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‘._,é.p}.“ slasd! 1 Jj.\?

Variable Mean Median SD Min Max A
CV
Pb 0.003743 | 0.0036 | 0.001056  0.0023  0.0081 28.213693
Zn 2.75324 2.8441 | 0.52571 | 0.8866 | 3.6033 19.09411
Co 0.01549 0.013 0.00604 | 0.006 | 0.0332 39.01895

Cu 0.633589 | 0.56825 | 0.24381 | 0.2732 | 1.2342 38.48071
Fe 4.679886 | 4.4817 | 1.29457 | 1.307 | 8.1654 27.66248
RS 74.275 73.3 4.8374 65 83.7 6.51283
FA 27.09286 26.7 6.50207 14.9 40.1 23.99922
EC 459.90357 | 439.35 | 61.98716 | 364.9 | 569.8 13.47829
Ash 0.20964 0.21 0.13552 | 0.02 0.48 64.64479
Abs 0.14855 0.1466 | 0.009675 | 0.13 | 0.1674 6.51283

by ddgiaa .2 Jgas

c & £ £ ¢ £ © & £ &

8 8 8 8 § ¢ 3 g g g

& & E E £§ 5 g <! 5 &

£ S 8 3 & 2 £ 2 0 =
’

Pb mean [1.00
0.8
Zn_mean [1.00
0.6
Co_mean [1.00
0.4
Cu_mean 41.000.60
0.2
Fe_mean 1.00

-0

RS_mean 1.00 1.00
0.2

FA_mean 1.000.66
0.4
Ash_mean 1.00
0.6
EC _mean 1.00

0.8

Abs mean 1.00
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iyl OpSL1 L5yll Asgandly Aatll Galally (PCA) s, ilisSLI eloss
Ladyly bl e %25 dirud Lo yud (PC2) S
O Gl Jsmpally skl oSy
oo %148 duwd b yuwd (PC3) SJUW) ous)y!
aloydl Serme o I Adle Jlsl yloly ¢l

Asolazadly US|

SleSUl el @l (o (3) Jsuzd!

SlisSe das)l e @il cpaal Cos A,
Lyl Sl T e ST 4515 el dps
IS Ll (a0 %68.4 Hacizme spend Jo¥1 A5
e %286 diiud Lo s (PCT) Jo¥ gty dl oS
lael Uy Jg¥l sl 058U Loyl ccnlid!

aatiy I gL Jalns 3 Jpuz

Jucr ! g1 o531 Jooaid (PCA) oyl olssSaldl Jodxs

0 b wiodl Golasl dwss
Importance of components:

PC1 PC2 PC3 PC4 PC5 PC6
Standard deviation 1.6899 1.5825 1.2176 1.0441 0.81490 0.74152

Proportion of variance 0.2856 0.2504 0.1482 0.1090 0.06641 0.05498
Cumulative Proportion 0.2856 0.5360 0.6842 0.7933 0.85966 0.91465

PC7 PC8 PC9 PC10
Standard deviation 0.68684 0.45666 0.41624 6.909e-16
Proportion of variance 0.04718 0.02085 0.01733 0.000e+00
Cumulative Proportion 0.96182 0.98267 1.00000 1.000e+00

ol aaialdl oduaxs (Loadings):
PC1l PC2 PC3 PC4

wloy 11 (Pb) -0.295 -0.180 0.253 -0.407
d_531 (zn) -0.181 0.276 0.528 0.414
oL es 11 (Co) -0.329 -0.033 0.474 0.221
w1 (Cu) -0.193 0.386 0.037 -0.481
a1 (Fe) -0.309 0.378 0.177 -0.273
b5l ol ,Sw i (RS) -0.506 -0.233 -0.244 -0.032
5 x 1l dagaxdl (FA) 0.177 -0.410 0.464 -0.103
S s, 11 (Ash) 0.215 -0.378 0.255 -0.460
L5, eSUl iudwyalt (EC) -0.225 -0.423 -0.018 0.289
o Laiey | (Abs) -0.506 -0.233 -0.244 -0.032

S8 1 s 11 59 Sal) g calelly 4101 udd) 4 Jgu

(%) ST bl (%) euall bl Al Aegall ety S
28.6 28.6 2.86 PC1
53.6 25.0 2.50 PC2
68.4 14.8 1.48 PC3
794 11.0 1.1 PC4
(Pb, Zn, Co, Cu, Fe, pyalall cc>g0 (39 Lagd (Ash) sl ob,Sudl :28.56% yuay PCT -Jg¥l 0esdl
Al ool LI EQ) Il ois del Led (Abs) dobiaia¥ly (RS)

S sley g (FA) 3,1 gl ((—0.506)
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Principal Component Analysis (PCA) and Cluster Analysis of the
Physicochemical Characteristics of Honey

Application to Libyan Samples
Hasan M. Rhoma
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ABSTRACT

This study applies Principal Component Analysis (PCA) and Cluster Analysis to investigate the botanical and geographical
classification of Libyan honey samples. The research examines physicochemical data from 28 honey samples collected across
western Libya, representing six types: thyme, spring, sidr, tamarisk, harmal, and arugula. Ten parameters were measured per
sample, including heavy metal concentrations (lead, zinc, cobalt, copper, iron) and quality indicators (reducing sugars, free
acidity, total ash, electrical conductivity, absorbance). PCA results showed that the first three principal components captured
68.4% of total variance. PC1 (28.6%) was primarily associated with heavy metals and acidity, while PC2 (25.0%) linked to
reducing sugars and electrical conductivity. Hierarchical cluster analysis using Ward's method grouped samples into three
distinct clusters. Cluster 1 comprised spring, arugula, and tamarisk honeys, characterized by low ash content and moderate
acidity. Cluster 2 exclusively included thyme honey, distinguished by notably high acidity and ash content. Cluster 3 contained
sidr and harmal honeys, characterized by high reducing sugars and balanced remaining properties. The findings confirm the
effectiveness of multivariate statistical techniques in discriminating and classifying honey samples according to their floral and
geographical origins. This approach provides a robust methodological framework applicable to quality control and geographical
origin authentication of honey. Additionally, the study contributes to the knowledge base on Libyan honey's physicochemical
characteristics and opens avenues for future research incorporating broader environmental and climatic variables.
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