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Abstract: Ethyl formate and carbonyl sulfide are potential stored product fumigants. They are present
naturally in the atmosphere, plants and soil. Natural levels of ethyl formate and carbonyl sulfide in newly
harvested grain and stored wheat, barley, oats and canola are varied with the commodity, temperature,
moisture content and the period of storage. The values ranged from 0.5~2.0 mg/kg for ethyl formate and

0.02~1.0 mg/kg for carbonyl sulfide. Ethyl formate and carbonyl sulfide were naturally present in grains at
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harvest, increased during the first 4~5 months of storage, and then began to decline, particularly at grain

temperatures greater than 20 °C and moisture contents of grain and canola greater than 9.5% and 5%. This

information on natural levels is relevant to the establishment of Maximum Residue Limits (MRL) and to

market acceptance of ethyl formate and carbonyl sulfide as fumigants for stored products.

Key words: ethyl formate; carbonyl sulfide; fumigant; background level of fumigant; grains; oilseeds
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Abstract: Ethyl formate and carbonyl sulfide are potential stored product fumigants. They are present

naturally in the atmosphere, plants and soil. Natural levels of ethyl formate and carbonyl sulfide in newly

harvested grain and stored wheat, barley, oats and canola are varied with the commodity, temperature,

moisture content and the period of storage. The values ranged from 0.5~2.0 mg/kg for ethyl formate and

0.02~1.0 mg/kg for carbonyl sulfide. Ethyl formate and carbonyl sulfide were naturally present in grains at

harvest, increased during the first 4~5 months of storage, and then began to decline, particularly at grain

temperatures greater than 20 °C and moisture contents of grain and canola greater than 9.5% and 5%. This

information on natural levels is relevant to the establishment of Maximum Residue Limits (MRL) and to

market acceptance of ethyl formate and carbonyl sulfide as fumigants for stored products.
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1 INTRODUCTION

Ethyl formate (EtF) and carbonyl sulfide (COS)
are both evaluated as fumigants for the control of
pests and pathogens in stored agricultural products!' .

Ethyl formate has a long history of use as a
fumigant for dried fruit!®'® and other stored

products!'''3. The work safety related TLV is
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100 ppm, which is the maximum concentration that
a person is allowed to be exposed to daily for a
working lifetime shows that EtF is much safer than
all other fumigant, such as TLV for phosphine (PHj3)
is 0.3 ppm and methyl bromide (MeBr) is 1 ppm.
Ethyl formate has been re-evaluated by Desmarchelier
et al!" as an alternative to MeBr for stored grain
and recent studies found its use on in paddy rice'¥,
quality of Barley!"”! '] Furthermore, its
studies have been conducted on fruit qualities like

in citrus!”and blueberries!'®. Recently, ethyl formate

, chestnut!

has been successfully used as a fumigant for control
of invertebrate pests in general cargo with packaged
food, drunk and dried fruits without effect of food
quality[é]. Ethyl formate is a naturally occurring
volatile present in the environment air, milk, cheese,
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wheat, beer, and many fresh products''®. It is

rapidly hydrolyzed to ethanol and formic acid
which are also biogenic compounds™®. Ethyl
formate is generally regarded as safe (GRAS) as a
food addictive®'! and is used as a flavoring agent
with no evidence that it is hazardous to the public!*.
Natural levels of EtF in a range of products, such as
vegetable, stored grain and animal products, have
been reviewed by Desmarchelier!'®). It is a naturally
occurring insecticidal compound that offers potential
as an alternative to synthetic insect fumigants, which
can be harmful or detrimental to the environment!'®.
For example, EtF as a naturally occurring volatile
is present in the following products: 0.15 mg/kg
in milk™®); 1.3 mg/kg in cheese*"; 0.3 mg/kg in
wheat and 0.03~0.7 mg/kg in wheat germ!"*!; 0.2~
1.0 mg/kg in barley!'; and 0.9~10 mg/kg in
barley products such as beer ).

