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Abstract

The development of the country and care for its population, along with the growing
demand for Armenian honey abroad, require compliance with increasingly stringent safety
and quality standards for this product.

Based on the detection of residues of contaminants in Armenian honey, researchers
from CENS are concerned about the potential risk to consumers. Besides the health risk to
consumers, the presence of contaminations in honey could have a negative impact on the
export of the product and its contribution to the country’s economy.

The article analyzed data from tested samples of Armenian honey for the presence of
nitrofuran metabolite residues. According to the test results, out of the four metabolites, only
one metabolite, 1-aminoguanidine (AHD), was detected in the honey samples. To assess the
risk, the Margin of Exposure (MOE) method and the formation of homogeneous consumer
clusters were used, considering different daily honey consumption levels and gender of
consumers. Also, the worst-case scenario was considered, simulating an increase in the daily
consumption of honey with a maximum concentration of AHD. The results showed safe
MOE values for all consumer groups, indicating no concerns associated with nitrofuran
exposure. Moreover, the worst-case scenario demonstrates the possibility of increasing the
daily consumption of honey without harmful effects on the consumers. Nevertheless, the
presence of contaminant in honey is a cause for concern.

The absence of adverse effects of the pollutant in this study doesn’t exclude that other
studies will find a risk to the health of consumers. Contamination of the product on any
level is an occasion for more thorough research, re-evaluation of the rules of production and
quality control of honey.
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Cwdwnnwunuwughp

Gpynh qupgugnidp b upw puwysnipyuu uundwdp dnwhngnipjniup, huswytiu
uwl wpuntipypnid huyuuwu dtinph wdnn ywhwuownyp unhwynid tu ywhwywuty
wju wpunwnpuwuph wuyunwugnipjuu b npwyh wytijh fuhun ywhwueutinp: Lwy-
Juwlwu dtinph dbtip wnunuwhsutiph duwgnpnujht pwuwynipjniuutiph  hwjwn-
twpbpdwt nbyptpny  wuydwiwynpjusd' hbnmwgnunnutpp dnwhngjws  Gu
uywnennubtiph hwdwp huwpwynp nhujh weluwynipyudp: Fugh uwywnnnutiph
wnnnontpjwu hwdwp Juwughg, dtinph dbe wnununhsutiph wnjuwjnipyniup Jupnn
E puguwuwpwp wqnl] wpnwnpuwuph wpnwhwudwu b Gpyph munbunipjuu dtie
npw utipnpdwt Jpu:

Unyu hnnpjuwénid hpwluwuwgyly L hwyuuu dtinph thnpawudnyutipnud
uhwnpndnipwuh  dbwnwpnhwnutph  duwgnpnutiph weuynipjuu  Jbpwpbinyug
wnjwjtph Jpmémpymu: dnpdwpuwt wpymapubph hwdwawyt® snpu k-
wwpn hwutphg  Jdbnph  Gdnpibpmd hwynbwpbpdlp §odby dbonwpnho’
l-wdhunhhnwuwmnhup (AHD): (Fhulyh quwhwwdwu hwdwp Yhpundly £ «ubip-
gnponipjuwu uwhdwuh» dbpnnp (MOE) L uywnnnutinph hnungblit Jjuuwmbtiputipnh
dlwynpnidp’ hwpyh wntbing dbnph opwwt uywndwt wwppbp putwyutpt
ni uyuwpnnubph ubnp: Ghwwpyyl) ol Juunwgny ugbuwpp’ Gupunpyng
AHD-h wnwytijugnyu Ynughunnpughw wywpniuwynn dtinph opwjuu uywndwu
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AHHOTaNUA

