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Figure 31: The presence of Fusarium species belonging to the section, Liseola, in Maize
Milling System #4. The levels of fungal infestation during three separate visits are shown
at 13 different sampling points in the system.

Fusarium species belonging to the section, Liseola, increase during the conditioning stages.
Higher levels of Fusarium species were observed in all thru fractions compared to the over
fractions. Super maize meal seemed to have lower levels of Fusarium species at all three

site visits.
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Figure 32;: The presence of Cladosporium cladosporioides in Maize Milling System #4,
The levels of fungal infestation during three separate visits are shown at 13 different
sampling points in the system.

Cladosporium cladosporioides was present in the silo at site visits 1 and 3, but seemed to
lose its prominence during the conditioning stages. The presence of this fungus seemed to
be more dominant during the breaking stages, but lesser so in the products.
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Figure 33: The presence of Aspergillus flavus in Maize Milling System #4. The levels of
fungal infestation during three separate visits are shown at 13 different sampling points in
the system.

The levels of Aspegillus flavus seemed to be low in most of the samples tested in Maize
Milling System #4, except the thru fraction and the Chop.
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Figure 34: The presence of Aspergillus flavus in Maize Milling System #4. The iavels of
fungal infestation during three separate visits are shown at 13 different sampling points in
the system.

The levels of Penicillium species from the silo and the conditioning stages were relatively low.
However, during the degerming process, the levels increased dramatically in the thru fraction.
All the products showed very high levels of Penicliium species, but to a lesser extent in the
Super maize meal sample.
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Figure 35: The presence of Eurotium species in Maize Milling System #4. The levels of
fungal infestation during three separate visits are shown at 13 different sampling points in
the system.

The levels of Eurotium species seemed not to show any pattern in the milling system.
However, the presence of these fungi seemed to be more prominent from the silo, and during
the conditioning and breaking phases.
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Figure 36: The presence of Aspergillus clavatus in Maize Milling System #4. The levels
of fungal infestation during three separate visits are shown at 13 different sampling points
in the system.

Aspergillus clavatus occurred in very low levels during all three site visits and should not be
seen as high risk in Maize Milling System #4.
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Figure 37: The presence of Rhizopus oryzae in Maize Milling System #4. The levels of
fungal infestation during three separate visits are shown at 13 different sampling points in
the system.

It seemed that Rhizopus oryzae became more prominent during the conditioning stages, but
only colonised those areas of the kernel that make up the thru fraction. All three site visits
showed the presence of this fungus in the Chop, although it was also present in the other
products occasionally.
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Figure 38: The presence of Mucor species in Maize Milling System #4. The levels of
fungal infestation during three separate visits are shown at 13 different sampling points in
the system.

Mucor species seemed to increase dramaticaily during the conditioning stages that lead to
significant levels all the stages of the milling process. The levels in the Super maize meal
seemed to be very low in samples from all three site visits.

Mill #5
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Figure 39: The presence of Fusarium species belonging to the section, Liseola, in Maize
Milling System #5. The levels of fungal infestation during three separate visits are shown
at 16 different sampling points in the system.

Fusarium species belonging to the section, Liseoia, seemed to increase in levels during the
conditioning stages. Samp seemed to have lower levels of Fusarium species at all three site
visits, although all other product samples indicated a very high infestation of these fungi.
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Figure 40: The presence of Cladosporium cladosporioides in Maize Milling System #5.
The levels of fungal infestation during three separate visits are shown at 16 different
sampling points in the system.

There is no particular pattern in the presence of Cladosporium cladosporioides in Maize
Milling System #5. Site visit 3 indicated a higher level of presence of this fungus during the
breaking stages and products such as Super maize meal, Special maize meal, Maize rice
and Chop. ltis likely that the higher levels rather had to do with the particular batch of maize
that was milled on that day and not due to contamination in the facility itself.
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Figure 41: The presence of Aspergillus flavus in Maize Milling System #5. The levels of
fungal infestation during three separate visits are shown at 16 different sampling points in
the system.

The levels of Aspergillus flavus were very low in the samples from the silo during all three site
visits. However, during the degerming process, and consequently during the breaking
process and products, high levels were observed. Levels seemed to be relatively low in the
Braapap and the Samp.
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Figure 42: The presence of Penicillium species in Maize Milling System #5. The levels
of fungal infestation during three separate visits are shown at 16 different sampling points
in the system.

The levels of Penicillium species in the silo and conditioning samples were relatively low.
Levels increased dramatically during the degerming process and consequently also in the
breaking process and the various products. Lower levels in the Samp were experienced in all
three site visits.
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Figure 43: The presence of Eurotium species in Maize Milling System #5. The levels of
fungal infestation during three separate visits are shown at 16 different sampling points in
the system.

Eurotium species seemed to be present throughout Milling System #5, although in relatively
low levels. However, the second visit showed relatively high levels of Eurotium species in the
sample from the silo and during conditioning. This is likely because of a batch of maize
kernels that have been exposed to a moisture content of 14% and higher during storage.
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Figure 44: The presence of Aspergillus clavatus in Maize Milling System #5. The levels
of fungal infestation during three separate visits are shown at 16 different sampling points
in the system.

Aspergillus clavatus was practically absent in the silo and during the conditioning stages. Itis
anly during the breaking stages and the products that this fungus was prominent in site visits
1and 2. This fungus was. however, absent in all Samp samples tested.
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Figure 45: The presence of Rhizopus oryzae in Maize Milling System #5. The levels of
fungal infestation during three separate visits are shown at 16 different sampling points in
the system.

Rhizopus ciyzae in most samples tested, except in the Samp. There was no particuiar
pattern in the distribution of this fungus in Milling System #5, although the levels in the Chop
seemed to be significant in all three site visits.

Mill #5 (1%, 2 and 3 visits) [ tetvisk
[] 2n visit
Mucor spp. [ s vist
100 — —
5 a e
; HiIHE |
sp—hin— r
80 Ny i
E & R - \
59 _ —t
g 4 Er T E H
L %+ |85 1 H B || H
% | |21 | - ol
w88 H | THTH ‘h_ﬂ—l_l_ ":‘I‘I_ |
'] _'lltﬁ-in f'- L OJI ; - il ’ 'fg _ & L I r
£ & E E EE Es T & = &8 = g e 5 8 g
TF ;3 SRR R P Of g5 fEs 2§ ;O
B % % oaz ¢ £ 0§ 2fF s 3¢ §
§d € § ¥ 2§ 3 8 &
Maize milling steps

Figure 46: The presence of Mucor species in Maize Milling System #5. The levels of
fungal infestation during three separate visits are shown at 16 different sampling points in
the system.

