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Abstract

The reducing efficiencies of the commonly used heat treatment methods and
fermentation processes on aflatoxin M1 (AFM1) in Nigeria were investigated.
Seventy samples of fresh cow milk from both conventional and traditional
dairy cattle herds were collected and analyzed for the determination of AFM1
using Cobra-cell incorporated high performance liquid chromatography. Of
these analyzed samples, 56 (80.0%) tested positive for AFM1 out of which 3
milk samples with high AFM1 concentrations were selectively pooled and
subjected to varied conditions of heat treatments and fermentation processes
using both indigenized and exotic strains of lactic acid bacteria (Lactobacillus
bulgaricus + Streptococcus thermophilus and L. rhamnosus and L. planta-
rum) as starter cultures respectively. Both processes used either singly or
combined, demonstrated high degrees of reducing effects on AFM1 levels.
Sterilization of the milk at 121°C and 80°C under the same condition of time
(15 - 20) min showed significant reduction of up to 58.8% (p < 0.05) when
compared with the fresh untreated cow milk of the same source. Application
of heat treatments within the acceptable pasteurization conditions of 61°C for
15 - 20 min showed no significant reduction (p > 0.05) in the level of AFM1
when compared with the initial mean AFM1 concentration of the untreated
fresh milk. The situation was however different around the boiling tempera-
ture of 100°C at which point the level of AFM1 reduction was found to be
inconsistent. The indigenized combined strains showed some slight margins
of AFM1 reduction in the proportions of (20.5, 30.8 and 43.9)% over and
above that of the exotic strains (17.4, 30.0 and 41.1)% in 12 h, 48 hand 72 h
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of fermentation respectively. Generally, fermentation alone showed lower
reduction of AFM1 in milk from 24.5% to 43.9% compared with the reducing
activities of (35.4 to 58.8)% when heat-treated milk samples were subse-
quently subjected to varied fermentation conditions.
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1. Introduction

Aflatoxins M1 (AFM1) is the principal hydroxylated metabolite of aflatoxin Bl
(AFB1). AFBI is the major secondary metabolite produced by Aspergillus spe-
cies specifically Aspergillus flavus. AFM1 was once classified as group 2B carci-
nogen to humans by the International Agency for Research on Cancer [1]. To-
day, such classification is considered erroneous as further investigation demon-
strated its in vivo genotoxicity and cytotoxicity effects [2]. AFMI has been rec-
lassified as a group 1 human carcinogen [3]. AFMI is excreted through milk
produced by lactating animals that have ingested contaminated feeds with AFBI.
The recovery of AFM1 from ingested AFB1 is variable depending on the in-
gested concentration and the animal and it ranges between 1% - 3% [4]. AFB1 in
the proportion of 0.3% - 6.2% was also estimated to be transformed to AFM1 in
milk [5].

The USFDA puts the action levels for AFB1 and AFM1 as 5 ppb and 0.5 ppb
respectively in dairy products; it implies that the potency of AFMI is one tenth
that of AFB1. In spite of this marked difference in the action levels, AFM1 still
represents a potential carcinogen for humans [6]. The contamination of dairy
products with AFM1 is considered a significant human health hazard, particu-
larly for children in their early stage of life, which depend wholly on milk for
survival. The tolerance limit for AFM1 in milk varies from one country to the
other. The European Union (EU) and Codex Alimantarius Commission put an
action level for AFM1 in liquid milk at 50 ng/L whereas the USFDA operates a
more relaxed safety level of 500 ng/L [7].

Aflatoxin is a troublesome milk contaminant, in this paper; the authors have
evaluated the heat treatment methods and fermentation processes to remove af-
latoxin M1. Reports abound which support the heat stability of AFMI1 in raw
and processed milk products during pasteurization and processing [8] [9] [10].
Such reports were findings emanating mostly from experiments bordering
around spiked food substances. Effects of heat treatments and fermentation
processes using the indigenized probiotic strains as starter cultures on the natu-
rally AFM1 contaminated dairy products have not been fully exploited. More so,
in Nigeria, there may be in existence but weak policies which aim at monitoring
the aflatoxin burdens of the dairy products marketed for human consumptions.

