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Relationship between Interannual Variation of Amino Acid
Profile and Pollen Content in Honey from a Small Argentinian
Region
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With the objective of evaluating the utility of the amino acid profile in the characterization of honey
samples, 39 honey samples of two different harvests from a particular production zone in Cérdoba,
Argentina, were analyzed. Multivariate statistical techniques, such as principal component analysis
(PCA), cluster analysis (CA), and multiple correspondence analysis (MCA), were applied to verify
the correlation among the amino acid profiles, pollen percentages, and different harvests. PCA, CA,
and MCA demonstrate the presence of differences of amino acid profiles between samples of the
two harvests, such differences being mainly due to differences in pollen availability. Variation of the
flora surrounding the apiary due to agricultural practices makes the analysis of amino acid profile
typical for those cases with stabilized flora.
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INTRODUCTION with honey characteristics3( 4). Other authors have looked
for honey classification through the use of chemical markers
such as flavonoids, amino acids, proteins, and volatile com-
rpounds 5-9).

Certain amino acids are synthesized by the bees and are
common to many types of honey(, 11), whereas others
originate in parts of the plants different from pollen, such as
nectar and honeydew. However, the pollen of plants is by far
the most important source of proteins and free amino acids for
the bees 11, 12).

Recently, we reported that amino acid profiles could be used
as chemical markers of the botanical or geographical origin of
honey 6). When amino acid profiles were analyzed together
with chemometrics, we observed differentiation between samples
according to their geographical origin. In fact, the amino acid
profile was highly associated with the surrounding flora of the
8piary rather than the geographical site of collectidn (

In this work, our objective was to verify the utility of amino
acid profiles for the differentiation of the botanical/geographical
origin of honeys and to investigate whether amino acid profiles

The honey market currently shows a tendency to establish
geographical limits of production with the aim of protecting a
production zone that has developed and marketed a particula
standard of quality. Honey composition is closely associated
with its botanical origin and, to some extent, also the geographi-
cal area in which it originated, because soil and climate
characteristics determine melliferous flora).(

Melissopalynology has been traditionally used for assessing
the botanical and geographical origin of hongygnd remains
nowadays as the reference method in spite of several dis-
advantages. Noticeably, counting, identification, and interpreta-
tion of pollen analysis requires a highly trained analyst and
construction of a complete pollen library and is sometimes
affected by honey filtration.

Some methods alternative to melissopalynology involve
measurements of physical and chemical parameters associate
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samples of the same collection zone, but different harvest year,taple 1. Representative Pollen Taxon Percentage Concentration Mean

