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ABSTRACT: Amino acid profile of four honey types – two monofloral (acacia and sunflower), one 
polyfloral (meadow honey) and forest honey (honeydew honey) collected from the Autonomous 
Province of Vojvodina (Republic of Serbia) was determined using ion exchange chromatography. The 
results showed that proline was the dominant amino acid in all analyzed samples. Other amino acids 

present in substantial amounts were glutamic acid ˃ phenylalanine ˃ glycine  serine in acacia and 
meadow honey samples, while sunflower was characterized by the presence of higher content of 
alanine compared to serine. Forest honey samples possessed the highest proline content and also the 
highest total amino acid content. Based on the amino acid contents, honey samples were classified 
using chemometric methods (cluster analysis (CA) and principal component analysis (PCA)). CA of 
different honey types could be applied to group honey types. According to the PCA, honey samples 
are clearly distinguished and form the specific groups. Therefore, amino acid profile could give an 
indication of honey botanical origin. 
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INTRODUCTION 

Honey is a supersaturated solution of su-
gars, in which glucose and fructose do-
minate (85–95%), sucrose is present in a 
small amount (approximately 1%) and 
maltose and other oligo- and polysaccha-
rides are present in traces (Alqarni et al., 
2012). Honey also contains more than 200 
minor substances, including minerals, pro-
teins, enzymes, amino and organic acids, 
vitamins, polyphenols, and other phyto-
chemicals (Escuredo et al., 2013). Studies 
have shown that some of these consti-
tuents (phenolic acids, flavonoids, ascor-
bic acid, proteins, and carotenoids) pos-
sess antioxidant properties, ensuring the 

therapeutic effects of honey (Alvarez-
Suarez et al., 2010).     

Proteins and amino acids in honeys derive 
from animal or vegetal sources (Lee et al., 
1985), including fluids and nectar secre-
tions of the salivary glands of honeybees, 
but pollen represents the main source of 
proteins (Escuredo et al., 2013). There-
fore, the amino acid profile of honey could 
be characteristic of its botanical origin (An-
klam, 1998; da Silva et al., 2016; Hermo-
sín et al., 2003), but it also varied depen-
ding on the geographical origin (Cometto 
et al., 2003). 
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The protein content of floral honey varies 
from 0.1 to 1.5%, while in honeydew ho-
ney this quantity is 3.0% (Czipa et al., 
2012; da Silva et al., 2016). Proline is the 
dominant amino acid in honey (Iglesias et 
al., 2006), with 50–85% of the total amino 
acids (Pawlowska and Armstrong, 1994). 
Proline is produced by salivary secretion 
of honey bees during conversion of nectar 
into honey. Its content in honey constantly 
decreases during storage and therefore 
proline might be an indicator of honey ri-
peness (da Silva et al., 2016). In addition, 
it is suggested as an indicator of adulte-
ration of honey with sugars, because its 
content is lowered in sugar adulterated 
honeys (Bogdanov and Martin, 2002). The 
minimum level of 180 mg/kg for proline 
was internationally accepted for most of 
the honey types which were not adulte-
rated (Hermosín et al., 2003), except lo-
cust honey known to possess low proline 
content (Flanjak et al., 2016). 

Besides proline other amino acids are also 
present in honey, including glutamic acid, 
alanine, phenylalanine, tyrosine, leucine 
and isoleucine being the most common 
(Girolamo et al., 2012). Other amino acids 
also detected in different honey types, but 
in lower amounts were glutamine, histi-
dine, glycine, threonine, arginine, valine, 
methionine, cysteine, tryptophan, lysine 
and serine (Hermosín et al., 2003). 
Kečkeš et al. (2013) determined that the 
most abundant amino acids in Serbian uni-
floral honeys were proline, alanine, phe-
nylalanine, threonine and arginine, while 
Hermosín et al. (2003) found that Spanish 
honeys contained proline, phenylalanine, 
tyrosine and lysine as the main amino 
acids, followed by arginine, glutamic acid, 
histidine and valine.      

Although amino acid profile may serve to 
determine honey botanical origin, several 
compounds may be formed from the 
reaction of the carbonyl group of a redu-
cing sugar with the free amino group of 
amino acids, peptides or proteins during 
honey storage or its thermal treatment 
(Sanz et al., 2003; Zhao et al., 2018). This 
reaction leads to the depletion of amino 
acids, whose reduction is the most ex-
pressed in the first 9 months (Iglesias et 
al., 2006).  