Mucor species seemed to be more prominent during the conditioning and degemming stages
than during the breaking process and the products. However, the levels in all Chop samples
seemed to be higher than any of the other products in Maize Milling System #5.
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Figure 47: The presence of Fusarium species belonging to the section, Liseola, in Maize
Milling System #6. The levels of fungal infestation during three separate visits are shown
at 15 different sampiing points in the systein.

Fusarium species belonging to the section, Liseola, seemed to increase in levels during the
conditioning stages. Samp, and to a lesser extent Maize rice, seemed io have iower ievels of
Fusarium species at all three site visits, although all other product samples indicated a very
high infestation of these fungi.
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Figure 48: The presence of Cladosporium cladosporioides in Maize Milling System #6.
The levels of fungal infestation during three separate visits are shown at 15 different
sampling points in the system.

The levels of Cladosporium cladosporioides seemed to be relatively low throughout Maize
Milling System #6, except in the thru fraction and also in the Chop.
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Figure 49: The presence of Aspergilius flavus in Maize Milling System #6. The levels of
fungal infestation during three separate visits are shown at 15 different sampling points in
the system.

The levels of Aspergillus flavus seemed to be relatively low throughout Maize Milling System
#6, except in the thru fraction and in the Special maize meal during the third site visit.
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Figure 50: The presence of Penicillium species in Maize Milling System #6. The levels
of fungal infestation during three separate visits are shown at 15 different sampling points
in the system.

The levels of Penicillium species seemed to be relatively low in the silo, as well as during the
conditioning stages of Maize Milling System #6. However, a dramatic increase in levels is
observed during the degerming stage, especially in the thru fraction. Elevated levels were
also observed during the breaking stages and the products. However, the levels of
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Penicillium species in the Samp and Maize rice seemed to be notably lower than the other
products.
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Figure 51: The presence of Eurofium species in Maize Milling System #6. The levels of
fungai infestation during three separate visits are shown at 15 different sampling points in
the system.

The levels of Eurotium species seemed to be reiatively iow throughout Maize Milling System
#6. However, it seemed that the first site visit indicated an elevated level of Eurotiurn species
in the silo and the conditioning stages. Higher levels were also observed in products such as
Special maize meal, Maize flour and Chop during the first visit.

Mill #6 (1% 2nd and 3% visits) :"d“‘*“
. nd visit
Aspergillus clavatus J 30 visit
100
- +]
c B0
gm
[+
£ s
=
D 40
T 2
®
10
[4] 5 = e - II!"-lll—ll"l | = =
& & ¥ ¥ EE f5 ¥ ¥ & &., 2 B : & 8
s of N o:n it f g O
E f § g Ez ; @ BF gm 3 2 =
§ ¢ & TP RE O g 4 FEoG
- Maize milling steps

Figure 52: The presence of Aspergillus clavatus in Maize Milling System #6. The levels
of fungal infestation during three separate visits are shown at 15 different sampling points
in the system.
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The levels of Aspergillus clavatus was relatively low throughout Maize Milling System #6.
However, extremely high levels of this fungus were observed in the Chop during the third site
visit. This was likely because of a single batch of maize that was contaminated with this
fungus, and not because of contamination in the system itself.

Mill #6 (1%, 2nd and 31 visits) L] 1=vist
' E 2 visit
Rhizopus oryzae B 3 visit
100
80
c B
-o m
1o
£ s
Bu-
© 0 -
R
10 -
0 =R H - III_,_EL,

-} o = - e - 3 3 @ e o = 5 -
5 § § % Ef B § % & Eg & B B B
E a8 8 = ] ;- & ET ER E= I3 = @
) = - -aE -ué I = = n.E = B N N
g - & 55 583 < @ 2E 2@ ='e 3 g
g = 5 &5 §=£ O f E a4 BE 2
3 3 % g & & ]

i Mcizo milling steps

Figure 53: The presence of Rhizopus oryzae in Maize Milling System #6. The levels of
fungal infestation during three separate visits are shown at 15 different sampling points in
the system.

Rhizopus oryzae occurred sporadically throughout Maize Milling System #6. However, the
thry fraction, Special maize meal and Chop seemed to occasionally contain higher levels of
this fungus.
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Figure 54: The presence of Mucor species in Maize Milling System #6. The levels of
fungal infestation during three separate visits are shown at 15 different sampling points in
the system.
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Mucor species seemed to be more prominent during the conditioning and degerming stages,
especially the thru fraction, than during the breaking process and the products. However, the
levels in all Chop samples seemed to be higher than any of the other products in Maize
Milling System #6.

Task 6: MYCOTOXIN ANALYSES
Background

A number of analytical methods for the detection and quantification of mycotoxins have been
developed. Classical methods for the analyses of mycotoxins include thin-layer
chromatography (TLC), high-performance liquid chromatography (HPLC), gas
chromatography (GC) and mass spectrometry (MS). Most of these techniques are now used
in combination with immunoaffinity techniques to simplify extraction and improve mycotoxin
recovery.

To test for mycotoxins in a specific food or feed commodity, one needs to isolate the
mycotoxin from many other substances. This step is needed so that when the analytical tests
are conducted only the mycotoxin will be detected without other substances distorting the
results. Clean-up methods need to be developed for each food or feed commodity as the
differsnces in compositicn could influence the successful extraction of the mycotoxins from
the sample.

Immunological techniques that are commercially available are based on specific monoclonal
and polyclonal antibodies produced against the mycotoxin. These can be divided into
immunoaffinity column-based analysis (IAC) and enzyme-linked immunocabsorbent assay
(ELISA). The IAC is used for the clean-up of complex matrices as well as the isolation and
concentration of the mycotoxin. ELIZA, on the other hand, is generally not as intensive and is
used to screen for the presence of mycotoxins above a certain level. A range of qualitative,
semi-quantitative and quantitative tests are commercially available.

When looking at the more prominent fungi associated with maize in South Africa (see task 5,
page 17), there are a number of mycotoxins that could be of importance in South African
maize. However, current existing laboratories that are conducting mycotoxin analyses are
not capable of testing for all the relevant mycotoxins. It is, therefore, also not possible to fully
realise the extent of the presence of these mycotoxins in South African maize. The level of
the presence of these mycotoxigenic fungi is the only indication currently of the possible risks
involved regarding human and animal health.

Material and Methods

All samples obtained from the 6 participating maize milling systems at all 3 site visits were
tested for the presence of fumonisins by using immunoaffinity technology (VICAM system)
and fluorometry was used for quantitative determination. The presence of Fusarium
verlicillioides was dominant in all the samples, indicating that fumonisin levels are likely to be
prominent in all six maize milling systems. Confirmatory tests were conducted using LC-MS-
MS analyses on selected samples from all six mills.

