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ABSTRACT
THE EFFECTS OF WITHDRAWAL AND PROCESSING
UPON THE LEVELS OF AFLATOXINS IN THE

TISSUES OF PIGS FED A
CONTAMINATED RATION

by

Romeu Mesquita Furtado

Two trials were conducted to determine the amount of
time necessary for tissue clearance from pigs fed an afla-
toxin contaminated diet. There were 20 pigs in each trial,
with 4 being fed the control diet and 16 being used to deter-
mine the time necessary for tissue clearance after removal
from the contaminated diet. The spiked diets of trials 1 and
2 contained 551 and 355 ppb of aflatoxins Bj; and By, respec-
tively. The feed of the control pigs in trial 1 was natural-
ly contaminated with 20 and 31 ppb of aflatoxins By and Bj,
respectively, while in trial 2 the control feed was free of
aflatoxins. The initial phase of each trial, in which the
pigs were fed the control and spiked diets lasted for 42
days.

In trial 1 there was no significant difference be-
tween weight gains and organ weights of the control pigs and
those fed the aflatoxin spiked diet. The control pigs on
trial 1 gained 40 percent less with a 24 percent reduction
in feed intake as compared to the controls in trial 2. Even
the low levels of aflatoxins occurring naturally in the con-
trol diet resulted in small amounts of aflatoxins in the

liver and kidneys of the control pigs in trial 1.
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In trial 2, the basal diet was uncontaminated with
aflatoxins, so the pigs fed the spiked diet had 30 percent
heavier livers, gained 45 percent less weight and had a 32
percent reduction in feed intake. Aflatoxins were found
widely distributed in all tissues of the pigs fed the spiked
diet. The blood showed the lowest level of residual afla-
toxins, followed by the spleen, muscle and heart in that
order. The highest concentration of aflatoxins was present
in the liver and kidneys. Except for these organs, the
levels of the M] and M, metabolites were much lower than the
parent aflatoxins. The mean percentage retention of afla-
toxins was calculated to be 0.03 and 0.04 percent for Bj and
By, respectively.

The withdrawal trial showed that one day after placing
the pigs on an aflatoxin-free diet there was a significant
decrease in the aflatoxin levels in all organs and tissues.
Two days following withdrawal from the contaminated feed,
tissues of only one pig contained trace amounts of aflatox-
ins. Four days after placing the pigs on an aflatoxin-free
diet, there were no detectable levels of aflatoxins in any
of the tissues.

Processing and cooking resulted in some reduction of
the aflatoxins in the meat. The differences on comparing
raw and processed tissues, however, were not statistically
significant. Although cooking the fresh tissues had the
greatest effect in reducing aflatoxin levels, it was still

not very effective, with a mean maximum reduction of only
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26 percent. Thus, processing and cooking were not very

effective in removing the residual aflatoxins.
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INTRODUCTION

The aflatoxins are a group of closely related metabo-
lites produced by Aspergilli, principally A. flavus and A.

parasiticus. These metabolites can occur as natural contam-

inants in animal feeds, as well as in a wide variety of food
material used for human consumption.

Experimentally, aflatoxins have been shown to be potent
hepatocarcinogens, and epidemiologically they are believed
to be important human carcinogens. Aflatoxicosis, the dis-
ease caused in animals upon consumption of aflatoxin-contam-
inated feeds, has been described extensively in the litera-
ture in connection with presumptive poisoning of experimental
animals, such as cattle, swine, turkeys, ducks and other
animals.

Effects of aflatoxins in vivo vary with the dose, the
duration of exposure, the species and the nutritional status
of the animal affected. The aflatoxins may be acutely toxic
when given in large doses, whereas, sub-lethal doses produce
chronic toxicity and low levels of chronic exposure may re-
sult in carcinogenesis. The LDgqy values for most species of
animals varies from 0.5 to 10 mg/kg body weight.

The transmission of aflatoxins through farm animals to

the human food chain is very important since studies have






shown that ingested aflatoxins may be deposited as the orig-
inal aflatoxin, or as one of its metabolites. The 1evels of
aflatoxins found in the tissues are far lower than the levels
found in the contaminated feed per se. However, the risk
from chronic response of humans from eating contaminated
meat can not be under-estimated since prolonged exposure to
low levels of aflatoxins in the diet can cause liver tumors
in a number of species, including trout, ducklings and rats.
Trout and some species of rats, which are very susceptible
to the carcinogenic effect of aflatoxins, develop liver
tumors upon exposure to only a few parts per billion.

