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Introduction

Grain toxicity, caused by mycotoxins like the fungus ergot
which produces alkaloids such as festuclavine, pyroclavine, dihy-
droelymoclavine, chanoclanine, and DHES, affects up to 25% of
the world’s food crops, including sorghum, and leads to reduc-
tion in crops’ energy digestibility and consequently reduces the
growth rate of animals when consumed (Blaney et al., 2000q;
Kopinski et al., 2008; Naudé et al., 2005; Peadar and Lynch,
2001).

Dihydroergosine, the principal toxic alkaloid produced by
sorghum ergot, which with levels as low as 1 mg/kg of it in
animal feed can cause significant production losses since it mim-
ics the effects of dopamine, and consequently hinders the usual
elevation of blood prolactin prior to farrowing (Blaney et al.,
2008; Kopinski et al., 2007; Molloy et al., 2003). This effect, in
addition to feed refusal and reduced weight gain, causes sows
not to produce milk leading to poor survival of piglets, and even
to loss of the entire litters (Blaney et al., 2000b; Kopinski at al.,
1999; Kopinski et al., 2007; Odvody et al., 1998; Porter et al.,
1998a). In general, it can be assumed that 0.1% ergot alkaloids
in grains will be able to reduce weight gain in fattening pigs;
higher levels (3%) of ergot alkaloids have been implicated in
feed wasting and significant growth retardation (Blaney et al.,
2000a,b; EFSA, 2005; Peadar and Lynch, 2001).

Technically, it is possible to remove ergot from cereal grains;
complete removal may be impossible or impractical in a com-
mercial setting. As a result, it would be very useful to define safe
upper limits for the use of ergot-contaminated grain in swine
diets. Hence, in this experiment we hypothesized that the usage
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of up to 10% of naturally infested sorghum (equivalent of 23.5
mg ergot alkaloids /kg of grain) in diets will have no impact on
the sow’s reproductive performance.

Materials and Methods
Experimental Design

All animal care and handling procedures followed the farms’
written guidelines set forth by FASS (1999) and all procedures
involving animals were approved by the Animal Care and Use
Committee of Texas Tech University (TTU). Eighteen later -parity
Yorkshire, Landrace and Duroc crossbred sows (BW = 155 + 17
kg) were used in a completely randomized block design study
conducted at the Burnett Center in New Deal, Texas, and lasted
for 390-d.

Experimental Animals

Before the start of treatments, sows were grouped according
to their body weight and randomly assigned to three experi-
mental groups (n=6/dietary treatment; the pen was the experi-
mental unit), and fed experimental diets containing different
levels of EIS (O, 5, and 10% of diet’s DM which equal 0, 11.75
and 23.50 mg alkaloids/kg of grain , respectively). The 0.6 by
2.1 m group pens were located in a confinement barn equipped
with a drip water system that provides free access to clean wa-
ter. Then sows were checked daily for signs of estrus, and when
they expressed standing estrus they were bred by artificial in-
semination and checked for pregnancy 4 weeks later using real-
time ultrasound. At 110 day of gestation sows were moved to
environmentally controlled group-farrowing room maintained
between 20 and 25°C.

Farrowing occurred on days 114 or 115 of gestation. Follow-
ing farrowing, every sow and her litter were checked twice daily
for health, dead piglets, or farrowing problems. Standard litter
management procedures at TTU were followed including clip-
ping needle teeth, ear notching, tail docking and one injection of
iron. Litters were weighed at birth and at 28 days, and individu-
al weights were recorded. Piglets were weaned at 28 = 1 days
of age. After weaning, sows were moved to the breeding and
gestation barn for rebreeding and fed the experimental diets.

During the nursery phase, pigs were housed in pens with di-
mension of 1.5 by 2.1 m, with one section in plastic coated slat-
ted floor and the other section in woven wire floor. The phase
was conducted with approximately 28 days old weaned pigs
originating from the farrowing phase sorted into four pens per
treatment to determine the performance of pigs from sows con-
suming control or increasing levels of sorghum ergot throughout
their pervious gestation and lactation. All pens were equipped
with fully slatted floors, a nipple drinker and an adjustable mul-
tiple-space dry feeder. Each room had automatic light timers
(0800 to 2000 hours) and ventilation controls, including heat-
ers, exhaust fans and powered air inlets. Room temperature was
initially set at 30°C, declining to 24°C by the end of the experi-
mental period.

