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Abstract

Aim: This study aimed to compare chemical composition and contaminants (pesticide residues, antibiotic residues, and
heavy metal residues) between organic and conventional goat milk in Bogor District, West Java Province, Indonesia.

Materials and Methods: Milk sampling was carried out from March to August 2018 at six goat farms. The chemical
quality of milk was checked using the Lactoscan Ultrasonic Milk Analyzer device. Fatty acids were analyzed using gas
chromatography (GC). Pesticide residues in goat’s milk were analyzed using a GC-electron capture detector (GC-ECD).
Antibiotic residues were analyzed using bioassay screening test method. The lead (Pb) and arsenic (As) residues were
analyzed using the Atomic Absorption Spectrophotometer (AAS).

Results: The content of fat, protein, and lactose showed that there was no difference in the composition of goat’s milk
between organic and conventional farms. Caprylic acid (C8:0) and capric acid (C10:0) of organic goat milk are higher than
conventional goat milk. Stearic acid (C18:0) and linoleic acid (C18:2) of conventional goat milk are higher than organic
goat milk. The total fatty acid of organic goat milk is higher than conventional goat milk. Organochlorine pesticide residues
were not detected in organic goat milk and conventional goat milk. Tetracycline antibiotic residues were found in one
sample (5.56%) of organic goat milk, and macrolides residues were found in two samples (11.11%) of conventional goat
milk. Pb residue in organic goat milk is 50 ppb while conventional goat milk is 80 ppb. Residue As in organic goat milk is
70 ppb while conventional goat milk is 110 ppb.

Conclusion: There was no chemical composition (fat, protein, and lactose) difference between organic and conventional
goat milk. Saturated fatty acid (SFA) in organic goat milk is higher than conventional goat milk. Pesticide residues are not
found in both organic and conventional goat milk. Tetracycline antibiotics were found in organic goat milk and macrolide
antibiotic groups found in conventional goat milk. Pb and As residues were found in both organic goat milk and conventional
goat milk.
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Introduction organic farms will provide different benefits compared
to consuming milk from conventional farms [3]. Milk

recommended to be consumed regularly by children. prices derived from organic farms are higher than milk

Consumers are looking for food that can improve their ~ ©riginating from conventional farms because organic
health. One kind of milk that can be used as food with ~ Milk is produced environmentally friendly from live-

good nutritional value is organic milk. Organic milk ~ Stock that does not use antibiotics, hormones, syn-
has a higher selling value than milk derived from the thetic chemicals, and without genetic modification so
conventional farming system because it implements that it has potential benefits for human health [4]. The

high requirements regarding quality in the production nutri.tional content of .organic milk differ's from con-
and management process [1]. ventional milk [5], while other reports claim that there

Nowadays, the demand for organic milk is is no difference [6,7].

increasing [2,3] assuming that consuming milk from Organic goat milk consumed cannot be guar-
anteed to be free from various contaminants.
Copyright: Wanniatie, et al. Open Access. This article is distributed Contaminants can come from feed or the environment

under the terms of the Creative Commons Attribution 4.0 d th C . hich .
International License (http://creativecommons.org/licenses/ around the cage. ontaminants which can contami-

by/4.0/), which permits unrestricted use, distribution, and  nate milk are pesticide residues, antibiotics, and heavy

reproduction in any medium, provided you give appropriate credit s . .

to the original author(s) and the source, provide a link to the metals'_ The presence Of. antlmlcr()blal r§51dues from
Creative Commons license, and indicate if changes were made. a public health standpoint raises a variety of prob-
The Creative Commons Public Domain Dedication waiver (http:// . : : .
creativecommons.org/publicdomain/zero/1.0/) applies to the data lems, 1nclu(.11ng, the majln poteptlal for COI’IISU.I’I’ICI‘S. [8]
made available in this article, unless otherwise stated. Food chemical contamination is an extensive topic of

Milk contains many essential nutrients, so it is
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many exogenous chemicals that may or may not be
harmful to consumers. In general, contaminants can
be categorized as agrochemicals (especially residues
of veterinary drugs and pesticides), environmental
contaminants (especially heavy metals, persistent
organic pollutants, and natural poisons), and process-
ing of contaminants (from cooking, processing, or
packaging) [9].

Hazardous chemicals that might contaminate
milk can come from the environment, namely, pes-
ticides, antibiotics, and heavy metals. The pres-
ence of pesticide residues [10], antibiotics [8], and
heavy metals [11] when viewed from a public health
perspective, among them, is the main potential for
consumer health problems. Pesticides are one of the
agrochemical materials used to control pests in plants
and animals. Pesticides are a concern of the commu-
nity because they include dangerous chemical com-
pounds. Excessive use and not following the rules of
use can lead (Pb) to agent resistance, residues in food
products, and public health disorders such as poison-
ing, immunosuppressive, and cancer [10].