has been evaluated by multivariate statistical analysis. for Each Statistical Group Obtained by Cluster Analysis and
Associations Suggested by Pca between Some of These Values and
MATERIALS AND METHODS the Groups
Honey SamplesThis study was carried out on 39 honey samples, 1999/2000 2001/2002
from the southeastern region of (_doba province in Argentina (Iati_tude taxon abbreviaton 1 ) 6 3 4 5
31° 30 to 32 30 south and longitude 6230 to 63 40 west), which
were harvested in two different years, following IRAM nornisy Carduus sp. Car 4626 7 34 6l 54
Twelve samples were collected in apiary season 1999/2000 (samplesCeltis sp. ce 08 01 28 008 005 0
1-12), and 27 samples were collected in apiary season 2001/20022”’0”9.rale cru 13 8117 195 125 153 113
K ucurbitaceae Cu 01 0 001 21 002 001
(samples 13-39). In both cases the apiary season goes from October Cydonia oblonga Co 27 0 0 0 0 0
to February. Eucalyptus sp. Eu 25 40 40 39 41 13
Amino Acid Analysis. Amino acid profiles were obtained following Geoffroea decorticans Gd 564 0 6.22 Q¢ o° 0
the procedure previously describeg).(Amino acids were extracted Gleditsia triacanthos Gt 330 270 350 0 0 0
and analyzed within 20 days of collection. Glycine max Gm 0 0° 0° 28 60 348°
Pollen Analysis.Melissopalynology analyses were performed in all  Heimia salicifolia Hs ooy o000
samples according to the method of Loveaux et2)l.For pollen type Helianthus annus Ha o4 0 2% 14 0409
identification, pollen slides from the CICYTTP palynotheca were used, igoqurus sibiricus Leo Lpeo 05000
- e ippia turbinata Lt 19> 332 16° 0 0 0
and bibliography describing pollen taxa of areal flora have been Lotus sp. Lo 0 0 0 432 01 02
consulted {4—18). When it was possible, pollen types were identified a5 syivestris Mar 306 0 0 0 0 0
at species level, otherwise, at a genus, tribe, or family level. Marrubium vulgare Mav 0 21a 15 0 0 0
Statistical Analysis.Because proline is the main amino acid added Medicago sativa Ms 113 7 81 50 69 1240
to honey by bees, it is necessary to evaluate its variation during two Melilotus albus Ma 123 172 209 386 384¢ 120°
different harvests by KruskaWallis analysis of variance testg) to Moraceae Mor 0° 0° 00 108 29° 20
decide whether to exclude it from the analysis. Parquinsonia aculeata Pac 22001 218 0 0 0
Data Matrix. Two different data matrices were constructed. First, -/0S0PSsP- Pro 110 51 10 09 03
. . L Pyracanta angustifolia Pya 020 12 02° 0 0 0¢
to compare the amino a_C|d composition among samples of two years, g pseudoacacia Rp 65 622 170 0 0 0
the absolute concentration for each amino acid was calculated as aggpjnys sp. Sch 0 0 04 0 002 0.02
percentage of total amino acid concentration. To calculate the “percent- sepecio pampeanus Sp 01 0 07 0 0 0
age concentration”, the absolute concentration of all quantified amino  Styphnolobium japonicum Sj 72 892 13" 0 0 0
acids was summed (100%), except proline. Ammisp. type Tam 0° 0° 0 1378 622 62
To compare the pollen taxa presented in the samples, a second datdaccharis sp.type Tha 0o 0 0 09 07 07
matrix was constructed considering pollen species having frequency E¥n9iUmsp. type Ter o 0o 0 020 020 02
in honey above 5%, at least in one sample. There were some exceptionszcu.[e”a"a type Tse o 0 0 07 10 10
. . ) . olidago sp. type Tsg 41 17 1 07 09 09
of species, which were included in the study because they clearly Tipuana tipu Tt 0 56 04 0 0 o
permitted differentiation of groups of samples even though they did iym s, T 0 27 46 16 04 04
not overcome the 5% limit. These species wéhgdonia oblonga Vicia sp. Vi 01 0 001 150 0 0
Heimia salicifolig Leonorus sibiricusMalus sibestris Parquinsonia Vigna luteola Vi 173 0 008 0 0 0
aculeata Pyracanta angustifoliaSchinussp., Senecio pampeanus Wedelia glauca Wg 01 0 0.7 0 0 0
Baccharistype, Eringium type, Scutellariatype, Vigna luteola and
Wedelia glauca apollen species positively correlated with column group. ©Pollen species

Cluster Analysis (CAJThe aim of the CA is to uncover some latent  positively correlated with column group but in minor grade. ¢Pollen species
structure of the objects in terms of groups of similar elements and, negatively correlated with column group.
possibly, in terms of hierarchy of embedded grol.(The procedure

involves a measurement of either the distance or similarity between and, finally, in the fourth category, we included samples belonging to

ObJeCtS. to b.e clustered. The clust_erlng IS represenped na dendrogran}he fourth quartile. To get a better comprehension of the results, a biplot
by the junction of the corresponding branches, which is called a node was performed

of the tree R0). - . .
Cluster analysis was applied to both data matrices to identify groups All statistical tests were carried out using Infostat 1.1 softwag.

in the samples related to free amino acid profile and to pollen species.
For this analysis, the data were standardized. The complete linkageRESULTS AND DISCUSSION

algorithm was applied using the Euclidean distar®).( _ Melissopalynology AnalysesMost of the samples analyzed

F_>r|t:1_|<_:|pal gOm.gO”e.f;t An?I?/ss (PCAY0 ?natliyée thehunderlylng were multifloral with the exception of five samples (28, 29

varial ||ty and to identify useful associations for different oney groups, . . . !
31, 32, 38) that werdlelilotus albusunifloral honey and six

two PCAs were performed2(). In the first case, as classification . .
criterion, the groups related to free amino acid profile suggested by S@Mples (13, 14, 2326) that wereSlycine masunifioral honey.

