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For treatment of cystic ovaries in dairy cattle
For use with cloprostenol sodium to synchronize estrous cycles to allow for fixed time artificial insemination 
(FTAI) in lactating dairy cows and beef cows.
CAUTION: Federal (U.S.A.) law restricts this drug to use by or on the order of a licensed veterinarian.
DESCRIPTION:
CYSTORELIN® is a sterile solution containing 43 mcg/mL of gonadorelin (GnRH) as 50 mcg/mL gonadorelin diacetate 
tetrahydrate suitable for intramuscular or intravenous administration according to the indication. Gonadorelin is a 
decapeptide composed of the sequence of amino acids— 
 5-oxoPro-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2— 
a molecular weight of 1182.32 and empirical formula C55H75N17O13. The diacetate tetrahydrate ester has a molecular 
weight of 1374.48 and empirical formula C59H91N17O21.
Each mL of CYSTORELIN contains:
Gonadorelin diacetate tetrahydrate (equivalent to 43 mcg gonadorelin) ...............50 mcg
Benzyl Alcohol ..........................................................................................................9 mg
Sodium Chloride ..................................................................................................7.47 mg
Water for Injection ....................................................................................................... q.s.
pH adjusted with potassium phosphate (monobasic and dibasic).
Gonadorelin is the hypothalamic releasing factor responsible for the release of gonadotropins (e.g., luteinizing hormone 
[LH], follicle stimulating hormone [FSH]) from the anterior pituitary. Synthetic gonadorelin is physiologically and chemically 
identical to the endogenous bovine hypothalamic releasing factor.
INDICATIONS FOR USE:
Cystic Ovaries
CYSTORELIN is indicated for the treatment of ovarian follicular cysts in dairy cattle. Ovarian cysts are non-ovulated follicles 
with incomplete luteinization which result in nymphomania or irregular estrus. Historically, cystic ovaries have responded 
to an exogenous source of LH such as human chorionic gonadotrophin. CYSTORELIN initiates release of endogenous LH 
to cause ovulation and luteinization.
Reproductive Synchrony
CYSTORELIN is indicated for use with cloprostenol sodium to synchronize estrous cycles to allow for fixed time artificial 
insemination (FTAI) in lactating dairy cows and beef cows.
DOSAGE AND ADMINISTRATION:
Cystic Ovaries
The intravenous or intramuscular dosage of CYSTORELIN is 100 mcg gonadorelin diacetate tetrahydrate (2 mL) per cow.
Reproductive Synchrony
The intramuscular dosage of CYSTORELIN is 100 mcg gonadorelin diacetate tetrahydrate (2 mL) per cow, used in repro-
ductive synchrony programs similar to the following:
1. Administer the first CYSTORELIN injection (2 mL) at Time 0.
2.  Administer 500 mcg cloprostenol (as cloprostenol sodium) by intramuscular injection 6 to 8 days after the first CY-

STORELIN injection.
3.  Administer the second CYSTORELIN injection (2 mL) 30 to 72 hours after the cloprostenol sodium injection.
4.  Perform FTAI 0 to 24 hours after the second CYSTORELIN injection, or inseminate cows on detected estrus using 

standard herd practices.
WARNINGS AND PRECAUTIONS:
Not for use in humans.
Keep out of reach of children.

WITHDRAWAL PERIODS:
No withdrawal period or milk discard time is required when used according to the labeling.