Antibiotics are used on farms not only for clinical
purposes but also as a growth promotor in increasing
livestock production. Improper usage of antibiotics
can Pb to the resistance of pathogenic bacteria and
contributes to the global health crisis. The presence of
antimicrobial residues in milk can cause drug hyper-
sensitivity reactions to consumers, such as dermal
reactions, asthma, or anaphylaxis [12].

Heavy metals are found widely in the environ-
ment and have two primary sources, namely, human
activity and geological background. Heavy metals are
metallic, and metalloid chemical elements have high
atomic weights and specific gravity, which can be
toxic to living things. Types of heavy metals in food
are arsenic (As), cadmium (Cd), mercury (Hg), tin
(Sn), and Pb. Heavy metal content in milk can come
from plants or water consumed by livestock [13];
this will cause a buildup of metals in the body and
will migrate to humans who consume their prod-
ucts. Indonesian National Standard (SNI) number
3141.1:2011 [14] requires a maximum limit of heavy
metal content in milk, namely, Pb of maximum 20
ppb, maximum Hg of 30 ppb, and maximum As of
100 ppb. Pb and As are the most dangerous heavy
metals that are carcinogenic and hematopoietic dis-
orders and can cause kidney and gastrointestinal dis-
orders [10,11].

In Indonesia, most consumers prefer to drink
raw goat milk because of the belief in better taste and
nutritional value and are useful as health-enhancing
drugs or even disease healing agents [15]. Besides
being a source of nutrition, milk can also contain dan-
gerous chemical contamination. Research on nutrition
and chemical contamination in organic goat milk has
never been done in Indonesia. This research aimed to
compare nutritional values and chemical contamina-
tion (pesticide residues, antibiotic residues, and heavy

metal residues) between organic and conventional goat
milk in Bogor District, West Java Province, Indonesia.

Materials and Methods

Ethical approval
No live animals were used in the present study.
No ethical approval was needed for the current study.

Study area

The study was conducted in Bogor District,
Indonesia, consist of three location organic farming,
i.e., Ciampea (-6.5866710 S’latitude, 106.6843140
W’longitude), Caringin  (-6.696547  S’latitude,
10.835356 W’longitude), and Cijeruk (-6.695693
S’latitude, 106.770186 W’longititude) and another
three for conventional farming, namely, Ciampea
(-6.5644079 S’latitude, 106.6951570 W’longititude),
Caringin  (-6.730147  S’latitude,  106.834260
W’longititude), and Cijeruk (-6.6976560 S’latitude,
106.7968700 W’longititude).

Sampling

Milk sampling was carried out from March to
August 2018. Samples were taken from six goat farms
(three organic farms and three conventional farms), as
many as 500 mL from each farm in Bogor District,
Indonesia. The samples were put into a sterile bot-
tle and carried using ice cubes at a temperature of
4-10°C. Each milk sample was divided into five, one
for chemical analysis using the Lactoscan Ultrasonic
Milk Analyzer (Milkotronic, Bulgaria) device, one for
determination of fatty acid profiles by gas chroma-
tography (GC), one for organochlorine pesticide res-
idues with GC-electron capture detector (GC-ECD),
one for antibiotic residues with bioassay screening
test method, and one for metal residues weight with
an Atomic Absorption Spectrophotometer (GTA 120
Graphite Tube Atomizer; 200 series AA, Agilent
Technologies).

Procedures
Milk compositions

Examination of the chemical quality of organic
milk was done using parameters such as lactose con-
tent, protein content, fat content, moisture content, and
nonfat dry matter. A chemical examination was car-
ried out using the Lactoscan Ultrasonic Milk Analyzer
(Milkotronic, Bulgaria) device. Fatty acids were ana-
lyzed using GC. Before the hydrolysis and esterifi-
cation process was carried out, fat extraction of milk
samples was done using goldfish extraction. After
esterification into fatty acid methyl ester (FAME), the
sample was analyzed using GC. A standard solution of
1 mg was added to 100 mL of milk sample. Then, 0.5 N
NaOH-Methanol solution of 1.5 mL was put into the
milk sample and then vortexed. The N, gas was then
exhaled to remove O, gas, which can oxidize FAME so
that the measurement results will be negative. The mix-
ture solution was put into a water bath with a tempera-
ture of 80-100°C for 5 min so that the saponification
reaction occurs. The mixture was added with 2 mL of
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BF,-Methanol for the esterification reaction, then blown
again with N, gas and put back into the 80-100°C water
bath for 5 min. The FAME mixture obtained was sep-
arated by solvent extraction (liquid-liquid extraction)
by adding hexane as much as 1.5 mL and vortexed. If
there was no separation, then 3 mL of saturated NaCl
was added and vortexed. Then, the hexane phase was
taken carefully and added anhydrous Na,SO, to bind
water. The liquid formed was then taken using a pipette
and injected into the GC (7890A GC System, Agilent
Technologies, USA) instrument.

