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Abstract:

BACKGROUND: The presence of aflatoxin M1 (AFM1) and
antibiotic residuesin milk and milk productsis a public health
concern. Milk and milk powder have the potentia for
introducing AFM1 and antibiotic into human diet. In recent
years, milk powder has been used on a large scale in dairy
factories. Consequently, antibiotic residues and aflatoxin
contamination control in these products has gained importance.
OBJECTIVES: Theaim of thissurvey wasto determinethelevel
of B-lactam and tetracycline antibiotic residuesand alsoAFM 1
contamination of milk powder used in Tehran dairy factories.
METHODS: During 12 months (September 2011 to September
2012), 240 samples of milk powder were collected from ten
Tehran dairy factories. All samples were analyzed for the
presence of AFM1 using ELISA technique. In addition,
antibiotic residues were determined by BetaStar Combo test, a
rapid assay for both B-lactam and tetracycline antibiotics.
RESULTS: The samples depicted positive results i.e. 30% and
17.5% for B-lactam and tetracycline antibiotics, respectively.
Also, AFM1 was found in 155 cases (64.6%) with an average
concentrationof 29.85+ 18.99ng/ L. CONCLUSIONS: Theresults
showed themilk powder used by dairy factoriesissafein respect

of AFM 1 contamination and antibiotic residuesin Tehran.

I ntroduction

Antimicrobial sareroutinely administeredtofood
producing animals for promoting growth and or for
therapeutic and prophylactic reasons (Krcmar and
Ruzickova, 1996). Inthetreatment of bovinemastitis,
antibiotics are widely used, However, violating the
withdrawal timecanleadtothecontaminationof milk
at farms. Nowadays, beta-lactams (penicillin G, etc.)
and tetracycline (oxytertracycline, etc.) arethe most
frequently used antibiotics for dairy cowsand con-
sequently, the most commonly found antibiotic
residuesin milk (Gustavsson et al ., 2004).

Antibiotic residues are important due to their
potential adverse effectson allergic peopleand high
potential antibiotic-resistant microorganisms in
humans. Also, the antibiotic residues inhibit the
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activity of primitive cultures which produced
fermented milk products such as yogurt and cheese.
(Jones and Seymour, 1988; Seymour et al., 1988).
Veterinary drug residues not only cause potential
health risk to human but al so changethe propertiesof
milk. According to the results of a study by Suhren
and Heeschen (1987), there is a high correlation
among the presenceof tetracyclinesand milk pH, the
count of somatic cells and the grade of lactation.
Therefore, regulatory authorities have enacted
maximum residue limits (MRLS) for anti-infective
agentsin milk. In addition, monitoring programs to
control the veterinary drug residues in various
animal-originfoods, including milk, are compul sory
in most countries (EC Council Directive, 1996).
Detectable concentrations of antibiotic residues
higher than the MRLs are illegal in milk and dairy
products.
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Effective monitoring program requires reliable
methodsfor drug residuesdetection. Variousana ytic-
a methods have been used to determine antibiotic
residuesin milk, such asmicrobiological, chromato-
graphic, immunochemical and enzyme-based tests.

Theuseof commercial screeningtestsplaysakey
role in preventing the unintentional sale and con-
sumption of antibiotic-contaminated milk products.
Betastar combo rapid test kitiscommonly appliedto
detect betalactamsand tetracyclinesresiduesin milk
and milk powder (reconstituted milk) (Kantiani etal.,
2009). The detection limits of the kit and MRLs of
antibiotics in milk by the EU Commission are
presented in Table 1 (Council regulation, 1990).

