
ELSEVIER 

Food Chemistry 51 (1994) 207 210 
© 1994 Elsevier Science Limited 

Printed in Great Britain. All rights reserved 
0308-8146/94/$7.00 

Quality evaluation of Spanish rosemary 
(Rosmarinus officinalis) honey 

Consuelo Perez-Arquillu6, Pilar Conchello, Agustin Arifio, Teresa Juan & Antonio Herrera 
Department of Animal Production and Food Science, Unit of Hygiene, Inspection and Food Microbiology, 

Veterinary Faculty of the University of Zaragoza, Miguel Servet 177, 50013-Zaragoza, Spain 

(Received 20 October 1993; revised version received and accepted 13 December 1993) 

The qualities of 27 samples of rosemary (Rosmarinus officinalis L.) honey from 
Arag6n (Spain) was evaluated. Most samples showed a proper maturity con- 
sidering the low moisture content. The low electrical conductivity and ash 
content were typical of pale honeys. Optical rotation was mostly levorotatory 
except for four samples with high sucrose content. Since the hydroxymethyl- 
furfural content was low and the diastase activity was high, a good freshness 
was estimated. The total acidity (below 40 meq/kg) indicated absence of undesir- 
able fermentation; additionally the mean pH around 3.70 is usual in this kind of 
honey. The fructose/glucose ratio was 1.17 :t: 0.01 and sucrose content averaged 
1.97 + 0.27%. The analysis of sediment showed a very low honeydew indication 
which explains the low trisaccharide content found in the samples by GC-FID 
quantitation. 

INTRODUCTION 

Honey is produced in almost every country of the 
world. Arag6n is a region in north-east Spain on the 
mid-section of the river Ebro's valley. Next to the river, 
three different plant associations are found: sabine 
grove, pinewood and kermes oak. Anthropological, 
eolic and rain effects led to the current settlement of 
rosemary plants in shallow soils and rockrose species 
and different crops in other areas. Rosemary plants are 
widely distributed, showing two flowering seasons in 
fall and early spring. Most beekeepers in Arag6n, on 
the basis of organoleptical character and location of 
hives, sell what they claim to be 'rosemary honey' 
which is broadly appreciated by consumers willing to 
pay more for such a description. 

The composition of a particular honey sample will 
greatly depend on the composition of the nectar(s) 
whence it originates. Rosemary honey is elaborated 
from the nectar of rosemary flowers (Rosmarinus 
officinalis L.) by honey-bees. Its production is the 
second largest in Spain (MAPA, 1988) after sunflower 
honey (Helianthus annuus L.). A number of investiga- 
tions have been done on the most important Spanish 
unifloral honeys (Mateo et aL, 1987; Serra et aL, 1987; 
Serra & Cafias, 1988; Sancho et al., 1991) and other 
unifloral honey types (Abu-Tarboush et al., 1993). 

In the present study the physicochemical analysis of 
27 rosemary honey samples which are compared with 
the Spanish standards of honey and other published 
data worldwide, is reported. 

MATERIALS AND METHODS 

Sample collection 

In a previous work, 168 samples of honey were 
classified according to their botanical origin (unpub- 
lished data). Thirty-six of them had been claimed as 
'rosemary honey' by beekeepers on the basis of 
organoleptical characteristics. Microscopic analyses of 
sediment, physicochemical parameters and organo- 
leptical study were made according to several authors 
(Pourtallier & Taliercio,1970; Mohamed et al., 1982; 
Serra et al., 1987) to correctly typify those samples. 
After this laboratory study, only 27 of the original 36 
samples were reclassified as 'rosemary honey'. 

The samples were taken directly from the containers 
that beekeepers use for storage of honey. All samples 
were unpasteurised and were taken no more than three 
months after extraction from the hives by beekeepers. 
After removal of the superficial layer, about 100 g of 
honey were aseptically transferred to a plastic bottle. 
Special care was taken to avoid air bubbles. The bottles 
were transported to the laboratory in portable coolers 
and then stored at -20°C until analysis, which was not 
delayed more than one month. Geographical distribu- 
tion of sampling locations related to the total volume 
of production and specific interest of some areas. 

