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ABSTRACT
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ruptive syndrome” in calves. Onderstepoort Journal of Veterinary Research, 76:209-225

During the mid 1990s a potentially serious, chronic syndrome was reported in well-managed beef and
dairy herds from unrelated parts of South Africa. Farmers reported that it manifested as various com-
binations of decreased production, decreased weaning masses, apparent immune breakdown in pre-
viously immunocompetent animals, increased reproductive disorders, various mineral imbalances in
non-deficient areas and goitre, noticeable as enlarged thyroid glands. The farmers associated this
syndrome with certain batches of sugar cane molasses and molasses-based products. The syndrome
was reminiscent of an “endocrine disruptive syndrome”.

The objective of this study was to evaluate the suspected endocrine disruptive effect of molasses in-
cluded in cattle feed. Using existing in vitro assays, four batches of molasses syrup were screened for
possible inclusion in a calf feeding trial. Two batches were selected for the trial. Thirty-two, 4- to
6-week-old, weaned Holstein bull calves were included in the single phase, three treatment, parallel
design experiment. In two of the groups of calves, two different batches of molasses were included in
their rations respectively. The control group was fed a ration to which no molasses was added, but
which was balanced for energy and mineral content. The mass gain of the calves was recorded over
the 6-month study period. The calves were clinically examined every week and clinical pathology
parameters, immune responses and endocrine effects were regularly evaluated.

Even though endocrine disrupting effects were detected with the in vitro screening assays, these
could not be reproduced in the calves in the experiment. The two batches of molasses utilized in the
calf feeding trial did not induce major differences in any of the parameters measured, with the excep-
tion of a lower mass gain in one of the molasses-fed groups (Group 1), which tended towards signifi-
cance.

The results of the study indicate that the two batches of molasses had no endocrine disruptive or im-
munosuppressive effects in calves.
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INTRODUCTION

During the mid 1990s a chronic, potentially serious
syndrome was reported in well-managed beef and
dairy herds in various unrelated parts of South
Africa, which manifested as combinations of:

e decreased weaning mass;

e apparent immune deficiency/incompetence/
breakdown resulting in calf diarrhoea, mastitis,
pneumonia, footrot, verminosis in adult stock
and relapses of protozoal diseases in animals
considered to be immunocompetent;

* decreased milk yield and loss in condition, par-
ticularly of dairy cows;

e increased reproductive disorders with poor con-
ception, resorptions of foetuses and abortions;

e various mineral imbalances, such as copper de-
ficiency in non-deficient areas, selenium defi-
ciency in spite of a kidney selenium excess and
high kidney lead concentrations; and

e goitre manifesting as enlarged and/or cystic thy-
roids in both adults and aborted foetuses.

Although the cause was unknown, farmers related
this syndrome to the feeding of certain batches of
sugar cane molasses and molasses-based prod-
ucts. This was based on a causal relationship, as all
the affected animals were feeding on molasses or
molasses-based products. Further support came
from the dramatic improvements observed in health
and productivity that often followed the withdrawal
of the molasses component from the diet.

The reported syndrome shares many similarities
with an “endocrine disruptive syndrome” (EDS), a
relatively new concept in toxicology that has been
well described in humans and in a variety of wildlife
species (Colborn, Vom Saal & Soto 1993; Lamb
1996; Guillette 2000a & b), but never before in cat-
tle. Although this syndrome is yet to be identified in
cattle, it has been predicted that, should it ever oc-
cur in cattle, it would be characterized by infertility
and immunosuppression (Rhind 2002).

Endocrine disruptive compounds (EDCs) are exog-
enous substances or mixtures that alter the func-
tions of the endocrine system and consequently
cause adverse health effects in an intact organism
or its progeny (IPCS—International Programme on
Chemical Safety Steering Group 1998). Most EDCs
have the ability to act as either hormone agonists or
antagonists and/or disrupt production, secretion,
transportation, metabolism, receptor binding and
excretion of natural hormones which regulate devel-
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opmental processes and support endocrine home-
ostasis in the organism (Kavlock, Daston, DeRosa,
Fenner-Crisp, Gray, Kaattari, Lucier, Luster, Mac,
Maczka, Miller, Moore, Rolland, Scott, Sheehan,
Sinks & Tilson 1996). This ability of EDCs may,
amongst others, result in oestrogenic, anti-oestro-
genic, androgenic and anti-androgenic effects,
which will affect the normal reproductive functions
of animals (Li & Hansen 1996). Endocrine disrupt-
ing effects are not confined to effects on steroidal
hormones; it has been demonstrated that a number
of these environmental agents can alter thyroid hor-
mone levels in humans and animals (Langer, Taj-
takova, Fodor, Kocan, Bohov, Michalek & Kreze
1998; Ishihara, Sawatsubashi & Yamauchi 2003).
Some of the most important compounds included in
this classification are: organohalogen compounds,
phthalates, bisphenol A, alkylphenols and other
compounds such as phyto-oestrogens (naturally
occurring plant oestrogens) (Colborn, Dumanoski &
Myers 1996). A similar group of compounds, re-
ferred to as “immunotoxicants”, are pollutants often
classified with EDCs and are thought to affect the
immune system, mainly by disrupting B- and T-cell
homeostasis (Sweeny 2002). For a more extensive
discussion a full review is available by Colborn et al.
(1996) and Norris & Carr (2006).

Even though there is a paucity of scientific literature
on possible reproductive effects of EDCs in cattle,
concerns have been expressed about the potential
effects on reproductive health and immune status of
farm animals following exposure to a range of natu-
ral and synthetic environmental compounds that
disrupt normal hormonal homeostasis (Sweeney
2002; Brevini, Cillo, Antonini & Gandolfi 2005). In
the past few years, more evidence regarding the ef-
fects of exposure to multiple pollutants on animal
production has become available (Meijer, De Bree,
Wagenaar & Spoelstra 1999).

