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SUMMARY 
The water-soluble antioxidant capacity of 19 
samples of honey from 14 different floral 
sources was determined by a spectrophoto
metric assay. The highest concentration of 
antioxidants measured was 20.3 times that of 
the lowest, showing that great variation exists 
in the chemical nature of honey from different 
floral sources. Antioxidant content was posi
tively correlated with both water content and 
honey colour. Because of the health benefits of 
dietary antioxidants, floral source should be a 
factor in evaluating the potential of honey as an 
antioxidant-containing food supplement. 
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INTRODUCTION 
Because honey bees (Apis mel/ifera) forage widely on a 
range of plant species in order to obtain nectar, many 
properties of honey are highly variable. Depending on 
floral source, honeys vary in colour (Eckert & Alliger, 
1939) and viscosity (Crane, 1975). Chemical composi
tion can also vary with floral source, with individual 
sugar constituents, ash, nitrogen content (White et a/., 
1962) and metal content (Hill eta/., 1981) depending 
on the identity of principal floral sources of nectar. 
Antibacterial activity also varies with floral source 
(Postmes et a/., 1993), most likely due to differences in 
content of plant secondary metabolites (Bogdanov, 
1989), as well as enzyme activity (White et a/., 1962; 
Schepartz, 1966; Mohrig & Messner, 1968). 

The principal contribution of honey to the human diet 
is as a source of easily digestible sugars. However, due 
to its complex chemistry, honey may make other con
tributions to nutrition. One largely unexplored 
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attribute of honey of potential dietary significance is its 
antioxidant content. Honey has been reported to con
tain alpha-tocopherol, ascorbic acid, beta-carotene 
(Crane, 1975), catalase (Schepartz, 1966) and peroxi
dase (loyrish, 1974), all of which function under certain 
circumstances as antioxidants (Larson, 1988). Pro-oxi
dant chemicals in the diet or in the environment can 
generate toxic oxygen radicals that cause DNA dam
age (Holmes et a/., 1992; Ames et a/., 1993); such dam
age can lead to a wide variety of age-related patholo
gies, including arthritis, strokes, and some cancers (Peto 
eta/., 1981 ;Cross eta/., 1987;Schwartz eta/., 1988;Tem
ple & Basu, 1988). Antioxidants, which are compounds 
that can reduce oxygen radicals and thus counter their 
toxic effects, are commonly used to treat or lessen the 
incidence of these conditions. Honey has been suc
cessfully used as a treatment for cataracts and other 
eye ailments, wounds and burns, and ulcers and other 
gastric ailments, ostensibly because of its antimicrobial 
and hygroscopic properties (loyrish, 1974). In view of 

TABLE 1. Water content (%),colour (mm Pfund units), and antioxidant content 
(microequivalents based on ascorbic acid) of different unifloral honeys. 

Honey Year %water Pfund colour Antioxidant content 
(mm) (x 1 o-• IJeq.)* 

CA sage 1994 14.2 6.18 21.3 (2.4) 

CA sage 1995 13.4 3.60 23.8 (6.4) 

AZ. mesquite 1994 15.0 7.10 28.9 (1.1) 

WA fireweed 1994 16.0 4.46 31.2 (0.4) 

CA eucalyptus 1994 15.5 8.83 31.0 (0.6) 

CA yellow star-thistle 1995 14.8 3.93 36.5 (3.2) 

CA orange 1995 14.9 4.62 38.0 (8.5) 

CA orange 1994 14.3 5.75 41.3 (2.5) 

IL soya-bean 1994 17.7 7.10 44.9 (1.4) 

IL soya-bean 1995 18.6 8.23 45.2 (0.7) 

IL clover 1994 14.2 7.85 50.7 (1.2) 

MT sweet clover 1994 14.2 3.50 52.7 (1.2) 

Hllehua 1995 15.0 8.53 73.1 (22.5) 

FL water tupelo 1994 16.7 10.50 111.6 (29.8) 

FL water tupelo 1995 17.8 5.13 121.6 (12.9) 

HI christmasberry 1995 17.9 10.83 138.9 (0.5) 

HI christmasberry 1994 17.2 10.12 147.0 (5.5) 

CA sunflower 1994 16.6 12.40 169.7 (3.8) 

IL buckwheat 1995 18.4 15.00 432.0 (6.0) 

*values are means, with standard errors in parentheses 
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the fact that oxygen radicals have been implicated as 
factors contributing to all of these conditions, and that 
antioxidants are frequently prescribed as therapeutic 
agents (Cross et a/., 1987), the use of honey to treat 
these conditions as well suggests that its antioxidant 
content, regardless of its chemical nature, may con
tribute to its therapeutic value. 