PasButue cTpaHbl M 3200Ta 0 ee HACEIICHHUH, a TAK)KE PACTYLIUHA CIPOC Ha apMSHCKHUH
Mé&71 32 pyOeKOM BBI3BIBAIOT HEOOXOIMMOCTH COOTBETCTBHSI BCE O0JIee CTPOrHM TPEOOBaHUSM
0e30I1aCHOCTH U Ka4ecTBa ATOro MpoyKTa. Ha ocHoBaHWU city4aeB 0OHAPYKEHHUS OCTATKOB
3arpsI3HSIOIIAX BEHIECTB B apMSIHCKOM MENe UCCleoBaTeii 00SCIOKOCHBI BO3MOXKHBIM
HaJIMYUEeM pHUCKa JUIs moTpedurternei. Kpome pucka 370poBbIO MOTpeOUTENICH, HATTMYHE
KOHTaMHUHAIMH B ME/IE MOXKET HETaTUBHO CKA3aThCsl HA AKCIIOPTE MPOJyKTa U €0 BKJIAJIC B
SKOHOMUKY CTPaHbI.

B crarbe mpoaHanu3upoBaHbl JIAHHBIE TECTUPOBAHUS OOPA3IOB apMSIHCKOIO MEna
Ha HaJIM4YMe OCTAaTKOB MeTabOMUTOB HUTpodypana. CoracHO pe3ysbTaraM TECTHPOBaHUS,

| 155



Lusun $hSU4UL MUNREPU4UL | KAYAP HAYHHOE NEPUOONYECKOE N3 JAHUE | KATCHAR SCIENTIFIC PERIODICAL | 2024 (1)

U3 dYeTblpex MeTaOOIUTOB B oOpasuax Ména Obul OOHApy)KeH OIUH MEeTadoIUuT —
l-amunorunantout (AHD). /lns oneHKu pucka ucnonb3oBaH Metox Ipenena Bosneiictus
(MOE) u ¢opmupoBaHHE TOMOTEHHBIX KJIACTEPOB MOTPEOUTENCH C Y4ETOM Pa3lINYHBIX
CYTOUHBIX ypOBHEH moTpeOieHns Meda W mona moTpedbutenei. Takxke paccmaTpuBaics
HaUXyAMINA CIEHApUH, MMHUTHPYIOIIUH YBEIWYCHHE CYTOYHOTO MOTPEOICHUS Menma ¢
MaKcUMallbHOU KoHIeHTpanueit AHD. Pesynbrarsel mokaszanu 6e3onacHeie 3HadeHuss MOE
IUTSL BCEX TPYIIIT OTPEOUTENCH, UTO CBHICTEIBCTBYET 00 OTCYTCTBUH MTPOOIIEM, CBSI3aHHBIX
¢ BosueiictBueM Hutpodypana. bonee Toro, Hauxynmwuil creHapuil JAEMOHCTPUPYET
BO3MOXKHOCTb YBEJIMUEHHsI CYTOYHOIO MOTpeOieHust Ména 0e3 BpEeQHOro BO3JeHcCTBUS
Ha moTpeOutenei. TeM He MeHee HalMM4MEe 3aTrPSI3HSIONINX BELIECTB B MENE BBI3BIBACT
0eCIOKOHCTBO.

OTcyTcTBHE HEOTATOMPHUATHBIX ITOCJIEACTBHH BO3ACHCTBUS 3arpsi3HUTENS B 3TOM
HCCIICIOBAaHUN HE MCKIIIOYACT, UTO JAPYTHE HUCCICIOBAHM OOHAPYKAT PHUCK IS 30POBBS
notpeduTeliell. 3arps3HeHre MPOAYKTa Ha JTF0OOM YpOBHE SIBJIICTCS IPUYUHOMN [T OoJree
TIIATEJILHOTO MCCIIEOBAaHUs, MEPEOLEHKN IPpaBU MPOU3BOJACTBA M KOHTPOJIS KauecTBa
Meza.

KioueBble c10Ba M CJI0BOCOYETAHUS: OE30MACHOCTb MHUIIEBBIX IPOLYKTOB,
3arpsi3HUTENb, CKEJHEBHOE TOTPEONEHHE, SKCIIO3UIIHS.