Studies on metabolism and tissue deposition of afla-
toxins in different animal species have shown that most in-
gested aflatoxins are excreted within 24 hours, either as
the original aflatoxin or as one of its metabolites. Accord-
ing to these studies most aflatoxins are biotransformed by
the cytoplasmic or microsomal enzymes in the liver to more
polar derivatives, which can undergo further conjugation
with endogenous compounds, such as the active forms of glu-
curonic acid, sulfate, glutathione and amino acids. The
aflatoxin metabolites have increased water solubility and
are more efficiently removed from the body than the original
aflatoxin.

The present study was designed to investigate various
means of decreasing the levels of aflatoxins in the tissues
of pigs and in meat products prepared from contaminated

tissues. The amounts and kinds of aflatoxins carried over



into the tissues of pigs fed on an aflatoxin-contaminated
diet were determined by analyzing the tissues at zero days
withdrawal. The remaining pigs were placed on the uncontam-
inated control diet and killed at different time intervals,
to determine the length of time required for tissue clear-
ance. Finally, contaminated tissues were used to determine
the effects of curing, smoking and cooking upon the levels

of aflatoxins in hams and bacons.




REVIEW OF LITERATURE

Occurrence of Aflatoxins

The term mycotoxin is derived from the Greek words
mykes meaning fungus and toxicum meaning poison or toxin
(Goldblatt, 1972). Thus, the term literally means toxins
from fungi. All fungi, including Aspergilli produce a large
number of metabolites, which according to Steyn (1977) can
be divided roughly into two categories: (1) molecules of
primary metabolic and structural importance to the organism,
and (2) those performing secondary or no obvious functions
in the cells producing them. Mycotoxins are included under
the latter category. Unlike bacterial toxins, mold toxins
are not proteins, and in comparison to botulinal and other
bacterial toxins, their chemical structure is simpler
(Hesseltine, 1979).

As shown by Bu'Lock (1975) and cited by Steyn (1977),
the mycotoxins are genotypically specific and are produced
by a consecutive series of enzyme-catalyzed reactions from
a primary pool of small molecules, such as acetate, malonate,
mevalonate, pyruvate and amino acids. According to Weinburg,
(1971) the most probable role of the secondary metabolites
is for insuring an orderly disposal of intermediates that

accumulate when the cell stops dividing. The process




provides a safety valve, without which resting cultures of
cells would die.

Many secondary metabolites are extremely toxic to
other forms of life. For example the antibiotics fall under
this category. Others, such as the mycotoxins, are muta-
genic, carcinogenic or teratogenic (Hesseltine, 1979).

There is some question involving the magnitude of the dis-
eases caused by mycotoxins. Recently, Hesseltine (1979)
reviewed the occurrence of diseases in man and animals since
the beginning of recorded history, and concluded that many
diseases were caused by the metabolites of fungi.

The aflatoxins are a group of closely related meta-
bolites produced by Aspergilli, principally by A. flavus and

A. parasiticus (Hesseltine, 1968). They are by far the most

extensively studied and the most important of the mycotoxins.
Experimentally, aflatoxins have been shown to be potent
hepatocarcinogens (Lancaster, 1961; Wogan, 1973). Epidemio-
logically, they may represent important human carcinogens
Campbell and Stoloff, 1974). Aflatoxicosis, the disease
caused in animals upon consumption of aflatoxin-contaminated
feeds, has been described extensively in the literature in
connection with presumptive poisoning of experimental ani-
mals, such as cattle, swine, turkeys, ducks and a host of
other animals (Newberne and Butler, 1969).

The discovery of aflatoxins started in England in the
early 1960s with a severe toxic outbreak of a conditionm,

which became known as turkey X disease because of the loss



of at least 100,000 turkey poults (Blount, 1961). In addi-
tion, ducklings and other young farm animals were also af-
fected (Asplin and Carnaghan, 1961). Generally, the affected
birds suffered loss of appetite, showed lethargic signs and
wing weaknesses before dying. In most cases, postmortem
examination revealed hemorrhages or pale necrotic lesions

in the livers, and frequently engorged kidneys. Brazilian
groundnut (peanuts) meal in feed given to birds was suspected
to be the poisoning agent (Blount, 1961).