For that reason, amino acid profile of ho-
ney samples (40) of two monofloral honey 
types (acacia and sunflower), polyfloral 
honey (meadow honey) and forest honey 
(honeydew honey) harvested in 2017 in 
the Autonomous Province of Vojvodina 
(Republic of Serbia) was evaluated in 
fresh samples with the aim to 1) contribute 
to the database of the free amino acid 
composition of Serbian honeys and to 2) 
gain knowledge about the possible use of 
amino acid profile in distinguishing honey 
types. The investigated honey types were 
the most frequently produced in Vojvodina 
and hence selected for this study.   

MATERIALS AND METHODS 

Collection of honey samples 

Forty honey samples (10 acacia, 10 sun-
flower, 10 meadow, and 10 forest) har-
vested in 2017 from the Autonomous Pro-
vince of Vojvodina in the Republic of Ser-
bia were used to measure their amino acid 
content. Honey samples were obtained 
from traditional beehives. The honey was 
extracted by hand from the hives using 
pressure or wooden presses. Approxima-
tely 0.5 kg of each honey sample was pur-
chased directly from the collectors. The 
samples were stored at room temperature 
in a dark place until analyses. 

Melissopalynological analysis 

Qualitative and quantitative melissopaly-
nological analysis was performed accor-
ding to the Von der Ohe et al. (2004). Ten 
grams of the sample was diluted in dis-
tilled water, centrifuged, and the resulting 
sediment transferred to a microscopic 
slide. After mounting with glycerine-jelly, 
slides were analyzed using a light micro-
scope at 400× magnification. In each sam-
ple 500 pollen grains were counted and 
identified using referent slides and pollen 
identification atlases (Bucher et al., 2004; 
Moore and Webb, 1978; Reille, 1995; 
Reille, 1998; Reille, 1999a; Reille, 1999b). 

Sample preparation 

Amino acid analyses of honey were per-
formed by ion exchange chromatography 
using an automatic amino acid analyzer 
Biochrom 30+ (Biochrom, Cambridge, UK) 
according to Spackman et al. (1958). The 
technique was based on amino acid se-
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paration using strong cation exchange 
chromatography followed by the ninhydrin 
colour reaction and photometric detection 
at 570 nm and 440 nm (for proline).  

Honey samples (3–5 g) were dissolved in 
ultrapure water (25 mL). Water was pu-
rified using a Crystal EX, Adrona (Riga, 
Latvia) water purification system and ultra-
pure water was obtained using a Sim-
plicity UV, Millipore (Molshem, France). 
The solution of honey was filtered through 
0.22 µm pore size PTFE filter (Plano, 
Texas, USA) and the filtrate was trans-
ferred into a vial (Agilent Technologies, 
USA) and stored in a refrigerator prior to 
analysis.  

The amino acid peaks were identified by 
comparison of retention times with reten-
tion times of amino acid standard pur-
chased from Sigma Aldrich (Amino Acid 
Standard Solution (Sigma-Aldrich, St. 
Louis, USA)). The results were expressed 
as mg/kg on dry weight basis. 

Statistical analysis 

Results were expressed as mean ± 
standard deviation of triplicate analyses for 
amino acid determination. Analysis of va-
riance (ANOVA) for comparison of sample 
means was used to analyse variations in 
observed parameters among the samples. 
All data were processed statistically using 
the software package STATISTICA 10.0 
(StatSoft Inc., Tulsa, OK, USA).  

Pattern recognition techniques (Principal 
component analysis – PCA and cluster 
analysis – CA) were applied to the ex-
perimental data (used as descriptors) to 
characterize and differentiate among the 
observed samples. 

RESULTS AND DISCUSSION 

Honey authenticity is focused on 1) honey 
geographical or botanical origin or 2) can 
be considered in respect of honey pro-
duction. The determination of honey bo-
tanical and geographical origin is a great 
issue in honey quality control because it 
contributes in consumer protection and 
guarantees the product position on the 
market. Therefore, many efforts have been 
done to find analytical markers of the bo-
tanical (and geographical) origin of honey. 