Aflatoxin M1 isone of the main contaminants of
milk and milk products belonging to a group of
closely rel ated hepatocarcinogeni ¢ bisdihydrofurano
metabolites produced by certain species of Aspergil-
lus, especially Aspergillus flavus (Butler, 1974).
AFM listhehydroxilated metaboliteof AflatoxinB1
(AFB1) that can be found in milk from livestock
which have consumed contaminated feed. About
0.3%106.2% of AFBLlinanimal feedisconvertedto
AFM1 in milk (Creppy, 2002). AFM1 is relatively
stableduring pasteurization, sterilizationand storage
of milk and milk-based products. Even low-
concentration intake of AFM1 is a rea threat to
human health, particularly to children as the main
consumers of dairy products. Thetoxicity of AFM1
wasinitialy classifiedasGroup 2B agent, whileithas
now moved to Group 1 by International Agency for
Research on Cancer (Ghanemand Orfi, 2009). Thus,
monitoring AFM1 in dairy products has been con-
ducted and regulatory levels have been established
worldwide. Regarding liquid milk, AFM1 levels
range from 50 ng/L in the European Union (EU)
(Commissionregulation, 2006),to500ng/L inCodex
Alimentarius Commission (CAC, 2010) and United
States (US Food and Drug Administration (FDA),
2005).

For thesereasons, the control of antibioticresidu-
es as well as the potential AFM 1 contamination of
milk powder is very important. Most studies on
antibiotic residues have been focused on liquid milk
but little attention has been paid to milk powder.
Giventhegrowing demand for milk productsand the
persi stent threat of antibi otic contamination, theneed
for themonitoring of powdered milk usedin produc-
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tionof milk based productsfor avariety of potentially
harmful substancesis of the utmost importance. The
aimof thissurvey wasto determinethe presenceof 3-
lactam and tetracycline residues and AFM1 con-
tamination in milk powder used in dairy factoriesin
Tehran.

Materialsand M ethods

Sample Collection: In this survey, during 12
months (from September 2011 to September 2012),
on the first and fifteenth day of each month, one
samplewasrandomly collectedfromtenTehrandairy
factories that have the highest milk powder con-
sumption. Samplesweretransportedtothelaboratory
of Department of Food Hygiene, Faculty of Veterinary
Medicine, University of Tehran and stored at +4°C
until analytical tests.

Sample Preparation: All milk powder samples
were reconstituted in distilled water (40°C) in the
proportion of 1:10 ontheday of testing for antibiotic
residuesdetection.

Simultaneously, todetermineAflatoxinM1,9.1g
of milk powder was dissolved in 100 mL double-
distilled water. Next, the solution was heated up to
about 50°C and homogenized using a magnetic
stirrer. Then 5 mL of reconstitute sample was in-
cubated for 30 minutesat 4°C and centrifugedat 3000
g for 10 minutes. The milk serum was directly used
for AFM 1 detection with the specific ELISAKIT.

Detection of Antibiotic Residues in Milk
Powder by Betastar Combo: The test was carried
out according to the manufacturer's instructions
(NEOGEN Corporation, USA). It is easily applied
and takes approximately 6 minutes.

Determination of AFM1 by Competitive
ELISA: The quantitative analysis of AFM1 in
sampleswasperformed by competitive ELISA using
Ridascreen (R-Biopharm AG, Dermstadt, Germany)
according to test kit instructions. 100 pL of AFM1
standard solutions (1.3 mL each 0, 0.005, 0.01, 0.02,
0.040 and 0.08 pg/L ), and test samples in duplicate
wereaddedtothewellsof micro-titer platepre-coated
by antibodies against AFM1 and incubated for 60
minutes at room temperature (20-25 °C) in a dark
place. Then, theliquid poured out of thewellsand the
wellswerefilled with 250 pL washing buffer and the
liquid poured out again. This washing step was
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repeated twice. In the next stage, 100uL of enzyme
conjugate was added to occupy the remaining free
binding sites. 250 pL of washing buffer washed the
unbound enzyme conjugates. Then, 50 L of enzyme
substrate and 50 pL of chromogen were added to the
wells and incubated for 30 minutes at room
temperatureinadark place. Thereactionwasstopped
by adding 100 pL stop solution to each well and
absorbancewasmeasured at 450 nmin EL | SA reader
(Stat Fax 2100, UK). The absorbance values were
obtained for the standards and the samples were
divided by the absorbance of the first standard (zero
standards) and multiplied by 100. Therefore, thezero
standards are considered 100% and the absorbance
valuesareexpressedin percentage. Detectionlimit of
thekitwas5ng/L forAFM 1.

