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AGRICULTURAL AND
FOOD CHEMISTRY

Buckwheat Honey Increases Serum Antioxidant Capacity in
Humans
NELE GHELDOF, XIA0-HONG WANG, AND NIicKI J. ENGESETH*

Department of Food Science and Human Nutrition, 259 ERML, 1201 West Gregory Drive,
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Honey has been known to exert significant in vitro antioxidant activity, in part due to its phenolic
content. However, conclusions that the antioxidants in honey are or are not efficacious in the human
body cannot be reached if its antioxidant action is not assessed as part of a human study. In the
present study, the acute effect of consumption of 500 mL of water, water with buckwheat honey,
black tea, black tea with sugar, or black tea with buckwheat honey on serum oxidative reactions was
examined in 25 healthy men. Antioxidant capacity of human serum samples was measured using
different methods: the oxygen radical absorbance capacity (ORAC) assay, ex vivo susceptibility of
serum lipoprotein to Cu?*-induced oxidation, and the thiobarbituric acid reactive substances (TBARS)
assay. The results showed that the serum antioxidant capacity determined by ORAC increased
significantly (p < 0.05) by 7% following consumption of buckwheat honey in water. No significant
changes in serum antioxidant capacity could be established after the consumption of any of the other
beverages. Ex vivo serum lipoprotein oxidation and TBARS values were not significantly altered after
consumption of any of the five beverages. This study provides primary evidence of the in vivo
antioxidant activity of buckwheat honey. However, long-term studies and epidemiological data are
necessary to investigate whether honey consumption can exert overall antioxidant-related health
benefits.
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INTRODUCTION oxidation in meat9, 10) and enzymatic browning of fruits and
vegetablesql, 12). However, the antioxidant activity of honey
varies depending on the honey floral source and positively
correlates with the color of the hone%3). Buckwheat honey,

a dark honey, had the highest antioxidant activity of honeys

Generation of excess free radicals is implicated in an ever-
growing number of disease conditions, including cancer,
cardiovascular diseases, and neurodegenerative disgases (
4). Over the past decades, much research has aimed t . X o
cc))unterbalancepthe adverse effects of free radicals by comple- rom 14 different floral sources tested. The variable antioxidant
menting the endogenous antioxidant defense system with dietar)ﬁcn_vg of honeysf fror_r; different ff'or?' s_(;urces is due to the h
antioxidants. Epidemiological studies suggest that consumptionv""r'ah € c?ntent N E."dw' €rangeo a.ndt'ox' ant compono(lants .SI:JCd
of fruits and vegetables may reduce the risk of certain forms of @ Phenolics, peptides, organic acids, enzymes, and Maillar
cancer and cardiovascular diseaseT), likely because of their reaction productsld). A linear correlation between antioxidant

antioxidant content. These studies have mainly focused on@ctivity and both phenolic contenp (= 0.0001) and protein
antioxidant vitamins or provitamins and polyphenols present content (p= 0.05) of honeys from various floral sources has
in fruits and vegetables and beverages such as red wine and*®en demonstrated previously (14).
tea. One of the common routes for the consumption of honey is
Honey may also constitute a dietary source of natural @ an additive to tea. Black tea is a rich dietary source of
antioxidants. For example, honey has an in vitro antioxidant Polyphenols and inhibits lipoprotein oxidation in human serum
capacity similar to those of many fruits and vegetables on a Samples in vitro15, 16). Human intervention studies investigat-
fresh weight basis, as measured by the oxygen radical absoring the in vivo and ex vivo antioxidant effects of tea consump-
bance capacity (ORAC) assay (8). Honey was also more tion are, however, not consisteds{ 17—25). Although in vitro
effective than a sugar analogue in protecting serum lipoproteinsantioxidant screening tests provide a useful initial guide to the
from oxidation in vitro 8). In addition, honey protects food potential of a food product as a dietary antioxidant, these tests
products against deteriorative oxidation reactions, such as lipid do not incorporate factors such as bioavailability and metabolism
of its antioxidant components. Thus, ex vivo antioxidant tests
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intervention study is the first to examine the effect of buckwheat Taple 1. Total Antioxidant and Phenolic Intake by Consumption of 500
honey consumption on serum antioxidant status and ex Vivo mL of Each of the Five Beverages®

lipoprotein oxidation. By adding buckwheat honey to black tea,
we also sought to enhance the ex vivo antioxidant activity of total phenolics

tea alone. Ex vivo antioxidant effects of the consumption of beverade OTRSI((:)X(”;”L?\'I“ (210? doé gl‘;"i'\'/ic
tea versus that of tea with sugar or tea with buckwheat honey g quv) quv)
were compared to determine the antioxidant effect of sugars or  black teaand honey 5184043 321411542
honey black tea and sugar analogue 4,32 £0.32b 304.3+12.3a
) black tea 4.30+0.21b 3129+ 14.1a
water and honey 0.94£0.11c 9.1+18b
MATERIALS AND METHODS water 0+0d 0+0c
ANOVA p <0.0001 <0.0001

