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The effect of honey oligosaccharides on the growth of fecal bacteria was studied using an in vitro
fermentation system. Prior to treatment, glucose and fructose (31.73 and 21.41 g/100 g of product,
respectively) present in honey, which would be digested in the upper gut, were removed to avoid
any influence on bacterial populations in the fermentations. Nanofiltration, yeast (Saccharomyces
cerevisiae) treatment, and adsorption onto activated charcoal were used to remove monosaccharides.
Prebiotic (microbial fermentation) activities of the three honey oligosaccharide fractions and the honey
sample were studied and compared with fructooligosaccharide (FOS), using 1% (w/v) fecal bacteria
in an in vitro fermentation system (10 mg of carbohydrate, 1.0 mL of basal medium). A prebiotic
index (PI) was calculated for each carbohydrate source. Honey oligosaccharides seem to present
potential prebiotic activity (Pl values between 3.38 and 4.24), increasing the populations of
bifidobacteria and lactobacilli, although not to the levels of FOS (PI of 6.89).
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INTRODUCTION strains of bifidobacteria was enhanced by honey in a manner
similar to that of other commercial prebiotic oligosaccharides

Honey is primarily composed of the monosaccharides glucose [fructooligosaccharide (FOS), galactooligosaccharides (GOS),

and fructose, which can be found in amounts of between 55 - .
and 75%. A complex mixture of minor carbohydrates €10 and inulin]. This study, however, used whole honey composed

25%), mainly disaccharides and trisaccharides, is also presen{‘""rge'y of monosaccharides, which would be metabolized in the
(1). Moreover, the presence of four tetrasaccharides, oneUPPer human gutand would not be expected to reach the large

pentasaccharide, and one hexasaccharide has been detected iffestine in vivo.

New Zealand honeydew honey®)(Many attempts have been It is essential to realize that bacterial metabolism of carbo-
made to determine the composition of hon@y-7); however, ~ hydrates is different in pure and mixed cultures. The end
the identity of some of the more minor carbohydrate components products of one species can be used as a substrate by others,
is still unknown. and some microorganisms may grow upon substrates that they

Since antiquity, honey has been considered to be an importantare not able to fermentl7). Moreover, the high amounts of
source of energy, being used in medical therapies and as aglucose and fructose in honey, which are metabolized in the
valuable food ingredien8). Certain components of honey can gastrointestinal tract, can contribute toward the growth of
provide antioxidant activities, seen as beneficial for human bacteria using in vitro systems. Therefore, to test the prebiotic
health (9—11), and various studies have revealed the inhibitory properties of honey oligosaccharides such compounds must be
properties against certain pathogeh3 (3). Shamala et al 14) separated.
carried out in vitro and in vivo studies in the small and large  Separation of monosaccharides from honey oligosaccharides
intestines of rats and proposed that honey enhanced the growtthas been mainly carried out using charee@elite columns18,
of lactic acid bacteria. Moreover, honey has been shown to 19); however, this procedure is considered to be quite “lengthy
support lactic acid production in skim milk fermented with lactic - and cumbersome’s. Other methods have been applied in the
acid bacteria in a manner similar to that of other sweeteners jiterature for the separation of oligosaccharides from different
such as sucrose and fructose (15). More recently, Kajiwara etcarhohydrate sources, such as nanofiltration and yeast treat-
al. (16) showed that the growth, in pure culture, of commercial ments. Nanofiltration has been previously used for the separation
of monosaccharides from a mixture of galactooligosaccharides

11; ngrlrgggghding é}uthor [telﬁph%ﬁl%4 ((li) 118 3786726; fax-44 (0) (20). Yields of 19% (w/w) of monosaccharides and 88% (w/w)
fThe umvéfs}@aéf ré%;%f%@r g-ac.uk] of di- gnd oligos_accharides were obtair_led from model systems
8 Instituto de Fermentaciones Industriales CSIC. following four filtration steps 21). During yeast treatment,
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carbohydrates, mostly monosaccharides and disaccharides, are Sample preparation for gas chromatography (GC) analysis was
converted to ethanol and GOSaccharomyces cereviside carried out by mixing 10 mg of carbohydrates with 1 mL of phenyl-
known to have a high specificity for removing some common p-p-glucoside (1 mg/mL) as internal s_tandard and evaporation un(_ier
mono- and disaccharides from complex carbohydrate mixtures Yacuum. Sugar oximes were formed using 2.5% hydroxylamine chloride