This is even worse considering the traditionally processed dairy products which
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complement the greater deficits of dairy products among the few conventional
dairy farms. More so, increased demands for dairy products due to exponential
increases in the Nigerian population growth have encouraged compromise in
the standardization of processed dairy products. Therefore, undertaking a study
to evaluate the reducing effects of the commonly used treatment methods of
milk by the local handlers particularly in situations where monitoring policies
which enforce the set limits for AFM1 in dairy products are not fully enforced,
may be beneficial in the management of the local aflatoxin burden of cow milk
in Nigeria.

2. Materials and Methods
2.1. Study Site

The study was conducted in Kaduna State of Nigeria. Kaduna state is located at
the centre of Northern Nigeria between latitude 5°19'60"N and longitude 7°45'0"
E in the north central geographical zone of Nigeria [11]. The state has accessible
links with many parts of the country giving room for interstate and international
trades. By virtue of this location, the state enjoins trans-cultural co-existence and
is advantageously positioned as part of the few states which form the economic
hub of the country. Its land mass covers a total land area of 46,053 square kilo-
metres. The 2006 population put population figure of the state at 6,006,562. This
gives the state a population density of about 130/km?* (340/sq mi). The state has a
reasonable economic impact with gross domestic product (GDP) of $5.33 billion
in 2007, with per capital income of $1666. Agriculture is the main stay of the
economy of Kaduna state with about 80% of the people actively engaged in li-

vestock and crop farming. The livestock reared include cattle, sheep, goats and

pigs [12].

2.2. Sample Collection and Processing

A total of 70 samples of fresh raw milk were collected randomly from 3 conven-
tional dairy farms and 2 traditional Fulani dairy herds within a period of 7
weeks. Milk collection began by cleaning the udder of the selected cows with
clean disposable hand towels. Hand milking was adopted for the extraction of
about 50 ml of milk from the mammary glands of the selected cows into a 50 ml
capacity sample bottle under a firm restraint technique of the affected animal by
the animal attendant. Two samples were collected weekly from each farm and at

the end, about 7 sets of samples were collected.

2.3. Determination of AFM1 Concentrations

2.3.1. AFM1 Clean-up Procedure Using IAC

Sample extracts were cleaned using “VICAM” method. Five gram of fresh milk
sample was mixed with 1 g of salt (NaCl) and placed in a blender jar. To the
sample was added 20 ml of methanol-water (80/20 v/v) and the mixture blended

for 5 min. The mixture was filtered through fluted filtered paper in a clean vessel.
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From the filterate, 2 ml was collected and diluted to 5 ml with purified water and
then filtered through a glass microfiber filter. From the filterate, 2 ml was col-
lected and passed through IAC after which the column was washed successively
with 5 ml of purified water. AFM1 was eluted with 1 ml of methanol and col-
lected in a glass cuvette. The extract was finally dried under nitrogen stream and
stored at —20°C till HPLC analysis.

2.3.2. High Performance Liquid Chromatographic Determination of
Aflatoxin M1

The Shimadzu Prominence UFLC Liquid chromatography system (Kyoto, Ja-
pan) was used for the HPLC determination. It consists of a Liquid Chromato-
graphy, LC-20AD which is fitted to a degasser, DGU 20A;, auto sampler (injec-
tion) SIL 20A, communication bus module CBM 20A, column oven CTO 20A,
photodiode array detector SPD M20A and fluorescent detector RF 20A XL,
connected to a gigabyte computer with Intel Core DUO and Microsoft XP oper-
ating system. The analytes that fluorescence were detected at specific excitation
and emission wavelengths also referred to as the compound’s fluorescence sig-
nature. Extracts from IAC were dissolved in 500 ul of HPLC grade acetonitrile.
Samples were run at a flow-rate of 1 ml per minute (min™") retention times. Af-
latoxin analysis involved the coupling to the detector of a coring cell (CoBrA
cell) (Dr Weber Consulting, Germany) as an electrochemical cell for the deriva-
tisation of aflatoxins. The following mobile phases were used for the analysis of
Aflatoxins-Methanol/Acetonitrile/ Water (20/20/60, v/v/v) containing 119 mg of
potassium bromide (KBr) and 350 ul of nitric acid (4M HNO,).