Although the pro-oxidant components in honeys 
(notably, glucose oxidase) have been well characterized 
(e.g. White et a/., 1963), there has never been a sys
tematic survey conducted in order to determine 
whether honeys vary in antioxidant capacity depend
ing on floral source, or whether antioxidant concen
trations in honey are sufficiently high to be of biologi
cal significance. We have undertaken such a study, 
surveying a variety of unifloral honey varieties; in doing 
so, we have made an effort to include honeys derived 
from plants with known antioxidant properties. 
Because our interests lie in assessing the potential value 
of honey as a dietary source of antioxidants in gener
al, we assayed the total antioxidant capacity of honey 
samples. As well, in that antioxidant content is mea
surable only by chemical assay, we investigated whether 
variation in antioxidant content is correlated signifi
cantly with traits that are more readily measurable. 
Honey colour has been correlated with potential alka
linity and ash content, and water content has been cor
related with rate of granulation and likelihood of fer
mentation (Crane, 1975). Both of these attributes may 
also be correlated with antioxidant content; honey 
colour reflects in part the content of pigments, many 
of which (such as carotenoids and flavonoids) have 
antioxidant properties, and water content may affect 
the degree to which water-soluble antioxidant con
stituents can accumulate. Thus, the possibility exists 
that colour or water content may be predictive of 
antioxidant content and serve as a potential indicator 
of antioxidant variation. 

MATERIALS AND METHODS 
Guidelines for floral origin (Yoirish, 1977; Louveaux et 
a/., 1978) dictate that honeys designated 'unifloral' 
(monofloral) must derive at least 51% of constituent 
nectar or 45% of contaminant pollen from a single flo
ral source. Thus, in this study, it must be recognized 
that the unifloral honeys analysed may in fact contain 
nectars from a variety of sources, with the nominate 
floral type simply predominating. All honeys, with the 
exception of soya-bean, clover, and buckwheat, which 
were obtained locally, were purchased from the Moon
shine Trading Co. (Winters, CA), which distributes uni
floral honeys from beekeepers across the company. 

Sampling of honeys offered as monofloral or unifloral 
was based on availability as well as floral identity. Flo
ral sources in the USA included Centaurea so/stitialis (yel
low star-thistle: Asteraceae) from Glenn City, CA;, Cit
rus sinensis (orange: Rutaceae) from Fresno, CA; 
Chamerion angustifolium (fireweed, rosebay willowherb: 
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Onagraceae) from Skagit, WA; Eucalyptus spp. (euca
lyptus: Myrtaceae) from San Mateo, CA; Fagopyrum escu
/entum (buckwheat: Polygonaceae) from Edwardsville, 
IL; Glycine max (soya-bean; Fabaceae) from Springfield, 
IL; Helianthus spp. (sunflowers: Asteraceae) from San 
Joaquin, CA; Melilotus spp. (sweet clovers: Fabaceae) 
from Missoula County, MT and Effingham, IL; Met
rosideros col/ina Oehua: Myrtaceae) from Hawaii, HI; 
Nyssa aquatica (water tupelo: Nyssaceae) from Liberty, 
FL; Prosopis sp. (mesquite: Fabaceae) from Yavapai City, 
Arizona; Salvia mel/ifera (button sage: Lamiaceae) from 
San Luis Obispo, CA;, and Schinus terebinthifolius (christ
masberry: Anacardiaceae) from Hawaii, HI. Of these 
floral sources, antioxidant flavonoids or isoflavonoids 
are reported from the fruit or vegetative parts of buck
wheat (Oomah & Mazza, 1996), soya-bean (Fleury eta/., 
1992), sunflower (Siess et a/., 1996) and orange (Fer
reres et a/., 1993). 

The antioxidant test used was based on a spectropho
tometric assay (Giavind, 1963). For each honey type, 
0.75 ml of honey dissolved in warm water was mixed 
with 1.5 ml of a 0.09 mmol solution of 1, 1-diphenyl-2-
picrylhydrazyl (DPPH) (Sigma Chemical Camp., St. 
Louis, MO, WA) in methanol. The mixture was allowed 
to incubate for 5 min and then 2 ml of xylene were 
added. This solution was shaken vigorously and allowed 
to separate. The xylene layer was then removed and 
centrifuged at 3000 rpm for 2-3 min. The absorbance 
of the xylene layer from the centrifuged solution was 
read in a Perkin-Elmer Lambda 3B UVIVIS spec
trophotometer at 517 nm against a xylene blank. Each 
sample was then completely reduced, and the 
absorbance read at 517 nm. By subtracting this 
absorbance value from the previous reading, we could 
obtain a baseline value for absorbance due to chemi
cals (such as pigments) other than antioxidants present 
in the honey and thus control for variation among sam
ples. DPPH was compared against a standard curve of 
ascorbic acid in water at a range from 0 to 0.044 mg/ml 
and results are expressed as antioxidant microequiva
lents (iJeq) based on the standard curve. One antiox
idant microequivalent is the ability to reduce one 
micromole of a pro-oxidant; because each molecule of 
ascorbic acid is able to reduce two molecules of pro
oxidant, one 1Jmol of ascorbic acid has two antioxidant 
IJeq. Two samples of each honey were tested and the 
antioxidant values averaged. 

Percentage water content of all honey samples was 
determined with an Atago honey hand refractometer 
(Dadant, Hamilton, IL, USA) and colour measured with 
a Pfund honey grader (Koehler Instrument Co. Inc., 
Germany) according to manufacturers' instructions. 

