J. Adv. Agric_Res. (Fac. Ag, Saba Basha)

Determination of pesticides residues during milk
processing

Attallah, E. R. V', A. M. Kamel  A. El-Gohary 'and A H. Ali ¥
'-Central Lab. of Residue Analysis of Pesticides and Heavy Metals in
Foods, Agric. Res. Cent., Ministry of Agric. and Land Reclamation, 7, Nadi
Elsaid st; Dokki, Giza, Egypt, P.O. Box 12311.

Z Dept. Chemistry, Fac. Sci, Helwan Univ., Egypt.

*e-mail: emadatala@yahoo.com,* Ahmed_gcap@yahco.com

ABSTRACT

Twenty-seven different pesticides and one polychiorinated bipheny! (PCB) compound were
spiked in mitk samples with levet of 0.1 mg/kg to study the etfect of milk processing (boiling,
pasteurization, yoghurt-manufacturing). The residues of the spiked compounds were
determined using gas chromatography equipped with tandem mass spectrometer (GC-
MS/MS). The calculated processing factor {P.F.) after boiling process was found to be in a
range of 53-94 %, while after milk pasteurization the range was 57-98% and for yoghurt-
manufacturing process was 22-82% after 3 days of storage. In this study, the results showed
that yoghurt-manufacturing process has higher effect than boiling process and
pasteurization on the reduction of pesticide residues in milk. This could be explained by the
degradation of pesticides during yoghurt-manufacturing that was enhanced by lactic acid
fermentation in addition to heating process leading to a conclusion that it would be better to
consume milk as processed than raw milk to reduce the possible contamination levels of
pesticides. .
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INTRODUCTION

Milk processing is defined as the manufacture, madification, pasteurization,
preparation, reconstitution, packaging or storage of dairy products, and also
includes the cleaning and sanitizing of equipment and the dairy product
contact surface (NDC, 2011). Pasteurization of another two portions were
performed by heating every particle of a dairy product in equipment that is
designed and operated to meet or exceed the required time and

temperature relationships as specified and yoghurt is the food obtained by
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lactic acid fermentation through the protosymbiotic mixture action of
Streptococcus thermophilus and Lactobaciilus delbruckii subsp.bulgaricus
(NDC, 2011). Langlois et al. (1970) investigated the effects of bacteria on
DDT and found that there were significant changes, where it degraded DDT
into two to eight metabolites. Also, Li-Ying ef al (2010) had studied the
degradation of organophosphorus (OP) in mik during lactic acid
fermentation or heat treatment. They found that heat treatment and lactic
acid fermentation could reduce the level of organophosphorus (OP)
pesticide in dairy. The effects of processing study and storage of dairy
products were studied by Abou-Arab (1999) on lindane residues anu its
metabolites and found that heat treatments ({pasteurization, boiling)
reduced lindane levels. Abou Donia et al. (2010) reported that some
residues of pesticides were removed during the production of yoghurt and
these residues were found to contain low levels of organcchlorine (OC)
pesticides due to the effect of heat treatment. The present investigation
aimed to study the effects of heat treatment (pasteurization, bailing) and
yoghurt-manufacturing on the stability of the twenty seven pesticides and
one PCB compound. The spiked milk samples were treated with simulated
trials (boiling, pasteurization and yoghurt-manufacturing); the degradation
of the pesticides in milk during processing was investigated using
QuEchERS multiresidue method for extraction followed by GC-MS/MS
(Gas Chromatography equipped with tandem Mass Spectrometers) for
determination.

MATERIALS AND METHODS

1. Pesticides

“Twenty seven pesticides belonging to different chemical groups (OC,OP
and synthetic pyrethroids) and one PCB (Polychlorinated Biphenyl)

compound (reference standards) were kindly obtained from Dr.
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Ehrensdorfer (Augsburg, Germany) with purity >95% and they were used to
prepare stock solutions.

