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The Degradation of the Natural Pyrethrins in Crop Storage
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Prolonged storage of harvested Tasmanian pyrethrum crop from Tanacetum cinerariaefolium has
resulted in substantial losses of the pyrethrin esters due to the environmental conditions in the storage
shed. The generation of heat, the presence of moisture and oxygen, and the microbial activity were
identified as possible causes. A pyrethrum crop sample was divided up and stored in different
conditions relating to these variables, and the pyrethrins content was monitored over time using a
standard method. Temperature was determined to be a critical factor in the rate of the degradation
of the natural pyrethrins. Moisture, oxygen, and microbial activity unexpectedly did not play a major
role in the degradation. An initial rapid loss of the natural pyrethrins was observed before the pyrethrins
content stabilized at a loss of around 65%. This suggests that the plant structure may provide chemical
or physical protection to the pyrethrins. In all cases, the majority of the loss was attributed to the
pyrethrin | and pyrethrin Il esters.

KEYWORDS: Pyrethrum; pyrethrins;  Tanacetum cinerariaefolium ; storage; degradation; temperature;
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INTRODUCTION cal Resources Australia Pty. Ltd. (BRA). The Tasmanian
pyrethrum crop is harvested over a-@ week period and is
then required to be stored for periods up to 1 year prior to

X 4 . . rocessing. During this storage time, substantial losses of the
cinerariaefolium(pyrethrum). The natural mixture of esters has P g g g

highl li ticidal " d has b d for th pyrethrins occur due to the environmental conditions of its
Ighly unusual insecticidal properties and has been used for estorage. The harvested pyrethrum crop typically has a moisture
past 160 years as a botanical insecticide safely and effectively

dth 1d1). Pvreth inT .~/ content of about 10%, although moisture contents of up to 20%
around the worl 1). Pyrethrum crops are grown in fasmania - 5o occasionally recorded. The crop piles can act like compost
for their insecticidal components. Relative to the dry weight of

he fl h dai . ; heaps and can generate heat-forming “hot spots” throughout the
the ower, a pyret rum daisy contains approximately2¥ shed that have reached over 1WD. The substantial losses of
pyrethrins, which are produced throughout the plant, but

. S . the insecticidally active constituents of pyrethrum are a major

approximately 94% of the total yield is concentrated in the seeds economic concern for the Tasmanian pyrethrum industry
@ . - From previous studies, it is evident that heat, oxygen,

_The insecticide pyrethrum has numerous advantages andmgistyre, and microbial action have the potential to play an
d|sadva_ntagQS because of its known instability. It |s_fast acting active part in the degradation of the natural pyrethrins in the
and toxic to insects at very low doses, and then, it degrades o storage shedi-21). The internal plant structure appears
quickly in the environment making it relatively nontoxic 1o 14 protect the pyrethrins either physically or chemically from
humans and animals2). However, it is not considered a gegradation (13—21). Because much of the detail is unknown,
satisfactory insecticide against agricultural pests due 1o its fther study of the conditions under which pyrethrins degrade
instability toward heat, light, and air and the_tender_lcy for insects during storage seems worthwhile and forms the basis of this
to recover from sublethal doseS)( Despite their superior  ,resent report. This is an investigative and detailed study into
enwronm_ental quaI|t|e_s, the ggneral instability of the pyrethrins e effect that the environment in the crop shed, in particular
has considerably restricted their development as all-purpose cropeqt, the presence of oxygen and moisture, and microbial action,
protection agents and has limited their production throughout 1,55 on the degradation of natural pyrethrins in the stored crop
the world. over time.

The instability of the natural pyrethrins is also causing a
storage problem for the Tasmanian pyrethrum company Botani- \;aTERIALS AND METHOD

The natural pyrethrins consist of six insecticidally active esters
(seeFigure 1), which are synthesized by the plaranacetum

*To whom correspondence should be addressed. Tel: 61362262183 The experimental method for sampling, preparation, and analysis
61362262858, Fax: 61362262183 E-mail: Adrian.Blackman@utas.edu.au,Of PYréthrum samples for pyrethrins content was adapted from an

t University of Tasmania. |ndus'grial r_neth_od for_pyrethrins analysi®2). The method used is
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Figure 1. Structures of the natural pyrethrins.

