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1. Summary

The Feed the Future Innovation Lab for the Reduction of Post-Harvest Loss undertook a base-line
study of mycotoxin contamination in nuts (pistachios, almonds and walnuts), raisins and wheat in
Afghanistan. A laboratory for performing ELISA analyses was established in Kabul under the
auspices of MAIL, and staffed by 12 MAIL employees supervised by Ms. Debra Frey. Samples
were collected from local markets and analyzed by staff at the MAIL laboratory and selected sam-
ples also were evaluated at ISPA, BOKU, the University of Nebraska and Kansas State University.
Assays conducted in Nebraska and Kansas used the same technology used in Afghanistan. Assays
done at ISPA and BOKU used state-of-the-art analytical chemical techniques to both validate the
results obtained in Kabul and to determine if toxins other than those detectable with the commer-
cially available ELISA Kits were present.

Establishing an analytical laboratory and training a technical support team was an important
capacity building effort. The laboratory in Kabul was functional and technicians were capable of
running mycotoxin assays on a routine basis. The staff should be capable of running similar assays
for these and other foodborne contaminants if supplies and samples are available to do so. Addi-
tional training is needed to reinforce initial lessons on sampling strategies, to strengthen quality
control of results obtained, and to improve record keeping and data management of the results.
Results obtained during this study were for research, information and training purposes, and were
neither collected nor analyzed in a manner that would satisfy more rigorous regulatory enforce-
ment requirements. The lab and its equipment were disassembled and stored at the end of the
project, and should be available to for the World Bank sponsored MAIL laboratory for mycotoxin
analyses that is targeted for the same space occupied by the lab established for this project.

Mycotoxin assays frequently are problematic because of the variation within the sample. A
single contaminated nut, raisin or wheat kernel may suffice to push an entire sample above a crit-
ical threshold. ELISA assays also are subject to experimental error that can result if kits have been
shipped or stored improperly in addition to any errors associated with operator error. These assays
have a history of reporting higher levels of contamination than found in more sophisticated chem-
ical tests, and that pattern held for this study as well. In this report we provide the data collected
at BOKU in Austria, which used a LC/MS/MS protocol to simultaneously detect 600 + metabolites
at one time. Interpreting the results in terms of whether they are above/below critical cut-offs is
the most resilient way to understand these data. Nuts and raisins were screened in Afghanistan for
the presence of aflatoxins and ochratoxin A, while wheat was screened for aflatoxins, ochratoxin
A, and the trichothecenes deoxynivalenol, HT-2 and T-2.

For nuts, the analyses from Afghanistan suggested that nearly half of the almond and walnut
samples, had problems with aflatoxin contamination, but these results were not supported by the
multi-mycotoxin assays which found no aflatoxins in the walnuts and only 6/89 almond samples
with levels that would lead to rejection by the EU. More than 50% (26/46) of the pistachio samples
were detectably contaminated with aflatoxins, some as high as nearly 3000 pg/kg, and 26% at
levels that would lead to rejection by the EU. Aspergillus metabolites were found in 43/46 sam-
ples, suggesting that the potential for aflatoxin contamination to increase with storage time is good.
Ochratoxin A contamination was detected only at low levels in two walnut (<0.8 pg/kg) and two
pistachio (2.5 png/kg) samples, and in none of the almond samples.

In raisins, the results obtained in Afghanistan and at BOKU differed for aflatoxins, with the
Afghanistan tests finding nearly 50% of the samples contaminated with aflatoxin while none were
positive in the BOKU analyses. The reasons for this discrepancy are not known, but could include
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the test Kkit, technical errors in extraction and assay, and non-random splitting of the samples of the

samples that were analyzed. Nearly 10% of the samples examined had ochratoxin A levels that

would limit exports to the EU, and an additional 14% had some level of contamination. With 99%

of the samples carrying evidence for contamination by Aspergillus niger, the likelihood of major

ochratoxin contamination problems on exported raisins is high.

Wheat is the major staple cereal in Afghanistan with an average Afghan reported to consume
~500 g of wheat daily. Contamination thresholds for food safety estimates are based on common
Western diets, and contain much less wheat than is commonly consumed by an average citizen of
Afghanistan. The large amount of wheat consumed by Afghans means that even levels of contam-
ination that would be considered “safe” in a Western context may be problematic in an Afghan
diet. Thus the frequency at which contaminated samples were detected is probably at least as
important a risk factor as the level of contamination present in the samples. Based on the BOKU
data for 153 samples, 4% of the samples were positive at some level for aflatoxins, 12% were
positive for ochratoxin, 2% were positive for T-2/HT-2, 2% were positive for zearalenone, and
33% were positive for ergot alkaloids. Results from ELISA tests used in Afghanistan to detect T-
2 were not consistent and when samples were tested with more sophisticated chemical techniques,
T-2/HT-2 was detected at low levels in only four of the 153 samples. Thus, neither zearalenone
nor T-2 appears to pose major public health risks in wheat in Afghanistan. Aflatoxin contamina-
tion was unexpected, as it is not an issue on commercial wheat produced in Western countries.
Poor storage conditions, however, could lead to post-harvest contamination. Ochratoxin A can be
a problem in wheat in northern Europe and animals that consume contaminated grain may accu-
mulate the toxin in their muscle. The frequency of ochratoxin A contamination is high enough to
be of concern for public safety in Afghanistan, especially since this toxin is associated with kidney
failure and this medical condition is a known health problem in the country. Of the 19 contami-
nated samples, 6 exceeded the European maximum for ochratoxins in cereals for human consump-
tion. Ergot alkaloids were identified in wheat only through the multi-metabolite analyses con-
ducted at BOKU. This class of compounds was not a target of the original test protocol, and the
few ELISA tests available for these compounds are focused on regulations for animal feeds rather
than human food. Ergots were detected in 50/153 samples suggesting that an ergot epidemic had
occurred during the crop year from which samples were taken. Ergot is a disease that occurs
periodically (depends upon environmental conditions) on grasses and small grains and can be
problematic in countries were grain milling options are limited.

The project provided a training session on mycotoxin detection for MAIL staff on 28-29 July
2015 that focused on the technology and analytical procedures (Appendix Ill). It also sponsored
a conference in New Delhi (14-16 March 2016) at which results from the project were shared with
stakeholders and nominal group discussions were held to identify paths forward. A follow-up to
this meeting was held at the US Embassy in Kabul on 16 July 2016 to discuss communication
strategies.

Potential follow-up activities are numerous. Those that seemed of highest priority include:

e Continued evaluations of background mycotoxin contamination to increase the capacity of the
lab in Afghanistan and to generate data on important variables such as cropping and storage
conditions and environmental factors.

e Development of management and communication strategies on mycotoxins to which all three
ministries agree, and increasing the human capacity within the ministries to enable the delivery
of information to multiple audiences and to address at least basic questions in country.
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e Design short, medium and long-term training programs to increase human capacity in country
to detect and provide remediation plans for mycotoxin contamination.

2. Project design

2.1 History and implementation. The original Scope of Work is in Appendix | and the Grant
Document Modification is in Appendix Il. The partnership structure and operational design of the
project was constructed with elements of both capacity building and national engagement, as well
as delivery of sound technical results. Given the original remit to conduct a survey of which toxins
are present in which commodities, and the end of project request to develop a risk communications
strategy, delivery on both sides required balancing. In order to fulfil the national engagement,
sensitization and capacity building at a national level, discussions with both the Ministry of Agri-
culture, Irrigation and Livestock (MAIL), as well as the Ministry of Health were held early during
the project period. Preliminary evaluations of the capacity of MAIL to support the project were
made as part of the project’s design (Appendix V). Furthermore, staff from MAIL were trained
and enlisted to conduct sample collection and sample analysis in a newly established lab, through
the project (see Appendix Il for training materials, and Appendices IV and V for protocols used
in the lab in Kabul). However, establishment of robust, proficient laboratory analysis for myco-
toxins is not a trivial matter. To help ensure delivery of reliable, robust results, international part-
ners were included, who received samples from MAIL and conducted their own high-end, sophis-
ticated multi-mycotoxin analysis. Through this design, the risk associated with relying on high-
quality results from a recently established lab was mitigated by inclusion of world-class, estab-
lished operations; and the involvement of the national partners was not compromised, given the
involvement of MAIL in discussions and hands-on involvement leading collections and conduct-
ing analysis. In the end, both the national engagement/capacity building and the robust survey of
mycotoxins in the target commodities were achieved.

The project was initiated following e-mail and phone discussions between USAID Afghanistan
Ag Officer McDonald Homer and John Leslie, University Distinguished Professor of Plant Pa-
thology at Kansas State University in Manhattan, Kansas. A buy-in to the Feed the Future Inno-
vation Lab for the Reduction of Post-Harvest Loss was used to fund the effort (Appendix II), with
Prof. Dirk Maier as the initial P.I. When Prof. Maier left K-State in August 2015, Prof. Leslie
became the P.I. for the project.

The project’s in-country component included Ms. Debra Frey as the Project Coordinator, and a
staff of MAIL employees who were selected and trained by Ms. Frey (Figure 1). Upon arrival in
Afghanistan in July 2015, Ms. Frey had to completely set up a lab in two empty rooms, including
adding much of the essential infrastructure — air conditioning, back-up power, etc. She also pro-
vided initial training (Appendix I11) for the staff as a group and continuing training for staff on an
ongoing basis as the project progressed. The equipment used in the lab and to make the lab oper-
ational have been disassembled and are to be incorporated into the mycotoxin analysis lab being
established by MAIL with World Bank funds, probably at the same location at which the
USAID/KSU lab was established.
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Figure 1. K-State/MAIL team assembled for this project.

Samples were collected and placed into one of several classes depending on the variety of the
material screened, and location where the sample was collected (Tables 1-5). Data were analyzed
for this report based solely on the crop material from which they were collected. In a number of
cases, sample numbers were too small for underlying patterns to be clearly discerned, so this ad-
ditional detail was not included in the analysis. Samples were evaluated in Afghanistan, Kansas
State University and University of Nebraska-Lincoln with an appropriate, quantitative Romer Labs
diagnostic kit (ELISA based). At the Institute for Science of Food Production (ISPA) in Bari,
Italy, several analytical tests were used to evaluate wheat for the presence of one or more trichothe-
cene mycotoxins (T-2, HT-2, neosolaniol, diacetoxyscirpenol, deoxynivalenol, and nivalenol). At
the Austrian Agricultural University (BOKU) in Tulln, Austria, an LC/MS/MS multi-mycotoxin
assay was run which is capable of detecting up to 650 small molecule metabolites at one time was
run. Of the 627 samples collected, 606 were evaluated with this multi-mycotoxin methodology
(Appendix VII). Regulated mycotoxins are reported separately (Appendix VIII) and the presence
of others that indicate the presence of particular fungal genera are used to infer the presence of
more problematic fungi in the samples analyzed (Appendix 1X). No mycological analyses as such
were included in the study.

Table 1. Wheat flour and grain samples.

Type of Sample Total Number | Samples Analyzed
of Samples in Austria
WO01 | Asiabs mill flour of Afghan origin (grain often
i 71 66
stored on dirt floor next to a stream)
W02 | Grist mill flour of Afghan origin (usually stored
. 88 87
on a cement floor and in a cement structure)
W03 | Asiabs and grist mill flour of Kazakhstan origin 4 4
W04 | Asiabs and grist mill flour of Uzbekistan origin 1 1
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WO05 | Purdue Improved Crop Storage (PICS) bags — 1 1
stored grain

W06 | Two warehouses or other storage facilities in
each region, as recommended by grain traders or 11 9
farmers.

W07 | Two naan bakeries in each region (Either dirt or

26 25

cement floors, see sample IDs)

W08 | Two-four commercial flour millers in each re- 3 3
gion

W09 | Pakistan flour 12 11

W11 | Other flour 2 2

W12 | Turkmenistan flour or wheat 3 3
TOTAL 222 212

Table 2. Almond samples.

Type of Sample Total Number | Samples Analyzed
of Samples in Austria
AQ1 | Sattarbai soft-shell almonds 23 23
A02 | Shokorbai hard-shell almonds 6 6
A03 | Abdul Wahidi almonds 15 15
A04 | Qambari almonds (very strong almond flavor) 15 15
AQ5 | Ghorbandi almonds 2 2
A06 | Sangaki and Murawaji almonds (smaller ker- 21 21
nels)
AQ7 | Other almonds 14 12
TOTAL 96 94
Table 3. Raisin samples.
Type of Sample Total Number of | Samples Ana-
Samples lyzed in Austria
RO1 | Medium quality round green raisin (dried in the 29 28
shade and in mud houses-Kishmish Khana)
R02 | Medium quality long green seedless raisin (dried 36 35
in the shade and in mud houses-Kishmish Khana)
RO3 | High quality Shundurkhani raisin (Golden —
High value, dried in the shade and in mud 24 24
houses-Kishmish Khana)
R04 | Medium quality red raisin (sun dried locally and 33 33
used in rice dishes and baked goods)
RO5 | Sun-dried Shomali raisin (sun dried, black in 26 26
color, has a strong concord grape flavor but
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Type of Sample Total Number of | Samples Ana-
Samples lyzed in Austria
small seeds, often exported to the former Soviet
Union to make cognac (Kvass)-like product]
R06 | Sun-dried Ghazni raisin [sun dried, black in
color, has a strong concord grape flavor but 19 19
small seeds, often exported to the former Soviet
Union to make a cognac (Kvass)-like product]
RO7 | Sun-dried Tayefee (northern Afghanistan variety
name) & Abjous (southern Afghanistan variety 14 14
name) raisins (dipped in sulfur and sun dried on
the dirt, has a dried fig flavor)
R0O8 | Small red raisin or currant (sun dried and stirred
in dirt, locally used raisins in rice dishes and 18 18
baked goods)
RO9 | Other or mixed raisins 4 4
TOTAL 203 201
Table 4. Pistachio samples.
Type of Sample Total Number of | Samples Analyzed
Samples in Austria
P01 | Korak pistachios (open shell with purple outer
skin) 22 18
P02 | Pushdara pistachios (closed shell with purple 12 11
outer skin)
P03 | Khandan-e-safid pistachios (strong flavor and 11 9
wrinkly shell)
P04 | Other varieties of pistachios 10 10
TOTAL 55 48
Table 5. Walnut Samples.
Type of Sample Total Number of | Samples ana-
Samples lyzed in Austria
WNOL1 | Zard walnuts (yellow kernels) 9 9
WNO2 | Mazaari walnuts (variety from Mazar with 3 3
unique flavor)
WNO3 | Takhari walnuts (variety from Takhar province 5 5
with unique flavor)
WNO04 | Korak walnuts (opening in shell) 7 7
WNO5 | Kaghazi walnuts (paper shells) 13 13
WNO6 | Other varieties of walnuts 17 17
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\ | TOTAL | 51 \ 51 |

2.2 Deliverables identified in the Scope of Work (Appendix 1)

2.2.1 Detailed Methodology and Action Plan

The PHL Innovation Lab will develop a detailed work plan and a brief suggested

methodology to be reviewed and approved by project management. This should be

done no later than the end of first month of mobilization.
The plan of work was developed and modified several times to reflect realities associated with
getting materials and equipment to Kabul, waiting until after Ramadan to begin the study, and the
time required for hands-on training in sample collecting and processing. The June 15" time line
is attached as Appendix X. This time line was amended later in the project, but it encompasses all
of the projected activities. Protocols used are described in Appendices IV and V, in presentations
made as part of the final debriefing for USAID in December 2015 (Appendix XI) and as part of
the presentations made at the Delhi workshop (Appendix X11.6, X11.8 and XI1.9).

2.2.2 Progress Updates

The PHL Innovation Lab will compile a brief progress update on a bi-weekly basis

using a report template agreed to by sponsor and awardee prior to project start.
Written progress reports were provided in June (Appendix 1V.4) and in August 2015 (Appendix
IV.5). Weekly phone/video conferences were held from May 2015 through February 2016 that
routinely included staff from USAID-Kabul and PHL in Kabul, Lincoln and Manhattan, and as
needed included staff from USAID-Washington, ISPA (Italy) and BOKU (Austria). These weekly
meetings were used to discuss results and current and coming activities associated with the project.

2.2.3 Final Report
The outline of the report will be developed in the inception phase. Both hard and soft
copies of the reports prepared in MS-Word will be provided along with relevant liter-
ature reviewed.

This document.

2.2.4 Stakeholder Briefing
A final briefing will be held by the PHL Innovation Lab for MAIL. USAID representa-
tive/s and key stakeholders will be present to reflect on the major findings and recom-
mendations.
An all-day debriefing was provided for USAID-Kabul and other local stakeholders by Ms. Frey
and staff at the KSU/MAIL lab. Materials used in this presentation are in Appendix XI.

2.2.5 MAIL Lab support
In addition to providing training to MAIL staff, this project provides support for
the equipping of MAIL labs to help with the continuation of mycotoxin research
and detection. The PHL Innovation Lab will identify, select and order the equip-
ment to be purchased for conducting the mycotoxin analysis of the field samples
collected. MAIL staff will be trained on the use of this equipment, and that equip-
ment will remain in the MAIL labs after this project is concluded.
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The lab was equipped with ELISA readers and equipment necessary to prepare and analyze sam-
ples was purchased. MAIL staff were instructed in the use and protocols to be followed. All
equipment shipped to Afghanistan was left in the lab when the on-the-ground portion of the project
ended in December 2015. This lab has been closed and the equipment provided has been stored
for use in a WHO/MAIL lab to be established for doing mycotoxin analyses.

2.2.6 International Workshop
USAID will circulate the results of this investigation among development partners
with the intent of prompting further research and appropriate measures to improve
food quality and reduce post-harvest losses. The Awardee will organize an inter-
national workshop on post-harvest losses and food quality towards the end of this
project where the results and mitigation recommendations will be presented. This
workshop will take place outside of Afghanistan in the summer of 2015.
This workshop was held in New Delhi in March 2016. Materials used in the presentations and the
agenda are in Appendix XII. Dr. Leslie traveled to Kabul after this meeting to discuss the general
results reported at the Delhi meeting with USAID and other stakeholders in Kabul.

3. Samples analyzed and results

3.1 General Comments. Samples were all collected by the MAIL team in Kabul from various
locations in Afghanistan. Most samples were taken from markets, mills and other local aggrega-
tion points. These samples are certainly representative of what is being consumed locally, but may
not be representative of what is grown locally, as some samples were taken of wheat sourced from
outside Afghanistan when identified as such by the seller. Data on location, variety and grow-
ing/processing conditions also are available, but have been excluded from this report to help sim-
plify the case being made. Fungi inferred to be present are based on the presence of one or more
metabolites known to be produced by those fungi in the multi-mycotoxin screen. European regu-
lations are used as the maximum allowable levels for exports (nuts and raisins). The European
diet is quite different from the Afghan diet. The differences in the amount of wheat consumed per
day, result in Afghans being exposed to much higher total amounts of toxins in wheat than are
Europeans, even though the contamination levels might be lower overall in the food being con-
sumed. Thus data for wheat contamination are not discussed in terms of contamination relative to
European standards.

Data were analyzed in Afghanistan, BOKU (Austria), ISPA (Italy), University of Nebraska-Lin-
coln, and Kansas State University. No two locations evaluated exactly the same set of samples,
although there were numerous overlaps between the sets of samples analyzed. In general, samples
analyzed outside Afghanistan were more consistent with one another than they were with the re-
sults collected in Afghanistan. In general, results from Afghanistan report higher levels of toxins
present than do the other methodologies. In at least one case, the tests being used in Afghanistan
for T-2 and HT-2 were confirmed to be faulty after follow-up tests were conducted with both more
sophisticated chemical methods at ISPA and BOKU and with replica ELISA tests from multiple
manufacturers in both Kansas and Nebraska.
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3.2 Key findings. More detailed analyses for each commodity follow in the section below, as well
as comments on the methodology used and its reliability.

Raisins — Ochratoxin contamination of raisins is problematic as 10-14% of the samples eval-
uated contained ochratoxins at a level precluding export to the European Union (Table 6). Afla-
toxin is probably not a problem for raisins, although the results were dichotomous. None of the
samples evaluated by LC MS/MS in Austria had levels that would prevent export to the EU, but
46% of the samples evaluated by ELISA in Afghanistan were reported with levels that would
prevent export to the EU.

Almonds — Ochratoxin was not detected as a problem in the almond samples assayed by any
method at any location. Aflatoxin contamination of almonds is problematic as 7% of the almonds
assayed for aflatoxin had levels above those allowed in the EU when assayed by LC MS/MS.
ELISA assays were more variable with 42% of almonds assayed over the limit based on ELISA
assays conducted in Afghanistan and either 5 or 16% of samples over the limit depending on the
ELISA kit used when tested at the University of Nebraska-Lincoln. Outside Afghanistan, aflatoxin
is not usually a major contaminant of raisins.

Pistachios — Ochratoxin was not detected as a problem in the pistachio samples assayed by
any method at any location. Aflatoxin is a major problem in pistachios, as 30% of the pistachios
assayed for aflatoxin had levels above those allowed in the EU when assayed by LC MS/MS.
ELISA assays were more variable with 68% of pistachios assayed over the limit based on ELISA
assays conducted in Afghanistan and 17-18% of samples over the limit when assayed with ELISA
Kits at the University of Nebraska-Lincoln.