To date there have not been many controlled stud-
ies that have confirmed adverse effects of EDCs in
cattle, although there is sufficient evidence that
there are causal relationships between EDCs and
production and reproductive functions of farm ani-
mals (Rhind 2005). Furthermore, it is also important
to consider the age of the animals at the time of
exposure to EDCs. Their impact might be more ap-
parent in the developing foetus and post-natal off-
spring as many of the normal homeostatic endo-
crine feedback mechanisms and the immune
system are not yet fully developed and there is a
greater potential for low dose EDC exposures to ex-
ert adverse effects on those systems (Crisp, Clegg,
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Cooper, Wood, Anderson, Baetcke, Hoffman, Mor-
row, Rodier, Schaeffer, Tovart, Zeeman & Patel
1998; Sweeny 2002).

Molasses is concentrated syrup of sugar cane con-
sisting of structural sugars, hemicelluloses and min-
erals, and is usually obtained as a by-product of
sugar refining operations. It is an important compo-
nent of stock feed in South Africa and the rest of the
world, serving as a highly fermentable carbohydrate
source of energy for growth and maintenance.
Moreover, molasses is often included in a ration to
improve its palatability, improve rumen microbial ac-
tivity, increase microbial protein synthesis, reduce
dustiness of the ration or act as a binder for pellet-
ing (Perry, Cullison & Lowrey 1999).

Apart from molasses’ ability to deplete copper re-
serves, attributed to its high sulphur content (Beames
1959; Arthington & Pate 2002) and a condition
known as “molasses toxicity” (McDonald, Edwards,
Greenhalg & Morgan 1995), no other deleterious ef-
fects caused by it have been reported in the past.
Due to its widespread use in cattle feed, it was con-
sidered necessary to ascertain if there was indeed a
problem with molasses. Thus, a scientifically con-
trolled study to investigate the suspected toxicity of
molasses was essential in order to improve our un-
derstanding of the syndrome.

The objectives of this project were threefold:

e to perform an initial screening of four batches of
molasses in order to select two potential harmful
batches for inclusion in a calf feeding trial;

¢ to ascertain if specific batches of molasses could
reduce growth and production in calves by com-
paring their mass gain over a 6-month study pe-
riod; and

e to evaluate the safety of molasses by evaluating
clinical and clinico-pathological parameters, im-
mune responses and endocrine effects between
the groups of calves.

MATERIALS AND METHODS
Molasses screening tests

Molasses syrup samples from four different sugar
mills were collected. Two of the sugar mills (Mills 1
and 2) were situated in the southern part of South
Africa, where sugar cane is harvested after 2 years
of growth—these samples were collected directly
from the bulk tanks. The other two sugar mills (Mills
3 and 4) were situated in the northern part of South
Africa, where sugar cane is harvested after 12

months—these samples were collected directly
from the production line. The four batches of molas-
ses were analysed by the Institute for Soil, Climate
and Water (ISCW), Pretoria to determine their
chemical and nutrient composition.

As no single in vitro test is able to detect all proper-
ties of hormonally active substances a battery of
tests (including in vivo tests) were performed to
evaluate results (Eertmans, Dhooge, Stuyvaert &
Combhaire 2003). Ethyl acetate and acetone ex-
tracts (obtained using analytical grade reagents) of
the four batches of molasses were prepared and
sent to different laboratories for oestrogenicity, im-
munotoxicity and thyroid activity assays as de-
scribed below.

Oestrogenicity assays

A cell proliferation assay, using a human cancer cell
line (MCF-7) to measure oestrogenic activity (Lipp-
man & Huff 1976), was performed by the Medical
Faculty of the Texas A & M University, USA. The
assay was repeated three times and the average
calculated.

A “yeast screen” was conducted by the Ecophysi-
ology Laboratory, Department of Botany and Zool-
ogy, University of Stellenbosch, South Africa. This
test utilizes yeast cells, transfected with the human
oestrogen receptor (Gray, Kelce, Wiese, Tyl, Gaido,
Cook, Klinefelter, Desaulniers, Wilson, Zacharewski,
Waller, Foster, Laskey, Reel, Giesy, Laws, McLach-
lan, Breslin, Cooper, Di Giulio, Johnson, Purdy,
Mihaich, Safe & Colborn 1997).

In addition, a frog vitellogenin (Vtg) assay was done.
In this study, male frog (Xenopus laevis) liver slices
were exposed to molasses extracts and the Vig
synthesized by the liver slices, as an indication of
oestrogenic activity, was measured by means of
radio-immunoassay (Van Wyk, Pool & Leslie 2003).
This assay was performed by the Ecophysiology
Laboratory, Department of Botany and Zoology,
University of Stellenbosch.

Immunotoxicity screening tests

Gamma-interferon (y-IFN) was assayed (using a
BoviGam ELISA kit), to evaluate the production of
v-IFN in response to mitogenic stimulation of bovine
peripheral blood mononuclear cells, as an indica-
tion of immunosuppressive activity (Maue, Waters,
Palmer, Whipple, Minion, Brown & Estes 2004).
This assay was performed by the Medical Faculty of
the Texas A & M University, USA.
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The production of interleukin-6 (IL-6), another indi-
cator of immunosuppressive activity, was also meas-
ured by the Ecophysiology Laboratory, Department
of Botany and Zoology, University of Stellenbosch.
After incubation of molasses samples with human
blood, the supernatants were assayed for IL-6 con-
centrations. The difference in IL-6 response was
then calculated and expressed as a percentage re-
covery using a control sample containing no extract
as 100 % recovery. Samples giving recoveries of
less than 90 % are considered to indicate inflamma-
tory response suppression (Pool, Johaar, James,
Petersen & Bouic 1998; Pool, Robson, Smith, Van
Wyk & Myburgh 2002).

Thyroid hormone (TH) activity test

A widely used screening test, the frog metamorpho-
sis assay based on the assessment of tail resorp-
tion by X. laevis tadpoles, was performed to assess
thyroid activity (Eertmans et al. 2003; Turque, Pal-
mier, Le Mevel, Alliot & Demeneix 2005). In this
study the tadpoles were exposed to triiodothyronine
(T,;) and thyroxine (T,) as well as molasses and
combinations of T, and molasses. Tail biopsies
from metamorphic tadpoles were collected at 48
and/or 96 h post-treatment. The level of thyroid hor-
mone receptor B (TRB) mMRNA was evaluated by
means of a reverse transcription-polymerase chain
reaction (RT-PCR). This assay was performed by
the Ecophysiology Laboratory, Department of Bot-
any and Zoology, University of Stellenbosch.