Organochlorine pesticide residue test

Analysis of pesticide residues in goat milk
using GC (7890A GC System, Agilent Technologies,
USA) followed the QUECheRS (Quick Easy Cheap
Effective Rugged Safe) method [16]. The 15 g goat
milk sample was put into a 50 mL centrifuge tube
(Agilent Technologies, USA), and 15 mL of ace-
tonitrile containing 1% acetic acid was added, and
QuECheRS salt (Magnesium sulfate, Sodium Acetate,
QuECheRS AOAC, Agilent Technologies, USA) and
ceramic (Agilent Technologies, USA) were added and
then shaken for 1 min to homogenize all parts of the
material. The sample was extracted by shaking the
homogenizer tube for 5 min. Extraction was contin-
ued by centrifuging for 13 min at 14°C at 4000 rpm.
The extract was taken as much as 6 mL and put into a
dispersive SPE tube (Agilent Technologies, USA) of
15 mL with ceramic then shaken for 2 min then left for
1 min. Then, the extract was centrifuged for 10 min at
4000 rpm. As many as 1-mL supernatants were taken
into the evaporation flask to evaporate to dryness. The
residue was added with 1 mL of acetone and put into
avial of 1.5 mL. As many as 10 pl of the solution was
ready to be injected into the GC-ECD for the detection
of pesticide residues.

Antibiotic residue test

Antibiotic residues were analyzed using tri-
ple bio screening test method, which refers to SNI
No. 2782.1998 [17]. The stages of the test con-
sist of preparation, testing, and reading the results.
Preparation included preparation of agar media,
media culture, buffer solution, and standard solution.
Bioassay testing was aimed at four classes of antibi-
otics, namely, tetracycline, macrolides, aminoglyco-
sides, and penicillin. Media culture was used Bacillus
stearothermophilus ATCC 7953, yeast extract, pep-
tone, bacto agar, and dextrose for penicillin. Media
culture was used Bacillus cereus ATCC 11778, yeast
extract, beef extract, peptone, and bacto agar for tet-
racycline. Media culture was used Bacillus subtilis
ATCC 6633, beef extract, peptone, and bacto agar for
aminoglycosides. Media culture was used Kocuria
rhizophila (Micrococcus luteus) ATCC 9341, yeast
extract, beef extract, peptone, bacto agar, and glucose
for macrolide. A total of 10 mL of sample was put in
a test tube.

Meanwhile, media culture was prepared by
pouring 8 mL on each Petri dish. Sterile disc paper
was then placed on the surface of the media culture.
Each Petri dish contained five pieces of paper discs,
which consist of three pieces of disc each with 75 puL
samples to be analyzed, one paper dripped 75 uL of
standard antibiotic solution 0.01 IU/mL as a positive
control and one more paper buffer solution phosphate
as a negative control. The disc paper was placed on the
surface of the media culture. Petri dishes are closed
and incubated at different temperatures depending on
the antibiotic group. The media culture for the tetra-
cycline group was incubated at 30+1°C and penicillin
group at 55+1°C, while the macrolides and aminogly-
cosides at 36+1°C, for 16-18 h, respectively. Results
of the test were done by observing and measuring the
diameter of the zone of resistance formed around the
paper disc using the calipers. The sample was posi-
tive for antibiotics if the inhibition zone was formed
>2 mm from the edge of the paper disc. The sam-
ple was negative if the inhibitory zone formed was
0-2 mm, because the inhibition zone formed <2 mm
was considered due to the presence of natural inhibi-
tors. The diameter of the resistance zone in the posi-
tive control was 20+£1 mm, while the negative control
did not form an inhibitory zone.

Heavy metal residue test

Determination of Pb and As levels of heavy
metals in milk was analyzed through the extraction
process using microwave high-temperature dewater-
ing after the process of ignition, precipitation, and
dissolution using HNO, and H,O, as oxidizers fol-
lowed by measurements using an Atomic Absorption
Spectrophotometer/AAS (GTA 120 Graphite Tube
Atomizer; 200 series AA, Agilent Technologies, USA)
with a wavelength of 283.3 nm. The work procedure
carried out to test Pb and As heavy metal residues
were goat milk samples weighed 0.3-0.5 g and putina
sample tube (vessel), then added 65% HNO, as much
as 8 mL and 30% H,O, with use a 10.0 mL pipette.
The test was continued by conducting destruction
according to the Microwave Digestion System (Ethos
One, Milestone, Italy) program for £2 h. The results
of destruction were transferred into a 50 mL measur-
ing flask and added distilled water thinner to the limit.
The dilution results were inserted into the AAS tool to
measure the absorbance. Testing of Pb and As heavy
metals were done by calibrating the curve by enter-
ing the Pb (Lead standard solution, Merck KGaA,
Germany) and As (Arsenic standard solution, Merck
KGaA, Germany) standards into the AAS system. The
Pb and As standards were entered using concentrations
of 0.1 ng/g, 0.2 pg/g, 0.3 pg/g, 0.4 ng/g, 0.5 pg/g, and
0.6 ng/g. After obtaining a standard curve, then the
filtrate sample was entered into the AAS system. The
reading of the test results was done by integrating the
results of sample absorbance with the standard heavy
metal calibration curve [17].
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Statistical analysis

Using SPSS Statistics version 21.0 (IBM,
USA), statistical analysis was performed to explore
any differences between organic and conventional
milk. Mann—Whitney U-test was used for a quan-
titative variable, while the exact descriptive test
was used for quantitative. Normality of dependent
variable and residual was assessed using either
Kolmogorov—Smirnov test or Shapiro—Wilk test
without showing deviation from normality. The
result was considered significantly different statis-
tically (p<0.05) [18].

