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ABSTRACT

Aflatoxins developed rapidly in rough rice inoculated with a toxin-
producing strain of Aspergillus parasiticus and stored in a highly humid
atmosphere (about 100% relative humidity) at 30°C. Maximum concentra-
tions of the toxins were produced and accumulated after 15-33 days. More
than 90% of the kernels were infected with A. flavus spp. within 3 to 6 days.
After 21 days in storage, an average of about 60-80% of the toxins by
weight were found in the combined bran and polish fraction after milling.
The bran and polish fraction contained the toxins in a concentration more
than 10 times that of the milled kernels.

In 1960, outbreaks of disease in fish and poultry in different parts
of the world led to the discovery of the toxic nature of microcontaminants
in some food and feed crops. These substances (aflatoxins) were subse-
quently found to be fungal metabolites produced principally by certain
strains of species of the Aspergillus flavus group (1). Recently, a com-
prehensive review of the aflatoxins has been published (2).

In 1964, Schroeder (3) reported that some strains of 4. flavus species
produced a higher concentration of aflatoxins on rice than on peanuts. Un-
published data from this laboratory show that A. parasiticus, a species of
the A. flavus group, is a consistent producer of large quantities of aflatoxins
on a rice substrate. Subsequently, Shotwell et al. (4) in 1966 reported
that milled rice was an effective substrate for the production of aflatoxin
in the laboratory. Additional confirmation was published in 1966 and 1967
(5,6,7,8). Boller and Schroeder (6) surveyed the prevalence of toxin-pro-
ducing strains of A. flavus species in rice grown in all of the major rice-
producing areas of the United States. Their study indicated that about one-
third of the isolates from rice were capable of producing significant amounts
of the aflatoxins. Unpublished information from experiments in this labora-
tory suggested that much of the aflatoxin in a contaminated kernel of rough
rice was removed by ordinary milling procedures. The studies cited above
show that a potential hazard of aflatoxin contamination of rough rice does
exist. However, if the concentration of the toxins is significantly reduced
in milling, any possibility of danger to the consumer of milled rice would
be eliminated or greatly reduced. The experiments reported in this paper
were made to determine the probable effectiveness of commercial milling
practices in removing aflatoxin contamination from rough rice.

MATERIALS AND METHODS

Aflatoxin contamination was induced in rough rice (Belle Patna variety)
in the laboratory to provide rice containing the toxins over a range of
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Fig. 1. Storage container for maintaining rice at a high relative humidity.

concentrations. In test 1, 56 samples of rough rice (150 g. each) were
stored over water in screen baskets suspended in wide-mouthed 1-qt.
Mason jars (Fig. 1). Forty-two samples were inoculated with dry spores
of a strain of 4. parasiticus isolated from rice and known to have the abil-
ity to produce aflatoxins (B,, B,, G,, and G,) on a rice substrate. Four-
teen samples were treated similarly but without inoculation. All samples
were incubated at 30°C. Four samples, three inoculated and one control,
were removed from storage at 3-day intervals.

The moisture content of each sample was determined by the two-stage
air-oven method (9). The prevalence of fungi infecting the seeds was
determined by plating 200 seeds of each sample on malt-salt agar (7.5%
NaCl) after surface-disinfection with a 1% solution of sodium hypochlor-
ite. The remainder of each sample was air-dried at room temperatures to
approximately 11 to 12% moisture content (wet basis). After each sample
was shelled, 50 g. of brown rice from the noninoculated control was sep-
arated for aflatoxin analysis. The three inoculated samples were bulked
and mixed thoroughly; a 50-g. aliquot was removed for aflatoxin analysis
and a 100-g. aliquot was retained to be milled.

The rice was milled on a modified McGill Sample Mill No. 1 in two
breaks: first break was 30 sec. with 15 Ib. pressure and the second break
was 30 sec. with 5 Ib. of pressure, yielding the bran and polish fraction
respectively. Because of the small amount of rice per sample in this test,
the bran and polish were combined and the combined fraction is designated
as the “bran fraction” in this paper. The bran fraction and 50 g. of the
milled rice were assayed for aflatoxin content.