Analysis of sediment for the identification of honey samples 
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The method followed for pollen analysis was described 
by Louveaux et al. (1978). Briefly, a subsample of 10 g 
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of crude honey is dissolved in 20 ml of warm distilled 
water (around 40°C) and centrifuged twice (2000 × g) 
for 10 min. The dry sediment is mounted on a slide 
with glycerine/gelatine slightly stained with an alcoholic 
solution of fuchsine. Slides were microscopically ob- 
served and compared with the reference for identifica- 
tion. Each sample belonging to the 'rosemary honey' 
group should contain more than 20% of rosemary 
( Rosmarinus officinalis L.) pollen. 

Physicochemical analysis 

The samples of honey were analysed according to the 
official Spanish methods (BOE, 1986) and the AOAC 
methods (AOAC, 1990) in order to determine moisture, 
optical rotation, electrical conductivity, ash content, 
hydroxymethylfurfural, diastase activity, pH, acidity 
(free, lactone and total) and sugar composition. 

Moisture in honey was determined with a Shibuya 
refractometer reading at 20°C and obtaining corre- 
sponding % moisture from the Chataway table (Chat- 
away, 1935), revised and updated (BOE, 1986; AOAC, 
1990; Crane, 1990). 

Optical rotation was measured in a polarimeter (Carl 
Zeiss 811753) as follows: 10 g of honey sample was 
clarified with Carrez reagents (I and II) and distilled 
water was added to get a final volume of 100 ml. Then, 
this solution was inserted into the polarimeter and 
results were stated in angular degrees on a 200 mm 
basis. 

Electrical conductivity of a honey solution at 20% 
(dry matter basis) in CO2-free deionised distilled water 
was measured at 20°C in a Crison 522 instrument. 
Results were expressed as 10 ~ S × cm l (BOE, 1986) 

Ash percentage was measured by calcination, 
overnight at 550°C in a furnace, to constant mass 
(BOE, 1986; AOAC, 1990). 

Hydroxymethylfurfural was determined after clarify- 
ing samples with Carrez reagents (I and II) and addi- 
tion of sodium bisulphite (based on methodology 
described in AOAC (1990). Absorbance was determined 
at 284 and 336 nm in a 1 cm quartz cuvette in a 
Kontron spectrophotometer. Results were expressed as 
mg/kg. 

Diastase activity was measured using a buffered solu- 
tion of soluble starch and honey which was incubated 
in a specially designed glass tube, shaped to end in 
an inverted 'V', in a thermostatic bath until the end- 
point was determined photometrically (Spectronic 20). 
Results were expressed (as Gothe degrees) as ml of 
I% starch hydrolysed by an enzyme in 1 g honey in 1 h 
(AOAC, 1990). 

pH was measured in a pH meter (Crison 2001) from 
a solution containing 10 g honey in 75 ml of COz-free, 
distilled water. 

Free, lactone and total acidity were determined by 
the titrimetric method first add 0-05 N NaOH and stop 
at pH 8.50 (free acidity), immediately pipet in 10 ml 
0-05 N NaOH, and without delay back-titrate with 0-05 
y HC1 to pH 8-30 (lactone acidity). Total acidity results 

from adding free plus lactone acidities (BOE, 1986; 
AOAC, 1990). Results were expressed as meq/kg. 

The sugar composition was determined by gas-liquid 
chromatography with flame ionisation detector 
(GC-FID) based originally on the method by Pourtal- 
lier and Rognone (1977) modified by Serra and Bosch 
(1989). Trimethylsilyl derivatives of sugar oximes were 
baseline separated and quantitated in a gas chromato- 
graph HP 5890 Series II and an HP 3396A integrator 
under the following conditions: 3 m stainless-steel 
column (IA-in. o.d.) packed with 4% SE-52 on Chro- 
mosorb WAWDNCS 100/120 mesh, carrier gas flow 
25 ml NJmin, FID with H2 at 30 ml/min and O2 at 
400 ml/min, temperatures (°C): injector 280, detector 
290 and column 205, rate 2°C/min to 280°C, held for 
20 min, internal standard calibration with xylose. All 
standard sugars were obtained from Sigma Chemical 
Company. Results were expressed as grams of each 
sugar in 100 g of honey (percentage). 

Statistical analysis was designed using StatView TM SE 
+ Graphics (Abacus Concepts, Inc., 1988, Berkeley, 
CA, USA). 