2.3.3. Aflatoxin M1 Analysis of the Test Samples

The Shimadzu Prominence UFLC Liquid chromatography system (Kyoto, Ja-
pan) was used for the determination of AFM1. The HPLC was fitted to photo-
diode array detector SPD M20A and fluorescent detector RF 20A XL with a de-
tection limit of 0.0125 ng/l and recovery rate of 92% for milk. Aflatoxin analysis
involved the coupling to the detector a coring cell (CoBrA cell) (Dr Weber
Consulting, Germany) as an electrochemical cell for the derivatization of afla-
toxins. Spiked concentrations of AFM1 were prepared in triplicates with con-
centrations of 75, 150 and 300 ng/l of AFM1 standards, mixed thoroughly and
extracted. The calculated area under the curve for the standards is entered in a
system of coordinates on a semi-logarithmic graph paper against the AFM1
concentration in ng/l. Then the concentration of AFM1 corresponding to the
area of each sample was read and determined from the calibration curve using

the formula, y = 2460.6x as shown in Figure 1.

2.4. Aflatoxin M1 Reduction Design

The heat-treatment and fermentation experiments were presented as (2 x 4) and
(2 x 3) factorial designs respectively. The AFM1 reduction experiment employed

different heat treatment methods and fermentation processes using different
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Figure 1. Calibration curve for AFM1.

lactic acid bacterial (LAB) starter cultures. Phosphate buffer saline suspension of
the AFM1 extract of the naturally contaminated milk sample was used as the
positive control while the extract of the uncontaminated fresh milk suspended in
PBS was used as the negative control. Sixteen (M1-M16) equal portions of 5 ml
of AFM1 positive milk samples were used in the reduction experiments.

2.5. Methods of Reducing AFM1

2.5.1. Heat Treatment of Milk

1) Reduction of AFM1 through Controlled heat treatment of milk

Three milk samples with considerable detectable levels of AFM1 were ran-
domly selected amongst others for the experiment. The 3 samples were pooled to
obtain a minimal sample size of 80 ml with AFM1 mean concentration of 0.24 +
0.05 ng:L™". The pooled sample was divided into 16 portions of 5 ml each in test
tubes by means of sterile pipettes. Then 6 portions (M1-M6) were used for this
part of the experiment while (M7-M16) were utilized for other experiments as
described below. The M1 (5.0 ml) represents the control (no heat treatment), M2
(5.0 ml) represents heat treatment at 61°C for 15 min, M3 (5.0 ml) represents
heat treatment at 61°C for 20 min, M4 (5.0 ml) represents heat treatment at
80°C for 20 min, M5 (5.0 ml) represents boiling of milk at 100°C for 20 min, and
M6 (5.0 ml) represents milk sterilization at 121°C for 15 min. Samples M2-M6
were arranged individually in metal racks. Each sample except M1 and M6, was
heated in a water bath tempered at each given temperature. But sample M6 was
autoclaved while M1 was left as a positive control. All treated samples were im-
mediately cooled before further analysis.

2) Reduction of AFM1 through unregulated heat treatment of milk

One portion, sample M7 (5.0 ml) of the pooled fresh milk was subjected to
uncontrolled heat treatment. The sample in 5 ml quantity was placed in a metal

rack inside a metal case cooking pot. The arrangement was made in such a way
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that the 5 ml sample level was just immersed in water inside the pot. The whole
setting was traditionally set on fire for cooking for about 20 min. The sample

was cooled immediately before processing for HPLC analysis.

