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Abstract Aflatoxin M; (AFM,) was found in all of the
240 raw milk samples collected from milk tanks of 80 dairy
farms at a collecting center in the central region of
Thailand. Milk samples from individual farms were col-
lected in three seasons. The average concentration of
AFM; in milk samples collected in winter (0.089 +
0.034 pg/L) was significantly higher than those in rainy
season (0.071 £ 0.028 pg/L) and summer (0.050 +
0.021 pg/L). The present study suggests that regulatory
limits for AFM, are needed to regulate and ensure the
quality of raw milk and milk products in Thailand.
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Aflatoxins are fungal toxins produced by certain species of
Aspergillus. These molds grow on several kinds of plants
and plant products. Aflatoxin B; (AFB) is considered to be
the most potent hepatocarcinogen of this group of myco-
toxins. Aflatoxin M; (AFM,) is a metabolite of AFB; and
is secreted in the milk of mammals that have eaten con-
taminated foods. AFM; is also a hepatocarcinogen and is
classified in Group 1 (carcinogenic to humans) by the
International Agency for Research on Cancer (IARC
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2002). Exposure to AFM; through milk products is a
serious problem for public health. Several countries have
established regulatory limits for AFM; in raw milk and
milk products, which vary from country to country.
The regulatory limit for AFM,; in USA is 0.5 pg/L
(van Egmond 1989). The European Community has set the
maximum permitted level for AFM; in raw milk and heat-
treated milk at 0.05 pg/L (EC 2006). However, several
countries, including Thailand, have not yet established
regulatory limits for AFM;.

It has been reported that concentrations of AFM; in raw
milk vary seasonally with the highest levels in winter and
the lowest in summer (Hussain and Anwar 2008; Kamkar
2005). Thailand has three seasons, each approximately
4 months long: summer (March—June), rainy season
(July—October), and winter (November—February). For
administrative purposes, Thailand is divided into four
regions: north, central, northeast, and south. The central
region was selected for investigation of AFM; contami-
nation in this study since this region has the highest pro-
duction of raw milk and consumption of milk products in
the country. In 2003, raw milk production and consumption
of the central region comprised 66% and 70% of the total
for Thailand, respectively (OAE 2003). Heat treatments
used in the production of pasteurized and ultra-high tem-
perature treated (UHT) milk, in general, do not cause an
appreciable reduction in the AFM, levels (Galvano et al.
1996; Prandini et al. 2009). In Thailand, determination of
AFM; in raw milk is very important as approximately 97%
of raw milk is used for the production of pasteurized and
UHT milk products (Chudam and Toros 2008).

The purposes of this study were to determine the level
and incidence of AFM; in raw milk within the central
region of Thailand, and to study the seasonal effect on the
levels of AFM; in the raw milk.
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Materials and Methods

The reference standard of AFM; (from Aspergillus flavus)
was purchased from Sigma-Aldrich. AflaM;™ immuno-
affinity columns were purchased from Vicam (USA).
Solvents (HPLC grade): acetonitrile, methanol, and water
were obtained from Merck.

Aliquots of 500 mL of raw milk samples were collected
in amber glass bottles from milk tanks of 80 dairy farms at
a collecting center in the central region of Thailand. Milk
samples from individual farms were collected in all three
seasons. The first period was in summer between April and
May 2006; the second period was in the rainy season
between September and October 2006; and the third period
was in winter between January and February 2007. Milk
sample bottles were kept in ice boxes and transported to the
laboratory within 3 h after collection. Milk samples were
frozen at —20°C until analysis. A total of 240 milk samples
were collected and analyzed in this project.

AFM,; was extracted from raw milk samples using
immunoaffinity columns. The method was provided by the
manufacturer and previously described by Ruangwises and
Ruangwises (2009). In brief, an aliquot of 50 mL of milk
sample was transferred to a 50-mL plastic centrifuge tube
and defatted by centrifugation at 3,500g for 20 min. Fat was
then separated from the skimmed milk. The resulting skim-
med milk was applied to a 50-mL plastic syringe which was
attached to an immunoaffinity column. The skimmed milk
was allowed to flow onto the column at the rate of 1 mL/min
by gravity. The column was washed with 20 mL of water.
AFM; was eluted with 1.25 mL of acetonitrile:methanol
(3:2) and followed by 1.25 mL of HPLC water. A total
volume of 2.5 mL of eluate was filtered through a nylon filter
(0.45 um) and used for analysis of AFM; using HPLC. All
milk samples were analyzed in duplicate.

