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This perspective is designed to summarize the standards that authors of manuscripts submitted to
the Journal of Agricultural and Food Chemistry are expected to follow in establishing the structures
of either new or unknown compounds identified in the course of a study. It is especially important
that the molecular formulas of new compounds be determined by either high-resolution mass
spectrometry or combustion analysis. All relevant physical, spectroscopic, and spectrometric data
should also be reported, so that other research workers have criteria for comparison with compounds
that may be isolated in the future. In the case of flavor and aroma constituents, it is not sufficient to
depend upon mass spectrometric identifications based solely on comparison with commercial
databases. Mass spectra and retention indices on GC stationary phases of different polarities must
be determined and the results compared to data for reference compounds and with commercial
standards, when available. If geometric or positional isomers may be present, or for chiral compounds,
the retention indices of all isomers or enantiomers must be determined. Odor properties or odor
thresholds determined by GC-—olfactometry may also serve as appropriate tools for compound
identification. Adherence to these standards will ensure that processing of manuscripts proceeds
expeditiously and that the high standards of the Journal are maintained.

INTRODUCTION interfaced with exceptionally powerful spectroscopic methods,
The Journal of Agricultural and Food Chemistryleals appear to have made the determination of structure a routin_e
primarily with chemistry topics, as its name implies. A proce_dur(_a. Un_fortunately, (_jependence on suc_:h procedures, in
significant number of manuscripts describe the isolation and combination with commercial compound libraries or databases
identification of natural products from agricultural sources. This that may contain errors, can give a false sense of security, unless
is particularly true for topics that fall within the “Bioactive they are applied with extreme care and informed judgment. Our
Constituents” and “Flavors and Aromas” categories, although PUrPOSe in writing this perspective is to set down the standards
many other sections of thieurnaltouch, at least to some extent, that authors are expected to follow in establishing the structures
on structural identification. The ultimate aim of most such ©f compounds, so that processing of the manuscript proceeds
research is to describe the biological and sensory activities of in @n orderly manner through review, revision, and editing to
food and agricultural products, as constituted by a complex eventual acceptance with a minimum of time !ost. It is important
matrix of individual components. The credibility of the resulting {0 note that these standards should be an inherent part of the
papers is absolutely dependent on the rigorous and unequivocalnitial experimental design, not requirements subsequently
characterization of, at the very least, those compounds (new ordemanded by the Reviewers or Editors as a condition of
known) that contribute to the observed bioactivity. This does Publication.
not mean that noncontributory compounds should be neglected, Recent advances in instrumentation have led to the interfacing
because it is also important to identify constituents, sometimes of separation techniques with modern spectroscopic techniques,
major, that have little or no effect on the raw material or product. not only UV and IR but also nuclear magnetic resonance
Such constituents may serve the purpose of authenticating thespectroscopy (NMR) and mass spectrometry (MS). This ex-
source of the material under investigation or indicating potential ceptionally powerful combination has enabled the structures of
contamination. compounds to be determined without the necessity of physical
Why do we need to discuss this topic in a perspective? The isolation, and has changed the traditional approach to natural
answer is that modern separation techniques, especially wherproducts chemistry (1). It is generally now possible to separate
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virtually all components present in any extract of a particular reports where tens of milligrams or even gram quantities have
organism and to determine the structures of each and every onebeen isolated and no attempt has been made to recrystallize the
even though these may be present in extraordinarily low sample.

amounts. Minor constituents may exhibit exceptional potency  The importance of melting points was recently illustrated by
in selected bioassays, whereas, at the same time, the contributiog,e NOVA television documentafjorgotten Geniusdescribing

of natural products to bioactivity, flavor, or aroma is likely to  the Jife of the African-American chemist Dr. Percy Julian, a
depend upon complex interactions. Studies of such interactionsprogram partially funded by the American Chemical Society
involve much greater complexity than previously involved in ) “jyjian, working at DePauw University, a small liberal arts
natural product research; however, the sophisticated separatioq:ouege, was in direct competition with F. E. King and Sir Robert
techniques and spectroscopic methods now available are capablg,inson at Oxford University, England, to complete the first

of such tasks. In many cases the experimental approach isty | synthesis of the indole alkaloid physostigmine, used for
reduced to selecting the most economical, available, or elegantthe treatment of glaucoma. When Robinson published the

