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Thirty-five Holstein cows were utilized in a completely
randomized design to evaluate the efficacy of 2 doses of an
aluminosilicate clay at reducing aflatoxin M1 (AFM1) transfer
into milk. Cows were stratified by parity, stage of lactation,
and milk production. Cows were assigned to 1 of 5 dietary
treatments for 13 days (n = 7): (1) control (CON), basal diet;
(2) clay control (4C), CON plus 4 oz clay; (3) aflatoxin (AF)
control (AF-CON), CON plus 113 ppb AF; (4) AF-CON diet with
4 oz clay (4C+AF); or (5) AF-CON diet with 8 oz clay (8C+AF).
Data were analyzed using the GLM procedure of SAS, and
significance was declared when P ≤ 0.05. Milk yield was greatest in 4C+AF and 8C+AF cows and least in CON. Milk AFM1
concentration averaged < 0.01, N/D (< 0.04 ppb), 1.64, 1.26,
and 0.90 ppb for CON, 4C, AF-CON, 4C+AF, and 8C+AF diets,
respectively. A dose response was observed for AFM1 transfer
with a 21.88 and 40.63% reduction in cows consuming 4C+AF
and 8C+AF diets, respectively. Feeding aluminosilicate clay
to AF challenged Holstein cows resulted in a dose response
reduction in AFM1 secretion and improved milk production.

Key words: aflatoxin, aluminosilicate clay, dairy cow, milk
production, mycotoxins
Résumé

On a utilisé 35 vaches Holstein dans un plan aléatoire
complet afin d’évaluer l’efficacité de deux doses d’argile aluminosilicate pour réduire le transfert d’aflatoxine M1 (AFM1)
dans le lait. Les vaches ont été stratifiées par la parité, le
stade de lactation et la production de lait. Les vaches ont été
attribuées à l’un des 5 traitements pendant 13 jours (n = 7) :
(1) témoin (CON), diète de base; (2) témoin d’argile (4C), CON
plus 4 onces d’argile; (3) témoin d’aflatoxine (AF) (AF-CON),
CON plus 113 ppb AF; (4) diète AF-CON avec 4 onces d’argile
(4C+AF); ou (5) diète AF-CON avec 8 onces d’argile (8C+AF).

Introduction

Aflatoxins (AF) commonly found in dairy feeds are secondary metabolites primarily produced by species within the
Aspergillus genus. Aflatoxin occurs naturally in 4 forms: aflatoxin B1 (AFB1), B2, G1, and G2. Aflatoxin B1 is a potent naturally
occurring carcinogen, and if consumed by lactating animals,
can be transferred into the milk in the form of aflatoxin M1
(AFM1). When consumed by humans, aflatoxin B1 is classified
as a group 1 carcinogen, and AFM1 is classified as a group 2B
carcinogen.10 Processing of milk has variable results on AFM1
concentration,16,20 and AFM1 has been observed in numerous
food products including infant formula, dried milk, cheese,
yogurt, and milk products from various animals, including
human breast milk.8 In the United States, action limits of 0.5
ppb AFM1 and 20 ppb aflatoxin B1 in milk and lactating dairy
cow feeds, respectively, have been established.6 Over 100 nations have set regulatory limits on allowable aflatoxin levels
in human food or animal feed.23
Contamination of dairy diets can be a large problem
for dairy herds, and several methods of preventing AFM1
in milk have been investigated. Some pre-harvest methods
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Les données ont été analysées avec la procédure GLM de SAS
et la valeur du seuil alpha était de 0.05. La production de lait
était la plus élevée chez les vaches des groupes 4C+AF et
8C+AF et la moins élevée chez les vaches du groupe CON. La
concentration d’AFM1 dans le lait était en moyenne < 0.01,
non-détectable (< 0.04 ppb), 1.64, 1.26 et 0.90 ppb dans les
groupes CON, 4C, AF-CON, 4C+AF, and 8C+AF, respectivement.
Il y avait une effet dose-réponse pour le transfert d’AFM1 car
on observait une réduction de l’ordre de 21.88% chez les
vaches du groupe 4C+AF et une réduction de 40.63% chez
les vaches du groupe 8C+AF. L’utilisation d’argile aluminosilicate chez des vaches Holstein ingérant de l’AF a entrainé une
réduction dose-réponse de la sécrétion d’AFM1 et augmenté
la production de lait.
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Abstract