Ergot Infested Sorghum (Sclerotia) Analysis

A typical U.S. No. 2 grain sorghum infested with ergot that was
donated by a Hybrid Seed Production Company in the High
Plains was used in the experiment. Samples were collected from
approximately 3000 kgs of the infested grain were sent for
chemical analysis at the USDA laboratories in Athens, Georgia.
Liquid Chromatographic method for the determination of er-
got alkaloids was the method used to determine ergot infested
sorghum chemical composition (Porter et al., 1998b). The grain
was found to contain mature sphacelia/sclerotia of Claviceps
Africana which was found to include 235 mg/kg total alkaloid
(Table 1). Also, the analysis indicated that the grain contained
180.67 mg/kg of DHES on DM basis, 39.39 mg/kg of dihydro-
elymoclavine, 12.66 mg/kg of festuclavine, and 1.85 mg/kg of
tyroclavine, totaling 235 mg/kg. Further, the ergot-free sorghum
used in the experiment as well as the EIS were subjected to
chemical analysis at TTU laboratories to determine their nutri-
ents contents (Table 1).

Experimental Diets and Methods

The experimental objective of the study was to evaluate effects
of including EIS in sows’ diets on animal and reproductive per-
formance. Throughout the two periods observed, sows were fed
a standard completely balanced sorghum-soybean meal based
diets. The diets containing the EIS were formulated to meet NRC
(1988) requirements (CP 16%; 3,384/ kcal/kg of ME/kg; ly-
sine 0.95%; Table 2). The EIS replaced sorghum in the concen-
trate mixes so that diets contained desired amounts of EIS (0%,
5%, and 10% by dry weight (dietary concentrations were thus
0, 11.75, and 23.5 mg alkaloids/kg of feed). A 7-d adapta-
tion period started after all sows were confirmed pregnant, fol-
lowed by the feeding period during which experimental diets
were offered once daily at 08:00 hours. After forrowing, piglets
had free access to the dam, and free access to creep feed and
water from 1 week of age. Feed refusals were weighed daily
before feeding and actual feed intake was then calculated.

Table 1. Chemical analysis of grain sorghum and ergot in-
fested sorghum'.

ltem Ergot- free Ergot-infested
sorghum sorghum

DM 92.00 90.00

CP 11.62 11.94

EE 3.60 3.20
NDF 17.68 19.61
Cellulose 4.30 5.03
Lignin 1.65 1.94

Ash 1.88 1.95
Alkaloids? 0mg/kg 235 mg/kg

1Al values are on dry matter basis unless otherwise
indicated. 2Alkaloid level in the grain sorghum was
measured at the USDA laboratoriesin Athens, GA.
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Table 2. Ingredient composition of treatment diets and chemical composition of grain sorghum and ergot
infested sorghum fed in gestation and lactation'.

ltem Treatment diets (Ergot-infested sorghum %)
5 10

O (control)

Ingredient composition (DM basis)

Grainsorghum 76.30 71.30 66.30
Ergot-infested sorghum 0.00 5.00 10.00
Soybeanmeal (44% CP) 17.20 17.20 17.20
Yellow grease 2.00 2.00 2.00
Salt, plain 0.45 0.45 0.45
Dicalcuim phosphate 2.60 2.60 2.60
Calcium carbonate 0.70 0.70 0.70
Potassium chloride 0.25 0.25 0.25
Vitamin Premix? 0.50 0.50 0.50

Total 100.00 100.00 100.00

1All values are on dry matter basis unless otherwise indicated. 2Dicalcium phosphate, calcium
carbonate, salt, processed grain by-products, pyridoxine hydrochloride, choline chloride,
magnesium sulfate, potassium sulfate, chromium tripicolinate, mineral oil, menadione
dimethylpyrimidinol bisulfite (source of vitamin K), biotin, calcium pantothenate, vitamin E
supplement, folic acid, riboflavin supplement, zinc sulfate, dried yucca shidigera extract, niacin
supplement, vitamin B-12 supplement, grain products, ferrous sulfate, manganous oxide, vitamin A
supplement, dried aspergillus niger fermentation extract, thiamine, choline chloride, zZnc oxide,
vitamin D3 supplement, ferrous carbonate, ethylenediamine dihydriodide, copper sulfate, calcium

iodate, magnesium oxide, sodium selenite, brewers dried yeast and seleniumyeast.