576 AFLATOXIN REDUCED IN RICE MILLING Vol. 45

In the second test, 28 samples (240 g. each) of rough rice were stored
under conditions similar to those described in test 1. Twenty-one samples
were inoculated with A. parasiticus and seven were retained as noninocu-
lated controls. The same procedure of handling, milling, and analysis of
the samples was followed, except that each replicate sample was milled
and the brown rice and milled rice were analyzed separately. However,
the bran fractions of the three replicate samples were bulked and the bulked
fractions were extracted and analyzed for aflatoxin content. This test was
made to provide verification of the results of the first test and to provide
an estimate of the variation among samples.

The extraction and thin-layer chromatography procedures described by
Pons and Goldblatt (10) for detection and quantification of aflatoxins were
used throughout these experiments.

RESULTS

Inoculation of rough rice with spores of A. parasiticus rapidly increased
the prevalence of kernels infected by species of the A. flavus group. In both
tests, isolations of 4. flavus species increased from 11 or 15% to 98% or
more within 3 to 6 days (Table I) and the incidence of isolations remained
very high. The principal difference between the two tests in respect to the
fungal flora was in the development of infections by species of the A. glaucus
and A. candidus groups. In test 1, infection by A. glaucus spp. increased
at a more rapid rate than in test 2. However, infection by A. candidus
spp. increased more rapidly in test 2 (Table I).

TABLE 1
PERCENTAGE OF RICE KERNELS INFECTED BY THE THREE MoOST PREVALENT GROUPS
OF Aspergillus sPP. AFTER INOCULATION WITH Aspergillus parasiticus AND
STORAGE IN A RELATIVE HUMIDITY OF ABOUT 100% At 30°C.
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18 99 52 9 42 81 35 67 18 97 45 30
21 92 69 9 21 98 61 42

a3-Day sample lost in test 1.

The moisture content of the rice increased rapidly during the first
few days in storage and differed significantly between the two tests. In
test 1 (Fig. 2) the initial average moisture content was 12.8%:; after 6
days it was 17.9%; and after 21 days 17.6%. Moisture contents in test 2
(not illustrated) were 12.6, 16.7, and 19.5% respectively.
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Fig. 2. Moisture content and accumulation of aflatoxin B, in rice inoculated with
Aspergillus parasiticus as related to time in storage.

The general relation between moisture content and the production and
accumulation of aflatoxin B, is illustrated by the results of test 1 (Fig. 2).
The other principal aflatoxins (B,, G,, and G,) followed the same trend
of production and accumulation in general, although quantities differed
greatly among the four toxins. Subsequently, only the data for aflatoxin B,
will be reported in this paper, but the total quantities of aflatoxins found
in these experiments were from about two to three times the quantities of
B, reported.

Fungal deterioration of the rice in these experiments caused a signifi-
cant decrease in the yield of milled rice (Fig. 3). Again, marked differ-
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Fig. 3. Reduction in yield of milled rice in relation to time in storage at high
humidity after inoculation with spores of Aspergillus parasiticus.
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ences were observed between test 1 and test 2. Between 3 and 21 days in
storage, the percentage of the kernel removed by milling increased from
11.1 to 13.5% in test 2 and from 8.0 to 11.3% in test 1.

The rate of aflatoxin B, production and accumulation in the rice and
its pattern of distribution within the kernels varied in the two tests (Table
I1). The percentage of the toxin in the bran varied from 33 to >95%.

TABLE 11

AFLATOXIN B, IN Two FRACTIONS OF RICE AFTER MILLING IN RELATION TO TIME
IN STORAGE AFTER INOCULATION WITH Aspergillus parasiticus

AFLATOXIN B1/100 g. BRowN RICE?

o Test 1 Test 2
TiIME Milled Percent Milled Percent
IN STORAGE Rice Bran in Bran Rice Bran in Bran
days v ¥ % ¥ ¥ %
3 trace trace trace 0.19 >95
6 3.78 2.83 43 0.94 3.98 81
9 15.90 7.95 33 5.66 15.90 74
12 14.28 19.14 57 11.72 31.81 73
15 8.58 47.71 85 4.41 10.60 71
18 9.54 23.86 71 12.47 79.52 86
21 28.56 57.14 67 4,14 28.57 87
24 9.54 47.71 83
27 8.58 47.71 85
30 14.32 47.71 77
33 9.55 47.71 83
36 3.72 31.71 90
39 7.66 47.71 86
42 19.14 57.14 75
Av. to
21 days 11.52 22.66 59 5.62 24.36 81
Av, 21-42
days 10.36 46.77 83

ay = 100 = Concentration of aflatoxins in p.p.m.

