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Abstract— Aflatoxin test procedure is a multi-stage
process and generally consists of three steps;
sampling, sample preparation and analytical steps.
Because of the uncertainty associated with each
step, the true aflatoxin concentration of a bulk
dried fig lot can’t be determined with 100%
certainty. The sources of error in the aflatoxin test
procedure should be determined so that the errors
can be effectively reduced.

Studies were developed to measure the variability
and distribution among replicated sample aflatoxin
test results taken from the same aflatoxin-
contaminated lot of dried figs so that a model could
be developed to evaluate the risk of misclassifying
lots of aflatoxin sampling plan designs for dried figs.
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1. INTRODUCTION

As the worlds leading producer of figs, Turkey
exports approximately 90% of their dried fig
production. European Union member states are the
major importers of dried figs from Turkey and
account for about 75% of the market share. Like
many other commodities, dried figs are susceptible
to the growth of aflatoxin producing moulds.
Because aflatoxins are toxic and carcinogenic
compounds [2, 4], regulatory limits for aflatoxins
and other mycotoxins have been established for
food and feed products in about 100 countries [1].
Aflatoxin limits vary widely from country to country.

The current situation where aflatoxin limits vary
from country to country makes international trade
difficult. Exporters must be aware of each
importer’s aflatoxin limits and official sampling plan
designs when they sample dried figs at origin.
Because of the

high cost of having lots rejected at destination,
exporters try to determine if the product meets the
importing country’s aflatoxin regulations before
shipping to the importer. With so much variation
among regulatory limits worldwide, the Codex
Committee on Contaminants in Foods (CCCF) began
efforts in 2006 to harmonized aflatoxin limits and
sampling plans for dried figs [5].

An aflatoxin-sampling plan is defined by an
accept/reject limit and a specific aflatoxin test
procedure. The accept/reject limit is a threshold
concentration that is used to classify lots into
“acceptable” and “unacceptable” categories and is
usually equal to (but not required) a defined
maximum level (ML) established by customers
and/or regulatory agencies. The aflatoxin test
procedure for granular commodities usually
consists of three steps, sampling, sample
preparation, and analysis. Because of the variability
associated with each step of the aflatoxin test
procedure, the true aflatoxin concentration in a
bulk lot cannot be determined with 100% certainty.

Because of the variability associated with each step
of the aflatoxin test procedure, there is a chance
that some lots will be misclassified by a sampling
plan. Two types of errors are usually made when
using a sampling plan to classify lots based upon the
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estimated lot’s aflatoxin concentration. The first
type of misclassification occurs when a good lot (a
lot with a mycotoxin level truly below a defined
maximum level) is considered to be unacceptable
because the sample test result

is greater than the ML. This type of misclassification
is called the seller's risk. The second type of
misclassification occurs when a bad lot (a lot with a
mycotoxin concentration truly above a defined ML)
is considered to be acceptable because the sample
test result is below the ML [6]. The frequency with
which these two misclassifications occur depends
upon the design of the sampling plan and can be
evaluated with help of an operating characteristics
(OC) curve. However, no method had been
developed to evaluate and design sampling plans to
detect aflatoxin in dried figs.

2. EXPERIMENTAL

A balanced nested design was used to measure the
variability and distributional among sample test
results selected from each contaminated lot.
Description of sample selection, sample
preparation, and aflatoxin quantification is given
below.

2.1 Sample selection

Twenty commercial lots of dried figs, sixteen of
them were rejected lots because of suspicion of
being contaminated with aflatoxin, were collected
from producer warehouses in Turkey. Lots chosen
for the study were standard commercial size of
about 10 tonnes. One hundred incremental
portions of about 1600 g each were randomly
removed from different locations in the lot to
achieve a representative aggregate sample and
minimize spatial heterogeneity of aflatoxin
contaminated figs within the lot. The 100
increments were collected and pooled together as a
composite or aggregate sample of about 160 kg.
The aggregate sample was thoroughly mixed for
about 15 minutes. After mixing of the 160 kg
aggregate sample for 15 minutes, it was divided
into sixteen 10 kg laboratory samples.