;:hhmce of tetch_nl?ue; a;nd d_ewts_lng s;Jlt?bletexper: |mert1:]s W'fth'n synthesis of eserethrol8) easily convertible into physostig-
ese constraints. Letermination of structure has, there Ore’mine, Julian noticed that the reported melting point was almost

turned into a relatively routine procedure, to be replaced by 50 °C higher than the literature value for the compound and

m;s:ﬂ%ﬁfsnss ?tf ?;0:?3'g?:a?]tfoFt)ﬁ;'etshgrs(:;nn;g? des Otthft'ﬁQ\'/e that the structure of Robinson’s synthetic compound therefore
’ P had to be in error. This enabled Julian and P {o publish

traditionally been applied to the identification of compounds the correct svnthesis shortly thereafter

and structural elucidation be maintained to ensure that the results y ) y N o

reported are fully accepted by the research community. When appropriate from examination of the structure, it is also
For the purposes of this discussion we have divided the essential to measure optical rotation, so that it can be identified

compounds under consideration into two broad classes, con-25 @ particular enantiomer or a racemic mixture. This is

forming to the subcategories of tdeurnal mentioned above, particularly important in relation to bioactivity as different
namely, “Bioactive Constituents” and “Flavors and Aromas” enantiomers often have entirely different biological properties.

This is not to imply that the standards to be applied are Obviously, unless purity has been established, optical rotation
substantially different, but rather to recognize the technical Measurements are of little value.
difficulties that may exist in isolating and characterizing  Yields from the natural source should be reported, preferably
individual components. Bioactive constituents are generally on a dry weight basis. It is also expected that, whenever possible,
isolated on the basis of a directed fractionation focused upon areference samples will be retained and made freely available to
particular bioassay of interest, for example, toxicity, antifungal, other research groups on request, to provide comparisons with
anti-insecticidal, or herbicidal activity. Because the bioassay is compounds that may subsequently be isolated.
an inherently selective process, the number of compounds The principle of dereplication, namely, the rapid identification
involved may not be great, numbering in the tens at the most, of previously identified natural products, §), should be applied
even though many other compounds may exist in the organismto all “novel” isolates and a thorough literature search conducted
being studied. On the other hand, volatile constituents often for structural analogies with known compounds from related
number in the hundreds, a majority of which need to be organisms at the genus and family level. On many occasions
identified before the SpeCifiC flavor- or odor-active Components the full power of modern instrumental techniques has been
can be identified by a combination of odor-activity thresholds applied to compounds isolated from a new source only to have
and concentration. Furthermore, bioactive constituents arétheijr structures established as identical to that of a natural
frequently solids of moderate to high molecular weight, whereas product previously isolated from a different source. Dereplica-
aroma constituents are generally relatively low molecular weight, tion can avoid such waste of time, money, and resources.
volatile oils. In either case, tr_'e |dent|t)_/ qf the source organism -, particular, the standards of thurnal require that the
must be comprehensive, with description to the subspecies, .
variety, or cultivar level if appropriate. Reference samples should molecular formula of a new compountust be determined

’ : either by high-resolution mass spectrometry (HRMS) or by

be deposited at a specific location (herbarium, etc.) where theycombustion analysis. The latter is preferable as it provides

can be accessed by other scientists for comparison purposes.” . . . . o )
y P PUTP confirmation of purity. If HRMS is used, it is essential to ensure

that the ion under examination is the molecular ion. It should
BIOACTIVE CONSTITUENTS be noted that the molecular formula cannoglsblishedfrom