Walnuts — Ochratoxin was not detected as a problem in the walnut samples assayed by any
method at any location. Aflatoxin is unlikely to be a problem in Afghanistan walnuts. None of
the walnuts assayed for aflatoxin had levels above those allowed in the EU when assayed by LC
MS/MS or the Neogen ELISA test kit. In Romer ELISA assays 50% of walnuts were over the EU
limit when assayed in Afghanistan and 35% were over the limit when assayed at the University of
Nebraska-Lincoln.

Wheat — Ergot alkaloids were a problem in wheat and were found in one third of the samples
assayed. The Fusarium trichothecene toxins, deoxynivalenol and T-2 toxin, were not important
contamination problems and were present in only a few samples. Ochratoxin contamination is a
minor problem as 1-5% of the samples are contaminated at levels above the EU threshold. Afla-
toxin contamination may be a problem in wheat as this toxin was detected in ELISA assays in
Afghanistan and the United States, but not in the LC MS/MS assays. The significance of the
ochratoxin and aflatoxin contamination that is occurring may be underestimated by using EU
thresholds to determine if significant contamination has occurred because the Afghan diet contains
much more wheat (~500 g/day) than does the European diet that was used to develop the EU
guidelines.

3.3 Raisins. ELISA tests run in Afghanistan detected aflatoxin in numerous raisin samples (Table
6). In contrast, none of the samples evaluated at BOKU had detectable aflatoxins. In general, the
major problem with raisins being imported into Europe is ochratoxin contamination rather than
aflatoxin contamination. The results from BOKU are consistent with this broad general pattern,
and we conclude on this basis that aflatoxins probably are not a major contamination problem on
raisins from Afghanistan even though we have not identified a specific reason for the large number
of false positives detected by the in-country lab. Ochratoxin is a significant problem, with 47/204
samples containing detectable ochratoxin and with 18 samples contaminated at
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Table 6. Comparison of aflatoxin and ochratoxin assays as samples leading to rejection at Euro-
pean Union levels or US/International levels.

Aflatoxin Ochratoxin

Analysis # of <EU® >EU, >USY| #of <LOD® <EU >EUf

samples? <USs°¢ samples
Raisins
LC/MS/MS? 198 100 0 0 197 85 5 10
ELISA — AFG" 102 54 43 3 104 71 15 14
Almonds
LC/MS/MS 89 93 3 4 87 100 0 0
ELISA - AFG 72 58 34 8 72 100 0 0
ELISA — R/UNL! 82 84 12 4 82 100 0 0
ELISA — N/JUNL 82 95 1 4 82 100 0 0
Pistachios
LC/MS/MS 46 70 15 15 47 96 4 0
ELISA - AFG 28 32 28 40 43 100 0 0
ELISA - R/JUNL 39 62 17 21 39 100 0 0
ELISA — N/JUNL 39 59 18 23 39 100 0 0
Walnuts
LC/MS/MS 27 100 0 0 26 100 0 0
ELISA - AFG 36 50 25 25 36 100 0 0
ELISA - R/UNL 26 65 35 0 26 100 0 0
ELISA — N/JUNL 26 100 0 0 26 100 0 0
Wheat
LC/MS/MS 156 100 0 0 156 96 3 1
ELISA - AFG 126 65 32 3 113 76 19 5
ELISA - R/UNL 185 81 19 0 185 92 8 0
ELISA — N/JUNL 186 100 0 0 80 100 100 100
ELISA — R/KSUK 217 100 0 0 219 08 1 1
ELISA - V/KSU!' - - - - 219 26 73 1

aNumber of samples analyzed.

b9% of samples with toxin levels less than the EU threshold for rejection.

% of samples with toxin levels between the EU and US thresholds for rejection.
do6 of samples with toxin levels exceeding the US threshold for rejection.

0% of samples with toxin levels below the level of detection for the ELISA assay.
"% of samples with toxin levels exceeding the EU threshold for rejection.

9Assay conducted at BOKU in Tulln, Austria.

hAssay conducted in Afghanistan at MAIL/KSU laboratory with a Romer ELISA test kit.
'Assay conducted at University of Nebraska-Lincoln with a Romer ELISA test kit.
JAssay conducted at University of Nebraska-Lincoln with a Neogen ELISA test Kit.
KAssay conducted at Kansas State University with a Romer ELISA test kit.

'Assay conducted at Kansas State University with a Viacam ELISA test Kit.
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a level above 8.0 ug/kg (ppb) — the EU maximum allowable contamination. Fumonisin B; also
was detected in ten samples at levels ranging from 5.4-25.7 ug/kg. These levels are at best 4% of
regulated values in maize and probably do not pose a health risk and are not regulated at such low
levels. Although usually considered a Fusarium metabolite, in this case the FB> probably was
produced by one or more strains of Aspergillus niger, as this species is known to be able to syn-
thesize low levels of this toxin.

In terms of fungi, all but two samples contained metabolites produced by Aspergillus niger, with
the two species lacking A. niger related metabolites not containing any of the other metabolites
associated with A. niger either. Nearly 70% of the samples (141/204) contained metabolites asso-
ciated with species of Aspergillus other than A. niger, indicating that most of the raisins were
colonized by multiple species of Aspergillus. Penicillium metabolites were recovered from 82%
of the samples, and Alternaria metabolites from 50%, reinforcing the hypothesis that the raisins
are heavily contaminated with fungi. Ten samples were contaminated with metabolites associated
with Fusarium spp. with the metabolites identified commonly associated with soilborne species of
the genus. The fungal metabolite contamination suggests that major efforts are needed to improve
the cleanliness of the raisin production process. With 99% contamination with A. niger, it is not
surprising that many raisin exports from Afghanistan have high levels of ochratoxin contamina-
tion. The primary fungus that produces ochratoxin is nearly ubiquitous in its presence on these
agricultural products.

3.4 Almonds. Six of the 89 almond samples were contaminated with more than 4 pg/kg of afla-
toxins, with one sample contaminated at nearly 4,000 pug/kg. Two additional samples were con-
taminated at levels less than the 4 nug/kg EU cutoff, and two more contained precursors in the
aflatoxin biosynthesis pathway, but no aflatoxin. None of the almond samples were contaminated
with ochratoxin A, but three were contaminated with zearalenone at relatively low levels (< 100
ug/kg). Alternaria metabolites were identified in 65% (58/89) of the almond samples, while As-
pergillus (30/89), Penicillium (22/89) and Fusarium (22/89) metabolites were all present in 25-
30% of the samples. Aspergillus niger metabolites were present in only 10% of the samples, a
result consistent with the lack of detectable ochratoxin A contamination.

3.5 Pistachios. Aflatoxin contamination was detected in 26/46 pistachio samples with 12/46 sam-
ples containing > 4 ug/kg of the toxin. In several cases contamination exceeded 1000 pg/kg with
the highest level of contamination detected at 2,942 pg/kg of aflatoxin. Three of the samples that
lacked aflatoxins contained aflatoxin precursors. More than 90% of the samples (43/46) contained
Aspergillus metabolites and 40% contained A. niger metabolites. Thus most samples had been
colonized by fungi that could produce regulated toxins under the appropriate storage conditions.
Penicillium metabolites were found in slightly more than 50% of the samples (25/46) and Alter-
naria metabolites were found in 13 % of the samples.

3.6 Walnuts. The walnuts evaluated were very clean, with only 2/28 samples contaminated with
low (< 0.8 ng/kg) of ochratoxin A and no aflatoxin contamination. All samples carried metabolites
typical of infection with species of Aspergillus, but only four had A. niger metabolites, suggesting
that the potential for contamination with ochratoxin A is relatively low as well. Around 2/3 sam-
ples were contaminated with Penicillium (19/28) or Alternaria (18/28) metabolites, and 40%
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(11/28) carried evidence of Fusarium colonization. These levels suggest that hygiene in pro-
cessing walnuts could be improved, and that a HACCP analysis of the chain could yield important
insights into the best way to manage these nuts.

3.7 Wheat. Wheat is the major staple cereal in the Afghan diet, and studies of mycotoxins occur-
ring on wheat in this part of the world are at best rare. The wheat cropping system is similar to
that for other small grains such as rye, barley and oats, and differs significantly from that of maize
where much more is known about the toxins, the spectrum of fungi that produce them, and the host
plant’s response to the producing fungus and to the contaminating toxin.

Much of the wheat grain in Afghanistan is generally dirty as indicated by the high percentage of
samples contaminated with Alternaria (85%) and Aspergillus (66%). The presence of detectable
levels of aflatoxin six samples is alarming, as aflatoxin contamination of wheat is not known to
occur in the field and likely is the result of poor post-harvest storage procedures. Aspergillus
species are usually soilborne and their presence indicates the grain probably has been in contact
with the soil. Alternaria spp. usually are external colonizers that are removed when grain is pro-
cessed.

Ochratoxins may be synthesized by species in the genera Aspergillus and Penicillium. Usually the
Penicillium species are more commonly associated with ochratoxin production in small grains,
and Aspergillus spp. are more commonly associated with ochratoxin production in products such
as coffee, grapes, and cacao. Penicillium metabolites, including ochratoxins, were detected from
22% of the samples, with 12% containing detectable ochratoxins and 4% exceeding the EU guide-
line of 3 png/kg. These numbers underestimate the increased exposure faced by many Afghans
who consume relatively large amounts of wheat on a daily basis. Health problems in Afghanistan
associated with ochratoxin contamination could include the relatively high levels of kidney failure,
which is associated with consuming high levels of ochratoxin.

Fusarium metabolites were identified in 39% of the samples tested at BOKU, although only five
contained detectable zearalenone, and only four contained detectable T-2 or HT-2. These levels
suggest that Fusarium toxins were not a major problem in this year’s crop, and that there are suf-
ficient levels of inoculum available to potentially be problematic in at least some future years.

Contamination of wheat with ergot alkaloids was an unexpected problem. The relatively high
percentage of samples containing ergot alkaloids (33%), including 6.5% with ergot alkaloids levels
in excess of 100 pg/kg, suggests that an ergot epidemic occurred this past year in Afghanistan.
The frequency of such epidemics is not well known. Ergot alkaloids are vasosuppressors and can
restrict blood flow to the brain, causing hallucinations, and to body extremities — toes, fingers, feet
and hands — resulting in tingling/fire as nerves are impacted, and then gangrene if blood flow is
restricted for an extended period of time. Ergot also can infect numerous grasses and animals
consuming pasture grass may become symptomatic as well as those consuming cultivated grains.
Both the total amount of ergot alkaloids present and the relative frequency of individual ergot
compounds can play a role in the severity of the effects associated with the consumption of the
contaminated grain.
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3.8 Non-regulated compounds. Many fungi produce secondary metabolites other than regulated
toxins. These metabolites in some cases are known to alter (increase or decrease) mycotoxin pro-
duction or the health impact of a toxin. Some detected secondary metabolites with known effects
are listed in Table 7. Impacts of these compounds include immune system suppression (mycophe-
nolic acid) and synergistic increases in kidney failure and kidney cancer when present with ochra-

toxin (citrinin).

Table 7. Additional secondary metabolites identified in samples associated with common produc-

ing genera.

Commodity Fusarium Alternaria Aspergillus Penicillium Ergot
Wheat Beauvericin Tenuazonic acid 3-Nitropropionic acid x?g:ophenollc Ergocristine
Enniatin A Alternariol Kojic acid Agroclavine Erng%ﬁgrlstl-
Enniatin A; AI;?LZ?“OI methyl Sterigmatocystin Chanoclavin Ergometrine
Enniatin B Tentoxin Metho_xy-sterlgmato— Elymoclavine Erg.or.ne-
cystin trinine
Enniatin B; Altersetin Averantin Citrinin Ergosin
Epiequisetin  Altersolanol Averufin Secalonic acid D  Ergosinin
Equisetin Altertoxin | Norsolorinic acid Questiomycin A Ergotamine
Chrysogin Macrosporin Quinolactacin A Erngi(r)]'éaml-
Nuts Fusaric acid Tenuazonic acid Cyclopiazonic acid Ma{?(cj)phenollc
a-Zearalenol  Alternariol Kojic acid Myqophenollc
acid IV
[-Zearalenol AI;;:Q?”O methyl 3-Nitropropionic acid Penitrem A
HT-2 toxin Altersetin Asperfuran Agroclavine
T-2 toxin Tentoxin Paspalin Chanoclavin
Butenolid Macrosporin Nigragillin Festuclavine
Epiequisetin Infectopyron Malformin A Epoxyagroclavin
Equisetin Malformin A; Andrastin A
Malformin C Andrastin B
Raisins Tenuazonic acid Malformin A Ma{?(cj)phenollc
Alternariol Malformin A Myqophenollc
acid IV
Alternariol- . . .
methylether Malformin C Quinolactacin A
Altersetin Pyranonigrin Andrastin A
Altertoxin-I Nigragillin Andrastin B
Tentoxin Aurasperon B Andrastin C
Macrosporin Aurasperon C Chanoclavin

Aurasperon G

Festuclavine
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Fonsecin Penitrem A

3.9 Methodology evaluation.

3.9.1 ELISA test kits. The simplest technology available for testing for mycotoxins uses an
ELISA (enzyme linked immunosorbent assay) test. These tests rely on an antibody binding to an
antigen (the mycotoxin molecule) and the ability to discriminate an antibody bound to the antigen
from one that is not bound to the antigen. These antibodies are the most labile part of a kit, and
improper storage of the antibody can lead to kit failure and give either false positive or false neg-
ative results. ELISA assays are used in many research and testing arenas, but are not usually used
for regulatory purposes. Instead, ELISA tests often are an initial screen that is used to identify
potential problem samples that are then re-evaluated with more stringent chemical methods.
ELISA methods often are specific for a single molecule and may or may not bind at the same or
similar level to other related molecules that may be interconvertible with the molecule of interest.
Chromatography and mass spectrometry assays usually do identify these related molecules. De-
veloping, validating and calibrating commercial ELISA test Kkits is an expensive process, so before
developing a kit, companies want to ensure that there is a sufficient market to warrant their up-
front investment. Consequently, ELISA Kits usually are available only for widely occurring my-
cotoxins on major crops. The assays are validated on different substrates from which the toxins
may be recovered, and a test that works well with maize, for example, might or might not work
well with another cereal such as wheat, rice or sorghum. Before being used on an alternate source,
the manufacturer would need to validate it for use with that substrate. Each ELISA kit manufac-
turer must develop their own antibodies for use in their kit. The efficacy and properties of the
antibody play an important role in the accuracy and reliability of the kit, and kits from different
manufacturers may behave quite differently. The company with the best kit for one toxin may not
necessarily produce the best kit for detecting another toxin. For logistic simplicity we used ELISA
test Kits from a single manufacturer, Romer Labs, for this study. Romer is a PHL partner and has
a very good global reputation for leadership and reliability in diagnostic tests of mycotoxins.

Comparisons between tests and testing locations can be easily seen in Table 6 and Appendix 14.
The shipping conditions to get materials to Afghanistan, the condition of the samples, and the
operating conditions in the labs all could affect the efficacy of the ELISA tests. Shipment of test
kits from the US to Afghanistan before the project started was via Dubai, and the shipment could
have been exposed to excessive heat that affect antibody performance. There may be differences
between treatment of grain, nuts and raisins in Afghanistan that could interfere with the efficacy
of the antibody. Romer indicated that all of the tests were validated for the substrates we tested,
but differences in processing, e.g., use of sulfur in the drying process for turning grapes into raisins,
could alter antibody sensitivity and explain some of the differences observed. No program should
rely solely on ELISA tests for results. A back-up, such as the multi-mycotoxin screening done in
Austria for this project, should always be included as part of a project’s design and composition.

Something is different about wheat from Afghanistan. The Romer kit used in both the US and
Afghanistan detected T-2 frequently and at relatively high levels, and the Neogen kit for T-2 tested
in Nebraska with Afghan wheat was positive for every sample tested, even though chemically no
T-2 was present in the samples. There also is variability in the ELISA tests for aflatoxin in wheat.
The Neogen kit used in Nebraska matched the results obtained with the LC MS/MS assay. Romer
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kits gave variable results, and the Vicam kit tested in Kansas gave a result that was completely
atypical and resulted in the manufacturer temporarily suspending its validation of the kit for use
on wheat until changes could be made.

The main point is that testing Afghanistan materials takes kits manufactured for first world use to
their limit and exposes them to conditions under which they have not been rigorously tested. En-
suring that a kit provides robust results for Afghan materials is needed for large scale screens that
go beyond research purposes. Including more extensive controls, including spiked samples and
other known positive and negative controls, also would increase the reliability of the results ob-
tained. Kit manufacturers are interested in these conditions as they want to increase the robustness
and reliability of their kits and are willing to work with us to remedy these problems.

3.9.2 Sample collection and subdivision, and data management. Collecting and subdividing
samples are the largest single source of variation in mycotoxin assays. Toxins are irregularly dis-
tributed within samples and this erratic distribution guarantees variation even in the most careful
of surveys. Note that samples for regulatory purposes are much larger than those worked with in
this study. Sample subdivision can be problematic if the subdivision is of large particles, e.g.
individual grain kernels, nuts or fruits instead of a ground/homogenized sample. There were sig-
nificant differences between results in Afghanistan with those obtained elsewhere. The groups in
Nebraska, Kansas and Austria were all working with ground nut or wheat samples that were sub-
divided amongst the groups. The sample in Afghanistan was from the same original sample as the
one worked with outside the country, but for nuts and raisins the subdivision occurred prior to
grinding or homogenization. One explanation for differences would be if samples were “cherry
picked” and those that were particularly good (or bad) looking were selected for analysis rather
than a random selection. In this study the discrepancies observed in aflatoxins from raisins are
perhaps the most noticeable and the most amenable to this explanation.

3.9.3 Data management. Data management can be challenging in studies such as this one as there
are usually a large number of samples in different stages of processing, subdivision and analysis
at the same time. This problem is noticeable in the data in Table 6, where different groups analyzed
different numbers of samples. In addition, the common core of samples analyzed was not large
(see Appendix XI1V), and the set of samples analyzed at one location was not always the same as
those analyzed at a second location. Results for the same samples analyzed at multiple locations
can be seen in Appendix XIV.

4. Nominal Group Discussions

USAID together with MAIL and Kansas State University sponsored a meeting in New Delhi to
discuss the results of the project and to begin the discussion with stakeholders in the public and
private sectors, donors and international agencies in March 2016. Presentations were made on the
results from the project and their interpretation, and on potential remediations and next steps fol-
low-ups based on the data gathered thus far. Participants were divided into discussion groups and
asked to consider a series of questions regarding the current status of and next steps for mycotoxin
and food safety research in Afghanistan.
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The Nominal Group technique was used to facilitate these discussions. This discussion process
results in both a large number of ideas and a ranking of the most important of the ideas generated.
Questions for consideration, instructions for discussion group functioning, and summarized raw
responses by question may be found in Appendix I. The discussion below is taken from the New
Delhi meeting report.

Discussions held by the meeting attendees were important for the diversity of the participants and
the variation in points of view that were represented. Results are summarized by question and
discussion section, and a complete set of responses and the guidelines given for the discussion
process are attached. A more encompassing discussion of the results follows and contains some
suggestions that could further food safety, especially with respect to mycotoxin exposure/contam-
ination.

Technical Session Nominal Group Discussion
Question T-1 — Identify capacity building required for a sustainable mycotoxin surveillance pro-
gram in Afghanistan.

The top two responses focus on communications and fundamental data acquisition and man-
agement. Public awareness is needed to aid data collection and a data repository is needed to
discern patterns that may repeat over time and location.

The next set of responses are focused on having sufficient trained people to do the work and
to be able to interpret the results obtained. Training was reflected in many responses further down
the list as well, with various groups targeted for training and for particular topics that laboratory
staff should be proficient to work with. “Appropriate” physical laboratories also are in this group.
Identifying what an appropriate lab is varies as seen by responses further down the list, with de-
scriptors such as accredited, quarantine, fee-based, multiple detection methods, outside Kabul, and
in Kabul all included in responses.

Amongst the remaining responses that seem most significant were a need for appropriate gov-
ernmental structure to deal with the issue(s), government funding for and recognition of the im-
portance of the work, developing standard protocols to be followed, and efforts to help ensure
people along the value chain from farmers to consumers were aware of issues and appropriate
responses to problems that might occur.

Question T-2 — Identify data that should be collected to enable decisions regarding mycotoxin
contamination to be made in Afghanistan.

Responses to this question often are not direct responses to the question asked, but instead are
standards, protocols and processes for collecting the necessary data. Note that one response is for
the use of an invalid technology for detecting toxin contamination.

More prominently mentioned data needed include GIS location, soil type, weather, variety
grown, moisture content, etc. associated with a mycotoxin evaluation of a particular sample. Sam-
ples of data from along the value chain might help determine where mycotoxins are most likely to
be increasing and to identify locations or conditions that are particularly problematic. Information
on pre- and post-harvest conditions could be important, as could a more thorough evaluation of
imports of potentially problematic foods.

Question T-3 — Identify ways to increase the credibility of the results obtained from mycotoxin
surveillance surveys in Afghanistan.
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Increased credibility was thought most likely to result if staff were better trained and training
was an ongoing effort, and if the methodology being followed was both standardized and of inter-
national standard. There was a mixing of thoughts of whether labs had a research or a regulatory
function, with public announcement of violations, enforcement of established standards, and la-
boratory accreditation of more importance if regulation is the lab’s function. A visible commit-
ment from the government to the effort and the availability of data to the public were also thought
to be important incentives to increase the credibility of the work conducted.