Each 10 kg laboratory sample was achieved by
collecting 200-300 g portions of dried figs randomly
from the 160 kg aggregate sample. Each 10 kg
laboratory samples were transferred into the plastic

bags for the water-slurry comminution. By
minimizing the spatial heterogeneity among
contaminated figs in the lot, the aflatoxin
concentration among the sixteen 10 kg laboratory
sample was assumed to be an unbiased estimate of
the aflatoxin distribution and variability among 10
kg laboratory sample test results taken from the lot.

2.2 Sample preparation

Each 10 kg sample was blended for 3 minutes with
water on a 1:1 mass basis using Robot Coupe model
R45 vertical cutter mixer. Two 110 g water-slurry
portions (55 ml water:55 g dried figs) were removed
from each water-sample blend. The size of the test
portion used in thestudy is defined by the dry fig
mass of 55 g in the water-slurry portion.

2.3 Analytical method

The analytical method chosen for this study was the
same as that typically used by the cooperating
laboratory to quantify aflatoxin in commercial lots
of dried figs [3]. The appropriate extraction solvent
was added to the 110 g water-slurry portion and
blended for 1 minute. Aflatoxins were extracted
from each 110 g water-slurry portion using 330 ml
methanol:water in a 4:1 ratio (the methanol:water
solvent ratio was adjusted for the water in the
water-slurry portion). Both AFB; and AFT were
quantified by liquid chromatography (LC) with
fluorescence detector in each of the two aliquots
taken from the extract. Since two 110 g water slurry
portions were removed from each 10 kg water-
sample slurry blend, a total of four AFB1 and four
AFT aflatoxin measurements were made on each of
the 16x10 kg laboratory samples.

3. RESULTS AND DISCUSSION

Of the 20 lots identified for the sampling study, 4
lots had an average aflatoxin concentrations below
1.0 pg/kg AFT because 14 to 16 of the 16 sample
test results were below 1 pg/kg AFT. With so few
sample test results above 1 pg/kg AFT, the
goodness of fit test may be questionable and as a
result these four lots were not used in the
distribution study. The 16-aflatoxin sample test
results for each of the remaining 16 lots are shown
in Table 1. For ease of viewing, the 16-aflatoxin
sample test results were ranked from low to high to
show the range among sample test results for each

167



3"“IMEKOFOODS
Metrology Promoting Harmonization& Standardization in Food & Nutrition
1% — 4"October 2017, KEDEA building, AUTH, Thessaloniki, Greece

lot. The mean, median, and variance among the 16-
Aflatoxin sample test results are also shown in
Table 1.

Table 1. Aflatoxin test results (ug/kg total aflatoxins) among 16-ten kg laboratory samples taken from
each of 16 lots of dried figs.

Sample Number

Mean Median

lt3 2 3 a 5 6 7 8 9 10 11 12 13 14 15 16 (uglke) (palkg) Lo
12 28 29 30 50 6.1 6.1 6.2 7.0 7.2 79 80 20 109 112 112 144 74 7.1 111
19 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 04 06 09 10 1.3 28 1607 105 0.0 1606.1
20 00 03 04 06 0.9 10 6.8 620 78 g8 101 111 227 326 534 601 14.0 T3 3588
15 139 149 167 172 1B7 189 198 198 222 230 246 261 274 2B2 324 452 23.1 210 6l.4
11 22 32 50 84 89 02 100 1082 126 147 191 396 538 570 656 1184 274 117 10165
] 153 162 167 220 273 279 298 311 369 382 408 444 489 542 574 702 361 340 2547
18 223 274 279 288 304 323 346 360 378 386 408 416 430 432 458 571 36.7 360 T748
14 269 277 282 206 311 333 348 3B7 3096 421 426 434 442 453 451 597 38.3 301 78.2
17 12 43 47 50 54 178 200 252 298 441 473 476 632 754 1082 1154 384 275 13260
16 173 203 210 644 654 728 732 73B 749 777 752 BOE BO9 B62 Bed4 923 66.7 743 SQB Q9
7 178 1BO0 206 652 700 717 754 756 763 768 861 EB70 938 993 1077 1084 719 759 8576
13 109 133 207 363 410 473 494 510 530 991 1100 1103 156.1 218.1 2428 2504 040 52.0 e7939
8 182 192 426 502 659 663 721 906 1058 1232 1291 1292 1668 1924 2136 2531 1086 982 48384
B 553 660 762 7B3 825 737 1129 1138 1144 1191 1207 1266 1281 1390 1549 2770 116.2 1141 2603.0
L 678 764 g59 916 933 1007 1044 1050 1257 1281 1284 1352 156.2 1584 2014 2854 1278 1153 20588
10 2029 2139 2168 2279 2324 2440 2493 2522 2528 2548 2667 2696 2803 3267 3340 3741 262 .4 2525 21970

