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Determination of the Country of Origin of Garlic (  Allium
sativum ) Using Trace Metal Profiling
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A method for determining the country of origin of garlic by comparing the trace metal profile of the
sample to an authentic garlic database is presented. Protocols for sample preparation, high-resolution
inductively coupled plasma mass spectrometry, and multivariate statistics are provided. The criteria
used for making a country of origin prediction are also presented. Indications are that the method
presented here may be used to determine the geographic origin of other agricultural products.
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INTRODUCTION geographic origin of potatoes and coffee, respectively. Petersen

U.S. Customs and Border Protection (CBP) Laboratories have &t @l- ©) showed a good correlation of trace metals between
been working on laboratory methods to facilitate scientific 50|I_and crop concentrat|ons_.
identification of the country of origin of various agricultural ~ Bibak et al. 6) have studied the effects of three levels of
products. One such method presented here includes the deterfitrogen on trace metal concentrations of potatoes using high-
mination of the trace metal profile of the agricultural product resolution ICPMS. Their work indicates that while fertilizers

for comparison with an established database of trace metaldo influence trace metal uptake by plants, the relationship is
profiles of the product from various countries. complex and is influenced by a number of factors such as soil

The uptake of trace metals by agricultural products from the tYP€, PH, source of nitrogen, and the presence of micronutrients
soil in which they are grown provides a mechanism for &S impuritiesin _the fertilizers. This study indicates that oyt_erall,
identification of their geographic origin. There are a number of the use of fertilizers does not have an effect on the ability to
factors such as rainfall, sunshine, temperature, soil character-Predict geographic origin of garlic.
istics, and plant species that may play an important role in the More recently, Anderson and Smitf) (demonstrated chemi-
uptake of trace metals. It is the combination of these factors cal profiling for determining the geographic origin of pistachio
that influence the uptake of trace metals creating a rough nuts. The authors examined other parameters in addition to trace
snapshot or historical record of the plant's growth. In most cases, Mmetals including inorganic anions, organic acids, and carbon
the trace metal profiles of agricultural products from various and nitrogen isotopic ratios. It is interesting to note that their
countries display enough statistical uniqueness to make awork illustrates the significance of trace metal profiling as
definitive country of origin prediction. compared to the other parameters examined, as the best predictor

The use of trace metal profiling for determining the geo- ©f geographic origin.
graphic origin of agricultural products has been cited in the =~ CBP has an interest in determining the country of origin of
literature as far back as the 1980s. While analytical instrumenta-various agricultural products in order to enforce existing
tion has improved capabilities considerably since that time, the importation laws and regulations and to collect the appropriate
technique was validated with older instrumentation such as tariffs as provided by law. Import requirements include effective
inductively coupled plasma (ICP) emission and graphite furnace administration of import quotas and special trade agreements
atomic absorption and quadrupole ICPMS. The introduction of and enforcement of trade embargoes and compliance with
high-resolution ICPMS lowered detection limits and eliminated Department of Commerce antidumping and countervailing duty
many of the isobaric interferences prevalent with quadrupole orders. Often, the import restrictions are quite severe and
ICPMS instruments. unscrupulous importers are quick to attempt to circumvent them

Schwartz and Heckindlf did a study of the geographic origin by transshipping agriculture products from a country with trade
of orange juice, macadamia nuts, and pistachio nuts usingrestraints through a second country that does not have trade
multivariate analysis of the trace element composition. Nikdel restraints or is a recipient of favorable import requirements. The
et al. (2) also did trace metal work for determining adulteration ability to determine the origin of agricultural products is a
and country of origin of orange juice. These workers also used powerful tool in the enforcement of import laws and require-
multivariate statistics for country of origin prediction. Anderson ments.
et al. @) and Anderson and Smiti) have done trace metal This study is devoted entirely to garlic due to the level of
profiling along with multivariate statistics to determine the interest from a CBP perspective because of the relatively large
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quantity of fresh garlic imported into the United States with Taple 1. Prediction Accuracy of Garlic Database Using Discriminant

the incorrect country of origin stated on the CBP entry form. Analysis and Cross-Validation