2.5.2. Fermentation Processes

1) Preparation of lactic acid bacterial innocula

The strains of LAB used in the study adopt modified methods of [13] [14].
The strains of the LAB were individually cultivated in a 25 ml quantity of
De-Man-Rogosa-Sharpe (MRS) broth maintained at PH of 6.5 and incubated in
an incubator that housed an anaerobic jar containing 5% CO, at 37°C for 24
hours. Serial dilutions of the broth cultures were made to obtain three different
concentrations of innocula of (3 x 10%, 2 x 10%) CFUml ™" for the single strains of
Lactobacillus rhamnosus and L. plantarum respectively. An innoculum dose of a
combined strain of L. bulgaricus + Streptococcus thermophilus, was however
obtained by harvesting 3 x 10° CFUml™ from an MRS cultures of each of the
combined strains. A loopful of each of the above LAB concentrations was sus-
pended in 1 ml of phosphate buffer saline (PBS).

2) Reduction of AFM1 through fermentation of milk

The 1 ml suspension of each of the prepared innocula was directly inoculated,
by the help of Eppendorf tube, into the test AFM1 contaminated milk sam-
ples.The last 9 portions (M8-M16) of 5 ml samples of fresh milk each were uti-
lized for the fermentation experiments under 3 different probiotic culture sys-
tems using a standardized indigenized combined strains of Lactobacillus bulga-
ricus + Streptococcus thermophilus obtained from a local dairy institution
(LBST) and single exotic strains of L. rhamnosus (ATCC 53103) and L. planta-
rum (ATCC 8014) as starter cultures. Samples M8-M16 were arranged in 3
groups. Each of the groups consists of 3 test tubes of 5 ml of fresh milk. The test
samples in test-tubes were heated slowly to 85 °C and maintained at that tem-
perature for 2 minutes. This step was designed to kill undesirable contaminant
microorganisms. It also denaturizes certain inhibitory enzymes that retard the
subsequent fermentation processes. The milk was then allowed to cool in a cold
water bath to 42°C - 44°C. The cooling process took about 15 minutes. The
starter cultures as prepared were inoculated and mixed with a clean glass rod in
accordance with the method described by [14] as modified. The setting was in-
cubated at 42°C and the Samples in the 3 test tubes representing different groups
were monitored and examined by high performance liquid chromatography at
intervals of 0 hr, 12 hr, 48 hr and 72 hr.

3) Reduction by a combined heat treatment and fermentation of milk

In this section of the experiment, the test milk samples (M8 - M16) were in-
itially subjected to pasteurization and sterilization temperatures as indicated in
the early part of the methodology involving heat treatment of milk. The
heat-treated milk samples were then allowed to cool in a cold water bath to
about (42 - 44)°C. The heat-treated milk samples were then resubjected to fer-
mentation processes by inoculating the prepared probiotic starter cultures at the
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prepared inoculation doses as indicated in the previous method. The inoculated
milk was then incubated at 42°C and the levels of aflatoxin M1 were quantita-
tively determined using high performance chromatographic technique as de-

scribed above.

3. Results and Discussion

Aflatoxin M1 (AFM1) remains a potential public health threat through the con-
sumption of dairy products [6], particularly in the tropics where feed contami-
nations due to toxigenic strains of Aspergillus section flavi and their toxins may
be common problems. AFM1 is the principal hydroxylated metabolite of AFB1,
one of the most potent hepato-carcinogens [3] characterized mainly by its cyto-
toxic and genotoxic capabilities [2], produced primarily by Aspergillus flavus
and A. parasiticus. AFM1 is found in the milk secretions of lactating animals
previously exposed to contaminated feeds. In this research, 56 out of the 70 fresh
cow milk samples (80.0%) were positive for AFM1 out of which 3 samples were
selectively pooled to obtain a mean AFMI1 concentration of 0.24 + 0.05 ngL™’
and was subjected to various temperature treatments and fermentation
processes. Findings generally revealed that both processes showed variable de-
grees of reducing effects in the levels of AFM1 amongst the naturally contami-
nated milk samples tested. A more significant reduction of AFM1 in milk was
noticed when pasteurized and sterilized milk samples were subsequently exposed
to fermentation processes under different LAB starter cultures. AFM1 concen-
trations determined showed a statistically significant difference (p < 0.05) be-
tween the fresh untreated cow milk and the sterilized version of the cow milk at
121°C and 80°C for (15 - 20) min. Sterilization of fresh cow milk at 121°C
achieved a significant level (p < 0.05) of AFM1 reduction of up to 58.8% over the
other temperature treatment conditions (Figure 2). This finding seemed good,
but may otherwise negatively affect the wholesomeness of the milk. However,
application of heat treatments within the acceptable pasteurization conditions of
61°C for 15 - 20 min, showed no significant reduction (P > 0.05) in the level of
AFM1 concentration when compared with the initial mean AFM1 concentration
of the untreated fresh milk sample of 0.24 + 0.05 ngL™' as shown in Table 1.
These findings showed some level of agreement with that of [8] which demon-
strated a significant decrease in AFM1 concentration of nearly 56% reduction
after subjecting spiked concentrations of AFM1 to sterilization conditions of
121°C for 15 min. The findings may also be suggestive of the fact that the usual
acceptable pasteurization conditions may exert non-significant reducing effect
on the concentration of AFM1 in naturally contaminated fresh milk. From Ta-
ble 1, also, reduction level of AFM1 somewhat depicts a direct relationship be-
tween the amount of temperature applied and the levels of reduction. The situa-
tion however seemed different around the boiling temperature of 100°C at which
point the level of AFM1 reduction was inconsistent with the above established