3.1 Operating characteristics curve

The OC curve associated with the aflatoxin test
procedure used in this study (10 kg laboratory
sample of 584 figs, water-slurry comminution of
the laboratory sample, aflatoxin extraction from a
test portion consisting of 55 g of fig mass,
quantification of aflatoxin in one aliquot by LC)
was computed for an accept/reject limit of 10
ug/kg AFT (Fig. 1).

For the aflatoxin sampling plan described above,
the OC curve shown in Figure 1 predicts that
about 87.0, 60.4, 22.8, and 2.5% of the lots at 5,
10, 20, and 40 pg/kg AFT, respectively, would be
accepted by the sampling plan. The sampling plan
accepts a very small percentage of lots above 40
ug/kg AFT. The percent lots rejected by the above
sampling plan can be calculated by subtracting the
percent lots accepted from 100 (% rejected = 100 -
% accepted).

For example, 13.0, 39.6, 77.2, and 97.5% of the
lots at 5, 10, 20, and 40 total ug/kg, respectively,
would be rejected by the sampling plan. Based on
a ML of 10 ug/kg AFT, the 13.0% of lots at 5 pg/kg
that are rejected by the sampling plan is a point
estimate of the good lots rejected or the seller’s

risk for a lot at 5 pg/kg. The 22.8% of lots accepted
by the sampling plan at 20 pg/kg is a point
estimate of the bad lots accepted or buyer’s risk at
20 pg/kg. A perfect sampling plan would accept
100% of all lots with aflatoxin concentrations
below the ML of 10 pg/kg and reject 100% of all
lots with aflatoxin concentrations above the ML of

10 pg/kg.

Aflatoxin in dried ﬂ?s

- Laboratory sample size shown

- Test portions 55 g, slurry grind - -- Maximum level

- Analysis, HPLC 1 aliquot — 1x10 kg < 10 pglkg

Probability of acceptance (%) .
8 58 8 &

(]
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Figure 1. Operating characteristic curve showing
the performance of an aflatoxin sampling plan for
dried figs that uses a single 10 kg laboratory
sample of 584 figs, water-slurry comminution, 55
g test portion, quantify aflatoxin in 1 aliquot liquid
chromatography methods, and an accept/reject
limit of 10 pg/kg total aflatoxins.

4. CONCLUSION
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The negative binomial distribution was found to
give acceptable fits to the 16 observed
distributions over a wide range of lot
concentrations. It is important to be able to
predict the buyer’s and seller’s risks associated
with a sampling plan used to detect aflatoxin in
dried figs so that sampling plans can be designed
to reduce the risk of misclassifying lots. Once the
magnitude of the buyer’s and seller’s risks are
known, sampling plan design elements, such as
laboratory sample size and/or accept/reject limits,
can be changed to make the risks of misclassifying
lots more acceptable to the buyer and seller of the
product being inspected. By changing these
sampling plan design elements (such as laboratory
sample size), it is possible to adjust the
performance of the sampling plan according to
risks levels agreed upon by the buyer and seller.
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