (Evoqua Water Technologies, Pitts-
burgh, PA, USA). Acetic acid (purity ≥99.9%) 
was purchased from Merck (Merck KGaA, 
Darmstadt, Germany), and formic acid (puri-
ty ≥99.9%) from Honeywell Research Chem-
icals (Morris Plains, NJ, USA). Magnesium 
sulfate and sodium chloride were obtained 
from Fisher Chemical (Thermo Fisher Sci-
entifi c, Waltham, MA, USA). The ammoni-
um hydroxide solution that was used in the 
sample preparation for nitroimidazole anal-
ysis was prepared by diluting the desired 
amount of ammonia (Merck KGaA, Darm-
stadt, Germany) in ultrapure water.

For method development and analyses, 
the analytical standards fumagillin (puri-

ty 93%, Toronto Research Chemicals, North 
York, ON, Canada), metronidazole (MNZ) 
and dimetridazole (DMZ) (purity ≥ 98.0%, 
Sigma-Aldrich Solutions, St. Louis, MO, USA), 
ronidazole (RNZ) (purity ≥ 95%, Sigma-Al-
drich Solutions, St. Louis, MO, USA), iproni-
dazole (IPZ) (purity 99.5%, Dr. Ehrenstorfer 
Reference Materials, LGC Standards, Ted-
dington, Middlesex, UK), hydroxymetro-
nidazole (MNZ-OH) (purity ≥ 99.0 %, Sig-
ma-Aldrich Solutions, St. Louis, MO, USA), 
hydroxydimetridazole (DMZ-OH) (purity 
98%), hydroxyipronidazole (IPZ-OH) (puri-
ty 99.14%), and ternidazole hydrochloride 
(TRZ) (purity 86.0%) (Dr. Ehrenstorfer Refer-
ence Materials, LGC Standards, Teddington, 
Middlesex, UK), were used. Ipronidazole D3 
(IPZ-D3) (purity 99.47%) (Dr. Ehrenstorfer 
Reference Materials, LGC Standards) served 
as the internal standard for the LC-MS/MS 
analysis of NIs.

2. Preparation of standard solutions
Stock solutions were prepared using the 

analytical standards listed in section 2.2, 
in ACN for fumagillin and in MeOH for NIs, 
which were stored at −20° C until further 
use. Appropriate dilutions of the stock so-
lutions of the analytical standards were per-
formed to obtain the corresponding work-
ing solutions for experimentation. For the 
construction of calibration curves, solutions 
of the analytical standards were prepared to 
fi nal concentrations ranging from 0.5 to 250 
ng/mL in ACN for fumagillin, and MeOH for 
NIs.

3. Honey sample preparation
The developed experimental protocols 

for the detection of fumagillin and NIs in 
honey samples were based on Solid Phase 
Extraction (SPE), applying minor modifi -
cations to previously published protocols 
(Dmitrovic and Durden, 2013; Mitrowska and 
Antczak, 2017; Li et al., 2018), such as the use 
of mixed-mode SPE (but not in dispersion), 
the incorporation of salts in the extraction 
step for NIs, and the Biotage VacMaster 20 
device (Biotage, Uppsala, Sweden). 

For fumagillin, initially, a portion of hon-
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ey (5 g) was weighed in 50-mL falcon tubes 
and 10 mL of ultrapure water were added. 
Samples were then extracted using an au-
tomatic axial extractor (Agytax®, AgytaxLab, 
Madrid, Spain) for 10 min, taking advantage 
of the magnetic-axial movement under con-
trolled conditions, and centrifuged (Herm-
le Z446K, Hermle Labortechnik GmbH, We-
hingen, Germany) for 15 min at 4500 rpm, at 
ambient temperature. SPE was performed 
employing Phenomenex Strata-X cartridg-
es (60 mg, 3 mL) (Phenomenex, Torrance, 
CA, USA), which were conditioned with 5 
mL MeOH and 5 mL ultrapure water prior to 
sample loading. Afterwards, the cartridges 
were washed with 10 mL of a water-MeOH 
mixture (60:40, v/v), and were dried under 
vacuum. The elution step was conducted us-
ing 2 portions of 2 mL of ACN, and the solu-
tions were evaporated to dryness in a rotary 
evaporator (Heidolph WB 2001, Schwbach, 
Germany). Dried samples were reconstitut-
ed in 1 mL ACN and fi ltered (13 mm, 0.22 μm, 
Membrane Solutions, Seattle, Shanghai) into 
2 mL amber glass autosampler vials (Mach-
erey-Nagel, Düren, Germany). All handling 
was performed under a low light regime to 
avoid potential fumagillin degradation.