The Safety Data Sheet (SDS) contains more detailed occupational safety information. To obtain a SDS or for technical assis-
tance, contact Merial at 1-888-637-4251. To report suspected adverse drug experiences, contact Merial at 1-888-637-
4251. For additional information about adverse drug experience reporting for animal drugs, contact FDA at 1-888-FDA-
VETS, or http://www.fda.gov/AnimalVeterinary.
PHARMACOLOGY AND TOXICOLOGY:
Endogenous gonadorelin is synthesized and/or released from the hypothalamus during various stages of the bovine estrus 
cycle following appropriate neurogenic stimuli. It passes via the hypophyseal portal vessels, to the anterior pituitary to effect 
the release of gonadotropins (e.g., LH, FSH). Synthetic gonadorelin administered intravenously or intramuscularly also 
causes the release of endogenous LH or FSH from the anterior pituitary. 
Gonadorelin diacetate tetrahydrate has been shown to be safe. The LD50 for mice and rats is greater than 60 mg/kg, and 
for dogs, greater than 600 mcg/kg, respectively. No adverse effects were noted among rats or dogs administered 120 mcg/
kg/day or 72 mcg/kg/day intravenously for 15 days. 
It had no adverse effects on heart rate, blood pressure, or EKG to unanesthetized dogs at 60 mcg/kg. In anesthetized 
dogs it did not produce depression of myocardial or system  hemodynamics or adversely affect coronary oxygen supply or 
myocardial oxygen requirements.
The intravenous administration of 60 mcg/kg/day of gonadorelin diacetate tetrahydrate to pregnant rats and rabbits during 
organogenesis did not cause embryotoxic or teratogenic effects. Further, CYSTORELIN did not cause irritation at the site of 
intramuscular administration in dogs with a dose of 72 mcg/kg/day administered for seven (7) days.
TARGET ANIMAL SAFETY:
In addition to the animal safety information presented in the PHARMACOLOGY AND TOXICOLOGY section, the safety of 
CYSTORELIN was established through the review and evaluation of the extensive published literature available for the use 
of gonadorelin-containing products. 
The intramuscular administration of 1000 mcg gonadorelin diacetate tetrahydrate on five (5) consecutive days to normally 
cycling dairy cattle had no effect on hematology or clinical chemistries.
In field studies evaluating the effectiveness of CYSTORELIN for the treatment of ovarian follicular cysts, the incidence of health 
abnormalities was not significantly greater in cows administered CYSTORELIN than cows administered a placebo injection.
The target animal safety of, and injection site reactions to, gonadorelin when used with cloprostenol sodium were evaluated 
during the conduct of effectiveness field studies. The incidence of health abnormalities was not significantly greater in cows 
administered gonadorelin than cows administered a placebo injection.
EFFECTIVENESS:
The use of CYSTORELIN for treatment of ovarian follicular cysts in dairy cattle was demonstrated to be effective with a 
treatment dose of 100 mcg gonadorelin diacetate tetrahydrate. 
The effectiveness of gonadorelin for use with cloprostenol sodium to synchronize estrous cycles to allow for FTAI in lac-
tating dairy cows was demonstrated in a field study at 10 different locations in the U.S. Four of the locations represented 
conditions that would typically cause heat stress in lactating cows. A total of 1607 healthy, non-pregnant, primiparous or 
multiparous lactating dairy cows within 40-150 days postpartum were enrolled in the study. A total of 805 cows were 
administered gonadorelin (1 mL; 100 mcg gonadorelin as the acetate salt) and 802 cows were administered an equivalent 
volume of water for injection as an intramuscular injection twice in the following regimen:
Day 0: 100mcg gonadorelin (as the acetate salt) or sterile water for injection
Day 7: 500 mcg cloprostenol (as cloprostenol sodium)
Day 9: 100mcg gonadorelin (as the acetate salt) or sterile water for injection
Fixed time AI was performed on Day 10, approximately 11 - 31 hours after the Day 9 injection. Cows were evaluated for 
pregnancy on Day 45 ± 5 days by trans-rectal ultrasound or rectal palpation. Pregnancy rate to FTAI was significantly 
higher (P < 0.0001) in cows treated with gonadorelin (33.4%) than the pregnancy rate to FTAI in cows treated with water 
(13.6%). The environmental condition (heat stress or not heat stress) did not affect the conclusion of effectiveness. The 
effectiveness of gonadorelin for use with cloprostenol sodium to synchronize estrous cycles to allow for FTAI in beef cows 
was demonstrated in a field study at 10 different locations in the U.S. A total of 706 healthy, non-pregnant, primiparous or 
multiparous beef cows within 40-150 days postpartum were enrolled in the study. A total of 364 cows were administered 
gonadorelin (1 mL; 100 mcg gonadorelin as the acetate salt) and 342 cows were administered an equivalent volume of 
water for injection as an intramuscular injection twice in the following regimen:
Day 0: 100mcg gonadorelin (as the acetate salt) or sterile water for injection
Day 7: 500 mcg cloprostenol (as cloprostenol sodium)
Day 9: 100mcg gonadorelin (as the acetate salt) or sterile water for injection
Fixed time AI was performed immediately after the Day 9 injection. Cows were evaluated for pregnancy on Day 55 ± 5 days 
by trans-rectal ultrasound. Pregnancy rate to FTAI was significantly higher (P = 0.0006) in cows treated with gonadorelin 
(21.7%) than the pregnancy rate to FTAI in cows treated with water (7.4%). 
The effectiveness of a 2-mL dose of CYSTORELIN delivering 100 mcg gonadorelin diacetate tetrahydrate (86 mcg go-
nadorelin) for use with cloprostenol sodium to synchronize estrous cycles to allow for FTAI in lactating dairy cows and beef 
cows was also demonstrated through references to scientific literature.
HOW SUPPLIED:
CYSTORELIN is available in a concentration of 50 mcg/mL gonadorelin diacetate tetrahydrate (43 mcg/mL gonadorelin) pH 
adjusted with potassium phosphate (monobasic and dibasic).
CYSTORELIN is supplied in multi-dose vials containing 10 mL and 30 mL of sterile solution.
STORAGE, HANDLING, AND DISPOSAL: Store at or below 77°F (25°C). Brief excursions to 86°F (30°C) are permitted. 
Use within 6 months of first puncture.