Session 6 — Nominal Group Health and Trade Issues
Question 6.1 — Identify methods and goals for inter-ministry collaboration on problems associated
with mycotoxins in Afghanistan.

At the top of this list is to define the roles and responsibilities for each ministry. Following a
close second is to have regular meetings and to involve the private sector in those meetings.
Clearly someone needs to own this issue and be in charge, however, and there cannot be a three-
headed entity running the show. Thus, part of the definition of roles and responsibilities needs to
include how the leadership issue will be managed.

Underlying the need for defined roles and responsibilities and effective communication is the
development of aligned practices and guidelines. There are some specific suggestions for which
ministry should be responsible for different tasks. All should have resources committed to the
effort and all should have some role in establishing guidelines, regulations, monitoring systems,
mitigation practices, and outreach to those outside the government. The relationship and the ac-
tivities are likely to evolve with time, so building the system with enough flexibility to allow the
evolution to occur is quite important as well.

Question 6.2 — Identify regulations needed to limit mycotoxin exposure in Afghanistan.

The most heavily weighted outcome was to establish maximum residual levels allowed in food
and/or animal feed. Establishing regulations is best done by some sort of Food Safety Authority.
This agency may need to be independent of the three ministries but have reporting responsibilities
to all of them. Certainly coordination amongst the ministries and the Food Safety Authority will
be essential. This agency could then be authorized to establish guidelines within various parame-
ters, and could adapt guidelines and regulations as new information became available rather than
waiting for legislative decisions on technical matters. Delegating responsibility for Food Safety
issues that extend beyond mycotoxins should be a relatively straightforward process.

Responses past these initial high-ranked responses scattered in many directions, including par-
ticular places and situations where regulations should be enforced, how domestic and imported
items should be treated, inspection processes for public and private labs, development of SOPs
that go from farmers through to consumers, working conditions (especially security) for inspectors
and other potentially targeted individuals in the regulatory process, and where the funding for the
work to be conducted will come from.

Question 6.3 — Identify cultural barriers to be overcome to reduce mycotoxin exposure to myco-
toxins in Afghanistan.

Responses to this question indicate that a significant study of how foodstuffs are managed by
various groups in the country is going to be needed to help any proposed interventions succeed.
Changes to traditional agricultural processes, food processing and food storage practices will be
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especially important to implement in a careful and thoughtful manner. Dietary changes that reduce
dependence on wheat as a staple food also may be difficult.

Beyond these major points many of the issues encountered may result from limited education
of farmers and rural women who are responsible for much of the crop cultivation, food storage and
food processing. Ensuring that communications come to them from a trusted authority is important
and may be difficult to achieve.

Question 6.4 — Identify benefits resulting from lesser exposure to mycotoxins in Afghanistan.

The two top benefits identified were improved health and improved economic growth with
more jobs. Perceived health benefits were reduced morbidity and mortality, less childhood stunt-
ing, improved productivity (as workers would not be out sick as often), and reduced costs from
sending people outside the country for medical treatment. Increased health of domesticated ani-
mals could increase the availability of meat and other animal products as foods in the domestic
markets.

Perceived economic benefits were quite numerous and most were not widely supported. They
ranged from more food of better quality available in local markets to higher incomes for everyone
along the value chain, and a better reputation (and price) for exports from Afghanistan with fewer
rejections of exports as substandard. The ability for government ministries to work with each other
and with private sector to reduce the problem would provide evidence that the government was
doing something positive for the people and could open the doors to additional joint activities. A
success of this sort would lift morale of many of those working in the food production business.

Session 8 — Nominal Group Food Safety and Security
Question 8.1A — Who needs information on mycotoxins in Afghanistan?

The basic answer to this question was everyone. At the top of the list were farmers, consumers,
traders regulatory officials and extension workers. Some less obvious choices included on the list
were health care providers, veterinary clinic staff and religious leaders. This question and question
8.2B are the only ones where every response was on at least one individual’s “Top Five” list.

Question 8.1B — How should information on mycotoxins in Afghanistan be delivered?

There are many ways that information on mycotoxins could be delivered. The top three were
public media (radio, TV, print, etc.), official government publications, and social media. These
methods seem targeted at the broad consuming population as a whole. The remaining suggestions
begin to fragment the population, with workshops and extension personnel ranking next. MAIL
was the only ministry identified as needing to provide information, and that responsibility probably
should be spread over all three ministries, but with differing target audiences.

Question 8.2A — When should screening for mycotoxins occur in Afghanistan?

Screening was envisioned as a routine thing for all commaodities, with only one response sug-
gesting that screening should be determined on the basis of environmental conditions. All but two
responses suggested that screening should occur at harvest time or later, with processing, storage,
market place and prior to export all receiving relatively strong support. Screening of materials to
be imported was not ranked particularly highly.

Question 8.2B — Where should screening for mycotoxins occur in Afghanistan?
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Some responses to this question are quite distinct from those to the “when” question (8.2A).
The two most prominent locations were in the field prior to harvest and for imports at the border,
followed by the marketplace and at the borders. Again there were a couple of responses suggesting
that testing was needed at some times and not others, e.g., “suspected locations” and “for crops at
highest risk”.

Session 11 — The Future
For questions 11.1A and 11.1B, participants were asked to mark their top seven choices, instead
of the top five, as was done with the other questions.

Question 11.1A — Identify priorities for the next year for research on mycotoxins and potential

applications of solutions in Afghanistan.

Three of the top four priorities focus on government actions that can be started without signif-
icant scientific efforts. In particular, to establish an inter-ministerial/private sector task force (with
a defined agenda and distributed responsibilities), to begin work to disseminate information to the
general population, and to identify budget funds and show a commitment to work on mycotoxin
reduction. Continuing the mycotoxin survey begun by this project was the fourth of the top prior-
ities.

Education for MAIL staff and for exporters were the next most strongly supported activities.
As with the first four activities, these activities could be seen as preparing groundwork for larger
efforts in the future.

The remaining responses were quite scattered, and probably indicate the number of different
directions that the work could take. I list below some of the ideas that seemed potentially the
easiest to implement and where impact might easily be seen relatively quickly:

e Identify donors and other stakeholders and begin conversations with government ministries
and private sector.

e Develop Good Agricultural Practices for Pre- and Post-Harvest management of crops.

e Begin analysis of value chains so that Critical Control Points in the HACCP process can be
identified.

e Finalize food safety law and develop a series of SOPs for its implementation, including adopt-
ing limits on the most important mycotoxins.

e Adapt manuals (http://www.calpistachioresearch.org/GAP_Manual_2009.pdf) from the Cali-
fornia Pistachio Research Board for local use. The main focus is on preventing fungal infec-
tions and subsequent mycotoxin contamination. There are numerous additional potentially
useful links from the CPRB’s Home page that could be modified for use in Afghanistan. Some
information already available at: http://afghanag.ucdavis.edu/a_horticulture

e Adapt GAP guidelines from the California Almond Board (http://www.almonds.com/grow-
ers/growing-safe-product/gaps#harvest-delivery-sanitation) for local use. These guidelines
suggest food safety practices that extend far beyond concerns regarding mycotoxins. Some
information already available at: http://afghanag.ucdavis.edu/a_horticulture. Similar infor-
mation can be found for walnuts at: http://www.walnuts.org/. Information of this sort for raisin
production in Afghanistan is already available on line (http://afghanag.ucdavis.edu/a_horticul-
ture/fruits-trees/grapes).

Question 11.1B - Identify priorities for the next 5-10 years for research on mycotoxins and po-
tential applications of solutions in Afghanistan.
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Responses in this section are a continuation of those from the previous question. Many of the
responses implicitly assume that many responses to 11.1A have been accomplished. Some re-
sponses are for continuation of these efforts, for instance Human and Institutional Capacity De-
velopment, the number 2 response, is going to be an ongoing process as will work on GAP and
HAACP processes and protocols. By this time government funding should be firmly committed
to the work, regulatory standards should be established, a functional Food Safety Authority should
be in place, and the inter-ministry/private sector working group should be a routine activity.

Challenges awaiting this time frame are the accreditation process for public and private labor-
atories, a decision on whether the government should be involved in any way in “certifying” ex-
ports, enforcement processes for border inspections should be established, and at least some train-
ing of personnel to work in the area will be conducted by local experts. SOPs should be in place
all along the value chains for the toxins relevant to those value chains, and a series of regional labs
to provide quick tests should be in place around the country. If surveys have been conducted on
an annual basis, then there should now be enough data to determine if there are any crop/geo-
graphic/weather hotspots for toxin occurrence patterns to be discernable.

Research questions will focus on agronomic and storage practices to reduce contamination,
methods of mitigating contamination once it has occurred, and uses other than human food for
materials contaminated with high levels of mycotoxins.

5. Recommendations for further work

5.1 Who should be involved

Mycotoxins are an interdisciplinary problem with questions and answers that span ministries.
Thus, a collaborative approach to the problem is essential for long term success, and MAIL, MoCl
and MoH all must be intimately involved in the work. As mycotoxins originate on agricultural
products and are a problem in food and feed chains, MAIL is best positioned to lead future efforts
in the area of mycotoxins and should be specifically charged with doing so. MAIL should organize
and chair an inter-ministerial working group in this area as soon as possible

Training efforts are needed at multiple levels within Afghanistan. Current USAID projects provide
contacts and venues for training Extension Agents and farmers. Materials to be used for training
on mycotoxins and food safety/security should be developed in collaboration with these existing
programs and should include topics such as Good Agricultural Practices, Good Storage Practices
and Good Manufacturing Practices. These efforts should mesh with the proposed risk communi-
cations training to develop outreach materials and to identify core messages. The Afghanistan ter-
tiary education sector also should be engaged in these efforts through external training of staff at
BS, MS and PhD levels, and the development of laboratories where research in these areas can be
conducted.

USAID should foster the following interactions: Development of a center of excellence for myco-
toxins in the region. Tajikistan currently is a Feed the Future partner country and might be the
best target for such activity. US and European academic and/or governmental labs should provide
support. The Center of Excellence would provide training needed for staff at all of the regional
labs and would be charged with analyzing data on a regional basis to identify places with (or at
high risk) of contamination in the crops. A good model for this Center of Excellence lab would
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be the mycotoxin-focused programs of BecA, located on the ILRI campus. The center of excel-
lence proposed here would have a focus on small grains and problems in central, southern and
southwestern Asia, which are not a part of the mandate for the BecA effort. Such a center’s long-
term viability requires visibility, a reputation for excellence and relevance, and support from mul-
tiple donors.

5.2 Awareness and Risk Communications

Public awareness of the impact of mycotoxins problems in trade, agriculture and health was a
major theme of the Delhi meeting, as reflected in the nominal group discussions. Risk communi-
cations and strategies to raise public awareness with raising public alarm were the subject of a
subsequent meeting organized by the USAID mission in Kabul on 16 July 2016 (Appendix XV).
Awareness comes in various forms and formats and must be distributed along the value chain from
farmer to consumer. The needs of ministry employees who help manage the problem are different
from those of traders and private sector actors who buy/sell and import/export agricultural goods
which are different again from university staff/students conducting research in this area and differ
even further from those of the farmers or the general population in the city and in rural areas.
Raising awareness is critical and must be done in a manner such that those who hear the message
are energized to address the problem in a positive manner and not are so frightened that they freeze
up and nothing happens. A project to address this topic will be complex due to the different target
audiences, the development of specific materials and messages for each group, and the diverse
platforms through which information can be delivered (Table 8). A proposal for a project to begin
developing risk communication skills within the three ministries is included as Appendix XVI.

Afghanistan does not have a history of deaths or other severe debilitations tied explicitly to a my-
cotoxin, e.g., aflatoxins in Kenya or fumonisins in South Africa. The approach at this time should
be towards better post-harvest storage practices, increased food quality, and care and cleanliness
in food preparation, and to avoid raising “boogeyman” type issues that could discredit the govern-
ment, lead to panic/fear in one or more of the target groups, or distort the marketplace as one or
more foods is avoided for potential food safety reasons.

MAIL, MoPH and MITC must collaborate to establish common themes and priorities. MAIL
should communicate with farmers, MAIL and MITC should jointly communicate with traders,
importers and exporters, and MoPH and MAIL should jointly communicate with consumers and
the general public. Such efforts require commitment from the highest levels in the ministries to
the tasks and buy-in from those working in the middle levels of the ministries for the desired out-
come(s) to occur. An important first effort could be training sessions on the inter-relatedness of
the issues for ministry staff. The training could take many different forms, but there must be
enough team-building for staff from all three ministries to be working on collaborative, rather than
competitive, approaches, solutions and endpoints. USAID and other external parties may need to
assist with this training as the number and depth of trained personnel available within the Govern-
ment of Afghanistan is very limited.

Farmers need to understand their role as conditions before and during harvest can have a major
impact on the amount of mycotoxin contamination in items entering the food system. Training in
Good Agricultural Practices is the single most important thing that could be done to reduce myco-
toxin contamination in Afghanistan. Incorporating background information on the detrimental
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effect of these compounds into the GAP training is probably the easiest way to get this information
to farmers. GAP training can occur in many different ways. SWABO (Scientific Animations
Without Borders), through the Post Harvest Loss Innovation Lab, has developed numerous cell-
phone based training modules and games that have been well received in other developing coun-
tries and have been used successfully in conjunction with more traditional outreach programs.

Traders and importers/exporters need to know that mycotoxins can reduce the value of the items
they are buying and selling. In the case of exports, mycotoxin contamination can not only affect
the price, but also may affect whether a product can be sold at all, or must be destroyed at the
exporter’s expense. That different export markets have different sensitivities to mycotoxin con-
tamination needs to be more generally known and could open up new markets that could be more
easily penetrated than those of the European Union, whose regulations are the strictest in the world.

5.3 Capacity

Afghanistan needs to develop the capacity to manage mycotoxin contamination locally. Physical
and human capacity both are currently limiting. Physical capacity includes appropriately equipped
laboratories with 24-hour electricity and secure storage for reagents and samples, as well as ap-
propriate means for disposing of contaminated samples and hazardous materials generated during
the analytical process. Human capacity requires staff with both specific training in particular ac-
tivities and general training in mycotoxins and associated activities. Assessments of both physical
and human capacity for doing the work need to be assessed by a combination of internal and ex-
ternal personnel. The capacity assessment should include government ministries, universities and
the private sector. External partners should be identified to assist in training and to provide critical
technical backstopping.

A plan for work to be conducted can be developed once the human and physical capacities have
been assessed and should complement the increasing human and physical capacities. Appropriate
SOPs for the analysis(es) being conducted must be developed and implemented, and a process to
validate results and estimate errors established. Continued external assessment of the the govern-
ment, academic and private sector capacity should continue and be conducted in a manner that
honestly evaluates the credibility of the results reported. Developing credible laboratory capacity
for research and information purposes should be possible in governmental, university and private
settings.

Developing credible laboratory capacity that could be used for regulatory purposes might be pos-
sible for a private laboratory, but the culture of power and corruption associated with government
agencies will make developing credible regulatory capacity much more difficult in a government
setting. For regulatory purposes, a better approach would be to establish regulations and develop
the capacity to accredit laboratories, rather than to simply have laboratories in which work is con-
ducted be accepted simply because these labs are government run. The capacity to accredit labor-
atories for their ability to assess food safety could be extended far beyond mycotoxin analyses and
would be a significant government service for the country as a whole.

5.4 Medical assessments

Public health measures per se were not a major focus of this project, but are an important compo-
nent of addressing mycotoxin contamination problems. The extent to which individuals have been
exposed to various toxins is important to understanding the mitigation steps that should be taken.
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Biomarker assays using both blood and urine are becoming available for many toxins. These
protocols require medically trained personnel to conduct studies as part of an interdisciplinary
team looking at the overall food availability and food security problems in the country. Addition-
ally, the Afghan diet needs to be rigorously documented in a series of “food basket analyses. Based
on the foods consumed, exposure levels to toxins can be determined and guidelines for safe con-
sumption of foods established. This process is particularly important since the Afghan diet is
disproportionately high in wheat. Contamination levels that are acceptable internationally may
not be acceptable in Afghanistan due to differences in diet.

5.5 Beyond Mycotoxins
Much can be done in terms of food safety that goes beyond mycotoxins. Both chemical and bio-
logical, primarily microbiological, hazards exist. Including mycotoxin work within this broader
food safety context probably is essential for sustainable research and regulation of mycotoxins.
A second area worthy of further research is the effect of fungal secondary metabolites beyond
mycotoxins on human and animal health. There are numerous secondary metabolites that are not
toxic in and of themselves, but certainly can impact human health. In this survey citrinin and
mycophenolic acid were detected and these compounds can alter immune system activity and kid-
ney function, respectively. Some of the unknown causes of these problems may be related to
synergistic interactions with mycotoxins or other secondary metabolites. Little work is done in
this area, and could be very important as the emphasis of research shifts from acute mycotoxicoses
to assessing the results of chronic exposure to contaminated foodstuffs.

5.6 Government of Afghanistan ministries interests in further work

Appendix XVII contains summaries of discussions held as part of the 16 July 2016 meeting held
at the USAID mission in Kabul on Risk Communications. These interests largely parallel those
outlined in this report. MAIL has the broadest interest and is viewed as the agency to be the
primary coordinator for future efforts. MoPH indicated low priority for work with mycotoxins
due to numerous other competing issues viewed as having higher priority. MoCl views mycotox-
ins as having high priority for imports and moderate priority for exports. All indicate that educa-
tion and training are needed for individuals within the ministries and for the general Afghan public
that they serve.

A few specific comments on these plans are warranted.

MAIL — GAP should be the initial focus, as many problems could be reduced with better and
cleaner handling of various agricultural products both in the field and postharvest. Implementing
GAP is probably the single most cost-effective action that could be taken. Developing an
AflaSafe/AflaGuard product for use in Afghanistan will probably take longer than the 6-12 months
envisioned here. Such a product could be very useful for nuts. Work in this area should be coor-
dinated with MoCl to ensure that nuts produced in orchards using the biocontrol would be accepta-
ble for export. Additionally, the biocontrol approach may be useful in preventing toxin levels from
increasing in storage of already harvested nuts. For grapes/raisins/sultanas the main focus should
be on ochratoxin A. Systems that could be used for biocontrol of this toxin are poorly developed
and not yet proven in commercial settings. Collaborative research with groups outside the country
would be essential to develop a product that could be used for these products.

For MoCl, a decision is needed on the role of the ministry in exports of food products. Provid-
ing information and guidance to producers as they choose export destinations is quite different
from regulating where goods can be shipped. For imports, guidelines and enforcement policies

Page 28 of 31



need to be develop that enable rapid, transparent tests of targets foods and food products. There
is a note that MoClI has laboratory facilities that could be used for testing purposes. An assessment
of the capacity of this lab is included as Appendix VI.1. Revisiting this assessment and enabling
collaboration between this lab and the MAIL lab is important.

For MoPH, the primary issue is to build education and communication capacity on this topic
and to ensure that information on mycotoxins is incorporated into appropriate staff training and
public information materials. Should human health problems that are directly attributable to my-
cotoxin contamination occur in the country, MoPH will certainly be one of ministries that becomes
quickly involved in the situation. Thus, they need an established response plan that involves both
communication with the general public as well as a process to pass primary responsibility for
managing a crisis to appropriate staff within MAIL.

5.7 Specific Recommendations for further activity

1. MAIL, MoCl and MoH - Implement Risk Communications training program for ministerial
staff. (short-medium term).

2. MAIL - Implement grain sorting and cleaning program with GAP, GSP and GMP for wheat
and wheat products. Include training across entire value chain. Develop sorting/cleaning
equipment by Asiab mills and subsistence farmers. Develop non-food uses, e.g., as a fuel
source, for materials not qualifying as food grade. (short-medium term)

3. MAIL - Multiple year sampling and mycotoxin surveys of wheat and other foods at research
level, not regulatory. (short to long term)

4. MoCl and MAIL - Develop regulations and diagnostic capabilities to enable rejection of low
quality imports, particularly wheat. (short term)

5. MoCl and MAIL - Develop resources to enable Afghan exporters of nuts and dried fruit to
target export countries on the basis of mycotoxin contamination levels. Training of private
sector staff to conduct mycotoxin assessments for internal use. (short-medium term)

6. MoH and MAIL - Evaluate local Afghan “food baskets” and measure biomarkers for myco-
toxin exposure in urban and rural Afghan populations. (short to medium term)

7. Ministry of Education and MAIL — Use internal and external evaluation teams to assess capac-
ity of Afghan universities for instruction in food quality and safety. Develop target curriculum
for one or perhaps two universities. Enable external degree training (BS, MS & PhD) to staff
selected universities for teaching, research and outreach in these areas. (short to long term)

8. USAID - Spearhead efforts to develop a regional center for excellence for mycotoxins in col-
laboration with other donors and US and European research entities. (short to long term)
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Table 7. Strategic design of a project to increase Afghan government capacity to communicate risks associated with mycotoxins and
other food safety issues.