1.1. Stock solutions

Reference standard solutions of concentration 1 mg/ml were prepared in
toluene as a solvent and kept at 4 +2 °C

1.2. Spiking mixture solution _
Twenty pg/m! of each tested compound was prepared in n-hexane and
used as spiking mixture and stored in refrigerator at 4 +2 °C until usage.
1.3. Calibration curve

For GC-MS/MS calibration curve different concentration levels (0.01, 0.05,
0.1, 0.5 pug/mi} were prepared and stored in n-hexane/acetone mixture
{9:1). The prepared levels will cover a broad concentration range that will
aliow the construction of a linear calibration curve.

1.4. Injection standard solution

Working standard concentration of Aldrin (0.1 pg/ml) was prepared in n-
hexane/ acetone (9:1) mixture solution and have been used as injection
standard for GC-MS/MS.

2. Blank (raw) mitk sample

A sample of 200 g of raw milk was spiked with 28 evaluated compounds to
get a concentration of (0.1 mg/kg).

3. Reagents

The chemicals and solvents used in the present study were of analytical
and chromatographic grade suitable for QUEChERS method of analysis.
Milk processing methods

Blank milk samples free from the pesticides residue were used and boiled,
pasteurized and yoghurt as different types of processed milk were tested.
Milk samples were spiked with the 28 evaluated compounds at a
concentration level of 0.1 mg/kg and subjected to the flowing processes:

1. Two portions of the spiked milk sample were analyzed directly without
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any processing marked as test [A].

2. Another two portions were boiled for 15 min then left to reach room
temperature, analyzed using the reference test method and marked as
[B].

3. Pasteurization of another two portions were performed by heating the
spiked milk samples to 72 °C for 4 seconds and they were cooled to 4 °C
for 30 minutes then left till reached to the room temperature, analyzed
using the reference test method and marked as [C].

4. Yoghurt-manufacturing was done by heating the spiked milk samples to
80 °C for 20 minutes on water bath then they were cooled to 40 °C and
stored in an incubator (40 °C) for 3 hrs, then stored for 3 days. The effect
of storage was studied by testing two portions of yoghurt samples for 3
days to monitor the processing effect during yoghurt-manufacturing.
Yoghurt samples were marked as Dy, Dy, D, D3, where [Dg]= yoghurt at
zero time and [D4],[D2] and [Ds) are the samples of yoghurt stored for 1,2
and 3 days, respectively (EOS,1970).

Extraction Method

The QuEChERS (ECS, 2008) method was used for pesticides extraction

from milk sample. A portion acetonitrile containing the extracted residues

was evaporated with rotary evaporator, diluted with injection standard and
subjected to GC-MS/MS analysis. The concentration of the residues was
calculated from those calibration curves constructed from the standard
concentrations and peak areas of the obtained chromatograms with
standards of each pesticide. Matrix —matched standard was performed in
order to check the matrix effect on each compound. The tested validated

data showed mean recoveries ranged from 70 to 120 % with CV% < 20

indicating excellent repeatability.
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Conditions of GC-MS/MS

Agilent GC 7980 with 7000 B Quadrupole, El. source was used to perform
analysis by injecting 1 w! of aliquot to a column of Agilent HPSMS 5%
phenyl methyl siloxane (30 m x 0.52 ym x 0.25 um).

The temperature profile was set as follows:

The initial oven temperature of 70 °C for 2 min then heating from 70 to 150
°C at 25 °C /min, heating from 150 tc 200 °C at 3 °C/ min, heating from 200
to 280 °C at 8 °C /min, holding for 10 minutes. The total running time will be
42 minutes. Quantification of tha pesficides was performed by comparing
the peak areas of the pesticides to a calibration curve of the standards, and
multitude point of calibration was used. Based on the effect on residue
ievels and the disposition of the residues in the various processed
products, processing factors (P.F.) are calculated as follows:

. residue level in processed commodity
Processing factor (P.F.}%= x 100
residue level in raw commodity

The degradation percent more than 20% considered as significant
degradation due to the processing experimenis considering that the
repeatability of the tested method was within £20% (CV%).The processing
factor is also refer to the percentage of the residues left in the boiled [B],
pasteurized [C] and processed milk (yoghurt) at zero time [Dg] orat 1, 2 and
3 days post-processing [D,], [D2] and {Ds), respectively. Fat content (%) of
each of the tested samples was determined.