Lazarević et al. (2012) found that basic 
physicochemical parameters (water con-
tent, electrical conductivity, free acidity, 
optical rotation and pH) of some honey 
types (acacia, sunflower and linden) can 
be used as a cheap, rapid and reliable tool 
for modelling the honey botanical origin. 
Also, Sakač et al. (2019) discovered that 
acacia honey samples can be clearly 
grouped in a cluster, while distinguishing 
of sunflower and meadow honey samples 
can be possible using principal component 
analysis (PCA) for their separation based 
on physicochemical parameters (moisture, 
acidity, pH, ash, electrical conductivity, 
glucose, fructose, hydroxymethylfurfural 
(HMF), colour (CIE L*a*b*)) and mineral 
content.     

Amino acid profile can be considered 
valuable characteristic of honey botanical 
origin since pollen represents the main 
source of honey amino acids (Anklam, 
1998). Some papers deal with the pos-
sibility to distinguish different honey types 
using amino acid profile (Hermosín et al., 
2003; Kečkeš et al., 2013; Rebane and 
Herodes, 2008; Sun et al., 2017). Hence, 
our investigation was directed towards ob-
taining amino acid profiles of four honey 
types (10 acacia, 10 sunflower, 10 poly-
floral (meadow), and 10 honeydew honey 
(forest)) harvested in 2017 from the Auto-
nomous Province of Vojvodina (Republic 
of Serbia) with the aim to differrentiate ho-
neys in botanical groups. The botanical 
origin confirmation of investigated honey 
types was presented in Table 1.  

Table 2 presents the amino acid profiles of 
10 acacia, 10 sunflower, 10 meadow and 
10 forest honey samples.  

The total amino acid content of examined 
honey samples varied depending on the 
type of honey being 1171 ± 353 mg/kg, 
1197 ± 226  mg/kg, 1893 ± 346 mg/kg and 
2599 ± 233 mg/kg for meadow, acacia, 
sunflower, and forest honey, respectively. 
Almost all investigated amino acids were 
detected in honeys collected from Voj-
vodina (with the exception of aspartic acid 
in sunflower and forest honey samples 
and threonine in sunflower honey sam-
ples) including sulphur-containing amino 
acids, which were not detected in Estonian 
(Rebane and Herodes, 2008) and Chinese 
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honeys (Sun et al., 2017), but identified in 
Spanish and French honeys (Hermosín et 
al., 2003; Cotte at al., 2004). Total amino 
acid con-tent of our honey samples was 
higher than in Estonian and French ho-
neys (Cotte at al., 2004; Rebane and He-
rodes, 2008).  

The dominant amino acid in all investi-
gated honey samples was proline contri-
buting approximately 46%, 41%, 39% and 
33% in acacia, meadow, sunflower and 
forest honey, respectively. Its contribution 
is lower than cited by Pawlowska and 

Armstrong (1994), who reported that 
proline represented 50–85% of the total 
amino acids in honeys. Also, Sun et al. 
(2017) found that proline accounted for 
50% in Chinese honeys.  

Proline content in all investigated honey 
samples was above 180 mg/kg, which is 
defined as the minimum level accepted for 
honeys of superior quality (Hermosín et 
al., 2003). Proline content was the highest 
in forest honey samples compared to other 
investigated mono- and polyfloral honeys 
(Table 2). 

Table 1.  
Results of melissopalynological analysis 
Type of honey and  
number of samples 

Dominant pollen type Subdominant pollen type 

Acacia (10) 
˃ 30% Fabaceae 
Robinia pseudoacacia 

Fraxinus, Brassicaceae 

Sunflower (10) 
˃ 40% Asteraceae 
Helianthus annuus 

Brassicaceae, Fabaceae 

Meadow (10) - 
Asteraceae, Brassicaceae, 
Fabaceae, Lamiaceae 

Forest (10) - - 

Table 2.  
Amino acid profiles of different honey types (acacia, sunflower, meadow, and forest) collected at 
several locations in the Autonomous Province of Vojvodina (Republic of Serbia) (mean values and 
standard deviations, minimum and maximum values) 

Amino acid 
(mg/kg) 

Parameter 

Type of honey and number of samples 

Acacia   
(10) 

Sunflower  
(10) 

Meadow  
(10) 

Forest  
(10) 