. : in pyridine (350uL) at 75 °C for 30 min. Following the reaction,
gizr%.pil;(:h methods have not hitherto been applied to hon(_:'ytrimethylsilyl (TMS) derivatives of the oximes were obtained using

i . . 350uL of hexamethyldisilazane (HMDS) and 2& of trifluoroacetic

In this study, the effect of honey oligosaccharides upon the acig (TFA) at 45°C for 30 min @5) followed by centrifugation at
growth of fecal bacteria was studied using an in vitro fermenta- 7000gfor 5 min at 5°C (26).
tion system. This followed monosaccharide removal by nano-  Analysis of honey carbohydrates was carried out following the
filtration, yeast treatment, and adsorption onto activated charcoal.method of Sanz et allj in an HP-5890 gas chromatograph equipped
with a flame ionization detector. Separation was carried out using a 25
m x 0.25 mm i.d.x 0.25um film thickness fused silica column, coated
with DB-1 (J&W Scientific, Folsom, CA). The injector and detector
temperatures were 30C; the oven temperature was held at 2@
for 20 min and then programmed to 270 at a heating rate of 15C
min~%, to 290°C at 1°C min™?%, and finally to 300°C at 15°C min™*

MATERIALS AND METHODS

Honey. Artisanal honeydew honey was directly obtained from
beekeepers from the central region of Spain (Riaza, Segovia).

Standard SubstancesAnalytical standards of carbohydrates (cel-
lobiose, fructose S-phenyl-glucoside, glucose, isomaltose, maltose, and held at that temperature for 40 min. Chromatographic peaks were
maltotriose, melezitose, raffinose, sucrose, an@-trehalose) and measured using an HPChem acquisition system (Hewlet-Packard, Palo
organic acids (acetic, butyric, lactic, and propionic acids) were obtained Alto, CA).

from Sigma Chemical Co. (Poole, U.K.). Fructooligosaccharides (FOS;
Raftilose P-95) were acquired from Orafti (Tienen, Belgium).
Separation Technigues.Nanofiltration. A discontinuous nanofil-

Peak identification was carried out by comparing their retention times
with those of standard compounds and those previously published by
Sanz et al. 7). Identity was also confirmed by mass spectrometry (MS).

tration process was carried out following the method of Goulas et al. Quantitative values were calculated from FID peak areas. Standard
(20). Permeate solutes were cleared from the retentate through volumesolutions containing different proportions of each carbohydrate were
reduction, followed by redilution with water and re-nanofiltration in  prepared to calculate the response factor (RF) relative to plfenyl-
repetitive stepsa3). A Gyrosep 300 stirred cell (Techmate Ltd., Milton  glucoside (internal standard). For di- and trisaccharide the RF was
Keynes, U.K.) was fitted with a 40 chDS-5-DL membrane (Osmonics  calculated as the mean value of the individual ones.

Desal, Le Mee sur Seine, France). A PTFE-coated magnetic stirrer bar ~ GC-MS analyses were carried out using the same capillary columns,
was centrally positioned, gripped on a stainless steel bar, and supportednstalled in an HP-5890 gas chromatograph with an MD 5971
on the top plate. The filtration cell was placed in a water bath, quadrupole mass detector (both from Hewlett-Packard) working in El
equilibrated at 50C, and a pressure of 10 bar was applied to the system mode at 70 eV. Helium was used as the carrier gas, and injections
using nitrogen as the pressure source. Conditioning was performed priorwere made in the split mode, with a split flow of 40 mL/min.
to use by filtering 300 mL of demineralized water through the Acquisition was performed using HPChem Station software (Hewlett-
membrane at a constant pressure of 10 bar. Once equilibrated, 300 mLpackard).

of 5% honey solution in HPLC water was applied to the cell, and after  Fermentation Studies.In Vitro Fermentation MethodA small scale
treatment, 150 mL of permeate was collected and the process stoppedin vitro fermentation method was used to study the growth of fecal
The retentate was diluted to 300 mL with HPLC grade water, and 1 pacteria in response to fermentation of the honey preparations. Ten
mL of both retentate and permeate was collected for further analysis. mjlligrams of carbohydrates was dissolved in autoclaved nutrient basal
The process was repeated five times, and 1 mL of sample was takenmedium to give a final concentration of 1% (w/v). This medium
each time. Following the last step, retentate was freeze-dried for contained, per liter, 2 g of peptone water (Oxoid Ltd., Basingstoke,

subsequent treatments.