Results

The test results on the chemical and physical
composition of organic and conventional goat milk
are presented in Table-1. The results of statistical
tests on the testing of fat, protein, and lactose content
showed no differences in the composition of goat milk
between organic and conventional farms. Organic
and conventional goat milk fatty acids are shown in
Table-2. Caprylic acid (C8:0) and capric acid (C10:0)
of organic goat milk are higher than conventional goat
milk. Stearic acid (C18:0) and linoleic acid (C18:2) of
conventional goat milk are higher than organic goat
milk. The total fatty acid of organic goat milk is higher
than conventional goat milk.

Table-1: Chemical and physical composition of organic
and conventional goat milk.

Milk Organic Conventional
composition (n=18) (n=18)
Fat (%) 6.22+1.38 6.15+1.03
Protein (%) 3.51+0.33 3.53+0.20
Lactose (%) 3.45+0.37 3.37£0.19
Density (%) 1,03+0.002 1.03+0.002
pH 6.64+0.088° 6.59+0.079°
Freezing point —-0.424+0.044 —-0.424+0.031

abDifferent superscript within the same row indicate a
significant difference (p<0.05).

Organochlorine pesticide residues were not
detected in organic goat milk and conventional goat
milk (Table-3). The results of analysis based on filter
test on antibiotic residues showed that there was one
sample (5.56%) of organic goat milk detected contain-
ing tetracycline antibiotics and two samples (11.11%)
of conventional goat milk containing macrolide anti-
biotics (Table-4). Pb residue in organic goat milk was
50 ppb, while conventional goat milk was 80 ppb
(Table-4). Residue As in organic goat milk is 70 ppb
while conventional goat milk is 110 ppb.

Discussion

Chemical composition

Statistical results on the testing of fat, protein,
and lactose content showed no differences in the
composition of goat milk between organic and con-
ventional farms. The result is in agreement with the
results of Malissiova et al. [3] who found that there
were no differences in the composition of fat, protein,
and lactose in goat milk from organic and conventional
farms in Greece. Feeding management or the type of
feed provided provides an opportunity for differences
in fat, protein, and lactose content. The type of grass/
forage given by organic goat farms is almost the same
with conventional goat farms. The only difference is
that in conventional farms goat given additional con-
centrations of tofu pulp, tempeh pulp, and date pulp.
Additional concentrates only increase the quantity of
goat milk, while the fat content remains lower than
organic goat milk, in contrast to research by Tsiplakou
et al. [19] and Tudisco et al. [20].

Saturated fatty acids (SFA), namely, caprylic
acid (C8:0) and capric acid (C10:0) organic goat milk
statistically show differences with conventional goat
milk. Organic goat milk has higher caprylic acid and
capric acid than conventional goat milk. This result
is different from research by Tsiplakou et al. [19].
Caprylic acid and capric acid in milk are of exogenous

Table-2: Composition of fatty acid in organic and conventional goat milk (mean+SD).

Type of fatty acid (FA)

Organic (% from total FA) (n=18)

Conventional (% from total FA) (n=18)

Caprylic acid (C8:0) 1.53+1.042
Capric acid (C10:0) 3.69+1.91°
Lauric Acid (C12:0) 5.51+4.87
Myristic acid (C14:0) 7.49+4.46
Palmitic acid (C16:0) 24.68+4.72
Stearic acid (C18:0) 19.76+6.332
Palmitoleic acid (C16:1) 0.39+£0.46
Oleic acid (C18:1) 29.90+7.61
Linoleic acid (C18:2) 2.62+1.50°
Linolenic acid (C18:3) 0.48+0.58
SFA 62.67+10.052
MUFA 30.29+7.75
PUFA 3.09+1.692
UFA 33.38+8.29
PUFA/SFA 0.05+0.032
UFA/SFA 0.55+1.19°

1.04+0.15°
2.66+1.44°
4.07+3.54
6.01+1.91
24.89+4.99
24.87+7.25°
0.49+1.00
31.44+£5.08
3.70+1.79°
0.33+0.45
38.66+9.42°
31.93+£5.19
4.03+£2.04°
35.96+6.41
0.11+0.07°
1.04+0.61°

abDifferent superscript within the same row indicate a significant difference (p<0.05). SFA=C8:0+C10:0+C12:0+
C14:0+C16:0+C18:0; MUFA=C16:1+C18:1; PUFA=C18:2+C18:3; UFA=MUFA+PUFA. SFA=Saturated fatty acid,
MUFA=Monounsaturated fatty acids, PUFA=Polyunsaturated fatty acids, UFA=Unsaturated fatty acid
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Table-3: Organochlorine pesticide residues in organic
goat milk and conventional goat milk.

