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Abstract: To characterize honeys of different botamical origin produced in Turkey, phenolic acids and
flavoneids profiles were identified by HPLC. Phenolic acids such as caffeic and p-coumaric and flavonoids such
as pinocembrin and chrysin were detected in all the samples of this study. All the honeydew (pine and oak)
honeys contained protocatechuic acid at sigmificant concentrations. In contrast, almost all the floral honey
samples were devoid of protocatechuic acid. Hence, this compound could be botanical marker of honeydew
honeys. The oak honey contained significant concentration of ellagic acid (336.8 pg/100 g). Therefore, this
honeydew could be differentiated from pine honeydews by ellagic acid. On the other hand, the flavonoid
kaempferol which was never detected in the honeydew honeys used in this study was detected m many floral
honeys such as cotton, yayla and multifloral. Therefore, kaempferol could be a marker for some floral types of
honeys. Most of the cotton honey samples contained a flavonoid called as quercetin. But they were devoid
of syringic and ferulic acids. The methyl syringate was detected in highest amounts in most of the multifloral
honeys and 1n significant concentrations in yayla honeys. The sunflower honeys were inconsistent in phenolic
compounds profile. Most of the sunflower honey samples were contained quercetin. One of sunflower

(Sample code: SFHO9) honey samples contained myricetin in significant amount (85.2 ug/100 g).

Key words: Honey, phenolic acids, flavonoids, HPLC, honeydew, multifloral

INTRODUCTION

The production and supply of honey is lower than
the market demands in some regions. Therefore, it 1s
frequently adulterated with relatively cheap high-fructose
com syrup (Swallow and Low, 1990). For this reason
authentication of honey by the determination of botanical
origin 1s very important. Characterization of botanical
origin of commercial honeys 13 a hard task mitiated in
Europe in response to consumers” demand. Those have
demanded, not only a basic quality level but also a clear
determination of geographical and botamcal origin
(European Union, 2001; Terrabet al., 2004). Determmation
of honey adulteration is difficult and depends on the
composition of honey or on the presence of specific
component m the adulterant. Traditionally, the floral
source of a honey has been identified by the analysis of
pollen present in the honey. This method is based on the
identification of pollen by microscopic examination. Tt
requires a very experienced analyst, 1t i1s very time
consuming and depends on the experts ability and
judgments (Howells, 1969). However, Tan et al. (1989)

reported that chemical approaches might be more accurate
and easily undertaken in the characterization of the floral
source of a honey. The use of phenolic compound
analysis in the identification of honeys has been reported
by Amiot et al. (1989) and has since been used as a tool
for studying the floral and geographical origins of
honeys. In addition, determination of type and/or amount
of a honey polyphenols 15 very important. Because a
honey polyphenols contributes to some honey quality
parameters such as bitterness and color (Amiot et al.,
1989). Also honey phenolic compounds, especially the
flavoniods contribute to a wide range of biological
functions such as antioxidant activity, antibacterial,
anticancerogenic and antiallergic (Bogdanov, 1984;
Cook and Samman, 1996).

The authentication of geographical origin of honeys
was lnvestigated by various researchers. The flavonoid
profiles of various honey samples from different regions
in the world were studied by Tomas-Barberan et al. (1993).
In general, the honeys from the North Hemisphere where
poplars (the source of propolis) are native and honeys
from Central and South America and New Zealand where
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non-native poplar trees have been planted, show
flavonoid profiles characterized by the presence of
propolis flavonoids such as pinocembrin, pinobanksin
and chrysin In contras, honeys sourced from most
equatorial regions and Australia are devoid propolis
derived flavonoids but contain flavonoids from other
parts of the plants such as nectar and pollen. The
determination of the floral origin is recognized as a very
umportant task in honey quality control (Ferreres et al,
1994a; Guyot et al., 1998, 1999). The phenolic profiles of
different types of honeys were investigated in many
researches. For example, the flavonoid profile of sunflower
honey (Amiot et «l, 1989, Sabatier et al, 1992,
Berahia et al, 1993, Tomas-Barberan et al, 2001,
Yao et al., 2004a), citrus honey (Ferreres ef al., 1993
Martos et al, 1997) was determined. The phenolic
compound profiles of chestnut (Castanea sativa) honey
(Andrade et al, 1997a), thyme honey (Andrade et al.,
1997, Martos et al., 1997), heather (Calluna vulgaris
L) honey (Ferreres et al., 1994b, Anklam, 1998;
Weston ef al., 2000) were investigated. Eucalyptus honey
1s a common commercial honey that produced in different
regions of the world and its phenolic profile is studied
intensively and showed some variations in the amounts
and patterns (Martos ef al., 1997, 2000a, b; Yao et al.,
2004b). New Zealand Manuka (Leptospermum scoparium)
honey 1s well lnown by its antibacterial activity
(Weston et al, 1999). This honey m different studies
showed different phenolic profiles (Weston et al., 1999,
2000).