Yeast TreatmentYeast treatment was based upon the method of
Yoon et al. £2). A 20% (w/v) solution of honey in HPLC water was
treated with 1% (w/v)S. cerevisiadAllisons baker’s yeast) at 37C

U.K.), 2 g ofyeast extract (Oxoid), 0.1 g of NaCl, 0.04 g ofHPQ,,
0.01 g of MgSQ-7H;0, 0.01 g of CaGF6H,0, 2 g ofNaHCG;, 0.005
g of haemin (Sigma), 0.5 g af-cysteine HCI (Sigma), 0.5 g of bile
salts (Oxoid), 2 mL of Tween 80, 14L of vitamin K (Sigma), and 4

for 48 h. Samples (1 mL) were taken at 0, 3, 6, 8, 18, 24, and 48 h, mL of 0.025% (w/v) resazurin solution. Samples were inoculated with
centrifuged at 700§ for 5 min, and filtered through 0.22m filters 100 uL of fecal slurry, which was prepared by homogenizing fresh
(Sartorius) to remove the yeast. The ethanol produced during fermenta-human feces (10%, w/v) in phosphate-buffered saline (PBS; 8 g/L NaCl,
tion was removed under nitrogen, and samples were freeze-dried forg.2 g/L KCI, 1.15 g/L NaHPQ;,, and 0.2 g/L KHHPQ,), pH 7.3
subsequent experiments. (Oxoid), with a manual homogenizer (Fisher, Loughborough, U.K.).
Activated Charcoal TreatmenOligosaccharides in honey sample  Each fermentation experiment was carried out in triplicate and incubated
were extracted using a method optimized in the laboratory (optimization at 37 °C. One sample was prepared, as a control, without any
data not shown). In brief, 0.5 g of honey was dissolved in 20 mL of carbohydrate addition. All additions, inoculations, and incubations were
deionized water and stirred wiB g ofactivated charcoal Darco G-60,  carried out inside an anaerobic cabinet (10% 1% CQ, 80% N).
100 mesh (Sigma Chemical Co., St. Louis, MO), in 250 mL of 10% Samples were removed at 0 and 12 h of fermentation for enumeration
ethanol in water for 30 min to remove mono- and disaccharides. This of bacteria and short-chain fatty acid (SCFA) analysis.
mixture was filtered under vacuum, and the activated charcoal was Enumeration of BacteriaBacteria were counted using fluorescent
further washed with 25 mL of 10% (v/v) ethanol in water. Oligosac- in situ hybridization (FISH). Samples (1Q0.) were fixed overnight
charides adsorbed onto the activated charcoal were extracted by stirringat 4 °C with 4% (w/v) filtered paraformaldehyde (pH 7.2) in a ratio of
for 30 min, in 250 mL of 50% (v/v) ethanol. Activated charcoal was 1:3 (v/v). Samples were washed twice with filtered PBS and resus-
eliminated by filtering through paper as previously described, and the pended in 20QL of a mixture of PBS/ethanol (1:1, v/v) and then stored
ethanol was evaporated under vacuum at@0The remaining sample gt —20 °C until further analysis. Hybridization of the samples was
was filtered through a 0.2am filter (Millex GV) and freeze-dried. carried out as described by Rycroft et &7 using the appropriate
Analytical Methods. All analyses were carried out in duplicate. genus-specific 16S rRNA-targeted oligonucleotide probes labeled with
The water content of honey samples was determined following the fluorescent dye Cy3 (MWG Biotech) for the different bacteria or
AOAC method 969.3824) using a refractometer (Abbe 60, Bellingham  with the nucleic acid stain DAPI (%6-diamidino-2-phenylindole) for
& Stanley Ltd., London, U.K.). A moisture content of 15.8% was total cell counts. The probes used for each bacterial group, previously
obtained. validated by different authors, were Bif164, specific Bifidobacterium
Analysis of Carbohydrate\ 0.5 g honey sample was diluted with ~ (28); Bac303, specific foBacteroides(29); His150, forClostridium
25 mL of 80% ethanol, and 2 mL of the solution was evaporated under (histolyticumsubgroup;30); EREC482 foiEubacterium(Clostridium
vacuum. coccoides-Eubacterium rectaggoup; 30); and Lab158, foLactoba-
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Figure 1. GC profile of TMS-oximes of carbohydrates in honeydew honey: (A) disaccharide fraction; (B) trisaccharide fraction. Peaks: (1) fructose 1;
(2) fructose 2; (3) glucose (E, syn); (4) glucose (Z, anti); (5) phenyl-5-p-glucoside (internal standard); (6) sucrose; (7) unknown; (8) c,o-trehalose; (9)
o, B-trehalose; (10) unknown; (11) cellobiose (E); (12) unknown; (13) cellobiose (2) + laminaribiose (E) + maltulose (E); (14) maltulose (2); (15) nigerose
(E) + leucrose 1 + unknown; (16) turanose 1 + leucrose 2; (17) laminaribiose (2) + turanose 2 + maltose (E); (18) kojibiose (E); (19) maltose (2) +
trehalulose 1; (20) nigerose (2) + trehalulose 2; (21) palatinose 1; (22) kojibiose (2); (23) palatinose 2 (2); (24) isomaltose (E); (25) isomaltose (2); (26)
raffinose; (27) 1-kestose; (28) erlose; (29) melezitose; (30) maltotriose (E); (31) maltotriose (2); (32) panose (E); (33) panose (2).