Producer Trader Processor Distributor Exporter Importer Government Health/\Vet Consumer

Technical Experts v v

Highly Literate v v v v v v v v 4
Average Literate v v v v v v v v v
Nominally Literate v v v 4
Iliterate v v
Training X X

Technical Info X X X X X X X X X
Public Education X X
Advocacy X X X X X X X

Crisis Commun X X X X X X X X X
Health Risk

Financial Risk

giﬁ\‘/’:lf‘atbles 34,67 3,4 3,4 3.4 2,34 234, 1458910 234567 34,67

Risk — [, Moderate,

Potential deliverables from a project to increase awareness of mycotoxins. Kansas State University, working in conjunction with the
USAID Office of Agriculture (OAG) and the Development Outreach and Communications Office (DOC), will arrange for a strategic
communications advisory team to provide communications guidance and capacity building support for MAIL based upon strategies
developed by MAIL to increase the safety of Afghan agricultural products for export and consumption. All of the information provided
will be available in English. Portions of the information provided should be available in Dari, and Pashto, languages in which K-State
lacks the expertise necessary to provide qualified translations both literally and in terms of the cultural context within the country. Areas
for guidance and capacity building support may include but are not limited to:

Page 30 of 31



9.

Guidance on the development of a strategic communications plan based upon strategy developed by MAIL to increase the safety of
Afghan agricultural products for export and consumption. Plan to include guidance on methodology and timelines for initially
informing relevant audiences and for keeping these audiences informed as the implementation of MAIL’s strategy progresses, and
benchmarks that can be monitored and evaluated,;

Guidance on monitoring domestic and international traditional media and social media concerning mycotoxins and MAIL’s ability
to address the problem(s);

Polling of target audiences over the course of the implementation of the project to track changes in opinion and understanding of
relevant issues;

Guidance on the organization of press conferences, media roundtables, meetings and town halls at the national, provincial, and
community level to inform and educate the general public, farmers, medical and veterinary professionals, and agribusinesses on how
to increase the safety of Afghan agricultural products. To be delivered and/or simultaneously translated into English, Dari, and
Pashto;

Guidance on the advance drafting and translating of talking points, press releases, updates, and social media toolkits to be shared by
MAIL and other Afghan government stakeholders;

Guidance on the production of radio and television Public Service Announcements to be broadcast across the country;

Guidance on the oversight of social media communications related to these issues on MAIL and other Afghan government social
media platforms;

Guidance on the identification of relevant stakeholders in the government and private sector in export markets for Afghan products
to include Afghan embassy officials, foreign government representatives, and foreign private sector representatives and the organi-
zation of meetings with these stakeholders;

Training for MAIL communications staff on best practices for government health- and safety-specific emergency communications;

10. Guidance on the development of a crisis communications plan for future events that can be utilized by MAIL.

All communications products and event organization will be developed in conjunction with MAIL to ensure that the Ministry commu-
nications team develops the capacity to implement a crisis communications plan in the future without outside support.
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Scope of Work for Mycotoxin Assessment (updated by PHL
VIR IR Innovation Lab January 21, 2015)

Scope of Work
for the

Rapid assessment of Mycotoxins in Afghanistan’s food value chains

. PURPOSE

The purpose of this assignment is to assist USAID/Afghanistan and the Government of the Islamic
Republic of Afghanistan’s (GIRoA) Ministry of Agriculture, Irrigation and Livestock (MAIL) undertake
a rapid assessment of the prevalence of mycotoxins in the staple wheat food and high value horticulture
value chains. The assignment will be implemented under the USAID Bureau for Food Security’s Leader
with Associate mechanism for the Innovation Lab for the Reduction of Post-Harvest Loss (PHL
Innovation Lab, the Awardee).

The PHL Innovation Lab will provide the technical expertise to design and implement the assessment, but
do so in a collaborative manner with MAIL. The PHL Innovation Lab will be responsible for preparing a
final report that will summarize findings, and propose recommendations for follow-up actions which
should include ways to strengthen the institutional capacity of Afghan government and private sector
entities to address mycotoxin contamination if it is identified as a problem.

1. BACKGROUND

Mycotoxins are metabolites (by-products) of the growth of molds. They have toxic side effects to plants,
animals, and humans. Mycotoxin contamination of crops has been a worldwide problem for thousands of
years. Only in the last thirty or forty years has technology allowed researchers to isolate the fungal
mycotoxins and study the effects on feed crops, livestock, and their effects on humans.

Aflatoxins are naturally occurring mycotoxins that are produced by several Aspergillus species of fungi,
the major ones are Aspergillus flavus and Aspergillus parasiticus. The Aspergillus genus of fungi
produces toxins that exhibit a wide range of toxicities, with the most significant effects being long term.
Aflatoxin By is a potent liver carcinogen. Ochratoxin A and citrinin both affect kidney function.
Clycopiazonic acid has a wide range of effects and tremorgenic toxins affect the nervous system.

In August 2014 when the concept paper for this assessment was drafted by the USAID/Afghanistan
Office of Agriculture (OAG), the office did not have definitive information regarding mycotoxins in
Afghanistan’s food chain; however, there is circumstantial evidence to raise concern. The OAG’s
research revealed the following:

Link between cancer and mycotoxins. According to a study conducted by researchers at the University
of Pittsburgh (see annex), “Hepatocellular carcinoma (HCC), or liver cancer, is the third leading cause
of cancer deaths worldwide, with prevalence 16-32 times higher in developing countries than in
developed countries. Aflatoxin, a contaminant produced by the fungi Aspergillus flavus and Aspergillus
parasiticus in maize and nuts, is a known human liver carcinogen. Of the 550,000-600,000 new HCC
cases worldwide each year, about 25,200-155,000 may be attributable to aflatoxin exposure. Most cases
occur in sub-Saharan Africa, Southeast Asia, and China where populations suffer from both high HBV
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prevalence and largely uncontrolled aflatoxin exposure in food. Aflatoxin may play a causative role in
4.6-28.2% of all global HCC cases.”

Link between crops and mycotoxins. Correspondence with the Head of the Plant Pathology Department
at Kansas State University, Dr. John Leslie, noted, “First, | think that aflatoxins and ochratoxins are both
potential problems on the tree nuts and dried fruits. Both are made by Aspergillus fungi. Aflatoxins
would be associated with liver problems, while ochratoxins could be associated with the kidney problems,
as they are best known as nephrotoxins. The wheat problems could be aflatoxins, but the storage has to
be pretty awful for it to be an issue there. A more common problem on wheat would be toxins produced
by Fusarium fungi. Which toxin and which fungus depends a bit on the climate where the wheat was
originally grown. Aflatoxin and ochratoxin could be a problem in spices as well as the tree nuts and dried
fruit. Checking them for quality could be important as well. If peanuts/groundnuts are grown in
Afghanistan, then there could be contamination problems with them as well.”

Incidence of liver and kidney cancer in Afghanistan. According to World Health ranking
(http://www.worldlifeexpectancy.com/cause-of-death/liver-disease/by-country/ ), Afghanistan ranks 6™ in
the world for liver cancer and 3" for kidney cancer.

The circumstantial evidence led the OAG to pose the problem statement: Is there a prevalence of
mycotoxins in Afghanistan’s food value chains that contributes to the high levels of liver and kidney
cancer?

In October 2014, during a meeting between OAG and the Deputy Minister for MAIL, the Deputy
Minister revealed that aflatoxin is indeed a problem that had adversely affected Afghanistan’s
horticultural exports to Europe. Rejection letters from European buyers provided clear evidence that
mycotoxin contamination is a problem; however, the scope of the problem is not self-evident. The
Deputy Minister expressed concern that neither MAIL staff nor donors were responsive to the problem.

1. SCOPE OF WORK

The PHL Innovation Lab will assist counterparts from the MAIL to undertake a rapid assessment exercise
for identification of mycotoxins in the wheat and high value horticulture export value chains. Because
mycotoxins have already been identified in some exportable commodities like grapes and pistachios, the
PHL Innovation Lab and MAIL experts will work to ascertain the scope of the problem.

This assessment will generate primary data on the key indicators to be maintained and updated in a
database populated jointly by USAID and MAIL. This data can be used to help in the design of follow-
up activities supported by MAIL, private sector and donor community.

Another important outcome of the assessment will be to strengthen the capacity of MAIL’s technical staff
to design and implement similar assessments after USAID’s assistance has ended. MAIL’s leadership
views building the capacity of its staff and associated institutions of paramount importance, especially as
the GIROA strives to lessen its dependency on the international donor community.

The PHL Innovation Lab is expected to address and undertake the following key activities and tasks
summarized below:
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1. Design a research and sampling methodology

The PHL Innovation Lab, prior to inception of field activities, will develop the approach and
methodology for conducting the assessment basing it on international best practices and standards.

2. Training of field staff in use of sampling technology

Central to this investigation will be the use of low-cost, rapid assaying Kits that are used to detect
mycotoxins. There are several commercial suppliers of these kits (e.g. http://www.elisa-
tek.com/diagnostic-testing-kits/mycotoxins/ ) and the PHL Innovation Lab will select the most
appropriate for the proposed task.

The assessment will be undertaken in key market and production nodes (e.g., wheat flour depots, packing
houses) and should be coordinated in conjunction with MAIL. Depending upon the technology deployed,
MAIL staff may have to be trained by the PHL Innovation Lab.

3. Implementation of data collection
The PHL Innovation Lab will work with MAIL staff to sample and assay commodities located in various
parts of the country. MAIL staff time and facilities will serve as the GIRoA’s in-kind contribution to this
assessment project.

4. Technical & material support to MAIL
To complement building technical capacity within MAIL, the activity will also provide support for
equipment and supplies deemed essential by the PHL Innovation Lab in order to continue mycotoxin
research and detection beyond the life of this project.

5. Draft report & presentation to MAIL, MoCI, MoPH, and WFP

The PHL Innovation Lab will draft progress reports and a final report to be shared with MAIL, MoCl,
MoPH, and WFP.

6. International Workshop on pre and post-harvest loss reduction

The PHL Innovation Lab will provide administrative and technical support for organizing an international
workshop in support of addressing pre- and post-harvest losses with a special emphasis on Afghanistan.
This workshop will take place outside of Afghanistan near the end of this project.

V. SUGGESTED METHODOLOGY

The PHL Innovation Lab will be expected to perform the tasks in a systematic manner and develop a
detailed methodology at the outset of the assignment. The process applied to the assignment shall be
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consultative and participatory. The findings should be validated at various stages of the project. The PHL
Innovation Lab will work with MAIL staff throughout the project area to collect required information,
analyze and compile data.

The suggested methodology which will be revised together with the PHL Innovation Lab is briefly
described below:

Document Review: The PHL Innovation Lab will review all relevant available data/reports related to the
tasks. In addition to reviewing documents, briefing materials will be provided to MAIL. MAIL will
facilitate access to relevant data sources within Afghanistan and provide international data sources it has
available to the PHL Innovation Lab.

Consultation with MAIL and other GIRoA ministries: The PHL Innovation Lab together with project
staff will develop a tentative list of stakeholders to be consulted with for each set of activities. Additional
individuals may be identified by the PHL Innovation Lab at any point during the project.

Design of Research approach: The PHL Innovation Lab will design and produce a questionnaire in
close consultation with the Project M&E staff and that will be given to the project field staff prior to the
study.

Field sampling: The PHL Innovation Lab will conduct field visits to selected program areas in all regions
where required. The PHL Innovation Lab will also conduct selected visits to representatives and key
stakeholder in the value chains. During these visits representative samples of the crops of interest will be
collected for mycotoxin analysis.

Information Collection and Analysis: The PHL Innovation Lab with the help of the project staff will
collect in different regions of interest representative samples of wheat and other high value horticulture
products for mycotoxin analysis. Samples will be evaluated using appropriate technology for mycotoxin
quantification. . The PHL Innovation Lab will also review existing data collected by the project staff.

Reporting. The PHL Innovation Lab will provide a PowerPoint briefing of their major findings and/or
important next steps with MAIL and USAID before their return to the USA. A final report will be sent to
USAID no more than one month after the conclusion of field work.

V. DELIVERABLES

Detailed Methodology and Action Plan: The PHL Innovation Lab will develop a detailed work plan and
a brief suggested methodology to be reviewed and approved by project management. This should be done
no later than the end of first month of mobilization.

Progress Update: The PHL Innovation Lab will compile a brief progress update on a bi-weekly basis
using a report template agreed to by sponsor and awardee prior to project start.

Final Report: The outline of the report will be developed in the inception phase. Both hard and soft
copies of the reports prepared in MS-Word will be provided along with relevant literature reviewed.
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Stakeholder Briefings: A final briefing will be held by the PHL Innovation Lab for MAIL. USAID
representative/s and key stakeholders will be present to reflect on the major findings and
recommendations.

MAIL Lab support. In addition to providing training to MAIL staff, this project provides support
for the equipping of MAIL labs to help with the continuation of mycotoxin research and detection.
The PHL Innovation Lab will identify, select and order the equipment to be purchased for
conducting the mycotoxin analysis of the field samples collected. MAIL staff will be trained on the
use of this equipment, and that equipment will remain in the MAIL labs after this project is
concluded.

International Workshop in 2015. USAID will circulate the results of this investigation among
development partners with the intent of prompting further research and appropriate measures to improve
food quality and reduce post-harvest losses. The Awardee will organize an international workshop on
post-harvest losses and food quality towards the end of this project where the results and mitigation
recommendations will be presented. This workshop will take place outside of Afghanistan in the summer
of 2015.

VI. ILLUSTRATIVE DURATION, TIMING AND SCHEDULE

Task LOE Estimated Schedule
Pre-project scope of work development
and initial research methodology

development 4 weeks January 1-30, 2015
Desk study. Review available reports
related to assignment 1 week February 2-5, 2015
Consultation with MAIL, USAID other
stakeholders via conference calls 1 week February 9-13, 2015
February 16-March
Development of research methodology 3 weeks 6, 2015
Confirmation of approach and preparation
to undertake assessment 8 weeks March 9-May 1, 2015
Procurement of assay kits 2 weeks May 4-13, 2015
Departure for Afghanistan 2 days May 14-15, 2015
Training of assayists and sample collectors 1 week May 16-21, 2015
May 23-June 18,
Sample collection along supply chains 4 weeks 2015
June 20—July 16,
Lab Sample Analysis 4 weeks 2015
Preliminary Analysis of data 2 weeks July 18-30, 2015
Pre-departure briefing 1 day July 29, 2015
Finalization and submission of report 2 weeks August 3-14, 2015
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Support for organizing international

August 17-

workshop 4 weeks September 11, 2015
September 14-15,
International Workshop 2 days 2015
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Office of Acquisition and Assistance
M/OAA/BFS, Room 512-C, SA-44
300 Pennsylvania Ave, N.W.

Washington, D.C. 20523

DUNS NO 929773554
TINNO. : 480771751 LOC NO. : 23A6P

7. FISCAL DATA: Amount Obliaated: $1.220.535 8. TECHNICAL OFFICE: BFS/ARP;

GLAAS Requisition: REQM-BFS-15-000071

Budget Fiscal Year:
9. PAYMENT OFFICE:

Operating Unit: U.S. Agency for International Development
r ne gency P
Strategic Objective: Office of Financial Management
Team/Division: SA-44 M/CFO/CMP
Benefiting Geo Area: 1300 Pennsylvania Avenue, NW
Object Class: Washington DC 20523
10. FUNDING SUMMARY:
Obligated Amount Total Est. Amt.
Amount Prior to this Modification: $1.950.000.00 $5.000.000.00
Chanae Made bv this Madification: $1.220.535.00 $ 0.00
New/Current Total: $3,170,535.00 $5,000,000.00

11. DESCRIPTION OF MODIFICATION
1) The purpose of this modification is to provide incremental funding in the amount of
$1,220,535.00 to support the program for Innovation Lab for Reduction of Post-Harvest Loss.
which will be received via Mission field support funding (USAID/Afghanistan) (buy-in) to
support the program for Innovation Lab for Reduction of Post-Harvest Lost. The total
obligated amount increased from $1,950,000.00 to $3,170,535.00.

2) Background

The purpose of this activity to assist USAID/Afghanistan and the Government of the

12. THIS MODIFICATION IS ENTERED INTO PURSUANT TO THE AUTHORITY OF FAA Act of 1961, as amended
AS AMENDED. EXCEPT AS SPECIFICALLY HEREIN AMENDED, ALL TERMS AND CONDITIONS OF THE GRANT
REFERENCED IN BLOCK #3 ABOVE, AS IT MAY HAVE HERETOFORE BEEN AMENDED, REMAIN UNCHANGED AND IN FULL
FORCE AND EFFECT.

13. GRANTEE IS D IS NOT REQUIRED TO SIGN THIS DOCUMENT TO RECONFIRM ITS AGREEMENT WITH THE CHANGES
EFFECTED HEREIN

14. GRANTEE: 15. THE UNITED STATES OF AMERICA
U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT

BY:
BY:
Charles Jackson
(Name Typed or Printed) (Name Typed or Printed)
TITLE: TITLE: Agreement Officer

DATE: DATE:
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ASSISTANCENO. MODIFICATION NO.
AID-OAA-L-14-00002 02

11. DESCRIPTION OF MODIFICATION (CONTINUED)

Islamic Republic of Afghanistan’s (GIRoA) Ministry of Agriculture, Irrigation and
Livestock (MAIL) undertake a rapid assessment of the prevalence of mycotoxins in the
staple food (specifically, wheat) and high value horticulture value chains. The activity
will be implemented under the Bureau for Food Security’s Leader with Associate
mechanism for Post-Harvest losses.

Mycotoxins are harmful metabolites (by-products) from the growth of molds. They have
toxic side effects to animals and humans. Mycotoxin contamination of crops has been a
worldwide problem for thousands of years. Only in the last thirty or forty years has
technology allowed researchers to isolate the fungal mycotoxins and study the effects
on feed crops, livestock, and their effects on humans.

In October 2012, during a meeting between OAG and the Deputy Minister for MAIL, the
Deputy Minister revealed that alfatoxin (a class of mycotoxin) is indeed a problem that
had adversely affected Afghanistan’s horticultural exports to Europe. Rejection letters
from European buyers provided clear evidence that alfatoxin contamination is a problem
supports the proposed assessment.

Activity Purpose

The technical consultants will provide necessary expertise to design and implement the
assessment, in a collaborative manner with MAIL, in order to identify mycotoxins in the
wheat and high value horticulture export value chains. Data generated from the
assessment can be used to help in the design of follow-up activities supported by MAIL,
private sector and donor community. In addition, the assessment would include ways to
strengthen the institutional capacity of Afghan government and private sector entities to
address mycotoxin contamination.

The consultants are expected to address and undertake the following key activities and
tasks summarized below:
1. Design a research and sampling methodology based on international best
practices
2. Train MAIL field staff in usage of sampling technology
3. Implement data collection: The consultants will work with MAIL staff to
sample and assay produce located in various parts of the country. MAIL staff
time and facilities will serve as the GIRoA'’s in-kind contribution to this
assessment.
4. Generate progress and final report which will summarize findings and propose
recommendations for the follow-up actions
5. Support the organization of an international workshop on post-harvest losses.
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3) Accounting Data:

Accounting Template: 306-KABUL-SOAG-FY2012
BBFY: 2011

EBFY: 2015

FY: 2012

Fund: ES

OP: AFGHANISTA

Prog Area: A26

Dist Code: 306-M

Prog Elem: A140
Team/Div: AFG/OAG
BGA: 997

SOC: 4100100
Obligation: $1,220,535.00

Account Template: 306-KABUL-SOAG-FY 2010
BBFY: 2011

EBFY: 2012

Fund: ES

OP: AFGHANISTA
Prog Area: A26

Dist Code: 306-M

Prog Elem: A140
Team/Div: AFG/OAG
BGA: 306

SOC: 4100100
Obligation: $927,480.00

ALL OTHER TERMS AND CONDITONS REMAIN THE SAME.