A complete chromatographic system of Shimadzu Class-
LC10 (Japan) consisted of HPLC pump model LC-10AD,
an auto injector model SIL-10A, a column oven model CTO-
10A, and a fluorescence detector model RF-10AXL. The
HPLC conditions for analysis of AFM; were as follows:
column: Spherisorb ODS-2 (5 pm ID, 4.6 x 250 mm),
column temperature: 40°C, mobile phase: water:metha-
nol:acetonitrile (57:23:20), flow rate: 1 mL/min, detector:
fluorescence spectrophotometer (excitation 360 nm; emis-
sion 440 nm).

Limit of quantitation (LOQ) of the method was deter-
mined using the Q2B method of US FDA (1996). The LOQ
was 0.01 pg/L and the overall recovery across the five
concentrations of fortified AFM; (0.0125, 0.025, 0.05,
0.25, and 0.5 pg/L) was 85.6%. The precision of the
method expressed as %CV (coefficient of variation) ranged
from 2.8 to 5.6% as previously discussed by Ruangwises
and Ruangwises (2009).
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A randomized block experiment was used to assess the
differences between AFM, concentrations of milk samples.
Duncan multiple comparison test was applied to obtain
significance levels between sampling periods.

Results and Discussion

All of the 240 raw milk samples collected from milk tanks
of 80 dairy farms at a milk collecting center in the central
region of Thailand were contaminated with AFM;. Table 1
summarizes the concentration and incidence of AFM,
found in raw milk samples collected in three seasons.
Concentrations of AFM; were 0.014-0.102 pg/L in
summer, 0.022-0.128 pg/L in rainy season, and 0.028—
0.197 pg/L in winter. A high incidence of AFM, contam-
ination in raw milk has been reported in several studies in
other countries (Table 2). Thirty-five (71%) of 49 raw milk
samples collected from 20 private dairy factories in four
provinces of Libya during July—August 2002 were con-
taminated with AFM; ranging from 0.03 to 3.13 pg/L
(Elgerbi et al. 2004). Kamkar (2005) reported that 85
(77%) of 111 raw milk samples collected from dairy plants
in Sarab city, Iran, between January and December 2001
were contaminated with AFM, ranging between 0.015 and
0.280 pg/L. Seventy (95%) of 74 raw milk samples pur-
chased from markets in the eastern, northern, and southern
regions of Syria during April 2005-April 2006 presented
high levels of AFM; ranging from 0.020 to 0.690 pg/L
(Ghanem and Orfi 2009). All of the 168 raw milk samples
collected throughout 2005 from 14 districts of Punjab
province, Pakistan were found contaminated with AFM,
ranging between 0.01 and 0.70 pg/L (Hussain and Anwar
2008).

In the present study, statistical analysis showed that the
average concentration of AFM; in raw milk samples col-
lected in winter (0.089 £ 0.034 ng/L) was significantly
higher than those in rainy season (0.071 £ 0.028 pg/L)
and summer (0.050 £ 0.021 pg/L). The higher contami-
nation of AFM; in raw milk is the result of ingestion of
feedstuffs containing high AFB; levels by dairy cows.
Mahosotanand (2002) reported that feedstuffs collected
from 24 dairy farms in the central region of Thailand had
the highest AFB, levels in winter, 126 pg/kg compared to
41 pg/kg in rainy season and 30 pg/kg in summer. In
Thailand, the marked higher contamination of AFB; in
feedstuffs during winter is presumably as a result of toxin
accumulation during storage under humid conditions from
the preceding rainy season.

Several studies have also shown greater levels of AFM,
during the winter when compared to summer. Hussain and
Anwar (2008) reported that the average AFM, concentration
in raw milk samples collected from dairy farms in the Punjab
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Table 1 The concentration and incidence of AFM; in 240 raw milk samples
Season n AFM; concentration (pg/L) AFM; incidence

Min Max Mean SD <0.05 pg/L 0.051-0.075 ng/L 0.075-0.100 pg/L >0.101 pg/L
Summer 80 0.014 0.102 0.050* 0.021 42 (53) 27 (34) 10 (12) 1 (1)
Rainy season 80 0.022 0.128 0.071° 0.028 27 (34) 13 (16) 30 (38) 10 (12)
Winter 80 0.028 0.197 0.089° 0.034 16 (20) 12 (15) 31 (39) 21 (26)

Different letters (a, b, c¢) denote significant differences between means of each season (p < 0.05)

Numbers in parentheses are percent of each season

Table 2 High incidence of AFM, in raw milk samples of various countries

Country Year Analyzed Positive (%) Concentration (pg/L) Reference

Libya Jul-Aug 2002 49 35 (71) 0.03-3.13 Elgerbi et al. (2004)

Iran Jan-Dec 2001 111 85 (77) 0.015-0.280 Kamkar (2005)

Syria Apr 2005-Apr 2006 74 70 (95) 0.020-0.690 Ghanem and Orfi (2009)
Pakistan Jan-Dec, 2005 168 168 (100) 0.01-0.70 Hussain and Anwar (2008)
Thailand Apr 2006-Feb 2007 240 240 (100) 0.014-0.197 Present study

of Pakistan from January to December 2007 was the highest ~ References

in winter and the lowest in summer. Kamkar (2005) showed
that the mean AFM, concentration in raw milk samples in
Sarab City of Iran was the highest in winter (0.086 pg/L) and
the lowest in summer (0.032 pg/L).