the CA were used. In the second case, the groups related to pollenRepresentative taxon of honey samples analyzed is shown in

grains frequency were used. Some graphical tools such as biplots havelable 1

also been used. Statistical Analysis.When a nonparametric KruskaWallis
Multiple Correspondence Analysis (MCAJultiple correspondence  ANOVA test was applied to proline concentrations, there was

analysis is a simple correspondence analysis carried out on an indicatomng significant difference in the absolute concentration means

(or design) matrix with cases as rows and categories of variables aspetween years of harvest, so it was excluded for the comparison.

columns. Moreover, when proline was included for the calculations, a

For these analyses, we considered for each sample the grou.pigreater dispersion in the statistical comparison within years was
suggested by cluster analyses, the amino acid percentage concentratio

and the pollen grains frequency. The quantitative variables were dbserved. . .
transformed into four classes, using the quartile position. In category AN exploratory evaluation of the data structure was carried

one were included samples belonging to the first quartile; in category OUt by CA, searching for ngtural grouping (similarity) among
two, we included samples corresponding to the second quartile; in Samples related to free amino acid percenteage concentration.

category three, we included samples belonging to the third quartile; The results obtained are presented as a dendrogram, which is
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Figure 1. Dendrogram from cluster analysis of honey samples according 1,92 -0.40 P1C132 285 417
to their amino acid profiles.
3563 Phen
shown inFigure 1. It can be observed ifrigure 1 that the
sample point arrangement is not random. The CA suggested
six cluster{A—F) formed at a Euclidean distance of 1.39 (50% 208
of total linkage distance). Clusters A, B, and C are composed
of honey samples harvested during 2001/2002, whereas clusters
D, E, and F are formed by samples collected during 1999/2000. o
The associations of amino acid percentage concentration with & 052
the cluster, suggested by CA, were evaluated by PCA. The first
principal component explains 46% of total variability, the second
one 30%, the third one 20%, and the fourth one 2%. That is to o5
say, 98% of total variability between samples could be explained '
considering only the first four principal componerfgure 2 E.
shows three biplots obtained from these components. It can be o Thr  Leu
observed that all quantified amino acids are associated with one  24s Y
-3,20 -1,38 0,43 2,25 4,06
or more honey groups. PC 1

The 13 amino acid mean value for each statistical group was igure 2. Biplots (PCA) with the first three principal components according
calculated Table 2), and we evaluated the suggested associa- to amino acid profiles. Capital letters indicate cluster analysis group.
tions by PCA between honey group and amino acids. It can be

observed that the amino acids associated with each group can
characterize their own amino acid profile of each group. From samples: the first one at a distance of 1.24 (45% of total linkage
the results obtained by CA and PCA, differences in amino acid distance) and the second one at a distance of 1.9 (72% of total
profiles were found between samples of different collection linkage distance). Clusters 1, 2, and 6 are formed by samples
years, in spite of samples being of the same collection zone. harvested during 1999/2000, whereas clustets are formed

To investigate the origin of such differences, we performed by samples collected during 2001/2002. Samples 37, 32, 38,
the same statistical analysis but this time applied to the and 19 are included in cluster 3. To identify the associations of
percentage of pollen species present in honey samples. Clustepollen percentage content with the cluster suggested by CA, a
analysis of pollen species suggested seven cluéter§), as new PCA was performed. Ninety-three percent of total vari-
shown inFigure 3. In this case, we used two different cut ability between samples could be explained by looking at the
criteria to obtain a better interpretation of association of first four principal components. The first principal component
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Table 2. Amino Acid Percentage Concentration Mean for Each G R
Statistical Group Obtained by Cluster Analysis and Associations
Suggested by Pca between Some of These Values and the Groups
2001/2002 1999/2000 2,55
amino acid A B C D E F
aspartic acid 647 402 430 19722 450 415 e
serine 5312 4802 419 205 284 1.47¢ o sl
glycine 11730 1266® 753  19.722 927  553¢
arginine 1.79 174  129° 6.632 12682 5232
threonine/alanine 343 2.38 1.75 111 5.16 2.60
tyrosine 2.99¢  537¢ 8460 785 11.282 17.242
valine 522 634 446 387 823 575 145
methionine 0.39¢  0.42° 036° 3.00%0 1.96°  1.09°
isoleucine 2.55 3.64 293 266 4772 363"
leucine 2.57 3470 259 259 4972 3100
phenylalanine 16.14¢ 2407 34282 17.78° 2523  42.162 3,481,
tryptophan/ornithine  1.56¢  2.04¢  3.07 342 3.68 3570 5.1
lysine 30.842 29062 2480  9.61  6.28° 5.18°
4,28,
2 Amino acid positively correlated with column group. ? Amino acid positively
correlated with column group but in minor grade. ¢ Amino acid negatively correlated
with column group.
2,02
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012 054 1.20 1.86 252 Figure 4. Biplots (PCA) with the first three principal components according
Distance to the pollen species present in the honey samples. Numbers indicate
Figure 3. Dendrogram from cluster analysis of honey samples according cluster analysis group.