Table 1: Group, botanical source and provider of the honey samples

Available literature, concerning the researches carried
out to characterize Turkish honeys indicates that there 15
no sufficient data about phenolic acids and flavanoiods.
The purpose of this study was to determine the phenolic
acids and flavanoids profiles of the different botanical
origin of honeys produced in Turkey.

MATERIALS AND METHODS

Honey samples: Total of 27 honey samples of the main
two types of honeys, namely, honeydew and floral
honeys produced in different regions of Turkey were
used. The honeydew honeys were pine (Pinus sp.) (n=7)
and oak (quercus) (n = 1) honeys. While the floral honeys
were cotton (Gossypium barbadense) (n = 5), chestnut
(Castanea sp.) (n = 4), sunflower (Helianthus anmuius)
(n = 13), yayla (mountain pasture) (n = 3), multifloral (n = 4)
and citrus (n = 1). These samples were obtained from
different sources; Balparmalk Company (Tstanbul, Turkey),
Fer Company (Ankara, Turkey), Ankara Umversity
Agriculture Faculty Ammal Science Department (Ankara,
Turkey), Honeybee Breeding Association (Ankara,
Twrkey) and local markets in Ankara, Turkey (Table 1).
The honey samples were stored under cold condition
(refrigerator) until they were used in the analysis.

Chemical solvents and standards: Distilled water,
analytical grade Hydrochloric acid (HCl) and metanol
(Merck, Darmstadt, Germany) were used for column
chromatography in the extraction of phenolic compounds

Groups Botanical source Code Producer
A Pine PNHO2 Ralparmak company
PNHI12 Balparmak company
PNHI16 Fer company
PNH24 Fer company
PNH?29 Honeybee Breeding Association
PNH39 Honeybee Breeding Association
PNH45 Fer company
B Clatton CTHO6 Ralparmmak comparry
CTHOR Ralparmmak comparry
CTH10 Balparmak company
CTHI11 Balparmak company
CTH23 Fer company
C Chestnut CNH26 Local market
CNH27 Honeybee Breeding Association
CNH40 Honeybee Breeding Association
CNH41 Honeybee Breeding Association
D Sunflower SFHO5 Balparmak company
SFH09 Balparmak company
SFH20 Fer company
E Yayla (mountain pasture) YLH21 Fer comparry
YLH22 Fer company
YLH42 Fer company
F Multifloral MFH13 Balparmak company
MFH14 Balparmak company
MFH28 Honeybee Breeding Association
MFH44 Fer company
G Oak (Cuercus) OKH?25 Animal 8cience Department
H Citrus CRH3S Local market
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while distilled water and analytical grade diethyl ether
were used for rel26 extraction (purification) of phenolic
compounds. HPLC grade acetonitrile (Merck, Darmstadt,
Germany), distilled water, 85% phosphoric acid (Merck,
Darmstadt, Germany) were used for HPL.C analysis. The
authentic chemical compounds used for the identification
and quantification of phenolic compounds m this study
were: protocatechuic acid, caffeic acid, syringic acid,
p-coumaric acid, ferulic, ellagic acid, myricetin, quercetin,
luteolin, apigenin, kaempferol, pinocembrin, chrysin and
acacetin (Merck, Darmstadt, Germany).