For NIs, 2 g of honey were weighed in 
50-mL falcon tubes and the internal stan-
dard (IS) ipronidazole D3 was added. Sam-
ples were then extracted with 15 mL of a 
2% (v/v) acetic acid solution in an ultrason-
ic bath (Isolab Laborgeräte GmbH, Eschau, 
Germany) for 10 min. Afterwards, 0.5 g of 
magnesium sulfate and sodium chloride (4:1 
w/w) were added to the sample, the mixture 
was hand-shaken for 1 min, placed again 
for 2 min in an ultrasonic bath (Grant Instru-
ments, Shepreth, Cambridgeshire, UK), and 
the resulting extract was centrifuged for 
5 min at 4000 rpm (Hettich Universal 32 R 
Centrifuge, Tuttlingen, Germany) with con-
stant temperature at 10°C. Then, the su-
pernatant was passed through Oasis MCX 
(Mixed Mode Cation Exchange, for interac-
tion with MNZ see Figure 1, and for similar 
interaction Dugheri et al., 2017) cartridges (6 
mL) (Waters Corporation, Milford, MA, USA). 
The cartridges had been previously condi-

tioned with 5 mL MeOH followed by 5 mL 
of the 2% acetic acid solution. The same sol-
vent system in reverse order was used for 
cartridge washing. Elution was performed 
with 5 mL of an ACN-ammonium hydrox-
ide (25% v/v) mixture in a 95:5 v/v ratio, and 
evaporation followed in a SpeedVac vac-
uum concentrator (HyperVac VC2124, Gy-
rozen, Gimpo, South Korea). Reconstitution 
was performed with 0.5 mL of the following 
system: 0.1% (v/v) aqueous solution of for-
mic acid: 0.1% (v/v) ACN solution of formic 
acid. The reconstituted solutions were fi l-
tered into inserts (Macherey-Nagel, Düren, 
Germany) and placed into glass autosam-
pler vials (2 mL).

4. Liquid Chromatography-Tandem Mass 
Spectrometry (LC-MS/MS) analysis
For method development and honey 

sample analysis for the detection of fumagil-
lin and NIs, two instruments were employed, 
with the key parameters for their LC-MS/MS 
analyses being demonstrated in Table 1. Re-
garding fumagillin analysis, elution was per-
formed in a mobile phase (A):(B) 30:70 (v/v) 
ratio, whereas for NIs, the following gradi-
ent elution was applied: 5% of the mobile 
phase B was held for 1 min, increased to 
40% at 1 min and held for 4 min. Then, lin-
early decreased within 0.5 min to initial con-
ditions and held for 10 min for equilibration 
of pump pressure. The precursor and pro-
ductions of the analytes are presented in Ta-

Figure 1. Metronidazole interacting with MCX sorbent.
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bles 2 and 3, for NIs and fumagillin, respec-
tively. In Figure 2, MRM chromatograms of 
fumagillin in control and fortifi ed control 
samples, along with fumagillin standards, 
that were analyzed for method validation 
purposes, are displayed. In Figure 3, the elu-
tion order of NIs is displayed (in Figure S1, in-
dicative MRM chromatograms for DMZ and 
IPZ are presented).

5. Analytical Method Validation
Analytical methods’ validation is a key el-

ement that determines their robustness and 
validity. Here, the two chromatographic ana-
lytical methods were validated according to 
Commission Decision 2002/657/EC (Commis-
sion-Decision-2002/657/EC, 2002) and based 
on the guidelines for screening methods for 
veterinary medicines (CRLs-20/1/2010, 2010), 
which complements the aforementioned EC 
Decision. A previous work of our group deal-
ing with the determination of antibiotics in 

honey was also advised for the establish-
ment and determination of respective vali-
dation criteria (Kasiotis et al., 2023). The latter 
were linearity, specifi city, matrix eff ect (ME), 
decision limits (CCα), detection capabilities 
(CCβ), limit of quantitation (LOQ), precision, 
trueness and uncertainty. CCα and CCβ were 
calculated using the calibration plots met-
rics in agreement with suggestions by ISO 
11843-2 (ISO-11843-2, 2000), considering also 
the work by Van Loco and colleagues (Van 
Loco et al., 2007). Linearity was assessed in an 
overall range of 0.5-250 μg/L, incorporating 
eight calibration levels using standard solu-
tions of all analytes and corresponding ma-
trix-matched extracts prepared from blank 
honey. Trueness was studied by perform-
ing recovery experiments for all substances 
at three concentration levels utilizing twen-
ty replicates at CCβ, and six replicates for two 
additional levels (3×CCβ, 10×CCβ). Precision 
was determined by evaluating repeatability 

Table 1. LC-MS/MS equipment and parameters employed for fumagillin and nitroimidazole 
analysis (AF: Ammonium formate, FA: Formic acid, MRM: Multiple Reaction Monitoring, ESI+: 
positive Electron Spray Ionization).

                                            Analyte
Instrument & 
Parameters

Fumagillin Nintroimidazoles

Instrument Agilent Technologies 6410 Triple 
Quad LC/MS system

Shimadzu 80/60NX Triple
Quad LC-MS/MS system

Column Type Agilent reversed phase Zorbax 
Eclipse XDB-C18 reversed phase Kinetex

Column Dimension 150 mm x 2.7 mm, 3.5 μm 150 mm x 2.1 mm, 2.6 μm

Column Temperature 30°C 35°C

Injection volume 10 μL 10 μL

Flow rate 0.3 mL·min−1 0.25 mL·min−1

Mobile phase composition (A) H2O 2mM AF
(B) ACN: H2O 90:10 (v/v) 2mM AF

(A) H2O 0.1% FA
(B) ACN0.1% FA

Elution mode Isocratic Gradient

MS/MS parameters MRM mode
ESI+

MRM mode
ESI+

Nebulizer and collision gas Nitrogen Nitrogen

Data acquisition Agilent Mass Hunter data acqui-
sition Triple Quad B.01.04 LabSolutions LCMS software v. 4.52