Physical Data. It is the essence of organic chemistry that f[he IOW'rESOIUt'.On MS molecular ion and NM.R carbon coynt,
t can only beinferred. Such an approach is fraught with

compounds need to be characterized as completely as possible', . .
so that other research workers can compare directly data forPrOblemS’ thg ion observed may be qnly a pseudo-molgcular
compounds which may subsequently be isolated or retrospec—'on’ and the signals of carbon atoms with long relaxation times
tively with data already in the literature. Such data include color, M2 b€ so weak that they are not observed. There are many
physical form, melting point if solid or boiling point if liquid, ~ Instances in the literature where this approach has led to
and optical rotation when compounds potentially have chiral Unfortunate errors in structural identification.

centers. Melting points are particularly useful in this respect,  Spectroscopic and Spectrometric DataUV—visible and
especially when determined as mixed-melting points with IR spectra should be provided whenever necessary for structural
reference compounds. They not only provide a convenient andelucidation. These physical techniques can provide important
easily determined point of comparison but are also a criterion information at a fraction of the time, effort, and expense
of purity. With the advent of preparative HPLC there has been involved with more sophisticated techniques. Furthermore,
an unfortunate tendency to report isolates as “amorphous solids”.information such as the “fingerprint” spectrum from IR can
In many cases, amounts obtained are insufficient to recrystallizeprovide an unequivocal comparison with authentic samples.
to constant melting point, but there are a significant number of Similarly, the addition of specific reagents to UV sample
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solutions can induce spectroscopic shifts that are very diagnostic
for particular structural features, as, for example, with flavonoids
7).

X-ray Crystallography. Recrystallization of solid samples
may provide crystals suitable for establishing structure and
stereochemistry by X-ray crystallography. It is important to
ascertain that the crystalline material analyzed by this technique g
has spectroscopic data in accord with that of the bulk sample. £
On occasion, crystals have been selected for X-ray structure’@
elucidation that represent minor impurities of the sample as a
whole.
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FLAVOR AND AROMA CONSTITUENTS

The term “flavor” comprises in particular the aroma and taste
impression perceived when food is eaten. It is generally accepted
that the aroma compounds causing the smell or odor are part
of the volatile fraction, whereas taste-active compounds usually
belong to the nonvolatile food constituents. Thus, compounds
having the typical aromas of herbs or other plant materials haveX
been isolated by steam distillation, for example, since ancient 2 &g
times. The steam volatile fractions, the so-called essential oils, g
have been used up to the present time either as fragrances or t&
modify or improve the aroma of foods. The majority of essential 3
oil volatiles are terpenes, and, besides the tremendous number 20
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of terpenes occurring in nature, these compounds often contain
two or more chiral centers and, thus, require certain efforts for 0
structural elucidation. Besides these “natural” sources, bio- 80
chemical or chemical degradation reactions of nonvolatile mz
constituents during f(.)(.)d processing or storage can also lead toFigure 1. Mass spectra (MS-EI) of (A) 5-methyl-2-furfurylthiol (1) and
the formation of additional volatile compounds. (B) 2-(L-mercaptoethyl)furan (2).

The development of GC-MS coupling about 50 years ago
has led to the identification of thousands of food volatiles. tapje 1. Analytical Data? for 5-Methyl-2-fururylthiol (1) and
However, a detailed study of the literature indicates that many 2-(1-Mercaptoethyl)furan (2)
of these “identifications” are based just on assumptions made
on the basis of fragmentation patterns obtained by mass
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retention index

spectrometric measurements, and quite often no syntheses orodorant  odor quality DB-5 FFAP  odor threshold (ng/L in air)
NMR measurements were performed. In addition, the develop-~ coffee-like 995 1500 0.006
ment of headspace isolation techniques, such as solid-phase 2 sulfury, burnt 951 1396 0.009

microextraction (SPME), has facilitated the process of volatile
isolation. However, the combination of SPME isolation with
mass spectrometric identifications based simply on the use of
commercial databases, as performed by many authors, may beneasurements and the determination of retention indices relative
a source of errors. to a series of homologues, suchraslkanes. However, many

