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Rapid Bioassay of Pesticide Residues
(RBPR) on Fruits and Vegetables!

C.S.Chiu, C.H. Kao, and E.Y. Cheng?

Abstract : A RBPR (Rapid Bioassay for Pesticide Residues) method is developed by
TARI in integrating the AChE test and B.t. test to screen the residues of acetyl-
cholinesterase-inhibiting (neurotoxic) insecticides, EBDC’s (ethylene bisdithiocar-
bamates, the ETU-producing chemicals) and other B.t. inhibiting fungicides on
fruits and vegetables. The RBPR (1) can complete the examination of a batch of 50
vegetable samples within 3 hrs or even faster, (2) provides toxicological indication
on plants sample with residue of organophosphates, carbamates, EBDC’s and other
detectable fungicides, and (3) is extremely economic and the material costs only ca.
N.T.$ 4.0 (= U.S.$ 0.15) per test. The sensitivities of RBPR to 20 organophospho-
rus compounds, 2 carbamates and 12 fungicides were examined, and a RBPR
working flow chart was provided. This method is fast enough to provide informa-
tion for market inspector to detect fruit and vegetable shipment with toxic
response and hold from trading for further chemical analysis. The RBPR has been
adopted by farmer associations, municipal markets and public health institutions
in Taiwan for various functions i.e., farmer’s education, preharvest inspection,
market management and pesticide residues monitoring to reduce the toxic vegeta-
ble to be marketed. The RBPR can fill up informative and operational gaps
between the lengthy chemical analysis of residues and the fast moving vegetable
trading.

Key words : Rapid bioassay, Insecticide, Fungicide, Ethylene bisdithiocarbamates,
Acetylcholinesterase, Bacillus thuringiensis, Pesticide residues.

Introduction

Fruits and vegetables are essential parts of the human diet. They provide carbo-
hydrates, proteins, lipids, vitamines and mineral elements. The production nowadays
depends heavily on new technologies, and pesticide usage is almost unavoidable, especially
in the subtropical and tropical regions where production confronts with many insect and
disease problems. Although some safe new pesticides have been introduced lately,
many pest problems still remain unsolved and rely heavily on two groups of
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neurotoxic insecticides i.e., organophosphates and carbamates, as well as EBDC’s, the
carcinogenic ETU (ethylenethiourea) producing fungicides. Therefore, constantly monitor-
ing the dangerous pesticide residues before marketing fruits and vegetables is absolutely
needed to protect the health of general public.

The neurotoxic organophosphorus and carbamate insecticides act on the acetylcholines-
terase (AChE) in animal neurosystem, block the neurotransmission and finally cause death.
In the well known Ellman’s test, the development of yellow color slowed down or stopped
when the AChE was inhibited, and can be used to assay the presence of AChE-inhibiting
insecticides (Voss, 1966 ; Voss et al., 1971).

Although the acute toxicity of EBDC’s to mammals is low, the chronic effect of the
carcinogenic and teratogenic ETU, a metabolite of EBDC's, is cautious (Newsome, 1976;
Bontoyan and Looker,1973; Fishbein, 1977; Wagner, 1983). Other fungicides such as captan
and folpet are also hazardous to human health, and their residues on vegetables should be
monitored. Detection of EBDC's is usually achieved by analyzing the carbon disulfide
(CS2) that degraded from EBDC’s (Razman and Thompson, 1972), or detecting another
degraded product, EDA (ethylenediamine) (Newsome, 1974). Gustafsson and Thompson
(1981) had chosen alkaline EDTA solution for EBDC’s extraction in HPLC analysis. All those
analyses are lengthy and expensive, and their usage in a rapid analysis is limited. Kao (1989)
reported the entomopathogenic bacteria, Bacillus thuringiensis, is highly sensitive to EBDC’
s as well as other plant protectants such as captan and folpet, which made the development
of a rapid bioassay to detect fungicide residues possible.