Data processing Agilent MassHunter Workstation 
Qualitative Analysis B.01.04 LabSolutions LCMS software v. 4.52
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(intra-day) and reproducibility (inter-day) at 
the same concentration levels (with an iden-
tical number of replicates) of the trueness 
study and expressed through the % relative 
standard deviation (RSD). ME was extrapolat-
ed by juxtaposing the slope of standard and 
matrix-matched calibration curves. Meth-
ods’ expanded measurement uncertainty 
(U’) was determined following the approach 

and equations described in the SANTE doc-
ument (SANTE, 2021) and in the recently 
published work of our group (Kasiotis et al., 
2023), encompassing recovery data as the 
main driver of uncertainty.

6. Honey samples
The developed experimental and ana-

lytical protocols for the determination of 

Table 2. Retention time and mass spectrometer parameters for nitroimidazoles (MNZ; Met-
ronidazole, RNZ; Ronidazole, DMZ; Dimetridazole, IPZ; Ipronidazole, IPZ-D3; Ipronidazole D3; 
MNZ-OH; Hydroxymetronidazole, DMZ-OH; Hydroxydimetridazole, IPZ-OH; Hydroxyiproni-
dazole, TRZ; Ternidazole).

Analyte Retention time 
(min)

Precursor Ion 
(m/z)

Product Ion 
(m/z)*

Q1 Pre Bias 
(V) CE (eV) Q3 Pre Bias 

(V) Ratio**

MNZ 5.92 171.9
82.2 22 24 15

0.95
128.2 19 15 13

RNZ 6.54 200.8
140.1 22 12 24

0.24
98.05 10 17 21

DMZ 6.04 141.9
81.1 16 27 14

0.51
96.1 16 17 17

IPZ-D3 8.48 169.9
124.2 21 20 23

0.59
109.2 20 24 21

IPZ 8.43 172.9 127.3 20 21 24

MNZ-OH 4.46 187.9
126.2 20 25 23

0.63
123.2 22 17 29

DMZ-OH 6.56 157.9
140.2 17 13 12

0.07
55.3 19 16 27

IPZ-OH 7.3 186
168.2 17 19 22

0.67
122.2 12 14 17

TRZ 5.87 185.9

128.2 12 21 22

0.58
82.2 14

10
15
26

23
14

*in bold quantitation ion, **(area qualifi cation ion/area quantitation ion)

Table 3. Retention time and mass spectrometer parameters for fumagillin.

Analyte Retention 
time (min)

Precursor Ion 
(m/z)

Product Ion 
(m/z)*

Fragmentor 
voltage (V) CE (eV)

Collision Cell
Accelerator
Voltage (V)

Ratio**

Fumagillin 1.82 459.2
177 50 -12 4

0.54
131 50 -33 4

*in bold quantitation ion, **(area qualifi cation ion/area quantitation ion)
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fumagillin and NI residues in honey were 
applied, as a proof-of-concept, to honey 
samples, collected and sent to Benaki Phy-
topathological Institute, Laboratory of Pes-

ticides’ Toxicology by public authorities and 
individual beekeepers. In total, thirty hon-
ey samples of diff erent fl oral origins, con-
sistencies, and colors, were collected from 

Figure 2. Multiple Reaction Monitoring (MRM) chromatograms (quantitation transition) of Fumagillin in A: control sample, 
B: Fortifi ed control sample at 1 μg/kg, C: Standard solution (STD) 1 μg/L, D: Fortifi ed sample at 10 μg/kg and E: STD 10 μg/L.

Figure 3. TIC MRM chromatogram of a standard mix solution at 100 μg/L showing the elution order of NIs (MNZ; Metroni-
dazole, RNZ; Ronidazole, DMZ; Dimetridazole, IPZ; Ipronidazole, IPZ-D3; Ipronidazole D3; MNZ-OH; Hydroxymetronidazole, 
DMZ-OH; Hydroxydimetridazole, IPZ-OH; Hydroxyipronidazole, TRZ; Ternidazole).
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diff erent beehives from various Greek pre-
fectures (Attica, Evia and Aegean islands, 
Macedonia, Central Greece, Crete, and Pelo-
ponnese) (Table 4) during the period 2023-
2024, to include as much variability as pos-
sible in terms of geographical distribution 
(yet, it was out of the scope of the work to 
proceed to melissopalynological analysis 
for exact pollen identifi cation and botan-
ical source attribution). The samples were 
stored in boxes following the completion 
of sampling to avoid light-induced fumagil-
lin degradation, and they were immediate-
ly cooled at 0-4°C using ice packs. When re-
ceived at the laboratory, the samples were 
stored at −20°C until further processing. For 
the validation of the analytical methods, 
blank monofl oral honey samples from the 
repository of the laboratory (routine sam-
ples) were used.