Aspartic acid  Mean value ± SD  30.3 ± 51.4
a
 0.00 ± 0.00 15.9 ± 35.5

a
 0.00 ± 0.00 

Min 0 0.00 0 0.00 
Max 139 0.00 104 0.00 

Threonine Mean value ± SD 7.02 ± 15.1
a
 0.00 ± 0.00 6.49 ± 14.4

a
 13.9 ± 19.5

a
 

Min 0 0.00 0 0.00 
Max 48.0 0.00 41.7 61.7 

Serine  Mean value ± SD 51.3 ± 18.0
a
 68.7 ± 19.5

a
 56.8 ± 15.7

a
 109 ± 14.0

b
 

Min. 24.6 20.4 21.5 87.6 
Max. 76.2 86.2 75.8 128 

Glutamic acid Mean value ± SD 100 ± 41.3
a
 413 ± 196

b
 134 ± 110

a
 509 ± 154

b
 

 Min. 13.4 103 12.6 355 
 Max. 155 638 394 794 
Proline Mean value ± SD 543 ± 176

ab
 745 ± 224

bc
 459 ± 91.8

a
 863 ± 210

c
 

 Min. 186 279 299 462 
 Max. 745 931 634 1159 
Glycine Mean value ± SD 51.8 ± 30.5

a
 70.8 ± 23.6

a
 45.5 ± 25.2

a
 221 ± 134

b
 

 Min. 4.40 19.3 20.4 140 
 Max. 97.4 95.7 101 596 
Alanine Mean value ± SD 46.8 ± 25.2

a
 109 ± 24.9

b
 36.4 ± 18.7

a
 111 ± 25.4

b
 

 Min. 7.31 80.2 10.4 74.7 
 Max. 80.3 154 75.7 159 
Cystine Mean value ± SD 22.9 ± 10.7

a
 12.4 ± 5.65

a
 38.4 ± 56.8

a
 18.3 ± 3.81

a
 

 Min. 13.1 3.80 7.54 11.7 
 Max. 41.0 22.0 193 25.9 
Valine Mean value ± SD 30.4 ± 13.0

a
 57.0 ± 31.6

b
 30.6 ± 23.7

a
 109 ± 11.6

c
 

 Min. 4.12 19.5 5.69 96.0 
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Amino acid 
(mg/kg) 

Parameter 

Type of honey and number of samples 

Acacia   
(10) 

Sunflower  
(10) 

Meadow  
(10) 

Forest  
(10) 

 Max. 46.2 117 73.2 129 
Methionine Mean value ± SD 48.7 ± 85.6

a
 35.2 ± 24.5

a
 30.3 ± 31.8

a
 69.7 ± 36.5

a
 

 Min. 0 17.7 0 37.9 
 Max. 283 86.6 98.4 159 
Isoleucine Mean value ± SD 16.5 ± 8.57

ab
 32.9 ± 18.2

b
 14.3 ± 17.3

a
 60.1 ± 8.12

c
 

 Min. 0 9.90 0 49.4 
 Max. 28.3 67.6 54.8 70.7 
Leucine Mean value ± SD 25.3 ± 15.7

a
 61.9 ± 40.5

b
 37.8 ± 31.3

ab
 106 ± 20.9

c
 

 Min. 0 30.2 3.84 75.8 
 Max. 47.4 150 102 136 
Tyrosine Mean value ± SD 18.8 ± 11.1

a
 52.0 ± 77.1

a
 72.0 ± 86.8

a
 50.1 ± 26.2

a
 

 Min. 8.14 9.05 0 15.9 
 Max. 43.5 268 308 86.0 
Phenylalanine Mean value ± SD 138 ± 41.7

ab
 135 ± 29.8

ab
 125 ± 22.6

a
 169 ± 39.6

b
 

 Min. 97.7 92.4 93.8 117 
 Max. 226 193 157 227 
Histidine Mean value ± SD 19.9 ± 13.0

a
 38.1 ± 5.08

b
 20.3 ± 10.9

a
 43.0 ± 3.96

b
 

 Min. 0 29.4 0 39.0 
 Max. 45.6 45.0 39.1 50.2 
Lysine Mean value ± SD 28.3 ± 15.8

a
 48.2 ± 9.06

b
 33.2 ± 22.8

ab
 84.1 ± 5.87

c
 

 Min. 0.02 37.3 0 77.1 
 Max. 55.2 63.5 71.7 93.4 
Arginine Mean value ± SD 18.3 ± 11.3

a
 13.6 ± 8.42

a
 15.5 ± 16.6

a
 62.9 ± 37.5

b
 

 Min. 0 1.27 0 34.6 
 Max. 32.0 27.2 58.3 146 

 
Total amino 
acids 
 

Mean value ± SD 1197 ± 226 1893 ± 346 1171 ± 353 2599 ± 233 

Means in the same raw with different superscript are statistically different (p ≤ 0.05) 

The differences between proline content 
are statistically significant (p ≤ 0.05) bet-
ween meadow and sunflower honeys, 
meadow and forest honeys, and between 
acacia and forest honeys, but according to 
proline content measured in our honey 
samples this parameter cannot be gene-
rally used for distinguishing investigating 
honey types.   