RESULTS AND DISCUSSION

The selection of the evaluated pesticides was based on their lipophilicity
(Pesticide Manual, 2003) and also on the monitoring data of survey for dairy
products. The Joint FAO/WHO Meeting on pesticide residues (JMPR)

evaluates food processing data on residue behavior where significant
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residues occur in plant or plant products which are processed into food
(FAO/WHO, 2006). Significant residues are generally defined as >0.1
mg/kg, unless the compound has a high acute or chronic toxicity. Special
attention should be given to residues less than 0.1 mg/kg in case of
residues concentrate in further processing steps (FAO, 2002).
Degradation of pesticides in boiled mitk [B]

When the spiked milk was heated for 15 minutes, proceeding analysis
showed that the contents of pesticide residues in milk decreased with
boiling (Table 1). The processing factor {P.F.) was calculated after milk
boiling for four organophosphorus pesticides (Pirimiphos-methyl 88%,
Chlorpyrifos-methyl 88%, Diazinon 88 % and Chlorpyrifos 86%). The
results indicate that there was no significant degradation of these
compounds. The processing factor (P.F.) for 17 OC compounds can be
arranged in a descending order as follows: Heptachlor (94%)> HCH-B
isomer (93%)> HCH-a isomer (87%), HCH-& isomer (87%)> HCH-y isomer
(86%)> Endosulfan-sulfate (85%), Endosulfan-f isomer {85% )> Heptachior-
exo-epoxide (84%)> Chlordane-trans (83%), Endosulfan-a isomer (83%),
DDT- o, p* (83%), DDD- p, p* (83 %)> Endrin (82%), DDE- p, p* (82%),
DDD-o, p* (82%)> Dieldrin (81%)> Chlordane- cis (79%). This finding is in
harmony with those results obtained by Abou Donia et al. (2010). For the
synthetic pyritheroids compounds, the processing factor (P.F.) was
Deltamethrin (88%)> Cypermethrin (87%) and Fenvalerate (87%). The
processing factor (P.F.) for other evaluated compounds was for
Diphenylamine (85%), PCB (82%), Biphenyl (72%) and (53%) for
Dichlofluanid. These results proved the efficient role of heat treatments on
the degradation of some pesticides like Biphenyl, Dichiofluanid and
Chlordane-cis. These differences in the reduction levels may be due to their
differences in degradation by temperature. It could be said that milk boiling

can reduce the residues of certain pesticides but to less extent.
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d compownd in raw and processed milk imgfkg) and their processing factor (P.F. %)