Materials. All chemicals were purchased from Sigma Chemical Co.
(St. Louis, MO) unless otherwise stated.'2A2obis(2-amidinopropane aData expressed as means + SEM (n > 5). Means within a column sharing
dihydrochloride (AAPH) was purchased from Wako Chemicals, InC. the same letter are not significantly different by Tukey (p < 0.05).
(Richmond, VA) and 6-hydroxy-2,5,7,8-tetramethylchroman-2-car-
boxylic acid (Trolox) from Fisher Scientific (Pittsburgh, PA). Buck-
wheat (Fagopyrum esculentum) honey was purchased from Wixson
Honey Co. (Dundee, NY). This honey is vended as “monofloral”, ORAC value was 6.6%.

f ’ : Assessment of ex Vivo Serum Lipoprotein OxidationCopper-
meaning that the honey must derive at least 51% of the constituent . D o ) )
nectar or 45% of contaminant pollen from a single floral SOUgS.( induced serum oxidation (0.67% serum diluted in PBS buffer) was

Thus, the honey collected may contain nectars from more than one C21€d out as described by Regnstrom et al. (29) and as previously
sourc;e but the nominate floral type predominates done in our laboratory (8) using X@mol/L Cw?*. Oxidation kinetics
Stud‘y Design.Twenty-five male subjects were rec-ruited [4g@9.2 were determined by measuring the absorbance at 234 nm every 10 min

. t 37 °C until th further i in the fi ti f
=+ 2.3 and body mass index (kgfm= 24.3 4+ 0.6; mean+ SEM]. a uni There was no TUrther Increase . me formaton o

Results of dical hist i ire indicated all subiect conjugated dienes. The serum oxidation lag time (expressed in min)
results of a medical history questionnaire indicated all SUbJECLS Were a5 ;seq as an indicator of the differences in oxidation curves and
in good health. All of the subjects fulfilled the following eligibility

iteria: (1 hist f cardi lar. hepati trointestinal was defined as the intercept between the baseline and the tangent of
crieria: (1) no his ory of cardiovascular, hepalic, gastrointestinal, or .o 5psorhance curve during the propagation phase. All comparisons
renal disease; (2) no diabetes mellitus; (3) light or no alcoholic drinking

N . were made on within-run assessments to limit between-run variability.
(fewer than one alcoholic drink per day); (4) no current smoking; and y

5 tion of diet Hioxidant | ts. Th | The within-run CV for the assessment of lag time ws8.8%.
(5) no consumption o ietary antioxioant supplements. They Were also s gsessment of Plasma Thiobarbituric Acid Reactive Substances
asked to report any medication intake during the course of the five-

S .
week study. The study protocol was approved by the Institutional (TBARS). For plasma TBARS determinations, 4% (w/v) butylated

; d . S - ’ hydroxytoluene/ethanol was added to aliquots of plasma (for a final
Review Bpard of the University of III|r_10_|s, and written informed consent ratio of 4:1) before freezing. Plasma TBARS were determined within
was obtained from each study participant.

) - ) . . 2 months of blood sampling using a spectrofluorometric method
Five beverages were tested using a blind Latin-rectangle design: (1) yescribed by Fraga et aB@) with some modifications for using a plate

water (control); (2) water with 160 g/L buckwheat honey; (3) black oaqer (31). TBARS were expressed as malondialdehyde (MDA)
tea; (4) black tea with 160 g/L buckwheat honey; (5) black tea with equivalents (umol/L).