The goal of this research is aimed at integrating fungicide assay with AChE assay to
detect the above mentioned hazardous pesticides and to keep the residues contaminated
fruits and vegetables from marketing.

Materials and Methods

Chemicals, biochemicals and pesticides used

Acetylthiocholine iodine (ATCI), 5,5'-dithio-bis (2-nitrobenzoic acid) (DTNB), dime-
thyl sulfoxide (DMSO), ethylenediaminetetraacetic acid (EDTA), 2,3,5-triphenyltetra-
zolium chloride (TTC) and Triton X-100 were purchased from Sigma Chem. Company.
Methanol, butanol, ethanol, acetone, sodium phosphate buffer and hydrochloric acid (fum-
ing 37%) were supplied from E. Merck. Antibiotic medium #1 was from Difco Laboratories.

Butyrylcholinesterase of horse serum and acetylcholinesterase of electric eel were
purchased from Sigma Chem. Company.

All pesticides used in experiment were commercial products, and the dilutions were
made in distilled water.
Preparation of AChEs

Preparations of housefly head and honeybee head AChEs were followed the procedure
outlined by Guilbault et al.(1970) up to the step of Sephadex G-100. Collected active fractions
were freeze dried. Complete working scheme is presented in Chart I.
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Chart 1. Insect brain AChE preparation
100 g insect head
Homogenized + 500 ml Dist. Hs0
and stirred + 20 ml n-butanol
for 62 hrs + 2.0 g Na-taurocholic acid
Centrifuged (10,000xg for 30 min)

Filtered through cheese cloth

Dialysis for 24 hrs (2 changes of dialysis buffer,
0.003M KHsPO«, pH 7.0)

Centrifuged at 10,000 xg for 30 min

ppt Supernatant
(discarded) + 2% (V/V) 0.1M choline
+ 20% (¥/V) (NH<) 2SO«
Stirred for 1 hr and centrifuged at 10,000 xg for 30 min

|
*
ppt Supernatant
(discarded) + (NH«) 2S04 to 60X saturation
Centrifuged at 10,000 xg for 30 min
]
Supernatant ppt
(discarded) dissolved in small amount of 0.003M KHiPO. (pH 7.0)

Centrifuged at 10,000 xg for 20 min

¢

Sephadex G-100

Collected active fraction and freeze-dried

Preparation of B.t. suspension

By transferring slant culture B.t. into a 50ml flask containing 20 ml broth medium
(Salama et al., 1981) and shaking with 140 rpm at room temperature overnight, the obtained
broth culture can be preserved in 5°C for a period of 5 days. Before assaying, B.t. in
preserved broth culture was activated by transferring 0.8 ml suspension into a 50 ml flask
with 20 ml of new broth and incubated at 37 °C with 140 rpm shaking. The new broth culture
between 1.5 to 5 hrs after the start of culturing time is suitable for assaying. For the assay,
the above B.t. culture in log phase is diluted with fresh broth to 18—20% T-value at 540 nm
(with a Shimadzu UV-120-01 spectrophotometer) and then further diluted 10 times as the
assaying solution. At this time, the concentration of B.t. is about 0.8—1.2 x 107 cells/ml.
Instruments and apparatus needed

Test tube mixer, visible spectrophotometer with recorder, vegetable sampler, rubber
cushion, stopwatch and shake bath (with 50—60 sets of 50ml flask holders) are needed for the
tests.

Working methods

1. Sampling procedures

Duplicate plant samples were prepared for insecticide and fungicide tests, respectively.
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Each sample constituted of 4 leaf discs of 4.5—6 cm?® each from separate leaves and the total
leaf area used for one assay is approximately 18—24 cm? After chopping the leaf discs into
fine pieces, the sample was transferred into a glass vial (1 cm in dia. x 7 cm in length) for
extraction.

A. Insecticide assay : The plant sample was extracted with 1 ml methanol, vibrated on
a test tube mixer for 30 sec and then soaked for another 2.5 min. The vials should be covered
with parafilm when a longer soaking period is expected. The methanol extract was then
drained into a clean vial and covered with parafilm before AChE assay.