Carbonyl sulfide (COS) is regarded as one of
the potential alternative fumigants to replace MeBri**>"!,
In regarding as alternative source to MeBr and PHj,
COS was also shown prominent activity against
phosphine resistant insect Tribolium castaneum
without significant changes in the quality of rice
grain™l. Natural levels of EtF in a range of products,
such as vegetable, stored grain and animal products,
have been reviewed by Desmarchelier'”). It is a
naturally occurring insecticidal compound that
offers potential as an alternative to synthetic insect
fumigants, which can be harmful or detrimental to
the environment!'®!. Similarly, many natural sources
of COS have been identified, including oceans,
soils, volcanoes and marshes!?5). Therefore, COS
is naturally present in the atmosphere, in water, soil,
and plants, as well as many raw and processed
foodstuffs, including cereals and oilseeds. The
natural levels of COS in grains and oilseeds were
found to be 0.02~0.07 mg/kg!'*"3!,

The Australian Pesticides and Veterinary
Medicines Authority (APVMA) does not specify
ethyl formate’s MRL for the stored commodities, as
it considers the residues should be identical to those
commonly found in untreated food and therefore is
of no toxicological signiﬁcance[32], but no systematic
research evidence to support this consideration.
There is little information on the effect of temperature,
moisture content, variety and the period of storage
on natural levels of EtF and COS in stored grain. As
part of a study to evaluate EtF and COS as grain
fumigants, information about the natural occurrence

of the fumigants in stored products is relevant to the
establishment of Maximum Residue Limits (MRL)
and to the acceptance of EtF and COS as fumigants
of stored products. Therefore, it is important and
urgently need to conduct systematic research with
known historical grain and oilseed samples for
understanding the background level of EtF in grain
and oilseed and its dependent factors, such as period
of storage, temperature and moisture content.

In this report, we have evaluated the effect of
temperature, moisture content, commodity and the
period of storage on the natural levels of COS and
EtF in Australian wheat, barley, oats and canola.
Selection of the grains was based on the fact that
wheat is the major cereal grain in Australia, and
barley because it is the second major cereal grain,
where quality is especially important to the brewing
industry. Oats were selected because their
composition is different from other cereals, with a
lipid content of 5.5%~6.5%, which is 2~3 times
higher than that of wheat, barley or rye, and a fibre
content of 11%~12%, 2~4 times higher than in most
cereals™. Canola was selected due to it being the
principal oilseed in Australia.

2 MATERIALS AND METHODS

2.1 Preparation of the commodities

Four Australian representative grains (wheat,
oats, barley and canola) were used. They were
collected by hand, prior to harvesting to exclude
any possible contamination. All commodities
(1.5 kg) were placed into sealed jars (2 L), and a
varying amount of distilled water was added to the
jars to adjust the moisture content. They were
allowed to equilibrate for 2 weeks at three different
temperatures, (15+1) °C, (25£2) °C and (35+2) °C,
and the moisture contents (wet basis) were measured
following the procedures of the International
Standard (ISO 712—2015). The moisture contents
were: 11.9%, 12.9% and 13.9% for wheat; 12.1%,
13.0% and 14.9% for barley; 10.8%, 12.5% and
13.4% for oats; and 5.1%, 6.7% and 7.9% for
canola. For each moisture content grain condition,
the conditioned grain was divided into 3 (2L) jars
and sealed for the storage period at (15+1) °C,

(25« 2) °C and (35+2) °C. Samples were tested

for EtF and COS levels at intervals up to 9 months
of storage.

2.2 Reagents and apparatus
A cylinder of compressed COS gas was
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purchased from Matheson Gas Company, USA, via
BOC, Australia. All the reagents used were
analytical grade. Acetone was supplied by Biolab
Scientific, Clayton, Victoria, Australia. Ethyl formate
was supplied by Tech Ajax, Sydney, Australia. All
other chemicals were obtained from BDH AnalaR,
England. Extractions were carried out in 250 mL
Erlenmeyer flasks with a ground-glass joint (Crown
Scientific, N.S.W, Australia, Cat. No. FE250/3)
fitted with a Quik Fit stopper containing a half hole
septum (Alltech Associates, P/N 6526).

2.3 Determination of natural levels of carbonyl
sulfide and ethyl formate

Carbonyl sulfide was determined on a Shimadzu
GC6AM GC (Shimadzu Seisakusho, Kyoto, Japan),
equipped with a flame photometric detector (FPD).
Separation was achieved on a 1 m x 3 mm (i.d.)
glass column packed with HayeSep Q (Alltech
Associates, Cat. No. 2801) at 140 °C and carrier

flow (N,) of 40 mL/min at 0.8 psi. Concentrations
of ETF were determined using a Varian Star 3600
CX series (Varian Associates, Inc., USA), equipped
with a flame ionisation detector (FID), after
separation on a 30 m x 0.53 mm (i.d.) megabore
capillary column DB FFAP (J & W 125-3212) at an
oven temperature of 70 °C.