However, the bran contained more than 50% of the toxin in all but two
of 21 determinations. The distribution of aflatoxin B, in brown rice, milled
rice, and the bran followed about the same general pattern within each
sample, regardless of the concentration of toxins or the length of time in
which aflatoxins were produced and accumulated (Fig. 4).

DISCUSSION

Factors other than moisture and temperature influence the production
and accumulation of aflatoxins and also affect the distribution of the toxins
within the kernels (Table II). The make-up of the active mycoflora (Table
I) is a significant factor. It is not clear at this time whether the activity
of fungal species is a cause or an effect of some moisture and temperature
variations. Certainly, there was no observable significant difference between
the initial mycoflora of the rice utilized in test 1 and those in test 2. How-
ever, over comparable times under the same environmental conditions, the
predominance of the principal species competing with 4. flavus varied greatly
between the two tests.
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Fig. 4. Relative concentration of aflatoxin B, in brown rice and in the principal
fractions after milling.

Increasing fungal activity was associated with an increase in the per-
centage of the kernel removed in milling (Fig. 3), and thus more toxins
were also removed by milling. On the average, the concentration of afla-
toxins in the bran fractions remained more than 10 times as high as in
the milled rice fractions (Fig. 4).

Most of these data are concerned with rice containing unusually large
amounts of aflatoxins. On the basis of the authors’ experience, most nat-
urally contaminated rice would contain aflatoxins at concentrations of <4
p-p-b. (trace) to 50 p.p.b. Furthermore, the toxins would probably be
produced as a result of rapid growth of the fungus accompanied by limited
penetration of the endosperm. In such circumstances, we would expect
that most of the toxins would be in the fractions removed by milling.
Thus, the analyses of the 3-day samples in test 2 (Table II) are probably
most representative—that is, more than 95% of the toxins are in the bran
layer.

Aflatoxins are slightly soluble in water. Possible diffusion from areas
penetrated by fungi into undamaged portions of the endosperm may occur
under some conditions, increasing the percentage of total toxins in the endo-
sperm after milling. A more probable factor influencing this distribution
pattern within the kernel is the growth of other microorganisms. In par-
ticular, other fungi can develop a competitive advantage, perhaps limited
to the outer layers on the kernel, and metabolize a significant quantity of
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aflatoxins. The ability of other fungi to metabolize aflatoxins has been
demonstrated by Ashworth et al. (11).

In the United States the bulk of the rice crop is harvested at moisture
contents ranging from 18 to 24% (wet basis). The crop is dried low
enough to prevent fungal growth in commercial dryers or on the farm with
heated or unheated air passed through the grain, or with a combination of
the methods. Calderwood and Schroeder (12) showed that aflatoxin, in
significant concentrations, can accumulate in high-moisture undried rice in
2 to 3 days when the environment favors the growth of A. flavus spp.
Boller and Schroeder (6) found that aflatoxin-producing strains of A4. flavus
spp. were associated with rice grown in all of the major rice-producing
areas of the United States and that they make up a significant part of the
normal mycoflora.

Fortunately, the conditioning of rice by artificial drying is an efficient
and effective operation in the United States. There is no evidence that
contamination of rice with aflatoxin is a serious problem at this time, and
the data presented in this paper indicate that the consumer is further pro-
tected in that the concentration of the toxins in contaminated rice is greatly
reduced by the milling process. It is essential, however, that the potential
hazards of the problem be recognized and that the industry and responsible
research agencies make every effort to maintain and improve the efficiency
of conditioning, handling, and storage of rice.
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