Calf feeding trial

Experimental animals, housing and nutrition

Thirty-two, 4- to 6-week-old, weaned Holstein bull
calves of approximately the same mass, supplied
by the same rearing facility, were adapted to their
new environment over a 4 week period. During the
adaptation period they received the same starter ra-
tion on which they were reared. The calves were
subsequently included in a single phase, three
treatment, parallel design experiment. Before inclu-
sion into the study all the animals were clinically ex-
amined (normal general appearance and habitus,
temperature, respiratory and heart rates, rumen
movements, absence of noticeable clinical signs of
disease) and clinical pathology parameters (hae-
matology, serum proteins, serum enzyme activities
and serum urea nitrogen (SUN) and creatinine)
were determined. The calves were weighed before
commencement of the trial, ranked from the heavi-
est to the lightest and sorted into replicates of three
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animals each. Within each replicate the calves were
randomly allocated, by means of a table of random
numbers, to the treatment groups.

The calves (n = 32) were allocated to three groups
and each group was fed one of the following rations
at 3 % body mass:

Group 1: a ration containing 6 % of molasses
(“as is” basis) from Mill 1 (n=11)
Group 2: a ration containing 6 % of molasses

(“as is” basis) from Mill 4 (n=10)

Control Group: a ration to which no molasses was
added, but approximately 3 % fer-
mentable sugar (sucrose, glucose
and fructose) and minerals (mainly
potassium, magnesium and sul-
phate) equivalent to that of the na-
tional average for molasses (as sup-
plied by the Sugar Milling Research
Institute (SMRI), University of Kwa-
Zulu-Natal, Durban) were added to
it to compensate for the mineral and
energy content of molasses (n =
11).

Eragrostis hay (both E. curvula and E. tef) was also
available ad libitum and the calves had free access
to potable municipal water.

The calves were weighed weekly and the amount of
the ration to be fed was adjusted accordingly. The
rations were balanced by an independent nutrition-
ist to ensure that they were equivalent in all aspects.
The three different rations were mixed separately in
batches of one ton each. The mixer used for this
procedure was cleaned of all loose material before
mixing and the control ration without molasses was
always mixed first followed by the two molasses-
containing rations.

The calves were individually housed, in pens, at the
University of Pretoria’s Biomedical Research Centre,
Onderstepoort so that each calf only had access to
its own feed. Animals were allowed access to an
adjacent communal camp, for approximately 6 h a
day, during weekdays for exercise and socializa-
tion.

Feed and water analysis

Samples of each batch of feed (eight in total) were
collected and submitted for complete feed analyses
to UP Nutrilab, Department of Animal and Wildlife
Sciences, Faculty of Natural and Agricultural Sci-
ences, University of Pretoria. The analyses were
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performed according to the laboratory’s official
standard operating procedures (Giron 1973; Asso-
ciation of Official Analytical Chemists 2000).

Water samples were collected at commencement of
the trial and submitted to the ISCW for ICP-MS
analysis.

Clinical examination

The animals were observed daily for any abnormal-
ities. Diarrhoea was included as part of the clinical
signs, when:

e calves exhibited mild diarrhoea (semi-formed to
soft) on 3 or more days during the specific week;

e calves exhibited moderate diarrhoea (soft to wa-
tery) on 2 or more days during the specific week;
and

e calves exhibited severe diarrhoea (watery) on
one or more occasions during the specific week.

The calves were clinically examined every week.
However, daily clinical examinations were per-
formed whenever an animal’s physical condition de-
teriorated. Due to persistent diarrhoea in a number
of calves, faecal samples were collected from six
animals on Day 90 of the trial and screened for coc-
cidial oocysts and helminth eggs and submitted to
the Department of Veterinary Tropical Diseases,
Faculty of Veterinary Science, University of Pretoria
for bacterial culture. Faecal samples were also sent
for virus particle identification by electron microsco-
py (EM) to the Department of Anatomy and Physi-
ology, Faculty of Veterinary Science, University of
Pretoria

Body mass

The animals were weighed weekly on a calibrated
digital built-in floor scale and the weekly mass gain
was calculated.

Clinical pathology

Clinical pathology parameters were assessed be-
fore the commencement of the trial and on Days
120 and 148 after the experiment commenced. The
following parameters were determined by the Clin-
ical Pathology Laboratory, Faculty of Veterinary
Science, University of Pretoria:

e Haematology (red cell count, white cell count [in-
cluding differential count], thrombocyte count,
haematocrit);

e Serum proteins (total serum proteins, albumin
and globulins);

e Serum enzyme activities (alkaline phosphatase
[ALP], y-glutamyltransferase [GGT], lactate de-
hydrogenase [LDH] and aspartate aminotrans-
ferase [AST]); and

e Serum nitrogenous compounds (urea & creati-
nine).

Thyroid hormone analyses

The animals were bled once before commence-
ment of the trial (Day 0) and three times during the
trial to measure triiodothyronine (T,) and thyroxine
(T,) concentrations. The latter were at 1 month (Day
29), at 3 months (Day 86) and at 5 months (Day
148). The analyses were performed by the staff of
the Endocrinology Laboratory, Faculty of Veterinary
Science using a Coat-A-Count Total T,/T, method
(Diagnostic Products Corporation, USA).

Testosterone analysis

Serum of the 32 animals, bled on Day 154 of the
feeding trial, was submitted to the Reproduction
Laboratory, Faculty of Veterinary Science, University
of Pretoria, for determination of total testosterone
concentrations. The analysis was performed by
means of a Coat-A-Count Total Testosterone radio-
immunoassay (Diagnostic Products Corporation,
USA).

Tests to assess immune status of the calves

All the animals, which had been vaccinated at 4
weeks of age against Mannheimia haemolytica, in-
fectious bovine rhinotracheitis (IBR) and bovine vi-
ral diarrhoea (BVD) with Bovi-Tect PI® (Intervet SA
(Pty), Ltd) at the rearing facility, were bled on Day
120 of the feeding trial to assess their immune com-
petence. Serum samples were submitted to the
Department of Veterinary Tropical Diseases, Fac-
ulty of Veterinary Science for an indirect fluorescent
antibody (FA) test for IgG antibodies against IBR.