cillus/Enterococcug31). The samples were then filtered onto @ fructose and higher levels of oligosaccharides, mainly melezitose
pore size filters (Millipore Corp., Watford, U.K.) and cells counted  or erlose, than nectar honeya?). Therefore, a honeydew honey
using a leqn Eclipse E400 fluorescent microscope. A minimum of sample was selected to increase the yield of oligosaccharides
15 random fields were counted on each slide. _ in order to study their effect upon the growth of fecal bacteria.
Analysis of SCFASamples were centrifuged at 7@for 5 min, Figure 1 shows the GC profile of the TMS-oximes of mono-,
and 20uL was injected onto an HPLC system (Hewlett-Packard ;"5 yrisaccharides of the selected honey sample. Disaccha-
HP1050 series) equipped with a UV detector and automatic injector. ride and trisaccharide elution zones (pan&iand B, respec-

The column was an ion-exclusion Aminex HPX-87H (%800 mm, . . .
Bio-Rad, Watford, U.K.) maintained at 5. The eluent was 0.005  tvely, of Figure 1) were very complex, and coelution of some
mmol L~ sulfuric acid in HPLC grade water, and the flow rate was CcOmMpounds was observed. Carbohydrates having glucose as the
0.6 mL mir?. Detection was performed at 210 nm, and data were reducing moiety presented two well-resolved peaks; the major
acquired using Chem Station for LC3D software (Agilent Technolo- one, which eluted first, was assigned to the dghiomer and
gies). Quantification of the samples was carried out using calibration the minor to the anti4) isomer, as based on the results found
curves of acetic, propionic, butyric, and lactic acids in concentrations py Funcke and Von Sonntag3). Carbohydrates having fructose
between 0.5 and 100 mM. as the reducing moiety gave two peaks with similar abundance
Statistical Analysis. Statistical analysis was performed using SPSS gnd |ower resolution, which did not allow assignation as syn
for Windows version 11.5. Univariate gnaly_sis_ Qf varia_mce (ANOVA)  and anti isomers34). Carbohydrate composition of the honey-
and LSD t(_ast were al_so used_ to deterr_mne significant dlfferenc_es among o,y honey is shown iable 1; 70.9% of the total quantified
the bacterial populations using the different samples. The differences carbohvdrates corresponded to monosaccharides. whereas 26.6%
were considered to be significant whEn< 0.05. Y : P S . 070
were disaccharides and only 2.5% were assigned as trisaccha-
rides.
Figure 2 shows the GC chromatogram of the TMS-oximes
Separation and Characterization of Honey Oligosaccha- of the carbohydrates obtained following five discontinuous
rides. Honeydew honeys present lower values of glucose and repetitions of the nanofiltration process. Although a diminution

RESULTS AND DISCUSSION
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Figure 2. GC profile of TMS-oximes of carbohydrates in honeydew honey after five discontinuous repetitions of the nanofiltration process: (A) disaccharide
fraction; (B) trisaccharide fraction.