Appendix 111 — Initial project training materials

I11.1 Training video list for MAIL staff

111.2 Mycotoxins Overview presentation

111.3 Mycotoxin Vale Chain Assessment Project presentation
111.4 Sampling Procedure Protocol presentation

IV.5 Sample code key



Accurate and Reliable Testing of Mycotoxins in Agricultural & Food
Products https://www.youtube.com/watch?v=J7kut5N3ubw

Risk Assessment Related to Pathogenic Hazards in Food Processing
https://www.youtube.com/watch?v=2ITh2PAsalE

L 50 alasiul zo) 3 PH Meter (You will be using this)
https://www.youtube.com/watch?v=BVbKcQTZIKs

a2 52 PH
https://www.youtube.com/watch?v=KCQuaua8hJQ

Micropipetting (You will be using this)
https://www.youtube.com/watch?v=NgosWmRjjAo

Multi-channel pipette: Important points when using (You will be using this)
https://www.youtube.com/watch?v=Irp80f9RVtQ

Pipette Calibration and Cleaning (You will be using this)
https://www.youtube.com/watch?v=MBq55FtOzN4

Measurement Uncertainty and Calibration Tolerances
https://www.youtube.com/watch?v=Zy1kt6EKOWI

How to calculate a serial dilution (You will be using this)
https://www.youtube.com/watch?v=HZzpgjGosmg

Concentration of Solutions: PPM and PPB Parts Per M/B
https://www.youtube.com/watch?v=Wzj TL95- Q

Concentrations Part 1
https://www.youtube.com/watch?v=V11BtOOrxRY

Concentrations Part 2
https://www.youtube.com/watch?v=yeRzphpG104

Concentrations Part 3
https://www.youtube.com/watch?v=yFn590MUgOU

Concentrations Part 4
https://www.youtube.com/watch?v=a3 NmawmxKM

Concentrations Part 5 - serial dilution
https://www.youtube.com/watch?v=ZqdU3VfQ Tc

Concentrations Part 6
https://www.youtube.com/watch?v=0kD68RCnypQ



https://www.youtube.com/watch?v=J7kut5N3ubw
https://www.youtube.com/watch?v=2lTh2PAsalE
https://www.youtube.com/watch?v=BVbKcQTZIKs
https://www.youtube.com/watch?v=KCQuaua8hJQ
https://www.youtube.com/watch?v=NgosWmRjjAo
https://www.youtube.com/watch?v=Irp80f9RVtQ
https://www.youtube.com/watch?v=MBq55FtOzN4
https://www.youtube.com/watch?v=Zy1kt6EKOWI
https://www.youtube.com/watch?v=HZzpgjGosmg
https://www.youtube.com/watch?v=Wzj_TL95-_Q
https://www.youtube.com/watch?v=V11BtOOrxRY
https://www.youtube.com/watch?v=yeRzphpG1O4
https://www.youtube.com/watch?v=yFn59OMUqOU
https://www.youtube.com/watch?v=a3_NmawmxKM
https://www.youtube.com/watch?v=ZqdU3VfQ_Tc
https://www.youtube.com/watch?v=0kD68RCnypQ

Filtration (You will be using this)
https://www.youtube.com/watch?v=Q0s71cjCNWs

Spectrophotometry - Finding the concentration of an unknown (THIS IS VERY IMPORTANT SINCE THIS IS
HOW THE EQUIPMENT WE WILL BE USING WORKS)
https://www.youtube.com/watch?v=NRGASXMNR5I

Determining the Concentration of an Unknown Sample Using the Standard Curve Excel 2010 (also
important)
https://www.youtube.com/watch?v=1BdVmIATI2w

Beers Law (also important)
https://www.youtube.com/watch?v=4GI-6uR8k40

Spectrophotometric Enzyme Assays
https://www.youtube.com/watch?v=egiBP fPnBA

ELISA Tutorial 1: How a Direct, Indirect and Sandwich ELISA Works
https://www.youtube.com/watch?v=nNjIBChpGZ4

ELISA Tutorial 2: Coating and Blocking the ELISA Plate
https://www.youtube.com/watch?v=AmG7FBolfdc

ELISA Tutorial 3: Preparing and Adding Samples to the ELISA Plate
https://www.youtube.com/watch?v=darrx6FOwsg

ELISA Tutorial 4: Finishing the Assay (Sandwich ELISA)
https://www.youtube.com/watch?v=z14khlJhCd8

ELISA Tutorial 5: Preparing ELISA Data in Excel for Analysis with GraphPad Prism
https://www.youtube.com/watch?v=19t081ZCeRg

ELISA Tutorial 6: How to Analyze ELISA Data with GraphPad Prism
https://www.youtube.com/watch?v=5lggpKSnXfl

Mycotoxin MycoSep Columns (You will be using this)
https://www.youtube.com/watch?v=3QBkCLZIvDU

Bioser S.A. - Kit AgraQuant de Romer Labs (You will be using this)
https://www.youtube.com/watch?v=g4LtXpglLtSY

AgraQuant Mycotoxin ELISA (You will be using this)
https://www.youtube.com/watch?v=pzUi6gxuy3g

AgraStrip® WATEX Training Video (You will be using this)
https://www.youtube.com/watch?v=_54PmQqtNC4



https://www.youtube.com/watch?v=Q0s71cjCNWs
https://www.youtube.com/watch?v=NRGA8XMNR5I
https://www.youtube.com/watch?v=1BdVmIATl2w
https://www.youtube.com/watch?v=4GI-6uR8k4o
https://www.youtube.com/watch?v=egiBP_fPnBA
https://www.youtube.com/watch?v=nNjlBCnpGZ4
https://www.youtube.com/watch?v=AmG7FBolfdc
https://www.youtube.com/watch?v=darrx6F0wsg
https://www.youtube.com/watch?v=zI4khIJhCd8
https://www.youtube.com/watch?v=l9tO81ZCeRg
https://www.youtube.com/watch?v=5IqqpKSnXfI
https://www.youtube.com/watch?v=3QBkCLZIvDU
https://www.youtube.com/watch?v=g4LtXpgLtSY
https://www.youtube.com/watch?v=pzUi6gxuy3g
https://www.youtube.com/watch?v=_54PmQqtNC4
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Mycotoxins: An Overview

Andreia Bianchini, PhD
University of Nebraska - Lincoln
and
Debra Frey, MSc
Kansas State University

KANSAS STATE UNIVERSITY JOF
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Post-Harvest Loss Reduction




General Information

* Large, diverse group of fungal toxins

* Naturally occurring

* Toxic to plants, animals, humans, microorganisms and
cell cultures

* May be thousands of uniqgue mycotoxins in nature

* True number is unknown



http://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://en.engormix.com/alltech/elisa-quick-tests-determine-mycotoxins-presence-feed-samples-sh1537_pr4764.htm&ei=qP_sVJrXMJKWyATr94DYDw&psig=AFQjCNGtTXKqtvWhBHBVDF0M83NJL4475A&ust=1424904488870049

* Ingestion (Direct or Indirect)

* Inhalation

* Direct dermal contact

Routes of Exposure

Inhalation

\ — a ‘f-;;v:
‘ S
— absorption



Effects of Mycotoxins

* Acute exposure
» Vomiting/Gastrointestinal diseases

* Death
* Chronic exposure to insidious low-levels
- Growth retardation and lack of weight gain
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Concerns About Mycotoxins

* Where populations have a single dietary staple

* May be exposed to great amounts
* Acute and chronic toxicity possible
* Less developed countries — more direct

exposure

* Where diets are diverse

Low levels of exposure
Foods of better quality — lower amounts
More developed countries — direct and

indirect exposure ‘FRREEEAER
< Food Ingredients ' |
< Residues in animal products — milk, eggs, edible organ tissues
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« REGULATORY ACTION GUIDANCE:

- The following represents the criteria for direct reference seizure to
Division of Compliance Management and Operations (HFC-210)
and for direct citation by the District Offices:

« NOTE: Examine a minimum of 10 subs from each code or from the
lot if no codes are present.

- MOLD: Natural raisins average 5 percent or more by count moldy.

- SAND: The average is 40 milligrams or more of sand and grit per
100 grams of natural or Golden Bleached raisins.

- INSECTS: The following represents the criteria for recommending
legal action to CFSAN/Office of *Compliance*/Division of
Enforcement (HFS-605









Aflatoxins

* Aflatoxins are heptocarcinogens
Involved in human liver cancer worldwide
Liver cancer is most prevalent in the tropical regions of the
world (where toxin mostly occurs)
May cause cancer in other organs and tissues
Aflatoxin B, is most toxic and most carcinogenic

* Immunotoxic
* Interferes with absorption of nutrients

Stunting in Afghanistan
By




Aflatoxins

* Produced mainly by Aspergillus flavus and A. parasiticus
* May contaminate cereals and oil seeds

* Wheat, raisins, dried fruit, corn, peanuts, tree nuts, and
cottonseed
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Ochratoxin A
* Nephrotoxic — kidney damage
* Carcinogenic to kidneys, embriotoxic, and teratogenic

* Diseases associated with ochratoxin A:
* Porcine Nephropathy
* Balkan Endemic Nephropathy
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Ochratoxin A

* Produced by Aspergillus ochraceus, A. carbonarius, and

Penicillium verrucosum
COOH o ©OH O

* May contaminate nuts, | |
raisins and wheat CH-CR=NH=C

Cl




Deoxynivalenol/Vomitoxin

» Causes vomiting or emesis in cattle, dogs, cats, and humans
Vomitoxin
 Causes foodborne illness or gastroenteritis in humans

Nausea, facial rash, throat irritation, abdominal pain, diarrhea,
headache, fever, chills

* Suppress immune system




Deoxynivalenol/Vomitoxin

Produced by F. graminearum and F. culmorum
One of a group of mycotoxins known as trichothecenes
Found in diseased grain (i.e. corn, wheat, barley)
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Fumonisin

* Diseases associated with fumonisins:
* Cause severe immunological or hematological problems, therefore
representing contaminants of considerable concern to human and
animal health.




Fusarium sp.

* Trichothecene (T2) Mycotoxin
* In humans, it has been linked to:

* Esophageal cancer in South Africa, Northeast Italy and Northern China
* Neural tube defects in developing human embryos

* The most dangerous of the mycotoxins

* Mainly found in wheat




Mycotoxins of Greatest Concern in Grains and
the Molds that Produce them

Mycotoxins Molds
Aflatoxins Aspergillus flavus, A. parasiticus, A. nomius
Ochratoxin Aspergillus ochraceus, A. niger

Penicillium verrucosum

Fumonisins Fusarium verticillioides (moniliforme)
F. proliferatum, F. subglutinans, F. tricinctum

Deoxynivalenol Fusarium graminearum, F. culmorum
(DON, Vomitoxin) F. pseudograminearum



Geographic Pattern of Mycotoxin Occurrence

3 . Ochratoxins (moderate, subtropical) J
Trichothecenes, Zearalenoneg{worldwide). s ..omm. J

www.biomin.net



Mycotoxin Global Occurrence in 2013

* On average, In

ZEN 34% ZEN 23%
DON 87% DON 56%

e " o the >4,200 samples:
* AFLA: 30%
* ZEA: 37%

A afla 29% =
A ZEN 26% 7
= DON 66%
FUM 36%
OTA 28%

Afla 14%

. Afla 5% ZEN 57%

] Afla 26% 2N 18% DON 79% ® DON . 59(y
4 2eN 9% DON 50% _—— FUM 47% * 0
&4 DON 33% FUM 71% L ‘ OTA 15%

d rum 5% OTA 46% NP 0
S o1a 2% : Afla 59% ® FUM: 55/)

} ZEN 49%
Afla 59% | = RS DON 34%

P
o
i | el S . OTA: 23%
=4 DON 36% 3 OTA 25% . 0

ZEN 26% ‘,
DON 67% by FUM 57% e j

Afla 67% s

FUM 78% OTA 55% by
Afla 12% OTA 56% v " 4
ZEN 39% ] Afla 0%
DON 33% g ZEN 0% Afla 4%
FUM 76% ™ DON 10% ZEN 19%
OTA 2% 3 FUM 92% DON 24%

OTA 3% FUM 16%

OTA 13%

* High prevalence of FUM found in samples originating from UK.

www.biomin.net



Mycotoxin Occurrence in the Food Chain

mmE A e

Biological factors Environmental factors
* Susceptible * Temperature . Crop matunty
crop —- + Moisture —p- . Temperature
* Compatible * Mechanical injury * Moisture
toxigenic * Insect/bird damage * Detection/Diversion

fungus * Fungus /

b
v

* Detection/Diversion
Factors affecting mycotoxin occurrence in the food chain (CAST, 2003).

H Animal products




Mycotoxin Occurrence in the Food Chain

mmE A e

Biological factors Environmental factors
* Susceptible * Temperature . Crop matunty
crop —p- + Moisture —p- . Temperature
* Compatible * Mechanical injury * Moisture
toxigenic * Insect/bird damage . DetecuoNDiversion
fungus * Funaus
Stomae
* Temperature
Moisture
/ . DetectloNDwemon\\
A J
Distribution - Processing
* Detection/Diversion Vﬂ
Animal products Anknal

Factors affecting mycotoxin occurrence in the food chain (CAST, 2003).



Mold in Grain - Storage Problems

* High humidity and moisture problems (14-30%)

* Warm temperatures (25-35°C)

* Fluctuating and low temperatures

* Extended storage time

* Insect and mite activity in the grain

* Main molds of concern:

. Aspergi//us INSPECTION AND ASSESSMENT OF GRAIN WAREHOIUSE
* Penicillium

e Fumonisins

Cla ale A8 L)) 5



Control Measures During Storage

Dry grain properly before storage (below 12-14%)

Provide good aeration of the grain
 Treat grain to kill insects
* Monitor insect activity

* Avoid extended storage time
STACKING OF BAGS IN WARE-HOUSE

Correct Method Incorrect Method



Mycotoxin Analysis - Main Steps

Sampling

Grinding & Homogenisation

Extraction
10-200 g sample

!

Filtration

!

Clean-up
Separation of matrix from analyte

!

Preparation for analysis
Preconcentration
Defined amount of solvent added

!

Analysis




Mycotoxin Analysis - Main Steps

Q Sam!;zling >
'

Grinding & Homogenisation

!

Extraction
10-200 g sample

!

Filtration

!

Clean-up
Separation of matrix from analyte

!

Preparation for analysis
Preconcentration
Defined amount of solvent added

!

Analysis




Sampling

» Major source of error and variation

» Mycotoxins are not evenly distributed in a lot
Not every kernel or nut is contaminated

» A few kernels can contaminate large lots




Sampling

48 51 52
49 50 53
51 50 50
50 53 48
Protein

99

Aflatoxin




Sampling - Representative Sample

 In order for a sample to be representative it must:

* Be obtained with equipment and procedures designed to
obtain sample from all areas of the lot

* Be of appropriate size
* Be adequately identified

* Be handled in such a way as to maintain its
representativeness




Sampling - Representative Sample

'/

* Probes and bag triers 4
/ /

!
'
A: Closed spear for sampling large grains such as maize !
C= —

B: Closed spear for sampling small grains such as wheat

pa—Giny

C: Open spear
% —

D: Double-tube spear

\

e e S = =-$"D




Sampling - Representative Sample

» Sampling procedures




Sampling Devices

* Probes
» Standard lengths -5, 6, 8, 10, and 12 feet { |
* The depth of the carrier defines the length of the probe used

——— e cen

Carriers Probe Lengths Compartments
Barges and Bay Boats 12-toot 20 compartments
Hopper Cars 10- or 12-foot 20 compartments
Boxcars 6-foot 12 compartments
Trucks 5- or 6-foot 11 or 12 compartments
Hopper-Bottom Trucks 6-. 8-, or 10-foot 12, 16, or 20 compartments

Other Contaiers - Use grain probes that will reach the bottom of the container.




Sampling Patterns

* Trucks - GIPSA
* Flat bottom; grain more than 4 feet deep
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Sampling Patterns

» Sacked grain - GIPSA

 If the lot contains more than 10,000 sacks
<*Divide into 2 or more equal size sub-lots
<*From each sub-lot randomly select 36 sacks for sampling




Sampling - Sample Size

» According to GIPSA

Lot Type Minimum Sample Size (Ibs.)/ grams
Trucks 2 pounds / approximately 908 grams
Railcars 3 pounds / approximately 1.362 grams

Barges/Sublots 10 pounds / approximately 4.540 grams

Truck Load = About 900 bushels of corn
Each corn bushel = 56 lbs
908 g sample = 0.04% of the load!
But never less than 1 kg!!



Mycotoxin Analysis - Main Steps

Sampling

< Grinding & Homogenisation >

!

Extraction
10-200 g sample

!

Filtration

!

Clean-up
Separation of matrix from analyte

!

Preparation for analysis
Preconcentration
Defined amount of solvent added

!

Analysis




Sample Preparation - GIPSA

» Entire sample is ground in a mill
» Two 500 gram subsamples are taken
* One for testing and another for retention

* From the 500 g work portion
* Use a Boerner divide to remove 50 g for analysis

REDUCTION FROM BULK TO
Bulk MEASUREMENT SAMPLE

Material

Laboratory
Sample
g

Measurement
Sample

Particle Sciences




Sample Preparation - Size Reduction




Size Reduction in the Field

* The samples should be ground in its totality
(300 g)

- * According to Romer Labs:
. » Sample for analysis: 75% should pass through
a 20-mesh screen (850 um)
4 I I * 5 minin the food processor: 52.56% of
oy, .-__ samples was smaller than 850um

f‘ * 3 minin the ostar grinder: 81.22% of
particle size {microns) - samples was smaller than 850um

percent of total particles

tn
]

dargae

grraail


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://handprint.com/HP/WCL/tech24.html&ei=S0ntVNeRPNWkyASZ5oLwDg&bvm=bv.86956481,d.aWw&psig=AFQjCNFylgT6ZlUTFbouCH3C8AoldJScoQ&ust=1424923306230790

Splitting Samples in the Field

* From original ground sample (1 kg):
* 500 g: Mold and yeast counts
* 500 g: Mycotoxin analysis
* Remaining: Retain



Mycotoxin Analysis - Main Steps

Sampling

!

Grinding & Homogenisation

Extraction
10-200 g sample
—— 1 e —

Filtration

!

Clean-up
Separation of matrix from analyte

!

Preparation for analysis
Preconcentration
Defined amount of solvent added

!

Analysis




Mycotoxin Extraction

» Extraction solvent
* Aqueous phase (phosphate buffer)
* Organic solvent

 Combination of both
**Methanol and Water — Aflatoxins,
Ochratoxin, Fumonisins

* Done in a blender or shaker




Mycotoxin Analysis - Main Steps

Sampling

Grinding & Homogenisation

Extraction
10-200 g sample

|
| Filtration \

Clean-up
Separation of matrix from analyte

!

Preparation for analysis
Preconcentration
Defined amount of solvent added

}
\\ Analysis //




Analytical Procedures

» Officially approved methods should be used
* Association of Official Analytical Chemists (AOAC)
« USDA / GIPSA Approved

« Commercial test kits are available for
 Aflatoxins e Deoxynivalenol

 Ochratoxin A  T-2 Toxin




Analytical Procedures

* Principles of the method
e Usually done in an antibody coated micro well plate or strip
* Based on a competitive assay format

» Advantages of test kits
* No need for clean-up
Fast
Cheaper than HPLC, CG
Equipment: microwell reader (visible light)
Some kits are approved by GIPSA for grain and grain based
ingredients



Manufacturers/Suppliers of Test Kits

Romer Laboratories (http://www.romerlabs.com/)

Diagnostix (http://www.diagnoxtix.ca/)

Neogen Corporation (http://www.neogen.com/)

Strategic Diagnostics Inc (http://www.sdix.com/)

VICAM (http://www.vicam.com/)

R-Boppharm Rhone LTD (http://www.r-biopharmrhone.com/)
R-Boppharm (http://www.r-biopharm.com/)



Romer - AgraStip

* One-step lateral flow immunochromatographic assay

* Based on a competition immunoassay format

Antibody-particle complex (conjugate) lyophilized in a microwell

Sample is mixed with conjugate in microwell

Mixture is wicked onto a strip

In the strip the test zone captures free conjugate

<»The more color, the more toxin in the sample



http://shop.romerlabs.com/en/Equipment/AgraVision-Reader

Romer - AgraStip

Animation for ELISA - lateral flow

||l|l0VATIO

mmsmp ( )
SUSTAINAB\UTY



http://passel.unl.edu/pages/animation.php?a=latflow07d2.swf&b=1083008208
http://passel.unl.edu/pages/animation.php?a=latflow07d2.swf&b=1083008208
http://passel.unl.edu/pages/animation.php?a=latflow07d2.swf&b=1083008208
http://passel.unl.edu/pages/animation.php?a=latflow07d2.swf&b=1083008208

Mycotoxins in Guatemala

Type of corn Number of Aflatoxin Levels Fumonisin Levels
Samples samples (Average; Range) (Average; Range)
5.56ppb; 0.15ppm;

<2ppb - 21.4ppb All samples <0.3ppm

. 3.65ppb; 0.15ppm;
After screening 4
<2ppb - 6.34ppb All samples <0.3ppm
At beginning of 9 4.31ppb; 1.25ppm;
storage (day 0) <2ppb - 8.86ppb <0.3ppm - 5.9ppm

Middle of storage

1 3.78ppb <0.3ppm
(day 30) pp pp

To this date only about 20% of the samples
have being analyzed for mycotoxins.



Some values to keep in mind...

. Advisory Level Guidance Level Guidance/Regulatory Level
Type of Mycotoxin
(FDA) (FDA) (Others)
L Aflatoxin’ PN

4 ppm (4,000 ppb)
Corn for production of masa
1 ppm (1,000 ppb)

2 ppm (2,000 ppb
Finished wheat products ppm ( ppb)

Deoxynivalenol 10 ppm (10,000 pph) Raw grain
ppm Z5T7R PR CODEX (?)

Raw grain
200 ppb

Unprocessed corn/Corn for
direct consumption
75 ppb
Other cereal for direct

Zearalenone

consumption



Mycotoxins: An Overview

Andreia Bianchini, PhD
University of Nebraska - Lincoln
and Debra Frey, MSc
Kansas State University
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design and imple
manner with MAIL.

The PHL Innovation Lab will summarize findings, and pro
recommendations for follow-up actions which should include
ways to strengthen the institutional capacity of Afghan
government and private sector entities to address mycotoxin
contamination if it is identified as a problem. /

The assignment will be implemented under the USAID Bureau
for Food Security’'s Leader with Associate mechanism for the
Innovation Lab for the Reduction of Post-Harvest Loss (PH
Innovation Lab, the Awardee).



Nile mycotoxins
produced by

ones are ‘ - Asperqillus parasiticus
» They have toxic side effects to plants, animals, anc
Aflatoxin B, is a potent liver carcinogen

Ochratoxin A and citrinin both affect kidney function.

WHO: Afghanistan ranks 6™ in the world for liver cancer and 3
for kidney cancer.