Serum samples from Day 120 were also sent to the
ARC-Onderstepoort Veterinary Institute (OVI) to de-
termine Brucella antibody titres using the comple-
ment fixation test (CFT). Following blood collection,
the calves were immunized (on Day 120) with
Brucella abortus Strain 19 vaccine®, (Onderstepoort
Biological Products). Four weeks later blood was
again collected and the CFT repeated to measure
antibody titres in all the experimental animals (Coet-
zer, Thomson & Tustin 1994).

A “Brucella protein allergen skin test” was per-
formed in all the calves on Day 170 of the trial. An
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area of the skin of the neck was selected in each
animal and its thickness was measured using a cal-
liper.

Animals were then injected intradermally with Bru-
cellergene OCB® (Synbiotics Corporation), a Bru-
cella protein allergen. The skin thickness was again
measured 72 h later (Day 173) to evaluate the in-
flammatory reaction against the allergen.

A “Lymphocyte transformation test” was done im-
mediately before commencement of the feeding trial
and after 4 months (Day 120 of the trial), to ascer-
tain the immune competence of the animals. The
lymphocytes were challenged with the mitogen,
Concanavilin A (Con-A) (Van Kleef, MacMillan, Gun-
ter, Allsop, Shkap & Brown 2000). An unstimulated
animal was used as control. This test was performed
by the Division of Molecular Biology, OVI.

Immunoglobulin G (IgG) and Immunoglobulin M
(IgM) were first measured at the beginning of the
trial to determine a basal level. The animals were
bled again at 4 months (Day 120) and at 5 months
(Day 154), before and after the immunization with
Brucella abortus Strain 19 vaccine, to determine
their immunoglobulin titres and therefore their im-
mune competence. The titres were determined by
the Clinical Pathology Laboratory, Faculty of Vet-
erinary Science, University of Pretoria.

Post-mortem analyses

The animals were slaughtered during Week 26 of
the trial at an approved abattoir. The carcass mass
of each animal was recorded at slaughter.

Samples of various organs or tissues were collect-
ed at necropsy. These included: cerebrum, cerebel-
lum, midbrain, brainstem, heart, lung, rumen wall,
small and large intestine, several lymph nodes,
spleen, liver, kidney, testis, thyroid gland, pancreas,
thymus and adrenal gland.

Samples for histopathology (10 mm thickness) were
collected and fixed in 10 % buffered formalin. The
tissues were routinely processed, embedded in par-
affin wax, cut and mounted on glass slides, and
stained with haematoxylin and eosin. The organs
were evaluated macroscopically and the histopa-
thology slides were viewed under a light microscope
by two independent pathologists.

Various tissue samples were submitted to the
Bacteriology Division, OVI, for Brucella culture. The
following tissues were collected: retropharyngeal-,
superficial inguinal and prescapular lymph nodes,
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tonsils, spleen, testis and epididymus. Bacterial cul-
ture was done using standard techniques (Alton,
Jones, Angus & Verger 1988).

Liver samples (100—200 g) were also collected and
submitted to the UP Nutrilab for copper (Cu), iron
(Fe), manganese (Mn) and zinc (Zn) determination
by means of atomic absorption spectrophotometry
(Giron 1973).

Statistical analyses

The data were captured and arranged in animals
per replicate. Various statistical analyses were per-
formed by Statistical Consultation Service, Potchef-
stroom Campus of the University of North-West. All
statistical calculations were performed using a sta-
tistical programme (StatSoft. Inc. 2005). The signifi-
cance level was set at P < 0.05. Clinical significance
was based on the partial eta-square. An eta-square
value of 0.14 can be viewed as a large effect (Cohen
1988).

One-way analysis of variance (ANOVA) on experi-
mental groups was utilized to test for differences in
carcass masses, the Brucella complement fixation
test and testosterone concentration.

Repeated measures analyses were done on weekly
mass gains, T,, T, 1gG and IgM levels. These were
followed by two-way ANOVA on groups within
block-replicates. Tukey multiple comparisons were
performed to compare groups or Bonferroni multiple
comparisons to compare different times over all
groups.

A two-way ANOVA on groups within block-repli-
cates was used for monthly mass gain, the Brucella
skin test and the lymphocyte transformation test.

RESULTS
Molasses screening tests

The selection of the molasses to be used in the calf
feeding trial was based on the laboratory screening
tests (Table 1) since no major differences were no-
ticeable in the chemical and nutritional composition
of the four batches (Table 2). Molasses from Mill 1
showed the highest oestrogenic activity based on
the MCF-7 assay as well as in the yeast screen and
a marked immunosuppressive activity with the y-
IFN assay. Molasses from Mill 4 showed the highest
immunosuppressive effect with the IL-6 assay and a
high TH activity. Based on the results obtained with
these laboratory screening tests, molasses from
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TABLE 1 Screening tests results