Statistical Analysis

Data were analyzed for the effects of treatment on sow
reproductive performance. The completely randomized design
was utilized for statistical analysis using the GLM procedure of
SAS (SAS Inst. Inc. Cary, NC). Pen was the experimental unit. The
model included effects of diets, diets experiment residual and
total pigs born as a covariate. Total pigs born were included
in the model as a covariate to adjust the means for differences
caused by the effect of differences in total pigs born. Analysis of
covariance (ANCOVA) was used to analyze data for the 1* and
2" periods. In addition, data for the 1% and 2™ periods were
combined and analyzed using ANCOVA. Linear and quadratic
contrasts were used to test the response of the treatments, and
means were separated by PDIFF procedure. Diet x experiment
was used as an error term for linear and quadratic contrast.
Significance was declared at the level of P < 0.05, whereas P <
0.10 was interpreted to indicate a trend.

Results

There were no treatment effects on LBP, S- 28 d, W- 56 d,
and LWC (Tables 3, 4, and 5, respectively); similar results were
obtained when LBP, S- 28 d, W- 56 d, and LWC data of the two
parties were combined (P > 0.05). An increase in WLBP (Table
3) was observed when 5- 10% EIS were included in the 2™
period’s diets, although LFI was significantly (P < 0.05) reduced

when EIS was included in that period diets. Although W-28 d
(Table 4) was not affected when 10% EIS was included in the 1+
and 2™ periods’ diets and when W-28 d data of the two pari-
ties were combined (P > 0.05), piglets weight gain at 28 days
was reduced (P < 0.05) when 5% EIS was included in the 1¢
period’s diets and when W 28 d data of the two parities were
combined (P < 0.05). No influence of treatment on LFl in the 1°
period was observed (Table 5). However, including 5 or 10% EIS
in the second period diets significantly reduced LFl by 29-42%,
and there was a tendency for LFl to be reduced in sows fed
the diets containing EIS when the two periods were combined
(P < 0.10). Weaning-to-estrus interval is presented in Table 6.
No response was recorded when 5% EIS was included in sows’
diets during the 1° period, while the inclusion of 10% EIS had
significantly decreased the WEI (P < 0.05). However, in the 2™
period there was no response detected when the 10% EIS was
included in the diets; similar result was obtained when WEI of
the two parities were combined (P > 0.05).

Discussion

The present study investigated the effects of the inclusion of
up to 10% EIS (DM basis) on LBP; WLBP, S- 28 d,W-28, W- 56,
LFl, LWC, and WEL. The current results showed that diet contain-
ing 10% EIS (18.1 mg DHES /kg of feed) had no effect on WLPB
and with exception of LFlI which was depressed in the second
period in sows fed diets containing (7.5 or 18.1 DHES) , and
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Table 3. The effects of including ergot infested sorghum (EIS) in the diets fed to gestating and

lactating sows over two reproductive cycles on the number and weight of live born pigs'.

Treatment diets (Ergot-infested sorghum %) SEM
ltem 0 (control) 5% 10

Number of live born pigs (LPB)
1 period 10.70 10.30 10.80 0.21
2" period 8.60 9.40 8.80 0.33
Combination 15" and 2" periods 9.70 9.90 9.80 0.08

Weight of live born (WBLP (kg)
1% period 1.40 1.40 1.50 0.06
2" period 1.40° 1.60° 1.60° 0.05
Combination 15" and 2" periods 1.40 1.5 1.55 0.08

Each period included 18 sows (n = 6/dietary treatment). **Means within a column with different superscripts

differ (P<0.05).