Satistical Analysis. Statistical analysis was
performed using SPSS version 19.0. The data was
analyzed by ANOVA and expressed as mean with
standard deviation (SD) and also as minimum and
maximum concentration of AFM 1.

Results

Theresultsof B- lactam and tetracyclineresidues
detectioninmilk powder areshowninTable2. Inbeta
star combo assay, 144 samples (60%) werefreefrom
both antibiotics and 96 samples (40%) were con-
taminated by at least one antibiotic.78 out of 96
positive samples (32%) contai ned one antibiotic and
18 samples (7%) contained both antibiotics. Mean-
while, 30% and 17.5% of the total samples were
positive for B-lactams and tetracycline residues,
respectively.

The analytical results of AFM1 levels (ng/L) in
milk powder arepresentedin Table 3. Thepresenceof
AFM1 was observed in 155 (64.6%) of al the
reconstituted milk samples. 216 samples(90%) were
contaminated withlessthan 50 ng/L.. Among positive
samples, 24 (representing 15.48%) contained more
than50ng/AFM 1 (EU MRLSs).Accordingto Table4,
athoughtheaveragesof AFM 1concentrationobtain-
ed from different factories were varied, these differ-
enceswere not statistically significant (p>0.05).

The highest and lowest contamination levels of
AFM1(72and 6 ng/L) werefoundinplant NO. 2and
3respectively.
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Table 1. Sensitivity of Betastar Combo rapid test kit.

Compound Mlnlm_um Maan_um Codex/EU
detection detection MRL (ppb)
PenicillinG 2 3 4
Ampicillin 2 3 4
Amoxicillin 2 3 4
Oxacillin 3 5 30
Dicloxacillin 3 5 30
Nafcillin 12 14 30
Cephapirin 8 10 10
Ceftiofur 50 100 100
Cephalonium 4 4 20
Cefquinome - - 20
Cephalozin 5 7
Cephoperazone 5 7 -
Oxytetracycline 60 80 100
Tetracycline 60 80 100
Chlortetracycline 40 50 100
Doxytetracycline 40 50 100

Table2. Presenceof 3-lactamsandtetracyclineresiduein Tehran
dairy factories.

Samples Number of positivesamples (%)

Factory tested(n) PB-lactams tetracyclines  Both

1 24 8(33) 5(20) 2(8)

2 24 7(29) 4(16) 0(0)

3 24 8(33) 4(16) 2(8)

4 24 8(33) 5(20) 3(12)

5 24 7(29) 3(12) 2(8)

6 24 6(25) 3(12) 3(12)

7 24 6(25) 5(20) 1(4)

8 24 8(33) 4(16) 0(0)

9 24 7(29) 4(16) 2(8)

10 24 7(29) 5(20) 3(12)

Total 240 72 (30) 42 (17) 18(7)
Discussion

Since the standard of living hasrisen, people are
now paying moreattention tothequality of food they
consume, includingmilk products. Therefore, effect-
ive control is necessary to ensure the safety of milk
and milk products as essential health food. If anti-
microbials are misapplied to livestock without
monitoring safety recommendations, antibiotic re-
sidues can affect milk and milk powder. Nowadays,
various screening methods can be used for the
detection of antibiotic residues in milk and milk
powder in dairy factories. Betastar combo rapid test
kit hasthe capability of detectingthemost frequently
used antibiotics like B-lactams and tetracyclines at
the same time. This method can also be performed
rapidly within approximately 6 minutes while the
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Table 3. Distribution of AFM 1 Contamination in milk powder used in different Tehran dairy factories (ng/L). @<s ng/L AFM1. ® Mean
+ SD of positive samples(containing >5ng/L AFM1). ©valuesin parenthesi sindicate % of contaminated samples.