Table 1. Mono-, Di-, and Trisaccharide Contents of Honeydew Honey Table 2. Mono-, Di-, and Trisaccharides Contents of Oligosaccharide

Sample Fractions Obtained Following Nanofiltration Processing, Fermentation
with Yeast, and Activated Charcoal Extraction
carbohydrate content (g/100 g of honey)
fructose 3173 + 1.152 carbohydrate content (g/100 g of product)
glucose 21.41+0.65 nanofiltration yeast charcoal
disaccharid 19.93+1.11
oacchaidos 190086 fructose 26.86 + 1.44° 044+ 0,01 251+0.16
DA glucose 1998 +£1.12 0.56 + 0.01 240+0.14
— disaccharides 37.09 £ 0.59 52.02 £ 0.45 36.83 £ 3.09
# Standard deviation. trisaccharides 4.35+0.80 7.24+0.86 39.83+2.19

of glucose and fructose peaks was observed, their presence was ?Standard deviation.
still detected. Decreases of 68 and 65% were observed for
fructose and glucose, respectively, whereas disaccharides andable 2 shows the final concentration of the sampegure 3
trisaccharides were reduced by 30 and 14%, respectively. Goulashows the chromatogram of carbohydrates of a honey sample
et al. R0), using a commercial galactooligosaccharide mixture treated for 18 h withS. cerevisiae. The concentration of
and the same membrane but in a continuous system, obtainednonosaccharide in the honey sample following treatment with
decreases of around 80% monosaccharides, 11% disaccharidegeast was lower than that with nanofiltration, and the concentra-
and only 2% of higher oligosaccharides. These differences cantion of di- and trisaccharides was higher. However, this treatment
be attributed to the influence of the continuous system and alsomodifies the oligosaccharide composition of honey. As shown
to the high concentration of monosaccharides present in honey.in Figure 3A some disaccharides decreased, for example, peaks
Table 2 shows the concentration of carbohydrates of this honey 13, 14, 16, and 17, which consisted of cellobiog® ¢
fraction. laminaribiose (E}+ maltulose (E), maltulose (Z), turanoser1l

A previous study 22) showed thaB. cerevisiagpossesses a  leucrose 2, and laminaribiosg)(+ turanose 2+ maltose (E),
high specificity for removing some mono- and disaccharides. respectively, whereas other compounds remained at the same
Therefore, the common bread yeast was used to remove glucoséevels, for example, peak ¥,3-trehalose and peaks 24 and
and fructose from the honey samples. After 18 h of treatment, 25, isomaltoseE) and £). Moreover,a,a-trehalose (peak 8)
almost 100% of monosaccharides was removed, and around 50%ncreased in relation to the original honey. This carbohydrate
of disaccharides and 84% of trisaccharides were still remaining. is synthesized b. cereisiaeand also can be used as a carbon
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Figure 3. GC profile of TMS-oximes of carbohydrates in honeydew honey after 18 h of fermentation with yeast: (A) disaccharide fraction; (B) trisaccharide
fraction.

source for growth (3536). The high decrease of turanose and nigerose, leucrose, and an unknown compound. However, GC-
maltose during yeast treatment was previously described by MS analysis indicated that the remaining peak 15 corresponded
Yoon et al. 2). Raffinose, 1-kestose, and erlose (peaks 26, to nigerose, which slightly decreased during charcoal treatment.
27, and 28, respectively) were completely removed, whereas In Vitro Fermentation of Honey Oligosaccharides.Oligo-
melezitose (peak 29) was not fermented, as reported by Yoonsaccharide fractions obtained from the three different separation
et al. (22). According to these authors, none of the tetrasac- methods, as well as the honeydew honey sample, FOS sample,
charides were removed by the action of the yeast. This sampleand a mixture of glucose and fructose in the same proportions
also contained a large peak eluting at the beginning of the as found in honey, were incubated for 12 h with fecal bacteria.
chromatogramKigure 3, peak 0). This compound was identified  Table 3 shows changes in bacterial populations during this
through GC-MS as glycerol, which can be produced during the treatment. No significant variations were detected in total
yeast fermentation proces35). The presence of glycerol in  bacteria and clostridia with any of the carbohydrate sources.
the carbohydrate sample may possibly have effects on the fecaHowever, generally, significant increases were detected for
microflora. bifidobacteria, bacteroides, and lactobacilli with most of the
Figure 4 shows the GC chromatogram of the mono-, di-, carbohydrates tested.
and trisaccharides of a honey sample after treatment with A comparison of the effects of FOS, honey, and the mixture
activated charcoallable 2 presents the concentration of these of glucose and fructose on bacterial changes was carried out.
compounds in the honey fraction (grams per 100 g of product). Similar values of lactobacilli were found using the three
During this treatment, most of the monosaccharides and partcarbohydrate sources. No statistically significant differences
of the di- and trisaccharides were removed. A high concentration were detected in the numbers of bacteroides, although the
of trisaccharides (48.82% of total quantified carbohydrates) was mixture of glucose and fructose resulted in the greatest value
detected with this method compared to nanofiltration and yeast (8.94 log). However, significant variations were detected in the
treatment; 81.58% of the sample was shown to be carbohydratenumber of bifidobacteria among the three samples. The highest
by GC analysis. The remaining percentage (18.42%) probably value corresponded to FOS, followed by the honey sample,
corresponded to higher oligosaccharides not detected by GC.whereas no growth of these bacteria was detected using the
However, carbohydrate separation was also selective for somemixture of glucose and fructose. Although an increase in
compounds. Peaks 9 and 15idure 4B) showed higher bifidobacterial populations with the honey sample was detected,
recovery by activated charcoal than did other disaccharides. Peakhese levels did not achieve the values seen in FOS fermentation,
9 corresponded ta,S-trehalose, and peak 15 was a mixture of as indicated in previous studies with pure cultur#6)( The
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Figure 4. GC profile of TMS-oximes of carbohydrates in honeydew honey after fractionation on activated charcoal: (A) disaccharide fraction; (B)
trisaccharide fraction.