160 g/L sugar analogue (45% fructose, 35% glucose, and 20% water). agsessment of Total Phenolics of Beverages and Plasn¥tal
B_Iack tea infusions were prepar(_ed by extracting _co_mme_rmally available phenolic content in the beverages was quantified according to a
Lipton tea bags (Englewood Cliffs, NJ) for 5 min in boiled tap water 1, ifieq version of the FolinCiocalteu method as described previously
(one tea bag, containing2.3 g of tea leaves, per 250 mL of water) as (g Total phenolics in plasma samples were estimated using a
suggested by the manufacturer's instructions. All beverages, excepteq|orimetric assay with FolinCiocalteu reagent according to the

water, were consumed hot. A total of five visits were conducted at icia) AOAC method (32). Total phenolics were expressed as gallic
least 1 week apart, as close as possible to the same day of the weel ;g equivalents (GAE) (mg/L).

and at the same time of the day. The subjects fasted overnight (for at - gyaistical Analysis. All statistical analyses were performed using
least 1.2 h) bEfore. gach visit. Blood samples were taken at 0, 90, andg g software (SAS Institute, Cary, NC, version 8, 1999). Results are
120 min. Afterthel_rflrst fasting blood sample was taken, each vglunteer expressed as mears SEM: statistical significance was set at<
was given two plain, Iow-fa_t P@ge's and 500 mL of one of the f“_/e _test 0.05. Analysis of variance with post-hoc comparisons according to
be_,-verages, one at each visit in random order, to consume within 30 Tukey was used to examine differences between antioxidant content
min. - ) ) and total phenolic content of the test beverages. Because of the possible
Seven milliliters of venous blood was drawn into Vacutainer tubes gependence of change in ex vivo oxidation-related variables on initial
(Fischer Scientific) for serum coIIe_ctlon. Serum was left to clot in the predrink values, postdrink values were compared after adjustment for
dark at room temperature for 30 min, then centrifuged at 36010 predrink or baseline values. Changes between the basekn8)(and

min at 4°C, and stored at-80 °C until analysis. Another 7. mL of  {he 90- and 120-min time points among treatment groups were examined
venous blood was drawn into Vacutainer tubes containing EDTA for sing a repeated-measures<2 factorial design.

plasma collection. Plasma was kept on ice and separated by centrifuga-
tion (1500g, 4 °C, 10 min) within 30 min after blood drawing and
stored at—80 °C until analysis. RESULTS

Assessment of Antioxidant Capacity of Beverages and Serum. Total in vitro antioxidant intake (as measured by the ORAC
The five tested beverages were assessed for in vitro antioxidant activity assay) and total phenolic intake by consumption of 500 mL of
by the ORAC assay as described by Cao etZd) @nd as previously  each of the five beverages are summarizedable 1. The
done in our laboratory8). Ex vivo serum antioxidant capacity was  gntioxidant capacity of the tea drink was 4.3 mmol of TE/ 500
measured as ORAGa as described by Cao and Prior (28). The serum mL, which is consistent with the previously reported ORAC
nonprotein fraction was prepared by diluting serum with 0.5 mol/L cap;acity of black tea, ranging from 5.2 to 1ol of TE/mL

perchloric acid (PCA) (1:1, v/v). The samples were centrifuged at . N
10000gfor 10 min, and the supernatants (serum nonprotein fractions) (33). Tea supplemented with buckwheat honey had a signifi-

were removed and appropriately diluted for the ORAC assay. All serum C@ntly higher in vitro antioxidant activity than tea alone or tea
samples were assessed within 1 week after blood drawing. ORAC valuesWith sugar, leading to a 20% increase in in vitro antioxidant
were expressed as Trolox equivalents (TE) (mmol/L). All comparisons activity of tea with honey versus tea without honey. Even though
were made on within-run assessments to limit between-run variability. the total in vitro antioxidant activity of tea with honey was

The within-run coefficient of variance (CV) for the assessment of
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Table 2. Ex Vivo Cu?*-Induced Serum Lipoprotein Oxidation-Derived
Lag Times and Plasma TBARS at Baseline (t = 0) and 60 and 90
min after Consumption of Each of the Five Beverages?