Organochlorine pesticide Organic Conventional

residue (ppb) (n=18) (n=18)
Linden nd nd
Heptachlor nd nd
Aldrin nd nd
Dieldrin nd nd
Endrin nd nd
Endosulfan nd nd
Dichlorodiphenyltrichloroethane nd nd

(DDT)
Limit of detection=0.3 ppb, nd=not detected

Table-4: Antibiotic and heavy metal residues in organic
and conventional goat milk.

Residue Organic Conventional
(n=18) (n=18)
Antibiotic (%)
Penicillin 0 0
Tetracycline 5.56 0
Aminoglycosides 0 0
Macrolide 0 11.11
Heavymetals (ppb)
Lead 50+0.13 80+0.13
Arsenic 70+0.13 110+0.19

origin, for example, feed and endogenous [21], which
are highly dependent on the availability of the acyl
CoA synthetase enzyme in liver tissue and mammary
tissue. Caprylic acid and capric acid are short chains of
SFA, which are relatively higher in organic goat milk
due to differences in feed consumption patterns [19].
Organic goats consume grass and legumes, while con-
ventional goats in addition to forages also consume
concentrates.

Stearic acid (C18:0) of organic goat milk is
lower than conventional goat milk. Stearic acid orig-
inates from exogenous which can be synthesized in
tissues and organs of livestock including microbes in
the rumen. Stearic acid concentration is higher in con-
ventional goat milk because the feed given is in the
form of concentrates, namely, tofu pulp and tempeh
pulp. The feed used as a source of long-chain SFA is
soybean meal, coconut cake, vegetable oil, olive oil,
and coconut oil [21].

Linoleic acid (C18:2) organic goat milk is lower
than conventional goat milk. Trans fatty acids in goat
milk are the result of microbial activity in the rumen.
As one of polyunsaturated fatty acids (PUFA) metab-
olites, linoleic acid (C18:2) transforms into vacce-
nic acid (C18:1) and lastly into stearic acid (C18:0)
through bio hydrogenation[22]. The value of mono-
unsaturated fatty acid (MUFA) and PUFA of con-
ventional goat milk is higher than that of organic
goat milk. These results differ from the results of
the study [19,20], which showed that the amount of
MUFA and PUFA of organic goat milk was higher
than conventional goat milk.

Organochlorine pesticide residues

The primary sources of organochlorine contam-
ination in milk come from grass and feed, drinking
water, soil (partially digested during grazing), and
air [23]. These compounds in the animal’s body are
casily distributed from the digestive tract and accu-
mulate mainly in the liver, adipose tissue, and milk.
Organochlorine if consumed in low doses can endan-
ger health resulting in hormonal disorders, reduced
intelligence, fertility disorders, and cancer [24].
Indonesia limits organochlorine residue contamina-
tion in milk, namely, lindane (10 ppb), heptachlor
(6 ppb), aldrin/dieldrin (6 ppb), endosulfan (4 ppb),
and dichlorodiphenyltrichloroethane (20 ppb).

Antibiotic residue

The presence of antibiotic residues in organic
and conventional goat milk is due to the use of anti-
biotics as control, prevention, and treatment of infec-
tions [12]. The use of antibiotics in the mother of
goats to treat mastitis and other diseases is a common
practice in dairy goat farms. The presence of antibiotic
residues is usually due to the use of antibiotics from
veterinarian prescriptions and insufficient knowledge
about appropriate doses, route of administration, or
withdrawal time [25]. The presence of antibiotic res-
idues can also cause obstacles in the processing of
other dairy products and will eventually cause anti-
biotic resistance to pathogenic bacteria so that it will
become a global health crisis [26,27].

Tetracycline antibiotics detected in organic goat
milk are used as a treatment for mastitis. Tetracycline
is used in veterinary medicine as a broad-spectrum
antibiotic for the treatment of aerobic and Gram-
negative anaerobic bacteria, including Actinomyces,
Mycoplasma, Rickettsia, and Spirochete. Tetracyclines,
including chlortetracycline, are routinely used to pre-
vent and treat mastitis in dairy cows [28]. Macrolides
are usually used in the treatment of mastitis in
goats [8]. The most commonly used macrolides are
erythromycin, spiramycin, and tylosin. Tylosin is used
globally as a broad spectrum of antibiotics in veteri-
nary medicine against a variety of Gram-positive and
Gram-negative anaerobic and aerobic bacteria [28].

In Indonesia, penicillin, tetracycline, macrolides,
and aminoglycosides are the most common antibiot-
ics used in the treatment of mastitis among dairy goat
farms. Antibiotic residue testing was carried out using
screening tests based on the SNI, namely, penicillin,
tetracycline, macrolides, and aminoglycosides as a
standard protocol [29]. The next research opportunity
is to detect the presence of other antibiotic residues
such as lincomycin, clindamycin, and pirlimycin that
are widely used in dairy goat farms in throughout the
world but are still rarely used in Indonesia.