B. Fungicide assay : All samples were extracted with 2 ml of EDTA/DMSO solution.
After being vibrated on the test tube mixer for 1 min and soaked another 5 min, the extract
(approximate 1.3—1.5 ml) was directly drained into a 50ml Erlenmeyer flask.

2. Insecticides residues assay :
A. Preparation of assay materials :
(1) 0.1IM phosphate buffer (PBS), pH 7.0.
(2) 0.1M phosphate buffer (PBS), pH 8.0.
(3) Acetylthiocholine iodine (ATCI), 21.6 mg/ml dist. water.
(4) 5,5’dithio-bis (2-nitrobenzoic acid) (DTNB), 19.8 mg/5 ml PBS (pH 7.0)
(5)
(6)

5) Methanol.

6) AChE solution with enzymatic activity adjusted to suitable range for assay.

B. Assay procedures :

In a 1 cm glass cuvette, 3 ml PBS (pH 8.0), 20 1 sample extract or tested insecticide

in methanol, and 201 AChE were added. After mixing for 3 min, 1001 DTNB and 20
#l ATCI were added to start the reaction. The increasing absorbance at 412 nm was
recorded and compared to the insecticide-free blank for inhibition. In a fixed reaction
period, the absorbance of sample was compared to the normal AChE reaction, and the
% inhibition was calculated as follow :

% inhibition= Abs. ChangeA(l;lsor;?;;eA(?xzrfrtllsﬁr)lge (sample) X 100%

3. Fungicide residues assay:

A. Preparation of assay materials :

(1) Extracting solution : Aqueous solution of 1000 ppm EDTA containing 2% DMSO.

(2) Metabolic indicator : 2,3,5-triphenyltetrazolium chloride (TTC) in 2% (W/V) solu-
tion.

(3) Cultural medium for B.t. : The medium was prepared according to Salama et al. (1981).

(4) Stop solution : 0.5 N HCI containing 5% Triton.

(5) Slant medium : 30.5 g Difco antibiotic medium #1 in 1000 m] distilled water.

B. Assay procedures :

1. Adding 1 ml of the above prepared B.t. suspension into the flask which containing
sample extract and incubated in constant temperature water bath with shaking (37°C
and 140 rpm) for 90 min.

2. At the end of 90 min, 100 uI of 2% TTC solution was added into the incubation flask
and continually incubated and shook for another 30 min in the dark.

3. At the end of incubation, 1 ml of 0.5N HCI in 5% Triton was added into flasks and



192 Jour. Agric. Res. China 40 (2) 1991

mixed well to stop reaction and dissolve the precipitation for red color inspection.
4. The result should be examined by naked eyes first and compared to the blank for
color difference. Spectrophotometer examination is not needed for serious case since
the color difference is distinct enough.
5. Only the sample with color wondering between red and vellow needs to be centrifuged
and compared in a visible spectrophotometer at 484 nm for absorption difference.

o/ iovinaes o Abs. (fungicide free blank) — Abs. (sample)
% inhibition= Abs.(fungicide free blank) <100%

Results and Discussions

ChEs of horse serum, electric eel and housefly showed variable sensitivities to insecti-
cides, and housefly head AChE is the most sensitive one (Table 1). The sensitivities of
AChEs from housefly and honeybee to three insecticides, chlorpyrifos, carbaryl and car-
bofuran, were further compared (Table 2), and the results indicated that the AChE from
housefly head is more sensitive to both organophosphorus and carbamate insecticides. The
susceptible housefly strain used for manufacturing AChE has been reared in TARI for more
than 25 years and free from insecticides resistance that occurred in wild strains.