Sampling and Storage Conditions.Representatie Sampling.A
sample of freshly harvested Tasmanian pyrethrum crop, which consists
primarily of the flower head and a small portion of the stem, was condition moisture content atmosphere
obtained from the storage shed at BRA. This bulk crop sample was

Table 1. Storage Conditions

then divided up into small samples for storage under different ; ggg;g:gzgg Eggﬁ; g:trrogen
conditions. An appropriate sampling method known as “coning and 3 freeze-dried (0%) oxygen
quartering” was required to minimize sampling error due to heterogene- 4 normal (10%) nitrogen
ity and biological variability in the crop. This method involved heaping 5 normal (10%) air

the crop into a “cone shape” and then dividing it evenly into quarters. 6 normal (10%) oxygen
One-quarter was then coned and again divided into quarters. The process 7 moist (20%) nitrogen
was repeated until a sufficiently small sample size (approximately 10 8 moist (20%) air

g) was obtained. The small samples were then transferred to 120 mL 9 moist (20%) oxygen

polystyrene sample containers with polypropylene screw top lids for
storage under different environmental conditions relating to moisture,
oxygen, and temperature. All samples were kept in the dark during 60 for each condition listed ifiable 1 excluding those packaged under

storage. oxygen gas, were sent to the Australian Nuclear Science and Technol-

Moisture ConditionsThree different levels of moisture in the crop  ogy Organization (ANSTO) (Lucas Heights, NSW, Australia) for
were compared. A portion of the crop was freeze-dried using a Javac sterilization byy-radiation. Half of the samples was sterilized at 25
Breda Scientific LY-5-FM freeze-dryer for 48 h to remove the moisture kilograys (kGy), and the other half of the samples was sterilized at a
present in the crop. The freeze-dried crop was then packaged in smallstronger dose of 50 kGy. The samples were held waiting for sterilization
containers and sealed. The original moisturd Q%) pyrethrum crop at ANSTO for 30 days in cold storage 80 °C. These samples were
was also packaged in a series of small containers. The remaining thirdin transit between ANSTO (NSW) and the School of Chemistry
of the samples had the moisture content increased to approximately(Hobart) for 6 days, including through quarantine. Upon return,
20% by adding 1.6 0.1 mL of deionized water to each small sample representative sterilized samples were analyzed for pyrethrins content,
(10 g) in the polystyrene containers. The moist sample was mixed and the remainder was put into ovens at the five temperatures as part
thoroughly by shaking and then allowed to equilibrate for 24 h. of the rate study.

Atmospheric ConditionsSamples were stored in oxygen deficient Rate StudyPreliminary experiments demonstrated that the rate of
(nitrogen), air and oxygen rich (oxygen) atmospheres to test the effect degradation significantly increased as the temperature increased.
of oxygen on the degradation of the pyrethrins. For storage under Therefore, samples were periodically removed from the ovens and
nitrogen, uncapped sample containers filled with crop, together with analyzed at shorter intervals as the temperature increased, e.g., weekly
their screw caps, were placed in a glovebag. The glovebag was clampedat 20°C and hourly at 100C.
closed. The gas inlet was connected to a three-way tap that was also Analytical Method. Hexanes (EM Science, HPLC grade) was the
connected to a vacuum line and nitrogen inlet. Nitrogen gas (BOC, most widely used solvent in the extraction and analysis of the samples.
High Purity) was connected through a drying tower. The glovebag was The quality of the solvent was assured by checking the absorbance at
first evacuated using the vacuum line and then flushed with nitrogen 223 nm using high-performance liquid chromatography (HPLC).
twice before being filled again with nitrogen gas. During the second Grinding. Samples with a high moisture content were dried in an
flushing stage, the samples were gently stirred to remove any air oven at 50+ 5 °C for 1 h prior to grinding to achieve optimum
pockets. After the glovebag had been filled with nitrogen for the third performance from the grinder and not degrade the sample. Samples
time, the sample containers were capped tightly. Upon removal from were ground using a Breville Coffee ‘n’ Spice grinder for 1 min per
the glovebag, each container was sealed inside a plastic bag to providesample. Preliminary experiments showed that a grinding time of 1 min
further protection. For storage in an oxygen rich environment, the crop was optimal for efficiency and efficacy. The moisture content was
was packaged in the sample containers and flushed with oxygen for determined by the weight difference of G450.001 g of each ground
30 s with constant stirring. The containers were quickly capped upon sample after 3Gt 10 min drying at 10Gt 10 °C.
removal of the oxygen inlet. Extraction. Ground pyrethrum crop powder (05 0.0001 g) was