Results and Discussion

The introduction of salts in the extraction 
(partitioning) step and mixed-mode SPE 
(two modes of interaction, see also discus-
sion below) in the sample preparation step 
proved effi  cient in recovering NIs from hon-
ey (recoveries depicted in Table 4) exploit-
ing, in this way, the amphiphilic properties 
of NIs, and leading to slightly cleaner ex-
tracts (preliminary tests not shown, demon-
strated this behavior compared to the sole 
use of MCX sorbent). The decision was also 
based on the intention to expand the scope 
of the method to other veterinary substanc-
es with diff erent physicochemical proper-

ties than NIs that would benefi t also from 
this combinatorial sample preparation. Cal-
ibration curves of both standards and ma-
trix-matched solutions demonstrated very 
good linearity for each analyte in honey 
(0.5-250 μg/L) with a correlation coeffi  cient 
above 0.9996. The analytical methods’ spec-
ifi city was evaluated by analysing a series 
(more than 20) of commercially available 
honey samples. The absence of major inter-
ferences in the retention time of the target 
compounds corroborated the high specifi c-
ity of the method. The recoveries (as a mea-
sure of precision) were found to vary be-
tween 76.5% and 113.1% for all the analytes. 
The reproducibility and repeatability RSD% 
values of both methods were investigated 
at three concentration levels (CCβ, 3 × CCβ, 
10 × CCβ) and were, in all cases, acceptable 
(≤20%). For NIs and ME, a negligible to slight 
suppression of the overall signal intensity 
was corroborated only when the IS was re-
garded, fl uctuating from -0.8 to -7.8%, which 
is in line with the fi ndings of Li et al. (2018). 
For fumagillin, a slight enhancement of ME 
was evidenced (ME, 8.2%). Lastly, the U’ of 
the analytical methods was evaluated main-
ly from data of the precision (recovery) in-
vestigation (Table 5). For the three concen-
trations tested U’ did not exceed 27.2% (for 
fumagillin was <16.9%).

With regard to the sensitivity of the 
herein-developed methods, it was fi t for 
purpose, considering both the pertinent lit-
erature (in terms of analytical method per-
formance and actual fi ndings) and the rec-
ommended concentration for NIs at 3 μg/
kg (CRL 2007). Nevertheless, as mentioned 
in previous work of our group, particular at-
tention should be given to the way of cal-
culating these metrics (Kasiotis et al., 2023). 
The values of CCα for NIs following the im-
plementation of our protocol ranged be-
tween 0.17 and 0.54 μg/kg and those of CCβ 
were calculated in the range of 0.30 to 0.78 
μg/kg for all NIs being analyzed (Table 5). In 
the same context, the LOQs for all NIs and 
fumagillin were established at 1 μg/kg, af-
ter spiking blank honey samples (n=5) at 
this concentration, considering the accept-

Table 4. Geographical origin of honey sam-
ples.

No. Origin Number of 
samples

1 Attica 3
2 Macedonia 10
3 Crete 5
4 Peloponnese 4
5 Evia and Aegean islands 2
6 Central Greece 6
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able precision (recovery in the range of 
85.2 to 100.2%) and trueness of the meth-
od (RSD%<12.3). The latter was deemed 
necessary to avoid any confusion between 
CCβ and LOQ values, since based on defi ni-
tion CCβ is the smallest content of the sub-
stance that may be detected, identifi ed and/
or quantifi ed in a sample with an error prob-
ability of β. Following thorough research of 
the literature on the NI analysis in honey, 
these values lay between previously report-
ed ones employing various sample prepara-
tion protocols and analytical platforms (Ta-
ble 6) (Zhou et al., 2007; Cronly et al., 2010; 
Huang et al., 2011;  Sakamoto et al., 2011; Kan-
da et al., 2012; Tölgyesi et al., 2012; Mitrowska 
et al., 2014; Galarini et al., 2015; Shendy et al., 
2016; Guo et al., 2017; Mitrowska and Antc-
zak, 2017; Lei et al., 2018; Guo et al., 2021; 
Liu et al., 2022; Melekhin et al., 2024). Over-
all, the herein-developed method was im-
proved in terms of the abovementioned 
values compared to the ones published by 
Cronly (Cronly et al., 2010), Guo (Guo et al., 
2021), Huang (Huang et al., 2011), Lei (Lei 
et al., 2018), Liu (Liu et al., 2022), Shendy 
(Shendy et al., 2016), and Zhou (Zhou et al., 
2007) and their associates. Similarly, the per-
formance of the presented method was sim-

ilar to those of Galarini (Galarini et al., 2015), 
Guo (Guo et al., 2017), Melekhin (Melekh-
in et al., 2024), and Mitrowska (Mitrowska et 
al., 2014; Mitrowska and Antczak, 2017) and 
their teammates. The only exceptions were 
the methods of Li and coworkers (Li et al., 
2018), Kanda (Kanda et al., 2012), Sakamoto 
(Sakamoto et al., 2011), and Tölgyesi (Tölgye-
si et al., 2012), which displayed superior per-
formance.