Selected samples, where high levels of Aspergillus niger, Aspergillus ochraceus and

Aspergillus flavus were found, were tested for the presence of ochratoxin A and aflatoxins
based on the VICAM testing system. However, none of the tested samples were found to
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contain any of these mycotoxins. Therefore, only results of the levels of fumonisins are given
and discussed here.

Results and Discussion

The levels of fumonisins in all samples tested based on the VICAM testing system are given
in table 26 to 31 (see annexure C). The following figures indicate the results obtained:
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Figure 55: The levels of fumonisins in Maize Milling System #1 during three separate
visits.

Results indicated that the levels of fumonisins during the 1% visit at Maize Milling System #1
were substantially higher than the other site visits throughout the whole milling system.
Levels of up to 6.2 ppm were experienced in for example the Special maize meal sample. It
was also evident that the levels of fumonisins were already relatively high when the maize
was stored in the silo. Fumonisin levels seemed to be more concentrated in the "thru"
fraction than in the "over” fraction during all three site visits. When comparing the levels of
fumonisins in the products, it seemed that Special maize meal, Super fine maize meal, and
Chop had a bigger risk of containing higher levels of furnonisins.
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Figure 56: The levels of fumonisins in Maize Milling System #2 during three separate
visits.

High levels of fumonisins were experienced in Maize Milling System #2 in the silo in both the
1* and 2™ site visits. Although not always the case, the levels of fumonisins in the "thru"
fraction were higher during the 1% and 3™ site visit. Maize flour and Chop seemed to be
higher risk to contain high levels of fumonisins. However, the levels of fumonisins in Super
maize meal during the 1 visit also indicated a level of 2.9 ppm.
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Figure 57: The levels of fumonisins in Maize Milling System #2 during three separate
visits.

The levels of fumonisins were relatively low in most of the samples from maize Milling
System #3, except during the 3" site visit. Almost all samples during the 3" site visit showed
elevated levels of fumonisins. The 'thru" fraction seemed to contain higher levels of
fumonisins than the "over" fraction. All product samples during the 3™ site visit showed high
leveis of fumonisins, although the Chop sample had the highest leve! of 5 ppm.
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Figure 58: The levels of fumonisins in Maize Milling System #4 during three separate
visits.

Results indicated that the levels of fumonisins in maize Milling System #4 during the 3" site
visit were overall higher than during the other site visits. The levels in the "thru" fraction was
substantially higher than in the "over" fraction during all three site visits. Most product
samples indicated fumonisin leveis beiow 1 ppm, although Chop had elevated levels of up to
5.9 ppm. A level of 4.9 ppm fumonisins was also experienced in the Maize flour during site
visit three.
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Figure 59: The levels of fumonisins in Maize Milling System #4 during three separate
visits.

A number of samples were absent from Maize Milling System #5. However, results indicated

that, although very low levels of fumonisins were observed in the samples from the silo,
notable levels were experienced throughout the miling system itself. The levels of
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fumonisins in the "thru" fraction were substantially higher than in the "over" fraction. Products
such as Samp, Maize rice and Chop showed overall lower levels of fumonisins.
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Figure 60: The levels of fumonisins in Maize Milling System #4 during three separate
visiis.

No particular pattern could be observed regarding the levels of fumonisins in samples from
Maize Milling System #6. Indications are that the levels of fumonisins are occasionally high
in samples from the silo, which is then introduced into the milling system. Products such as
Super maize meal, Braaipap, Special maize meal and Chop seemed to contain elevated
levels of fumonisins occasionally. Maize flour and Maize rice occasionally also contain
fumonisin levels above 1 ppm. Samp seemed to have the lowest risk of containing elevated
levele of fumonisins.

Overall, findings in all Maize Milling Systems suggest that the levels of fumonisins were more
concentrated in the "thru" fractions, resulting in lower levels in the "over” fractions. This was
evident when the averages between the "thru" and "over" fractions of the various participating
milling systems were compared with each other (see figure 61 below).

Comparison of specific sampling points in the various milling systems

To be able to make conclusions whether the levels of fungi and their mycotoxins follow
similar tendencies in all participating maize milling systems, specific sampling points were
compared by determining an average between the 3 site visits in each mill and graphically
present it in the figures below.

Firstly, the levels of Fusarium (Section: Liseola) and fumonisins were compared in the grain
silos and just after cleaning before the conditioning stages. This is to form an idea what the
average levels of contamination are before the milling process commences, and what the
possible effect of cleaning can have on the presence of the fungi and their mycotoxins.
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Figure 61: Comparative average levels of Fusarium (Section: Liseola)
species and fumonisins in maize from the grain silo's and cleaned maize
prior to milling during three site visits at the six participating Maize Milling
Systems.

Based on the results, Maize Milling Systems 1, 2, 3 and 6 had on average higher levels
above 50% of Fusarium (Section: Liseola) infestation in their grain silos. On the other hand,
Mills 4 and 5 showed an average lower infestation rate. This was also reflected in the levels
of fumonisins found where Mills 4 and 5 had an average fumonisin contamination below 0.5
ppm, compared to the other mills that ranged between 0.89 in Mill #1 to 2.23 ppm in Mill #2.

Cleaned maize samples seemed to have lower levels of Fusarium (Section: Liseola) than
uncleaned samples. However, Mill #5 showed basically no difference in average levels
between the maize from the silo and after cleaning. The average fungal levels were low to
start with, which coulid be the reason why levels are not notably influenced.

The levels of fumonisins in the samples from the silos and the cleaned maize seem not to
follow the same pattern as fungal infestation. Three of the mills, nl. Mills 1, 2 and 6 showed
average lower levels of fumonisins after cleaning. Mills 3, 4 and 5, on the other hand,
showed average higher levels of fumonisins after cleaning.

When comparing the levels of the "over" and the "thru" fractions in the six milling systems,

interesting results were obtained regarding the level of contamination with Fusarium (Section:
Liseola) and fumonisins (see graph below).
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Figure 62: Comparative average levels of Fusarium (Section: Liseola)
species and fumonisins in the "over" and "thru” fractions during three site
visits at the six participating Maize Milling Systems.

Results indicated that, in all milling systems, the average levels of both Fusarium (Section:
Liseola) and fumonisins were markedly higher in the "thru” fraction than in the "over” fraction.
Based on these findings, it is evident that the "thru” fraction has higher risk to contain
fumonisins, and this is also refiected in the presence of the relevant fungi.

When comparing the various products that are produced by the participating milling systems,
some observations can be made (see figures below).
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Figure 63: Comparative average levels of Fusarium (Section: Liseola)
species and fumonisins in super and special maize meal during three site
visits at the six participating Maize Milling Systems.

