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Evaluation of Toxin Content of Consumed Feed
KARL HULT,'* ELVY HOKBY,' STEN GATENBECK,' AND LARS RUTQVIST2

Department ofBiochemistry and Biotechnology, Royal Institute of Technology, S-100 44 Stockholm,' and
National Veterinary Institute, Fack, S- 750 07 Uppsala,2 Sweden

Samples of pig blood, intended for ochratoxin A analysis, were collected from
pigs of 279 randomly selected herds. The samples were obtained at nine different
slaughterhouses from different areas of Sweden. Pigs from 47 herds (16.8% of the
total) exhibited ochratoxin A in amounts of .2 ng of ochratoxin A per ml of blood.
One sample each from a single pig per herd identified herds contaminated with
ochratoxin A in amounts exceeding three times the detection limit of the method
(3 x 2 ng of ochratoxin A per ml of blood = 6 ng of ochratoxin A per ml of blood).
There was a good agreement between ochratoxin A concentrations in the blood
from different pigs within the same herd (correlation coefficient = 0.80). The
ochratoxin A concentration in pig blood was used as an estimate of the ochratoxin
A content of the consumed feed. This method showed that feed from grain
produced on-farm contained higher concentrations of ochratoxin A than com-
mercial feed preparations. No geographical variation of ochratoxin A occurrence
within Sweden was detected.

The occurrence of ochratoxin A in pig feed
can be surveyed by analyzing the toxin in the
blood of pigs consuming the feed. A strategy for
the analysis and evaluation of such data was
recently published (1). This paper presents the
first results obtained with the new sampling
technique. The results given here must therefore
be considered not only as values of ochratoxin A
in pig blood, but also as a measure of ochratoxin
A contamination of consumed feed.
To develop an understanding of factors re-

sponsible for ochratoxin A production, the oc-
currence of the toxin in the blood of pigs con-
suming a particular feed lot was related to dif-
ferent feed parameters.

MATERIALS AND METHODS
Collection of samples. Blood samples were col-

lected from slaughter pigs of279 herds in areas covered
by nine slaughterhouses situated in different parts of
Sweden from May to August 1978. The feed used
during that period contained grain produced in 1977.
Each herd was represented by two pigs. No anticoag-
ulant was added to the blood samples. The samples
were frozen and transported to the laboratory where
they were kept frozen until analysis.

Analysis ofsamples. Blood samples of 2.5 ml each
were analyzed for ochratoxin A by a spectrofluoro-
metric procedure (1). The method involves extraction
with chloroform and a mixture of HCl-MgCl2 and,
after washing with water, cleavage with carboxypep-
tidase A in tris(hydroxymethyl)aminomethane-sul-
furic acid buffer. The fluorescence of the buffer solu-
tion is measured before and after incubation for 2 h at
37°C with carboxypeptidase A.

The decrease of fluorescence intensity at 380 nm in
a 450-nm emission is proportional to the concentration
of ochratoxin A. The detection limit is 2 ng of ochra-
toxin A per ml of blood.

Blood from one pig per herd was analyzed for ochra-
toxin A. If the toxin was encountered, blood from the
other pig of the same herd was analyzed. An equal
number ofsecond samples, within each slaughterhouse
area, from herds where the first sample was negative
for ochratoxin A, were also analyzed.

Statistical evaluation. The herds analyzed were
classified by feed type and herd size into 12 groups.
The three different feed types used were feed based
on grain produced on-farm, commercially prepared
feed, and a combination of the two. The four herd
categories used were c200, 200 to 500, 500 to 1,000,
and 21,000 slaughter pigs produced per annum.

For examining variation in the results, a statistical
model of risk was used. The model, expressing an
assumption that feed type and herd size influenced
independently the risk of ochratoxin A occurrence,
was Pij = aibj, where Pij is the risk probability of
ochratoxin A being detected in a randomly chosen
blood sample from feed type group i (i = 1, 2, 3) and
herd size group j (j = 1, 2, 3, 4), and ai and bj are
multiplicative risk factors expressing the effects offeed
type and herd size, respectively.
The risk factors were estimated by the statistical

method of maximum likelihood.