Fatory Samples Posi(gi)ve o Frequency distribution (n)/AFM 1 concentration(ng/lL)  Mean + sp®
tested(n) samples™ (%) <5 5-20 21-50 50<

1 24 15(62.5) 9 8 3 4 31.80 + 23.31

2 24 15(62.5) 9 5 6 4 38.46 + 22.79

3 24 14 (58.3) 10 6 6 2 27.14 + 16.05

4 24 15(62.5) 9 10 5 0 22.06 + 11.05

5 24 13(54.2) 1 7 6 0 2223 + 11.74

6 24 16 (66.7) 8 6 7 3 32.68 + 19.75

7 24 18(75) 6 8 7 3 33.38 + 20.98

8 24 15(62.5) 9 7 6 2 27.86 + 18.47

9 24 16 (66.7) 8 8 5 3 31.93 + 21.03

10 24 18(75) 6 9 6 3 28.94 + 18.38

Tota 240 155(64.6) 85 74 57 24 29.85 + 18.99
Table 4. Occurrence of AFM 1 level (ng/L) in milk powder used read

inTehran dairy factories (p>0.05).

Factory tml(?; Minimum Maximum Mean + SD
1 24 13 72 2324 + 20.83
2 24 18 72 25.13 + 25.00
3 24 6 58 1760 = 16.54
4 24 14 42 1458 + 1311
5 24 12 44 1325 + 13.08
6 24 15 72 21.83 + 2237
7 24 12 72 2255 + 2575
8 24 1 98 19.09 + 18.37
9 24 14 72 2205 + 2220
10 24 18 68 1957 + 2241

Total 240 - - 20.11 + 20.16

Table5. Incidence of AFM 1 contamination in different typesof
milk in someregion of Iran.

Percentof Percent of

L ocation Typeof Samplesize contaminat contaminati
milk .
ion on>50ng/L
Sarab Raw 111 76.6 40
Shiraz  Pasteurized 624 100 17.8
Tehran UHT 210 55.2 33.3
Khorasan Pasteurized 196 100 80.6
Ahvaz Raw 311 42.1 29.77

Charm test, Delvo test & Copan test require 150 or
180 minutes, three hours and fifteen minutes,
respectively (Kantiani, 2009; Zeng et al ., 1996).
Theresultsof thissurvey, whichisinlinewiththe
findings of a study done by Zvirdauskiene and
Salomskiene (2007), indicatesthat 3-star combo test
isthebest choicefor thedetection of two maingroups
of antibioticresiduesat thesametimebecauseitisthe
fastest to run, the simplest to use and the easiest to
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The results of this survey clearly shows that
sampl es containing -lactams (30%) are more than
those containing tetracyclines (17.5%) and this is
similar to the findings of Carlsson and Johnsson
(1992) who screened 40,000 milk samplesby Delvo-
testand confirmed thepositivesampl esby Charmtest
for the presence of B-lactams, tetracycline and
aminoglycosides. The results obtained from Charm
test revealed that 3-lactams were the dominant type
of antibiotics found in samples with 51.6 % and a
great number of sampleswere positive for tetracyc-
line. whereas3-lactamsweredetected in 90-100 % of
the samples by Delvotest (Carlsson and Bjorck,
1992). False positiveresult of screening tests should
be noted as an important problem that leads to
significant lossfor the producers(Zeng et al., 1996).
Soitisconcluded that acombined system of screen-
ing method and specific analyses, e.g. HPLC, would
be an efficient model for confirmation and verific-
ation of false positive samples in dairy factories
(Carlsson and Bjorck, 1992).