Test* MCF-7 Yeast screen Vig v-IFN IL-6 Thyroid
toxicity
Laboratory Texas Stellenbosch Stellenbosch Texas Stellenbosch Stellenbosch
Mill 1 blank 0.50D 7 pg/me
Mill 1 sample 2 729 ppt 3.00D 2-12 pg/m? 0.30D 92 % 0.23 units
Mill 2 blank 0.50D Negative > 90 %
Mill 2 sample 1 090 ppt 0.6 OD Negative 1.10D 89 % 0.18 units
Mill 3 blank 0.6 OD 2 pg/mé
Mill 3 sample 1 090 ppt 1.50D 40 pg/me 1.30D 73 % 0.21 units
Mill 4 blank 0.6 OD 2 pg/mé
Mill 4 sample 467 ppt 1.30D 5-25 pg/mt 1.35 0D 68 % 0.32 units
* Maximum results in bold text
TABLE 2 Chemical and nutritional analyses of molasses
Nutritional data Mill 1 Mill 2 Mill 3 Mill 4 National
average*
Dry solids (%) 77.05 74.89 81.45 79.03
Fructose (%) 6.7 7.7 9.5 8.9 7.4
Glucose (%) 4.3 5.2 7.4 6.5 5.2
Sucrose (%) 27.7 27.6 28.1 27.6 31.3
Starch (ppm) 1342 1586 922 542 1900
Elements (mg/kg) on an “as is” basis
Arsenic 0 0 1.1029 2.3084
Beryllium 0.0166 0.0188 0.027 0.022
Boron 8.5466 12.1501 21.615 9.8574
Cadmium 0.3039 0.3229 0.3215 0.324
Chromium 0 0 0.1351 0.2778
Cobalt 0.614 1.0301 1.6929 1.7604
Copper 2.5636 2.6086 3.179 4.8766
Lead 1.1576 1.4927 0.9294 1.24
Lithium 0.1509 0.1034 0.1587 0.1302
Mercury 1.1796 0.9608 0.9263 1.3735
Molybdenum** <0.01 - - 0.17
Nickel 1.8036 3.1614 4.2833 13.3637
Selenium 3.8844 3.6116 3.6971 3.8244
Tin 0.0937 0.2538 0.1771 0.0816
Uranium 0 0 0 0
Vanadium 0 0 0 0
Zinc 13.9484 16.4702 14.3986 17.598

*

Information supplied by the Sugar Milling Research Institute
**  Analysed by Central Analytical Laboratories, Pretoria

from Mills 1 and 4 was selected to be used in the
feeding trial.

Calf feeding trial

Feed and water analysis

The mean values of the feed analyses of the eight
samples collected during the trial were calculated
for each group. The results are presented in Table

3. There were no major differences in the composi-
tion of the rations fed to the three groups. Water
analysis results confirmed that all values were with-
in normal ranges.

Clinical examination

Bouts of diarrhoea were observed in all the calves
before and during the first half of the feeding ex-
periment (Fig. 1). However, Group 2 had a higher
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TABLE 3 Feed and mineral analyses on an “as is” basis

Group 1 Group 2 Control Group

Mean = SD
DM (g/100 g) 87.2+0.40 87.1+£0.44 88.0 £ 0.43
Moist (g/100 g) 12.8 + 0.40 12.8 + 0.44 11.9 £ 0.43
Ash (g/100 g) 5.5+0.32 5.5 +0.42 6.6 + 0.52
CP (g/100 g) 12.7 + 0.54 12.8 £ 0.70 12.5 + 0.56
C Fat (g/100 g) 3.87 +1.37 3.8+1.23 3.7+1.26
ME (MJ/kg) 15.93 £ 0.34 15.9 + 0.26 15.7 £ 0.40
Ca (g/100 g) 0.77 £ 0.05 0.78 £ 0.08 0.82 £ 0.07
P (9/100 g) 0.38 + 0.06 0.37 + 0.06 0.46 + 0.06
Mg (g/100 g) 0.19 £ 0.03 0.19 £ 0.03 0.22 £ 0.03
Cu (mg/kg) 31.01 +6.09 30.76 + 4.34 34.86 + 9.58
Fe (mg/kg) 356.11 + 99.08 357.37 + 93.47 340.86 + 62.27
Zn (mg/kg) 121.90 = 8.55 125.11 £ 9.81 140.72 £ 22.01
Mn (mg/kg) 71.29 £ 14.98 62.92 + 13.11 113.78 £ 59.52
K (9/100 g) 0.99 + 0.11 1.04 £ 0.06 1.32+0.18
Na (g/100 g) 0.17 £ 0.05 0.22 £ 0.07 0.19 £0.07

SD = Standard deviation

number of animals with diarrhoea, but this did not
affect their mass gain. No viral particles were no-
ticed with the EM scan and no bacterial pathogens
were cultured in any of the samples. The diarrhoeal
fluid was also negative for coccidial oocysts and
helminth eggs.

Calf 8 from Group 1 was hospitalized on Day 93 of
the trial due to severe persistent diarrhoea; it made
an uneventful recovery and was returned to the
group. Four months after the commencement of
molasses feeding, one of the calves from the con-
trol group (Calf 5) developed an abomasal displace-
ment which was corrected surgically. When the dis-
placement re-occurred on Day 162 of the trial, the
calf was slaughtered in the abattoir. Another animal
from Group 1 (Calf 28) developed an upper respira-
tory tract infection on Day 157, it was treated with an
antibacterial agent [danofloxacin, Advocin®, Pfizer
Laboratories (Pty) Ltd] and a non-steroidal anti-in-
flammatory drug [flunixin meglumine, Cronyxin®,
Kyron Laboratories (Pty) Ltd.] and subsequently re-
covered.

Body mass

The mean live body mass of the three groups are
depicted in Fig. 2. No significant differences be-
tween the groups were noticed throughout the trial.

The weekly mass gain of each animal was calcu-
lated against its initial mass at the beginning of the
trial (Fig. 3). Average weekly mass gains of the two
molasses-fed groups were compared with those of
the Control Group (Fig. 4). A notable lower mean
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mass gain, although not statistically significant, oc-
curred in Group 1 compared with Group 2 and the
Control Group. However, when the experimental er-
ror was corrected (due to the large differences in
body mass between different replicates) the month-
ly mass gain was only statistically significantly (P =
0.025) lower in Group 1 at 4 months following mo-
lasses feeding and at no other time.

Clinical pathology

The mean of the clinical pathology parameters was
calculated for each group (Tables 4 and 5). All the
parameters fluctuated within or near normal ranges.

Thyroid hormone analyses

The results of the T, and T, analyses were plotted
(Fig. 5 and 6). The mean T, concentrations of the
three groups showed similar curves. Group 1 showed
a slightly lower mean T, concentration compared to
the other two groups at 3 months after commence-
ment of molasses feeding. However, no statistical
significant difference could be demonstrated. In the
Control Group an appreciable decrease in mean T,
concentrations occurred from the initial bleeding be-
fore the molasses feeding commenced, up to 3
months of molasses feeding.

Testosterone analysis

There were no significant differences amongst the
groups with regard to their mean testosterone con-
centrations (Table 6).