The primary issue on garlic is determining whether the garlic

was grown in a country against which the U.S. Department of from country as compared to accuracy (%)
Commerce has issued antidumping duties. Because garlic has  Argentina suspect country 100
repeatedly been sold in U.S. markets at prices below market  Suspectcountry Argentina 100
value and due to complaints from the U.S. garlic industry, the gj‘sn"’;dc"’t‘ count Scfn‘;edc‘,;w””"y igg
Commerce Department has placed significant antidumping Ch"% Y suspect country 100
duties on garlic imported from some countries. Depending on suspect country Chile 100
the country of origin and exporter, antidumping duties may be China suspect country 100
as high as 376% of the value of the garlic. Exporters are often ;”SF:EC&C:’““‘W China © countr 188
very resou_rceful i_n finding marl_<ets_for their garlic. To g:ircum- SS:pectcé;:mry SKL:)Srggc country 98
vent the high antidumping duties, importers have claimed the Mexico suspect country 100
country of origin to be other than that where the product was suspect country Mexico 100
actually grown. It is interesting that in some cases the claimed Peru suspect country 100
country of origin is a country that does not export any garlic. E,ﬁﬁ’;&;g;“nw SPLTSr;ect country igg
The method described here, while simplistic in nature, suspect country Philippines 100
requires careful control over several of the experimental Spain suspect country 100
parameters. Obviously, the country of origin prediction is only ?‘;}Zﬂg%m“"”y ?E;F'cht county 18(7’
as go_od as the database that is being use_d for comparison. The suspect country Thailand 100
data in the database must be representative of the countries in  vietnam suspect country 100
question and ideally should include samples taken in all major suspect country Vietnam 100

growing regions within the country. Periodic updates of
sampling may be required in order to assess possible seasonal

variations. Other requirements include careful attention to Table 2. Major Regions of Origin of Garlic Reference Samples

analytical protocols and quality assurance considerations in order

- . . countr region of origin
to produce verifiable and defendable data. Also, experience with . 4 . s : !
multivariate statistics is essential in order to successfully build Argentina g":: p E;g‘clr;‘é‘;
and utilize a suitable database for making country of origin Chile Llay Llay Region

predictions.

MATERIALS AND METHODS

The procurement of authentic reference samples from all of the
countries of interest has been an important part of this work. Fortunately,

South Korea

El Monte Region
Rengo Region

Kang Won Province
Chung Buk Province
Chung Nam Province
Jeon Nam Province
Jung Buk Province

we have found that garlic reference samples harvested as early as 1996 Jeju Province
continue to match the profiles of the country from which they were Kyung Province
grown when compared to recently harvested garlic. Other considerations Peru Lima
included concerns about differences in garlic varieties. The varieties Arequipa (Southwest Peru)
of garlic reference samples reported by our collectors are numerous . ICA (Central Coast)
and usually include common names only. In many cases, the garlic Spain Andalusia
variety reported was regional and may not be found at any other Castila
location. Because garlic imported into the United States may or may Vi Puente Genil
. ; A ietnam Hai Dong Province
not specify the variety on any o_f theT paperwork and the d|ff|<_:u|t|gs Thai Binh Province
reported above, we decided to simplify the study by only considering Bac Giang Province
the country of origin of the samples without regard to regional Ha Tay Province
differences within a country. Undoubtedly, there are minor regional Luo Cai Province
differences but as long as those differences are smaller than the Quang Noai Province
differences between countries, the differences are beyond the scope of Hung Yen Province
this work. The prediction accuracy of our database that is reported in Canada Eastem Ontario
Table 1 supports the claim that differences in varieties are less than Southern Ontario
. . . . Prince Edward Island
differences between countries. While our goal was to obtain reference China Shandong Province
samples from every growing region within a given country, we did Jiangsu Province
not set an objective to obtain any set number of reference samples from Henan Province
each growing region. We plan to continue to collect additional reference Mexico State of Baja California
samples to expand our database and to monitor the possibility of State of Guanajuato
seasonal changes. Leon Region
In some instances, reference samples have been obtained through . San Juan

Customs Attaché offices. The most successful method for collecting Phiippines Northern llocos Sur

A . Southern llocas Sur
authentic reference samples has been the use of outside contractors. Sinait llocos Sur
This method, however, is very expensive and time consuming due to Thailand Chang Mai Region

the process time for issuing contracts.
We recognize that from a statistician’s point of view, the more
reference samples the better. The complexity of collecting reference