Table 3. Changes in Bacterial Populations (log 10 Cells per Milliliter) in Batch Cultures after 12 h of Incubation in the Presence of Different
Substrates and Prebiotic Index (Pl) Scores for These Samples

sample total bacteria Bifidobacterium Bacteroides Clostridium Eubacterium Lactobacillus Pl

Oh 9.49 +0.12a2b 8.19 + 0.08ab 8.29+0.13a 7.13+0.30a 8.63 + 0.04a 7.73+0.17a

control® 9.45+0.13a 8.02 £0.15a 8.47 £ 0.14ac 7.28£0.07a 8.68 £ 0.06a 7.47 £0.05a —0.47
FOS 9.50 £ 0.04a 8.65+0.13c 8.57 + 0.25ab 7.13 £0.05a 8.36 + 0.11ab 8.55 + 0.08bc 6.89
glucose + fructose 9.47 £ 0.09a 8.20 + 0.14ab 8.94 +0.13b 7.43+0.38a 8.27+0.21b 8.50 + 0.09bc 0.67
honeydew honey 9.47 +0.07a 8.56 + 0.15d 8.60 + 0.22ab 7.19+0.19 8.43+0.21ab 8.43 +0.25hc 5.62
fraction obtained by nanofiltration 9.53+0.08a 8.43+0.13bd 8.76 + 0.28hc 7.32 £ 0.09a 8.30 + 0.02ab 8.55 +0.19¢c 3.99
fraction obtained by yeast treatment 9.52£0.17a 8.62 £ 0.09cd 8.52 +0.32ac 7.03+0.34a 8.25+0.41b 8.21+£0.25b 3.38
fraction obtained by charcoal extraction 9.62 £0.23a 8.49 £ 0.09d 8.77 £ 0.11bc 7.26 £ 0.06a 8.48 £ 0.12ab 8.61+0.13c 424

a Different letters indicate significant differences (P < 0.05) for each bacterial genus. ? Standard deviation. ¢ Without carbohydrate source.

Table 4. Short-Chain Fatty Acid (SCFA) Concentrations (Millimolar) Produced by Honey Oligosacharide Fermentations

lactic acetic propionic butyric

Oh 0.00a2 1.19 +0.06%a 0.00a 0.00a

control® 0.00a 15.83 £ 0.24b 0.00a 2.44 +0.06b
FOS 13.77 £0.58b 28.51+0.25¢c 22.49 £0.83b 5.35+0.21c
glucose + fructose 4.16 + 0.36¢ 18.94 + 1.13d 19.40 £ 2.03c 7.72 £ 0.56d
honeydew honey 15.55 +0.18d 31.00+0.31e 2248 +0.22b 5.69+0.17c
fraction obtained by nanofiltration 12.57 + 0.54e 28.50 + 0.35¢ 20.78 £ 0.49¢c 5.86 + 1.02¢c
fraction obtained by yeast treatment 9.57 £0.71f 31.53+0.28e 15.34 +0.31d 14.61 +0.42e
fraction obtained by charcoal extraction 13.21 +0.47be 35.51 +0.78f 17.62 + 0.14e 9.94 + 0.02f

a Different letters indicate significant differences (P < 0.05) for each acid. ? Standard deviation. ¢ Without carbohydrate source.

mixture of glucose and fructose might have been expected tohoney on the growth of pure bifidobacterial cultures to glucose,
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