M.S. MASGORET et al.

uoljeInep pJepuels = s

710l F .28 609 ¥8'G8 00'8 618 ¥8'6 ¥ 0'¢6 18V F9'L6 6€'6 ¥ ¥'€6 LS F 0L ve'L¥9'G9 88'6 ¥ §'89 €e1-0} (¢owr) yea1n
80'L F¥'€E €1LFv0e €90F I'E €L F9¢ ¢6'0F97¢ L0'LF6'€ IS LF6°L 8L0F VL gL¥98 L0-9'¢ (310ww) eain
ccve¥2698 L | L'86LEFVOL6 L 8¢ ¥ 606 | L€C ¥ 668 | G'LLLFC06L ) | L'EveF L'E88 | 66E FEI8 | v'LECF G IOL L 98V ¥ /98 | G88¢—8¢ ¥n) al
cErFG9le LY F6'le €9'G6F6'€C 0S¢+ ¥9l 8L'€F691l GL'E€F 99l 0c'S+Fl'ee 86°'€ ¥ 161 €2'9F¢20¢c Sv—0 (¥n) 199
G0'6 969 €L LF€69 00'¥L F289 02’8 989 6CLFOLL 8291 .08 GL61 FG'/LS 129%F 019 1G'G2 ¥ 6'89 191-1¢ (¥/n) LSv
6,°/8 ¥ 0'89¢ v'ChlL F€6€2 7'99 ¥ €992 1'8LF /.82 199 ¥ £°€9¢ 8'€0l F9°L/2 9vSL Fv'L6C 7120} ¥ 8962 2'0L*8¢se 82E—¢€¢€ @/n) dv
LLOF L) 91'0 F¥6°0 9L'0F 0’} SLOF L'} 9L0F L'} 800F L'} 0c0* L'} €20F2Cl 6L'0FC'} 7' 1-60 ON
66V ¥ .L'2CE 89°€ ¥ |9°GE cr'y FCve 0V F0'Ie L0V *8'1€ 89Cc*F/L'lE G0'S F9'6¢C G8'v ¥ 2562 ve'v ¥ .'8¢ cv—8¢ (#/6) a019
66 FOVE G8'¢c F ¥g'ee 6y’ L ¥8¢E VWL FLEE 89l F90°€E 6'0F0'€e Gg'c F9ce Sl'e¥lcee 26’0 F €€ 18-8¢ @/0) a1v
Y6V ¥ 999 €2'¢ ¥48'89 66°'€ ¥ 699 8LV F.L¥9 8.°€ ¥ 98'Y9 c0'e+FLv9 60°'G ¥ 1’29 ¢8'€ F€L°29 L0V F 1’29 8/-G9 #/6) dSL
as = ueap
dnouy jouo) ¢ dnoip L dnotn | dnouyn jonuo) ¢ dnoip L dnotn | dnouyn jonuo)d ¢ dnoip 1 dnoun _M.VM__M«—,.__
vS1L Aeq ozl Aea lel} alojag
salAlloe swAzus pue spunodwod snouabouyu ‘suigioid wnies G 31gv.L
uoljelnsap plepuels = s
9€°0v I ¥ 999 98t F ¥'¥09 .'66 F €89 9L LLEF0V9 9628 F G99 2'8L F9'8€9 G'0¥c ¥ 096 6'G8¢ F c08 €/lev ¥220 | 009—-002 (3/601X) O 4uL
70’0 ¥ €00 ¢L'0F600 €0'0 F€00 0F000 60°'0F90°0 90'0 F ¥0°0 L0 F €200 60°0F 200 L0'0F €00 ¢'0-00 (#/601X) osegqy
OL'0OF¥00 6€°0 F G20 S0'0 F¥0°0 L€'0F900 70’0 ¥ €00 L'0F 200 600+ ¥0°0 G0'0F 200 L0 FG0°0 ¥'¢—00 (#/601X) so3qY
v¥'0F 680 9€'0 F ¥8°0 ¥€'0F 180 81'¢¥8L0 9€'0F 180 7€'0F 850 6€°0F 920 ¥v'0F¥9°0 8G'0F98°0 78°0—€0°0 (1/601X) OUONQY
VS L F OGS 1971 ¥ G9'G LS F96'Y L00F VLS 9C’L F€L'S 7L F69°S 6ECF 8V Y 102 F 0S¥ 6Ll ¥82'V §'/-9¢ (#/601x) dwhiay
0F000 0F000 0F000 €6'0F200 0F000 0¥000 700 F 100 71'0 ¥80°0 S0'0F 100 ¢l0'0-00 (3/601%) WWINOY
7' F.8€ 12’1 ¥86€ cS' L F.19€ lgeFvey 6.°0F98°¢€ 9L'LF€E0¥ €21 ¥859°¢C €1 F9¢¢ 29l ¥86'¢C 0v—90 (3/601X) YewNay
€9'¢*820l 2LV F 1801 ¥2'¢c F€9°6 68'L ¥ 1801 €L F L¥'0lL €E€C¢F0e0!l CLeEF V6L LY'LF99'8 cr'e 898 00—V (#601X) OOM
v.'L F69VC LE L FVI9'VC LL'L FE6'EC ¥9°0 ¥ 90°'Ge Gc'L F09've 8y’ F6v've 9¢'€ ¥ ¢6'9e ¥€'¢ ¥ 9€'9¢ €0'¢Fcl'se (%) may
€0 F0CvE LS0F lgve EV'0F L0VE LLLF9GVE GS'0 F Gv've 12’0 F ¥S'vE G9'0 FGl'ee €9'0 F €2°EE 990 ¥ G2'Ee 9€-0¢€ (s1199 p/6) OHOW
85| FEV'8E 81°¢c ¥88¢€ l'¢ F¥0'8€ 200 ¥ 50'8¢€ 2l’'c¥29'8¢ 10CF8L°LE 69°} F GEVE 1L F€€°6E G6'l F8VE 09-0% 1) Ao
200 F€€0 200 F¥€°0 20’0 F€€0 20'0F2e0 20’0 F€e0 100 ¥2€0 €0'0F L20 €0'0F82°0 70°0 ¥ 0£°0 ¥—v20 (111 ™
8%°'0 658 €70+ €88 2L 0F28'8 LE8°0+F8¢E'8 ¥€'0F 998 €5°0F v¥'8 98°0FSLL /90F0'8 6C'LF 98 0'6-0'S (1/2,01%) O0Y
L29FELL 68°LFVLLL S6'9F VLI W9 F L0k 98F Vil 96V F0LL Ve L1 F9€'88 186 F 1'V6 LS'vEF 004 (tp/6) aH
as = ueapy
dnouy jonuon ¢ dnoin L dnosy | dnoun josuo) ¢ dnoun L dnoty | dnoun jonuod ¢ dnoun | dnoin _mﬂm._.“vmv‘__
vS1 Aea ozl Aea leu} aioyeg