Table 1. Comparison of carbofuran-sensitivities in acetylcholinesterases of housefly head and
electric eel, and butyrylcholinesterase of horse serum

Leaf area extracted % enzyme activity inhibited®

in 3 ml methanol® Housefly head Electric eel Horse serum®
1 cm? 12.3 7.0 0
2 cm? 39.0 18.1 0
3 cm?® 56.2 30.6 0
6 cm® 71.1 45.8 0
9 cm? 78.6 52.8 0
12 cm? 85.0 63.9 0

® Carbofuran concentration used for spray was 200 ppm.
® 50 xl methanol extract was used for enzyme assay.
¢ Butyrylcholinesterase.

Table 2. Comparison of insecficide-sensitivities of acetylcholinesterases from housefly
and honeybee heads

% inhibition®

Leaf area extracted

Chlorpyrifos Carbaryl Carbofuran

n 3 ml methanol H.F. H.B. H.F. H.B. H.F. H.B.
1 cm? 8.2 6.1 1.3 4.0 41.7 29.7

3 cm? 16.3 9.6 16.5 33.9 66.7 55.9

6 cm? 41.9 12.2 32.9 57.3 83.3 79.7

9 cm? 53.5 16.5 45.6 70.2 84.5 79.7

12 cm? 65.1 20.9 58.2 80.7 88.1 89.8

® Insecticide concentration used for spray were 2,000, 400, and 200 ppm for chlorpyrifos, carbaryl and

carbofuran, respectively.
® 50 x1 methanol extract was used for enzyme assay.

Organic solvents are efficient in extracting the insecticide residues, and directly incorpo-
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rate the extract is the simplest way to conduct quick assay, hence the selection of a suitable
organic solvent with minimum interference in AChE activity (Lewis, 1967) is important.
Acetone, butanol, ethanol and methanol caused various degree of inhibition or activation in
the activity of housefly AChE, and methanol had exerted the least effect compared to three
other solvents (Fig. 1). Although methanol was chosen as the extracting solvent, the amount
incorporated into 3 ml enzyme reaction mixture should not exceed 50 xl. When methanol
content exceeded 2% in the mixture, the yellow color will slowly develop (Fig. 2).
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Fig. 1. The inhibition/activation of 4 organic solvents on AChE from housefly head.
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Methanol is desirable for extracting both organophosphorus and carbamate insecticides,
and 2 ml of methanol had been used to extract chlorpyrifos from various sizes of leaf discs
ranged from 1 to 12 cm?, and the result showed linear relationship between the amount of
chlorpyrifos and the size of leaf used (Table 3). When methanol is less than 2% in the
reaction mixture, protection of AChE by methanol from organophosphorus insecticide is less
than 2.4% (Table 4). (Precaution: the sample vials must be covered by parafilm to reduce
the vaporization of methanol at room temperature, which would result in uncertainty in
concentration of extracted residue and also cause health hazard to workers.)

Table 3. The recovery of chlorpyrifos from different size of leaf in 3 m] methanol

Size of leaf pfmiopmy S AR 0 fanibition
1 em? 1.26 0.06 18.2
3 cm? 3.74 0.19 30.0
6 cm’ 6.70 0.34 53.9
9 cm? 12.95 0.65 712

? Determined by gas chromatography.
® 50 x1 methanol extract was used for enzyme assay.

Table 4. The degree of protection of AChE by methanol from the inhibition of dichlorvos(DDVP)

% AChE activity inhibited
by 5041 x 0.1126 ppm DDVP

Methanol! conc. in

3m]! assay solution % inhibition reduced

6 % 714 —
21 % 69.0 2.4
41 % 66.7 4.7
79 % 62.9 8.5

By allowing a 25% permissible error in the AChE assay, samples with greater inhibition
can be considered to have positive response, a undeniable evidence of the presence of
neurotoxic pesticide residues on sampled vegetables. The sensitivities for different target
insecticides based on the 25% inhibition level were listed in Table 5. The sensitivities of
organophosphorus compounds such as dichlorvos, mevinphos, naled, phenthoate,
profenofos, chlorpyrifos, pirimiphos-methyl, mephosfolan, methidathion, were about
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0.004-5.67 ppm. For dialifor, acephate, quinalphos, fenitrothion, salithion, methamidophos,

the sensitivities were 11.2 to 65.6 ppm, while sensitivities to carbofuran and methomyl were

0.059 and 3.4 ppm, respectively.