Temperature ConditionsTen small samples for each storage accurately weighed into a 25 mL volumetric flask and made up to
condition listed inTable 1 below were stored in ovens at each of the volume by adding 24.5 mL of hexanes (EM Science, HPLC grade),
temperatures 26 2, 40+ 2, 60+ 4, 80+ 5, and 100+ 8 °C. assuming 0.5 g of powder would occupy a volume of approximately

Microbial Conditions. The same scheme was adopted for the 0.5 mL. The flask was placed in an ultrasonic bath for 20 min, inverting
packaging of samples for sterilization. A large number of small samples, and shaking three times in that period. The flasks were stored in dark
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0.035

Table 2. HPLC Specifications Pyre 1
. . P £ 0.033
instrumentation specification H
pump Millipore Waters 501 HPLC pump % 0.031
autoinjector Millipore Waters 717 plus autosampler 2
column 5 um silica (8 mm i.d. x 10 mm internal length) compressed £ 00 Fyre2
in a Millipore Waters Radial Compression Module 2 o ont cin2
detector Millipore Waters lambda-max model 481 LC spectrophotometer J\ Jas 1 Jas2
data recorder  Profound 486, DOS operating system 0.025
software Maxima 820, chromatography workstation 0 2 4 6 8 10 12
Time {mins}

Figure 2. Chromatogram of pyrethrum crop.
conditions for at least 4 h (most often overnight) to allow the solids to
settle before the extract was filtered through a QA5 Teflon syringe a 1.5
filter to obtain a hexane solution suitable for HPLC analysis.

Cellulose ExperimenPyrethrum crop (20 g) was ground for 1 min
and then extracted with 500 mL of hexanes (EM Science, HPLC grade).
The extract was filtered, and the majority of the hexanes was evaporated
under reduced pressure until a concentrated pyrethrins solution remained
of approximately 10 mL. This was combined with 20 g of a finely
ground cellulose powder and thoroughly mixed, and the residual solvent
was allowed to evaporate. The pyrethrirellulose powder was divided
into 10 70 mL polypropylene containers, capped, and placed in the
oven at 100°C. The containers were sampled periodically over 24 h.
The pyrethrum-cellulose powder was extracted using the same sample
preparation as the ground pyrethrum crop samples explained above.

Reference Solution3he standard reference solution was a sample
of refined pyrethrum extract containing 20% pyrethrins, supplied by b 15
BRA with a certificate of analysis stating its concentration by the AOAC I
9th edition mercury reduction method of analysis (reference no. 936.05).
A reference solution containing 0.4 g/L pyrethrins was prepared by
accurately weighing 500 mg of the standard reference solution into a
50 mL volumetric flask and making up to volume with hexane. A 10
mL aliquot of this solution was then quantitatively transferred to another
50 mL volumetric flask and made up to the volume using hexane. This
reference solution was used as an external standard for HPLC to
determine the pyrethrins content in the unknown samples.