Table (1): Residues of 28
— A

plarrg Hoiled mik Pusteurized mik Yophurt
Fat% 0% .25 25k s
No. Cormpound A | P.F. €1 PAF. [Da] P.F. [h] PF. [D:] P.F. 0] P.F
T Hiphowt .08 0087 = A 72 t 1 Wl 008 : 16 108 0074 r 0 W0 008 = & W1 O00es : 4 T
7  Chiordee ci 00N 0072 :+ 10 78 + & NS 001 : & 102 0O/ : & WS 0072 + 31 U3 0o : & 7B
31 Chiordwwirem 0.0S0 0075 : 3 MY £+ W §N 0092 : 4 102 oo/ : 2 WP 0OFZ : 3 M 000 : T I8
4  Chiorpyrfos 0421 0104 : B B + 3 Es 0083 : K 77 0076 + 2 &2 DOTA : 3 B Do¥4 : B @
5§ Chiorpyrfos-metiyl 8426 0111 : B3 B + & B 008 : K 76 007 : 3 &1 porE : 7 & 00m : 7 @
&  Cypwmetiyin 2108 oo : 4 W £+ 12 W 0117 + 7 100 0080 : 13 W1 8O = S5 SO o0 : 11 W2
T DDD-op 0102 ocoma : § B2 + B EF 040 + N 98 0087 : 4 N6 8O7Y : 4 7 007 : 3 75
1 DDD-gp 00BN OONZ : 2 W + 5 W8 008 : 10 91 008 : T N2 0074 : 5 5 007 : 10 71
s  DDE-gp oomz oosB : 3 W + 3 N4 0079 : 1 WM 0042 : 4 TE M0G0 : 1 71 008 : 5 72
10 DDT-op pOMS 00N2 + 2 m + & SN 008 : 10 82 oomi : T HZ 0073 : K 75 0O0M : 10 2
11 Delmmetirin 0114 01 2+ 2 W + 11 W 0402 + 3 N3 O0OA? : 17 N4 0083 :+ 1 M O0ON : 11 7
12 Dinzinon PAZF 0A11 : M W + 4 93 0408 + 5§ NE 0085 * 4 &7 OONE : 83 G0 00N : & 6§
11 DichleNuanid D4 COEE : 8 B3 + 1 & 003 * 11 23 002 : 7 34 00624 : 8 21 000 : & 22
14 Diekkin 0106 vONE + 5 WY £ 7 ®4 011 + 3 105 0OB® : 7 N4 NOBF : i N2 00N : E Do
15 Diphemylamine DAZ3 0108 : B BE + 31 M 0407 : 14 WY 008 : 10 W 008 > 10 T4 00N = 5 6§
16§ Endomulfen-cmomer 0103 00N : 4 B3 £ 10 B 0113 :+ B 110 ooM : 3 NE SOEN > 1 EE  bUS4 = 7 B2
17 Endomuffan-fmomesr D114 0087 : & % + 4 M 0421 + 12 08 o00M + 0O NE 0054 : N B3I CONS : 15 TN
11 Endomuffensufete DAZE 0407 :x 2 WG £+ 7 N 0426 + 11 101 o0 : % ME 0403 : 0 B2 0085 : B ¥6
18 Endrin 0112 0.092 * h | nz * 2 [ I 0.08& *+ 17 [ 14 o008 = ] ™ 0Qr7 + 9 & 0070 : 14 &2
20 Fernmierate 0108 0.09% = 2 T + M 20 0.077 [ ] [ 14 0.060 + 10 50 o860 + 1 56 0057 * 10 52
21 HCH- c isomer D13 o088 : 5 WP + 2 P4 0122 :+ T 108 0400 : & NN 8087 : E NG 0082 : N Wi
22 HCH- P imomer 8121 041 = § [ -] * 1 L 1 011 + 12 L 1] 0.058 = T | 1] .84 + M1 b | oM *: 17 fal
23 HCH- & imomer DA 0103 + & WP 4+ O %0 0126 :+ B 707 0102 :+ & ME 0400 : & W4 00N) : W 7%
24 HCH- ¥ imormer 0108 0091 = 2 [ 1] Ed [ ] w 0122 =+ 14 115 0.008 & | | 34 e0nr : 1 [ L] o.mE : 13 [ 1.3
2%  Heptechior 0.084 OONE : & B4 £ 7 M 00¥4 + 14 ¥ 0066 : 7 70 0OEt : & G5 ONEF + 11 &1
46  Heplachior-eom - epoo. 0106 0.09 E3 [ 1 [ L] * k| [ 0108 & [ ] 101 0.082 =+ 1 | 14 0.8l + 4 [ I] 0080 * [ ] %
7 BCEO DOES 0058 : 4 N2 + 4 W4 0068 :+ 1 8% 0054 + 2 N ©UOs4 : 1 [0 Q0081 : 4 F7
2n Pirimiphos-+methyl 0126 0111 L m 114 + 5 30 0107 [ ] a4 0.0BE 4 [ 1] 0OoRS + B [ 1) 0.0B6 * & 6B

All data were expressed as means from at least two independent trails.
*fA] = raw milk, [B]= boiled milk for 15 min, {C)= pasteurized milk, [Dg= yaghut atzero time and [D41,{D4] and [D4)= yoghuit stareg far 1,2 and 2
days respectively.