Introduction

Armenian honey is a valuable product known for its unique properties and flavors,
derived from the rich variety of plants including rare and endemic species [1, 2]. In addition,
beekeeping in Armenia is one of the developing branches of agriculture [3] further enhancing
the prestige of Armenian honey for export. The export figures reflect the increasing demand:
in 2022, a total of 67.4301 tons of honey were exported, amounting to $411.16 thousand.
Even in the first three months of 2023, there was a significant export of honey, with 16.9732
tons valued at $78.96 thousand. As a matter of fact, there was a substantial growth in honey
exports from Armenia, with a staggering increase of 13.6 times between 2012 and 2022 [4].

As the honey industry in Armenia continues to grow, with increasing export figures
and recognition in both domestic and international markets, concerns have emerged
regarding the presence of contaminants in Armenian honey [5, 6]. The reported cases of
contamination necessitate thorough research to assess the safety of Armenian honey for
consumers. Among the various contaminants, one particular group that has drawn significant
attention is nitrofurans, a group of synthetic antibiotics commonly used in veterinary
medicine. Nitrofurans are known to possess antimicrobial properties, making them effective
in treating bacterial infections [7]. However, their use is strictly regulated or banned in many
countries due to potential health risks associated with their residues.

In Armenia, the Eurasian Economic Union, and the European Union, there are
specific restrictions on the use of drugs in food-producing agriculture. In particular, the use
of nitrofurans is prohibited, that is, their presence in food products should be eliminated.
Moreover, there is a strong emphasis on organic production, which entails a complete
rejection of the use of any synthetic substances [8, 9]. While beekeeping holds a sustainable
position in organic development, it faces challenges. Beekeeping distinguishes itself
from other forms of livestock farming and carries specific risks associated with its unique
characteristics. Monitoring bee colonies presents greater challenges since bees can explore
an area within a radius of 6 km from their hives [10], potentially coming into contact with
their wild relatives, such as wild bees and bumblebees. Both domesticated and wild bees,
along with closely related bumblebees, are susceptible to similar diseases, including fungal,
bacterial, viral, and parasitic diseases [11]. The constant risk of introducing pathogens into
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the beehive prompts beekeepers to use medications for the treatment or prevention of bee
diseases, which directly affects the honey contamination with these medications. Rare
exceptions can be found in cases where hives are isolated and strict control is implemented
regarding the introduction of new insects, as observed in Newfoundland (Canada) and
Australia [12, 13]. Stringent isolation measures in these locations have resulted in the
complete absence of certain highly dangerous bee diseases there. However, in many other
beekeeping contexts, where bees interact with various environmental factors and potentially
encounter pathogens from wild bees and other sources, the use of medications may be
necessary to maintain colony health. It is crucial for beekeepers to strike a delicate balance
between ensuring the well-being of their colonies and minimizing potential contamination
of honey with medication residues such as nitrofurans.

The presence of nitrofuran residues in honey raises concerns about consumer safety
since nitrofuran metabolites (NMs) can have adverse effects on human health, including
carcinogenic and genotoxic properties [7]. Therefore, it is crucial to conduct thorough
research and monitoring to assess the prevalence of nitrofuran contamination in Armenian
honey and its associated risks. Therefore, by analyzing the monitoring data on NMs’
residues in Armenian honey, this research aims to assess the prevalence of contamination
and evaluate the associated risks for honey consumers.

Materials and Methods

Analysis of honey samples

In 2019, as part of the annual residue monitoring, four samples of multifloral honey
were collected from different regions of Armenia. The weight of the samples ranged
from 0.5 to 1 kg. At the Republican Veterinary and Phytosanitary Center for Laboratory
Services, the samples were tested for the presence of residues of four nitrofuran metabolites:
3-amino-2-oxazolidinone (AOZ), 3-amino-5-methylmorpholino-2-oxazolidinone (AMOZ),
1-aminohydantoin (AHD), and semi-carbazide (SEM). Primary screening of honey samples
for the presence of NM residues was conducted using MaxSignal ELISA Kits, then positive
samples were re-tested by LC-MS-MS in accordance with the standard protocol [14].