Materials and Methods

Experimental Design
This study was conducted at the North Carolina Department of Agriculture and Consumer Services Piedmont
Research Station (Salisbury, NC) in February 2018. Thirty-five
lactating Holstein cows were utilized in a randomized complete block design. A power analysis was conducted using the
POWER procedure of SAS (Cary, NC) using data previously
generated by these authors. Seven cows per treatment were
considered sufficient to determine significance; however,
consideration also had to be given to number of individual
feed bins available at the facility. Cows were stratified by
parity, stage of lactation, and previous milk production. Cows
averaged 67.35 lb (30.55 kg) milk yield and 189 days-in-milk
(DIM) at the start of the study. This protocol was approved
by the NC State University Animal Care and Use Committee
(IACUC#, 17-169A).
Cows were predicted to consume 66 lb (30 kg) of dry
matter intake (DMI), based on average DMI during the week
prior to study start, and 0.0066 lb (3 g) AF was added to
diets to achieve 100 ppb AF; however, intake was less than
predicted (58.58 lb/d, 26.57 kg/d), resulting in an average
AF concentration of 113 ppb. Cows were randomly assigned
(round robin style, by picking cow numbers at random) to 1
of 5 dietary treatments (n = 7): (1) control (CON), basal total
mixed ration (TMR; Table 1) with no AF or aluminosilicate
clay; (2) clay control (4C), basal TMR plus 4 oz aluminosilicate clay; (3) AF control (AF-CON), basal TMR plus 113 ppb

AF; (4) AF diet with low aluminosilicate clay dose (4C+AF),
basal TMR plus 4 oz clay and 113 ppb AF; or (5) AF diet with
high clay dose (8C+AF) basal TMR plus 8 oz clay and 113 ppb
AF. Aflatoxin B1 (University of Missouri, Columbia, MO) produced using rice fermentation by A. parasiticus NLRR 2999
according to the methods described by Shotwell et al20 was
utilized in this study.
Cows were individually fed once daily at 1000 hour in
individual feeding gates,b allowing for ad libitum intake. All
treatment additions were top dressed and mixed into approximately the top third of feed offered for 13 days. Cows
were milked at 0800 and 2000 hours in a double seven herringbone milking parlor, and milk from cows on this study
was discarded throughout the study and for 3 milkings after
the last day of treatment diets were administered.

Body Weight, Body Condition, Locomotion, and Respiratory
Rates
Cows were weighed daily following milking.c Body condition score (BCS), locomotion score, and respiratory rates
were evaluated by the same observer on days 3, 5, 9, and 13
of the study after milking at 1200. Body condition was measured in 0.25 unit increments on a 1 to 5 scale.7 Locomotion
was measured in 1.0 unit increments on a 1 to 5 scale.26 Body
condition and locomotion were similar across treatments at
the start of the trial and averaged 2.89 and 1.23, respectively.
Respiratory rate was determined by observing the number of
breaths taken for 15 seconds and multiplied by 4 to produce
respirations per minute.
Feed Analysis
Basal TMR from the start of the experiment was
analyzed for aflatoxin B1, B2, G1, G2, vomitoxin, 3-Acetyl DON,
15-Acetyl DON, T-2 toxin, and zearalenone.d Feed and orts
were sampled on days 4, 6, 10, and 12 and composited by
week and treatment (days 4 and 6 vs d 10 and 12). Feed
samples were placed in an oven at 149° F (65° C) until dry
to determine air dry matter, which is used to calculate dry
matter intake (DM). Samples were then ground through a
2 mm screen in a Thomas Wiley mille and stored at room
temperature. All feed samples were subjected to proximate
analysis for total dry matter (DM; method 934.011), ash
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Table 1. Dietary composition of basal diet.
Feedstuff
Inclusion, % DM
Corn silage
42.97
Corn grain
19.97
Soybean meal, 48 %
17.47
Whole cottonseed
13.61
Cottonseed hulls
3.36
Custom mineral mix*
2.59
* Contains calcitic limestone, mono-dicalcium phosphate, Dynamate
(The Mosaic Company, Plymouth, MN), sodium bicarbonate, vitamin
trace mineral supplement, and salt
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proposed include the use of genetically engineered crops9
or compounds that may inhibit the growth of AF producing
molds.19 Post-harvest methods, like the mitigation through
aluminosilicate clay adsorbents, have been more successful
in commercial operations. Aluminosilicate clays can reduce
the toxic effects of AFB118 by binding to the toxin prior to
absorption by the small intestine. For a sequestering agent
to be effective, it must tightly bind with AF in the feed and/
or foregut without the bond being damaged or dissociating in the harsh conditions of the digestive tract within the
animal. If successful, the sequestering agent complex will
pass through the digestive tract and be excreted in the feces,
preventing or minimizing the animal’s exposure time to the
carcinogen.3 Dietary addition of sequestering agents has been
reported to reduce the transfer of AFM1 into the milk of cows
consuming diets containing AFB1 without negatively affecting
production.4,5,11,12,13,17
The objective of the current study was to evaluate the
impact of 2 concentrations of a hydrated sodium calcium
aluminosilicate claya in lactating dairy cow diets contaminated with AFB1 on the presence of AFM1 in milk and on the
cows’ production parameters. Additionally, the study aimed
to determine the effects of the aluminosilicate clay on body
condition, weight, and respiratory rates of cows consuming
AFB1 contaminated feed.