Sample extraction: Extraction of honey phenolic
compounds was carried out as described previously by
Andrade et al. (1997a), Martos et al. (1997, 2000a, b) and
Yao et al. (2004a, b). Honey samples (25 g) were
thoroughly mixed with five parts of distilled water
until completely fluid, adjusted to pH 2 with HC1. Then,
the samples were filtered through cotton wool to remove
the solid particles. The filtrate was mixed with 40 g of
Amberlite XAD-2 (Supelco, Bellefonte, PA., TUSA, pore
size 9 nim, particle size 0.3-1.2 mm) and stirred in magnetic
stirrer for 20 mm. The Amberlite particles were then
packed in a glass column (25%2 c¢m) and the column was
washed with acidified water (pH 2 with HC1, 65 mIL) and
subsequently rinsed with distilled water (75 mL) to remove
all sugars and other polar constituents of the honey. The
phenolic acids and flavonoids were then eluted with
methanol (100 ml). This extract was concentrated to
dryness under reduced pressure at 40°C. The residue was
redissolved in distilled water (5 mL) and extracted with
diethyl ether (5x3 mL). The diethyl ether extracts were
combined and diethyl ether was removed by flushing with
nitrogen. The dried residue was then redissolved in 1.0 mL
of methanol (HPLC grade) and filtered through 0.45 pm

membrane and used m HPLC analysis.

HPLC analysis of phenolic compounds: The HPLC
analysis of phenolic acids and flavanoids were carried out
using Shimadzu class-VP HPLC System (LC-10AD VP), a
computer controlled system class VP Software.
Separations were carried out on a reversed phase column
Teknoroma TR-416056, Tracer Extrasil ODS2 5 uM,
12.5%0.4 cm (TeknoromaA, Barcelona, Spain) using a
mobile phase of 1% (v/v) aqueous 85% phosphoric acid
(Solvent A) and acetonitrile (Solvent B) at constant
solvent flow rate of 1 mL min—". The temperature of the
column oven was set at 35°C. The gradient elution was
established as follows: 6% acetonitrile (Solvent B) flowed
through the column isocratically with Solvent A for 7 min;
this was mcreased to 10% acetonitrile at 30 mm, 33%
acetomutrile at 70 min. Finally, isocratic elution with 33%

41

acetonitrile was done until 95 min. The honey extracts
were injected manually with Hamilton Sample Lock
Syringe, 100 plL (Hamilton Company, Reno, Nevada, USA)
and the phenolic acids and flavomods were detected
using photodiode detector (SPD-M10A VP) to obtain the
UV spectra of the various phenolic compounds. The
chromatograms were monitored at 290 and 340 nm since,
the majority of the honey phenolic acids and flavanoids
show their UV absorption maxima around these two
wavelength (Martos et al., 1997). The flavanoids were
quantified by comparison of their peak areas in the HPLC
chromatogram against the peak areas of the external
standards in the HPLC chromatograms under the same
conditions. All samples were injected into the HPLC
system 1n triplicate.
Statistical analysis: The HPLC experiments were
performed in triplicate. Quantitative data are expressed as
mean. The results were analysed to determine Standard
Deviations (SD) by using MS Excel 2007 (Microsoft
Corporation, TJSA).

RESULTS AND DISCUSSION

The phenolic acids and flavonoids contents of the
honey samples used in the study were shown in Table 2.
In general, phenolic acids such as caffeic and p-coumaric
and flavonoids such as pmocembrin and chrysin were
detected in almost all the honey samples used in this
study. The presence of antimicrobially active pinocembrin
and chrysin in Turkish honeys 1s very normal. Because,
the honeys from regions where poplars (the source of
propolis) are native or being planted, show flavonoid
profiles of propolis flavonoids such as pmocembrin,
pinobanksin and chrysin (Tomas-Barberan et al., 1993).