Results indicated that the average levels of Fusarium (Section: Liseola) were higher in the
Special maize meal, compared to Super maize meal, in all the participating milling systems.
This was, however, not reflected in the levels of fumonisins. Mills 1, 3 and 4 showed average
levels of fumonisins below 1 ppm, although only Mill #4 showed a substantially lower average
of Fusarium (Section:Liseola). '

Mills 1 and 4 showed average fumonisin levels below 0.5 ppm in the Super maize meal
samples. However, this was not reflected in the average levels of Fusarium (Section:
Liseola) species where Mill #1 showed the highest levels of an average of 98% infestation
and Mill #4 the lowest at 29%.

All mills showed an average high level of Fusarium (Section: Liseola) infestation in the
Special maize meal samples. A similar pattern of fumonisin levels was seen in the Super
maize meal samples, with the exception of Mill #1. However, when looking at the levels of
fumonisins at the individual site visits at Mill #1, it became evident that the sample from site
visit 1 contained 5.2 ppm fumonisins compared to the other two visits with 0.54 and 0.44 ppm
respectively in their samples, which have distorted the results to an average of 2.06 ppm.
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Figure 64: Comparative average levels of Fusarium (Section: Liseola)
species and fumonisins in the chop fraction during three site visits at the six
participating Maize Milling Systems.

Maize Milling System #5 was the only mill that showed an average fumonisin level below 0.5
ppm in the chop fraction. All the other mills had an average above 1 ppm. The average
infestation of Fusarium (Section: Liseola) species were in all cases 100%.

When the overall averages for each sampling point in all participating milling systems are

calculated, a general overview of the high and low risks for fungi and fumonisins could be
obtained.
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Figure 65: Comparative overall average levels of Fusarium (Section: Liseola) species
and fumonisins in the various sampling points. Averages were calculated by including
all sampiing points at all site visits at all six participating Maize Milling Systems.

The overall averages of the sampling points indicated that higher levels of fumonisins can be
linked to high levels of the relevant fungi. For example, average high levels of fumonisins
were found in the "thru" fraction, 2" break, Super fine maize meal, Maize flour and Chop,
with average fumonisin levels above 1.5 ppm. All of these sampling points also showed
average high infestation of Fusarium (Section: Liseola). However, the average lowest level of
Fusarium (Section: Liseola) was found in the Samp, but the average level of fumonisins was
not the lowest in this sample.

When considering the levels of fumonisins in the maize products, only Braaipap, Samp and
Maize rice showed an average level below 1 ppm. Super maize meal and Special maize
meal showed average levels of fumonisins just above 1 ppm. The highest average levels of
higher than 1.5 ppm were found in Super fine maize meal, Maize flour and Chop.

According to the above findings, cases where an average level of Fusarium (Section: Liseola)
is above 30% infestation, could lead to fumonisin levels above 1 ppm. However, higher
levels of these fungi do not always lead to high levels of fumonisins. Therefore, levels above
30% fungal infestation should be seen as high risk for fumonisin levels above 1 ppm, based
on the VICAM testing system.

Confirmatory analyses
Confirmatory analyses were done on 50 selected samples, representing high, medium, low
and no levels of fumonisins based on the VICAM testing system. Sampies were selected to

represent the various fractions in the maize milling process. LC-MS/MS analyses were done
by FDA Laboratories in Pretoria.
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Table 32: Comparative levels of fumonisin levels (VICAM vs LC-MS/MS) in Maize kernels

Sample | Sample VICAM LC-MS/MS {ppm)

no {ppm) FB, FB; FB4+ FB;
0890 2™ Conditioning (Mill #1, 1 visit) 5.0 0 0 0
1097 2™ Conditioning (Mill#1, 2™ visit) 1.4 1.198 2.3954 3.5934
1302 2™ Conditioning (Mill #3, 3" visit) 4.8 0 0 0
1351 2™ Conditioning (Mill #6, 3" visit) 2.2 0 0 0
1350 19 Conditioning (Mill #6, 3" visit) 1] 0 0 0
0953 Silo (Mill #2, 1% visit) 4.0 0 0 0
1283 Silo (Mill #1, 3™ visit) 0 0.846 0.167 1.013
1348 Silo (Mill #6, 3™ visit) 3.5 1.943 0.354 2.207
1348** Silo** (Mill #6, 3" visit) 1.7154 0.661 2.3764
1063 Cleaned maize (Mill #4, 1= visit) 1.2 0 0 0
1349 Cleaned Maize (Mill #6, 3" visit) 0.47 0 0 0
1300 Cleaned maize (Mill #3, 3" visit) 4.7 0.174 0 0.174

** = Analyzed twice on LC-MS/MS

Table 33: Comparative levels of fumonisin levels (VICAM vs LC-MS/MS) in Maize meal

Table 35: Comparative levels of fumonisin levels

(VICAM vs LC-MS/MS) in Chop

Sample | Sample VICAM LC-MS/MS (ppm)
no (ppm) FB; FBg FB,+ FB,
0897 Special MM (Mill #1, 1% visit) 5.2 0 0 0
1244 Special MM (Miil #4, 2™ visit) 0.3 0 0 0
1119 Special MM (Mill #6, 1% visit) 5.0 0 0 0
1357 Special MM (Mill #8, 3™ visit) 2.6 0 0.0219 0.0218
1369 Super MM (Mill #5, 3" visit) 2.3 0 0 0
1358 Super MM (Mill #6, 37 visit) 0.37 0 0 0
1328 Super MM (Mill #2, 37 visit) 0.13 0 0 0
1025 Superfine MM (Mill #3, 1% visit) 1.3 0 0 0

Table 34: Comparative levels of fumonisin levels (VICAM vs LC-MS/MS) in Braaipap
Sample | Sample VICAM LC-MS/MS (ppm) |
no {ppm) FB, FB; FB, + FB,
0896 Braaipap (Mill #1, 1% visit) 0.55 0 0 0
1308 Braaipap (Mill #3, 3™ visit) 3.5 0 0 0
1225 Braaipap (Mill #5, 2™ visit) 2.2 0 0 0
1356 Braaipap (Mill #8, 3™ visit) 26 0 0 0
1356 Braaipap™ (Mill #6, 3" visit) 0 0 0

** = Analysed twice on LC-MS/MS

Sample | Sample VICAM LC-MS/MS {ppm}

no {ppm) FB;, FB, FBs+ FB;
0899 Chop (Mili #1, 1% visit) 3.8 0.264 0.079 0.343
1106 Chop (Mill #1, 2™ visit) 1.2 1.761 0.6206 2.3816
1314 Chop (Mill #3, 3" visit) 5.0 1.317 0.378 1.695
1247 Chop (Mill #4, 2™ visit 1.6 0.847 0.153 1
1347 Chop (Mill #4, 3" visit) 5.9 1.312 0.431 1.743
1124 Chop (Mill #4, 1¥ visit) 0.39 0.0312 0 0.0312
1362 Chop (Mill #6, 3" visit) 28 2.7811 2.5479 5.329