Honey consumption data

In 2018, the CENS employees interviewed 1040 residents of the capital city of
Yerevan, between ages of 18 and 65. The survey questionnaire used was a Food Frequency
Questionnaire (FFQ) [15]. The survey aimed to gather data on portion sizes, frequency
of food consumption, and demographic information. Based on the questionnaires, a
consumption database was compiled and subjected to cluster analysis. As a result, three
consumer clusters of honey were identified [6].

Risk assessment

The risk assessment associated with the consumption of NMs in honey was conducted
using the Margin of Exposure (MOE) approach. The calculations involved two formulas:

BMD

MOE = m (1),

where BMD (Benchmark Dose) represents the reference point for NMs in terms of
human health (mg/kg/day), and EDI (Estimated Daily Intake) represents the daily intake of
the metabolite through honey consumption (mg/kg/day).

Choney x CNM
BW (2)5

where C, | (Consumption) represents the daily honey consumption (kg/day), C,

hon

(Content) represents the concentration of the metabolite in honey (mg/kg), and BW (Body

EDI =
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Weight) represents the body weight of the consumer (kg). According to the survey data, the
average weight of men is 74.7 kg, and the average weight of women is 59.8 kg.

The worst-case scenario

For the worst-case scenario, the following approach was taken: The highest detected
concentration of the metabolite in honey was considered as the average value. Additionally,
for the daily portion, the value from the cluster with the highest daily portion was used in the
calculations. This worst-case scenario helps to assess the potential risk associated with the
consumption of honey containing NMs under the conditions that pose the highest exposure
to the metabolites.

Results and Discussion

NM residues in honey

Based on the examination of honey samples, it was found that all of them contained
nitrofuran metabolite AHD (Fig. 1), while none of the samples showed the presence of the
other metabolites (AOZ, AMOZ, and SEM). The AHD content in the samples ranged from
0.0003 mg/kg to 0.0045 mg/kg, with an average content of 0.0022 mg/kg (Table 1).

0.005

0.0045
0.004 | 0.0036
2
=< 0.003
on
E 0.002
0.001 0.0004 0.0003
0
Sample N°1 ~ Sample N°2  Sample N°3  Sample N°4
Fig. 1. AHD content levels in honey samples, mg/kg
Table 1.
AHD contents in honey samples, mg/kg
Nitrofuran .
metabolite (NM) Min Max Mean SD+
AHD 0.0003 0.0045 0.0022 0.0022

Note: SD - standard deviation.

Honey consumption

Out of the total respondents, 70.2% reported being consumers of honey. Among the
730 honey consumers, cluster analysis was conducted, which revealed three homogeneous
clusters of honey consumers (Table 2). The first cluster represents the largest proportion of
respondents (80%) and is characterized by the lowest daily honey consumption of 0.006
kg/day. The second cluster has an average representation in terms of the proportion of
respondents (14.7%) with an average daily consumption of 0.028 kg/day. The third cluster,
with the smallest proportion of respondents (5.3%), is characterized by the highest daily
honey consumption of 0.059 kg/day.
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Table 2.
Characteristics of honey consumer clusters
Consumer Number of Percentage of Daily consumption
clusters respondents respondents (%) (kg/day)
Cluster 1 584 80 0.006
Cluster 2 107 14.7 0.028
Cluster 3 39 5.3 0.059

Daily intake and exposure of AHD

Daily intake of AHD resulting from honey consumption was calculated for male and
female consumers in the three clusters (Table 3). Among male consumers, the lowest daily
intake of AHD was observed in the first consumer cluster, while the highest was observed
in the third consumer cluster. The data indicates that the AHD intake varies among different
consumer clusters and highlights the differences in honey consumption patterns among men
in these groups.