Organoleptical quality 

In addition to the identification of honey type by anal- 
ysis of sediment, the honey samples were subjected to a 
sensory panel. Rosemary honey is light-coloured, white 
after crystallisation and smells of rosemary flowers with 
some balsamic odour. The natural crystallisation is fine 
to medium coarse. This honey is light-flavoured at first 
taste, and tastes of wet flour after a while in the mouth. 

RESULTS AND DISCUSSION 

A descriptive analysis of the results is given in Tables 1 
and 2. Moisture content of honey depends on harvest 
season along with the degree of maturity reached in the 
hive. This parameter is highly important for the shelf- 
life of the honey during storage. Twenty-three out of 27 
samples, yielded moisture between 16.0-18.0% which 
means a proper degree of maturity, partially due to the 
current use of modern hives by beekeepers in Spain 

Table 1. Analysis of some physiochemical parameters in 27 
samples of rosemary honey 

Parameter Mean + SE Range SD 

Moisture (%) 16.8 + 0-14 15.4-18.3 0.73 
Optical rotation c¢ 2°°c -2-78 + 0.58 -8.45-(+4.67) 2.99 
Electrical conductance 

(104 S x cm ~) 1.55 + 0-06 1.03-2.39 0.29 
Ash content (%) 0.05 + 0.005 0-02q). 11 0.02 
HMF (mg/kg) 3.0 + 0.7 0-18.26 3.56 
Diastase activity (G °) 18.0 + 0.9 10-29 4.88 
pH ° 3.71 3.42-3.94 - -  
Free acidity (meq/kg) 16.2 + 0 .43 10-6-20 2.22 
Lactone acidity (meq/kg) 1.06 + 0.26 0-6.11 1-35 
Total acidity (meq/kg) 17.2 + 0 .40  10.6-21.5 2.45 

" The value of pH is a geometric mean. 
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and finding the proper time of extraction. This mean 
value is lower than those previously reported in Spain 
(Serra et al., 1987) and similar to that of < 17.5% 
reported by the Institut Technique Apicole (1975). 

From the optical viewpoint, honey has the property 
of rotating the polarisation plane of polarised light. 
Floral honeys are levorotatory in contrast to honeydew 
and some adulterated honeys which are usually dextro- 
rotatory. This is a consequence of the normal prepon- 
derance of fructose in floral honey, which shows a neg- 
ative specific rotation over glucose (Table 1). Most 
samples (85.2%) were levorotatory and only four sam- 
ples with high sucrose content (3.21% on average) were 
dextrorotatory. Due to the wide variation observed in 
the optical rotation, this parameter did not discrimi- 
nate honey samples from different floral origins. 

Electrical conductivity depends on the mineral con- 
tent, organic acids, proteins and some complex sugars 
and polyols (Crane, 1975). Electrical conductivity 
varies with botanical origin, honeydew having the high- 
est values. The conductivity mean value obtained (1.55 
S × cm t) is similar to the values published by Pourtal- 
lier and Taliercio (1970). However, Serra et al. (1987) 
reported higher conductivity in rosemary honey sam- 
ples containing Quercus honeydew. 

Rosemary honey, as is observed in all pale honeys, 
has a low mineral content. The ash content is influ- 
enced by the botanical origin as well as the technique 
used for the determination. Twenty-one out of 27 sam- 
ples had ash contents below 0.08% in disagreement 
with data by Serra et al. (1987) in which ash averaged 
0.15% in rosemary honey samples. Mohamed et al. 
(1982) reported a mean value of 0.11% in the same 
kind of honey. 

The diastase activity and the hydroxymethylfurfural 
(HMF) content are widely recognised parameters in 
evaluating the freshness of honey (Schade et al., 1958; 
Hadorn & Kovacs, 1960; White, 1979; Sancho et al., 
1992). Legal regulations in Spain set a minimum value 
for diastase activity of eight on Gothe's scale,, and a 
maximum HMF content of 40 mg/kg. In honeys with 
low enzymatic content a diastase number of three on 
Gothe's scale is permissible as long as HMF content 
does not exceed 15 mg/kg. 