NADA 098-379, Approved by FDA
Marketed by:
Merial, Inc.
Duluth, GA 30096-4640 U.S.A.
® CYSTORELIN is a registered trademark of Merial.
© 2017 Merial. All Rights ReservedItem No. 82830201

Prostaglandin Analogue for Cattle 
Equivalent to 250 mcg cloprostenol/mL

CAUTION: Federal law restricts this drug to use by or on the 
order of a licensed veterinarian.

DESCRIPTION:
SYNCHSURE (cloprostenol sodium) is a synthetic prostaglandin 
analogue related to prostaglandin F2a. SYNCHSURE is indicated 
for intramuscular use at a two mL dose to induce luteolysis in beef 
and dairy cattle. The luteolytic action of SYNCHSURE can be used 
to manipulate the estrous cycle to better fit certain management 
practices, to terminate pregnancies resulting from mismatings, 
and to treat certain conditions associated with prolonged luteal 
function.

USES OF SYNCHSURE:
Unobserved or Nondetected Estrus: If a mature corpus 
luteum is present, SYNCHSURE can be used to induce estrus. 
Estrus is expected to occur 2 to 5 days following injection. 
Treated cattle should be inseminated at the usual time 
following detected estrus or twice at 72 and 96 hours post 
injection if estrus detection is not possible or desirable.

Pyometra or Chronic Endometritis: Endometritis is 
inflammation of the uterus and pyometra is characterized by the 
lack of cyclical estrus behavior and the presence of a persistent 
corpus luteum. SYNCHSURE induces luteolysis which usually 
results in evacuation of the uterus and a return to normal cycling 
activity within 14 days after treatment.

Mummified fetus: Induction of luteolysis with SYNCHSURE 
usually results in the expulsion of the mummified fetus from the 
uterus. (Manual assistance may be necessary to remove the 
fetus from the vagina). Normal cyclical activity usually follows.

Luteal Cysts: Luteal cysts may cause abnormal cycling patterns 
in cows. Treatment with SYNCHSURE can restore normal ovarian 
activity by causing regression of the luteal cyst.