Table 3.
EDI of AHD residues via honey consumption, mg/kg/day
Consumer clusters EDI of AHD (mg/kg/day)
Males Females
Cluster 1 1.61E-07 2.01E-07
Cluster 2 7.50E-07 9.36E-07
Cluster 3 1.58E-06 1.97E-06

For the calculation of MOE, two benchmark dose (BMD) values were used: BMD =
29.5 mg/kg bw, which is associated with a carcinogenic effect (neoplastic effect), and BMD
= 4.5 mg/kg bw, which is associated with a non-carcinogenic effect (non-neoplastic effect)
[7]. The results of the MOE calculations are presented in Table 4. The MOE values provide
insights into the potential health risks associated with the daily intake of AHD from honey

consumption, considering both the carcinogenic and non-carcinogenic effects at different
BMD levels.

Table 4.
MOE of AHD residues
MOE of AHD
Consumer Males Females
clusters Neoplastic Non-neoplastic . Non-neoplastic
egfec y ¢ ﬁfeIZ y Neoplastic effect o ﬁ’e]Z y
Cluster 1 1.84E+08 2.99E+07 1.47E+08 2.39E+07
Cluster 2 3.94E+07 6.40E+06 3.15E+07 5.13E+06
Cluster 3 1.87E+07 3.04E+06 1.50E+07 2.43E+06

The MOE values ranged from 2.43E+06 in the third cluster for a non-carcinogenic
effect among women to 1.84E+08 in the first cluster for a carcinogenic effect among men.

Risk assessment and characterization

There are currently no studies demonstrating the carcinogenic effects of AHD on
humans. However, according to the EFSA CONTAM panel, AHD should be considered
genotoxic and carcinogenic based on studies conducted on rats [15]. Based on this, we will
consider an MOE value of >10000 as safe for consumer health. As seen in Table 4, all MOE
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values exceed the threshold of 10000. Even the lowest MOE value (2.43E+06) exceeds
10000 by more than 200 times. These MOE values indicate that the consumption of AHD in
honey does not pose a potential risk for all the considered consumer groups.

The worst-case scenario

For the worst-case scenario calculation, we considered the average concentration of
AHD in honey to be 0.0045 mg/kg. The daily consumption value used in this scenario is
taken from the third cluster of consumers, which is 0.059 kg/day. The results of the MOE
calculation for the worst-case scenario are presented in Table 5.

Table 5.
Worst-case scenario for AHD risk assessment
MOE of AHD
Males Females
MOEne()plastic effect MOEn()n—neop]astic effect MOEne()p]astic effect MOEn()n—neop]astic effect
8.30E+06 1.35E+06 6.64E+06 1.08E+06

In the worst-case scenario, it is important to note that all MOE values also exceeded
the threshold of 10000. Even the lowest MOE value for non-neoplastic effect value for
women exceeded the threshold by more than 100 times. These results demonstrate that even
under the hypothetical circumstance of a theoretical increase in the daily consumption of
honey, there is no significant risk for any of the consumer groups.

Conclusions

Our study provided strong evidence that honey consumption by all consumer groups
didn’t pose potential risk associated with AHD exposure. Even in the worst-case scenario,
which considered an increase in honey consumption, no danger to consumers was observed.
However, the presence of AHD in honey samples raises concerns. It highlights the need to
address the discrepancy between honey production and modern requirements, as well as the
possible gaps in regulatory measures and supervisions.

The specific challenges faced by beekeeping may present difficulties in avoiding the
use of prohibited drugs. Nevertheless, it is essential to emphasize that the use of prohibited
drugs cannot be justified. Instead, these challenges should serve as a driving force for
conducting further research and developing solutions within the industry.
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