Bioassay is a screening test to identify antibi-
otic residues that are widely used all globally and
often used in Indonesia because they are easy to use,
fast, and relatively inexpensive. This test has a high
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sensitivity indicated by the detection limit of the
minimum concentration of antibiotic residue. The detec-
tion limit of beta-lactams, tetracycline, macrolides,
and aminoglycosides was 0.00125 ppm, 0.03 ppm,
0.1 ppm, and 0.1 ppm, respectively. According to the
SNI, a bioassay is a standard procedure to detect anti-
biotic residues in the dairy product. The bioassay has
the potential to determine a wide range of antibiotics
within a single test. The presence of antibiotic residues
in the media will inhibit the growth of bacteria. The
method is applied routinely in the screening of antibi-
otics within the milk samples [30]. It will be better if
the authors tested the positive screening samples with
further confirmation method, such as liquid chroma-
tography-tandem mass spectrometry, but such equip-
ment is not available in the authors’ laboratory.
Globally, the use of antibiotics in organic farms
is not allowed. If the antibiotics are used to treat the
disease, the organic status of the livestock will be lost
and must wait 90 days during the organic maintenance
period again. Conventional farms can use antibiotics
in the process of healing the disease, but the milk to be
sold or consumed must be based on withdrawal time.

Heavy metal residue

Pb residue in organic goat milk was 50 ppb, while
conventional goat milk was 80 ppb (Table-4). These
values are above the maximum limit set in the SNI
No. 3141.1 2011, which is 20 ppb. The residual Pb of
goat’s milk is higher than in Pakistan 30-50 ppb [31]
and goat’s milk in Iran (7.37 ppb) [32]. The high
amount of Pb residue contamination in organic and
conventional goat milk is caused by pollution from the
environment. The increase in the number of Pb can be
due to the use of phosphate fertilizers for plants, the
environment around farms and highways [31].

Heavy metals have been reported to be toxic
(cytogenetic) to living organisms [33], which are not
decomposed [34] and are in the environment for a
long time [30]. Impacts on human health due to expo-
sure to heavy metals are kidney failure, osteoporosis,
lung and blood cancer, bone damage, gastrointestinal,
hormonal disorders, and metabolic disorders includ-
ing anemia and excretory loss of enzymes and pro-
teins [35,36]. Livestock is a food source for humans;
if feed and its maintenance practices cause con-
tamination with heavy metals, it will be harmful to
humans [37,38]. Heavy metals in milk usually come
from milk containers, processing, and contaminated
water that is used for agriculture, animal feed, and the
surrounding environment [39]. Heavy metals com-
monly found in foods are Hg, As, Cd, and Pb [40].

As residue in organic goat milk s
0.07 mg/kg while conventional goat milk is 110 ppb.
Organic goat milk has As residues which are lower than
SNI No. 3141.1 2011 (100 ppb), while conventional goat
milk has higher As residues. The residue of As in organic
and conventional milk is higher than that reported by
Rey-crespo et al. [36], namely, 1.048 ppb and 0.921 ppb,

respectively, in Spain. These results are also higher than
the As levels in goat milk in Italy (5 ppb) [40] but lower
than in Pakistan (403 ppb) [41]. As is the most toxic metal
found in the food chain and is related to cancer cases in
humans [28]. The residual content of As in livestock is
shown to be an indicator of As content in the soil [42].

Conclusion

The results indicated that there were no differences
in fat, protein, and lactose levels between organic and
conventional goat milk. The fatty acid profile produced
that caprylic acid, capric acid, and the amount of SFA
organic goat milk were significantly different from con-
ventional goat milk. Pesticide residues are not found in
both organic and conventional goat milk. Tetracycline
antibiotics were found in organic goat milk and macro-
lide antibiotic groups found in conventional goat milk.
Pb residue in organic goat milk and conventional goat’s
milk and As residue in conventional goat’s milk were
higher than SNI No. 3141.1. 2011.

Authors’ Contributions

MBS supervised the research. VW carried out
the analyses. VW wrote the manuscript with the help
of MBS, TP, and AJ. All authors read and approved
the final manuscript.

Acknowledgment

The study was supported by Beasiswa Unggulan
Dosen Indonesia, Dalam Negeri, Indonesia, a scholar-
ship from Indonesia Endowment Fund for Education
(known as Lembaga Pengelola Dana Pendidikan or
LPDP) for Ph.D. study of Veronica Wanniatie.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Wanniatie, V., Sudarwanto, M.B., Purnawarman, T. and
Jayanegara, A. (2017) Milk quality of organic farm.
Wartazoa, 27(3): 125-134.

2. Liu, Z., Kanter, C.A., Messer, K.D. and Kaiser, H.M. (2013)
Identifying significant characteristics of organic milk con-
sumers: A CART analysis of an artefactual field experiment.
Appl. Econ.,45(21): 3110-3121.

3. Malissiova, E., Tzora, A., Katsioulis, A., Hatzinikou, M.,
Tsakalof, A., Arvanitoyannis, [.S., Govaris, A. and
Hadjichristodoulou, C. (2015) Relationship between pro-
duction conditions and gross milk composition in ewe’s and
goat’s organic and conventional farms in central Greece.
Dairy Sci. Technol., 95(4): 437-450.