» Mycotoxin contamination of crops has been a worldwide
problem for thousands of years.

» Only in the last thirty or forty years has technology allow
researchers to isolate the fungal mycotoxins and stud

effects on feed crops, livestock, and their effects onhumans. 3


http://en.wikipedia.org/wiki/Mycotoxin
http://en.wikipedia.org/wiki/Aspergillus_flavus
http://en.wikipedia.org/wiki/Aspergillus_flavus
http://en.wikipedia.org/wiki/Aspergillus_parasiticus
http://en.wikipedia.org/wiki/Aspergillus_parasiticus

Biological Factors Environmental Factors Harvesting

Temperature
Moisture
Detection/Diversion

v

Detection/Diversion

A

Animal Products



Where populations have a single dietary staple
May be exposed to great amounts
Acute and chronic toxicity possible
Less developed countries — more direct

exposure

Where diets are diverse
Low levels of exposure
Foods of better quality — lower amounts
More developed countries — direct and

indirect exposurels '
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Food Ingredients B ..
Residues in animal products — milk, eggs, edible orgap‘tissues



» Higher mortality rates

» Reproductive failures (abortions) » Increased produ

» Reduced feed efficiency cosis
» Overall quality loss » Increased post harvey
» Lower milk production costs

» Nonmarketable milk



o A G

Training of fie
Implementation of data collection
Technical & material support to MAIL

Assessment findings, draft report & presentation to

MAIL, MoCl & MoPH /
International Workshop on pre and post-harvest

loss reduction /




» Document
» Consultation with MAIL and other
» Design of Research approach

» Field sampling:

» Information Collection and Analysis:

» Major findings and/or important next steps with MAIL and
USAID

CO



Esophageal cancer in
Northern China

Neural tube defects in developing human embryos

The most dangerous of the mycotoxins

Mainly found in wheat




Major source of error and variation
Mycotoxins are not evenly distributed in a lot
Not every kernel or nut is contaminated
A few kernels can contaminate large lots




48 51 52
49 50 53
51 510) 50
50 53 48
Protein

99

Aflatoxin




» Stakeho
» MAIL Lab support
» MAIL training

» International Workshop in 2015
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OULTINE

Types of sampling

Sampling Procedure Protocol
Sample collection

Sampling tools

Packing and labeling of samples
Submission sample for Analysis



Types of Sampling

Primary sample: Each probe or handful of sample taken either in
bag or in bulk is called primary sample.

Composite sample: All the primary samples drawn are combined
together in suitable container to form a composite sample.

Submitted sample: When the composite sample is properly
reduced to the required size that to be submitted to the Wheat,
Raisin and Nuts testing laboratory, it is called submitted sample.

Working sample: It is the reduced sample with required weight
obtained from the submitted sample after repeated mixing and
dividing with which the seed quality tests are conducted in Wheat,
Raisin and Nuts testing laboratory.



Sampling Procedure
Protocol




Methods and Types of Sampling

Objectives:

1 Sampling is done to get a uniform and representative
sample from a wheat/dry fruits lot. The size of the
submitted sample required for testing is small as
compared to the size of the lot, therefore, care must be
taken to ensure that the submitted sample represents the
lot of the wheat/dry fruits to be tested.

1 Hence it is essential that the samples be prepared in
accordance to following guidelines (sampling protocol) to
ensure that the small size sample should represent truly
and in the same proportion all constituents of seed lot.



Wheat/\WWheat flour




Sampling Continue.....

To describe how a sample has to be taken, to be representative of a specific lot.

What is a lot?

The total amount of flour obtained after grinding what a farmer brought in to the Asiab
mill;
The total amount of flour produced in a day or half-day in a commercial mill;

The total amount of flour or wheat a farmer have stored in their house (it could be a
single bag or several bags);

The total number of bags a vendor may have available at the market coming from a
single source (i.e. received all at once from a specific region of Afghanistan or
imported from a specific country) or the total number of bags a vendor may have of a
specific type of flour/wheat.

The total number of flour/wheat bags in a warehouse from a single source (i.e.
received all at once from a specific region of Afghanistan or imported from a specific
country);

The total number of flour/wheat bags a warehouse may be storing, if there is no

information that help further segregate those bags. An example of further segregation
would be flour/wheat received from a single source or a specific harvesting year;



Raisins and Nuts




Raisins and Nuts

To describe how a sample has to be taken, to be representative of a specific lot.

What is a lot?

The total amount of raisins or nuts drying at a small processor;

The total amount of raisins or nuts processed in a day or half-day in a commercial
facility;

The total amount of raisins or nuts a farmer have stored in their house (it could be a
single bag or several bags);

The total number of bags a vendor may have available at the market coming from a
single source (i.e. received all at once from a specific region of Afghanistan or
imported from a specific country) or the total number of bags a vendor may have of a
specific type of raisins or nuts (i.e. pistachio shelled or unshelled, walnuts, paper shell
almonds or other variety).

The total number of bags of raisins or nuts in a warehouse from a single source (i.e.
received all at once from a specific region of Afghanistan or imported from a specific
country) or type (i.e. dark raisins or yellow raisins, paper shell almonds or other types);

The total number of bags of raisins or nuts a warehouse may be storing, if there is no
information that help further segregate those bags. An example of further segregation
would be product received from a single source, of a single variety or a specific

harvesting year; 10



SAMPLING PROCEDURES

For bagged or pilled products (i.e. flour, grain, nuts, raisins)
In order to obtain a representative sample from a lot a sufficient number of

sub-samples must be taken using the following rules:

a. If there is only one bag/pile of product, randomly select at least 5 sampling
points and take a sub-sample from each point.

b. If there are up to 10 bags of product, take one sub-sample per bag.

c. If there are between 11 to 100 bags of product, randomly select 10 bags
and take one sub-sample per bag.

Note: In the case of Asiab mills, sub-samples should be taken at intervals
during grinding (i.e. beginning of grinding of a wheat lot, middle of griddin
and at the end of the process). "




12
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Sampling points

The sampling points must be evenly distributed over the total lot/pile
surface according to a grid sampling pattern (figure 1). If samples are in
bags, using a sampler, take sub-samples at regularly spaced intervals
over a given space (lot). Choose an initial location at random, and then
define the remaining sampling locations so that all locations are at
regular intervals over an area; for example, at the points identified by the
intersection of each line in the grid shown in figure 1. If samples are
pilled, and the use of the probe is not possible due to a low height of the
material, then follow the same grid pattern but use a measuring cup to
obtain the sub-samples.

I T T y



Using probe sampler:

follow the steps listed from a through d (see figure 2):

a. Insert the sampler into the product bag/container (A)

b. Rotate the inner tube through 180° (B), to open the sampler.
The product can now flow into the slot sampler.

c. Rotate the inner tube through 180° to close the sampler and
withdraw the sampler (C).

d. Pull out the inner tube and deposit the sample into a plastic
container (D).

Using a sampler

15



For product spread out or hanging for
drying (i.e. nuts and raisins)

In order to obtain a representative sample from a lot a sufficient number
of sub-samples must be taken using the following rule:

From the area where the product is drying randomly select at least 5
sampling points and take a sub-sample from each point. Figure 1 could
be used as illustration of points for sampling almonds that may be spread




Take Composite Sample

Once all the sub-samples have been collected from the selected sampling

points, thoroughly mix the sub-samples into a plastic container (tub or bucket)
to obtain a composite sample.

Primary Samples

Excess seed
returnedto ssadlot

| Composite

e T Excess seed
a

Subm iﬂed Sme itted returmedto seadlot
(Moisture Content) (Purity, Seed weight,
Germination)

Working Working Working Working
(G (5 g) (Purity) (Purity)

| Pure Seed ]

Wor ng
(Seed Weight,
Germination)

17



Samples for testing, defense and reference taken from
composite or sub samples.

Sample for enforcement

Sample for deferce

Sample for enforcement
Sample for deferce

Sample for enforcement
Sample for deferce

0
0
9
0 mmp
0
0
©

=i aam

Place of sampling

Laboratory




From the composite sample, take the following number of sub-
samples using a 1-liter plastic cup to obtain at least 500 g of
shelled product:

a) Wheat flour: 1 full cup

b) Almonds without shell: 1 full cup
c) Almonds with shell: 3 full cups

d) Walnuts without shell: 2 full cups
e)Raisins: 1 full cup

f) Pistachios without shell: 1 full cup
g) Pistachio with shell: 2 full cups

19
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Feed the Future

Labeling

1 Place the 500 g sample in
sterile plastics bags, properly
labeled

1 The plastic cups must be
cleaned after the sample is
placed in the sterile plastic bag
using wet wipes to remove any
dust/particles adhered to the
walls, followed by drying using
paper towels.

20



Important Note:

Transfer samples to the laboratory in Kabul as soon as possible. In the
meantime, store the samples in a clean dry place, away from pests such as
insects, rodents or birds, until they are ready for shipment and further analysis.
If extended storage (i.e., more than 3 days) is needed before sample is
transferred to laboratory then samples should be frozen.

If samples are not shipped when expected, they must be stored in the freezer
until the next day of shipping.

Sample information must be added to “Sampling control log (AFG)” prior to
shipment.

21
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Proposed Wheat / Flour / Wheat Products Sampling

Type of Samples

Number of Samples

W01 | Asiabs Mill Flour of Afghan Origin 103 - 156
W02 | Grist Mill Flour of Afghan Origin
W03 | Asiabs and Grist Mill Flour of Kazakhstan Origin 5-10
W04 | Asiabs and Grist Mill Flour of Uzbekistan Origin 3-7
W05 | Purdue Improved Crop Storage (PICS) bags 4
W06 | Two warehouses or storage facilities in Mazar-i-Sharif, Kabul, and 6
Herat, as recommended by grain traders or farmers.
W07 | Two naan bakeries in each of the three regions 9-22
W08 | Two — four flour millers in each of the three regions 9-22
W09 | In Kabul market sampling of Pakistan flour 6-12
W10 | In Herat market sampling of Iran wheat products 3-6
W11 | In Kabul market sampling of other flour 2-5
TOTAL 150 - 250

Proposed Raisins Sampling Scheme.

Type of Samples Number of
Samples
R0O1 | Medium Quality Round Green Raisin 17-29
R02 | Medium Quality Long Green Seedless 17-28
Raisin
RO3 | High Quality Shundurkhani Raisin 17-29
(Golden-High Value)
R04 | Medium Quality Red Raisin 17 -28
RO5 | Sun dried Shomali Raisin 17-29
RO6 | Sun dried Ghazni Raisin 17 - 28
RO7 | Sun dried Tayefe Raisin (Mazar-i-Sharif) 18 -29
R08
R0O9 | Other OR Mixed Raisin
TOTAL 120 - 200
Proposed Almond Sampling Scheme.
Type of Samples Number of
Samples
A01 | Sattarbai Soft-shell Almonds (Mazar-i- 15-25
Sharif)
A02 | Shokorbai Hard-shell Almonds 15-25
A03 | Abdul Wahidi Almonds (Mazar-i-Sharif) 15-25
A04 | Qambari Amonds 15-25
A05 | Ghorbandi Alomonds 15-25
A06 | Sangaki and Murawaji Almonds (smaller 15-25
kernels)
A07 | OTHER ALMOND
TOTAL 90 - 150




Proposed Pistachio Sampling Scheme.

Type of Samples Number of
Samples
P01 Korak Pistachios 23 - 38
P02 Pushdara Pistachios 23 - 38
P03 Khandan-e-safid Pistachios 23-38
P04 Other varieties of Pistachios 21 - 36
TOTAL 90 - 150
Proposed Walnut Sampling Scheme.
Type of Samples Number of
Samples
WNO1 | Zard Walnuts (yellow kernels) 10 - 17
WNO2 | Mazaari Walnuts 10-17
WNO3 | Takhari Walnuts 10-17
WNO04 | Korek Walnuts 10- 17
WNO5 | Kaghazi Walnuts (paper shelled) 10- 17
WNO06 | Other varieties of Walnuts 10-15

TOTAL

60 - 100




Appendix 1V — Manufacturer ELISA test kit protocols

IV.1 Romer AgraQuant® Total Aflatoxin Assay 4/40

IV.2 Romer AgraQuant® Ochratoxin Assay 2/40

IV.3 Romer AgraQuant® T-2/HT-2 Toxin Assay 25/500

IV.4 Romer AgraStrip® Deoxynivalenol (DON) Quantitative Test
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Romer Labs

AgraQuant® Total Aflatoxin
Assay 4/40

Order No.:
COKAQ1000/COKAQ1048

Romer Labs Singapore Pte. Ltd.
Tel: (65) 6631 8018

Fax: (65) 6275 5584

Web: http://www.romerlabs.com


http://www.romerlabs.com

A
N
AR
ROMER
AR

Romer Labs

This Package Insert is available in following languages:

- Spanish

- French

- Portuguese
- Chinese

Please visit our Resource Library on www.romerlabs.com to
download the package insert in different languages.

For further information please contact:

Technical Services Tel: (65) 6631 8018
Romer Labs Singapore Pte. Ltd. Fax: (65) 6275 5584
3791 Jalan Bukit Merah #08-08 Web: http://www.romerlabs.com
e-Centre@redhill, Email: salesasia@romerlabs.com

Singapore, 159471


http://www.romerlabs.com
http://www.romerlabs.com
mailto:salesasia@romerlabs.com

of aflatoxin: Bi, B,, G; and G,, which are named for =
their respective innate fluorescent properties. | .
Aflatoxin B; is the most frequently encountered of @ A™@ OCH,
the group and the most toxic. Aflatoxins can be found

mainly in cereals, corn, peanuts, cottonseed and Aflatoxin B1
outs.

®
AgraQuant” Total N
N AR
Aflatoxin Assay 4740 ROMER
o AR
Competitive ELISA Romer Labs
Order #: COKAQ1000/COKAQ1048
Aflatoxins
Aflatoxins are toxic and carcinogenic. They are o o
metabolites of the fungi Aspergillus flavus and
Aspergillus parasiticus. There are four principle types H ?)J\‘d
|

Short Instruction:

5 Vrry’,',‘,,’, Pipette 200 pL conjugate solution into dilution wells

Add 100 pL of each standard or sample extract
into the dilution wells.

Mix well and transfer 100 pL from dilution wells into
antibody coated wells, incubate at RT for 15 minutes

Wash 5 times with distilled/deionized water

Tap dry washed wells

- /| Pipette 100 pL substrate solution into the antibody
s coated wells, incubate at RT for 5 minutes
.-r 1 Pipette 100 pL stop solution into the antibody coated

wells

f Read the strips with ELISA reader using 450nm filter
and 630nm differential filter

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
property of Romer Labs Singapore Pte Ltd.
PI_COKAQ1000/COKAQ1048_TSW_EN_v04
Page 3 of 13
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Performance Characteristics:
LOD: 3 ppb for corn and other commodities

LOQ:

5 ppb for Sorghum
6 ppb for DDGS
4 ppb

Range: 4-40 ppb

Sample

Preparation / Extraction

1.

Obtain a representative sample and grind it using a Romer
Series 11® Mill so that 75% will pass through a 20-mesh
screen, then thoroughly mix the subsample portion.

Weigh out 20 g of ground sample into a clean jar that can
be tightly sealed. (For corn bran, weight out 10g instead of
209).

Add 100 mL of 70/30 (v/v) methanol/water extraction
solution and seal jar. Note: Samples (except corn bran)
should be extracted in a ratio of 1:5 (w:v) of sample to
extraction solution respectively. (For corn bran, add 100mL
of 70/30 (v/v) methanol/water extraction solution to 10g of
ground sample and seal jar; the extraction ratio is 1:10
(w/v). The final result of aflatoxin in corn bran is the ELISA
testing result times the dilution factor of 2).

Vigorously shake or blend for 3 minutes.

Allow sample to settle, then filter the top layer of extract
through a Whatman #1 filter and collect the filtrate. Note:
Commodity extracts should have a pH of 6-8. Excessive
alkaline or acidic conditions may affect the test results and
should be adjusted before testing.

Sample is now ready for testing. (Except for walnuts and
mooncake, their extracts need to be cleaned with a

©2014

by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
property of Romer Labs Singapore Pte Ltd.
P1_COKAQ1000/COKAQ1048_TSW_EN_v04
Page 4 of 13
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MycoSep 112 column before testing, contact technical
service for details).

Assay Procedure in Detail

Note: All reagents and kit components must be at room
temperature 18-30°C (64-86°F) before use. It is recommended
that an 8-channel pipettor be used to perform the assay. No
more than 48 samples and standards total (6 test strips) should
be run in one experiment when using an 8-channel pipettor. If
an 8-channel pipettor is not used (i.e. using only single channel
pipettes), it is recommended that no more than a total of 16
samples and standards (2 test strips) be run in any one
experiment.

1. Place the appropriate number of blue/green-bordered
Dilution Strips in a microwell strip holder. One Dilution Well
will be required for each standard, (i.e. 0, 4, 10, 20, & 40
ppb) or sample.

2. Place an equal number of Antibody Coated Microwell strips
in a microwell strip holder. Return unused microwell strips
to the foil pouch with the desiccant packet and reseal
pouch with tape.

3. Measure the required amount of Conjugate from the green-
capped bottle (—240 mL/well or 2 mL/strip) and place in a
separate container (e.g. reagent boat when using the 8-
channel pipettor). Using an 8-channel pipette, dispense
200 mL of Conjugate into each blue/green-bordered
Dilution Well.

4. Using a single channel pipettor, add 100 mL of each
standard or sample into the appropriate Dilution Well
containing 200 mL of Conjugate. Use a fresh pipette tip for

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
property of Romer Labs Singapore Pte Ltd.
P1_COKAQ1000/COKAQ1048_TSW_EN_v04
Page 5 of 13
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each standard or sample. Note: Make sure the pipette tip
has been completely emptied.

Using an 8-channel pipettor with fresh tips for each 8-well
strip, mix each well by carefully pipetting it up and down 3
times and immediately transfer 100 mL of the contents
from each Dilution Well into a corresponding Antibody
Coated Microwell. Incubate at room temperature for 15
minutes. Note: Do not agitate the plate to mix as it may
cause well-to-well contamination.

5. Empty the contents of the microwell strips into a waste
container. Wash by filling each microwell with distilled or
deionized water, and then dumping the water from the
microwell strips. Repeat this step 4 times for a total of 5
washes. Note: Take care not to dislodge the strips from
the holder during the wash procedure.

6. Lay several layers of absorbent paper towels on a flat
surface and tap microwell strips on towels to expel as much
residual water as possible after the fifth wash. Dry the
bottom of the microwells with a dry cloth or towel.

7. Measure the required amount of Substrate from the blue-
capped bottle (=120 mL/well or 1 mL/strip) and dispense
into a separate container (e.g. reagent boat for an 8-
channel pipettor). Pipette 100 mL of the Substrate into
each microwell strip using an 8-channel pipettor. Incubate
at room temperature for 5 minutes.

8. Measure the required amount of Stop Solution from the
red-capped bottle (~120 mL/well or 1 mL/strip) and
dispense into a separate container (e.g. reagent boat for an
8-channel pipettor). Pipette 100 mL of Stop Solution into
each microwell strip using an 8-channel pipettor. The color
should change from blue to yellow.

9. Read the strips with a microwell reader using a 450 nm
filter with a 630nm differential filter. Record OD readings

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
property of Romer Labs Singapore Pte Ltd.
P1_COKAQ1000/COKAQ1048_TSW_EN_v04
Page 6 of 13
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for each microwell. Note: Air bubbles should be eliminated
prior to reading strips as they may affect analytical results.

Additional Notes: Ratio of Conjugate to Standard/Sample should
remain at 2:1, but volumes of Conjugate and Standards/Samples
can be reduced, e.g. using 100mL and 50mL, respectively. The content
to be transferred from dilution well to antibody coated well remains
the same as 100 mL. Do not return unused reagents to their original
bottles. Carefully keep track of the position of Samples and Standards
during the assay. Do not mix the assay microwells by shaking at any
time during test.

Interpretation of Results

Using either the unmodified OD values or the OD values expressed as
a percentage of the OD of the zero (0) standard, construct a dose-
response curve using the five standards. Since the amount of
aflatoxin in each standard is known, the unknowns can be measured
by interpolation from this standard curve. Results can also be easily
calculated using the Romer® Log/Logit spreadsheet that is provided
(free of charge) upon request. If the Log/Logit regression model is
used for results interpretation, the linearity coefficient (r™"2) of the
calibration curve should be no less than 0.985. An OD value of less
than 0.5 absorbance units for Oppb standard may indicate
deterioration of reagents.

If a sample contains aflatoxin levels higher than the highest standard
(>40 ppb), the filtered extract should be further diluted in 70%
methanol such that the diluted sample results are in a range of 5 - 20
ppb and reanalyzed to obtain accurate results. The dilution factor
must be included when the final result is calculated.

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
property of Romer Labs Singapore Pte Ltd.
P1_COKAQ1000/COKAQ1048_TSW_EN_v04
Page 7 of 13
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Performance Characteristics in Detail

Limit of detection:
3 ppb for corn and other commodities (except for Sorghum
which is 5ppb and for DDGS which is 6ppb) (Determined by
the average values of 10 aflatoxin-free samples plus 2
standard deviation).

Limit of quantitation:
4 ppb (Described as the lowest concentration point on the
calibration curve that this test can reliably detect aflatoxin).