HPLC Analysis. The analysis of the pyrethrins content was

Total Pyrethrins (% dry wt)

T T T
4] 50 100 150 200
Time (days)

Total Pyrethrins (% dry wt)

performed using normal phase HPLC. A silica column was employed, 0 ‘ | |

and an isocratic mobile phase of hexanes and THF was used. The 0 20 40 60 80
specifications are listed ifiable 2. The operating conditions employed Time (days)

were based on the standard method for analysis of pyrethrins and are

shown inTable 3. Cc 157

The concentration of the six esters in unknown samples was
determined by a comparison with the peak areas of the standard
reference solution of known concentration. The moisture content of
each unknown sample and the weight and dilution of the sample were
taken into account when determining the concentration of the pyrethrins.
The concentrations of each of the six esters were also determined. A
typical chromatogram of pyrethrum crop is shownFigure 2. The
results obtained from the experiments were correlated and then
statistically analyzed using the software package JMP (version 5.0, SAS
Institute Inc., New York) for Windows.

a
1

o
&)
1

Total Pyrethrins (% dry wt)

RESULTS AND DISCUSSION 0 5 10 15 20 25 30

Time (hours)

Because of the heterogeneous nature of the pyrethrum crop, ) ) ,
the error associated with sampling was expected to be high.Figure 3. (a) Degradation of pyrethrins at 20 °C. (b) Degradation of
The crop consists of primarily the flower head with small Pyrethrins at 60 °C. (c) Degradation of pyrethrins at 100 °C.
variable portions of the stem. A method known as coning and intervals. The results for the temperature studies at 20, 60, and
quartering was employed to divide the bulk crop into smaller 100°C are reported irFigure 3.
samples; however, variations in pyrethrins concentration were  Thex-axis represents time in days or hours for 200 while
still observed. By analyzing a group of similar samples, the the y-axis is the percentage of the natural pyrethrins per dry
scatter in pyrethrins content was determined to be 7.37%.  weight of the crop. All plots contain confidence intervals, which

Temperature. The effect of temperature on the degradation display the upper and lower 95% confidence limits reflected in
of the natural pyrethrins was examined at 20, 40, 60, 80, and the variation in the error and in the parameter estimates. In
100 °C. Small samples were stored in ovens at the respective Figure 3a, the degradation of the pyrethrins was monitored over
temperatures and were sampled periodically depending on thel90 days at 20C, and during this time, a 26% loss in the natural
temperature: the higher the temperature, the shorter the samplingyrethrins was observed. At 60C, the majority of the
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100 i
" ; — Table 4. Rate Equations
2 a0 i _E::: :u reaction order (n) equation
jm ! i M 0 [Py} = [Pylo - kt
g 60 e — |t Pyrethin Il 1 In [Pyl = In [Py]o — kt
-g so| : 2 U[Pyl: = 1/[Py]o +kt
i 40 3 UPyle= 1/[Py]023+ 2kt
- o e o SN 4 L[Py]® = 1/[Pylo* + 3kt
5 20 ""'-"'-'?”""—»_.I
1t Table 5. Ryg? Values as a Measure of Linearity
a
g 2 B opiles R 2 % N 20°C 40°C 60 °C 80°C 100 °C
Figure 4. Percentage remaining of individual esters at 100 °C. 0 0.9781 0.4546 0.3870 0.5143 0.4065
9 9 g 1 0.9879 0.5512 0.6112 0.5620 0.6200
. - 2 0.9940 0.6477 0.8048 0.5972 0.8130
Table 3. Operating Conditions for HPLC 3 0.9966 0.7378 0.9248 0.6161 0.9193
mobile phase 95:5 hexanes: THF? 4 0.9959 0.8163 0.9788 0.6177 0.9297
stationary phase 5 um silica _
flow rate 2.5-3.5 mL/min Table 6. Rate Constants
injection volume 5ul
run time 13 min temp (°C k (IPYl/day—t
wavelength 223nm PO (P)ioay~)
20 0.001546
@ The mobile phase was recovered by distillation and reused. gg 8828525
80 0.1708
degradation occurred within the first 5 days, and after 75 days, 100 0.9724

the total loss was 65%. A more rapid loss in pyrethrins content
to the same extent was experienced in samples stored at 100
°C. After 24 h, the loss of pyrethrins was 68%. At this
temperature, the pyrethrins degrade rapidly in the first 4 h.
However, like the degradation pattern at®€) the degradation