Proline content in honey samples collected 
at locations from Vojvodina was higher 
than previously determined contents cited 
in the literature. Rebane and Herodes 
(2008) determined 382 ± 154 mg/kg pro-
line in polyfloral honeys from Estonia, 
which is lower than in our polyfloral honey 
samples (459 ± 91.8 mg/kg in meadow 
honey) (Table 2). 

Proline was followed by other markedly 
present amino acids: glutamic acid ˃ phe-

nylalanine ˃ glycine  serine in acacia and 
meadow honey samples, while sunflower 

honey was characterized by higher 
amounts of alanine compared to serine. 
Alanine was the fourth most abundant 
amino acid in sunflower honey samples 
but glycine content was higher than ala-
nine in forest honey samples (Table 2).   

Phenylalanine was found to be the second 
most abundant amino acid in French and 
Estonian honey (Cotte et al., 2004; Re-
bane and Herodes, 2008), while alanine, 
aspartic acid, glycine, and glutamic acid 
were also present in substantial amounts 
(Rebane and Herodes, 2008). Besides 
proline, Sun et al. (2017) detected tyro-
sine, serine, alanine and histidine as the 
main amino acids in acacia honey sam-
ples from China, while Kečkeš et al. 
(2013) found proline, alanine, phenyl-
alanine, threonine and arginine accounted 
for the majority in Serbian unifloral honeys.  

According to the amino acid profiles of 
acacia, sunflower, meadow, and forest ho-
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neys from Vojvodina (Table 2) it can be 
concluded that only forest honey samples 
could be distinguished from other honeys 
using serine, glycine, valine, leucine, iso-
leucine, lysine and arginine as the markers 
for differentiation.  

Cluster analysis 

Cluster analysis (CA) was performed to 
classify examined honey types, e.g. to 
group honey samples according to their 
similarity (Gok et al., 2015). The complete 
linkage algorithm and City block (Man-
hattan) distances were used to explain the 
differences in honey types, which were 
grouped in four clusters (Figure 1). The 
first cluster contained the most of sun-
flower honey samples. The second group 
was consisted of forest honey samples, 
while the third group contained acacia and 
meadow samples. The fourth cluster com-
prised one sunflower and one forest honey 
sample. Therefore, CA of different honey 
types (acacia, sunflower, meadow, and 
forest) could be applied to separate some 
honey types from others. However, a few 
observed honey samples are excluded 
from the clusters in which they should 
belong according to their honey type. 

Principal component analysis 

In this paper, principal component analysis 
(PCA) was applied to analyse the simi-
larities of four honey types represented by 
samples collected at several locations in 
Vojvodina. PCA was used for represent-
tation of amino acid contents in different 
honey types in a 2-D diagram. According 
to the results of PCA, the first four princi-
pal components have eigenvalues greater 
than 1. These four principal components 
explained 73.62% of the data variation. 
The eigenvalues dropped dramatically 
after the first eigenvalue (the first was 
7.89, while the second and the third were 
2.27 and 1.34, respectively), which led to 
the conclusion that only the first two 
principal components (explaining 59.79% 
of the variation) could be used for the ade-
quate explanation of the data. The cu-
mulative variance accounted for the first 
and the second principal components was 
lower than that found by Rebane and 
Herodes (2008) (75.35%), but close to 

64% for the first three PC variables cited 
by Hermosín et al. (2003).  

The PCA of the presented data explained 
that the first principal components ex-
plained 46.43% of the total variance, while 
the second showed 13.36% in the seven-
teen variables (amino acids) (Figure 2).  

Considering the map of the PCA perfor-
med on the data, the negative contribution 
to the first principal component calculation 
(PC1) was observed for several amino 
acid contents: serine (Ser – 9.7%), glu-
tamic acid (Glu – 8.4%), alanine (Ala – 
7.7%), valine (Val – 11.0%), isoleucine (Ile 
– 10.8%), leucine (Leu – 8.4%), histidine 
(His – 9.1%), and lysine (Lys – 11.4%). 
None of the observed variables showed 
the significantly positive contribution to the 
PC1. 