Pregnancies from mismating: SYNCHSURE can be used 
to terminate unwanted pregnancies in cattle from 1 week 
after mating until about 5 months of gestation. The induced 
abortion is normally uncomplicated and the fetus and placenta 
are usually expelled 4 to 5 days after the injection. The efficacy 
of SYNCHSURE in inducing abortion decreases after 5 
months of gestation, while the risk of dystocia and additional 
consequences increases.

Controlled Breeding: SYNCHSURE can be used to schedule 
estrus and ovulation for individual animals or a group of 
animals to control breeding times. SYNCHSURE can be used 
in controlled breeding programs through either single or double 
injection protocols. Only animals with a mature corpus luteum 
should be treated with the single injection protocol to obtain a 
maximum response to the single injection. Prior to treatment, 
cattle should be examined rectally and found to be anatomically 
normal and nonpregnant. Before a controlled breeding program 
is planned, the producer and his consulting veterinarian should 
review the operation’s breeding history, herd health and 
nutritional status and agree that a controlled breeding program 
is practical in that particular situation.

The use information provided here is not comprehensive. Talk 
to your veterinarian and consult the full prescribing information 
available at www.synchsure.com for further details on uses of 
SYNCHSURE.

SAFETY AND TOXICITY: AT 50 and 100 times the recommended 
dose, mild side effects may be detected in some cattle including 
increased uneasiness, slight frothing, and milk let-down. The risk 
information provided here is not comprehensive. To learn more,  
talk to your veterinarian about SYNCHSURE or call  
1-888-637-4251. The full prescribing information can be found 
at www.synchsure.com.

CONTRAINDICATIONS: SYNCHSURE should not be given to 
pregnant animals whose calf is not meant to be aborted.

WARNINGS: For animal use only. Do not use in humans. 
Keep out of reach of Children. Women of childbearing 
age, asthmatics and persons with respiratory problems 
should exercise extreme caution with handling this 
product. In early stages, women may not be aware of their 
pregnancies. SYNCHSURE is readily absorbed through the skin 
and may cause abortion and/or bronchiospasms: direct contact 
with the skin should be avoided. Accidental spillage on the skin 
should be washed off immediately with soap and water. 

PRECAUTIONS:
Careful aseptic techniques should be employed to decrease the 
possibility of post-injection bacterial infection. Antibiotic therapy 
should be employed at the first sign of infection. The Safety 
Data Sheet (SDS) contains more detailed occupational safety 
information. For technical assistance, to request an SDS, or 
to report a suspected adverse event, contact Merial Technical 
Support at 1-888-637-4251. For additional information about 
adverse event reporting for animal drugs, contact FDA at 
1-888-FDA-VETS, or http://www.fda.gov/AnimalVeterinary.
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Dose response reduction of aflatoxin M1 in milk of 
Holstein cows administered an aluminosilicate clay 
adsorbent
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1 Department of Animal Science, North Carolina State University, NC 27695
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 Corresponding author: Dr. Stephanie H. Ward, Department of Animal Science, 111D Polk Hall, Box 7621, NC State 

University, Raleigh, NC 27695; shward@ncsu.edu; Phone: 919-515-4015

Abstract

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 great-
est 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 alu-
minosilicate 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). 

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 aluminosili-
cate 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. 

Introduction

Aflatoxins (AF) commonly found in dairy feeds are sec-
ondary metabolites primarily produced by species within the 
Aspergillus genus. Aflatoxin occurs naturally in 4 forms: afla-
toxin 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 na-
tions 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 

PEER REVIEWED
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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 AFB1

18 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 dissociat-
ing 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 contami-
nated 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. 