to the pollen species present.

associated with each group can characterize their own pollen
explains 41% of total variability, the second one 21%, the third profile of each groupTable 1).
one 19%, and the fourth principal component 12% of total  Analyzing the groups suggested by CA, it can be said in
variability. Figure 4 shows the biplots obtained from these general that samples from clusters suggested by CA from amino
components. It can be seen that several species of pollen arecid percentages coincide with samples from clusters suggested
associated with one or more honey groups. Starting from by CA from pollen percentages. For example, samples from
associations suggested by PCA, the amino acids mean valuelusters E and F (cluster group by amino acid profile; year 1999/
for each statistical group was calculated, and the values obtained2000) coincide with the samples of groups 2 and 6 (cluster group
are shown inrable 1 It can be observed that the taxon of pollen by pollen percentage; year 1999/2000). Likewise, samples from
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Axis 1
Figure 5. Factorial plane from multiple correspondence analysis. Capital letters and numbers indicate the suggested groups by cluster analysis. Small
letters indicate abbreviation of vegetation species and amino acids (see Tables 1 and 2) and subindices correspond to (1) first quartile, (2) second
quartile, (3) third quartile, and (4) fourth quartile.

cluster D coincide with samples from group 1. The same the other groups AC (cluster group by amino acid profile;
conclusion can be drawn for samples harvested in 2001/2002.year 2001/2002) and-3 (cluster group by pollen percentage;
Samples from A and B (cluster group by amino acid profile; year 2001/2002) can be observedFigure 5.

year 2001/2002) coincide with the samples of groups 3 and 4 aqditionally, the second axis, which explains 15.69% of
(cluster group by pollen percentage; yearr 2001/2002). Likewise, sample variance, differentiates two groups between samples of
samples from cluster C coincide with samples from group 5 parvest 1999/2000 and between samples collected during 2001/
except for sample 22, which is included in cluster B. 2002. It distinguishes C and 5 groups from A, B, 3, and 4

_ Due to results o_btaine_d S0 f_ar, it can be inferred that the groups. Moreover, on the same axis we can distinguish D and
differences found in amino acid profiles of honey samples 1 groups from F, E, 2, and 6 groups.

collected in different periods could be a consequence of changes
in the flora surrounding the apiaries, which is likely because
the geographical region under study is mainly devoted to crops.
Finally, to understand the possible correlation between
surrounding flora and honey amino acid profiles, we performed
a MCA. MCA allows the construction of principal components,
which optimally summarize the data, and enables the construc-
tion of graphical displays. An interesting property of these

Groups D-F and 1, 2, and 6Kigure 5) are positively
associated with the amino acids methionine and arginine
according to the MCA and PCA results (séables 1and?2
andFigures 2and4). Samples corresponding to groups E and
F are also positively associated with the tyrosine, isoleucine,
and leucine and negatively correlated with lysine. When
analyzing cluster groups in relation to pollen percentages, these

graphical displays is that associations between honey sample roups of samples are associated with the presence of the

and amino acid profiles and pollen species percentage can beOIIOWIng pollen SPecies. Gt, Lt, Rp, Pya, and Sj. Also, they
observed on various projection planes. are associated with the absence of Tam, Gm, and Mor. In