A similar incident occurred with poultry feed con-
taining Brazilian groundnut meal in East Anglia, where
14,000 ducklings died within 4-5 weeks. No fatal cases,
however, were observed on a ration from which the groundnut
meal was removed (Asplin and Carnaghan, 1961). Later an
outbreak of a disease occurred in pigs, which was apparently
caused by an unknown toxic factor (Loosmore and Harding,
1961). A similar disease in cattle, reported to be indis-
tinguishable from ragwort poisoning, was described the same
year by Loosmore and Markson (1961). The cause of disease
in these animals was traced to the presence of Brazilian
groundnut meal in their rations (Loosmore and Markson,

1961).

The possibility that groundnut toxicity was not re-
stricted to Brazilian groundnut meal was confirmed by
Sargeant et al. (1961b), who gathered samples from 13 other
countries. They detected toxicity in the samples from India,

Uganda, Tanganyika, French West Africa, Nigeria, Gambia and



Ghana. Toxicity was also observed with maize meal by
Allcroft and Carnaghan (1963) and in cotton seed cake by
Loosmore et al. (1964).

Lancaster et al. (1961) fed rats with 20 percent Bra-
zilian groundnut meal in a purified diet for 6 months and
obtained multiple liver tumors in 9 out of 11 animals. Two
animals also developed lung metastasis. These tumors did
not occur in association with cirrhosis, cell necrosis, or
cellular infiltration, thus it was assumed that the toxic
agent directly affected the liver cells.’

A fatal disease (exudative hepatitis) was observed in
guinea pigs by Paget (1954). Symptoms of the disease were
manifested by the appearance of small lesions on the liver,
pancreas and lymphoid tissues, and production of ascites.
However, the cause of the disease was attributed to a nutri-
tional deficiency (Paget, 1954). The same disease was
reported by Stalker and McLean (1957), and they suggested
that it might be due to some contaminant in the diet. These
reports were later shown by Patterson et al. (1962) to be
the earliest cases of aflatoxin poisoning.

A. flavus had been implicated earlier as a producer of
mycotoxins by Kulik (1957), who reported that extracts from
peas contaminated with A. flavus were toxic to cats and rab-
bits. A. flavus was then implicated in the poultry myco-
toxicosis when Forgacs et al. (1958) isolated a toxin-pro-
ducing strain from grain, which produced the '"hemorrhagic

syndrome" in poultry.




A disease in dogs, referred to as hepatitis X (Seibold,

1953) was investigated by Newberne et al. (1955). It was
traced to a diet containing peanut meal. Although the dis-
ease was reproduced by feeding the toxic meal, the exact
nature of the etiological agent was not elucidated. Later,
a fatal disease in swine and cattle characterized by liver
lesions was reported by Burnside et al. (1957), who associ-
ated the disease with the incidence of moldy corn in the
feed. They were able to isolate pure cultures of toxic

strains of A. flavus and also of Penicillium rubrum. They

found that sterile corn spiked with these molds and fed to
animal produced similar symptoms to those observed in the
disease, but the emphasis at this time was placed only in
the P. rubrum culture.

Bailey and Groth (1959) later showed that the moldy
corn poisoning of swine was the same as hepatitis X disease
found in dogs. Wilson et al. (1967) described a similar
toxicosis in swine produced by the administration of crys-

taline aflatoxins.

Isolation of Aflatoxins

Sargeant et al. (196la) extracted the toxic principle
in samples of Brazilian ground meal, and concentrated it 250
times. They used exhaustive soxhlet extraction of the sam-
ple with methanol, followed by further extraction of the
methanol extract with chloroform and then defatted the final

extract with petroleum ether. The final extract was fed by






intubation to turkey poults and ducklings and produced his-
tological liver lesions identical to those seen in field
outbreaks of turkey X disease.