Honeydew honeys: The protocatechuic acid was detected
in all the honey samples of A and G (honeydews) in
the range of 598.6-163.9 pg 100 g—' (Table 2). The
protocatechuic acid would be a reliable mdex m the
differentiation of Turkish honeydew honeys from floral
honeys. These results are completely in agreement with
the findings of Joreg and Sontag (1993) and Steeg and
Montag (1988) who reported that the presence of
protocatechuic  acid enables this honey to be
distinguished from other types of honeys. The two types
of honeydew, namely, Pine and Oak quercus honeydews
could be differentiated by ellagic acid. Since, thus
compound was detected in significant amount in G
(Oak, quercus) honeydew (336.8 pg/100 g) and not
detected m all the samples of A (pne) honeydews. Ellagic
acid was detected only i one sample (KBB30) of
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Table 2: Contents of phenolic acids of some honey dew and floral honeys produced in Turkey

Phenolic compound (ug/100 g )*

Group of  Code of Methy
honey honey ProA CafA  SvrA.  P-CouA FerA  svri EllA  Myri  Quer Lute Apig Kaem Pinc Chry  Acac
Pine PNHO02 598.6 94.1 ND 24.2 15.5 ND ND ND 65.7 ND ND ND 17.7 27.7 ND
PNHI12 2758 715 301 25.3 16.6 88.4 ND ND ND ND ND ND 6.21 637 ND
PNH16 163.9 72.5 28.7 18.7 8.92 89.9 ND ND ND ND ND ND 10.8 6.43 ND
PNH?24 361.9 22.7 13.5 13 ND 121.9 ND ND ND ND 14.4 ND 4.48 507 ND
PNH29 241.1 - ND 15.7 16.2 171.8 ND ND ND ND ND ND 7.36 269 ND
PNH39 387.6 461 3034 355 7.36 2687 ND ND 16.4 ND 16.7 ND 6.46 78 ND
PNH45 358.1 2.61 T.69 3.9 ND ND ND ND ND ND ND ND 523 282 ND
Cotton CTHOS 91.2 821 ND 211.8 ND ND ND ND 15.8 ND ND 26.3 14.8 10,6 ND
CTHOR8 ND 23.7 ND 39.6 ND 511.8 ND ND ND ND 3.85 5.54 8.12 828 ND
CTH10 ND 16 ND 57.7 7.33 1349 ND ND 7.8 ND ND ND 3.9 579 ND
CTHI11 ND 284 843 3l.6 ND 29.3 ND ND 36.8 ND 7.28 ND 11.5 11 ND
CTH23 ND 7.07 ND 18.8 ND 351 ND ND 10.2 ND ND ND 2.03 3.73 ND
Chestnut CNH26 ND 54.5 ND 26 25 95.8 ND ND ND ND ND ND 324 33 ND
CNH27 ND 83 ND 280.1 ND ND ND ND ND ND ND ND 8.17 11.2 ND
CNH40 ND 18.5 ND 134.4 4.3 ND ND ND ND ND ND ND 8.03 8.9 ND
CNH41 ND 319 ND 45.3 13.2 ND ND ND ND ND ND ND 17.7 831 ND
Sunflower SFHOS5 ND 40,7 ND 8.18 6.74 ND ND ND 351 ND ND ND 29 18.9 877
SFHO09 ND 70.4 16.1 9.01 8.32 ND ND 85.2 ND ND ND ND 10 5.61 ND
SFH20 31.9 36.6 ND 8.88 12 36.9 ND ND 33.5 155 ND ND 16.8 122 ND
Yayla, YLH21 ND 332 ND 17.5 2.14 576.6 ND ND ND ND ND ND 10.8 146 ND
mountain YLH22 ND 352 30.7 224 ND 280 ND ND 6.18 ND ND 8.56 8.4 952 ND
pasture YLH42 ND 202 ND 22.9 1.97 3956 ND ND ND ND 7.94 10.1 18.9 136 ND
Multiflora MFH1I3 ND 42.5 44.8 49.3 9.52 1095 ND ND 25.3 ND 11.3 ND 7.68 127 ND
MFH14 ND 17.2 107.8  16.2 ND 1767 ND ND 7.98 ND 81.2 ND 8.48 8.38 7.37
MFH28 ND 18.7 T2 63.3 6.14 12,483 ND ND ND ND ND 65.8 10.4 83 ND
MFH44 ND 19.2 ND 9.96 ND 120.8 ND ND ND ND ND 5.25 8.5 4.25 ND
Oak OKH25 26248 2564 408 68.2 57.2 ND 3368 ND 38.2 ND ND ND 86.8 77 4.54
Citrus CRH35 ND 52.2 1541 259 20.1 416.9 ND ND ND 9.2 28.7 ND 39.7 21.2 3.41

