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ABSTRACT

The dehydration of fructose to 5-hydroxymethylfurfuraldehyde (HMF) in
H_SO, catalysed by CrCl, was carried out at 100 °C and the product ex-
tracted with 2-butanol. UV/Visand FTIR spectrophotometric studies sug-
gested that the extracted compound isHMF. The antibacterial properties of
the extracted HMF on Bacillus cereus, Escherichia coli, Klebsiella pneu-
monia, Pseudomonas aeruginosa, Proteus mirabilis and Methicillin Re-
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sistant Staphyl ococcus aureus (MRSA) showed that the extract was highly
potent against Bacillus cereus and Proteus mirabilis. This activity against
these two organisms which are stomach bacteria support the assertion that
the antibacterial properties of honey is as aresult of its HMF content.
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INTRODUCTION

5-Hydroxymethylfurfuraldehyde (HMF) isan or-
ganic compound derived from dehydration of certain
sugars. Itisayelow low-melting solid with high solu-
bility. Themoleculeconsistsof afuranring containing
both aldehyde and al cohol functional groups¥. Tresat-
ment of fructosewith acidsleadsto the production of
HMF. Itisisolated from thereaction mixtureby liquid-
liquid extraction into organic sol vents such as methyl
isobutyl ketone. The conversionisaffected by various
additives such asdimethyl sulfoxide (DM SO), 2-bu-
tanol, and poly vinyl pyrrolidone, which minimizethe
formation of side-products?.

HMF can befound inlow amountsin fruit-juices,
milk and honey!®. Honey contains saccharin exudation

of plants, whichisathin, easily spoiled sweet liquid that
ischanged by the honeybeeto astable, high density
and high energy food“l. Honeysvary accordingto their
plant origin and the conditions of their production’>7.
Honey has been used as medicinein ancient timesin
many cultures®. ltsuse asathergpeutic substance has
been rediscovered by the medical professionin more
recent timesand i sgaining acceptance as an antibacte-
rial agent for thetreatment of some diseasesd®*%.

HMFisnot foundin fresh honey, but beginstoform
init during conditioning and storage*®. HM F measure-
ment isused to evauatethe quality of honey sinceits
processi ng requireshesating both to reduceviscosity and
to prevent crystallization or fermentation 8. Forma-
tionof HMFinuniflora honeyisasaresult of thisheat
treatment(. 381,


mailto:chydik2002@yahoo.co.uk

42 5-hydroxymethylfurfuraldehyde (hmf) against Bacillus cereus and Proteus mirabilis

BCAIJ, 6(2) 2012

Regular Poper ===

Theantibacteria property of honey has been at-
tributed to itsHMF content(> 1219, Theseclaimshave
been tested by most workers by using raw honey!*® 1
13142021 '|nview of thefact that honey contains other
substances other than HMF, it isstill possiblefor one
or some of these componentsto beresponsiblefor its
antibacterid property. Inabidtofurther assert theclam
that theantibacteria property of honey isasaresult of
itsHMF content, the present study would synthesize
and extract HM F and the antibacterial property of this
product would betested using some sel ected patho-
genic bacteriastrains.

EXPERIMENTAL

Reagentsand samplepreparation

D-fructose, chromium (1) chloride (CrCl,) and
sulphuricadid (H,S0,) used for thisstudy wereof andyti-
cd grade, purchased from FINLAB NigeriaPLC Lagos,
and wereused without further purification. Thesample
and reagentswerefurther prepared with distilled water.

Synthesisand extraction of HM F

5gof D-glucosewasweighedinto 100cm®of 1M
H,SO, containing 0.001 M weight of CrCl, inaglass
reactor Thesystemwasthen placed in aconstant tem-
peratureoven set at 100 °C and wasleft for 2 hours. It
wasthen taken from the oven, and allowed to equili-
brate with room temperature. It was poured into a
separatory funnel together with 50 cm? of 2-butanol.
The mixturewasswirled for few secondsand then a-
lowed to settle. The agueous phase wastapped off and
the solvent phase remaining wastransferred into aro-
tary evaporator. After evaporation of the solvent the
brownish ydlow solid | eft on thedish was collected.

JENWAY 6405 UV/Vis Spectrophotometer with
computer interfacewas used to obtain thewavelength
of absorption of theextracted compound. Perkin Elmer
Spectrum BX FTIR Spectrophotometer wasthen used
to analysethe samplefor functional group properties.

Collection of bacteriacultures

Pureclinical isolatesof Bacilluscereus, Escheri-
chia coli, Klebsiella pneumonia, Pseudomonas
aeruginosa, Proteusmirabilisand Methicillin Resis-
tant Saphylococcus aureus (MRSA) were collected
from the Department of Microbiology and Parasitol-
ogy, Obafemi Awolowo University Teaching Hospital
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(OAUTH) llelfe, Nigeria. Amicrobial loop wasused
to remove acolony of each bacterium from the pure
cultureandtransferred into liquid broth (Nutrient broth)
and incubated for 24 hours at 37+1°C. These were
maintained in sterilecondition.

Antibacterial activity of HMF on bacteriaisolates

Antibacterid activity of the synthesized HMFwas
assayed usingAgar diffusion techniqueasdescribed by
Cheesbrough?. Theinoculawere prepared from the
stock cultureswhich weremaintained on nutrient Agar
dant at 4 °C and sub cultured into peptonewater using
wireloop. Thedensity of the bacteriasuspension was
determined by comparismwith 0.5 McFarland stan-
dard using colorimeter at 540 nm, to obtain approxi-
mately 1.0 x 10° CFU/mI™3. 0.1 ml of inoculawere
introduced intotheMuller Hinton agar and were spread
evenly with spray glassrod. Holeswerebored onthe
agar using acork borer and concentrationsof 2, 4, 8
and 16 mg/ml of HMF solutions. Theinocul ated plates
werealowed to stand for an hour for proper diffusion
of theHMF, and they werethen incubated at 37 °C for
24 hoursand examined for zoneof inhibition. Thezones
of inhibitionweremeasuredinmillimetresat 90°to each
other and the mean of threereadingswere cal culated.
Solvents used for extraction and standard antibiotic
Ofloxacin (5 pg/ml) were used as control.