(=
(=]
L

<)

=

£ 40 =90 =120

3 204 « ¢ - water: 818 -35+18 lag time (min) TBARSP (mollL)
é —~M= ‘water + honey: 23+13 62*+21 water (n = 24)

SERY —h—tea: -39+24 51226 t=0min 52.8+4.0 1.61+0.07
5 201 —k—tea+sugar:  28:29 -37:29 t =290 min 50.3+3.6 152 £0.07
§ —&—tea + honey:  23:20 10222 t =120 min 55.2+49 1.47 £ 0.06
£ 401 water and honey (n = 24)

& t=0min 55.6+35 1.56 £0.07
E -60 1 t=90 miq 53.7+£36 1.51+0.06
o Time (min) > teat(n—::L22(115mn 53241 157 £0.07
Figure 1. Changes in serum antioxidant capacity as measured by t=0min 549+21 1.59 +0.07
ORACkca at baseline (t = 0) and 60 and 90 min after consumption of t =90 min 523+23 151+0.06
each of the five beverages. Data are represented as means + SEM. The e ata;dlszfg;'?n = 25) 565£25 1.48£0.06
asterisk indicates significant difference from the control group, p = 0.0037. t =0 min 508424 161+ 0.06
Baseline (t = 0) serum ORACkpc for the five treatments: water (n= 24), t =90 min 523+3.2 1.57 +0.05
819 + 34; water with honey (n = 24), 888 + 38; tea (n = 24), 909 * 32; t= 120 min 511+23 1.53+0.08
tea with sugar (n = 25), 934 + 44; tea with honey (n = 25), 886 + 33. teataﬂdoh%r.‘sy (n=25) 641421 1564005
aAt t = 30, all subjects finished the beverage; therefore, 60 min after t; 90 r:1in 541432 152+ 005
consumption of the beverage corresponds to t = 90 and 90 min after t =120 min 57.3+45 1.54 +0.04

consumption of the beverage corresponds to t = 120.

a Data expressed as means + SEM.  TBARS expressed as malondialdehyde

slightly higher than the two other tea drinks, the total phenolic equivalents.

content did not significantly vary among the three tea drinks.
Antioxidant and phenolic intake by consumption of buckwheat
honey diluted in water was much lower than that of the tea
drinks.

In the human intervention study, beverages were consumed
over 30 min and blood samples were taken 60 and 90 min after
the subjects finished the beverage (90 and 120 min, respectively,
after the fasting blood draw). These time points were selected DISCUSSION
on the basis of preliminary assays in our laboratory in which  The results of this study indicate that consumption of
blood samples were taken from volunteers before and every 30buckwheat honey increases the antioxidant capacity of human
min after consumption of tea and tea with honey over a time serum as measured by ORA&,. This increase of protein-free
span of 150 min, because maximum rise in plasma antioxidant serum antioxidant capacity could, however, not be supported

cantly altered after consumption of any of the beverages. Plasma
total phenols, measured in relation to a gallic acid standard

curve, ranged from 1.86 to 2.42 mg/mL, but were unaffected

by beverage consumption (data not shown).

capacity is most often reached-2 h after tea ingestior3@). by a decreased ex vivo lipoprotein susceptibility to oxidation,
Changes in serum antioxidant capacity (ORA& of all nor by a decrease in TBARS. The present investigation also
subjects at baseliné<£ 0) and 60 and 90 min after consumption illustrates the lack of consistency between the in vitro antioxi-
of each of the five beverages are depicted-igure 1. The dant capacity of the phenolic-rich beverages (tea with or without
baseline (&= 0) serum ORAGca values for the five treatments  sugar or honey) and their capacity to induce an ex vivo increase
were (meanst SEM) as follows: 819t 34, water (| = 24); in serum antioxidant capacity. In the in vitro antioxidant test,