(method 942.051), neutral detergent fiber (NDF; method
973.181), acid detergent fiber (ADF; method 2002.041), and
crude proteind (CP). Organic matter was determined by subtracting ash from total DM.

Milk Analysis
Milk samples were collected at each milking on days 3,
5, 7, 9, 11, and 13 and composited by day. Samples were frozen
at -4° F (-20° C) immediately after collection. Additionally, a
second sample was collected on days 5 and 13 of the treatment period. Broad Spectrum Microtabs II™ tabletsf were
added to the additional samples after each milking for preservation of the sample. Additional samples from d 5 and 13
of the treatment period were analyzed for fat, protein, solids
(SNF), and somatic cell counts (SCC).g,1 Bently FTS Combih was
used to analyze SCC. Milk component yields were calculated
daily by multiplying the concentration of milk components
by milk yield. Feed efficiency (FE) was calculated using the
following equation:
FE = lb milk/lb DMI

Somatic cell count was converted to somatic cell score (SCS)
using the following equation:
SCC
SCS = LOG 2 _____ + 3
100

(

)

Energy corrected milk (ECM) yield was calculated using the
following equation:
ECM = (0.327 * milk lb) + (12.95 * fat lb) + (7.65 * protein lb)

Aflatoxin Analysis
Frozen milk samples were analyzed for AFM1 concentration using HPLC with fluorescence detection5 (University
of Missouri, Columbia, MO). The detection limit was set at
0.04 ppb. Aflatoxin secretion was calculated by multiplying
the milk AFM1 concentration by total milk yield on the day
of collection. Aflatoxin transfer was calculated for AF-CON,
4C+AF, and 8C+AF diets by dividing AFM1 secretion by AF

administered in feed and multiplying by 100. Calculations
are shown by the following equations:
AF secretion = concentration of AFM1 in milk ⨉ milk yield
µg AFM1 secreted
AF transfer = __________________________
µg AFB1 administered

(

) ⨉ 100

Statistical Analysis
Data were analyzed using the GLM procedure of SAS.i
Treatment and day were considered independent variables,
and milk yield, FE, ECM, DMI, nutrient intakes, AFM1 variables, milk composition, body weight, change in body weight,
BCS, locomotion score, and respiratory rate were dependent
variables. Previous milk yield and DHIA records from a test
day 3 days prior to the start of the treatment period and were
used as a covariate to adjust milk yield, fat, protein, solids, and
somatic cell count. Means were separated using Fisher’s Least
Significant Difference, and significance was declared when P
≤ 0.05. Tendencies were discussed when P > 0.05 and ≤ 0.10.
Results and Discussion

Feed Analysis and Intake
The basal diet was under the analytical detection limits
for mycotoxin contamination (5 ppb) at the start of the study.
Diets were similar across treatments in DM, NDF, ADF, and
CP (Table 2). Ash was greatest in 8C+AF and least in AF-CON
and 4C+AF diets, and all other diets were intermediate. Intake
of dietary components is shown in Table 3. No treatment by
day effects were observed in this study; however, there was
an effect of day on DMI, but no pattern was observed (data
not shown). Intake of all other nutrients was unaffected by
day. Dry matter intake averaged 57.87 (26.25), 59.51(26.99),
57.08 (25.89), 58.23 (26.41), and 60.84 (27.60) ± 0.90 (0.41)
lb (kg)/d for CON, 4C, AF-CON, 4C+AF, and 8C+AF cows, respectively (P = 0.034). Dry matter intake was greater for cows
fed 8C+AF treatment relative to cows on the CON, AF-CON,
and 4C+AF treatment, and cows fed 4C were intermediary.
It is important to note, however, that DMI based on %BW