By this method, the coefficient of regression was used to
determine the linearity of each plot afdble 5 summarizes
the results.
stabilizes and does not tend to zero concentration. ) From this table, the or(_jer of_the react_ion_ is n(_)t clea_r. Each
. . . increase in order results in an increase in linearity. This trend
The degradation patterns of each of the six pyrethrin esters;qjicates that the degradation reaction is a complex mechanism.
were also of interest. The esters are present in pyrethrum in therpig may he due to the combination of differential rates of the
ratios of jasmolin:cinerin:pyrethrin as 1:3:123). To directly  gegradation of the six esters that constitute the natural pyrethrins
compare the degradation of each esteigure 4 shows the i may be due to possible degradation reaction mechanisms
percentage remaining of the starting concentration for each of ¢ ;o a5 polymerization and oxidation reactions being superim-
the esters. posed. Alternatively, the complexity of the loss of pyrethrins
Figure 4 reveals an interesting trend as the jasmolins and may be caused by the dependence on the diffusion of the
cinerins show a very similar pattern of percentage losses at thispyrethrins from the seeds.
temperature. The pyrethrins, however, degrade to a much greater The reaction is not zero order, because a linear plot does not
extent over the same time frame. The majority of the decreaseresult when the [Py]s plotted against time at temperatures other
in total pyrethrin content seen Figure 3cis attributed to the than 20°C. The first-order equation introduces the greatest step
large percentage loss of Pyre 1 and Pyre 2. The common featurdn linearity. The reaction causing the degradation of the
of these two molecules is the conjugation on the side chain. pyrethrins is assumed to be first-order, as suggested by Githinji
These molecules are known to undergo a thermal isomerizationand supported by the greatest increase in linearity fronRfe
reaction (12); however, although the isopyrethrins are very values.
similar in structure to the pyrethrins, they were not detected by  The rate constants for each of the five temperatures were
HPLC. This suggests that isomerization of the pyrethrins either determined by plotting the first-order rate equation and are
does not occur or is closelyfollowed by further reactions. presented inTable 6. For most chemical reactions, the rate

Githinji postulated in 1980 that the thermal degradation of constantk increases as the temperature increases. This is
pyrethrins could be explained by the chemical reaction theory consistent with the degradation of the natural pyrethrins. The
(14). However, to correctly formulate the law of the rate of Parameters of the Arrhenius expression can be estimated using
reaction, it is essential to know the molecular process by which €d 1.
the resultant reaction is actually brought about. In the absence
of this knowledge with respect to the natural pyrethrins (which A Ea

; . . . k=Ae —
consist of six complex chemicals), it was found necessary to RT
adopt the method of Noyes and Sherrill, whereby the experi-
mental data are analyzed in order to establish the order of thewherek = rate constantp = constantf, = activation energy,
reaction (14). In theory, the order of the reactiorcan be R = gas constant (8.314J/mol K), afid= absolute temperature.
determined by assigning different valuesnofind determining A plot of In k vs 1/T (Figure 5) gives a linear model with a
the most linear model from the experimental data. Therefore, slope equal to-E4/R and an intercept of LIA.
was assigned the values 0, 1, 2, 3, andable 4 displays the The relationship between the rate constants and the temper-
rate equations for each value of ature is significant with afR? value of 0.9013. The significance
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Table 7. Parameter Estimates for the Arrhenius Equation

parameter estimates prob > (1) 95% confidence interval
A 8.07 x 10° 0.0133 8604 < 8 < 7.54 x 101
-E4R -8731 0.0087 -13262 < 8 < -4200

Table 8. Activation Energies for the Individual Esters

activation energy

ester (kcal/mol)
N

Jas1 17+10 - T 1 1 T
Ccin1 17410 0028  .003 .0032 .0034 .0036
Pyre 1 1848 el
Jas 2 18+17 Figure 5. Arrhenius plot.
Cin2 1711
Pyrethrin 11 18+8 120

o
[=3
o

maining

of the parameter estimates used for the Arrhenius equation is
addressed ifTable 7.