More specifi cally, the comparison with 
the literature disclosed comparable perfor-
mance with the work by Melekhin and col-
leagues, who applied an ultrasonic-assisted 
derivatization – magnetic solid-phase ex-
traction protocol for the determination of 
NIs and other antibiotics using LC-MS/MS 
(Melekhin et al., 2024). The achieved LOQs 
were in the range of 0.3 to 1 μg/kg, there-
fore, comparable to the ones presented 
here. In another multiresidue LC-MS/MS-
based method, developed by Galarini and 
fellows (Galarini et al., 2015) for the determi-
nation of 27 antibiotics in honey, the range 
in which CCα and CCβ values fl uctuated was 
relatively broader and, while detection of 
most NIs reached similar to our work levels, 
for some NIs those values were higher (Ta-
bles S1-S8). In other key works the LOQs for 

Table 5. Validation results for nitroimidazoles (MNZ; Metronidazole, RNZ; Ronidazole, DMZ; 
Dimetridazole, IPZ; Ipronidazole, MNZ-OH; Hydroxymetronidazole, DMZ-OH; Hydroxydime-
tridazole, IPZ-OH; Hydroxyipronidazole, TRZ; Ternidazole) and fumagillin determined in hon-
ey samples – decision limit (CCα) and detection capability (CCβ) values, recoveries (%), intra 
and inter-day (RSD%).

Analyte CCα (μg/
kg)

CCβ 
(μg/kg)

Linear 
range 
(μg/L)

Recovery (%) Intra-day RSD (%) Inter-day RSD (%)

CCβ 

3 
× 

CC
β 

10
 ×

 C
C

β 

CCβ 

3 
× 

CC
β 

10
 ×

 C
C

β 

CCβ 

3 
× 

CC
β 

10
 ×

 C
C

β 

MNZ 0.44 0.63

0.5-250

89.2 93.7 99.2 8 3 6 10 8 7
RNZ 0.18 0.39 76.5 82.1 87.5 13 9 7 12 13 10
DMZ 0.37 0.56 88.4 93.7 101.9 6 7 2 10 8 5
IPZ 0.17 0.30 94.9 102.4 113.1 9 9 5 9 12 7
IPZ-OH 0.18 0.32 79.3 83.3 85.8 13 11 7 10 11 11
MNZ-OH 0.54 0.78 84.3 92.5 103.8 12 7 4 15 10 8
DMZ-OH 0.16 0.30 80.7 85.4 97.3 7 5 5 6 7 10
TRZ 0.34 0.51 97.6 95.9 108.4 11 9 6 13 10 9
Fumagillin 0.45 0.71 86.2 93.3 97.4 8 7 4 8 7 6
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NIs varied from 0.1 to 0.5 μg/kg (Kanda et al., 
2012), and 0.05-0.2 μg/kg (Li et al., 2018). 

Interestingly, the work of Mitrowska and 
Antczak (2017), on which our experimental 
protocol was largely based, revealed simi-
lar to this study CCα values (0.5 μg/kg for all 
NIs), although the respective values for some 
of the NIs of our study were somewhat low-
er (Table 6). Minor modifi cations in Mitrows-
ka and Antczak sample preparation proto-
col included the replacement of SCX (Strong 
Cation Exchange) SPE cartridges with the 
mixed-mode MCX ones, used eff ectively by 
Li and coworkers (2018). In our attempts, the 
clogging phenomena (Li et al., 2018) were 
not so extensive to direct us to work in dis-
persive mode, yet this observation might be 
attributed to the type of honey analyzed in 
this work (both blank and actual samples). 
MCX cartridges combine both cation ex-
change and hydrophobic interactions, pro-
viding a comprehensive retention mecha-
nism for NIs, which exhibit both hydrophilic 
and hydrophobic properties (see also Figure 
1). This dual interaction mode could enhance 
selectivity, ensuring that NIs are retained, 
while minimizing the co-extraction of un-
wanted matrix components, such as sugars 
and proteins commonly found in honey. In 
this way, it is plausible to assume that MCX 
cartridges could handle the complex matrix 
of honey more eff ectively, resulting in clean-
er extracts and higher recovery rates.

For fumagillin, the comparison of the 
presented fi ndings with the work by Dmitro-
vic and Durden (2013) showed an analogous 
performance of CCα, CCβ and LOQ. Never-
theless, when compared to the LOQ estab-
lished in the work by Kanda and co-workers 
(Kanda et al., 2011) the herein LOQ is one or-
der of magnitude higher, yet not computed 
the same way. An elaborate stability study 
was not conducted since it is described in 
the literature for both fumagillin (van den 
Heever et al., 2015b) and NIs (Mitrowksa et 
al., 2014) and conditions contemplated in 
the presented study. Lastly, the runtime of 
both methods is relatively short, ensuring 
their applicability, especially for routine lab-
oratories. 

Overall, combining the results of our 
study with those of the literature, we can 
think about the use of SPE in sample prepa-
ration, together with the employment of an 
LC-MS/MS system, as the method of choice 
for the analysis of NIs and fumagillin in hon-
ey. Nonetheless, further experimentation 
can be considered to additionally improve 
the CCα and CCβ values for some of the an-
alytes. Moreover, after validating the analyt-
ical methods, analysis of thirty Greek honey 
sam  ples of diff erent fl oral and geographi-
cal origins, consistencies, and colors for NIs 
and metabolites and fumagillin showed 
that they were devoid of NIs or fumagillin 
residues. Considering the substantial sen-
sitivity of the methods and the diversity of 
the analyzed samples, the study provides a 
fi rst insight into the potential use of these 
chemicals in association with beekeeping 
practices in Greece, which seem to comply 
with the zero tolerance regulation regime re-
garding the application of such substances. 
In the same context, considering the approv-
al of metronidazole for use in companion an-
imals (EMA, 2019) the absence of residues in 
this work might also imply that improper use 
of veterinary medicines is not embraced by 
Greek beekeepers. The impact of such fi nd-
ings is particularly signifi cant, especially con-
sidering similar studies conducted in other 
countries, such as those applied in Albanian 
(Pasho et al., 2024) and Egyptian (Rabea et 
al., 2024) honey, which have reported NI res-
idues above EU standards. While the current 
evidence may not be suffi  cient to draw defi -
nite conclusions for the whole Greek apicul-
ture sector, it provides a valuable fi rst over-
view, which could be considered in future 
large-scale monitoring studies.

