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B
ulk food and feed sampling is a multi-step procedure in 
which typically a composite sample is first produced by 
pooling primary increments, thoroughly mixed and then 
mass-reduced (possibly in several steps) to obtain an 

ultimate laboratory sample of suitable size for analysis: the test por-
tion, or the analytical aliquot. Among all sampling steps involved in 
this pathway, application of composite sampling is the most critical. 
If the primary sample cannot be proven to be representative, all 
ensuing steps of mass-reduction, sample preparation and analysis 
are in vain, for reasons recently explained in full in the horizontal 
standard DS 30771, where the specific requirements for ensuring 
representativeness, are addressed in full.

Although it is well known that material heterogeneity influences 
the effectiveness of sampling procedures, most guidelines defining 
sampling strategies specific for, or routinely applied to, food and 
feed products are based on stringent distributional assumptions, 
seldom justified or discussed in sufficient detail, if at all. Indeed most 
are based on classical statistical distribution requirements – fore-
most the normal, binomial and Poisson distributions - and almost 
universally rely on the assumption of randomness2, 3, 4. This is an 
unrealistic and suboptimal state of affairs at best however. Does 
the supposed randomness relate to constitutional hetero geneity 
or to distributional heterogeneity for example? How are the una-
voidable irregular spatial distributions accounted for? The scientific 
and industrial communities actually recognizes a strong prepon-
derance of non-random distribution within commodity lots5, 6, 7, 8, 
which therefore should be the more realistic pre-requisite for defini-
tion of effective sampling protocols. Heterogeneity issues are too 
often overlooked, instead allowing non-scientific considerations 
to determine sampling protocols, focusing financial, time, equip-
ment and personnel constraints instead of mandating acquisition of 
documented representative samples under realistic heterogeneity 
conditions. We show how the principles promulgated in the Theory 
of Sampling (TOS), e.g. as practically tested in an EU study on soy-
bean materials9, actually apply universally in the food and feed realm 
and should be considered as an exemplar for development of valid 
sampling protocols free from distributional constraints. TOS pro-
vides a framework within which identification and development of 
unbiased sampling plans is driven by empirical observations made 
on a case-by-case basis and calibrated upon the specific hetero-
geneity characteristics of the material under assessment. Under 
the guidance of TOS’ Fundamental Sampling Principle, system-
atic application of stratified random sampling will suffice to always 
‘cover’ the entire lot. The appropriate number of increments is not 
scalable with the size of the lot, contrary to many standard myths 
perpetuated ad infinitum, but only with the degree of heterogene-
ity in the lot and the a priori chosen degree of confidence, i.e. the 
acceptable level of risk.

Food and/or feed products constitute no special case in this con-
text: if sampling is not carried out correctly (if biased), subsequent 
analytical efforts in the laboratory are completely futile1,5,6,7,10,11,12. 
Much work still needs to be done in order to prevent continued use 
of non-representative sampling protocols that are prevalent in inter-
national standards and guidelines, sometimes limited by unsub-
stantiated distributional assumptions. If providing correct sampling 
recommendations is a priority for both the scientific community and 
regulators responsible for consumers’ protection, it is necessary to 
contribute towards a unanimous acceptance of the position that 
evaluation of the total sampling error (TSE – including laboratory 
handling errors) is equally important as the evaluation of the analyti-
cal error13. So far, far too much attention has been devoted only to 
estimates of the total analytical error (TAE) and many, very specific, 
and therefore only ad hoc experimental designs, with or without a 
sufficient number of increments and replicates, has been evaluated 
only as a function of the specific properties of the analytical method 
involved. Applying TOS principles allows development fit-for-pur-
pose TSE criteria based on of empirical lot heterogeneity characteri-
sation5, 6, 7 with which to enter into e.g. risk analysis or compliance 
testing, on a fully realistic basis.
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