Range of quantitation:
4 — 40 ppb (For quantitation of samples above 40 ppb
samples should be diluted such that the diluted sample result
are in a range of 5 - 20 ppb; the test kit has been validated
for assaying sample concentrations up to 320ppb).

Note: For corn germ meal and corn gluten feed limits of detection
and quantitation, contact technical services.

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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Materials supplied

Order #:

Order #:

COKAQ1000

96 antibody coated microwells (12 eight-well strips) in a
microwell holder (sealed in a foil pouch)

96 non-coated dilution microwells (12 eight-well strips
marked with blue/green at base)

5 vials of 1.5mL of each aflatoxin standard (O, 4, 10, 20
and 40 ppb)

1 bottle of 25mL of aflatoxin conjugate (green-capped
bottle)

1 bottle of 15mL of substrate solution (blue-capped bottle)
1 bottle of 15mL of stop solution (red-capped bottle)

COKAQ1048

48 antibody coated microwells (6 eight-well strips) in a
microwell holder (sealed in a foil pouch)

48 non-coated dilution microwells (6 eight-well strips
marked with blue/green at base)

5 vials of 0.75mL of each aflatoxin standard (O, 4, 10, 20
and 40 ppb)

1 bottle of 12.5mL of aflatoxin conjugate (green-capped
bottle)

1 bottle of 7.5mL of substrate solution (blue-capped bottle)
1 bottle of 7.5mL of stop solution (red-capped bottle)

Materials required but not supplied

Extraction Procedure

*EQMMS2010: Romer Series 11® Mill or equivalent
*EQOLE1025: Blender or a tightly sealing jar with lid
*EQOLE1010: Balance, 400 g

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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*EQOLE1050: Graduated cylinder: 100mL

*70% methanol or
o ACS grade methanol for making 70 % methanol
o Distilled or de-ionized water for making 70 %

methanol

Container with a minimum 125mL capacity

*Whatman#1 filter paper, or equivalent

*Filter funnel

*MycoSepl12 column

Assay Procedure
*8-channel and single channel pipettors capable of
pipetting 100mL and 200mL with tips
*EQOLE1300: Timer
*COKAD1150: Wash bottle
Distilled or de-ionized water
Absorbent paper towels
*3 reagent boats for use as reagent containers for an 8-
channel pipettor
*Microwell reader with a 450nm filter and a 630nm
differential filter or equivalent.

*Items available from Romer Labs, Inc.® - Americas Division

Technical and Background Information

The AgraQuant® Total Aflatoxin Assay is a direct competitive enzyme-
linked immunosorbent assay (ELISA) that determines a quantitative
level for the presence of total aflatoxin (Bi, Bz, G; and G;) and is
intended for use in grains, cereals, nuts, animal feeds and other
commodities.

The AgraQuant® Total Aflatoxin Assay has been validated for almond,
corn, corn meal, corn gluten meal, corn bran, corn/soy blend,

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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cottonseed, dried distillers grains (DDGS), milled rice, mooncake,
peanuts, popcorn, sorghum, soybeans, walnut and wheat.

Aflatoxins

Aflatoxins are toxic and carcinogenic. They are metabolites of the
fungi Aspergillus flavus and Aspergillus parasiticus. There are four
principle types of aflatoxin: B;, B, G; and G,, which are named for
their respective innate fluorescent properties. Aflatoxin B; is the most
frequently encountered of the group and the most toxic. Aflatoxins
can be found mainly in cereals, corn, peanuts, cottonseed and nuts.
Aflatoxins can cause liver disease in animals and may cause
decreased production (milk, eggs, animal weight, etc). Aflatoxin B; is
a potent human carcinogen, and may contribute to human liver
cancer.

The US Food and Drug Administration action levels of aflatoxin are as
follows: (1) 300ppb for feeder cattle; (2) 200ppb for finishing swine;
(3) 100ppb for breeding beef cattle, swine and mature poultry; and
(4) 20ppb for humans, and for immature animals and dairy animals.

Assay Principles

The AgraQuant® Total Aflatoxin Assay is a direct competitive enzyme-
linked immunosorbent assay (ELISA). Aflatoxins are extracted from a
ground sample with 70% methanol. The extracted sample and
enzyme-conjugated aflatoxin are mixed and added to the antibody-
coated microwell. Aflatoxins in samples and control standards are
allowed to compete with enzyme-conjugated aflatoxin for the
antibody binding sites. After a washing step, an enzyme substrate is
added and blue color develops. The intensity of the color is inversely
proportional to the concentration of aflatoxin in the sample or
standard. A stop solution is then added which changes the color from
blue to yellow. The microwells are measured optically using a
microwell reader with an absorbance filter of 450nm (ODgs0) and a
differential filter of 630nm. The optical densities of the samples are

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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compared to the OD’s of the standards and an interpretative result is
determined.

Precautions

1.

2.

Store reagents at 2-8°C (35-46°F) when not in use, and do
not use beyond the expiration date.

Adhere to incubation times stated in the procedure. Use of
incubation times other than those specified may give
inaccurate results.

Methanol is flammable. Caution must be taken in its use
and storage.

The Stop Solution contains acid. Avoid contact with skin or
eyes. If exposed, flush with water.

Consider all materials, containers and devices that are
exposed to the sample or standards to be contaminated
with toxin. Wear protective gloves and safety glasses when
using the kit.

Dispose of all materials, containers and devices
appropriately after use.

The conjugate solution is colored green in order to help
customers to distinguish whether conjugate was already
added to microwells or not. The greenness of conjugate
solution may vary among production batches, nevertheless,
this does not affect the conjugate quality.

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the

property of Romer Labs Singapore Pte Ltd.
P1_COKAQ1000/COKAQ1048_TSW_EN_v04
Page 12 of 13



;
ROMER
E Amem— Romer Labs Methods

For further information please contact:

Technical Services Tel: (65) 6631 8018
Romer Labs Singapore Pte. Ltd. Fax: (65) 6275 5584
3791 Jalan Bukit Merah #08-08 Web: http://www.romerlabs.com
e-Centre@redhill, Email: salesasia@romerlabs.com

Singapore, 159471

Warranty

The user assumes all risk in using Romer Labs, Inc.® products and
services. Romer Labs, Inc.® will warrant that its products and
services meet all quality control standards set by Romer Labs, Inc.®,
and Romer Labs, Inc.® will, at its option, repair or replace any
product, components, or repeat services which prove to be defective
in workmanship or material within product specific warranty periods
or expiration dates and which our examination shall disclose to our
satisfaction to be defective as such. This warranty is expressly in lieu
of all other warranties, expressed or implied, as to description,
quality, merchantability, fitness for any particular purpose,
productiveness, or any other matter. Romer Labs, Inc.® shall be in
no way responsible for the proper use of its products. Romer Labs,
Inc.® hereby disclaims all other remedies, warranties, guarantees or
liabilities, expressed or implied, arising by law or otherwise, and it
shall have no liability for any lost profits or damage, direct, indirect or
otherwise, to person or property, in connection with the use of any of
its products or services. This warranty shall not be extended, altered
or varied except by a written instrument signed by an authorized
representative of Romer Labs, Inc.®
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Romer Labs

This Package Insert is available in following languages:

- Portuguese
- Spanish

- French

- Chinese

- Polish

Please visit our Resource Library on www.romerlabs.com to
download the package insert in different languages.

For further information please contact:

Technical Services Tel: (65) 6631 8018
Romer Labs Singapore Pte. Ltd. Fax: (65) 6275 5584
3791 Jalan Bukit Merah #08-08 Web: http://www.romerlabs.com
e-Centre@redhill, Email: salesasia@romerlabs.com

Singapore, 159471
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® -
AgraQuant™ Ochratoxin -~
AR
Assay 2740 ROMER
e A
Competitive ELISA Romer Labs
Order #: COKAQ2000/COKAQ2048
Ochratoxin L o o o
Ochratoxin, produced mainly by the
fungi  Aspergillus  ochraceous and T °
Penicillium verrucosum, can be found in H
a wide variety of commodities such as cHs
raisins, barley, soy products and coffee, a M

etc.
Ochratoxin A

Short Instruction:

- un;,‘.,’, Pipette 200 pL conjugate solution into dilution wells

W Add 100 pL of each standard or sample extract
| into the dilution wells.

,\”””h‘ Mix well and transfer 100 pL from dilution wells into
’,\ antibody coated wells and incubate at RT for 10 minutes
| Wash 5 times with distilled or deionized water

< Tap dry washed wells
= Pipette 100 pL substrate solution into the antibody
e L coated wells and incubate at RT for 5 minutes
5 | Add 100 pL stop solution into the antibody
S coated wells
P j Read the strips with ELISA reader using 450nm filter
and 630nm differential filter
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Performance Characteristics: LOD: 1.9 ppb LOQ: 2 ppb

Range: 2-40 ppb

Sample Preparation / Extraction

1.

Obtain a representative sample and grind it using a Romer
Series 11® Mill so that 75% will pass through a 20-mesh
screen, then thoroughly mix the subsample portion.

Weigh out 20 g of ground sample into a clean jar or a conic
flask that can be tightly sealed.

Add 100 mL of 70/30 (v/v) methanol/water extraction
solution and seal jar. Note: Samples should be extracted in
a ratio of 1:5 (w:v) of sample to extraction solution
respectively.

Shake or blend for 3 minutes.

Allow sample to settle, then filter the top layer of extract
through a Whatman #1 filter and collect the filtrate.

Note: Commodity extracts should have a pH of 6-8. Excessive
alkaline or acidic conditions may affect the test results and
should be adjusted before testing.

For beer: pipette 3mL of a beer sample into a test tube; pipette 7mL
of 100% methanol into the same tube; vortex or mix for 30 seconds.
Sample is now ready for testing. The final result of ochratoxin in beer
is calculated by multiplying a factor of (2/3) to the ELISA result.

For wine: pipette 3mL of a wine sample into a test tube; pipette
5.7mL of 100% methanol into the same tube; vortex and mix for 30
seconds; adjust pH value in the range of 6.5-7.5 using 1M NaOH; the
sample is now ready for testing. The final result of ochratoxin in wine
is calculated by multiplying a factor of 0.58 to the ELISA result.

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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Assay Procedure in Detail

Note: All reagents and kit components must be at room temperature
18-30°C (64-86°F) before use. It is recommended that an 8-channel
pipettor be used to perform the assay. No more than 48 samples and
standards total (6 test strips) should be run in one experiment when
using an 8-channel pipettor. If an 8-channel pipettor is not used

(i.e. using only single channel pipettes), it is recommended that no
more than a total of 16 samples and standards (2 test strips) be run
in any one experiment.

1.

Place the appropriate number of blue/green-bordered
Dilution Strips in a microwell strip holder. One Dilution Well
will be required for each standard, (i.e. 0, 2, 5, 20 & 40
ppb) or sample.

Place an equal number of Antibody Coated Microwell strips
in a microwell strip holder. Return unused microwell strips
to the foil pouch with the desiccant packet and reseal
pouch with tape.

Measure the required amount of Conjugate from the green-
capped bottle (—240 mL/well or 2 mL/strip) and place in a
separate container (e.g. reagent boat when using the 8-
channel pipettor). Using an 8-channel pipette, dispense
200 mL of Conjugate into each blue/green-bordered
Dilution Well.

Using a single channel pipettor, add 100 mL of each
standard or sample into the appropriate Dilution Well
containing 200 mL of Conjugate. Use a fresh pipette tip for
each standard or sample. Note: Make sure the pipette tip
has been completely emptied.

Using an 8-channel pipettor with fresh tips for each 8-well
strip, mix each well by carefully pipetting it up and down 3
times and immediately transfer 100 mL of the contents

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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from each Dilution Well into a corresponding Antibody
Coated Microwell. Incubate at room temperature for 10
minutes. Note: Do not agitate the plate to mix as it may
cause well-to-well contamination.

5. Empty the contents of the microwell strips into a waste
container. Wash by filling each microwell with distilled or
deionized water, and then dumping the water from the
microwell strips. Repeat this step 4 times for a total of 5
washes. Note: Take care not to dislodge the strips from
the holder during the wash procedure.

6. Lay several layers of absorbent paper towels on a flat
surface and tap microwell strips on towels to expel as
much residual water as possible after the fifth wash. Dry
the bottom of the microwells with a dry cloth or towel.

7. Measure the required amount of Substrate from the blue-
capped bottle (=120 mL/well or 1 mL/strip) and dispense
into a separate container (e.g. reagent boat for an 8-
channel pipettor). Pipette 100 mL of the Substrate into
each microwell strip using an 8-channel pipettor. Incubate
at room temperature for 5 minutes.

8. Measure the required amount of Stop Solution from the
red-capped bottle (~120 mL/well or 1 mL/strip) and
dispense into a separate container (e.g. reagent boat for an
8-channel pipettor). Pipette 100 mL of Stop Solution into
each microwell strip using an 8-channel pipettor. The color
should change from blue to yellow.

9. Read the strips with a microwell reader using a 450 nm
filter with a differential filter of 630nm. Record OD
readings for each microwell. Note: Air bubbles should be
eliminated prior to reading strips as they may affect
analytical results.

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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Additional Notes: Ratio of Conjugate to Standard/Sample should
remain at 2:1, but volumes of Conjugate and Standards/Samples
can be reduced, e.g. using 100mL and 50mL, respectively. The content
to be transferred from dilution well to antibody coated well remains
the same as 100 mL. Do not return unused reagents to their original
bottles. Carefully keep track of the position of Samples and Standards
during the assay. Do not mix the assay microwells by shaking at any
time during test.

Interpretation of Results

Using either the unmodified OD values or the OD values expressed as
a percentage of the OD of the zero (0) standard, construct a dose-
response curve using the five standards. Since the amount of
ochratoxin in each standard is known, the unknowns can be
measured by interpolation from this standard curve. Results can also
be easily calculated using the Romer® Log/Logit spreadsheet that is
provided (free of charge) upon request. If the Log/Logit regression
model is used for results interpretation, the linearity coefficient (r™~2)
of the calibration curve should be no less than 0.985. An OD value of
less than 0.5 absorbance units for Oppb standard may indicate
deterioration of reagents.

If a sample contains ochratoxin levels higher than the highest
standard (>40 ppb), the filtered extract should be further diluted in
70% methanol such that the diluted sample results are in a range of
5 - 40 ppb and reanalyzed to obtain accurate results. The dilution
factor must be included when the final result is calculated.
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Performance Characteristics in Detail

Limit of detection (LOD): 1.9 ppb (Determined by the average
values of 10 ochratoxin-free corn samples plus 2 standard deviation).

Limit of quantitation: 2 ppb (Described as the lowest concentration
point on the calibration curve that this test can reliably detect
ochratoxin).

Range of quantitation: 2 — 40 ppb (For quantitation of samples
above 40 ppb samples should be diluted such that the diluted sample
result are in a range of 5 - 40 ppb).

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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Materials supplied

Order #:

Order #:

COKAQ2000

96 antibody coated microwells (12 eight-well strips) in a
microwell holder (sealed in a foil pouch)

96 non-coated dilution microwells (12 eight-well strips
marked with blue/green at base)

5 vials of 1.5mL of each ochratoxin standard (O, 2, 5, 20
and 40 ppb)

1 bottle of 25mL of ochratoxin conjugate (green-capped
bottle)

1 bottle of 15mL of substrate solution (blue-capped bottle)
1 bottle of 15mL of stop solution (red-capped bottle)

COKAQ2048

48 antibody coated microwells (6 eight-well strips) in a
microwell holder (sealed in a foil pouch)

48 non-coated dilution microwells (6 eight-well strips
marked with blue/green at base)

5 vials of 0.75mL of each ochratoxin standard (O, 2, 5, 20
and 40 ppb)

1 bottle of 12.5mL of ochratoxin conjugate (green-capped
bottle)

1 bottle of 7.5mL of substrate solution (blue-capped bottle)
1 bottle of 7.5mL of stop solution (red-capped bottle)

Materials required but not supplied

Extraction Procedure

*EQMMS2010: Romer Series 11® Mill or equivalent
*EQOLE1025: Blender or a tightly sealing jar with lid
250mL conic flask with plug

*EQOLE1010: Balance, 400 g

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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*EQOLE1050: Graduated cylinder: 100mL

*100% methanol: ACS grade methano

*70% methanol or
o ACS grade methanol for making 70 % methanol
o Distilled or de-ionized water for making 70 %

methanol

Container for filtrate collection (e.g. flask or falcon tubes)

*Whatman#1 filter paper, or equivalent

*Filter funnel

Assay Procedure
*8-channel and single channel pipettors capable of
pipetting 100mL and 200mL with tips
*EQOLE1300: Timer
*COKAD1150: Wash bottle
Distilled or de-ionized water
Absorbent paper towels
*3 reagent boats for use as reagent containers for an 8-
channel pipettor
*Microwell reader with a 450nm filter and an optional
differential filter of 630nm or equivalent.

*Items available from Romer Labs, Inc.® - Americas Division

Technical and Background Information

The AgraQuant® Ochratoxin Assay is a direct competitive enzyme-
linked immunosorbent assay (ELISA) that determines a quantitative
level for the presence of ochratoxin A and B and is intended for use in
grains, cereals, nuts, animal feeds and other commodities.

The AgraQuant® Ochratoxin Assay has been validated for barley,
beer, cocoa, corn, cereal, green coffee, milo, soybeans, wheat and
wine.

©2014 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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Ochratoxin

Ochratoxin, produced mainly by the fungi Aspergillus ochraceous and
Penicillium verrucosum, can be found in a wide variety of
commodities such as raisins, barley, soy products and coffee, etc.
Though the ochratoxin amounts may be relatively low, it is often not
rapidly removed from the body and its levels may accumulate in the
blood and other selected tissues of either humans or animals
consuming contaminated food.

Ochratoxin is primarily a kidney toxin but if the concentration is
sufficiently high, there can be damage to the liver as well. Ochratoxin
is a carcinogen in rats and mice and is suspected to be the causative
agent of a human disease, Balkan Endemic Nephropathy, which
affects the kidneys. Often, tumors are associated with this disease.

Assay Principles

The AgraQuant® Ochratoxin Assay is a solid phase direct competitive
enzyme immunoassay. Ochratoxin A/B is extracted from a ground
sample with 70% methanol. The extracted sample and enzyme-
conjugated ochratoxin are mixed and added to the antibody-coated
microwell. Ochratoxin in samples and control standards are allowed
to compete with enzyme-conjugated ochratoxin for the antibody
binding sites. After a washing step, an enzyme substrate is added
and blue color develops. The intensity of the color is inversely
proportional to the concentration of ochratoxin in the sample or
standard. A stop solution is then added which changes the color from
blue to yellow. The microwells are measured optically by a microplate
reader with an absorbance filter of 450nm and a differential filter of
630nm. The optical densities of the samples are compared to the
OD’s of the standards and an interpretative result is determined.
Precautions

1. Store reagents at 2-8°C (35-46°F) when not in use, and do
not use beyond the expiration date.
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2. Adhere to incubation times stated in the procedure. Use of
incubation times other than those specified may give
inaccurate results.

3. Methanol is flammable. Caution must be taken in its use
and storage.

4. The Stop Solution contains acid. Avoid contact with skin or
eyes. If exposed, flush with water.

5. Consider all materials, containers and devices that are
exposed to the sample or standards to be contaminated
with toxin. Wear protective gloves and safety glasses when
using the Kkit.

6. Dispose of all materials, containers and devices
appropriately after use.

7. The conjugate solution is colored green in order to help
customers to distinguish whether conjugate was already
added to microwells or not. The greenness of conjugate
solution may vary among production batches, nevertheless,
this does not affect the conjugate quality.

For further information please contact:

Technical Services Tel: (65) 6631 8018
Romer Labs Singapore Pte. Ltd. Fax: (65) 6275 5584
3791 Jalan Bukit Merah #08-08 Web: http://www.romerlabs.com
e-Centre@redhill, Email: salesasia@romerlabs.com

Singapore, 159471

Warranty

The user assumes all risk in using Romer Labs, Inc.® products and
services. Romer Labs, Inc.® will warrant that its products and
services meet all quality control standards set by Romer Labs, Inc.®,
and Romer Labs, Inc.® will, at its option, repair or replace any
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product, components, or repeat services which prove to be defective
in workmanship or material within product specific warranty periods
or expiration dates and which our examination shall disclose to our
satisfaction to be defective as such. This warranty is expressly in lieu
of all other warranties, expressed or implied, as to description,
quality, merchantability, fitness for any particular purpose,
productiveness, or any other matter. Romer Labs, Inc® shall be in
no way responsible for the proper use of its products. Romer Labs,
Inc.® hereby disclaims all other remedies, warranties, guarantees or
liabilities, expressed or implied, arising by law or otherwise, and it
shall have no liability for any lost profits or damage, direct, indirect or
otherwise, to person or property, in connection with the use of any of
its products or services. This warranty shall not be extended, altered
or varied except by a written instrument signed by an authorized
representative of Romer Labs, Inc.®
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For further information please contact:
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AgraQuant® T-2/HT-2 A
Toxin Assay 25/500 ROMER
Competitive ELISA —

Order #: COKAQ6100

T-2/HT-2 Toxin

T-2 and HT-2 toxins are type-A trichothecene
mycotoxins, which are closely-related epoxy
sesquiterpenoids. T-2 and HT-2 toxins are
produced by fungi of the Fusarium genus, and the
most important producer is Fusarium
sporotrichioides. These mycotoxins occur in
grains such as wheat, maize, oats, barley, rice, .
beans and soyabeans as well as in some cereal- T-2 Toxin
based products.