Chang Rai Region
Phyao Region

samples from distant regions of the globe for use by CBP was enormous

because in some cases people were uncomfortably suspicious of ouinformation on the major regions sampled within each country is shown
intentions. We found that garlic may be grown throughout some of the in Table 2. There may be numerous subregions within these major
smaller countries while only in small regions of other larger countries. regions in some cases.
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Sample Preparation.All sample preparations were carried outina analysis selected five variables, ideally 25 reference samples from each
Class-100 clean room. To obtain a representative sample from whole country were needed. It is interesting to note that the elements selected
garlic bulbs, several cloves from multiple bulbs were selected. The as the best discriminators may vary, depending upon which countries
cloves were sliced into thin slices and dried in an oven &t@%or 48 are being compared. Once a prediction model has been established,
h. The dried garlic pieces were then ground using a blender (IKA the model is tested for its accuracy by doing a resubstitution and/or
Works, Inc. model A10), creating a garlic powder. Preparation of the cross-validation analysis. Resubstitution created a calibration data set
garlic powder for trace metal analyses required acid digestion in order and a prediction data set and placed all of the reference samples in
to solubilize the sample. Typically, 0.5 g of garlic powder was weighed each data set. The software then produced a prediction accuracy of the
directly into a Teflon digestion vessel and 10 mL of HN@M Merck model using this criterion. Resubstitution was normally used when the
Omni-Trace) was added. The sample was digested using a microwavedatabase had a limited number of samples. Cross-validation, which was
digestion system, and after digestion, the digestate was diluted to 50used in this work, was a bit more rigorous method that removed one
mL with 18 MQcm water. reference sample at a time from the calibration data set and placed this

A Thermo Finnigan Element-2 high resolution ICPMS was used in reference sample as an unknown sample in the prediction data set for
all trace metal analyses reported here. Isobaric interferences commoraccuracy prediction.
in quadrupole ICPMS instruments were virtually eliminated by selecting ~ The prediction of the country of origin was accomplished by
the resolution power needed to resolve the isobaric species from thecomparing the trace metal profile of the sample to the profiles of the
desired element. The high-resolution instrument has a resolution powerreference samples from the country claimed by the importer and a
of approximately 300, 4000, and 10000 at low-, medium-, and high- country or countries suspected of being the source of transshipped
resolution modes, respectively. The instrument required daily tuning product (e.g., a country against which high antidumping duties have
and mass calibration in each of the resolution modes. Typical detector been assessed by the Department of Commerce). Discriminant analysis
count rates for a 1 ppb indium standard were %.60° CPS, 120000 with cross-validation was performed using only the elements selected
CPS, and 10000 CPS in low-, medium-, and high-resolution modes. from the stepwise discriminant analysis as explained above. The
Obviously, higher resolving power comes with a substantial sacrifice software will then predict the country of origin of the sample and
in sensitivity. Fortunately, most elements can be successfully analyzedreported the probability of the prediction based upon the current
in either low- or medium-resolution modes. A CETAC ASX-100 reference samples in the database. This probability did not consider
autosampler was used for sample introduction into the ICPMS. The the statistical significance of the number of reference samples in the
autosampler has a built in Plexiglas cover, which protects the uncovereddatabase. The reference samples in the database should include samples
samples from airborne contaminants that may be present in the from each growing region of the countries being studied. The results
instrument room. of the discriminant analysis also provided a prediction accuracy of the

To determine which elements to use for trace metal profiling, it was model based upon the reference samples in the model.
useful to do semiquantitative analyses on a few samples in order to A second statistical method used for reinforcing the country of origin
provide information on which elements exist at concentrations above prediction above was canonical discriminant analysis. Canonical
the detection limits of the instrument. This also provides a mechanism discriminant analysis created variables that were linear combinations
for determining how to bracket the sample concentrations with the of the original trace metal variables. The objective was to reduce the
appropriate calibration standards. Using the information obtained from number of variables thus simplifying the comparison of trace metal
the semiquantiative analysis, quantitative analysis of the samples mayprofiles. The method created one less canonical variable than the number
proceed. of countries in the prediction set or one fewer variables than the number