RESULTS AND DISCUSSION

From blood samples of 279 randomly selected
pig herds, 47 herds were found to contain 22 ng
of ochratoxin A per ml of blood (Table 1). Blood
from 14 herds contained 210 ng of ochratoxin A
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per ml of blood. The highest value found was
280 ng/ml.
Ochratoxin A concentrations in blood

from pigs of the same herd. Blood samples
from two pigs per herd were taken to enable a
study of the heterogeneity of toxin distribution
between animnals of a herd. After analysis of the
first sample, the second sample from every herd
with a first positive sample (-2 ng/ml) was
analyzed. An equal number of second samples
from herds with initial negative samples from
each slaughterhouse area were analyzed.

Results from 77 herds in which at least one
sample was found free of ochratoxin A (<2 ng of
ochratoxin A per ml of blood) showed that low
amounts of ochratoxin A were rather frequently
encountered in one sample from a herd, whereas
the other sample was free from toxin. The prob-
ability of a value exceeding twice the detection
limit (4 ng of ochratoxin A per ml of blood) for

TABLE 1. Ochratoxin A concentrations in blood
from slaughter pigs in Swedena

No. of Concn in positive
Slaugh- Locality in Total herds herds (ng of
terhouse Sweden no. of with ochratoxin A perherds ochra-

m fbodtoxin A m fbod

A Southern 52 6 2, 4, 15, 54, 74,
109

B Southern 53 4 2, 4, 6, 12
C Middle 51 6 2, 2, 8,10, 12, 25
D Middle 44 10 2, 2, 2, 2, 2, 3, 3,

3,4,9
E Middle 20 4 2, 5, 26, 33
F Middle 14 5 2,2,4,14,17
G Northern 20 5 2,2,3,5,6
H Northern 19 4 2, 3, 44, 187
I Northern 6 3 2, 3, 3

Total 279 47

a The data represent the average concentrations of
ochratoxin A in the blood from two pigs per herd.

TABLE 2. Ochratoxin A-positive herds grouped by
grain type and herd size

Ochratoxin A-positive herds/total herds'
for herd size:b

Grain type
s200 200-500 50- 1,000 Total

1,000 __ _

On-farm 9/32 4/20 3/10 0/8 16/70
Commercial 2/17 4/23 3/29 8/67 17/136
On-farm and 2/5 2/7 3/7 2/14 9/33
commercial

Total 13/54 10/50 9/46 10/89 42/239
a The data represent the number of herds in which

the average concentration of ochratoxin A in the blood
of two pigs was -2 ng/ml.

b The herd size is represented by the number of pigs
delivered annually for slaughter.

the second sample, given a nondetected value
for the first sample, was estimated to be as low
as 0.03.
A total of 30 herds were found in which both

samples were positive. For this data a rather
high correlation (0.80) was found between the
concentrations of ochratoxin A in samples from
the same herd.
The conclusion drawn from these results was

that a single sample from a herd is almost as
good as two samples whether the herd is contam-
inated with ochratoxin A or not.
Estimated occurrence of ochratoxin A in

feed. From the values of the ochratoxin A con-
centrations in the blood of pigs, the amount of
ochratoxin A in the feed given to the pigs can be
calculated. The relationship between the con-
centration of ochratoxin A in plasma (nano-
grams per milliliter) and the concentration of
ochratoxin A in feed (nanograms per gram) is
1.5 (1). The corresponding relationship between
plasma and blood is 2.3 (3). Thus, the concentra-
tion of ochratoxin A in feed (nanograms per
gram) = 1.5 x the concentration of ochratoxin A
in the blood (nanograms per milliliter).
From the data in Table 1 it was calculated

that 16.8% of the herds had been given feed
containing -3 ng of ochratoxin A per g of feed.
Of these herds 6.5% were given feed containing
more than 10 ng/g.
Parameters affecting the presence of

ochratoxin A in feed. Questionnaires were
sent to all owners of the herds examined. The
following data were collected: (i) herd size
(measured as the number of pigs annually deliv-
ered for slaughter); (ii) feed used (feed produced
on-farm, commercially prepared feed, or a mix-
ture of the two); (iii) cereals used, including
variants; and (iv) conservation procedures used
for cereals produced on-farm (no drying, warm-
air drying, cold-air drying, and acid treatment).
Out of 279 questionnaires sent, 239 answers were
received (85.7%) (Table 2). The following consid-
erations were based on the results from the
herds about which answers were received.