Table 5. The sensitivity of TARI's housefly head AChE to neurotoxic insecticides*

Detection limit **

Detection limit **

Insecticides ppm Insecticides ppm
Dichlorvos 0.004 Mephosfolan 4.740
Carbofuran 0.059 Methidathion 5.666
Mevinphos 0.138 Dialifor 11.190
Naled 0.218 Acephate 14.770
Phenthoate 0.605 Quinalphos 27.230
Profenofos 1.387 Fenitrothion 27.380
Chlorpyrifos 1.683 Salithion 48.070
Pirimiphos-methyl 1.780 Methamidophos 65.620
Parathion 2.420 Pyridaphenthion 239.200
Methomyl 3.400 Dimethoate 299.370
Hostathion 4.290 Prothiofos 319.600

*Detectable sensitivities on different vegetables depends on the recovery of extraction.
**The detection limit set at 25%

By adapting the TTC test as the indication of B.t. growth condition, 12 fungicides were

directly incorporated into B.t. suspension to screen their inhibition abilities, and the results

were presented in Table 6. Due to the variation in propagation of B.t., 50 % permissible error

was set in the O.D. reading of TTC reaction as detection limit, and the sample with greater

inhibition can be considered as positive response which provided evidence for the presence
of EBDC’s and/or other detectable fungicides. Results in Table 6 showed 10 tested fun-
gicides can be detected from 0.008 ppm to 2.5 ppm, and the sensitivities range fell into the

legal tolerance range. In field practice, the sensitivities of EBDC’s such as propineb, curzate

-mancozeb, metalaxyl-mancozeb, mitram, mancozeb and maneb were above 0.7 ppm,

and more than 12.5 ppm for zineb and Sankel.

For other fungicides such as chloro-

thalonil and dinocap, the sensitivity exceeded 2.5 ppm.
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Table 6. The sensitivity of Bacillus thuringiensis to commonly used fungicides®
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1991

TTC detection limit®

Fungicides (ppm)
Propineb 0.08
Curzate-M 0.16
Ridomil-Mz 0.31
Mitram 0.31
Maneb 0.31
Mancozeb 0.63
Zineb 1.56
Sankel 12.50
Chlorothalonil 1.25
Dinocap 2.50
Captan 2.50
Folpet 6.25

® Detectable sensitivity on different vegetables depends on the recovery of extraction.

® The detection limit set at 50%.

In the 2nd experiment, the same 12 fungicides were prepared into their recommended

dosages and then diluted in a series of 5 to 80-folds in water. Cabbage leaves were dipped

into those solutions and dried. Fungicide were extracted from vegetable leaves and tested for

their inhibiting abilities on the growth of B.t. The correspondent sensitivities were indicated
in Table 7. The third experiment was the field test, and cabbages were sprayed with
fungicides at their recommended dosages and assayed from 0 to 9 days after treatment. The

results of detectable periods were presented in Table 8.

Table 7. Detecting the residues of cabbage leaf discs dipped with various concentrations of fungicides®

Recomm. Dilutions (TTC test in O.D. value)®
Fungicides dosages Check
(ppm) 5x 10x 20x 40x 80x
Maneb 2,000 0.01 0.02 0.01 0.06 0.15° 0.41
Mancozeb 1,600 0.03 0.02 0.05 0.24 0.27 0.74
Curzate-M 960 - 0.04 0.06 0.07 0.21 0.74
Mitram 1,600 0.00 0.02 0.04 0.23 0.40 0.74
Chlorothalonil 1,500 - 0.05 0.07 0.08 0.77 0.74
Propineb 1,400 0.00 0.00 0.00 0.13 0.59 0.60
Ridomil—Mz 1,450 0.01 0.02 0.05 0.07 0.28 0.41
Captan 1,250 0.05 0.22 0.82 0.92 0.77 0.74
Sankel 1,625 0.07 0.51 0.60 0.72 0.32 0.60
Folpet 1,250 0.22 0.74 0.92 0.96 0.85 0.74
Zineb 1,750 0.34 0.59 0.77 0.85 — 0.60
Dinocap 195 0.19 0.26 0.28 0.29 0.36 0.32