Materials and Methods

Experimental Design
This study was conducted at the North Carolina De-

partment of Agriculture and Consumer Services Piedmont 
Research Station (Salisbury, NC) in February 2018. Thirty-five 
lactating Holstein cows were utilized in a randomized com-
plete 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 aluminosili-
cate 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) pro-
duced 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 ap-
proximately the top third of feed offered for 13 days. Cows 
were milked at 0800 and 2000 hours in a double seven her-
ringbone 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 con-
dition 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 mea-
sured 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 

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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(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 sub-
tracting 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 treat-
ment period. Broad Spectrum Microtabs II™ tabletsf were 
added to the additional samples after each milking for pres-
ervation 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: 
 SCCSCS = 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 concen-

tration 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 secretedAF transfer = (__________________________) ⨉ 100
 µg AFB1 administered

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 vari-
ables, 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, re-
spectively (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*

Item† CON 4C AF-CON 4C+AF 8C+AF SEM‡ P-value
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
Ash, % DM 4.91bc 5.71ab 4.37c 4.55c 6.09a 0.40 0.019

* 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–bMeans within a row with different superscripts differ (P < 0.05).
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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 pro-
duction 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 in-
creased; 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 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 9.40b 10.03a 10.32a 10.27a 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–bMeans within a row with different superscripts differ (P < 0.05).

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
Milk yield, lb 62.52b 70.21a 66.03ab 65.99ab 69.00a 1.76 0.011
ECM, lb 68.56b 75.89a 79.08a 75.18a 76.22a 1.97 0.003
FE 1.08 1.20 1.17 1.14 1.18 0.03 0.071
Fat, lb 2.49c 2.76b 3.09a 2.90ab 2.85ab 0.09 <0.001
Fat, % 3.87 3.97 4.52 4.38 4.37 0.21 0.118
Protein, lb 2.06bc 2.27a 2.21ab 2.11bc 2.23ab 0.05  0.014
Protein, % 3.28 3.33 3.26 3.18 3.37 0.05 0.116
SNF, lb 5.62c 6.18a 5.90abc 5.78bc 6.11ab 0.14 0.037
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–bMeans 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 aflatox-
ins 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 con-
sistent 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 com-
ponents 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 ob-
served. 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 condi-
tion 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 sam-
pling 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. Reduc-
tion 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
BW, lb 1517d 1587a 1524cd 1557b 1549bc 10.7 <0.001
BCS† 3.00 3.04 3.06 3.13 3.03 0.35 0.733
Locomotion3 1.25 1.32 1.32 1.21 1.71 0.69 0.057
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–bMeans within a row with different superscripts differ (P < 0.05).
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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 increas-
ing 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 

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 CON 4C AF-CON 4C+AF 8C+AF SEM‖ P-value

AFM1, ppb† <0.01d N/Dd 1.64a 1.26b 0.90c 0.38 <0.001

Secretion, μg‡ 0.06d 0.00d 48.04a 37.36b 28.57c 1.46 <0.001

Transfer, %§ n/a n/a 1.60a 1.25b 0.95c 0.05 <0.001

* 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 AFM1 in milk * milk yield
§ Transfer = (µg AFM1 secreted/µg AFB1 administered) * 100
‖ Largest standard error of the mean
a–bMeans within a row with different superscripts differ (P < 0.05).

d,e
e

e
e e

d,e
e

e

f f f f 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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sample reported above. A 22.23% reduction in AFM1 (µg) 
secretion was observed in 4C+AF cows, and a secretion re-
duction of 40.53% was observed in 8C+AF cows compared 
to AF-CON cows. Sulzberger et al22 reported linear reduc-
tions 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 reduc-
tions 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 adsor-
bent. 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 com-
pared to AF-CON cows in the current study, so variability in 
transfer of AF may have resulted in the numerical differences 
of AFM1 concentration.

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 re-
sults 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. 

Endnotes

a PMI Additives, Arden Hills, MN
b Calan Broadbent Feeding System, American Calan, North-

wood, NH
c Afimilk Ltd., Kibbutz, Israel 
d Dairy One, Forage Analysis Laboratory, Ithaca, NY
e Thomas Wiley mill, model 4, Thomas Scientific, Swedesboro, 

NJ

f Broad Spectrum Microtabs II™ tablets, Weber Scientific®, 
Hamilton, NJ

g United Federation of DHIA, Radford, VA
h Bently FTS Combi, Chaska, MN
i SAS® version 9.4, SAS Institute Inc., Cary, NC
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