888+ 38, water with honeyrn(= 24); 909+ 32, tea (i = 24); the three tea beverages displayed.5—5 times higher anti-
934 + 44, tea with sugar (= 25); 886+ 33, tea with honey oxidant activity than the buckwheat honey in water. By adding
(n=25). All variables were normally distributed, and statistical 80 g of buckwheat honey to 500 mL of tea, a 20% increase in
analyses showed that there was a significant effect of treatmentin vitro antioxidant activity of the tea was achieved; thus, an
on serum ORAGca. The change in serum ORAE, at 90 min additive effect of the antioxidant activity of tea and honey was
after consumption of water with buckwheat honey was signifi- observed. Despite the low antioxidant content of the buckwheat
cantly higher than the change at 90 min after ingestion of water. honey in water, consumption of only this beverage significantly
ORACGCsca concentration increased by 62uBnol of TE/L 90 increased serum antioxidant activity by 7%. In a study by Cao
min after consumption of buckwheat honey in water, corre- etal. (35), serum antioxidant capacity as measured by QGRAC
sponding to a 7% increase in deproteinized serum antioxidantincreased by 9% 120 min after consumption of spinach (294
capacity. The increase in serum ORAG& at 60 min after 9), by 14% 60 min after consumption of strawberries (240 g),
consumption of tea with buckwheat honey was significantly and by 17% 60 min after red wine consumption (300 mL).
different from the change in serum ORA& at 60 min after Honey contains a wide range of components, of which the
consumption of tea alone and tea with sugar. This increase wasphenolic acids and flavonoids play a significant role in the
however, not statistically different from the change in serum antioxidant capacity of honey4). Previously, we characterized
ORACkca after ingestion of water. The decrease in serum the phenolic profile of buckwheat honeld. The main phenolic
ORACkca after consumption of tea and tea with sugar was not compounds identified were the phenolic agielsydroxybenzoic
statistically different from the change in serum ORAg after acid, p-coumaric acid, and abscisic acid and the flavonoids
water consumption. Serum lipoprotein oxidation-derived lag pinobanksin, pinocembrin, and chrysin. In the present study,
times and TBARS values before and after consumption of the an amount of 4 tablespoons (80 g) of buckwheat honey was
beverages are shown irable 2. No significant differences in ~ consumed per person, providirglO mg of phenolics. Plasma
lag time could be established after consumption of any of the total phenols, as measured by the Feliocalteu assay, did
beverages. Similarly, plasma TBARS values were not signifi- not alter after consumption of any of the five test beverages.
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However, even though the FotirCiocalteu method is still the  used either freeze-dried tea powder or research blends that are
most commonly used assay for phenals, it is considered to benot commercially available and contained higher concentrations
unreliable when applied to plasma because of nonspecificity, of tea leaves. The lower phenol content of the tea beverages
giving phenol values that are unrealistically hig#t). Indeed, prepared in this study compared to other studies may explain,
in our study, plasma total phenol concentrations~@.1 mg/ at least in part, the lack of a change in serum antioxidant capacity
mL were found. Small changes in phenol concentrations are by consumption of the tea beverages. However, the underlying
therefore masked in the assay technique because of interferingeasons for the discrepancy between the effects of buckwheat
compounds, but the in vivo antioxidant effect of small incre- honey in water compared to buckwheat honey in tea on serum
ments in plasma polyphenol levels may still be significant. Data antioxidant capacity remain unknown. Even though both
on the bioavailability of phenolics are emerging; however, these buckwheat honey in water and buckwheat honey in tea show a
data are still scarce and contradictory. Large variations in trend toward an increased serum antioxidant capacity, a
bioavailability have been observed depending on the chemicalsignificantly increased serum antioxidant capacity was observed
structure and form of the flavonoi®7). Little is known about only 90 min after consumption of the buckwheat honey in water.
the absorption of the above-mentioned phenolic acids and Possibly, interactions between the different honey and tea
flavonoids that are specific to honey and other bee products. In phenolics may occur and negatively influence the bioavailability
contrast to many other phenolics in foods or beverages such aof the honey phenolics. This hypothesis requires further
tea, honey phenolics are present in the aglyconic rather thaninvestigation.
glycosidic form due to hydrolysis by the glycosidases present  The inconsistency between the effects of the tea beverages
in the bee salivary gland88, 39). Phenolic aglycons are more i, yitro and ex vivo on oxidative reactions may be attributed to
readily absorbed through the gut barrier than their correspondinga number of additional factors. First, the present study was
glycosides by passive diffusiorB7, 40) and, therefore, the  gesigned to determine the acute effects of consumption of only
phenolics present in honey may be more readily bioavailable 5 single dose of tea with or without honey. Concentrations of
than the tea phenolics. However, a study comparing the individual phenolics and their biologically active conjugates may