All experiments were performed in triplicates. All data are given as mean. ND: Not Determined, ProA: Protocatechuic Acid, CafA: Caffeic Acid, SyrA:
Syringic Acid, p-Coud: p-Coumaric Acid, FerA: Ferulic Acid, Methy Syri: Methyl Syringate, ElIlA: Ellagic Acid, Myri: Myricetin, Quer: Quercetin, Lute:
Luteolin, Apig: Apigenin, Kaem: Kaempferol, Pinc: Pinocembrin, Chry: Chrysin, Acac: Acacetin

Group I at very low concentration. Also acacetin was
detected m Oak quercus honeydew (G) mn low
concentration and not detected in Group A (pine) honeys.
According to these results, the pine honeydews
phenolic profile contained phenolic acids such as
protocatechuic, cafeic, syringic, p-coumaric, ferulic,
methylsyringate and flavonoids such as pinocembrin and
chrysin (Fig. 1). In addition, quercetin and apigenin were
detected in 2 samples out of 7 pme honeys. While Oak
quercus honeydew (G) contamed phenolic profile
comprising protocatechuic, cafeic, syringic, p-coumaric,
ferulic, ellagic acids and quercetin, pinocembrin, chrysin
and acacetin flavonoid (Fig. 1). The presence of ellagic
acid in honeydew honeys was never reported in the
previous researchers. But it was found in many heather
honeys in significant concentrations in New Zealand
Mamika honeys (Yao ef al, 2003) and Australian
Eucalyptus honeys (Yao et al., 2004a, b).

Floral honeys: The samples of cotton honeys were
contained phenolic compunds such as caffeic acd,
p-coumaric acid, methyl syringate, quercetin, pinocembrin
and chrysin in general and both apigenin and kaempferol
were detected in 2 samples out of 5 in various amounts

42

(Fig. 1). It 1s clear that some samples of cotton honey were
contained the flavonoid kaempferol which have never
detected in honeydew honeys. In addition, devoid of
phenolic acids such as syringic and ferulic acids that
detected almost in all the honeydew honeys and in many
floral honeys and as well as protocatechuic acid. There is
no information concerning phenolic compounds profile of
cotton honey in the previous researchers.

The phenolic compounds such as caffeic acid,
p-coumaric acid, ferulic acid, pmocembrin and chrysin
were detected in chesnut honeys. Unfortunately, most of
the peaks on the chromatograms of this type of honeys
remained umdentified (Fig. 1). Because their retention
times and UV spectra were different from the retention
times and UV spectra of the standards used in this study.
Tt is reported that chestnut honeys are rich in phenolic
acids and poor m flavonoids (Andrade ef al., 1997b). The
result obtained in the study, to some extend 1s similar to
the findings of D’Arcy (2005) who reported that the
hydroxycinnamates, caffeic, p-coumaric and ferulic acids
are dominant in chestnut, sunflower, lavender and acacia
honeys.

The phenolic profiles of sunflower honeys were
inconsistent. The phenolic compounds such as caffeic
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Fig. 1: Various HPLC chromatogram of phenolic compounds (a: pme honey, b: Oak (quercus) honey, c: cotton
(Gossypium barbadense) honey, d: chestnut honey; e: sunflower honey; f: vayla (mountain pasture) honey; g:
multifloral honey; h: citrus honey), Sample a (1: Protocatechuic acid; 2: caffeic acid; 3: syringic acid; 4: p-coumnaric
acid; 5: ferulic acid; 6: methyl syringate; 7: quercetin; 8: apigenin; 9: pinocembrin; 10: chrysin), Sample b (1:
Protocatechuic acid; 2: caffeic acid; 3: syringic acid; 4: p-coumaric acid, 5: ferulik acid; 6: ellagic acid; 7. quercetin;
8: pinocembrin; 9: chrysin; 10: acacetin), Sample ¢ (1: Caffeic acid; 2: p-coumaric acid; 3: methyl syringate; 4:
apigeniry;, 5: kaempferol; 6: pinocembriny; 7: chrysin), Sample d (1: Caffeic acid; 2: p-coumaric acid; 3: pmocembrin;
4: chrysin), Sample e (1: Caffeic acid; 2: syringic acid; 3: p-coumaric acid;, 4: ferulic acid; 5 myricetin; 6:
pinocembrin; 7: chrysin), Sample f (1. Caffeic acid; 2: p-coumaric acid, 3: ferulic acid; 4: methyl syringate; 5:
pinocembrin; 6: chrysin), Sample g (1: Caffeic acid; 2: syringic acid; 3: p-coumaric acid; 4: ferulic acid; 5: methyl
syringate; 6: kaempferol; 7: pmocembrin; 8: chrysin), Sample h (1: Caffeic acid, 2: syringic acid; 3: p-coumaric acid;
4: ferulik acid; 5: methyl syringate; 6: luteolin; 7: apigenin; 8: pinocembrin; 9: chrysin; 10: acacetin)