Furthermore, it is important to employ an
accurate, simple and inexpensive method in order to
determineAFM 1in milk and milk powder. Enzyme-
linked immunosorbent assay (ELISA) is the most
common and rapid test to screen the presence of
AFM1insamples. In the present survey, thelevel of
AFM1 in milk powder used in dairy factories was
determined by ELISA. 155 out 240 sampl es (64.6%)
were found contaminated by AFM1. AFM1 con-
centrationinall of thereconstituted milk sampleswas
lower than FDA/Codex Alimentarius commission
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limit (500ng/L ), but it was higher than the maximum
tolerance limit accepted by the European Union (50
ng/L) in 24 samples (10 %). The average level of
AFM1 in all analyzed samples was 20.11+20. 16
ng/L. In addition, the range of AFM 1 concentrations
wasbetween 22.0610 38.46 ng/L in positivesamples.
Thereason behind suchlow levelsof AFM 1 seemsto
be the high quality of milk powder imported mostly
from reliable sources of European countries which
implement strict maximum tolerancelevel of AFM1
in milk (50 ng/L). Based on the statistical data
analysis, there is no difference in the average
concentration of AFM1 in milk powder samples
obtained from different factories (p>0.05). This
shows that the quality of imported milk powder
suppliedtodairy factoriesissimilar.

Unfortunately, the contamination of powder milk
used by dairy factorieshasnot been surveyedinlran.
Most of thestudiesonAFM 1 havebeen conducted on
raw, pasteurized milk as well as the UHT milk by
Kamkar, 2005; Alborzi et al., 2006; Heshmati and
Milani, 2009; Mohamadi Sani et al., 2010; Rahimi et
a., 2010 (shownin Table 5). The variations may be
attributed to differences in region, season and,
especialy, analysis method. Based on the above
studies the present situation is not promising and
might represent apotential risk for safety and health.
Therefore, moremust bedoneto control thepresence
of antibiotic residues and aflatoxin in milk and milk
products.

Basedonastudy carriedoutinBrazil (2007), of 12
goat milk powder samplesanalyzed, 8 (66.7%) tested
positive and themean level observed was56 + 0.031
ng/L . Our conclusionisinagreement withrecent data
and shows high incidence of AFM1 at low con-
centrations in milk powder (Oliveira and Ferraz,
2007). Ghanem and Orfi (2009) investigated the
incidenceof contamination of AFM 1inmilk powder
sampl es collected from the Syrian market and found
that milk powder was amost free from AFM1
contamination with only one sample containing a
concentration lower than the European tolerance
limit (12 ng/L) (Ghanem and Orfi, 2009), due to the
fact that the milk powder was also imported from
European sources.

According to studies in European countries, the
AFM 1 problemisnot aserioushealththreat and does
not represent ahigh risk for public health.
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Tsakirisetal. (2013) determined theoccurrenceof
AFM1in196milk samplesusing ELISA.Only 2milk
samples presented AFM1 levels higher than EU
MRL. Thisisin agreement with our results and the
consumers are not exposed to asignificant risk from
exposureto AFM 1 through the consumption of milk
in Greece.

Furthermore, Nachtman et al. (2007) set up
regional monitoring plan regarding the presence of
AFM1in 316 pasteurized and UHT milk samplesin
Italy. The results indicated that only 2 samples (one
for pasteurized milk and another for UHT milk)
showed contaminations higher than 50 ng/L. These
results can be associated with applying correct
production and storage measured for feed, in order to
reduce AFM 1 contamination inraw milk.

In the present survey, the mean of AFML1
contamination (29/85+18/99 ng/L ) wasin agreement
with the finding in Portugal. Of 40 pasteurized and
UHT milk samples, Eleven featured acontamination
above the detection limit (mean 23/4+24 ng/L)
(Duarteetal., 2013).

Thus, this data indicates that the regulatory
authorities should take strict control of milk powder
import. The present study showsthat 3-star rapid and
ELISA test should be applied for the detection of
antibiotic residuals and for the determination of
AFM1inmilk andmilk productsindairy factories. In
addition, it is concluded that the incidence of AFM 1
in consumed milk powder by dairy factoriesishigh,
but it has been below the levels that lead to health
hazards.
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