siojoweled ABojojewsey ¢ 319v.L

217



Molasses as cause of “endocrine disruptive syndrome” in calves

7 FIG.1 Diarrhoea in calves from the
three experimental groups
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FIG.2 Mean live body mass of the
three experimental groups
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FIG. 7

Results of the lymphocyte
transformation test of the
three experimental groups
before and after 4 months
of molasses feeding
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TABLE 6 Mean testosterone concentration of the three experimental groups at Day 154 of the trial

Group 1 Group 2 Control
Mean = SD
Testosterone (nmol/t) 12.09 £ 9.39 14.4 +9.27 13.83 £ 8.53

SD = Standard deviation

TABLE 7 Mean Brucella abortus antibody titres (CFT) of the three experimental groups 4 weeks after immunization with Brucella

abortus Strain 19 vaccine®

Group 1

Group 2 Control

Mean = SD

Brucella antibodies (IU) 269.64 + 198.87

249.00 + 203.37 278.18 + 205.87

SD = Standard deviation

TABLE 8 Mean skin thickness of the three experimental groups before and after intradermal injection with Brucellergene OCB®

Group 1 Group 2 Control
Before After Before After Before After
Mean = SD
Skin thickness (mm) 10.68 + 1.98 13.73 £2.28 10.40 + 2.22 13.68 + 1.49 11.64+2.18 14.69 = 2.41

SD = Standard deviation

Immune status of the calves

Using a serum screening dilution of 1:20, all ani-
mals in the three groups determined were positive
for antibodies against IBR.

Before the immunization with Brucella abortus
Strain 19 all the animals tested negative for B. abor-
tus antibodies. The antibody titres against B. abor-
tus were similar in the three groups one month after
the immunization of the calves (Table 7). No statisti-
cal significant difference was found between the
three experimental groups.

The results of the Brucella protein allergen skin test
showed no statistical significant differences be-
tween the groups when skin thickness was meas-
ured 72 h after the intradermal administration of the
antigen Brucellergene OCB® (Table 8).

With the “Lymphocyte transformation test”, the con-
trol group showed more transformation at Day 120
after the challenge with the mitogen, Concanavilin
A, but due to a very large standard deviation the dif-
ference was not statistically significant. Results are
presented as a stimulation index (Sl), where S| =
mean counts per min of test sample/mean counts

per min of unstimulated control. A SI higher than 2
was considered to be an indication of Concanavilin
A-induced proliferation (Fig. 7).

Mean 1gG titres in all three groups increased con-
sistently during the molasses feeding trial (Fig. 8).
Mean IgM concentrations increased after the start
of molasses feeding at 4 months, but decreased
slightly when determined again at 5 months into the
trial (Fig. 9). Only slight variations occurred between
the groups. No statistical significant differences
were detected between the three experimental
groups.

Post mortem analyses

Mean carcass mass of each group is shown in
Table 9. No significant differences were found be-
tween groups.

No noteworthy macro- or microscopic lesions were
detected in the organs/tissues.

All calves in the control group tested negative for B.
abortus organisms on culture. Brucella abortus was
cultured in the left pre-scapular lymph node of one
animal in Group 2 and two animals in Group 1.
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TABLE 9 Average carcass mass of the three experimental groups

Group 1 Group 2 Control
Mean = SD
Carcass mass (kg) 134.64 + 23.99 145.3 + 25.88 141.91 £ 21.04

SD = Standard deviation

TABLE 10 Mean concentrations of Cu, Fe, Zn and Mn in liver samples

Group 1 Group 2 Control Group Normal range in
Mean = SD cattle*

Cu (mg/kg WM) 223.3+57.1 218.2 £ 39.3 189.6 + 40.3 25-100

Fe (mg/kg WM) 404 +9.4 40.8 + 3.8 40.5+9.8 45-300

Zn (mg/kg WM) 31.9+8.0 33.8 8.1 358+11.5 25-100

Mn (mg/kg WM) 29+0.3 2905 28+04 2.5-6

* Mineral levels in animal health (Puls 1994)
WM = Wet mass
SD = Standard deviation

The mean liver Cu, Fe, Zn and Mn concentrations
for each group were calculated (Table 10). No rele-
vant differences were found in the levels of these
trace elements between the three groups.

DISCUSSION

Even though endocrine disrupting activity was de-
tected in laboratory tests, these could not be repro-
duced in calves under experimental conditions. This
illustrates that in vitro/in vivo comparisons can be
misleading. /n vitro assays do not always reliably
predict the in vivo outcome, due to differences in
metabolic capabilities of the test systems (and lack
of in vivo pharmacokinetics and pharmacodynam-
ics) and the diverse range of mechanisms by which
endocrine disrupting chemicals may act (Clode
20086).

The feeding of molasses to calves has been report-
ed by farmers to decrease production, but no sig-
nificant differences between the study groups were
detected in this study. During this feeding ftrial,
calves from the three groups were kept in similar
facilities, under the same conditions and fed diets
with comparable composition regarding energy,
protein and minerals (Tables 2 and 3). Drinking wa-
ter parameters were also within normal limits.
Although it would seem that Group 1 had a lower
mean mass gain (compared to the other two groups)
(Fig. 4), a significant difference only occurred at 4
months of molasses feeding. Considering that this
was the only significant difference during the whole
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feeding trial, it is unlikely that this could be attributed
to molasses in the feed. Although the calves from
Group 2 exhibited a higher incidence of diarrhoea
when compared with the other two groups (Fig. 1),
it did not appear to affect their mass gain over the
whole feeding period. As the results of faecal sam-
ples, submitted for bacterial culture and virus parti-
cle identification as well as screening for coccidial
oocysts and helminth eggs, were negative, the diar-
rhoea was considered to be of dietary or metabolic
origin.