acid, p-coumaric acid, ferulic acid, pmocembrin and
chrysin were detected mn all the samples of this group. In
addition to these, one of samples contamned quercetin
and acacetin. Another sample contained syringic acid
myricetin m significant amount (85.2 pg/100 g) (Fig. 1).
Among the honey samples used in this study, the
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flavonoid myricetin was detected only m this sample.
Also another sample of sunflower honeys contained
protocatechuic acid, methyl syringate, quercetin and
luteolin. The flavonoid luteolin was detected only in two
samples of this study, one of sunflower honeys and one
of citrus honeys. The sunflower honeys used in this
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study were very poor in the number of flavonoids and the
amounts. But they contained some poplar-derived
flavonoids such as pinocembrin and chrysin The
phenolic compounds of sunflower honey from different
regions were very variable (Sabatier et al, 1992,
Martos et al., 1997, Yao et al., 2004a).

The phenolic profiles of the samples of Yayla
(mountain pasture) honeys consisted caffeic acid,
p-coumaric acid, ferulic acid (very low), methylsyringate,
kaempferol, inocembrin and chrysin in general (Fig. 1). In
addition to these, one sample contained syringic acid and
low amount of quercetin while another sample contained
low concentration of apigenin. It is clear that methyl
syringate was found in significant amounts in this
type of honey (280.0-576.6 ng/100 g).

The multifloral honeys showed phenolic profile
containing caffeic acid, syringic acid, p-coumaric acid,
methyl syringate, pinocembrin and chrysin with methyl
syringate dominating. In addition to these, ferulic acid,
quercetin, apigemin and kaempferol were detected in
2 samples out 4 samples of this type of honey (Fig. 1).
Extremely higher amount of methyl syringate was detected
mn a multifloral honey sample (12.5 pg/100 g), it was the
highest phenolic compound detected 1n this study. This
compound is reported to occur in many types of
honeys in various amounts. Tt is considered as floral
marker of New Zealand Manuka (Leptospermum
scoparium) honey since, methyl syringate constituted
approximately 70% (w/w) of the phenolic content of this
honey (Weston et al, 2000). In the case of the study,
methyl syringate was detected in most of the samples of
this study but it was highest in the multifloral honeys.
However, at least one sample out of the 7 samples of pine
honeydew honeys contained too lugh concentration of
methyl syringate (2,687 ng/100 g). Up to this point, in this
study, the flavonoid kaempferol was detected only in the
floral honeys such as cotton, yayla and multifloral and
never detected in honeydew honeys. Accordingly, the
kaempferol would be a marker for some floral honeys. In
addition, it would help mn differentiation between chestnut
and sunflower honeys from the other types of floral
honeys. Since, kaempferol was not detected in chestnut
and sunflower honeys.

CONCLUSION

Only one sample of citrus honeywas used in this
study. The phenolic compounds, caffeic acid, syringic
acid, p-coumaric acid, ferulic acid, methyl syringate,
luteolin, apigenin, pinocembrin, chrysin and acacetin were
detected. In the term of flavonoids, tlus profile 1s
different from that found by Martos ez ol (1997) in
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Tunisian citrus honeys. The phenolic acids detected in
this study are similar to that of multifloral honeys. But it
was different from the phenolic acids of the other floral
honeys.
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