Table 4. The effects of including ergot infested sorghum (EIS) in the diets fed to gestating and
lactating sows over two reproductive cycles on the survival of piglets to weaning at 28 days,
and weight gain during lactation and weight gain birth to weaning at day 28 and piglet weight

gain post weaning'.

ltem Treatment diets (Ergot- SEM

infested sorghum %)

o 5 10

(control)

Pigs survival at 28 days (S-28) (days)
1" period) 9.50 8.50 9.60 0.49
2" period 7.80 8.20 7.80 0.19
Combination 15" and 2"? periods 8.70 8.30 8.90 0.25
Weight gain birth to weaning at day 28 (kg)
1%t period 5.50¢ 5.00° 6.00° 0.15
2"dperiod 9.60 8.20 9.10 0.57
Combination 15" and 2"? periods 7.30¢ 6.60° 7.40¢° 0.16
Piglet weight gain post weaning (W-56) (kg)
1" period 17.10 15.70 17.00 0.63
2" period 16.40 14.60 15.00 0.77
Combination 15 and 2"? periods 16.70 14.90 16.10 0.74

1Each period included 18 sows (n = 6/dietary treatment). @PMeans within a column with different

superscripts differ (P<0.05).

most other reproductive traits were not adversely affected at
the highest inclusion rate tested.

Previous literature (Bandyopadhyay et al., 1996; Odvody et
al., 1998; Porter et al. 1998c; Kopinski et al., 2007) suggested
that as much as 1% of ergot alkaloid was tolerated by pigs,
and higher concentration induced small, weak litters with poor
vitality. Kopinski et al. (2007) reported a 87% piglets death in
28-day-old pigs when a diet containing 5.7 mg ergot alkaloids/
kg feed was fed; meanwhile, Kopinski et al. (2008) reported
that feeding diets that contains 3% sorghum ergot (14 mg DHES
/kg) resulted in smaller live piglets contrary to the increase in
WLBP we observed when up to 10% EIS (18.1 mg DHES /kg
where 2 it must be writen in results) was included in sows’ diets
in the 2" period.

Feeding up to 1.5 mg/kg total ergot alkaloids can be safe
for feeding sows around farrowing, but might exert undesirable
adverse effects in gilts (Blaney et al., 2000a; Peadar and Lynch
2001; Kopinski et al.,, 1999; WHO, 1990). Others (Blaney et
al., 2000a; Kopinski et al., 1999; Kopinski et al., 2007) report-
ed that sows fed diets containing 8-70 mg ergot alkaloids/kg
produced no milk and all of their piglets died despite intensive

and prolonged supplementary feeding and fostering. Blaney et
al. (2000a) observed poor feed conversion when diets contains
up to the 5% sorghum ergot alkaloids was fed; consequently
growth was reduced by about 30% in pigs receiving 70 mg
alkaloids/kg, as a result of poor feed intake and feed conver-
sion. Total live born pigs was lower in the second litter when 5
and 10% EIS was included in the 1¢ period’s diets; however,
this may have been caused by the very low LFl of sows during
the first lactation. Also, for unknown reasons, there is a marked
difference in weight gain to 28 days between period 1 and 2
when 5 and 10% EIS diets were fed; the low weight gain in the
first lactation was probably due to the very low feed intake of
sows in lactation.

Feeding 10% EIS in the present study did not impact pig-
lets W-28 d and W-56 d in disagreement with Kopinski et al.
(2008), who reported weight increase in litters produced by
sows fed diets containing 3% sorghum ergot. However, similar
to previous data (Oresanya et al.,, 2002; EFSA, 2005) where
significant reduction in average daily gain was reported when
finishing pigs were fed more than 0.25% sclerotia, W-28 d in
the current study, for reasons we are yet to know, was reduced in
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Table 5. The effects of including ergot infested sorghum (EIS) in the diets fed to gestating

and lactating sows over two reproductive cycles

on Lactation feed intake and Lactation weight

Change'.

ltems EIS (%) SEM
0 5 10

Lactation feed intake (LFE) (kg)
1% period 75.00 83.00 77.00 3.40
2" period 173.00°  100.00° 122.00° 14.90
Combination 15 and 2" periods 113.00 90.00 100.00 9.35
Lactation weight change (LWC) (kg)
15" period -23.80 -31.80 -33.20 4.11
2"period -29.00 -23.60 -23.30 2.60
Combination 1% and 2"¢ periods -25.00 -30.20 -27.70 2.11
1Each period included 18 sows (n = 6). *®Means within a column with different

superscripts differ (P<0.05).