The log-transformed antioxidant value of the honeys 
was compared with the water content and colour by 
linear regression analysis (Microsoft Excel, Microsoft 
Corp., 1992). 
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RESULTS 
One potential source of variation in measures of 
antioxidant content, as well as water content and 
colour, is the fact that these honey samples were 
obtained from several different beekeepers. Process
ing, handling, and storage of honey may affect all of these 
attributes. This notwithstanding, certain consistent pat
terns emerged. 

The water-soluble antioxidant content of the honey 
samples evaluated in this study varied more than 20-
fold, from a high value of 432 X 10-5 1Jeq for 1995 Illi
nois buckwheat to a low value of 21.3 X 10-5 IJeq for 
1994 California button sage. Repeatability between 
duplicate samples was high, with means differing on 
average by less than 9% across all 19 honeys. The cor
relation between colour and antioxidant content was 
significant (P < 0.001 ), with darker honeys possessing 
higher antioxidant capacities. Colour accounted for 
over 60% of the variance in antioxidant capacity for the 
honeys examined (I= 0.634). The regression of water 
content on antioxidant content was significant as well 
(P < 0.005) but accounted for a lower proportion of 
variance in antioxidant content than did colour (I = 
0.366). 

For several honeys, samples were available from two 
consecutive years from similar sites; antioxidant con
tent of honeys was for the most part consistent year 
to year for these honeys. Californian button sage, Cali
fornian citrus, Hawaiian christmasberry, Illinois soya
bean, and tupelo honeys all varied less than 15% in 
antioxidant content after a year in storage. 

DISCUSSION 
The correlation between water content and antioxi
dant content is consistent with the chemistry of many 
of the antioxidants reported to occur in honey. Ascor
bic acid as well as many antioxidant alkaloids are water 
soluble, so a higher percentage water content could 
conceivably allow for greater amounts of dissolved 
antioxidants for a given amount of honey. The associ
ation between colour and antioxidant content 
observed here may provide a rapid means of deter
mining, in an approximate fashion, the antioxidant con
tent of various honeys. However, it must be remem
bered that our analysis takes into account only the 
water-soluble antioxidant content; variability in the 
lipid-soluble antioxidant content may obscure the rela
tionship reported here. Given the fact that nectars, 
from which honeys derive, are relatively high in water 
content (ranging from 30% to 90%), the probability is 
high that the majority of antioxidant honey constituents 
are water soluble. It is also important to note that, 
under the conditions of this assay, certain water solu
ble antioxidants may be degraded; antioxidant enzymes, 
for example, while water-soluble, are not heat stable. 
In this regard, though, Rosenblat et a/. (1997) provided 
evidence that the antioxidant capacity of honey is 
attributable principally to its nonprotein constituents; 
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for example, heating honey did not alter its capacity to 
prevent beta-carotene oxidation. 

Antioxidant levels in honey tend to be low relative to 
more traditional sources of dietary antioxidants. The 
antioxidant content of most fruits and vegetables, e.g. 
as indicated by ascorbic acid content, is typically many 
times greater than the average value for the water-solu
able antioxidant content of honey, at 0.855 x 10-3 

1Jeq/mg. Sweet orange pulp, for example, a well-known 
source of antioxidant nutrients, contains 5.68 x 1 0-3 

1Jeq/mg, broccoli 13.63 X 1 0-3 IJeq/mg, and sweet pep
pers 14.15 X 10-3 1Jeq/mg (Sebrell eta/., 1967). While 
honey levels do compare favourably with some fruit 
and vegetable sources of ascorbic acid, including sweet
corn, with 1.36 X 1 0-3 1Jeq/mg, and tomato, with 2.83 X 

1 o-3 1Jeq/mg (Sebrell et a/., 196 7), these values account 
only for antioxidant activity attributable to ascorbic acid 
content, so the total antioxidant content of fruits and 
vegetables, including contributions from fat-soluble 
antioxidants, may be substantially higher. Moreover, 
honey is rarely consumed in quantities equivalent in 
mass to that of fruits and vegetables. Similarly, the total 
water-soluble antioxidant content of certain dietary 
supplements, including black tea (2120 x1 o-3 IJeq/ml or 
roughly 220 x1 0-3 iJeq/mg dried tea) (Frankel & Beren
baum, submitted) is extremely high in comparison to 
honey. 

While this comparison demonstrates that honey may 
not serve as a major source of dietary antioxidants, it 
nonetheless demonstrates the potential for honey to 
play an important (and as yet unrealized) role in pro
viding antioxidants in a highly palatable form. There is 
strong evidence supporting dietary antioxidant intake 
as the causative factor underlying the association 
between high rates of fruit and vegetable consumption 
and low incidence of cerebrovascular and other dis
eases (Ames, 1983; Gey, 1990; Steinberg, 1991; Willett, 
1994a, 1994b ). Due to the pleasing taste of honey, it 
may be more readily consumed by individuals reluctant 
to ingest appropriate quantities of plant-derived antiox
idants in the form of fruits and vegetables. Certain uni
floral honeys may thus make a unique contribution as 
a palatable supplementary source of plant antioxidants, 
particularly if used to replace sucrose, which has no 
antioxidant value, in the diet. 
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