Conclusions

In this work, the fi rst attempt for the deter-
mination of eight nitroimidazoles and fu-
magillin in Greek honey samples is report-
ed, which, regardless of the banning of these 
chemicals in some countries, are still used 
by beekeepers on a global basis to control 
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honey bee diseases. Both analysis methods 
and protocols were optimized, validated, 
and successfully applied to a variety of hon-
ey samples (diff erent fl ower origins, diff erent 
geographical areas, diff erent consistencies, 
and colors). The validation results and the rel-
atively short analysis time propose that these 
methods are suitable for routine analysis. The 
actual samples analyzed were devoid of res-
idues of all compounds investigated herein. 
Next steps, regard the incorporation of addi-
tional veterinary substances in the scope of 
the methods, and the consideration of ana-
lyzing honey samples with high-resolution 
mass spectrometry instrumentation to un-
veil additional related molecules. 

Supplementary Material
Figure S1. MRM chromatograms of standard 
solutions of DMZ (A) and IPZ (B) at 100 μg/L.
Table S1. Comparison of the developed meth-
od with other analytical methods for the deter-
mination of metronidazole in honey published 
in the literature.
Table S2. Comparison of the developed meth-
od with other analytical methods for the deter-
mination of ronidazole in honey published in 
the literature.
Table S3. Comparison of the developed meth-
od with other analytical methods for the deter-
mination of dimetridazole in honey published 
in the literature.
Table S4. Comparison of the developed meth-
od with other analytical methods for the deter-
mination of ipronidazole in honey published 
in the literature.
Table S5. Comparison of the developed meth-
od with other analytical methods for the de-
termination of hydroxymetronidazole in hon-
ey published in the literature.
Table S6. Comparison of the developed meth-
od with other analytical methods for the de-
termination of hydroxydimetridazole in honey 
published in the literature.
Table S7. Comparison of the developed meth-
od with other analytical methods for the de-
termination of hydroxyipronidazole in honey 
published in the literature.
Table S8. Comparison of the developed meth-
od with other analytical methods for the deter-

mination of ternidazole in honey published in 
the literature.
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Προσδιορισμός υπολειμμάτων νιτροϊμιδαζολών και 
φουμαγγιλίνης στο μέλι με χρήση υγρής χρωματογραφίας 
συζευγμένης με φασματομετρία μάζας τριπλού τετράπολου 
(LC-MS/MS): Εφαρμογή σε δείγματα ελληνικού μελιού 
παραγωγής 2023-2024

Η. Μανέα-Κάργα, Φ. Καντέλη, Ε.Α. Παπαδοπούλου, Κ. Μαχαίρα και Κ.Μ. Κασιώτης

Περίληψη   Οι μέλισσες (Apis sp.) αποτελούν αναπόσπαστο κομμάτι του οικοσυστήματος, ενισχύοντας 
τη γεωργική παραγωγή και διασφαλίζοντας τη διατήρηση της βιοποικιλότητας. Παρόλα αυτά, η παρα-
τηρούμενη μείωση του πληθυσμού τους, η οποία οφείλεται, μεταξύ άλλων, σε λοιμώξεις από μικρο-
σπορίδια του γένους Nosema, οδήγησε στη χρήση αντιβιοτικών όπως της φουμαγγιλίνης και των νι-
τροϊμιδαζολών. Ωστόσο, εξαιτίας των ολοένα αυξανόμενων στοιχείων για τις γονοτοξικές, μεταλλαξιο-
γόνες και καρκινογόνες ιδιότητές τους, η παρουσία υπολειμμάτων φουμαγγιλίνης στο μέλι απαγορεύ-
εται, ενώ παρόμοια είναι η κατάσταση και για τα μητρικά μόρια νιτροϊμιδαζολών αλλά και για τους με-
ταβολίτες τους σε τρόφιμα ζωικής προέλευσης. Στο πλαίσιο αυτό, και λαμβάνοντας υπόψη την περιο-
ρισμένη διαθεσιμότητα των σχετικών δεδομένων για το ελληνικό μέλι, αναπτύχθηκαν και εφαρμόστη-
καν προηγμένες αναλυτικές μέθοδοι για την ανίχνευση υπολειμμάτων φουμαγγιλίνης και νιτροϊμιδα-
ζολών στο μέλι, με εφαρμογή υγρής χρωματογραφίας συζευγμένης με φασματομετρία μάζας τριπλού 
τετράπολου (LC-MS/MS). Τα πρωτόκολλα βασίστηκαν στην εκχύλιση στερεής φάσης και αποδείχθηκαν 
κατάλληλα για την ανίχνευση φουμαγγιλίνης και νιτροϊμιδαζολών σε δείγματα μελιού, επιδεικνύοντας 
υψηλή ευαισθησία (ικανότητα ανίχνευσης, CCβ που δεν υπερέβη τα 0.78 μg/kg), συγκρίσιμη με την 
αντίστοιχη πρόσφατων μελετών της διεθνούς βιβλιογραφίας, και θα μπορούσαν να εφαρμοστούν σε 
αναλύσεις ρουτίνας για τη διασφάλιση της ασφάλειας των καταναλωτών. Οι μέθοδοι που αναπτύχθη-
καν εφαρμόστηκαν σε 30 δείγματα ελληνικού μελιού, στα οποία δεν ανιχνεύθηκαν υπολείμματα που 
υπερβαίνουν την τιμή CCβ των αναλυτών, και η μεθοδολογία που αναπτύχθηκε μπορεί να αξιοποιηθεί 
περαιτέρω σε μελλοντικές μελέτες παρακολούθησης μεγάλης κλίμακας, για τη διερεύνηση του ελληνι-
κού μελισσοκομικού τομέα σχετικά με την τήρηση των κανονιστικών ρυθμίσεων.