Table 36: Comparative levels of fumonisin levels

(VICAM vs LC-MS/MS) in Overs

Sample | Sample VICAM LC-MS/MS (ppm)

no {(ppm) FB, FB» FB:+ FB,
1008 Qvers (Mill #1, 2™ visit) 0 0 0 0
1252 Qvers (Mill #2, z visit) 2.9 0 0 0
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1130 Overs (Mill #3, 2™ visit) 0.077 0 0 0
1114 Overs (Mill #6, 1% visit) 23 0 0 0
1352 Overs (Mill #6, 3" visit) 1.3 0 0 0
Table 37: Comparative levels of fumonisin levels (VICAM vs LC-MS/MS) in Thrus
Sample | Sample VICAM LC-MS/MS (ppm)
no {ppm) FB, FB, FBy+ FB,
0958 Thrus (Mill #2, 19 visit) 3.9 0 0 0
1325 Thrus (Mill 2, 3™ visit) 4.1 0.1927 0.646 0.8387
1340 Thrus Mill #4, 3™ visit) 3.6 1.330 0 1.330
1081 Thrus (Mill #5, 1% visit) 3.7 1.558 0.527 2.085
1353 Thrus (Mill #6, 3" visit) 2.5 2.2563 1.9402 4.1965
Table 38: Comparative levels of fumonisin leveis (VICAM vs LC-MS/MS) in 1°* 2™, 3™ & 5™ Break
Sample | Sample VICAM LC-MS/MS (ppm)
no {ppm) FB, FBa FBy+ FB;
1326 1¥ Break (Mill#2, 3" visit) 0 0 0 0
1028 1% Break (Mill #3, 1° visit) 0 0 0 0
1367 1% Break (Mill #5, 3" visit) 0 0 0 0
1354 1¥ Break (Mill #6, 3™ visit) 0.21 0 0.079 0.079
0960 2™ Break (Mill #2, 1% visit) 49 0 0 0
1029 3" Break {Mill #3, 1= visit) 3.0 0 0 0
1070 3™ Break (Mill #4, 1¥° visit) 0 0 0 0
1275 5" Break (Mill #6, 2™ visit) 2.0 0 0 4]
1355 5" Break (Mill #6, 3" visit) 0.41 0 0 0
Table 39: Comparative levels of fumonisin levels (VICAM vs LC-MS/MS) in Flour
Sampie | Sample I VICAM LC-MS/MS (ppm)
no {ppm) FB, FB; FB:+ FB,
1259 . | Flour (Mill #2, 2™ visit) 25 0.115 0 0.115
1246 Flour (Mill #4, 2™ visit) 0 0 0 0
1346 Flour (Mill #4, 3" visit) 4.9 0 0 0
1227 Flour (Mill #5, 2™ visit) 2.3 0 0 0
1359 Flour (Mill #6, 3™ visit) 0.75 0 0 0
1359** Flour {Mill #86, 3" visit) 0.75 0 0.0581 0.0581
** = Analyzed twice on LC-MS/MS
Table 40: Comparative levels of fumonisin levels (VICAM vs LC-MS/MS) in Maize rice
Sample | Sample VICAM LC-MS/MS (ppm)
no {ppm) FB, FBs | FB4+FB,
1137 Maize Rice (Mill #3, 2™ visit) 0 0 0 0
1230 Maize Rice (Mill #5, 2™ visit) 0.031 0.398 0 0.398
1360 Maize Rice (Mill #6, 3" visit) 1.1 0 0 0
Table 41: Comparative levels of fumonisin levels (VICAM vs LC-MS/MS) in Samp
Sample | Sample VICAM LC-MS/MS (ppm)
no {ppm) FB, FB, FB:+ FB>
1088 Samp (Mill #5, 1¥ visit) 0.76 0 0 0
1281 Samp (Mill #86, 2™ visit) 0 0 0 0
1361 Samp (Mill #6, 3" visit) 0.67 0 0 0
Table 42: Comparative levels of fumonisin levels (VICAM vs LC-MS/MS) in 1* Ground
Sampie | Sample VICAM LC-MS/MS (ppm)
no {ppm) FB, FBy FB4 + FB;
1069 1¥ ground (Mill #4, 1% visit) 0.23 0 0 0
1229 17 ground (Mill #5, 2" visit) 4.4 0 0 0
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Comparative results between the VICAM testing system and LC-MS/MS indicated that there
was a substantial difference between the detected levels of fumonisins. This has led to the
assumption that either the VICAM system is not accurate, or that the samples were not
homogenously mixed beforehand. Due to the huge discrepancies of some of the results, a
composite maize meal sample was prepared from four samples that are known to contain
fumonisins. The composite sample was mixed thoroughly for an hour and then divided into
12 separate sub-samples. Six of the sub-samples were anaiysed by using the VICAM testing
system and the other six samples by means of LC-MS/MS. This was to compare the
repeatability and the results of the fumonisin levels in the two testing systems

The following results were obtained:

Table 43: Comparative levels of fumonisin levels (VICAM vs LC-MS/MS) in a composite
sample.

Sample VICAM LC-MS/MS
no. Total fumonisins Fumonisin B; Fumonisin B; Total
{ppm) (ppm) (ppm]) (Ppm)
1 1.3 1.3 0.5 1.8
2 1.6 1.4 0.5 1.9
3 1.4 1.6 0.6 2.2
4 1.7 1.5 0.5 2.0
5 1.6 1.5 0.6 2.1
<] 1.5 1.8 0.6 2.1
Average 1.52 1.4 0.55 2.02
Stdev 0.15 0.11 0.06 0.16
CV% 9.81 7.44 10.64 7.88

Results indicated that both the VICAM and LC-MS/MS testing system produced repeatable
results. It was also found that the level of total fumonisins, determined by the VICAM testing
system, correlated with the levels of fumoenisin B; when the LC-MS/MS system was used.
This implicated that the VICAM testing system likely oniy picked up fumonisin B, and not B,.
However, this does not explain why fumonisins are sometimes picked up by the one system
but not the other, without any particular pattern.

A possible reason for the indiscrepancies is that the distribution of fumonisins throughout
each sample was not homogenously. The separation of the samples for the VICAM system
and the LC-MS/MS system could have resulted in different results. However, even if this had
an effect on the results, certain discrepancies were just too big, e.g. sample 0897 indicated
with the VICAM analysis that the level of total fumonisins was 5.2 ppm, although the LC-
MS/MS indicated that no fumonisins were present.