Table 2. Analyzed chemical composition of dietary treatments with differing levels of aflatoxin and aluminosilicate clay.
Treatment*
CON
4C
AF-CON
4C+AF
8C+AF
SEM‡
P-value
Item†
DM, %
52.46
52.56
51.97
51.98
52.45
2.00
0.681
CP, % DM
16.40
16.55
16.80
15.95
16.85
0.65
0.539
NDF, % DM
38.91
37.51
40.14
40.18
40.38
1.68
0.464
ADF, % DM
16.57
17.00
18.28
17.80
17.38
0.67
0.232
5.71ab
4.37c
4.55c
6.09a
0.40
0.019
Ash, % DM
4.91bc
* CON = basal TMR with no aflatoxin (AF) or aluminosilicate clay; 4C = basal TMR plus 4 oz aluminosilicate clay; AF-CON = basal TMR plus 113 ppb
AF; 4C+AF = basal TMR plus 4 oz aluminosilicate clay and 113 ppb AF; 8C+AF = basal TMR plus 8 oz aluminosilicate clay and 113 ppb AF
† DM = dry matter; CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber
‡ Largest standard error of the mean
a–b
Means within a row with different superscripts differ (P < 0.05).
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Table 3. Intake of dietary components by dietary treatment with differing levels of aflatoxin and aluminosilicate clay.
Treatment*
Item,†

CON

4C

AF-CON

4C+AF

8C+AF

SEM‡

P-value

DMI, lb

57.87b

59.51ab

57.08b

58.23b

60.84a

0.90

0.034

DMI, % BW

3.84

3.77

3.78

3.73

3.89

0.66

0.532

CP intake, lb

9.43bc

9.84b

9.04c

9.27c

10.27a

0.16

< 0.001

NDF intake, lb

22.39c

22.16c

22.71bc

23.33b

24.57a

0.36

< 0.001

ADF intake, lb

b

9.40

a

10.03

a

10.32

a

10.27

10.47a

0.16

< 0.001

Organic matter intake, lb

55.02

56.06

54.58

55.14

56.47

0.91

0.262

* CON = basal TMR with no aflatoxin (AF) or aluminosilicate clay; 4C = basal TMR plus 4 oz aluminosilicate clay; AF-CON = basal TMR plus 113 ppb
AF; 4C+AF = basal TMR plus 4 oz aluminosilicate clay and 113 ppb AF; 8C+AF = basal TMR plus 8 oz aluminosilicate clay and 113 ppb AF
† DMI = dry matter intake; BW = body weight; CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber
‡ Largest standard error of the mean
a–b
Means within a row with different superscripts differ (P < 0.05).

was not different (P = 0.532) across treatments, indicating
the potential that DMI differences could be related to body
size and capacity and less to treatment variation. Increased
DMI in cows consuming 8C+AF resulted in increased nutrient
intakes (CP and NDF) compared to other treatments. Previous
work reported no differences in nutrient intake following the
addition of AF or clay in the diet.9

Milk Yield and Composition
Milk yield, milk composition, and feed efficiency by
treatment are shown in Table 4. Cows consuming 4C and
8C+AF diets produced the most milk, and cows consuming
CON diets produced the least milk. There was no interaction
between treatment and day or impact of day on milk yield

(data not shown). Previous studies evaluating sequestering
agents in AF contaminated diets reported no changes in milk
yield during treatment periods.13,17,24 Pate et al15 reported
linear and quadratic response to milk yield with increasing
clay dosage in cows administered 100 ppb AFB1 for 3 days.
Ogunade et al14 reported a tendency for reduced milk production in cows challenged with AF and no clay compared
to control cows (no AF or clay), and a decrease in milk yield
in AF challenged cows supplemented with sodium bentonite
clay compared to control cows. Similarly, Sulzberger et al22
reported a decrease in milk yield as clay concentrations increased; however, there was no difference between control
cows and cows administered AF with no clay. Xiong et al25
exposed lactating cows to 20 ppb AFB1 for 7 weeks and re-