® Leaf discs of 4.5 x 4 cm® were used.

® The detection limit set at 50%.

¢ Detectable range was underlined.
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Days after treatment (TTC test in 0.D. value)®

Fungicides

0D 1D 3D 5D 7D 9D
Mancozeb 0.01 0.04 0.07 0.19 0.25° 0.62
Mitram 0.00 0.03 0.17 0.65 0.77 0.54
Curzate-M 0.00 0.06 0.02 0.06 0.05 0.77
Chlorothalonil 0.00 0.04 0.03 0.04 0.52 0.64
Propineb 0.00 0.03 0.01 0.10 0.31 0.74
Captan 0.00 0.02 0.04 0.15 0.46 0.60
Check 0.57 0.95 0.55 0.74 0.85 0.82
Maneb 0.04 0.03 0.01 0.08 0.51 —
Ridomil-Mz 0.02 0.05 0.00 0.06 0.74 -
Folpet 0.03 0.01 0.02 0.24 0.51 —
Zineb 0.08 0.05 0.20 0.52 0.89 -
Sankel 0.02 0.06 0.12 0.35 0.51 —
Dinocap 0.13 0.19 0.52 0.74 0.85 -
Check 0.40 0.32 0.66 0.74 0.89 —

2 Leaf discs of 4.5 x 4 cm® were used.
® The detection limit set at 50%.
¢ Detectable period was underlined.

Due to the low soluability, EBDC’s were difficult to extract from vegetables. By using
EDTA extraction solution modified from Gustafsson and Thompson (1981), the detectable
sensitivities for 12 fungicides on cabbage were listed in Table 9.

Table 3. The detectable concentrations of commonly used fungicides by Bacillus thuringiensis

in cabbage leaf discs dipping method®

Fungicides

Detectable concentrations®

{(ppm)
Propineb 6.30
Curzate-M 2.16
Ridomil-Mz 6.53
Mitram 7.20
Maneb 4.50
Mancozeb 3.60
Zineb 63.00
Sankel 59.50
Chlorothalonil 6.75
Dinocap 7.02
Captan 22.50
Folpet 45.00

o T eaf discs of 4.5 x 4 cm? were used, and the average fungicide solution adhered was 180136 wl.

® The concentrations were calculated from Table 7.
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Practically, the results of both AChE and B.t. assays are in toxicological sense rather
than to identify individual pesticide or to determine its concentration. The results of RBPR
assay serve as a positive indication for the presence of target pesticides on sampled vegeta-
bles. Other than its simple, fast and economic aspects, the RBPR test can detect the summed
toxicity of several pesticides with same toxicological action in one vegetable sample , and no
separate tests are needed. If necessary, samples with positive residue response can be further
analyzed by chemical method.

Both insecticide and fungicide assays have been integrated into the RBPR working
scheme (Chart II), and for a batch of 50 vegetable samples, tests can be completed within
3 hrs. When a vegetable shipment shows sign of pesticide contamination, it is still in time to
take proper action to stop the trading. When legal action is necessary, the suspected
shipment can be examined by Public Health Bureau before further trading is permitted.
Currently, the RBPR has been officially adopted in farmer’s associations, wholesale markets
and Public Health Bureaus in Taiwan.