These parameters can then be substituted into the Arrhenius:
expression to give

——20%/nitrogen
—O6—20%/air
—— 20%/oxygen
—+— 10%/nitrogen
—8— 10%/air
10%/oxygen
—B— 0%/nitrogen

| —— 0% /alr

—o— 0%/oxygen

o]
o

[=2]
(=]

N
<

k=8.1x 10% 73T

Percentage Pyreth‘pns Re

20 A
The activation energy for the degradation of the pyrethrins is
17+ 9 kcal/mol if the reaction is classified as first-order. Similar °
studies were performed for second-order kinetics, and the
activation energy was determined to be#8 kcal/mol. These
values are very similar, so the classification of the order of
reaction is not important in determining the activation energy.

Similar to the degradation pattern of the total pyrethrins, the . . .
classification of the reaction order for each of the six esters OnSistent degradation would be expected for all esters, not just
was not clear. This indicates that the complex mechanism for the Pyre _1 and 2 estt_ers. ) )
the degradation of the total pyrethrins is not due to the Microbial Degradation. Microbes may cause the pyrethrins
combination of differential rates of the six esters. The activation 0 degrade in two different ways: indirectly through the
energy for the degradation of each ester was determined using?®MPOsting activities generating heat in the shed or directly
first-order kinetics. Table 8 summarizes the results. The through metabolizing the pyrethrins. The experiments on
activation energies are very similar, which suggests that the Microbial activity were completed to test the second theory that
esters are behaving in a similar manner. Pyre 1 and Pyre othe mlcropes_ are directly involved in 'ghe degradation process.
degrade at a faster rate, however. T.o test tms, it was necessary to sterilize the crc')p.samples to

Taking into account the 95% confidence interval, the activa- Kill any microbes present on the plant surfageRadiation was
tion energies for the degradation of the total pyrethrins and each®Mployed for sterilization of the pyrethrum crop samples.
of the esters are consistent with Githinji's value of 14.7 kcal/ ~ The samples were sent to ANSTO for sterilization by
mol and Shene’s value of 12.1 kcal/mél, (L4). These values  y-radiation. Two levels of radiation were employed, 25 and 50
are also within close range of the activation energy for the kGy The standard dose required for sterilization of microbes
thermal isomerization reaction of 24.6 kcal/mol (12). is 25kGy. A stronger radiation dose (50 kGy) was used to

Moisture and Oxygen. The degradation of the natural deStroy soil microbes that were I|ke|y to be present in the
pyrethrins was monitored over time when pyrethrum crop Pyrethrum crop sampleS.able 9 summarizes the percentage
samples were stored under conditions relating to moisture andlosses of the pyrethrins during the sterilization procedure.
oxygen.Figure 6 shows the results without the error bars of ~ Taking into account sampling and analytical errors, some
7.37% to show the trends more clearly. interesting trends were found in in the first sectiorifable 9.

The presence of moisture and oxygen does not cause theThe second section dfable 9 similarly summarizes the results
degradation of the natural pyrethrins. Losses in pyrethrins for the samples sterilized at 25 kGy. The negative values are
content are still observed in the absence of water and oxygen.due to the errors associated with the determination of the
There is evidence ifFigure 6 to suggest that the percentage presterilization and poststerilization values.
loss of pyrethrins is greater in freeze-dried material because the The two levels of radiation degraded the pyrethrins in the
three data series with freeze-dried crop have lower concentra-samples to different extents. At the lower dose, the average total
tions than the other conditions after 8 h. The increased lossesloss is 22%, whereas at 50kGy the average is 42.5% loss in the
may be an artifact of the freeze-drying process, e.g., cell total pyrethrins. The percentage losses of each of the esters are
disruption. Alternatively, the chemical reactions causing the also dependent upon the radiation doses. From examining the
degradation may be inhibited by the presence of water and thispercentage losses of each ester, it is evident for all treatments
is supported by the greater loss in Pyre 1 and Pyre 2 that the majority of the losses can be attributed to the Pyre 1
concentrations and not the other esters. If a greater quantity ofand Pyre 2 esters. At the 50 kGy radiation level, over 50% losses
the esters were exposed by the freeze-drying process, then an these esters have resulted. The approximate stability of each