It is without doubt that the exact identification of aroma authors compare the data obtained only with data available in
compounds is a challenging task, because in a given food commercial databases, but, as shown in the following two
hundreds of volatiles are quite often present, additionally examples, this procedure may not be sufficient to unequivocally
differing by many magnitudes in their concentrations. However, identify a volatile constituent or aroma compound. Thus,
often a certain “bioactivity” of the volatiles, such as antimi- 5-methyl-2-furfurylthiol (1) and 2-(1-mercaptoethyl)furan (2)
crobial, antifungal, and, of course, sensorial properties, are theshow very similar mass spectrai@ure 1). In this case, simply
focus of a study. In such cases, the application of bioactivity- comparing mass spectra with data taken from the literature will
guided screening procedures may help to reduce the effortsobviously lead to erroneous results. However, on the basis of
needed in the identification of inactive compounds and, thus, retention indices, which should at least be determined on two
avoid waste of time and resources. For example, it is now well- columns of different polarities, both compounds can easily be
accepted in the literature that only those volatiles able to interact differentiated Table 1) (9). Retention times, still used by many
with the receptor proteins in the human olfactory bulb are authors, are, however, not appropriate for identification purposes,
responsible for a certain aroma. Therefore, if the aroma or aromabecause these cannot be standardized, for example, between
changes are the purpose of a study, the identification experi- different laboratories. On the other hand, odor qualities deter-
ments should be focused on the odor-active volatiles. Thesemined by GC-elfactometry can serve as an additional parameter
compounds are usually present in a lower number as comparedn the identification experiments. For example, 5-methyl-2-
to the bulk of odorless volatiles and can be evaluated by furfurylthiol elicits a coffee-like odor, whereas 2-(1-mercapto-
screening techniques based on-&ffactometry, such as the  ethyl)furan smells sulfury and burnt (Table 1).
aroma extract dilution analysis (AEDA), the CHARM analysis, Methoxyalkylpyrazines have been identified as important
or others (8). aroma compounds, for example, in peas, raw cocoa beans, or

After the odor-active compounds have been located, the bell peppers, and 2-methoxy-3,5-dimethylpyrazi8g(Figure
identification procedure usually starts with mass spectrometric 2A) has previously been characterized as an important odorant

@Hofmann and Schieberle (9).
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CH, 138 A indices have been checked by the use of synthesized reference
100 7 ,[NIO compounds. In this case the reference must be cited. If a
HC” SN e, compound is commercially available, the data must be checked
3 in the author’s laboratory, particularly if geometrical or posi-
tional isomers may be present.

(iiiy For chiral compounds the retention indices of both
82 107 120 enantiomers must be determined by using the respective
40 5 68 o enantiomers. _

(iv) Odor qualities or odor thresholds determined by-GC
123 139 olfactometry may serve as appropriate tools to aid in compound
lllx . |[.l|1 Dl b b I I identification.

5‘0 1(')0 150 200 . (v) If a new structure is detected. (no dgta are available in Fhe

/s literature), two possibilities do exist: either enough material
can be isolated, for example, by preparative GC for NMR

100 - . 138 B measurements followed by synthesis, or, if the preparation of
/[ I enough material is not possible, HRMS should be applied to

80 HC” NT o obtain the elemental composition. A proposal for the structure
54 g4 M can then be derived from all mass spectrometric data, but the

i suggested structure must be synthesized and confirmed by NMR
60 109 \

42 measurements. If the target molecule and the synthesized
1071 120 reference agree in all mass spectrometric data, retention indices,
52 95 123 and the respective bioactivity, NMR measurements of the
68 oo analyte can be omitted.
‘ | 39 Quite recently, such screening procedures have also been
0 ,I, ‘||]|| " || R | Y WO ‘ developed to elucidate compounds responsible for tdsig (
50 100 150 200 However, the determination of the exact chemical structure is
msz also the key step in this area of “bioactive” food constituents.
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Figure 2. Mass spectra (MS-EI) of (A) 2-methoxy-3,5-dimethylpyrazine
(3) and (B) 3-methoxy-2,5-dimethylpyrazine (4). REPORTING AND PRESENTATION OF DATA
It is not the purpose of this perspective to deal with the