Instrument standardization performed in this work included a five- of trace metal variables in the data set, whichever was fewer. Note
point calibration curve with a correlation coefficient of 0.995 or better. that the comparison of two countries produced only one canonical
The calibration curve for each element was verified prior to sample variable. By determining the mean and standard deviation of the first
analyses by analyzing an initial calibration verification standard (ICV), canonical variable produced for each country and comparing this to
which is a standard from a source other than the calibration standards.the canonical variable for each unknown sample, a second statistical
A continuing calibration verification standard (CCV) was analyzed after method for country of origin prediction can be considered. A graphical
each 10 samples throughout the sample run in order to verify that the representation of this, using data from several countries as compared
instrument calibration was maintained. The criterion for acceptance for to a suspect country, is presentedFigure 1.
the ICV and CCV wast-10%. A certified reference sample from NIST Discriminant analysis assumed that the data were normally distrib-
(SRM1570A Spinach leaf) was included with each sample run with an te. However, discriminant analysis can be successfully applied under
acceptable quality objective &f10% for data validation. Also, atleast  certain conditions even when this assumption is not valid according to
one reagent blank was included with each sample run. All analyses kjecka (8). Accordingly, if a particular case has a 90% probability
done in medium- or high-resolution included the use of mass offset membership in group 1 and only a 10% probability in group 2, then
correction and lock mass to prevent drift of the magnet during the {he small inaccuracies created by ignoring the assumptions are
sample run. The instrument software created a text file of the raw data unimportant. On the other hand, if there is a 51% probability of
that can be imported into an Excel spreadsheet for the calculation of membership in group 1 and a 49% probability in group 2, then the
the trace metal concen_trati_ons accounting for sample dilutions, Sampleassumption of normality cannot be ignored. All of the samples that are
mass, and blank contributions. reported in this work required a 90% or better probability membership;

Multivariate Statistical Analysis. Text files of the trace metal therefore, we did not consider normality.
concentrations of the samples were imported into the multivariate
statistics software (SAS Institute version 8.2). Subsets of the reference
database were created to include only the countries of interest and theRESULTS AND DISCUSSION
samples whose origins were to be determined. A stepwise discriminate
analysis was performed to select those elements having sufficient Importers are required to state the country of origin of
discriminatory power to distinguish one country’s metal data from agricultural products on an official entry document when
another. The stepwise discriminate analysis was based upon theimporting them into the United States. If a product is selected
significance level of the F-test. Using stepwise discriminate analysis, by a CBP officer or Agriculture Specialist and sent to the

the user may input an SLENTRY value smaller or larger than the default : P

value of 0.15. This value was the probability of the significance of the 'Itabora.tor){h itthen ?eco;neg the rlegponfSImIIty of thf Iabortagory
F-test. Smaller values resulted in the selection of fewer metal variables, 0 vgrlfy € country o O”g',n claim ,0 . € impor e.r or the
and larger values resulted in the selection of more variables. Statistically SUsPicions of the CBP officer. This is accomplished by
speaking, the objective was to limit the number of variables selected cOmparing the trace metal profile of the sample to a database
in order that there were approximately five reference samples from Of authentic reference samples. CBP is interested in knowing

each country for each variable. Therefore, if stepwise discriminate whether the trace metal profile of the sample matches the trace
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Figure 1. Histogram of canonical variable: suspect country vs comparison country (source: reference database).

metal profile of the country stated on the entry document or  The criteria used for reporting a country of origin different
whether the profile matches that of a country subject to trade from that claimed on the CBP entry document included the
sanctions or increased tariffs. Therefore, comparing samplefollowing: There must be a greater than 90% probability match
profiles to every country in our database is unnecessary for ouras determined by discriminant analysis with cross-validation,
purposes. If, however, an agricultural product were subject to aand there must be a match with the canonical discriminant
tariff or sanctions from more than one country, the trace metal variable using two standard deviations around the mean for each
profile of the sample would be compared with all of the country. This conservative approach provides a mechanism for
countries of concern. the laboratory to report that the sample either (i) matches the
Garlic Samp]es were ana|yzed for 18 elements by h|gh_ profile of the Country C|aimed, (II) matches the prOﬁle for a
resolution ICPMS including Li, B, Na, Mg, P, S, Ca, Ti, Mn, suspect country, or (iii) declare the results to be inconclusive.
Fe, Cu, Ni, Zn, Rb, Sr, Mo, Cd, and Ba. Potassium was analyzed Because of the law enforcement nature of this work, we are
by flame atomic absorption merely for convenience. unable to provide the raw trace metal profile data. However,
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Figure 1 demonstrates the discriminatory nature of the trace profiles of agricultural products in such a way as to change the
metal data. Clearly, the canonical variable of a sample producedcountry of origin prediction from one country to another.

from the trace metal data is easily discernible between a suspect
country and the comparison country as demonstrat&igiare
1.

In conclusion, U.S. Customs and Border Protection (formerly
known as U.S. Customs Service) implemented a special 60 da
“Garlic Intervention” in 2002, targeting a portion of fresh garlic
importations. This laboratory found that approximately 40% of
134 samples tested during the intervention were from a country
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other than that claimed on entry documents. These falsificationsLITERATURE CITED
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