It is known that false positives can be experienced with the VICAM testing system. Due to
the fact that the technology is based on the binding of antibodies to the relevant mycotoxin,
other closely related compounds with similar binding sites can also be picked up in the test.
In such cases, the levels of fumonisins will be detected higher than the actual level, but the
difference between LC-MS/MS and the VICAM system should not be higher than about a
third of the reading on the LC-MS/MS system according to recent findings at the ARC in
Potchefstroom.

The FumoniTest for the VICAM system has specifically been developed with maize as the
matrix in mind. During the milling process different fractions of the maize kernel are
produced. Whether this can have an effect on the levels of fumonisins detected is, however,
not clear.
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There are thus a number of possible reasons why such substantial discrepancies in the levels
of fumonsins were found between the VICAM and the LC-MS/MS systems. However, due to
the original scope of this project, and the constraints regarding the time and budget of the
project, further investigation into this matter could not have been pursued within the
framework of this project.

Task 7: STATISTICAL MANIPULATION
Background
See task 2 for more information
Material and Methods
The statistical design and methodology has been discussed in task 2.
Results and Discussion

Statistical analyses indicated that no significant differences were found between the level of
infestation of field fungi in the various milling systems (P value = 0.7740). However,
significant differences were found between different milling systems and the levels of storage
fungi (P value = 0.0458) with a confidence interval of 95%. This was expected as field fungi
infect plants and maize kernels in the field, causing colonisation and mycotoxin formation
before storage and processing. When the contaminated maize enters the milling system,
damage already has taken place and field fungi are easily overwhelmed by storage fungi and
the vigorous treatment during the milling process. It is for instance known that Fusarium
verticillioides, a field fungus, loose its viability during long periods of storage.

The six milling systems were visited at 3 separate occasions in a period of 12 months.
According to the statistic analyses, no significant differences were found between the various
site visits and each milling system, based on both the field (P value = 0.2529) and storage
fungi (P value = 0.2089). This is an indication that seasonality does not have a significant
impact on the dominance of either field or storage fungi in maize commodities destined for
the milling process. It is also an indication that the participating milling systems does not
differ significantly in their overall presence or absence of field and storage fungi during
milling.

When looking at the levels of field and storage fungi at different sampling points in the various
milling systems, significant differences were found in both field (P value =< 0.0001) and
storage fungi (P value =< 0.0001). This strongly support the notion that fungi tend to be
concentrated in certain parts of the maize kemel, and as soon as the kernel goes through
fractionation, different concentrations of fungal material end up in different fractions and
products. This renders certain maize products to have a higher risk to contain high levels of
fungi and their mycotoxins. However, due to the substantial discrepancies of fumonisin levels
between the VICAM and LC-MS/MS systems, statistical analyses that are based on the
fumonisin levels were not possible.

The overall differences in the levels of both field and storage fungi in all the participating mills
were significant (Field fungi: P value =< 0.0001; Storage fungi: P value =< 0.0001). Based on
the results obtained, Fusarium verticillioides was the most dominant fungus throughout all the
participating maize milling systems and the various site visits. Analysis of the maximum
likelihood estimates indicated that fungi such as Cladosporium cladosporioides (P value =
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0.0301), Fusarium (Section: Liseola) (P value = < 0.0001), Mucor spp. (P value = 0.0036),
Rhizopus oryzae (P value = 0.0453), Aspergillus clavatus (P value = 0.0183), Aspergillus
flavus (P value = < 0.0001), and Penicillium spp. (P value = < 0.0001) are the more dominant
fungi and occur in significantly higher levels than the other fungi in the milling systems. By
following the migration of these fungi throughout the milling systems, the role that the milling
process plays in the dominance of these fungi becomes evident. However, the extent of
fungal dominance could be different between the various milling system.

Task 8: REPORT BACK
Discussion and conclusions
The methodology used

The methodology used in the enumeration of field and storage fungi should be seen in the
light of the limitations involved. Fungal enumeration, by using the percentage of kernels
infected with a specific fungal species, is relatively simple. However, when the sample is
milled, the fungal material is also broken up in smaller pieces, causing the fungus to be
spread more homogenously throughout the sample. When plating 100 sub-samples of
maize meal, a higher percentage is expected due to the more homogenously mixed sample.
However, it can also be interpreted that the risk of the fungi and the relevant mycotoxins to
occur throughout the sample after milling alsc increases. Tha somewhat higher levels of
fungi that are detected in the milled products thus also reflect the higher risk involved.

Substantial discrepancies were found between the VICAM testing system and the LC-
MS/MS when determining fumonisin levels. Results from both testing systems were found
to be repeatable, although the levels appeared not to be comparable. Due to the limited
budget of the project, all samples could not have been analysed on the LC-MS/MS system
to obtain confirmatory results. The interpretation of the results has thus been based on the
results from the VICAM testing svstem. In certain cases, the levels of fumonsins seem to
be reflected in the occurrence of Fusarium (Section: Liseola), especially where high levels
of the fungi were found. However, without further investigation into the indiscrepancies
between the two analytical systems, the fumonisin results in this study shouid be interpreted
with caution. Repeatability tests, however, indicated that results are comparable, at least
when the data is compared within the same testing system.

Results obtained

Results indicated that fungi such as Fusarium (Section: Liseola), Cladosporium
cladosporioides, Aspergillus flavus, Aspergillus clavatus, Penicillium spp., Mucor spp., and
Rhizopus oryzae are the most dominant fungi in the maize milling system in South Africa. It
also means that the mycotoxins produced by these fungi should be seen by the milling
industry as possible emerging threats in future if these mycotoxins are not occurring at
present. The current ability of South African analytical laboratories to test for many of these
types of mycotoxins does not exist. The extent of the likeliness of these mycotoxins to be
present, or being an existing or emerging threat, will only be realised when analytical tests
are available to conduct such studies.

It was shown that, although Aspergillus flavus, Aspergillus ochraceus and members of
Aspergillus niger were present during the milling process, no evidence could be found that
aflatoxins and ochratoxin A were present in any of the samples tested. This indicates that
the introduction of fungi during the milling process does not necessarily result in the
production of mycotoxins by these fungi. Penicillium spp. occur in very high numbers during
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the milling process, and represent quite a number of different species. The extent of
mycotoxin production by these fungi is something to consider investigating further,
especially due to the fact that this group of fungi are known to produce highly toxic
substances. However, development of especially analytical methods first need to be
undertaken before a thorough risk assessment can be done.