2 4 6 8 10

Time (hours)
Figure 6. Degradation of pyrethrum crop at 100 °C. The effect of moisture
and oxygen.
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Table 9. Percentage Losses in Pyrethrins Content during Sterilization
at 50 and 25 kGy

Mormal

IS

e ey Ground and Aired
Aired

]

% total Jasl Cinl Pyrel Jas2 Cin2 Pyre2

Losses at 50 kGY
0%/air 60.0 18.7 55 81.6 14.4 225 82.4
0%IN, 60.9 20.8 7.0 82.6 155 225 82.9
10%/air 36.6 5.9 2.2 48.2 8.8 9.0 55.9
10%/N, 413 18.3 9.0 52.2 18.6 17.8 56.5
20%/air 28.8 22.9 14.8 31.2 14.0 20.9 36.2
20%/N, 272 18.8 11.1 30.2 11.9 18.7 34.7
average 425 175 8.3 54.3 13.9 18.6 58.1

=
@

Total Pyrethrins (% dry wt)
2 s
) -]

o
ra

(=]

Losses at 25 kGy a 2 4 6 8 10 12 14 16 18 20 22 24
0%»air 386 187 74 501 92 183 530 Toris thabirs)
0%/N; 312 18 -65 45.6 -35 74 49.2 Figure 8. Comparison of ground and aired crop at 100 °C.
10%fair 189 141 00 251 1.0 74 284
10%/N, 217 7.9 29 215 3.9 87 325 . : . )
20%air 107 63  —22 108  -17 84 180 same level. The starting point for each curve is different; that
20%/N, 119 125 3.0 12.9 0.3 9.9 15.6 is, the 50 kGy samples had degraded significantly before being
average 222 102 07 287 15 100 328 placed in the temperature experiments. Therefore, this initial

degradation may cause the latter degradation to be less. At 25
kGy, the same effect is apparent to a lesser extent. Assuming
that the microbes were all destroyed, the natural pyrethrins

..... 25 KGy continued to degrade despite the absence of microbes in all of
12 — — —50kGy the conditions relating to temperature, oxygen, and moisture
1 Unstariized content. Therefore, it can be concluded that microbes are not

directly involved in the degradation process. However, the
microbes may be indirectly involved in generating heat, known
to accelerate the reaction, by a composting effect in the crop
shed.

Protection of the Pyrethrins by the Plant. It was deemed
necessary to investigate why the degradation pattern of the total

=
=1

Total Pyrethrins (% dry wt)
= =]
e o=

=
ha

o

0 10 20 30 40 50 60 70 80 pyrethrins and each of the esters occurred rapidly and then
Time {days) appeared to stabilize over time. This phenomenon was first

Figure 7. Comparison of sterilized and unsterillized samples at 69 °C. recognized by Tattersfield and Martin in the early 19303)(
of the esters is ordered as CirrlJas Il > Cin Il > Jas |> Tattersfield concluded that the pyrethrins were protected from
Pyre | > Pyre Il. degradation by the plant due to particle size or to cellular

The moisture content in each Samp|e also points to anotherinclusion. HOWeVer, in 1966, Maclver dismissed this idea and

trend in the degradation reaction. It appears that as the moisturesuggested that the stabilization was due to naturally occurring
content decreases, the amount of pyrethrins degradation in-antioxidants in the plant, which prevented the pyrethrins from
creases. The freeze-dried samples lost twice the pyrethrinsdegrading any further (21).