Tﬁe identity of the toxic substance in groundnut meal
was unknown at this time, but Sargeant et al. (196la) strong-
ly suggested that it was of fungal origin. Furthermore,
they ruled out the possibility that the toxic substance was
a pyrrolizidine alkaloid or its N-oxide. The toxic princi-
ple was further purified by the same group (Sargeant et al.,
1961b) using alumina chromatography. This step yielded
colorless crystals. Although the preparation was not yet
pure, it fatally affected 1l-day-old ducklings within 24
hours on administering a dosage of 20 mg. Considerably less
produced the characteristic histological liver lesions. The
crystaline product isolated by Sargeant et al. (1961b), when
chromatographed on Whatman no. 1 paper with 5 percent acetic
acid in n-butanol, gave a single spot with an Rf value of
0.7, and emitted a bright-blue fluorescence under UV light.
Of great significance was the fact that the amount of mate-
rial present estimated visually corresponded with the toxic-
ity of the samples as determined biologically (Sargeant et
al., 196la). Thus, a chemical assay for aflatoxin was
developed.

Sargeant et al. (1961b) finally confirmed that the
toxin was of fungal origin. First, they produced pure cul-

tures of certain of the fungal species present in highly

contaminated samples of peanuts. When an extract of
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A. flavus was chromatographed on paper, a fluorescent spot
with an Rf value of 0.7 was obtained. The material from this
spot was toxic to ducklings and produced symptoms associated
with turkey X disease. Therefore, Sargeant et al. (1961b)
used paper chromatography to isolate a fluorescent material
with an Rf value of 0.7 from the toxic peanut meal. It was
then found to be identical to the material present in ex-
tracts from pure cultures of A. flavus. The toxic material
was named aflatoxin in view of its origin.

It was soon found that the toxin obtained after paper
chromatography was still a complex mixture. Nesbitt et al.
(1962) using alumina chromatoplates with chloroform-methanol
(98.5:1.5) were able to resolve the material from paper
chromatography into two fluorescent spots under UV light.
One had an Rf value of approximately 0.6 and exhibited a
violet-blue fluorescence, while the other migrated élightly
more slowly and exhibited a green fluorescence. For conve=
nience, these authors referred to them as aflatoxin B and G,
respectively. Nesbitt et al. (1962) also reported the
melting points, chemical formulas and molecular weights,
along with other physical and chemical characteristics of
the aflatoxins B and G by using ultraviolet and mass spec-
trometry.

De Iongh et al. (1962) used silica gel column chroma-
tography to purify a crude extract of groundnut meal iso-
lated by the procedure of Sargeant et al. (196la,b). The

crude extract was sequentially eluted with chloroform and
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methanol. Aflatoxins were only detected in the chloroform
fraction, which was dried and transferred to Kieselgel TLC
plates and developed with chloroform: methanol (98:2). This
resulted in several spots, which exhibited different fluores-
cent colors under UV light. They named the different spots
FBy, FBy, FB3 etc. When the extracts of the spots from sev-
eral plates were administered to ducklings alone or in com-
bination together, some differences in the degree of toxicity
were found.

Smith and McKernan (1962) also used silica gel Kiesel-
gel G for the chromatographic separation of aflatoxins from
extracts of highly toxic strains of A. flavus. They used
chloroform-methanol-formic acid (95:5:1) as the solvent and
separated at least 12 clearly defined spots, which fluoresced
under UV light. Five of the spots caused the characteristic
liver lesions in ducklings. These authors also introduced a
confirmatory spray test for aflatoxins based on the change
in fluorescence of the aflatoxins under UV light. The color
changed from a blue or green color to a bright, yellow color
when the chromatograms were sprayed with 50 percent sulfuric
acid.

Hartley et al. (1963) were the first to report the
isolation and characterization of the four main aflatoxins,
which they named aflatoxin Bl’ B2, Gl’ and G2. A crude mix-
ture from sterilized groundnut meal, which had been previ-
ously inoculated with a toxin producing strain of A. flavus,

was resolved into several fluorescent spots. They used
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silica gel G and chloroform-methanol (98:2) as the solvent.
The four aflatoxins were identified on the chromatoplates,
and further isolated and purified using silica gel G colummn
chromatography. They concluded that the materials previously
described as aflatoxin G (Nesbitt et al., 1962) and aflatoxin
FB1 (De Iongh et al., 1962) were identical to aflatoxin G1 V
and Bl’ respectively. Hartley et al. (1963) also demon-
strated that the material originally called aflatoxin B by
Nesbitt et al. (1962) was a mixture of aflatoxin Bl contam-
inated with aflatoxin B,.