Although Fusarium verticillioides and the formation of fumonisins are associated with poor
conditions in the field, this fungus and its mycotoxins are introduced into the milling system
through contaminated maize entering the process. The levels of this fungus and its
mycotoxins indicate that the "thru" fraction has a higher risk to contain the fungus and
fumonisins than the "over" fraction. This seems to be a universal issue among all the
participating milling systems in this study. Consequently, products deriving from these
fractions are thus also prone to contain higher levels of fumonsins. Products deriving from
the floury endosperm, such as Super fine maize meal and Maize flour, also tend to have a
higher risk of containing fumonisins, likely due to the ability of fungi to easier penetrate
these areas in the maize kernel. On the other hand, Braaipap, Samp and Maize rice seem
to be more resistant to fungal and mycotoxin contamination, possibly due to the harder
properties of these fractions, making it more difficult for the penetration and utilisation by
fungi as nutrient sources. The latter products thus could be seen as low risk products for
the maize industry, although this does not ensure that these products are totally free of
fungi and their mycotoxins. One can thus assume that a maize kemnel with the maximum
level of horny endosperm would likely contain less fungal material and fumonisins than a
maize kernel with a higher fraction of floury endosperm. However, external factors such as
moisture, humidity, temperature and physical damage could influence this assumption.

The presence of field fungi during the milling process is not controllable by the milling
industry. However, the miller can, to a certain extent, project whether certain products
could be high risk for containing mycotoxins such as fumonisins. This will be possible if the
miller know the levels of mycotoxigenic fungi and their mycotoxins when maize is received
from the grain silo. Levels of Fusarium (Section: Liseola) above 30% seem to be an
indicator that the risk of the presence of fumonisin levels above 1 ppm is possible. This is,
however, based on data from the VICAM testing system and should be further substantiated
by similar findings with confirmatory analyses by LC-MS/MS technology.

The introduction of storage fungi during the milling process seems to be dependant on each
individual milling system. However, the introduction of these types of fungi seems to be
mostly during the degerming process, and mostly end up in the "thru” fraction. Indications
are that the degerming facilites in most of the milling systems are the source of
contamination of these fungi. It is thus possible for the miller to control the levels of these
fungi to certain extent by making sure that this area is seen as a critical control point for
storage fungi in the milling system.

Storage fungi do not only pose a threat to human and animal health, but they also play an
important role in the shelf life and aesthetic appearance of products. The fact that no
aflatoxins and ochratoxin A were found to be associated with the participating milling
systems, should not cloud the importance of storage fungi in the milling industry. High
levels of fungi such as Penicillium spp., Eurotium spp. and Cladosporium spp. could lead to
the greenish or blackish discolouration of products. Long time storage of products at
relatively high humidity can also lead te clogging and off odours and flavours. The control
of these fungi in the milling system thus deserves much more attention than is currently
given. Knowledge of the effect of these fungi in maize would contribute significantly to the
way milling systems can manage the quality and shelf life of their products.
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Sampling and analytical procedures for the determination of mycotoxins are highly under
scrutiny on an international basis. What complicates this more is that fungi and their
mycotoxins do not spread homogenously through a grain sample such as maize. Localised
contamination normally takes place where external factors such as insect damage, water
damage, temperature fluctuations or physical damage affect the commodity. The chance of
either missing or including the contaminated areas within a composite sample is easy,
making the analysis of the relevant mycotoxins unpredictable and open for fluctuation in
repeating analyses. |t is, therefore, important that a holistic view should be taken when
looking at the data produced in this study. In this study, it was impossible to follow a
specific batch of maize from the silo through the milling process to the various products.
Therefore, the results should be seen as an overall view of each milling system, rather than
trying to individually evaluate single sampling points.

The indiscrepancies found between the two analytical systems for fumonisin analyses are
not only an issue in this study, but is a dilemma nationally and internationally. Recent
studies on Fusarium mycotoxins in wheat and maize have shown that mycotoxins can be
masked where other compounds bind to the mycotoxin and make it undetectable on
existing analytical systems (Galaverna et al, 2009). These authors found that free
fumonisins and "bound" fumonisins are associated with maize. The "bound” fumonisins
need first to go through a hydrolising phase (such in the stomach of humans and animals)
before releasing of the mycotoxin can take place. In ordinary fumonisin analyses these
"bound” fumonisins will not be detected. It is only now realised that there is still much to be
learned about the interactions between mycotoxins and other substances in food
commodities, and therefore this could be the reason why indiscrepancies have been picked
up in the two testing systems used in this study. However, this is speculation and need
further investigation to determine whether "bound" fumonisins are present in South African
maize.

Overall findings of this study is that no evidence could be found that the maize milling
industry contribute to the further development of field fungi and their mycotoxins during the
milling process. Statistical analyses supported this notion. However, storage fungi are
infroduced in significant numbers in most of the participating milling systems during the
degerming process. The "thru" fraction is mostly contaminated, although it seems that the
storage fungi can also affect other products. Although the degerming process seems to be
the source of contamination, it is likely that a build-up of these fungi can take place in the
facilities where other fractions and products can be influenced. This can however be
controlled if the milling system regard this as a critical control point and regularly clean the
affected areas to limit cross contamination.

The maize milling industry thus plays an important role in the introduction of storage fungi in
maize products, but does not necessarily lead to mycotoxin formation. However, the
presence of these fungi leads to other problems for the industry that affect shelf-life and
possible complaints from customers pertaining the aesthetic appearance and overall quality
of the products. It is, therefore, recommended that the maize milling industry, and the
specific maize milling systems, should take note of this situation that opens the door for
possible product losses and legal issues.
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Table 2: Moisture content results of maize and maize products sampled over a period of ten

months at Mill #1.

Sample 1% visit 2" visit 3™ visit

(% miv) {% vim) (% vim}

Maize from silo* 11.2 1.1 147101 11.7£0.2
Cleaned maize* 11905 12.41 0.0 126+ 0.2
1% conditioning* 122402 13.110.0 12.940.0
2" conditioning* 13.31 0.4 14.81 0.0 13.740.2
Degermers — overs” 13.6+05 1461 0.1 1321200
Degermers — thrus 13205 147+ 0.0 124+ 0.2
First brake” 11.4+0.2 11.2+ 0.4 1141 0.3
Last brake® 12.0£ 0.0 120+ 0.6 12.7£ 0.2
Final product 1* 123403 123104 125+ 0.9
Final product 2* 116+0.2 11.210.7 125+ 0.2
Finai product 3* 11.5+07 12.5% 0.4 11.9+0.2
Final product 4" 1291 0.2 124102 12.3+ 0.0
Final product 5" $3.22 0.5 i5.0+ 0.3 124+ 0.3

Moisture analyses were done in triplicate

applied one stage oven method
* applied two stage oven method

Table 3: Moisture content results of maize and maize products sampled over a period of ten

months at Mill #2.