Influences of feed type and herd size on ochra-
toxin A occurrence were investigated with a
multiplicative model of risk. Calculations were
made on three different data sets corresponding
to three levels of ochratoxin A contamination
(-2, 25, and -10 ng of ochratoxin A per ml of
blood). The multiplicative model was statisti-
cally tested and found to be adequate.
The estimated risk factors are shown in Table

3. The risk factors indicated that ochratoxin A
was more abundant in feed containing grains
produced on-farm than in commercially pre-
pared whole feed. The risk factors for feed types
varied more at high levels of ochratoxin A con-

VOL. 39, 1980



APPL. ENVIRON. MICROBIOL.

TABLE 3. Estimated risk effects with respect to
grain type and herd size

Risk factors' at the following levels
(ng of ochratoxin A per ml of blood) of

Parameters contamination

~-2 2-5 ~ ;-10

Grain type
On-farm 0.32 0.58 0.75
Commercial 0.22 0.14 0.05
On-farm and 0.46 0.28 0.20
commercial

Herd sizeb
-200 0.79 0.32 0.16
200-500 0.68 0.24 0.23
500-1,000 0.71 0.34 0.38
'1,000 0.43 0.11 0
a The risk factors at three levels are calculated from

Pij= aibj; Z ai = 1.
b The herd size is represented by the number of pigs

delivered annually for slaughter.

tamination. The difference between feeds was
statistically significant (5%) at 10 ng and almost
significant at 5 ng. The relationship between the
tendency for increasing differences in risk factors
between feed based on grain produced on-farm
and commercial feed and the level of positive
ochratoxin A contamination suggests that feed
contaminated with ochratoxin A will exhibit a
heavy contamination within a single herd. How-
ever, a commercial feed blending appears to
reduce ochratoxin A levels.
No significant difference between herd sizes

could be detected. The dependence on geograph-
ical locality was complex, and no conclusions
could be drawn. The other questionnaire param-
eters, cereal variants and conservation proce-
dures used, could not be tested because of vari-
ability in the responses.
The results obtained in this study show that

a blood sampling method is useful in studying
parameters affecting the feed content of ochra-
toxin A. The method provides a procedure for
monitoring the feed quality on a continuous
basis. Specific questions, such as cereal variants,
could also be studied through the selection of
herds before sampling.
Public health aspects of the occurrence

of ochratoxin A in pig blood. The 279 herds

represented here together annually deliver
about 187,000 pigs for slaughter, amounting to
about 6% of the total number of pigs slaughtered
annually in Sweden. The average content of
ochratoxin A extrapolated to all pigs belonging
to the herds investigated is about 3 ng of ochra-
toxin A per ml of blood.
From the known concentration of ochratoxin

A in the blood it is possible to calculate the
concentration in the kidney (3), the liver, fat,
and muscle (2). In Denmark all macroscopically
changed kidneys must be analyzed for ochra-
toxin A. If the concentration of the toxin exceeds
10 ng/g in the kidney the whole carcass of that
pig is condemned (Landbrugsministeriets in-
struks af 27 September 1974 om ud0velse af
k0dkontrol §23, pkt. 6. Aendring av instruks af
14 August 1978 [The Agricultural Board's in-
structions about the exercising of meat control,
24 September 1974, §23, point 6; change in the
instructions, 14 August 1978.]). An ochratoxin A
concentration of 10 ng/g in the kidney corre-
sponds to 50 ng/ml in the blood. If this limit
were used for the Swedish pigs represented in
this investigation, 0.7% would be rejected. This
investigation has not taken macroscopically
changed kidneys into consideration. The occur-
rence of altered kidneys is only an indication of
established ochratoxicosis but is not strictly re-
lated to the presence of the toxin in the animal.
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