Table 4. Milk yield, milk composition, and feed efficiency by dietary treatment with differing levels of aflatoxin and aluminosilicate clay.
Treatment*
Item†
CON
4C
AF-CON
4C+AF
8C+AF
SEM‡
P-value
70.21a
66.03ab
65.99ab
69.00a
1.76
0.011
Milk yield, lb
62.52b
75.89a
79.08a
75.18a
76.22a
1.97
0.003
ECM, lb
68.56b
FE
1.08
1.20
1.17
1.14
1.18
0.03
0.071
2.76b
3.09a
2.90ab
2.85ab
0.09
<0.001
Fat, lb
2.49c
Fat, %
3.87
3.97
4.52
4.38
4.37
0.21
0.118
2.27a
2.21ab
2.11bc
2.23ab
0.05
0.014
Protein, lb
2.06bc
Protein, %
3.28
3.33
3.26
3.18
3.37
0.05
0.116
6.18a
5.90abc
5.78bc
6.11ab
0.14
0.037
SNF, lb
5.62c
SNF, %
8.92
8.90
8.82
8.76
8.94
0.06
0.195
Lactose, lb
3.00
3.29
3.16
3.10
3.26
0.08
0.093
Lactose, %
4.77
4.71
4.70
4.73
4.72
0.04
0.723
SCS
2.86
3.96
3.04
3.21
3.52
0.20
0.147
* CON = basal TMR with no aflatoxin (AF) or aluminosilicate clay; 4C = basal TMR plus 4 oz aluminosilicate clay; AF-CON = basal TMR plus 113 ppb
AF; 4C+AF = basal TMR plus 4 oz aluminosilicate clay and 113 ppb AF; 8C+AF = basal TMR plus 8 oz aluminosilicate clay and 113 ppb AF
† ECM = energy corrected milk ([0.327 * milk lb] + [12.95 * fat lb] + [7.65 * protein lb]); FE = feed efficiency (kg dry matter intake / kg milk); SNF =
solids not fat; component yields calculated daily by multiplying milk yield by component percent; SCS = somatic cell score (LOG 2 (somatic cell
count x 103/100) + 3)
‡ Largest standard error of the mean
a–b
Means within a row with different superscripts differ (P < 0.05).
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ported no effect of AF intake on milk yield. However, those
studies, as well as the current study, utilized cultured AFB1.
Applebaum et al2 reported a decrease in milk yield averaging
5.3 lb (2.4 kg) in cows fed naturally contaminated AFB1 (a
crude protein extract that contained AFB1 with other aflatoxins and metabolites) for 7 days. The difference in production
responses to mycotoxicosis is most likely attributed to the
interaction between multiple mycotoxins that may occur in
naturally contaminated feed compared to cultured AFB1 that
is often used in research.
Cows consuming CON diet produced the least ECM
compared to all other diets. There was a tendency for reduced
FE of CON cows compared to AF-CON, 4C, and 8C+AF cows.
No interaction between treatment and day or impact of day
was observed for FE.
Milk fat percent, protein percent, lactose percent, SNF
percent, and SCC were similar across treatments. This is consistent with previous research.5,11,12,13 However, Queiroz et al17
reported a decrease in milk protein (%) in cows consuming
AF with no clay. In addition, Queiroz et al17 also reported cows
consuming a high dose of clay (1% DMI) produced more milk
protein relative to cows consuming a low dose of clay (0.2%),
although both were similar to control diets. No interaction
between treatment and day or impact of day was observed
for milk components with the exception of fat percent. Fat
percent was greater in samples taken on day 13 compared
to day 5 (4.31 vs 4.01 ± 0.13; P = 0.022).
Protein, fat, lactose, and SNF yield were affected by
treatment. No effect of day or interaction between day and
treatment were observed. Cows consuming AF-CON yielded
the greatest amount of fat, and CON cows yielded the least fat.
The reduced fat yield for CON cows was expected as CON cows
produced less milk. Fat yield results from the current study
differ from previous research reporting no change5,11,12,13 or
a decrease15 in fat yield following the administration of AF
and clay diets.5,11,12,13 However, Sulzberger et al22 reported the
opposite, with a tendency for greater fat yields from cows
consuming AF diets with no clay compared to control cows.
Cows consuming 4C diet yielded the most protein, and cows
consuming CON and 4C+AF diets yielded the least protein.
Solids yield was greatest in 4C cows and least in CON cows.
Cows consuming CON diets tended to yield the least lactose,

and cows consuming 4C and 8C+AF diets tended to yield the
most lactose. Component yields followed a similar pattern to
milk yield, which was expected as the percent of these components was unaffected by treatment. The addition of clay
did not appear to negatively affect milk production, and in
fact may result in an increase in milk and component yields.