Sample 1% visit 2™ visit 3" visit

(% miv) {% miv) (% miv})
Maize from silo * 11.6+0.3 12.01 0.0 13.2+0.6
Cleaned maize * 121+1.1 13.1£0.3 14.3+£0.2
1% conditioning * 12803 13.5+0.4 14.410.2
2" conditioning * 15.3+£0.9 14.0+£ 0.5 15.2+0.2
Degermers — overs * 13.3+0.9 15.0£ 0.6 14.7+0.4
Degermeré —thrus * 14.4 £ 0.2 13.4%0.2 15.2+0.2
First brake * 13.4%0.2 12.0 £ 0.4 11.8%0.2
Last brake * 13.2+0.4 12.3+0.4 12.8+ 0.2
Final product 1 * 13.2+05 12.0 £ 0.0 13.0+ 0.0
Final product 2* 143+ 0.3 12.2+0.5 13.5+£0.4
Final product 3 * 142+ 0.5 13.8+0.4 13.5+0.0
Final product 4% 11.8+0.2 10.9 £ 0.2 13.4+0.2
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Final product 5 * 141102 13.1£0.3 15.1+0.2

Moisture analyses were done in triplicate
* applied one stage oven method
* applied two stage oven method

Table 4: Moisture content results of maize and maize products sampled over a period of ten
months at Mill #3; note the product names have been omitted for confidentiality reasons

Sample 1% visit 2™ visit 3™ visit

(% miv) (% miv) (% miv)
Maize from silo * 107106 13.620.6 12.8 £ 0.8
Cleaned maize * 98+0.9 16.71£0.2 123+ 0.6
1% conditioning * 14805 13.2+0.6 13.4£0.2
2" conditioning * 13.4+0.2 14.7£0.3 13.3+0.5
3" conditioning * 14.1£1.7 16.0 £0.2 14.2 0.3
Degermers — overs * 123+ 0.0 145105 13.710.2
Degermers — thrus * 20.9%0.2 19.310.4 16.2+ 0.4
First brake * 11.6£0.8 11.3+0.4 11.7£0.1
Last brake * 11.7+04 13.2+0.2 12.0£0.0
Final product 1 * 12.7:0.4 125+ 0.7 12.2+ 0.5
Final product 2 * 143+ 0.4 125+0.7 11.9+0.2
Final product 3% 13.2+0.4 129+ 1.2 125+ 0.7
Final product 4 # 12.6 £ 0.8 14.9+0.3 13.4%0.3
Finai product 5 * 10.5 + 0.4 127 £ 0.4 12.0 £ 0.0
Final product 6 * 13.3+£0.2 13.31£0.7 12.0£ 06
Final product 7 * 15.3%0.0 13.2+ 0.2 12.2+0.3

Moisture analyses were done in triplicate
* applied one stage oven method
* applied two stage oven method

Table 5: Moisture content results of maize and maize products sampled over a period of ten
months at Mill #4.

Sample 1" visit 2" visit 3™ visit

(% miv) (% miv) (% miv)
Maize from silo * 12.3+04 13.4+£0.3 126 £ 0.5
Cleaned maize * 12.2+0.2 11.6 £ 0.2 12.6 £0.0
1% conditioning * 14.1+£0.3 14.7+0.2 145+ 0.0
2™ conditioning * 16.1% 0.3 15.7 £ 0.4 14.4 £ 0.8
Degermers — overs * 148+0.5 142+ 0.0 15.4 £ 0.0
Degermers — thrus * 147 +0.4 14.7 £ 0.6 17.0£0.2
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First brake ¥ 132+0.2 126105 12.4+0.2
Last brake * 14.01 0.0 13.210.2 1291 0.2
1% ground 14,7 £1.2 13.3+0.4 14.4+0.2
Final product 1 * 13.9%0.3 11.9%1.3 14.4 £ 0.2
Final product 2 * 13.6 £ 0.6 12.21 0.4 13.4%0.2
Final product 3 * 14.4 £ 0.2 11.0%1.7 13.2%0.2
Final product 4 16.0% 0.3 14.4+0.2 17.1 £ 0.4

Moisture analyses were done in triplicate

* applied one stage oven method
* applied two stage oven method

Table 6: Moisture content results of maize and maize products sampled over a period of ten

months at Mill #5.

Sample 1% visit 2™ visit 3™ visit

(% miv) (% miv) (% miv)
Maize from silo * 12.6 £ 0.8 11.2£0.5 14.0 £ 0.4
1% conditioning * 13.9+0.1 13.810.4 15.7+ 0.4
2" conditioning * 16.7 £ 0.3 146+ 05 16.6 £ 0.2
Degermers -- overs * 15.8+0.2 14.4 £ 0.1 15.9+0.2
Degermers — thrus * 19.5+0.0 146 £ 0.5 19.5+0.4
First brake * 12.8£0.2 11.9£0.3 13.3+0.3
Last brake * 14.0+0.3 10.8+0.9 13.1+0.2
1% ground 124102 122402 12.810.2
Final product 1 * 141+ 0.5 10.6 £ 0.2 12.7+ 0.0
Final product 2 * 12.7 £ 0.4 11.1+0.2 14.4 0.5
Final Product 3 * 142+ 0.5 13.6£0.2 14.6 £ 0.2
Final product 4 * 1231 0.6 106+0.2 13.1+0.2
Final product 5 * 11.0+0.4 10.9+0.9 11.2+0.4
Final product 6 * 11.0£0.2 11.1 £0.9 14.0%0.3
Final product 7 * 16.2 + 0.0 12.7 0.4 17.5+0.3

Moisture analyses were done in triplicate

* applied one stage oven method
* applied two stage oven method

Table 7: Moisture content results of maize and maize products sampled over a period of ten

months at Mill #6.

Sample 1= visit 2™ visit 3™ visit
_ ~ {% miv) {% miv) (% miv)
Maize from silo * 121+ 01 12.2+£0.0 12.8 £ 0.3
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Cleaned maize * 126+ 0.0 13.0£05 11.02 0.5
1% conditioning * 13.9+£0.1 13.21+0.1 14.2+ 0.6
2™ conditioning * 15.4£0.2 1592 0.5 14.91 0.4
Degermers — overs * 145+ 0.0 15.31 0.6 15.2+0.2
Degermers — thrus * 16.2+0.5 17.6 £ 0.4 16.0 £ 0.0
First brake * 13.8 £ 0.1 11.720.5 1451 0.2
Last brake * 12.210.2 13.0%0.0 124102
Final product 1 * 13.0£0.0 12.7+05 13.3£0.3
Final product 2 * 12.0£ 0.0 14.0£0.0 12.810.2
Final product 3 ¥ 125+ 0.3 13.110.7 141 0.2
Final product 4 * 12.2+0.2 13.0+0.2 12.9+0.2
Final product 5 * 141+ 0.1 13.610.3 14.7 £ 0.2
Final product 6 * 12.2+0.8 12.810.7 13.7+0.0
Final product 7 * 13.7+0.7 13.6+0.4 16.0+ 0.0

Moisture analyses were done in triplicate

# applied one stage oven method
* applied two stage oven method
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