The natural levels of COS and EtF were
determined by analysis of the headspace over the
commodity plus the extraction solvent, following
the procedure described bym] Desmarchelier et al.,
and Le and Ren (personal communication). For
analysis of COS, the commodities (50 g) were
extracted in sealed flasks (250 mL) with 50 mL of
acidified aqueous acetone (H;PO,twatert+acetone,
1:2.2:12.5, v/v/v) solution for 10 hours. For

analysis of EtF, the commodities (50 g) were
extracted in sealed flasks (250 mL) with 70 mL of

ammonium nitrate (70%, w/v) solution for 24 hours.

An aliquot of the headspace (50 pL) was injected
directly into the GC, and the levels of COS or EtF
were calculated on the basis of peak areas.
Periodically, the peak areas were calibrated using a
spiked standard. The data recorded in the figures
are the mean of duplicate samples.

2.4 Preparation of the gas standards, and the
fortified samples

A dilute gas was prepared by injecting a
measured volume of the concentrated gaseous COS
or the liquid ETF into a flask (1 L) containing five

glass beads (2~3 mm o.d.). After mixing, the
diluted gas was used to prepare both the fortified
samples and the gas standards. The spiked samples,
carried out in duplicate, were prepared by injecting
a measured volume of the diluted gas into a sealed
flask containing the commodity plus the extraction
solution. For the Gas Chromatograph analysis of
COS, complete elution of solvent or solvent
vapour was required before further injection, so a
minimum interval of 10 min was kept between
injections.

3 RESULTS

3.1 Natural levels of carbonyl sulfide in the
commodities

Carbonyl sulfide was found to be naturally
present in Australian wheat, barley, oats and canola
during the 9~10 months of storage, but levels varied
with commodity, moisture content, temperature and
the period of storage (Figure 1). The levels of COS
were greater at higher moisture contents and high
grain temperatures. The values ranged from
0.005 mg/kg to 0.500 mg/kg of COS in all the
tested cereal grains and canola (Figure 1). Carbonyl
sulfide occurred naturally in all the newly harvested
grains, eg. 0.005~0.040 mg/kg in wheat, barley and
oats; 0.010~0.500 mg/kg in canola. In wheat and
canola concentrations increased 3~10 times during
the 5~7 months of storage, and then began to
decline, particularly, when the grain temperature
and moisture content were rising. Carbonyl sulfide
in oats increased during the first 3 months of
storage, and then declined slightly. However, in
canola COS levels increased during 9 months of
experimental storage, except in the samples with
the highest moisture content (7.9%) or the highest
grain temperature of 35 °C In both cases COS
declined after 6 months of storage (Figure 1).

3.2 Natural levels of ethyl formate in the
commodities

Ethyl formate was found to be naturally present
in Australian wheat, barley, oats and canola during
the 10 months of storage. Levels varied with the
commodity, temperature of storage, moisture content
and the period of storage (Figure 2). The values
ranged from 0.1~0.6 mg/kg of EtF in all the tested
grain samples. As with COS, EtF also occurred
naturally in the newly harvested grain, eg. 0.1~
0.4 mg/kg in wheat, barley and oats; and 0.2~
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Natural occurrence of carbonyl sulfide in barley, canola, oats and wheat, at different temperature,

moisture content and period of storage (—O—, at 15 °C; —+—, at 25 °C; —A—, at 35 °C)

0.4 mg/kg in canola. Ethyl formate in canola and
oats increased 2~5 times during the first 7 months
of storage, and then began to decline, particularly,
when grain temperature and moisture content were
rising. At 15 °C grain temperature and low moisture

content, such as 5.1% m.c. in canola or 10.8% m.c.

in oats, the background levels of EtF in canola and
oats had no significant change during the 10 months
storage (Figure 2). However, at the same temperature
in wheat and barley, the EtF background levels did
increase during the 3~9 months of storage. At a
moisture content of 11.9%~12.9% for wheat and




7 IGHEBSETHE

$£32%5 2024 F F3H

10.8% for barley, and at 25 °C grain temperature,

the EtF background levels also increased during the
first 3 months of storage, but then declined (Figure
2). However, in both wheat and barley, when the
grain temperature was higher, such as at 25 °C and

35 °C, the EtF background levels decreased from

the first month of storage, even with a low moisture
content (Figure 2).