Body Weight, Body Condition, Locomotion, and Respiratory
Rate
Cow body weight (BW), condition scores, locomotion
scores, and respiratory rate are shown in Table 5. No effect
of day or interaction between day and treatment were observed. Cows consuming 4C had the greatest BW followed
by 4C+AF. Cows consuming CON diets weighed the least, and
AF-CON and AF+8C cows were intermediate. Change in body
weight was calculated both weekly and throughout the study,
but did not differ across treatments (data not shown). Body
condition was similar across treatments. Previous studies
reported no change in body weight or body condition score
following the addition of AF or clay to the diet;11,12,22 however,
most controlled research studies do not subject cows to AF
contaminated diets for the same dose, duration, and condition that cows may be exposed to with naturally occurring
AF.2 There was a tendency for 8C+AF cows to have a greater
locomotion score compared to other treatments.
Aflatoxin M1
A dose response was observed for AFM1 concentration,
secretion, and transfer (Table 6). AFM1 concentration was
below the detection limit (<0.04 ppb) in all 4C and most CON
milk samples and was recorded as a not detectable (N/D).
One CON sample tested positive for AFM1 on the second sampling day, so there may have been potential contamination
at a feeding. Milk from AF-CON cows contained the greatest
concentration of AFM1. A 23.17% reduction in AFM1 (ppb)
was observed in 4C+AF cows, and a reduction of 45.12% was
observed in 8C+AF cows compared to AF-CON cows. Reduction in AFM1 concentration following administration of a clay
adsorbent is well documented.5,11,12,13,17,22 Previous studies
by Maki et al11,12 and Sulzberger et al22 reported a greater
reduction in AFM1 concentration as clay dose increased. Daily
concentrations of AFM1 by treatment are reported in Figure 1.

Table 5. Body weight, body condition score, locomotion score, and respiratory rate by treatment with differing levels of aflatoxin and aluminosilicate
clay.
Treatment*
Item
CON
4C
AF-CON
4C+AF
8C+AF
SEM†
P-value
1587a
1524cd
1557b
1549bc
10.7
<0.001
BW, lb
1517d
BCS†
3.00
3.04
3.06
3.13
3.03
0.35
0.733
1.25
1.32
1.32
1.21
1.71
0.69
0.057
Locomotion3
Respiratory rate, bpm
41.64
39.71
39.29
44.07
38.93
10.19
0.299
* CON = basal TMR with no aflatoxin (AF) or aluminosilicate clay; 4C = basal TMR plus 4 oz aluminosilicate clay; AF-CON = basal TMR plus 113 ppb
AF; 4C+AF = basal TMR plus 4 oz aluminosilicate clay and 113 ppb AF; 8C+AF = basal TMR plus 8 oz aluminosilicate clay and 113 ppb AF
† BCS = body condition score; largest standard error of the mean
a–b
Means within a row with different superscripts differ (P < 0.05).
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Table 6. Concentration, secretion, and transfer of aflatoxin M1 (AFM1) into milk by dietary treatment with differing levels of aflatoxin and aluminosilicate
clay.
Treatment*
Item
AFM1,

CON
ppb†

Secretion,

4C

8C+AF

SEM‖

P-value

1.64

1.26

0.90

0.38

<0.001

N/D

0.06

0.00

48.04

37.36

28.57

1.46

<0.001

n/a

n/a

1.60a

1.25b

0.95c

0.05

<0.001

d

Transfer, %§

4C+AF

<0.01

d

μg‡

AF-CON
d
d

a
a

b
b

c
c

* CON = basal TMR with no aflatoxin (AF) or aluminosilicate clay; 4C = basal TMR plus 4 oz aluminosilicate clay; AF-CON = basal TMR plus 113 ppb
AF; 4C+AF = basal TMR plus 4 oz aluminosilicate clay and 113 ppb AF; 8C+AF = basal TMR plus 8 oz aluminosilicate clay and 113 ppb AF
† N/D = not detected; The detection limit was set at 0.04
‡ Secretion = concentration of AFM in milk milk yield
*
1
§ Transfer = (µg AFM secreted/µg AFB administered) 100
*
1
1
‖ Largest standard error of the mean
a–b
Means within a row with different superscripts differ (P < 0.05).