Short Instruction:

,‘,r,',é,:,,u Pipette 50 pL enzyme conjugate into the microwells

ﬁ Add 50 pL of each diluted standard or sample
o into the microwells

Pipette 50 pL of antibody solution into the microwells.
Gently mix for 30 sec. and incubate at RT for 10 mins

\ Wash 5 times with distilled/deionized water

Tap dry washed wells

= i  Pipette 100 pL substrate solution into each microwells
ey and incubate at RT for 5 mins
5 | Add 100 pL stop solution into the antibody coated
s wells

|
& Read results at 450 nm with an ELISA reader
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Performance Characteristics:

LOD:

29 ppb (corn)
57 ppb (oats)

Range: 25 - 500 ppb (based on calibrators’ concentration)

37 - 500ppb (corn)
72 - 500ppb (oats)

Sample P

reparation / Extraction

1.

Obtain a representative sample and grind it using a Romer
Series II® Mill so that 95 % will pass through a 20-mesh
screen, then thoroughly mix the subsample portion.

Weigh out 20 g of ground sample into a clean jar that can
be tightly sealed.

Add 100 mL of 70 % methanol and seal jar. Note: Samples
should be extracted in a ratio of 1:5 (w:v) of sample to
extraction solution respectively.

Vigorously shake the jar for 3 minutes.

Allow sample to settle, then filter the top layer of extract
through a Whatman #1 filter and collect the filtrate. Note:
Commodity extracts should have a pH of 6-8. Excessive
alkaline or acidic conditions may affect the test results and
should be adjusted before testing.

Dilute the sample extract 1:10 with deionized or distilled
water. For example, add 1 mL of extract to 9 mL of distilled
or deionized water.

The sample is ready for testing without further preparation.
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Assay Procedure in Detail

Note: All reagents and kit components must be at room temperature
18-30°C (64-86°F) before use. It is recommended that an 8-channel
pipettor be used to perform the assay. No more than 48 samples and
standards total (6 test strips) should be run in one experiment when
using an 8-channel pipettor. If an 8-channel pipettor is not used (i.e.
using only single channel pipettes), it is recommended that no more
than a total of 16 samples and standards (2 test strips) be run in any
one experiment.

1.

Dilute kit standards (i.e. 0, 25, 100 & 500 ppb) 1:10 with
deionized or distilled water in test tubes. For example, add
0.1 mL of standard to 0.9 mL of deionized or distilled water
and mix.

Place the appropriate number of microwells into a microwell
holder. Make sure to re-seal unused wells in the zip-lock
bag with desiccant.

Pipette 50 pL of Enzyme conjugate into each microwell.
Using a single channel pipettor, add 50 pL of each diluted
standard or sample to the appropriate microwell
containing 50 pL of Enzyme conjugate. Use a fresh pipette
tip for each standard or sample. Note: Make sure the
pipette tip has been completely emptied.

Pipette 50 pL of Antibody Solution into each microwell.
Incubate at room temperature for 10 minutes (Gently
move the plate in a circular motion for 30 seconds to mix
the contents).

Empty the contents of the microwell strips into a waste
container. Wash by filling each microwell with distilled or
deionized water, and then dumping the water from the
microwell strips. Repeat this step 4 times for a total of 5
washes. Note: Take care not to dislodge the strips from
the holder during the wash procedure.
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7. Lay several layers of absorbent paper towels on a flat
surface and tap microwell strips on towels to expel as much
residual water as possible after the fifth wash. Dry the
bottom of the microwells with a dry cloth or towel.

8. Measure the required amount of Substrate from the
Substrate bottle (~120 pL/well or 1mL/strip) and dispense
into a separate container (e.g. reagent boat for an 8-
channel pipettor). Pipette 100 pL of the Substrate into
each microwell strip using an 8-channel pipettor. Incubate
at room temperature for 5 minutes.

9. Measure the required amount of Stop Solution from the
Stop Solution bottle (~120 pL/well or 1 mlL/strip) and
dispense into a separate container (e.g. reagent boat for an
8-channel pipettor). Pipette 100 pL of Stop Solution into
each microwell strip using an 8-channel pipettor. The color
should change from blue to yellow.

10. Read the strips with a microwell reader using a 450 nm
filter. Record OD readings for each microwell. Note: Air
bubbles should be eliminated prior to reading strips as they
may affect analytical results.

©2013 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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Interpretation of the Results

Using either the unmodified OD values or the OD values expressed as
a percentage of the OD of the zero (0) standard, construct a dose-
response curve using the four standards. Since the amount of T-
2/HT-2 in each standard is known, the unknowns can be measured by
interpolation from this standard curve. Results can also be easily
calculated using the Romer® Log/Logit spreadsheet that is provided
(free of charge) upon request. If the Log/Logit regression model is
used for results interpretation, the linearity coefficient (r~2) of the
calibration curve should be no less than 0.985.

An OD value of less than 0.5 absorbance units for 0 ppb standard
may indicate deterioration of

reagents.

Samples containing less than lower limit of quantitation (LLOQ)
should be reported as “< LLOQ"”. Samples containing greater than
500 ppb should be reported as “> 500 ppb”. Samples containing
T2/HT2 greater than 500 ppb should be further diluted using 70%
Methanol on the sample extracts after step 5 of the section “Sample
Preparation/Extraction”, and then according to step 6 further diluted
1:10 with deionized or distilled water such that the diluted sample
results are within the range of quantitation and reanalyzed to obtain
accurate results. The dilution factor must be included when the final
result is calculated.

Performance Characteristics in Detail

Limit of detection: 29 ppb (corn)
57 ppb (oats)

©2013 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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Range of quantitation: 25 - 500 ppb (based on calibrators’

concentration)
37 - 500ppb (corn)
72 - 500ppb (oats)

Cross Reactivity:

Compound Cross reactivity %
T-2 100

HT-2 94

T-2 Triol <2.0

T-2 Tetraol <0.04
Verrucarol <0.04

Materials supplied

96 antibody coated microwells (12 eight-well strips) in a
microwell holder (sealed in a ziplock foil pouch).

4 vials of 2 mL of each T-2 toxin standard. Standard
concentrations are 0, 25, 100 and 500ppb, respectively.
Standards need further dilution of 1:10 with deionized or
distilled water before assay.

1 bottle of 8 mL of Enzyme conjugated T2/HT-2 toxin

1 bottle of 8 mL of Anti-T-2/HT-2 antibody

1 bottle of 14 mL of substrate solution

1 bottle of 14 mL of stop solution

Materials required but not supplied

Extraction Procedure

*EQMMS2010: Romer Series II® Mill or equivalent
*EQOLE1025: Blender or a tightly sealing jar with lid
*EQOLE1010: Balance, 400 g

*EQOLE1050: Graduated cylinder: 100 mL

©2013 by Romer Labs Singapore Pte Ltd. All Rights Reserved. This document is the
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. Container with a minimum 125 mL capacity
. *Whatman#1 filter paper, or equivalent
. *Filter funnel

Assay Procedure
. *8-channel and single channel pipettors capable of
pipetting 100 pL and 200 pL with tips
*EQOLE1300: Timer
*COKAD1150: Wash bottle
Distilled or de-ionized water
Absorbent paper towels
*4 reagent boats for use as reagent containers for an 8-
channel pipettor
. *Microwell reader with a 450 nm filter

*Items available from Romer Labs, Inc.® - Americas Division

Technical and Background Information

The AgraQuant® T-2/HT-2 Toxin Assay is a direct competitive
enzymelinked immunosorbent assay (ELISA) that determines a
quantitative level for the presence of T-2 and HT-2 toxin and is
intended for use in corn, corn meal, corn germ meal, corn gluten
meal and corn/soy blend.

T-2/HT-2 Toxin

T-2 and HT-2 toxins are type-A trichothecene mycotoxins, which are
closely-related epoxy sesquiterpenoids. T-2 and HT-2 toxins are
produced by fungi of the Fusarium genus, and the most important
producer is Fusarium sporotrichioides. These mycotoxins occur in
grains such as wheat, maize, oats, barley, rice, beans and soyabeans
as well as in some cereal-based products. T-2 and HT-2 toxins are
not normally found in grain at harvest but result from water damage
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to the grain such as may occur when it remains for extended periods
in the field at or after harvest, especially in cold weather, or in grain
that becomes wet during storage. T-2 toxin inhibits protein synthesis
and affects the actively dividing cells such as those lining the
gastrointestinal tract, skin, lymphoid and erythroid cells. The effects
of T-2 toxin to animals include weight loss or poor weight gain,
bloody diarrhea, dermal necrosis or beak lesions, hemorrhage and
decreased production (weight gain, eggs, milk, etc.).

Assay Principles

The AgraQuant® T-2/HT-2 Toxin Assay is a direct competitive
enzyme-linked immunosorbent assay (ELISA). T-2/HT-2 toxins are
extracted from a ground sample with 70 % methanol. The extract is
further diluted at 1:10 using de-ionized or distilled water. Enzyme
conjugated T-2/HT-2 toxin is pipetted into the microwells followed by
calibrators or sample extracts. T2/HT-2 toxin antibody is then
pipetted into the microwells to initiate the reaction. T-2/HT-2 toxins
from the sample and enzyme conjugated T-2/HT-2 toxin compete for
binding to T2/HT-2 toxin antibody which, in turn, binds to the
microwells. After the 10 minute incubation, the contents of the
microwells are removed and the microwells are washed to remove
any unbound enzyme conjugated toxin. An enzyme substrate is
added and blue color develops. The intensity of the color is inversely
proportional to the concentration of T-2/HT-2 toxin in the sample or
standard. A stop solution is then added which changes the color from
blue to yellow. The microwells are measured optically using a
microwell reader with an absorbance filter of 450 nm. The optical
densities (OD) of the samples are compared to the OD’s of the
standards and an interpretative result is determined.
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Precautions

Store reagents at 2-8°C (35-46°F) when not in use, and do
not use beyond the expiration date.

Adhere to incubation times stated in the procedure. Use of
incubation times other than those specified may give
inaccurate results.

The Stop Solution contains acid. Avoid contact with skin or
eyes. If exposed, flush with water.

Consider all materials, containers and devices that are
exposed to the sample or standards to be contaminated
with toxin. Wear protective gloves and safety glasses when

using the kit.
5. Dispose of all materials, containers and
appropriately after use.

For further information please contact:

Technical Services Tel: (65) 6631 8018
Romer Labs Singapore Pte. Ltd. Fax: (65) 6275 5584
3791 Jalan Bukit Merah #08-08 Web: http://www.romerlabs.com
e-Centre@redhill, Email: salesasia@romerlabs.com

Singapore, 159471

Warranty

devices

The user assumes all risk in using Romer Labs, Inc.® products and
services. Romer Labs, Inc.® will warrant that its products and
services meet all quality control standards set by Romer Labs, Inc.®,
and Romer Labs, Inc.® will, at its option, repair or replace any
product, components, or repeat services which prove to be defective
in workmanship or material within product specific warranty periods
or expiration dates and which our examination shall disclose to our
satisfaction to be defective as such. This warranty is expressly in lieu
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of all other warranties, expressed or implied, as to description,
quality, merchantability, fitness for any particular purpose,
productiveness, or any other matter. Romer Labs, Inc.® shall be in
no way responsible for the proper use of its products. Romer Labs,
Inc.® hereby disclaims all other remedies, warranties, guarantees or
liabilities, expressed or implied, arising by law or otherwise, and it
shall have no liability for any lost profits or damage, direct, indirect or
otherwise, to person or property, in connection with the use of any of
its products or services. This warranty shall not be extended, altered
or varied except by a written instrument signed by an authorized
representative of Romer Labs, Inc.®
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AgraStrip® Deoxynivalenol
s (DON) Quantitative Test ROMER

Romer Labs®

Order #: COKAS4000A

Intended Use

r---OH

The AgraStrip® Deoxynivalenol (DON) Quantitative Test is a one-step ° |
lateral flow immunochromatographic assay that determines a i“z
quantitative level for the presence of deoxynivalenol and is intended for

use in grains and grain products. Deoxynivalenol

Deoxynivalenol

Deoxynivalenol (DON) is a type B trichothecene. DON is produced by fungi of the Fusarium genus,
particularly Fusarium graminearum. This mycotoxin occurs predominantly in grains such as wheat,
barley, oats, rye, and maize. DON is highly toxic, levels above 1 ppm are considered potentially
harmful to swine. Pet foods prepared with wheat contaminated with DON have been involved in
acute toxicities. DON is a known immunosuppressant and may cause kidney problems. Humans
are thought to exhibit a similar vomition syndrome when consuming DON-contaminated grain.

The US Food and Drug Association advisory levels for DON are as follows: (1) 1 ppm for finished
wheat products for human consumption; (2) 5 ppm for grain and grain byproducts destined for
swine and other animals; and not to exceed 1 ppm in the diets for swine and 2 ppm in the diets of
other animals; (3) 10 ppm for grain and grain byproducts for ruminating beef and feedlot cattle
older than 4 months and for chickens; and not to exceed 5 ppm in the diet.

The European Commission sets maximum levels of DON in foodstuffs in the EC regulation
1881/2006: (1) 1.25 ppm for unprocessed cereals other than durum wheat, oats and maize; (2)
1.75 ppm for unprocessed durum wheat and oats and unprocessed maize; (3) 0.75 ppm for cereals
intended for direct human consumption, cereal flour, bran and germ as end product marketed for
direct human consumption, and pasta (dry); (4) 0.5 ppm for bread (including small bakery wares),
pastries, biscuits, cereal snacks and breakfast cereal; (5) 0.2 ppm for processed cereal-based
foods and baby foods for infants and young children.

Assay Principles

The AgraStrip® DON Quantitative Test is a one-step lateral flow immunochromatographic assay for
the quantitative screening of deoxynivalenol in samples. The test is based on a competition
immunoassay format. Antibody-particle complex (conjugate) coated in a microwell is dissolved in
assay diluents and mixed with sample extract. A DON strip is placed into the microwell. The
mixed content is then wicked onto a membrane of the DON strip, which contains a test zone and a
control zone. The test zone captures free antibody-particle complex (conjugate), allowing color
particles to concentrate and form a visible line. The color intensity of the line is inversely
proportional to the concentration of DON in the sample. The line is always visible in the control
zone regardless of the presence of DON. The DON strips are measured using an AgraVision Reader
and the results are determined.
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Precautions

1.

NGO RAON

%

Store test kits at 2-8°C (35-46°F) when not in use, and do not use beyond the expiration
date. Do not freeze. Do not leave it in direct sunlight.

Test strips must be kept inside their original tubes.

Conjugate coated microwells must be kept inside their original tubes.

All reagents must be at room temperature before assay is running.

Adhere to the instructions of test procedures.

Do not re-use test strips.

Consider all materials, containers and devices that are exposed to the sample to be
contaminated with toxin. Wear protective gloves and safety glasses when using the Kit.

The components in this test kit have been quality control tested as a standard batch unit.
Do not mix components from different lot numbers.

Procedure

Sample Preparation / Extraction

Obtain a representative sample and grind it using a Romer Series 11® Mill or equivalent so that 75%
will pass through a 20-mesh screen, then thoroughly mix the subsample portion.

Wheat (Method 1):

1.
2.

3.
4.
5.

Weigh out 10g of ground sample into a Whirl-Pak® bag.

Add 80mL of distiled or de-ionized water and close Whirl-Pak® bag.
Note: Samples should be extracted in a ratio of 1:8 (w:v) of sample to extraction solution
respectively.

Vigorously shake for 1 minute.

Allow sample to settle for 5 min to get supernatant.

The sample is ready for assay.

Corn (Method 2):

1.
2.

3.
4.
5.

Weigh out 10g of ground sample into a Whirl-Pak® bag.

Add 40mL of distiled or de-ionized water and close Whirl-Pak® bag.
Note: Samples should be extracted in a ratio of 1:4 (w:v) of sample to extraction solution
respectively.

Vigorously shake for 1 minute.

Allow sample to settle for 5 min to get supernatant.

The sample is ready for assay.

Test Procedure
Note: All reagents and kit components must be at room temperature 20-24°C (68-75°F) before
use. The temperature of AgraStrip® Incubator is set at 35°C. There are two assay buffer bottles
provided (one is for testing method 1 samples and the other is for testing method 2 samples).
Please use the correct assay buffer for testing.

1.

Place Assay Buffer bottle in the AgraStrip® heat block in the AgraStrip® incubator and
incubate at 35°C for 30 minutes. During shipment the Assay Buffer will precipitate and
during this 30 minutes heat treatment it will completely re-dissolve. After the 30 minutes
incubation shake the Assay Buffer bottle to properly mix its contents to be
homogenous.

Note: It is recommended to switch on the incubator (including the Assay Buffer) in the
morning and to keep it on throughout the whole day.
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2. Place the cover of the heat block on the top of the heat block. Remove sealing tape of
conjugate coated microwells, and place the appropriate number of conjugate coated
microwells inside the heat block. Re-seal those un-used conjugate coated microwells.

3. Add 50 uL of Assay Buffer to each conjugate coated microwell. Place the cover back into the
heat block to cover the microwells and incubate for 30 seconds.

4. Lift up the cover and immediately add 50 pL of sample extract into the Assay Buffer in each
microwell, mix the content in each microwell by pipetting it up and down 10 times.
Note: the coated conjugate in each microwell must be dissolved completely.

5. Put one test strip into one microwell. Place the cover back into the heat block to cover the
microwells and test strips.

6. Allow the test strip to develop color for 3 minutes. Lift the heat block cover and place it on
the top of the heat block.

7. Wipe the end of the strip test onto an absorbent paper and insert the strip into the strip
holder/tray for reading.

8. Use the AgraVision Reader and immediately read the strip and interpret result. Note: Use
the SD card supplied with the kit. Follow the instruction of AgraVision Reader to read the
strips.

Note: after the test, the used microwells can be removed easily with a stick provided with the
AgraStrip® heat block.

Interpretation of the Results

A color line always appears in the upper section of the test strip to indicate that the test strip is
working properly. This line is the Control Line (C). A line in the lower section of the test strip
indicates the test result. This line is the Test Line (T).

Invalid results: If there is no control line in the control zone, the test is invalid and the sample
should be re-tested by using a valid test strip

Valid results: 2 lines are visible. The intensity of the line in the test zone is concentration
dependent and must be measured with an AgraVision Reader.

Limit of Detection (LOD): 210 ppb (Wheat, Method 1)
190 ppb (Corn, Method 2)

Limit of Quantitation (LOQ): 250 ppb (wheat, Method 1)
240 ppb (corn, Method 2)

Quantitation Range: 0 — 5000 ppb

Note: AgraStrip® DON Quantitative Test with AgraVision Reader gives quantitative results in the above
defined quantitation range. If the result is lower than the limit of quantitation (LOQ), it should be reported as
“<LOQ”. If the result is higher than the high limit of quantitation range (HLQ), the result should be reported
as “>HLQ".

Materlals Supplied With Kit

1 tube containing 24 DON test strips

1 tube containing 24 microwells coated with antibody particle complex (conjugate)
1 bottle of 1.7ml of Assay Buffer 1 (for testing Method 1 samples)

1 bottle of 1.7ml of Assay Buffer 2 (for testing Method 2 samples)

1 bag of 48 pipette tips

24 Whirl-Pak® bags

1 SD card for the AgraVision™ Reader
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Materials Required But Not Provided With Kit

Extraction Procedure
*EQMMS2010: Romer Series 11® Mill or equivalent
*EQOLE1010: Balance, 400 g
*EQOLE1050: Graduated cylinder: 100mL

Assay Procedure
**Single channel pipette capable of pipetting up to 100mL with tips
**EQOLE1300: Timer
**EQASR1003:AgraVision Reader without printer or EQASR1000: AgraVision Reader with printer
* EQASR1500: AgraStrip® Incubator
**EQASR1005: AgraStrip® heat block with cover and a stick
*Items available from Romer Labs, Inc.®
**|tems available from Romer Labs Singapore Pte Ltd

For further information please contact:

Technical Services Tel: (65) 66318018

Romer Labs Singapore Pte. Ltd. Fax: (65) 62755584

3791 Jalan Bukit Merah #08-08 Web: http://www.romerlabs.com
e-Centre@redhill, Singapore, 159471 Email: salesasia@romerlabs.com
Warranty

The user assumes all risk in using Romer Labs® products and services. Romer Labs® will warrant that its products and
services meet all quality control standards set by Romer Labs®, and Romer Labs® will, at its option, repair or replace any
product, components, or repeat services which prove to be defective in workmanship or material within product specific
warranty periods or expiration dates and which our examination shall disclose to our satisfaction to be defective as such.
This warranty is expressly in lieu of all other warranties, expressed or implied, as to description, quality, merchantability,
fitness for any particular purpose, productiveness, or any other matter. Romer Labs® shall be in no way responsible for the
proper use of its products. Romer Labs® hereby disclaims all other remedies, warranties, guarantees or liabilities,
expressed or implied, arising by law or otherwise, and it shall have no liability for any lost profits or damage, direct, indirect
or otherwise, to person or property, in connection with the use of any of its products or services. This warranty shall not be
extended, altered or varied except by a written instrument signed by an authorized representative of Romer Labs®.
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