In this study, 42 (53%) samples in summer, 27 (34%) in
rainy season, and 16 (20%) in winter were found contam-
inated with AFM; below the EU limit of 0.05 pg/L.
All concentrations of AFM; in 240 milk samples were
within the US regulatory limit of 0.5 pg/L. Our previous
study showed that AFM, was found in all of the 150 pas-
teurized milk samples collected from 50 schools in the
central region of Thailand in three seasons between May
2006 and January 2007 (Ruangwises and Ruangwises
2009). The average concentration of AFM; in pasteurized
milk samples collected in winter (0.084 £ 0.024 pg/L)
was also significantly higher than those in rainy season
(0.073 £ 0.026 pg/L), and summer (0.053 + 0.020 pg/L).
Thailand is one of several countries that have not yet
established regulatory limits for AFM; in raw milk and
milk products. The present study and our previous report
suggest a regular monitoring of raw milk and milk prod-
ucts, especially in winter which raw milk is contaminated
with highest levels of AFM,, and regulatory limits for
AFM, for regulating and ensuring the quality of raw milk
and milk products in Thailand.

Acknowledgments This study was financially supported in part by
a 2005-2006 Fiscal Research Grant. The authors thank Mrs. Chailai
Kuwattananukul and Mr. Sumate Thiangtham for their technical help
and Dr. Michael A. Dean, Department of Western Languages, Faculty
of Humanities and Social Sciences, Mahasarakham University,
Thailand, for reviewing this manuscript.

Chudam Y, Toros W (2008) The study on the change in production
structure of dairy and dairy products: market access regarding
to the WTO Agreements. Department of Livestock Develop-
ment, Ministry of Agriculture and Co-operatives, Thailand
(In Thai)

EC (2006) Commission Regulation (EC) No 1881/2006 of 19
December 2006 setting maximum levels for certain contami-
nants in foodstuffs. Official J Euro Union L 364/5- L 364/24

Elgerbi AM, Aidoo KE, Candlish AAG, Tester RF (2004) Occurrence
of aflatoxin M; in randomly selected North Africa milk and
cheese samples. Food Addit Contam 21:592-597

Galvano F, Galofaro V, Galvano G (1996) Occurrence and stability of
aflatoxin M; in milk and milk products: a worldwide review.
J Food Prot 59:1079-1090

Ghanem I, Orfi M (2009) Aflatoxin M; in raw, pasteurized and
powdered milk available in the Syrian market. Food Control
20:603-605

Hussain I, Anwar J (2008) A study on contamination of aflatoxin M,
in raw milk in the Punjab province of Pakistan. Food Control
19:393-395

TARC (2002) Some traditional herbal medicines, some mycotoxins,
naphthalene and styrene. Monograph on the evaluation of
carcinogenic risk to humans, vol 82. International Agency for
Research for Cancer, Lyon

Kamkar A (2005) A study on the occurrence of aflatoxin M; in raw
milk produced in Sarab city of Iran. Food Control 16:500-593

Mahosotanand B (2002) Relationship between aflatoxin M; in milk
and aflatoxin B; in feedstuffs. In: Proceedings of evaluation and
management of integrated problems solving of afltoxins in food
and feedstuffs. Thai Industrial Standards Institute. Ministry of
Industry, Bangkok, pp 67-69

OAE (2003) Agricultural statistics of Thailand 2003. Office of
Agricultural Economics. Ministry of Agriculture and Co-oper-
atives, Bangkok

Prandini A, Tansini G, Sigolo S, Filippi L, Laporta M, Piva G (2009)
On the occurrence of aflatoxin M, in milk and dairy products.
Food Chem Toxicol 47:984-991

@ Springer



198 Bull Environ Contam Toxicol (2010) 85:195-198

Ruangwises S, Ruangwises N (2009) Occurrence of aflatoxin M, in Services, Food and Drug Administration, Center for Drug
pasteurized milk of the school milk project in Thailand. J Food Evaluation and Research, Maryland
Prot 72:1761-1763 van Egmond HP (1989) Aflatoxin M;: occurrence, toxicity, regula-
US FDA (1996) Guidance for industry. Q2B Validation of analytical tion. In: Hans P, van Egmond HP (eds) Mycotoxins in dairy
procedures: Methodology. US Department of Health and Human products. Elsevier Applied Science, New York, pp 11-55

@ Springer



	Aflatoxin M1 Contamination in Raw Milk within the Central Region of Thailand
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