Table 2. Analytical Data for 2-Methoxy-3,5-dimethylpyrazine (3) and specifics of reporting physical, spectroscopic, or spectrometric
3-Methoxy-2,5-dimethylpyrazine (4) data. TheJournalhas adopted a format that conforms in general
to that of other ACS journals. Examples of the proper description
of such properties are given in the Guidelines for Authors,
published in the first issue of each calendar year and also
A earthy 1085 1417 0.001 available online (12).
4 pearike 1057 1421 5% It should be noted that the physical and spectroscopic data
must be grouped together for each specific compound under
the Materials and Methods section of the manuscript. As a
general rule, the presentation of data in the form of tables
consumes valuable page space and should not be done unless
it provides a convenient comparison of a series of closely related
compounds. Similarly, figures of spectra should be included only
if they are essential to illustrate points that would be difficult
for the reader to visualize. Many submissions contain mass
spectra that show, for example, the molecular ion and one or
two fragment ions; such data are better represented in textual
form. Even when the data are presented as text, there is no rule
against providing spectra as “Supporting Information”, available
electronically at no charge. Constraints in figures do not apply
to structural representations as these are the primary “shorthand”
for chemical communication (13).
. e 3 . The data should not be listed again under Results and
identifications must be carefully performed and strictly require Discussion, but the relevant NMR signals, MS fragmentations,
the use OT referen_ce cqmpo_unds. ) ~ spectroscopic peaks, etc., should be clearly and concisely

To avoid false identifications, the following procedure is giscussed in this section so that the reader can follow the
recommended to unequivocally identify volatiles or aroma arquments for derivation of the structure. If the compound is
compounds: known and the data have been reported previously, the data

(i) First, mass spectra (MS-El; MS-Cl) and retention indices should not be listed again unless there are serious discrepancies
must be determined on at least two different GC columns that in values or there is evidence that assignments are in error. It is
have stationary phases of different polarities. sufficient to state, for example, “Compountt H and 13C

(i) The results must be compared to spectra and retention NMR data consistent with the literatureeference no.).”
indices of reference compounds. If literature data are used, it The editorial staff of thelournal of Agricultural and Food
must be ascertained that mass spectrometric data and retentio@€hemistryis committed to ensuring the pre-eminent position

retention index
odorant odor quality DB-5 FFAP odor threshold (ng/L in air)

aCzerny and Grosch (10). ® Michael Czerny, Ph.D. thesis, Technical University
Munich, 1999.

in raw coffee beans (10). However, because several positional
isomers of this compound might exist, synthesis of all possible
isomers was the prerequisite to unequivocal identification of
the correct structure. For example, 3-methoxy-2,5-dimethylpyra-
zine (4) Figure 2B) shows a nearly identical mass spectrum.
Also, for both pyrazines, the retention indices on two columns
of different polarities Table 2) are so close that an unequivocal
identification on this basis is not possible. Because the odor
qualities of both isomers are also similar, a determination of
the odor thresholds by Gé&blfactometry is the only way to
differentiate between both compounds. Because pyraxise
more odor-active by a factor of 56000 than pyraziesuch
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such endeavors be supported by the most rigorous standards of (8) Leland, J. V., Schieberle, P., Buettner, A., Acree, T. E., Eds.
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perspective, and strict attention to the Author Guidelines, will ACSSymposium Series 782; American Chemical Society: Wash-
ensure that both the quality and speed of publication, for which ington, DC, 2001.
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