4 DISCUSSION

4.1 Natural levels of carbonyl sulfide in the
commodities

Carbonyl sulfide (COS) can be naturally present
in seeds for various reasons, although specific
reasons can vary based on the type of plant,
environmental factors, and more. COS has been
detected in freshly harvested grains, indicating that
it naturally forms during plant development. There
are potentially two reasons for its formation. The
first is through absorption as the plant grows.
Notably, significant quantities of COS have been
identified in emissions from both vegetation and
2934361 and it is much greater from areas of high
biological productivity!®®*”). Emission of COS

soil!

increased with the application of organic manure,
and it was positively correlated with the total sulfur
content in the soil™ and the types of vegetation™®’. The
second is through enzymatic synthesis or biological
hydrolysis through microbial activities or biosynthesis
during the defense®~***. Bacterial production of
COS is well-established, and specific bacteria present
on grain surfaces also contribute to COS levels*'.
Moving forward, it's essential to further investigate
the biological roles of COS and to differentiate the
chemical biology of COS from other factors.
Carbonyl sulfide consistently appears in all
stored grains, with its presence increasing within
the initial 3~9 months of storage. This escalation in
COS levels is likely a consequence of metabolic
processes and the actions of microorganisms within
the grain. Furthermore, the pace at which COS
increases is not constant and appears to be influenced
by specific conditions. Notably, factors such as the
temperature of the grain and its moisture content
play pivotal roles in determining this rate of
increase. It's crucial to understand the dynamics of
these factors, as they seem to have a direct correlation
with COS concentrations, which could have
implications for the storage and longevity of these

commodities. These results are consistent with
those reported for naturally occurring COS present
during the malting and the brewing processes'**.
The levels of COS observed in all the examined grains
align with findings from prior laboratory and field
trial research. They were 0.005~0.100 mg/kg in
wheat, 0.005~0.050 mg/kg in barley, 0.005~0.030 mg/kg

in oats, and 0.02~0.60 mg/kg in canolal'>'?2%>!1

4.2 Natural levels of ethyl formate in the
commodities

The presence of EtF in freshly harvested grains
demonstrated that it occurs naturally during plant
growth and development. The effect of moisture
content on its natural levels is associated with the
grain’s temperature. This indicates that naturally
occurring EtF results from metabolic processes in
both the commodities and the microorganisms
present. The results are consistent with the natural
levels of EtF in barley reported by Desmarchelier
et al[19]., who found that levels reduced from
1.0 mg/kg to 0.2 mg/kg under high temperature
storage conditions. The results are also consistent
with naturally occurring EtF found in micro-organisms,
such as Penicillium italicum and P. digitatum, which
are reported to have increased with increasing
moisture content and temperature!*. In fact, if no
EtF found in the commodities at high moisture
content and high temperature, this is due to its
break down to ethanol and formic acid. Yuen et a/'*.
have pointed out that EtF may have antimicrobial
properties when concentrations of natural levels of
EtF are high and exposure time is long. The fact
that introducing EtF can inhibit its further production
in microorganisms suggests a crucial area for future
investigation. This phenomenon might explain the
observed reduction in EtF levels following a
storage period, especially in conditions where grain
temperature and/or moisture content are elevated.
The understanding of this mechanism underscores
the importance of EtF in future research endeavours.

5 CONCLUSIONS

During harvest and storage periods, COS and
EtF are naturally present in stored grains. Both
COS and EtF are produced during the grain's
growth in the field as well as during storage, likely
due to the metabolism of the grain and its
associated microorganisms. This seems to be a
standard procedure, resulting in grain that exhibits
varying levels of COS and EtF. The natural variations
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Fig.2. Natural occurrence of ethyl formate in wheat, barley, oats and canola, at different temperature,

moisture content and period of storage (—0O—, at 15°C; —}—, at 25°C; —A—, at 35°C)

in the levels of COS and EtF present in grains are
not linked to any traditional quality attributes or
known health risks. From a quality and safety perspective,
grains with these natural levels of COS and EtF are
considered normal. Understanding these natural levels
is crucial when setting Maximum Residue Limits
(MRL) for these substances. Moreover, this knowledge
is pertinent to the market's acceptance of COS and

EtF as potential fumigants for stored products. In
other words, by recognizing what's naturally present,
it can guide regulations and public perceptions
related to using these compounds in grain storage.
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