content than the samples stored in 20% moisture. The results On the basis of the conflicting conclusions of these two
from the normal moisture samples (10%) fit proportionally studies, it is suggested that the pyrethrins are protected either
between these two extremes. Looking at the percentage loss irPhysically or chemically by the structure of the plant. It is known
the individual esters for the three moisture levels, again it is that the natural pyrethrins are stored in the oil gland on the
the Pyre 1 and 2 esters that have caused the greatest variatiorgurface of the seeds. Two possible theories were postulated
This suggests that the reaction causing degradation of the Pyredased on the results of the temperature, moisture, oxygen, and
1 and 2 esters is inhibited by the presence of water. This finding microbial experiments. The first theory proposes that there is a
adds to the significance of the findings and the possible causingrate-limiting compound that has been used up. Conversely, the
factors described earlier in the moisture and oxygen experimentssecond theory suggests that the pyrethrins are protected by the
in unsterilized samples. plant structure.

Another finding fromTable 9relates to the conditions under Relating to theory one, it was thought that the oxygen content
which the samples were stored. There is no significant differencein the containers might be used up and therefore stop the
between the degradation patterns of the samples stored indegradation reaction as the samples were stored in capped,
atmospheres of air or nitrogen. This indicates that the reaction gastight containers. Second, relating to theory two and based
causing the decomposition of the esterg/adiation does not  on the findings of Tattersfield, it was thought that the pyrethrins
involve oxygen. might have been bound up in the plant structure allowing

The degraded samples returned from ANSTO were still used protection from environmental conditiond 7). Also, it is
to determine the effects of heat, oxygen, and moisture in the possible that the pyrethrins are stored in other areas in the seed
absence of microbes on degradation of the natural pyrethrinsstructure apart from on the surface in the oil glands. The action
and to see if these results differed from those when microbesof grinding may expose bound up pyrethrins to the environ-
were present. It was assumed that the degraded metabolites dignental conditions.
not interfere with the degradation of the remaining pyrethrins.  To test these two theories, an experiment was conducted
Figure 7 summarizes the results from the temperature experi- involving further grinding and aerating samples when the
ment at 60°C. degradation started to stabilize, i.e., affeh at 100°C. The

The three different conditions relating to sterilization have results from this experiment are represented graphically in
different degradation patterns, but the series converges to theFigure 8. The samples were placed in an oven at 100and
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percentage loss of pyrethrins is significantly greater in low
moisture material.

—S—Pyrethrum Crop Exposure toy-radiation, through the sterilization treatment,
A Pyretivins Celliose caused the natural pyrethrins to degrade to a significant extent.
The degradation again appeared to be inhibited by the presence
of moisture, which adds to the significance of the findings in
the moisture and oxygen experiments in unsterilized samples.

Percentage Pyrethrins Remaining

10 -— Assuming that the microbes were all destroyed, the natural
0 o ) > 3 . . . N pyrethrins continued to degrade despite the absence of microbes
Time hours) and all of the conditions relating to temperature and oxygen

and moisture content. Therefore, it can be concluded that
microbes are not directly involved in the degradation process.
All experiments demonstrated an initial rapid loss of pyre-

Figure 9. Pyrethrins—cellulose powder degradation at 100 °C.

sampled periodically and then analyzed for pyrethrins content. = * X
As previous results suggested, oxygen content did not makethrins, WhICh was dependen'g on the temperature of storage. The
a significant difference on the pyrethrins content. However, .pyr.ethrlns content.then stabilized at approximately 65%.of the
grinding the samples and placing them back in the oven at 100|n|t|a_l value and did not tend tOV_Vard a zero concentration in
°C caused the pyrethrins to continue to degrade before levelsthe time frame of the study. Studles_tq elumdat(_a this |dent|f_|ed
stabilized again at a lower concentration. The samples were that the plant structure may be providing chemical or physical
ground using the Coffee ‘n’ Spice grinder, and samples could protect!or! to the pyrethrlns.lln all experlmen.ts presented here,
not be ground very finely. If the sample could be ground fine the majority of the degradation could be attributed to the Pyre
enough, it is expected that the pyrethrins will completely degrade 1 @nd 2 esters.
to a zero pyrethrins concentration. _ ABBREVIATIONS USED
Cellulose Experiment.In another experiment to support the . . . o . .
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