Hartley et al. (1963) reported the isolation of the
four main aflatoxins, Van der Merwe et al. (1963) demonstrated
that aflatoxin B2 is the dihydro-derivative of aflatoxin B;.
They synthesized aflatoxin B, by catalytic hydrogenation of
aflatoxin By with the uptake of one molar equivalent of
hydrogen. Vander Merwe et al. (1963) also showed that afla-
toxin Gy is the dihydro-derivative of aflatoxin G; and can
be produced in the same manner. They then put forward ten-
tative structures for aflatoxins B; and Gy. The true struc-
tures of the aflatoxins, which differed slightly from those
put forward by Van der Merwe et al. (1963), were finally
elucidated and confirmed later by further studies (Asao et al.,
1963, 1965). The structures of aflatoxins Bj, By, G and Gy
are shown in Fig. 1.

The first indication of occurrence of aflatoxins other
than Bl’ Bsy, G1 and G2 was reported by Allcroft and Carnaghan

(1963). They found that extracts of milk from cows fed
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Figure 1 - Structures of aflatoxins By, By, G; and G,.
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aflatoxin containing toxic groundnut meal induced liver
lesions identical to those caused by aflatoxin B;. TLC exam-
ination showed that there was no aflatoxin By present. The
milk toxin, as it was named, was shown to be identical to a
blue-violet fluorescent component also present in toxic
groundnut meal (De Iongh et al., 1964). Allcroft and
Carnaghan (1963) concluded that the toxic factor in milk
resulted from metabolism of aflatoxin By by the animal
rather than from direct ingestion, since rats fed pure afla-
toxin By excreted the same metabolite found in milk. Allecroft
et al. (1966), also isolated the milk toxin from the urine
of sheep fed aflatoxin B, and confirmed its chromatographic
equivalence to the milk toxin. They further proposed the
generic name aflatoxin M for the toxin found in the milk.
Holzapfel et al. (1966), repeated the experiments of
Allcroft et al. (1966), isolated aflatoxin M from the urine
of aflatoxin-dosed sheep and separated it into two components
using paper chromatography. The blue-violet component was
named aflatoxin M1 and the violet spot aflatoxin M;. On the
basis of ultraviolet, infrared, nuclear resonance and mass
spectral data, these authors identified the structures of
aflatoxins M] and M,. Masri et al. (1967) later confirmed
the structure of Ml' It was postulated that aflatoxin M1
was the hydroxylated derivative of aflatoxin B;, with the
hydroxyl group in the C-4 position of the terminal furan
ring, and that aflatoxin My was the dihydro-derivative of

aflatoxin M; resulting from the hydrogenation of aflatoxin
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Ml' The structures of aflatoxins Ml and M, are shown in

Fig. 2.
0O 0 0 0
oH O | oH 9 |

0”0 OCH, 0°~0 CHs

AF. M, AF. M,

Figure 2 - Structures of aflatoxins M; and M,.

Two additional forms of aflatoxin were isolated by
Dutton and Heathcote (1966) from cultures of A. flavus.

They concluded that the two new aflatoxins were hydroxy deri-
vatives of aflatoxins By and Gp, and were thus, named afla-
toxin B2, and G),, respectively. Later they elucidated the
structures and biochemical properties. They found that afla-
toxins By, and G2a were much less toxic to ducklings than
the other aflatoxins (Dutton et al., 1968).

Subsequently, improvement of the analytical techniques
for extraction of aflatoxins from animal tissue and develop-
ment of TLC procedures with suitable solvent systems and the
use of HPLC and mass spectrometry have enabled researchers to
identify many other forms of aflatoxin metabolites: (1) Afla-
toxin Py - a demethylation product of aflatoxin Bj identified