Chart II. RBPR working flow chart

Sampling

Duplicate samples of 18 (4 x 4.5) cnm®
leaf discs were sampled from 4 leaves
and chopped into fine pieces

(Insecticide test) (Fungicide test)

~

Vial contained sample was
extracted by 1ml methanol

~

1

Vial contained sample was
extracted by 2ml EDTA/DMSO

Drained into a clean vial
and covered with parafilm

solution
= =

1

Drained into a 50 ml flask
and added 1 ml B.t. sus-

AChE test:

pension

3 ml PBS, pH 8.0
20 ul AChE solution
20 ul sample extract
100 ul DTNB
20 ul ATCI

Incubated for 90 min at
37°C and 140 rpm

s 2

Added 100 ul 2% TTC and
shaking-incubated for
another 30 min before add
1 ml Triton-HCI

<+

Read in a visible spec-
trophotometer at 412 nm

Read by naked eyes or at
484 nm in visible spectro-
photometer
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Special notation and appendix for RBPR

Notation :

The above mentioned rapid assay method for fungicide residues should not be used on
plant materials with natural inhibition ability in B.t. growth, for example, lemon, garlic,
ginger and tea.

Appendix :

Modifications in fungicide assay have to be made for plant materials with excess organic
acids or anthocyanins. The low pH itself will inhibit the growth of B.t., and anthocyanins
develop a red color in acidic condition which interferes the TTC reaction. Strawberry isa
good example to illustrate both modifications needed. There are two major changes in the
above mentioned RBRP-fungicide assay for strawberry. First, the addition of 0.1M Na.HPO,
buffer to neutralize the excess organic acids from strawberry extract. Second, methanol is
used instead of HCl in terminating the color reaction.

Modified assay procedures are :

1. 18 cm?® outer skin of strawberry was sampled from 4 strawberries.

2. The outer skin was extracted by 2 ml EDTA/DMSO solution as described in previous
method.

3. Pipetted 0.75 ml EDTA-strawberry extract into a 50ml Erlenmeyer flask, and added
0.75 ml 0.1 M Na.HPO;, solution and mixed well.

4. Added 1 ml B.t. suspension and made sure the pH of mixture was between 7.2—7.4 in
a preliminary run, and then incubated for 90 min at 37°C and 140 rpm.

5. Added 100 ul 2% ( W/V) of TTC solution and then shaked the mixture continually for
another 30 min. '

6. Added 0.3 ml 10% Triton and let the color develop for 5 min.

7. Added 2 ml methanol to stop the color reaction.

8. After centrifuged at 1000xg, the O.D. value of the supernatant is measured at 484 nm and
compared to the fungicide free check.

9. Sensitivities of above assay for detecting propineb and mancozeb in strawberry were
0.8—4.9 ppm and 2.8—5.6 ppm, respectively.
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RBPR working flow chart

(lllustration on next page)

Sampling

Insecticide Test Fungicide Test

inhibition blank



Insecticide Test

Jour. Agric. Res. China 40(2)

Sampling

18 (4.5%4) cm? leaf discs
were sampled from 4
leaves and chopped into
fine pieces (in duplicate

203

RBPR working flow chart

Fungicide Test

samples).

4

Extraction

Added 1 ml methanol,
m@xed and shook well for 3
min.

4

Enzyme assay

In cuvette, added 3 ml
buffer, 20 «1 AChE and 20
xl sample extract; mixed
for 3 min; added 100 gzl
DTNB and 20 41 ATCI to
react.

\

~ .

Extraction

Extracted with .2 ml
extracting solution for 6
min, drained into a 50ml
flask before adding 1 ml
B.t. suspension.

1

Incubation

After incubated 90 min at
37°C, added 100 uxl 2%
TTC and shook for
another 30 min before
drop in 1 ml Triton-HCI
solution for color develop-
ment.

&

Result /Conclusion

Recorded the change of absor-
bance at 412 nm and compared
to the control for inhibition.

Result can be inspected first by
eyes, or centrifuged and read at
484 nm.

Compared the absorbance of

sample to blank, and calcu-
lated inhibition value.
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