Honey samples showed an appropriate diastase num- 
ber ranging from 10 to 29°G, and their HMF content 
averaged 3.0 mg/kg with a maximum of 18.3 mg/kg 
(Table 1). Thus, all samples fell within the Spanish 
legal regulations for diastase number and HMF con- 

Table 2. Analysis of sugar composition (%) in 27 samples of 
rosemary honey 

Sugar Mean ± SE Range SD 

Fructose 36.6 ± 0 - 4 7  31.9~,2.5 2.43 
Glucose 31.2 ± 0 . 4 4  26.3-35.98 2.26 
Sucrose 1.97 ± 0 . 2 7  0.07-5.85 1.39 
Maltose 7.20 ± 0 . 1 6  5.72-9-03 0.84 
Erlose 0.61 ± 0-07 0-1.76 0-38 
Melezitose 0.05 ± 0.04 0~).33 0.11 

tent. Most samples (96.3%) showed an HMF content 
below 10 mg/kg, and 63% of samples had HMF con- 
tents of less than 3 mg/kg. Only one sample exceeded 
15 mg/kg of HMF (its diastase number was 29.1°G). 
These low values of HMF are in agreement with those 
reported by Sancho et al. (1992) in honeys from the 
Basque Country (Spain) whose HMF contents fell 
below 15 mg/kg in most samples. These authors sug- 
gested reducing the current maximum level of HMF 
(40 mg/kg) in a new regulation governing quality, since 
good manufacturing practices allow less HMF produc- 
tion during processing and storage of honey. 

Most honeys are acidic, having pH in the range 
3.5~1.5. pH values obtained in rosemary honey agreed 
with data reported by Pourtallier and Taliercio (1970) 
who established pH _< 4.0 as the normal value. 

The acidity of honey results from the presence of 
organic acids (mainly D-gluconic acid) in equilibrium 
with their lactones, or internal esters, and some inor- 
ganic ions such as phosphate, chloride and sulphate 
whose corresponding acids are honey constituents. A 
high titratable acidity figure may mean that the honey 
fermented at some time, and that the resulting alcohol 
was converted to organic acids. Special attention 
should be paid to the fact that these samples were 
obtained in the spring flowering season (February to 
June) when honey is often less acidic than in the 
autumn season which usually contains more honeydew. 

Of the total sugars (see Table 2), the fructose and 
glucose mean values agreed with the results reported by 
Serra et al. (1987) of 35.26% fructose and 29.52% glu- 
cose. However, both Zurcher et al. (1975) and Gonnet 
(1979) reported higher values of these monosaccha- 
rides, in contrast to lower values obtained by Mo- 
hamed et al. (1982) of 32.90% for fructose and 24.95% 
for glucose. 

The ratio fructose/glucose was 1.17 _+ 0-01, a propor- 
tion which is slightly out of the range proposed by 
Pourtallier and Taliercio (1970) for rosemary honey 
(1.06-1.13). This parameter displayed a remarkably low 
variation among samples (SD 0.05). In consequence it 
is suggested that the ratio fructose/glucose be used to 
typify honey samples from different origins, especially 
those of rosemary as the main component. 

The proportion of sucrose is similar to that found by 
Mohamed et al. (1982) and Serra et al. (1987), but 
higher than the 0.3% sucrose reported by Zurcher et al. 
(1975). Samples displayed a wide range of sucrose con- 
tent, but only one sample was above the Spanish maxi- 
mum legal limit of 5% sucrose for multifloral honeys 
(up to 10% for lavender, acacia, honeydew and its mix- 
tures). The majority of previously reported data on su- 
crose content in Spanish honeys are below 1%. Thus, 
Serra and Cafias (1988) reported 0-26% sucrose in 
eucalyptus honeys. Battaglini and Bosi (1973) also 
reported sucrose content below 1% in several honey 
samples of different botanical origins: Hedysarum 
coronarium, Onobrychis viciifolia, Medicago sativa, Cit- 
rus sp., Eucalyptus sp., Erica sp., Castanea sativa, Bras- 
sica napus and Ilex aquifolium. 
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With respect to the disaccharide content, maltose 
was found in all samples, at higher levels than the 
5.72% reported by Serra et al. (1987), but lower than 
the 8.7% maltose detected by Zurcher et al. (1975). 

Two trisaccharides have been identified: erlose and 
melezitose. White and Maher (1953) gave special 
significance to erlose findings in honey samples with 
high sucrose content. Pourtallier and Taliercio (1970) 
also emphasised the importance of erlose level in rose- 
mary honey with more than I% sucrose. However, the 
authors were not able to correlate these sugars. In 
general, trisaccharide contents were lower than those 
reported by Serra et al. (1987), presumably due to the 
presence of fall honeydew in their samples. 
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