RESULTSAND DISCUSSION

Thebrownish yellow solid obtained from the 2-
butanol solvent after evaporation was subjected to
spectrophotometric studies. Inthe UV/Vis spectrum,
HMF absorbslight between thewavel engths of 284 —
286 nm. The sharp peak obtained at 285 nm (Figure 2)
isanindication that the product can be HMF.

The FTIR spectrum of the product gave astrong
and broad band at 3396 cnt indi cating an a cohol func-
tional group, astretch at 1643 cmr shows the pres-
ence of an aromatic ring, astrong band at 1071 cm*
indicatesthe presence of an ether linkagewhileame-
dium band at 2877 cnt ischaracteristic of an aldehyde
functional group. Theseabsorption bandsinthe spec-
trum suggest that the extracted compoundisHMF.

The susceptibility of thetested organismsto some
standard antibioticswas studied and theresult isshown
iINTABLE 1.

All theorganismstested were sensitiveto the anti-
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Figurel: UV scan of synthesized HM F
CHO A~
oHo Y \
."I pp—— \l ,_1’1
/ 1
f[ I[ ii |' 3 'r/\ll

.....

.....

avomn o oum F

Figure2: FTIR spectrum of synthesized HM F
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bioticsOfloxacin. Theantibacterid activity of HMFwas
then matched agai nst thiscompound and theresultsare
showninTABLE 2.

HMF concentrations of 8 mg/ml and below have
no activity against the bacteriaspeciesstudied. Good
sengitivity to HMFwas shown by Bacilluscereus, Es-
cherichiacoli and Proteusmirabilisat 16 mg/ml. This
concentration however had no effect on Klebsiella
pneumonia, MRSA and Pseudomonas aer uginosa.
These organismsaretherefore either not sensitiveto
HMF or require higher HMF concentrationto achieve
sengtivity. Thesedataarein agreement with theresults
obtained by Nafeaet al®! and Badawy et al'?!. Nafea
etd, whilestudying theantibecterid activity of beehoney
showed that the honey samplesat different HMF con-
centrationsgave high bactericidd activitiesaganst Es-
cherichia coli, Bacillus subtilisand Saphyl ococcus
aureus. They also reported that no activity was shown
by the honey samples against Pseudomonas
aeruginosa. Badawy and coworkers reported good
antibacteria activity of honey on Escherichiacoli.

The percentage sensitivitiesof thebacteriaspecies
toHMF wereobtained using theformula:

TABLE 1: Screening of bacteriafor their resistanceto some standard antibiotics

Concentration (ng/ml)

Organisms
CIP5 TES50 GN10 AX25 OF5 AM25 N100 NB10 CF30 C10
Bacillus cereus + + + + + + + + + +
Escherichia coli + + + + + + + - + +
Klebsiella pneumoniae + - - - + - - - - -
MRSA - + - - ++ - - - - -
Pseudomonas aeruginosa - - - - + - - - - -
Proteus mirabilis + + + + + + + - + +

Key: + = Sensditive; - = Resistant

CIP - Ciprofloxacin, TE — Tetracycline, GN — Gentamycin, AX — Amoxycillin, OF — Ofloxacin, AM — Ampicillin, N —
Nitrofurantion, NB — Norbactin, CF — Cefuroxime, C — Chloramphenicol.

M RSA — Methicillin Resistant Staphylococcus aureus

TABLE 2: Antibacterial activity of HM F on the sdlected pathogenic bacteriastrains

Concentration

Diameter of inhibition zone (mm)

Compound i i
p (mg/ml) Bacillus E Klebsiella MRSA Pseudomonas Proteus
cereus coli pneumoniae aeruginosa mir abilis
16 19 10 - - - 11
HMF 8 ) ) ) ) ) i
4 - - - - - -
2 - - - - - -
Ofloxacin 0.005 15 25 28 28 11 -
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TABLE 3: Percentage sensitivity of bacteriatoHM F concentrations

% Sensitivity of HMF on Bacteria

Con<|:-|er|¥|tr|:ation Bacillus E Klebsiella MRSA Pseudomonas Proteus
cereus coli pneumoniae aer uginosa mir abilis

16 126.7 40 0 0 0 *okk

8 0 0 0 0 0 0

4 0 0 0 0 0 0

2 0 0 0 0 0 0

Key - <40 % = least sensitive, 50 — 100 % = sensitive, > 100 % = very sensitive, *** = infinitely sensitive

Zone of Inhibition of HMF
Zoneof Inhibition of Antibiotic

Theva uesobtained gavethepotency of thetest sample
ontheorganisms, andtheresultsareshownin TABLE 3.

Thesensitivity of E coli anintestinal bacterium(®,
to HMF has been mentioned by some researchersand
collaboratedinthiswork. HMF at 16 mg/ml washighly
potent against Bacillus cereusand Proteusmirabilis.
Both organismsareintestinal bacteriaresponsiblefor
diarrhoeaand urinary tract infectionsrespectively in
mani? 21, This showsthe potency of this compound
againg intestinal related bacterid infections.

x 100

% Sensitivity =
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