Hellenic Plant Protection Journal 18: 17-39, 2025
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An easy analytical method for the determination of 
L-Canavanine in legumes and pulse-based fi sh feed

C. Anagnostopoulos1*, A.C. Charalampous1 and K. Liapis1

Summary   L-Canavanine is a naturally occurring non-protein amino acid found in certain legumes, 
where it plays a signifi cant role in plant defence acting as an anti-herbivory compound by disrupting 
the biology of insect herbivores and pulse-based fi sh 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 acidifi ed 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 μg L-1, matrix eff ect 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 fi nally to the reported value/concentration, of homogeni-
zation and sub-sampling step. 

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

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-1, 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 
fi rst 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 
(Megías 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 
fl uorescent 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 

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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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 quantifi cation (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 Scientifi c), water (H2O, LC-MS grade, 
Fischer Scientifi c), formic acid (98/100%, An-
alytical Reagent, Fischer Scientifi c), ammo-
nium formate (99%, Acros Organics) and 
C18 Bondesil (400 μm, 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-1 was prepared by accurately weighing 
0.02551 g of Canavanine neat standard and 
dilute in a grade A volumetric fl ask with 25 
mL MeOH:H2O (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 
μg L-1 by serial dilution in acetonitrile, lentil 
extract and animal feed extract. The lentil 

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 
modifi cation 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 H2O 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/H2O (80:20, 
v/v) acidifi ed 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 (C18). The mixture was shaken 
at a Vortex mixer for another 2 min and cen-
trifuged at 4000 rpm for 5 min. The fi nal ex-
tract was fi ltered through a disposable PTFE 
syringe fi lter, 0.45 μm 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 Cs (mg kg-

1) of the analyte in the sample corresponds to 
8 x Cvial (μg mL-1) 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 

Figure 1. Chemical structure of L-Canavanine (Left) and L-Arginine (Right)
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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 μL 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 × 4.6 mm, 
i.d.= 5 μm, SeQuant) at 35°C and a gradi-
ent program of a binary mobile phase sys-
tem consisting of solvent A (ACN/H2O, 90:10, 
v/v) and solvent B (50 mM HCOONH4 in H2O). 
Flow rate was constant at 0.25 mL min-1 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/H2O (50:50, v/v) after each injec-
tion. The injection volume was 10μL 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 μg mL-1 in solvent was injected 
in the absence of chromatographic column 
using a loop, under Flow Injection Analysis 
(FIA) conditions, fi rstly for optimized frag-
mentor voltage and secondly for optimized 
collision cell energy. Typical source parame-
ters were as follow: source temperature was 
set at 250oC and drying gas temperature at 
250oC. Drying and nebulizing gas was nitro-
gen generated from a high purity genera-

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 
Ion Chromatogram (TIC) of blank sample, 
and matrix match calibration standards are 
presented.

Confi rmation criteria
For initial identifi cation of the analyte, the 

retention time (tR) criterion was used. The tR 
of the analyte was matched based on an ex-
ternal calibration standard at a tolerance of ± 
0.2 min. The fi nal confi rmation was done by 

Figure 2. Abbreviated fl ow diagram describing extraction 
procedure.
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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 quantifi cation, (LOQ), ma-
trix eff ects (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-

tained mean recovery (% REC) at each for-
tifi cation 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-1) with 6 replicates at each.

Uncertainty of subsampling
For estimating the contribution to over-

all uncertainty and fi nally to the reported 
value/concentration, of homogenization 

Figure3. TIC chromatogram for matrix matched calibration standards of Canavanine (at 0.25 μg mL-1 (1st row) and 0.5 μg 
mL-1 (2nd row) and for blank sample.
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and sub-sampling step in the laborato-
ry, a 5 kg of blank animal feed sample (the 
one used in fortifi cation experiments), was 
spiked at 1 mg kg-1 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 specifi c method.