Milk from cows consuming the 8C+AF diet remained similar
in AFM1 concentration throughout the experiment. Milk from
cows consuming 4C+AF diets was most concentrated in AFM1
on d 7 and 11 and was least concentrated in AFM1 on d 5. A
dose response reduction of AFM1 concentration with increasing clay dosage was observed on d 7, 11, and 13. On d 3, 5,
and 9 AFM1 concentration was similar between 8C+AF and
4C+AF diets. Milk from cows consuming AF-CON diets was
most concentrated in AFM1 on d 13 and least concentrated

on d 3. Administration of 8 oz of aluminosilicate clay with AF
challenge appeared to result in a more consistent reduction
of AFM1 concentration throughout the study.
Secretion of AFM1 followed a similar pattern to AFM1
concentration with AF-CON cows secreting the greatest
amount of AFM1. Secretion was calculated using a numerical
value of 0.00 for N/D samples. Secretion of AFM1 averaged
0.00 and 0.06 µg/d for 4C and CON cows, respectively. The
presence of AF in the CON group was due to the positive

e
d,e
e

f

e

e

f

f

d,e
e
f

e
f

f

Figure 1. Daily aflatoxin M1 (AFM1) concentrations in milk by dietary treatment with differing levels of aflatoxin and aluminosilicate clay.
CON = basal TMR with no AF or aluminosilicate clay; 4C = basal TMR plus 4 oz aluminosilicate clay; AF-CON = basal TMR plus 113 ppb AF; 4C+AF =
basal TMR plus 4 oz aluminosilicate clay and 113 ppb AF; 8C+AF = basal TMR plus 8 oz aluminosilicate clay and 113 ppb AF.
a-f
indicates differences among the interaction of treatment and day.
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Conclusions

Results from the current study indicate inclusion of
aluminosilicate clay successfully reduces the transfer of
AFM1 in the milk of Holstein cows, resulting in the reduction
of AFM1 concentration in the milk. This study suggests that
administering the aluminosilicate clay at a dose of 8 oz results in further reduction of AFM1 transfer compared to 4 oz;
however, neither dose reduced milk AFM1 below the action
limit of 0.5 ppb. It is important to note that the dose of AFB1
was much greater (5.65x) than the action limit in dairy feeds.
Further research using either reduced AF doses or increased
clay doses may determine the proper dosage of clay to reduce
AFM1 below the action limit. Additionally, further research
would provide insight on the effect of lactation performance
and determine if the increase in milk performance following
the administration of clay can be repeated in subsequent
studies.
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sample reported above. A 22.23% reduction in AFM1 (µg)
secretion was observed in 4C+AF cows, and a secretion reduction of 40.53% was observed in 8C+AF cows compared
to AF-CON cows. Sulzberger et al22 reported linear reductions in AFM1 secretion to the milk, while studies by Maki
et al11,12,13 reported reduction in secretion, but no difference
among clay dose.
Transfer AFM1 was greatest in AF-CON cows, and a
dose-dependent response was observed. A transfer reduction
of 21.88 and 40.63% was observed in cows on the 4C+AF and
8C+AF diets, respectively, relative to the AF-CON diet. Similar
to secretion of AFM1, Sulzberger et al22 reported linear reductions in AFM1 transfer to the milk, while studies by Maki et
al11,12,13 reported reduction in transfer following the addition
of clay, but no difference among clay dose.
Similar patterns have been reported by Maki et al11,12
when administering a calcium montmorillonite clay adsorbent. In both studies, dietary concentrations of AF and clay
were similar to doses used in the current study, but Maki
et al11,12 observed a greater reduction in AFM1 in milk. It is
important to note that AFM1 concentration and transfer of
AF was greater in cows consuming AF with no clay11,12 compared to AF-CON cows in the current study, so variability in
transfer of AF may have resulted in the numerical differences
of AFM1 concentration.
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