4. Schwendel, B.H., Wester, T.J, Morel, P.CH,,
Tavendale, M.H., Deadman, C. and Shadbolt, N.M. (2015)
Invited review : Organic and conventionally produced milk
an evaluation of factors influencing milk composition.
J. Dairy Sci., 98(2): 721-746.

5. Palupi, E., Jayanegara, A., Ploeger, A. and Kahl, J. (2012)

Veterinary World, EISSN: 2231-0916

1223



Available at www.veterinaryworld.org/Vol.12/August-2019/7.pdf

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Comparison of nutritional quality between conventional
and organic dairy products : A meta-analysis. J. Sci. Food
Agric., 92(14): 2774-2781.

Forman, J. and Silverstein, J. (2012) Organic foods:
Health and environmental advantages and disadvantages.
Pediatrics, 130(5): 1406-1415.

Benbrook, C.M., Butler, G., Latif, M.A., Leifert, C. and
Davis, D.R. (2013) Organic production enhances milk nutri-
tional quality by shifting fatty acid composition: A United
States-wide, 18-month study. PLoS One, 8(12): 1-13.
Berruga, M.1., Molina A., Althaus, R.L. and Molina, M.P.
(2016) Control and prevention of antibiotic residues and
contaminants in sheep and goat’s milk. Small Rumin. Res.,
142(2016): 38-43.

Cooper, K.M., McMahon, C., Fairweather, I. and Elliott, C.T.
(2015) Potential impacts of climate change on veterinary
medicinal residues in livestock produce: An island of Ireland
perspective. Trends Food Sci. Technol., 44(1): 21-35.

Nag, S.K. (2010) Pesticides, veterinary residues and
other contaminants in milk. In: Griffiths, M.W., editor.
Improving the Safety and Quality of Milk: Milk Production
and Processing. Woodhead Publishing Limited, Berlin,
Germany. p:113-145.

Igbal, H., Ishfaq, M., Abbas, M.N., Wahab, A., Qayum, M.
and Mehsud, S. (2016) Pathogenic bacteria and heavy met-
als toxicity assessments in evaluating unpasteurized raw

25.

26.

27.

28.

29.

30.

Chemosphere assessment of health risk from organochlo-
rine xenobiotics in goat milk for consumers in Poland.
Chemosphere, 148(2016): 395-402.

Beltran, M.C., Romero, T., Althaus, R.L. and Molina, M.P.
(2013) Evaluation of the Charm maximum residue limit
beta-lactam and tetracycline test for the detection of antibi-
otics in ewe and goat milk. J. Dairy Sci., 96(5): 2737-2745.
Comunian, R., Paba, A., Dupré, 1., Daga, E.S. and
Scintu, M.F. (2010) Evaluation of a microbiological indi-
cator test for antibiotic detection in ewe and goat milk.
J. Dairy Sci., 93(12): 5644-5650.

Pogurschi, E., Ciric, A., Zugrav, C. and Patrascu, D. (2015)
Identification of antibiotic residues in raw milk samples
coming from the metropolitan area of Bucharest. Agric.
Agric. Sci. Procedia, 6(2015): 242-245.

Bilandzic, N., Kolanovic, B., Varenina, 1., Scortichini, G.,
Annunziata, L., Brstilo, M. and Rudan, N. (2011) Veterinary
drug residues determination in raw milk in Croatia. Food
Control, 22(12): 1941-1948.

[BSN] Indonesia National Standard. (2008) Metoda uji
Tapis (Screening Test) Residu Antibiotika Pada Daging,
Telur dan Susu Secara Bioassay (SNI 7424:2008). Indonesia
National Standard, Jakarata. p1-24.

Pikkemat, M.G. (2009) Microbial screening methods for
detection of antibiotic residues in slaughter animals. 4nal.
Bioanal. Chem., 395(4): 893-905.