as a major metabolite of aflatoxin Bj in rhesus monkeys



16

(Dalezios et al., 1971); (2) Aflatoxin Q1 - isolated from
post-mitochondrial liver preparations from rat, monkey and
humans as well as from monkey urine (Masri et al., 1974;
Adenkule, 1977; Buchi et al., 1974); (3) Aflatoxicol-iso-
lated from post-mitochondrial liver preparation of humans,
rabbits and several avian species, in addition to being the
major metabolite in the plasma of rats dosed with aflatoxin
B1 (Patterson, 1973; Patterson and Roberts 1971, 1972a,
1972b; Salhab and Edwards, 1977; Wong and Hsieh, 1978); and
(4) Aflatoxin Bl-epoxide-formed through the metabolic
epoxidation of the 2,3 vinyl ether double bond of aflatoxin
B;. This metabolite has not yet been isolated, probably
because of its instability and great reactivity, but studies
have strongly supported its formation in vivo and in vitro
by incubation of aflatoxin B, with post-mitochondrial liver
fractions (Garner et al. 1971, 1972; Swenson et al., 1973,
1975, 1977; Roebuck et al., 1978).

Metabolism of Aflatoxins

Drugs and other foreign compounds enter the body
mostly by absorption from the gastrointestinal tract, from
which they are taken via the portal vein to the liver, where
they may be chemically modified through different types of
reactions, such as oxidation, reduction, hydrolysis and con-
jugation (Kappas and Alvares, 1975). Their essential effect
is to convert lipophilic or fat-soluble compounds into hydro-

philic or water soluble substances (Kappas and Alvares, 1975).
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The modified products may either flow into the bile to be
excreted in the feces or to the systemic circulation before
being taken to the kidneys and voided in the urine. Other
sites of drug metabolism are located in the lungs, kidneys,
the skin and the gastrointestinal tract itself (Blumberg,
1978).

The microsomal mixed function oxygenase, an enzyme
complex located in the endoplasmic reticulum of the cell,
catalyzes the metabolism of various drugs, carcinogens,
steroids, insecticides, and other compounds (Conney, 1967),
including the aflatoxins (Garner et al., 1971, 1972). More
than 200 compounds can influence the activity of this com-
Plex and these have been divided in two general classes
(Conney, 1967): (1) the phenobarbital type, which enhances
the formation of cytochrome P-450 and the activity of mixed
function oxygenase toward several substrates; and (2) the
polycyclic aromatic hydrocarbon type, exemplified by 3-
methylcholanthrene and benzo(a)pyrene, which enhance the
activity toward a limited number of substrates and stimulate
the formation of different types cytochromes, cytochrome
P1-450 (Sladek and Mannering, 1966), and P-448 (Alvares et
al., 1967). Evidence has accumulated to suggest that liver
microsomal cytochrome P-450 is a mixture of several forms
that can be identified on the basis of their electrophoretic
patterns (Welton and Aust, 1974; Haugen et al., 1976), by
their specificity for being induced by various chemicals

(Conney et al, 1973) and by their catalytical and physical
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properties as partially purified fractions (Ryan et al.,

1975; Haugen et al., 1975). Aflatoxin B1 is metabolized by

the hepatic microsomal mixed function oxygenase system to a

1’ B2a and

aflatoxin Bl—epoxide (Campbell and Hayes, 1976). Aflatoxin

group of derivatives, such as aflatoxins Ml’ Q. P

Bl can also be reduced by a cytoplasmic reductase to afla-
toxicol (Wong and Hsieh, 1978).

Aflatoxin M1 results from the ring hydroxylation of
aflatoxin B1 at the C-4 position (Fig. 3-pathway 1l). It was
one of the first aflatoxin metabolites to be discovered. It
was first identified in milk from cows fed aflatoxin contam-

inated rations, thus aflatoxin M, was originally called "milk

1
aflatoxin'" (Allcroft and Carnaghan, 1963). Soon after

Allcroft and Carnaghan (1963) discovered aflatoxin M1 in
milk, its presence was confirmed by De Iongh et al. (1964).
It was later also shown to be present in the urine of animals
(Holzapfel et al., 1966) and humans (Campbell et al., 1970),
and in tissues of animals (Allcroft et al., 1966) ingesting
rations containing aflatoxin Bl.
Aflatoxin P1 is the phenolic metabolite resulting from
the O - demethylation of aflatoxin B1 (Fig. 3-pathway 2).
Wogan et al, (1967) were the first to suspect that O - de-

methylation probably occurred during aflatoxin B, metabolism,

1
in that approximately 25 percent of the radioactivity admin-
istered as 14C-methoxy-labeled aflatoxin B1 to rats appeared
in the respired <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>