The contents of cystine (Cys – 17.9%), 
methionine (Met – 24.6%), tyrosine (Tyr – 
8.3%) and phenylalanine (Phe – 16.1%) 
showed the positive influence on the se-
cond component calculation (PC2), while 
the contents of proline (Pro – 20.8%) and 
alanine (Ala – 8.7%) showed the negative 
score according to the second principal 
component. The influence of the contents 
of aspartic acid (Asp – 12.3%), threonine 
(Thr – 39.5%) and arginine (Arg – 16.5%) 
was observed for PC3 calculation.  

The PCA analysis shows that the diversity 
between investigated honey types could 
be described by the contents of Val, Ile, 
His, Lys, and Ser (negative contribution to 
the PC1), and Pro, Phe, Cys, and Met 
(most influential to the PC1). Forest honey 
samples are placed on the left side of the 
PCA graph and they are characterized by 
the highest Leu, His, Lys, Ile, Ser, Val and 
Gln contents. 

Sunflower honey samples are situated 
close to the origin of the plot, while acacia 
and meadow honey samples are posi-
tioned at the left side of the graph. Accor-
ding to the PCA, honey samples are 
clearly distinguished and form the specific 
groups in the factor plane, and, therefore, 
their amino acid profiles could give an 
indication of honey botanical origin, which 
can be confirmed by determination of 
other honey parameters. 
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CONCLUSIONS 

Investigation of amino acid profiles of four 
honey types – two monofloral (acacia and 

sunflower), polyfloral honey (meadow ho-
ney) and forest honey (honeydew honey) 
collected at several locations in the Auto-
nomous Province of Vojvodina (Republic 

 

Figure 1.  Dendrogram of the cluster analysis of honey samples 
A – acacia honey; S – sunflower honey; M – meadow honey; F – forest honey 
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Figure 2.  Biplot graphic of amino acids determined in honey samples 
Ala – alanine; Arg – arginine; Asp – aspartic acid; Cys – cystine; Gln – glutamic acid; Gly – glycine;  
His – histidine; Ile – isoleucine; Leu – leucine; Lys – lysine; Met – methionine; Phe – phenylalanine; 

Pro – proline; Ser – serine; Thr – threonine; Tyr – tyrosine; Val – valine 
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of Serbia) indicated that even though ho-
neys have similar amino acid profiles, the 
application of PCA led to honey differen-
tiation which can be used in distinguishing 
honey types in terms of their botanical ori-
gin. The combination of amino acid analy-
sis together with the determination of other 
parameters and primarily melissopalyno-
logical analysis represents the acceptable 
method for distinguishing botanical origins 
of honey. 
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ПРОФИЛ СЛОБОДНИХ АМИНОКИСЕЛИНА УЗОРАКА МЕДА ИЗ 
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Сажетак: Аминокиселински профил четири врсте меда – два монофлорална (багремов 
и сунцокретов мед), полифлоралног (ливадски мед) и шумског меда (медљиковац), сакупљених 
са територије Аутономне Покрајине Војводине (Република Србија), одређен је применом 
јоноизмењивачке хроматографије. Резултати су указали да је пролин доминантна 
аминокиселина у свим испитиваним узорцима меда. Aминокиселине које су, такође, присутне у 

значајним количинама су глутаминска киселина ˃ фенилаланин ˃ глицин  серин у узорцима 
багремовог и ливадског меда, док је сунцокретов мед одликовало присуство веће количине 
аланина у односу на серин. Узорци шумског меда садржали су највише пролина и одликовао их 
је највиши садржај укупних аминокиселина. Узорци меда класификовани су на основу садржаја 
аминокиселина применом хемометријских метода (кластер анализа (cluster analysis – CA) и 
анализа главних компоненти (principal component analysis – PCA)). Кластер анализа различитих 
врста меда указала је на могућност груписања неких врста меда у односу на остале. Применом 
PCA узорци различитих врста меда јасно су се издвојили формирајући одговарајуће групе, те 
се, стога, аминокиселински профил узорака може искористити као индикатор ботаничке врсте 
меда. 

Кључне речи: мед, аминокиселине, ботаничко порекло 
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