The mean mass of the three experimental groups at
Week 24 of the trial (when the calves were between
30 and 32 weeks of age) ranged from 243-261 kg
(Fig. 2). Although these Holstein calves were
weaned of milk within days of birth, their masses
were comparable with the national average wean-
ing mass of Bonsmara calves, a beef breed known
for high weaning mass (220 kg at 205 days of age)
(Agricultural Research Council, Livestock Business
Unit 2006).

The farmers also reported increased reproductive
disorders with poor conception, and high rates of
resorption of foetuses and abortions, which were at-
tributed to an “endocrine disruptive syndrome”.
Since the animals used in the feeding trial were bull
calves, only certain parameters could be evaluated
to detect reproductive disorders, viz., testosterone
levels and the morphology and histology of the male
reproductive organs. No significant difference was
detected between the three groups with respect to
testosterone concentrations (Table 6) and repro-
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ductive organs of the bull calves from the three
groups showed no visible macro- or microscopical
abnormalities.

The farmers also highlighted apparent immune in-
competence/breakdown in their herds resulting in
calf diarrhoea, verminosis, relapses of protozoal
diseases in previously immunocompetent animals
and pneumonia caused by various pathogens. In
the current study, calves from the three experimen-
tal groups were considered to be immunocompe-
tent. When tested for IBR antibodies at 4 months
into the feeding trial, after being vaccinated at a
very young age at the rearing facility, all the animals
showed positive titres. When challenged with B.
abortus vaccine, all the animals seroconverted and
the three experimental groups showed similar anti-
body titres against B. abortus one month after the
immunization (Table 7). In South Africa, titres of 30
IU/mf or higher are considered positive in those
animals that have been vaccinated between 4 and 8
months of age (Coetzer et al. 1994).

While all calves in the control group tested negative
for B. abortus organisms on culture, only one ani-
mal from Group 2 and two animals from Group 1
tested positive. However, these results cannot be
regarded as indicative of immune incompetence. In
addition, immunoglobulin concentrations in the
three groups showed no significant differences.
Whereas IgG titres increased consistently during
the molasses feeding trial (Fig. 8), most probably
due to natural exposure to different pathogens in
the environment, mean IgM concentrations in-
creased at 4 months of molasses feeding, but de-
creased slightly when determined again at 5 months
(Fig. 9). The lymphocyte transformation test per-
formed at 4 months also corroborated the immune
competency of the animals in the three experimen-
tal groups (Fig. 7).

Only three calves became sick during the trial, one
calf from the control group developed a left sided
abomasal displacement, which is not an infectious
disease. One calf, from Group 1, was hospitalized
due to severe persistent diarrhoea and another ani-
mal from Group 1 was treated for an upper respira-
tory tract infection, but both recovered.

Thus, all the parameters measured, indicate that
the calves’ immune response was not affected.
Immunosuppression could, therefore, not be con-
firmed in the molasses fed calves.

Various mineral imbalances observed in the field
were also attributed to the “endocrine disruptive

syndrome”. Although mean liver Cu concentrations
in the three groups were higher than the normal
range for cattle (Table 10), the concentrations did
not reach toxic levels (250-800 mg/kg) (Puls 1994)
and is ascribed to the high dietary Cu levels fed dur-
ing the trial (Table 3). These results not only contra-
dict reports of Cu deficiencies on the affected farms,
but also molasses feeding experiments conducted
in the past. Beames (1959) fed different rations to
three groups of Hereford heifers and concluded that
the two groups of animals receiving molasses as a
supplement showed significantly depleted liver Cu
concentrations when compared to a group of heif-
ers receiving no molasses supplement. He conclud-
ed that the reduction of Cu reserves in the molas-
ses-fed groups could be explained on the basis of
high sulphur concentrations and a subsequent cop-
per-molybdenum-inorganic sulphate interaction.
Arthington & Pate (2002), performed experiments
on Brahman heifers and compared liver Cu concen-
trations between animals given corn vs. molasses
supplements. Their results indicated that compo-
nents in molasses-based supplements decreased
the accumulation of Cu in the liver of beef heifers
and they suggested that selenium and molybdenum
components in molasses could be partly responsi-
ble for this decrease.

Although dietary levels of Fe were considered ade-
quate (100-500 mg/kg)(Puls 1994), liver Fe concen-
trations in the three experimental groups were
slightly lower than the normal range (Table 3), but
did not reach deficient levels for cattle (< 30 mg/kg)
(Puls 1994). Iron deficiency is associated with anae-
mia, reduced growth, poor immune function and
weakness (Graham 1991; Puls 1994). During the
trial, no abnormalities in the haematology parame-
ters were noticed and growth rate and immune
function were also as expected.

Despite goitre being reported by the farmers mani-
festing as enlarged and/or cystic thyroids, no abnor-
malities were detected during macro- and micro-
scopical examination of the thyroid glands of the
animals from the three experimental groups. An as-
sessment of thyroid hormone status (T, and T,) was
also performed in the calves at four different times
during the feeding trial (Fig. 6 and 7). The mean T,
concentrations of the three groups showed similar
curves and even though animals in Group 1 showed
a slightly lower mean T, concentration compared to
the other two groups at 3 months after commence-
ment of molasses feeding, no statistical significant
difference could be demonstrated. An appreciable
decrease in mean T, concentration, although not
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statistically significant, occurred in the control group
from the initial bleeding before molasses feeding
commenced up to 3 months of molasses feeding.

Under the conditions of the present study, the two
batches of molasses investigated induced no endo-
crine disruptive orimmunosuppressive effects in the
Holstein bull calves. It can therefore be concluded
that these two batches of molasses per se were not
deleterious when fed to calves.
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