Results and Discussion

Accuracy and Precision
Accuracy was evaluated by calculating 

the attained mean recovery (% Rec) for Cana-
vanine at each fortifi cation 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-1) 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% confi dence 
level using least squares, for concentration 
varying from 1.25-25 μg L-1 (5 diff erent con-
centrations) and correlation coeffi  cient R2 

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-

fi cation level for which accuracy and preci-
sion are acceptable according to SANTE (Eu-
ropean Commission 2024), thus 0.01 mg kg-1. 
Taking into consideration that LOD equals to 
(LOQ/3), then LOD is set at 0.0033 mg kg-1.

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 fi tting 
UcalCurv is combined with uncertainty associ-
ated with bias U(bias) according to Eq.1

Ucalcurv =         (Eq.1)

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                   the 
sum of the obtained concentration (given 
by the calibration curve) minus the average 
concentration of the standards used in the 
calibration curve.

Ubias

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

Ubias =      (Eq. 2)

where RMSbias =   

and uCrecovery =     (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 fi nal result, and which are 
the result of use of weighing scale (Umass), me-
chanic pipettes (Uvol), use of analytical stan-
dard stock solution (Ustock) are combined as to 
calculate total type B uncertainty (Eq. 4).

Utotal =      (Eq. 4)

where:

Umass: Based on the calibration certifi cate of 
the balance (Ubalance) the relative uncertain-
ty associated with mass measurement is: 
Umass = umass/msample = (0.02+3.7319x10-5x5)/5= 
0.004.
Uvol: 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 certifi cate of the mechanical 
pipette, the uncertainty from the addition 
of the extraction solvent is:
i. Addition of 10 mL: Uvol = uvol/Vol = (S/√3)/10 

=0.001156
ii. Addition of 2 mL: Uvol = uvol/Vol = (S/√3)/2 

=0.138672
Ustock: 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 certifi cate, uncertainty is equal to:

Ustock = (S/√3) = 0.00289

Utotal=                                                 = 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.

Matrix Eff ects (ME)
Matrix Eff ects, is the eff ect 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 diff erence 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 fi sh 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-1. The extraction procedure can 
be considered as universal, since it does not 
include any specifi c analytical step or re-
agent dedicated for canavanine. The use 
of LC-MS/MS chromatography is also an as-
set, since it is 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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Προσδιορισμός της L-Καναβανίνης σε όσπρια και ιχθυοτροφές 
με πρώτη ύλη τα όσπρια 

Χ. Αναγνωστόπουλος, Α.Χ. Χαραλάμπους και Κ. Λιαπής

Περίληψη   Η L-Καναβανίνη είναι ένα φυσικό μη πρωτεϊνικό αμινοξύ που περιέχεται σε ορισμένες κα-
τηγορίες οσπρίων. Ο ρόλος της στην άμυνα των φυτών είναι σημαντικός, καθώς δρα ως προστατευτι-
κή ένωση έναντι της φυτοφαγίας, επηρεάζοντας τη φυσιολογία των εντόμων ή/και των ζώων που κα-
ταναλώνουν όσπρια. Στην παρούσα μελέτη αναπτύχθηκε μια εύχρηστη και αξιόπιστη αναλυτική με-
θοδολογία για τον προσδιορισμό αυτής της ενδογενούς ουσίας, χρησιμοποιώντας οξινισμένο ακετονι-
τρίλιο ως διαλύτη εκχύλισης και χρωματογραφία υδρόφιλης αλληλεπίδρασης υγρής φάσης (HILIC) σε 
συνδυασμό με φασματομετρία μάζας τριπλού τετραπόλου (MS/MS). Η μέθοδος επικυρώθηκε με επιτυ-
χία ακολουθώντας τις Ευρωπαϊκές Κατευθυντήριες Γραμμές, μελετώντας την ακρίβεια, την επαναληψι-
μότητα, τη γραμμικότητα της απόκρισης (κλίση της καμπύλης βαθμονόμησης) σε εύρος συγκεντρώ-
σεων 1,25 - 25 μg L-1, την επίδραση του υποστρώματος και το όριο ποσοτικοποίησης. Για την εκτίμηση 
της συνολικής διευρυμένης αβεβαιότητας χρησιμοποιήθηκε μονοπαραγοντική ανάλυση διακύμανσης 
(ANOVA), λαμβάνοντας υπόψη τα στάδια ομογενοποίησης και υποδειγματοληψίας.

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

Supplementary material

Table S1. Retention time tR and data acquisition parameters for LC-MS/MS operating in posi-
tive MRM mode.

Type
of transition

tR

(min)
Precursor Ion

(amu)
Product Ion

(amu)
Capillary Voltage

(eV)*
Collision energy

(V)*

Quant 177 75.6 40 14.5
Qual 1 3.85 177 76.9 40 14
Qual 2 177 117.6 40 11
Qual 3 77 159.7 40 6

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

Matrix Fortifi cation Level
(mg/kg) REC (%) RSD (%)

Animal Feed

0.01 76.3 5.6
0.02* 87.2 2.3
0.05* 74.6 1.2

0.1 78 8
0.2* 81.7 9.3

Lentils

0.01 90.2 1.9
0.02* 85.3 3.5
0.05* 95.1 7.2

0.1 84.2 3.1
0.2* 99.1 2.1

*n = 3 replicates

Table S3. Regression analysis data.

Matrix n r2 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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