relationship. This temperature level may represent an equilibrium state within
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Figure 2. Reducing efficiencies of different temperature treatments on AFM1 concentra-
tion in milk.

Table 1. Heat reduction effect of a naturally occurring AFM1 in fresh cow milk.

Untreated Heat-treated milk samples at different Uncontrolled
Heat fresh milk temperatures and time heat treatment
treatment Mean AFM1 AFM1 AFM1 AFM1 AFM1 AFM1
conditions  conc. of initial conc. of conc.of conc.of conc.of conc. of
samples (M1) M2 M3 M4 M5 M6

No heat
ohea 0.24 £5.2° 4

AFMI conc. of
M7

treatment
61°C for 15
min
61°C for 20
min
80°C for 20
min
100°C for 20
min
121 C'for 15 ) ) ] ] ] Vo'm )
min
Uncontrolled v
heat treatment - - - - - 0.19°

- 0.21*

- - 0.21*

- - - 0.19*

- - - - 0.20° -

for 20 min

P < 0.05 exist between a and b — implies consistent decrease in AFM1 concentration, <¢—>implies
inconsistent decrease in AFM1 concentration.

which reversible chemical reactions could occur. This finding may present grave
public health concern as chemical rearrangements may result in the formation of
even more deleterious intermediary chemical groups of serious health implica-
tions. The above findings are important in showing that heat treatment of milk,
in any case, may not be the best means of removing AFM1 from dairy products.
Controlled fermentation processes using indigenized starter cultures of LAB
have shown promising results in the reduction of AFM1 burden of fermented
cow milk. In the current study, synergistic effects of the two indigenized LAB
starter cultures comprising of Lactobacillus bulgaricus and Streptococcus ther-
mophilus was compared with the exotic strains of L. rhamnosus and L. planta-
rum. It was observed that the AFMI reducing efficiency of the indigenized
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strains of the starter culture was reasonably compared with any other starter
cultures (Figure 3). The combined indigenized strains showed some slight mar-
gins of AFM1 reduction in the proportions of (20.5, 30.8 and 43.9)% over and
above that of the L. rhamnosus (17.4, 30.0 and 41.1)% when compared with the
initial AFM1 concentration level of 0.24 + 0.05 in 12 h, 48 h and 72 h of fermen-
tation respectively (Figure 4). Abbes ef al (2013) [15] had previously implicated
L. rhamnosus to possess more ability to remove AFM1 than L. plantarum. The
competitive ability of the indigenized starter culture, L. bulgaricus and Strepto-
coccus thermophilus, therefore, points to the safety assurance of the fermenta-
tion processes of dairy products in Nigeria. The current findings showed some
level of similarity with the reports of [16] and [15] even though, their works uti-
lized spiked AFMI concentrations, in which case reductions of up to 12% and
97% using an initial spiked AFM1 concentration of 600 ppb were observed.
Possible explanation to these reductions could be attributed to the different abil-
ities of the probiotic cell walls to bind toxins including AFM1 in milk [13] [15].