pharmacokinetics of quercetin glycoside and its aglycon dem- not pe high enough after occasional intake to achieve concentra-
onstrated that even though quercetin aglycon was absorbed morgons in vivo as great as those obtained with the in vitro methods
quickly, the total areas under the plasma concentration curve 1g 24). However, longer term trials with repeated consumption
over a 32 h period were similar for quercetin aglycon and of tea and honey may result in accumulation of the antioxidant
quercetin glycoside (41). It must also be noted that black tea components, which may in turn result in sufficiently active
contains more polymeric polyphenols, such as theaflavins and phenolic concentrations to influence the blood antioxidant status
thearubigins 42) than honey. It is possible that some of these (37). second, interindividual variations in the serum antioxidant
high molecular weight tea phenolics bind more efficiently with - capacity and other oxidation-related variables were substantial;
proteins present in the serum and are therefore not measured Rasting ORAG:ca levels of the different subjects, for example,
the ORAG:»CA assay. Due to the complt_axity Qf t_h_e black tea ranged from 500 to 124@mol of TE/L. Furthermore, the
polymeric polyphenols, data on the bioavailability of these pioavailability of tea and honey polyphenols may vary consider-
compounds are lacking. More studies are necessary to |nvest|gat%b|y due, in part, to differences in genetic polymorphisms among
whether honey phenolics are more efficiently absorbed than teain o enzymes involved in polyphenol metabolis&7Y, Third,
phenolics in order to properly evaluate whether the difference ihe methods used to estimate the antioxidant capacity of plasma
in bioa}vailability may explain the increased serum antioxidant 5, serum are indirect, because they do not allow measurement
capacity after consumption of honey and not of tea. of in vivo oxidative damage. The measurement of specific
Even though black tea has a strong in vitro antioxidant activity oxidation products such as-isoprostanes in plasma and urine
(15, 16), data in the literature on the ex vivo antioxidant effects may provide better markers of in vivo oxidative damag®)(
of tea are equivocal. Several clinical trials have demonstrated However, in such a short time period, it was unlikely that plasma
that a single dose of black tea improves plasma antioxidant concentrations of isoprostanes would be significantly altered.
capacity within -2 h after tea ingestior2Q, 23, 25). Our study,  Results from a recent study by Hodgson et 21)(showed that
however, failed to demonstrate any significant increase in serumregular ingestion of tea (1 L of tea per day for 7 days) did not
antioxidant capacity or ex vivo protection against lipoprotein change urinary fFisoprostane excretion. Methods measuring
oxidation after consumption of tea or tea supplemented with TBARS and diene conjugation involving spectrophotometry are
sugar or buckwheat honey. Additionally, most studies investi- |imited by the fact that they are nonspecific and subject to
gating the effect of tea consumption on lipoprotein oxidation interferences§0). ORAGyca is, however, the preferred method
also failed to show a significant ex vivo protection of tea for evaluating changes in water-soluble antioxidants in human
consumption on lipoprotein oxidation%,17,18,24). Similarly, serum samples based on a detailed comparison of different
results from epidemiological and clinical studies of the relation- methods for determining total antioxidant capacity of human
ship between tea and cardiovascular disease are conflicting.serum (28). In the present study, only data obtained from the
Some epidemiological studies, but not all, support the view that ORACpca assay showed any significant change in serum
tea or tea flavonoids reduce the risk of cardiovascular diseaseantioxidant capacity, whereas both the TBARS assay and the
(reviewd by ref22, 43—46). spectrophotometric method were not sensitive enough to detect
It must be noted that the composition and quantity of tea significant changes in ex vivo susceptibility of plasma/serum
antioxidants can vary significantly depending on the type of against oxidation. In addition, the methods used in the present
tea and method of preparatioB3( 47). In the present study, study are conducted in an aqueous system. Several studies
total phenolic intake from black tea was 0.57 mg/mL, similar suggest that water-soluble antioxidants are effective in inhibiting
to that reported by Lee et ah§) (0.62 mg/mL) and Lakenbrink  serum oxidative processes, in part by recycling lipophilic
et al. @7) (0.53 mg/mL) but lower than that reported in other antioxidants (5152). Therefore, the antioxidant effect of tea
studies, where the phenol contents of black tea infusions wereand honey consumption might be underestimated by measuring
3.6 mg/mL (9) and 1.37 mg/mLZ3). Many of the tea studies  only the aqueous serum compartment oxidizability.
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In conclusion, our results suggest that ingestion of buckwheat
honey may modulate serum antioxidant status. More information
on the bioavailability of honey phenolic compounds and longer

Gheldof et al.

(18) McAnlis, G. T.; McEneny, J.; Pearce, J.; Young, |. S. Black tea
consumption does not protect low-density lipoprotein from
oxidative modificationEur. J. Clin. Nutr.1998,52, 202—206.

term studies are, however, necessary to provide more evidence (19) Hodgson, J. M.; Puddey, 1. B.; Croft, K. D.; Burke, V.; Mori,

on the in vivo inhibitory effects of honey on lipid peroxidation.
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