Table 6. The effects of including ergot infested sorghum (EIS) in the diets fed to gestating and
lactating sows over two reproductive cycles on weaning to estrus interval'.

EIS (%) SEM
(0] 5 10
Weaning to estrus interval (WEI) (day)
1%t period 4.70° 6.00° 2.70° 0.66
2" period 5.20 4.90 4.90 0.14
Combination 1% & 2" periods 5.00 5.20 4.00 0.52

1Each periodincluded 18 sows (n = 6). *®Means within a column with different superscripts

differ (P<0.05).

the 1* period and when data of the two parties were combined
as a result of feeding 5% EIS. Further, a very low feed intake
during the first lactation was observed; this may explain the im-
pact of EIS on reproduction since alkaloid intakes were only 50-
60% of the levels in period 2. It was also noticeable that in the
2" period inclusion of 5% or 10% EIS in the sow’s diet reduced
LFl by 29-42 %. Both, reduced lactation feed intake caused by
heat stress, and increase in the demand for milk during lacta-
tion can cause significant tissue catabolism and increased ma-
ternal tissue loss in sows, leading to an increase probability of
a prolonged weaning-to-estrus interval and suppressing litter
weight gain (Eissen et al., 2003; Kim and Easter, 2001; Reese
et al., 1982; Spencer et al.,, 2003). Meanwhile, an increase in
voluntary feed intake could help offset the catabolic losses in-
curred by the sow and permit maintenance of body condition for
long-term productivity (Kim and Easter, 2001; Trottier and John-
ston, 2001). Inadequate feed intake lead to increased losses of
backfat and BW, resulting in more culling of sows due to repro-
ductive failures and a reduced lifetime performance (Eissen et
al., 2003). Previous data (Blaney et al., 2000q; Kopinski et al.,
2008; Peadar and Lynch, 2001) illustrated that the inclusion of
up to 3% ergot sclerotia causes severe reduction in pigs’ feed
intake and lactation body weight. EFSA (2005) also reported
that feeding a diet containing 1% ergot can cause agalactia
that often leads to starvation of piglets, and a reduction in the
growth of pigs with higher concentrations causing feed wastage
and slowing growth.

Weaning-to-estrus interval, together with litter size and far-

rowing rate, influences the number of litters produced per sows
per years (Pettigrew, 1998). In agreement with the result we
observed in the 2" period of the present study when 5% EIS
was included in sows’ diets, reported average wean to 1% ser-
vice interval in sows is 5-6 days (Estill, 2000; New Technology,
2007). Contrary to what we observed in the 2™ period of the
present study when EIS was significantly reduced to 2.7 days
when 10% EIS was included in sows’ diets, Diekman and Green
(1992) suggested that a factor like synthesis of mycotoxins by
molds in livestock feedstuffs impairs reproductive efficiency and
can extend estrous cycles between day 5 and 20 when sows fed
5 to 10 mg/kg of Zearalenone. Moreover, others (Boyd et al.,
2000; Eissen et al., 2003; Kim and Easter, 2001; Reese et al.,
1982; Spencer et al., 2003) suggested that factors like breed
differences, heat stress, litter size and extra piglet, increase the
demand for milk during lactation, lactation feed intake, and
protein mass in lactating sows can also affect WEI.

Conclusion

Based upon the findings of this research, ergot-contaminated
grain can be included in swine diets. However, producers who
chose to include the grain should realize that when diets are for-
mulated with ergot infested grain sorghum, careful consideration
should be given to the level of alkaloids present. Sows fed the
infested grain tolerate different levels of ergot alkaloids during
gestation and lactation but seem sensitive in lactation based on
LFl effects. The number of live born pigs was lower in the second
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litter and this may have been caused by the very low LFl of sows
during the first lactation. Further work is needed to determine a
safe level of feeding ergot infested sorghum to sows.
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