The results of the MCA indicated that the first two axes particular, groups 2 and 6 are positively associatedlwith the
accumulate 48.4% of the total inertia. The results are shown asP - cce of pollen of Cru. Clusters 1 and 6 are associated with

a biplot inFigure 5. When the group identification, amino acid, Pac, Gd, and Ha.. )
and pollen species categories of samples are projected on a_/AS can be seen ifigure 5, samples from cluster D-1 (bottom
factorial plane, we can observe that the first axis, which explains right of Figure 5) are separated from the rest according to axis
32.71% of sample variance, clearly separates honey sample<. and this is mainly due to the association of these samples
collected during the harvest of 1999/2000 from the ones With the presence of VI, Mar, and Co. With regard to amino
collected during 2001/2002. This result is in concordance with acids, these samples contain high percentages of aspartic acid
the results obtained for CA for both amino acid profile and and glycine and low percentages of phenylalanine.
pollen percentages. The same analysis scheme was followed for samples har-
The distinct localization of groups BF (cluster group by  vested in 2001/2002. Clusters A, B, 3, and 4 are character-
amino acid profile; year 1999/2000) and 1, 2, and 6 (cluster ized by high percentages of serine and lysine and are associated
group by pollen percentage; year 1999/2000) with respect to with low percentages of tryptophan/ornithine, tyrosine, and
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methionine. The lack or deficiency of these amino acids is also
observed for cluster C-5.

J. Agric. Food Chem., Vol. 54, No. 25, 2006 9463

(2) Loveaux, J.; Maurizio, A.; Vorwohl, G. Methods of melisso-
palynology.Bee World1978 59, 139-157.

When the pollen percentages are analyzed, it can be observed (3) Popek, S. A procedure to identify a honey typeod Chem

that clusters A, B, 3, and 4 are characterized by their own pollen
profile: high frequency of Ma (alMelilotus albusunifloral
honeys are clustered in this group) and Tam with the presence
of Ter in low proportion.

Finally, the cluster C-5 is characterized by a high proportion
of phenylalanine, a moderately high proportion of tyrosine, and
low concentrations of arginine and methionine.

Samples belonging to cluster C-5 are characterized by high
frequency of Gm and relatively high frequency of Ms and Ma.
In fact, all Glycine maxunifloral samples are clustered in this
group.

Considering that samples clustered in group 4, with the
exception of sample 22, contain pollen of Gm in percentage
equal to 41+ 15%, we can assume that its amino acid profile
(Table 2) can be an indicator of the presence of pollen of Gm
in honey. In fact, even though sample 22 is included in cluster
4, in the biplot it is located at a considerable distance from all
of the other samples of cluster Eigure 5).

The correlations between the profiles of amino acids and
pollen percentages found in this work are in agreement with
those found by other authord3—25). In this study multifloral
honeys with a predominant specific pollen type (without being
unifloral) were clustered together with unifloral honey of the
corresponding flora. This confirms the hypothesis that the free
amino acid profiles are mainly determined by pollen in honey.

Comparison of the free amino acid profiles of honey samples
of successive harvests showed significant differences in the
concentration of several of them. This situation was predictable
because the sampling region is dedicated to agricultural
development and the crops vary with economic factors or
depending on the conditions of the soil. That is why the
surrounding flora of the apiaries changes, which is correlated
with the pollen species available for honey bee consumption
and therefore with the free amino acids available in honey. In
the 1999/2000 harvest we observed wild or implanted pollen
species such a€eltis sp., Geoffroea decorticansGleditsia
triacanthos Lippia turbinata Marrubiumwulgare, Parquinsonia
aculeate and Tipuana tipy whereas in the 2001/2002 harvest
these species were replaced by other crops or weeds (e.g.
Glycine ma¥. This observation allows one to presume that the
utilization of the amino acid profiles as indicative of the
geographical origin would be applicable only to those geo-
graphical regions with stabilized flora, that is to say, where there
is no changing of native flora. Thus, the amino acid profile of
honey coupled with statistical analysis could be used as
complementary to melissopalynology in the evaluation of the
floral origin of honey.

ABBREVIATIONS USED

CA, cluster analysis; PCA, principal component analysis;
MCA, multiple correspondence analysis.
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