50
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40

35

43.9
41.1
30 30.8

30
’s 245

o < B AFM1 reduction (%) in 12 hrs

193 20.5

20 174 W AFM1 reduction (%) in 48 hrs
15 W AFMI1 reduction (%) in 72 hrs
10 K

5 I

0

L. bulgaricus + S.

AFMI1 reduction (%)

L. rhamnosus L. plantarum
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Starter cultures

Figure 3. Comparative reducing efficiencies of different starter cultures on AFM1 con-
centration during fermentation processes of cow milk.
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Figure 4. Effects of controlled fermentation on AFM1 concentrations.
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Table 2. Results of post-fermentation heat treatment of milk.

Post-heat-treatment fermentation (AFM1 concentrations) (ugL™)

Heat treatment AFM1 conc. of sample  AFM1 conc. of samples  AFM1 conc. of samples (C)

conditions (A) fermented using (B) fermented using fermented using L. bulgaricus +
Lactobacillus Lactobacillus plantarum  Streptococcus thermophilus

rhamnosus (% reduction) (% reduction) (% reduction)
61°C for 15 min 0.140 (41.6%) 0.179 (25.4%) 0.132 (45.0%)
61°C for 20 min 0.140 (41.6%) 0.179 (25.4%) 0.132 (45.0%)
80°C for 20 min 0.134 (44.2%) 0.172 (28.3%) 0.122 (49.2%)
100°C for 20 min 0.133 (44.6%) 0.170 (29.2%) 0.123 (48.8%)
121°C for 15 min 0.119 (50.5%) 0.155 (35.4%) 0.099 (58.8%)

Uncontrolled

heat treatment of 0.130 (45.8%) 0.166 (30.8%) 0.121 (49.6%)

milk for 20 min

AFM1 concentration of the fresh, unprocessed milk is 0.24.

Galvano et al (1998) [17] threw more light to this explanation that, the effect of
this reduction was partly due to lactic acid formation by the lactic acid bacteria
acting as an anti-AFM1 during fermentation processes.

Of interest in the study was the significant AFM1 reduction levels noticed
when the pasteurized and sterilized milk samples were further subjected to fer-
mentation processes. One way fermentation of contaminated milk only reduced
the AFM1 level of contaminated milk from (24.5 to 43.9)%, but a more signifi-
cant reduction from (35.4 to 58.8)% was however noticed when heat-treatment
of milk was followed by fermentation as shown in Table 2. Previous heat treat-
ment of milk inactivates bacterial contaminants of milk and other biological
components of milk that reduce the activities of lactic acid bacterial during fer-
mentation processes [13] [14]. So, the noticed improved reduction activities of
the different fermentation cultures following heat treatment of the milk samples
may not be unconnected to this fact [18]. Different bacterial cell walls may pos-
sess differed binding activities. Non-viable cells have been reported to possess
greater binding efficiency or ability to AFM1 than the viable cells [13] [18]. This
may be the reason behind the different reduction activities seen with the differ-

ent LAB culture systems used either singly or combined.

4. Conclusion

Findings from this study showed that the commonly used heat treatment me-
thods and fermentation processes in Nigeria are capable of reducing the level of
contamination due to AFM1 in milk and dairy products. Elevated heat treatment
temperatures and fermentation processes of cow milk demonstrated high re-
ducing efficiencies on AFM1 burden of milk. However, reducing efficiency of
heat treatment of milk exceeding a temperature of 80°C may present risks asso-
ciated with chemical breakdown and rearrangements; with the likelihood of

forming more toxic substances. However, fermentation processes used in Nigeria
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using the indigenized and combined strains of L. bulgaricus and Streptococcus
thermophilus showed a promising result and therefore alludes a more credible
and reliable reducing efficiency of AFM1 in milk intended for human consump-
tion. Subsequent fermentation of heat treated milk also suggests an assured way

of significantly reducing the AFM1 burden of cow milk.
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