** mean number + CV
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Degradation of pesticides in pasteurized milk [C]

When the spiked milk was pasteurized, proceeding analysis showed that
the contents of pesticide residues (mg/kg) in milk decreased with
pasteurization and the processing factor (P.F.) was calculated (Table 1).
Pesticide which was most affected by pasteurization was Dichlofiuanid with
P.F. of 57% during pasteurization. The results indicated that pasteurization
has a lower effect on the reduction of the tested pesticides compared with
boiling process. These results proved the efficiency role of milk boiling on
the degradation of Dichlofluanid than in pasteurization, as example among
the tested compounds, Dichlofluanid was the most susceptible compound
to be affected either by boiling or pasteurization.

Degradation of pesticides in manufactured yoghurt [D]
Cancerning the fresh processed yoghurt [Dg], the P.F. of Heptachlor was
(79%), while for Fenvalerate was (67%), Dichlofluanid was (29%),
Chlorpyrifos was (77%) and Chlorpyrifos-methyl was (76%). For the
samples of yoghurt of 1-day old post-manufacturing [D.], the processing
factor was ranging between 24% (as for Dichlofluanid) and 94 % (as for
HCH-y isomer). The residues and P.F. of the 2-day old of yoghurt {D,] were
little lower than those of 1-day old [D,], giving a range of 23-91%. Three
days post-manufacturing [D;], the residues of the evaluated pesticides in
yoghurt samples were declined and the prqcessing factor pronounced a
range of 22-80%. It would be noticed that the tested polychlorinated
biphenyl (PCB 101) was declined after the first day of yoghurt storage to
78% and it was stable after that giving the same level of residues in those
samples of [D4], [D;] and [Di].The results show that the content of the
pesticides in the milk all decreased gradually as the treatment progressed.
According to the results, the decrease in the level of pesticides in yoghurt
samples after 24 hrs. Post-period fermentation showed that Dichiofluanid

(with P.F. 29%) was the most susceptible tested pesticide and the more
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stable pesticide was HCH-y isomer (with P.F. 115%). For the 1%, 2" and 3"
day of storage, the most affected pesticide was Dichlofiuanid (with P.F.
24%, 23%, 22%, respectively), while for HCH-y isomer P.F. was 94%, 91%
and 80%, respectively, which was agreed with the results of Li-Ying ef al.
(2010) who studied the degradation kinetics of pesticides in milk during
yoghurt processing and also with those of Abou-Arab (1998) who studied
the effects of processing and storage of dairy products on lindane residues
and its metabolites.

As indicated, food processing will usually result in a decrease in pesticide
or contaminant Jevels Petersen ef al. (1996) and FAQ/WHO (1999).
However, in some cases, residue levels may increase in the final product
due to the concentration factors of raw commodities in the process of the
final product. This concentration effect can be related to the accumulation
of lipophilic materials in the fatty phase of a food such as butter compared
to milk or vegetable oils Petersen ef al. {1996), Hamilton et al. (2004) and
Geetanjali er al. (2009). For compounds like some oraganochloring, the
processing factor was higher than 100% during yoghurt-manufacturing

which was in harmony with those results of Gonzalez et al. (2011).

CONCLUSION

Literature review demonstrates that in most cases the processing leads to
large reductions in residue levels in the processed milk, particularly through
boiling, pasteurization, and yoghurt-manufacturing operations. The
presented results showed that Dichlofluanid was the most susceptible
compound affected during all processing steps. Most of the tested
compounds showed significant degradation after yoghurt-manufacturing
especially (Chlorpyrifos, Chlorpyrifos-methyl, Dichlofluanid, Heptachlor and
Fenvalerate) indicating that the degradation of the pesticides was
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enhanced by the applied starter. This lead to the conclusion that the
reduction of pesticide residues show that yoghurt-manufacturing process
has higher effect than boiling and pasteurization processes and therefor it
would be better to consume milk as processed type than raw milk te reduce
the possible contamination levels of pesticides.
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