milk quality through biochemical tests collected from dairy 31. Tahir, M., Igbal, M., Abbas, M., Tahir, M.A., Nazir, A.,
cows. Asian Pac. J. Trop. Dis., 6(11): 868-872. Igbal, D.N., Kanwal, Q., Hassan, F. and Younas, U. (2017)
Rama, A., Lucatello, L., Benetti, C., Galina, G. and Comparative study of heavy metals distribution in soil, for-
Bajraktari, D. (2017) Assessment of antibacterial drug res- age, blood and milk. Acta Ecol. Sinca, 37(3): 207-212.
idues in milk for consumption in Kosovo. J. Food Drug 32.  Igbal, M. (2016) Vicia faba bioassay for environmental toxic-
Anal., 25(3): 525-532. ity monitoring: A review. Chemosphere, 144(2016): 785-802.
Igbal, H., Khattak, B., Ayaz, S., Rehman, A., Ishfaq, M., 33.  Rahimi, E. (2013) Lead and cadmium concentrations in
Abbas, M.N., Malik, MS., Wahab, A., Imran, 1., and goat, cow, sheep, and buffalo milks from different regions
Mehsud, S. (2013) Pollution based study of heavy metals of Iran. Food Chem., 136(2): 389-391.
in medicinal plants Aloe vera and Tamarix aphylla. J. Appl. 34. Ismail, A., Riaz, M., Akhtar, S., Ismail, T., Amir, M. and
Pharm. Sci., 3(4): 54-58. Zafar-ul-Hye, M. (2014) Heavy metals in vegetables and
[BSN] Indonesia National Standard. (2011) Susu Segar- respective soils irrigated by canal, municipal waste and tube
Bagian 1: Sapi. Indones. National Standard, Indonesia. well waters. Food Addit. Contam. Part B Surveill, 7(3):
Taufik, E., Hildebrandt, G., Kleer, J.N., Wirjantoro, T.I., 213-219.
Kreausukon, K. and Zessin, K.H. (2011) Microbiological 35. Ismail, A., Riaz, M., Akhtar, S., Goodwill, J.E. and Sun, J.
quality of raw goat milk in Bogor, Indonesia. Media (2017) Heavy metals in milk: Global prevalence and health
Peternakan, 34(2): 105-111. risk assessment. Toxin Rev., 38(1): 1-12.
Lehotay, S.J. (2007) Pesticide residues in foods by acetoni- 36. Rey-Crespo, F., Miranda, M. and Lopez-Alonso, M. (2013)
trile extraction and partitioning with magnesium sulfate. J. Essential trace and toxic element concentrations in organic
AOAC Int., 90(2): 485-520. and conventional milk in NW Spain. Food Chem. Toxicol.,
[BSN] Indonesia National Standard. (1998) Metoda 55(2013): 513-518.
Pengujian Susu Segar (SNI 01-2782-1998/Rev.1992). 37. Abou-zeina, H.A.A. and Nasr, S. (2014) Effects of dietary
National Standardization Agency, Jakarta. p1-7. cobalt deficiency on performance, blood and rumen metabo-
Ghozali, 1. (2013) Aplikasi Analisis Multivariat Dengan lites and liver pathology in sheep. Glob. Vet., 2(4): 182-191.
Program IBM SPSS 21 up Date PLS Regresi. 7" ed. Badan 38.  Zain, S.M., Behkami, S., Bakirdere, S. and Koki, I.B. (2016)
Penerbit Universitas Diponegoro, Semarang, Indonesia. Milk authentication and discrimination via metal content clus-
Tsiplakou, E., Kotrotsios, V., Hadjigeorgiou, 1. and tering: A case of comparing milk from Malaysia and selected
Zervas, G. (2010) Differences in sheep and goats milk fatty countries of the world. Food Control, 66(2016): 306-314.
acid profile between conventional and organic farming sys- 39.  Gumpu, M.B., Sethuraman, S., Krishnan, U.M. and
tems. J. Dairy Res., 77(3): 343-349. Rayappan, J.B.B. (2015) A review on detection of heavy
Tudisco, R., Cutrignelli, M.I., Calabro, S., Piccolo, G., metal ions in water an electrochemical approach. Sens.
Bovera, F., Guglielmelli, A., Moniello, G. and Infascelli, F. Actuators B Chem., 213(2015): 515-533.
(2010) Influence of organic systems on milk fatty acid pro- 40. Miedico, O., Tarallo, M., Pompa, C. and Chiaravalle, A.E.
file and CLA in goats. Small Rumin. Res., 88(2-3): 151-155. (2016) Trace elements in sheep and goat milk samples from
Tasee, A.M. and Aka, R. (2014) Asam lemak trans Apulia and Basilicata regions (Italy): Valuation by multi-
(trans-C18:1) dalam susu kambing. JIIP, 24(1): 26-32. variate data analysis. Small Rumin. Res., 135(2016): 60-65.
Chilliard, Y. and Ferlay, A. (2004) Dietary lipids and forages 41. Aslam, B., Javed, 1., Khan, F.H. and Rahman, Z.U. (2011)
interactions on cow and goat milk fatty acid composition Uptake of heavy metal residues from sewerage sludge in the
and sensory properties. Reprod. Nut. Dev., 44(5): 467-492. milk of goat and cattle during summer season. Pak. Vet. J.,
Rychen, G., Jurjanz, S. and Fournier, A. (2013) Exposure 31(1): 75-77.
of ruminants to persistent organic pollutants and potential 42.  Alonso, M.L., Benedito, J.L., Miranda, M., Castillo, C.,
of decontamination. Environ. Sci. Pollut. Res. Int., 21(10): Hernandez, J. and Shore, R.F. (2002) Cattle as biomonitors of
6440-6447. soil arsenic, copper, and zinc concentrations in Galicia (NW
Witczak, A., Pohory, A. and Mituniewiczma, A. (2016) Spain). Arch. Environ. Contam. Toxicol, 43(1): 103-108.
skskeoskoskoskskoskosk

Veterinary World, EISSN: 2231-0916

1224



