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ABSTRACT

Carbohydrate fatty acid esters are biodegradable, nontoxic and nonionic surfactants, their antimicrobial activity is
herein reviewed. The regioselective synthesis of sugar esters with enzymatic and chemical method, especially
tin-mediated method, is well described. The antimicrobial activity of these sugar esters, especially how carbohydrate
hydrophilic cores, the length of fatty acid chain and the glycoconjugate linkage of sugar fatty acid esters affect their
antimicrobial activity is described in detail.

Keywords. carbohydrate fatty acid esters, antimicrobial, dtrce-efficacy

INTRODUCTION

Polyglycerol esters of fatty acids (PGEs) have besported to have antibacterial activity, particiylaagainst
gram-positive bacteria [1]. Among the first fatigicdhesters of sugars reported to display antimiedadctivity were
sucrose dicaprylate and sucrose monolaurate, wiele shown to be active against some gram-negativk
gram-positive bacteria, as well as fungi [2, 3].atti acid esters of sucrose have also been repturtiahibit the
growth ofVibrio parahaemolyticus [4]. It is important to note that the fatty acidtess of sucrose tested against
Vibrio parahaemolyticus were not pure compounds and consisted of a mixttiraono-, di- and tri-esters (see Fig.
1) Moreover, the ratio of mono-, to di- and trierstaried considerably among the tested compounds.
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Fig 1 Structure of fatty acid esters of sucrose (mono-, di- and triester)

Similar sucrose esters were reported as effectibitors of Bacillus stearothermophilus, Bacillus coagulans,
Desulfotomaculm nigrificans, and some typical anaerobic spore forming bacteriéuding Clostridi [5]. The
experiments showed that as little as 200 pg/mlucfase palmitate could prevent the spoilage of ednmilk
coffee.

The application of the antimicrobial activity ofsuse esters has been extended. It has been deatedstat
commercial sucrose fatty acid esters can decreddg@eoduction from sugar by oral bacteria [6] afgb reduce the
development of dental caries in rats when addeslitoose-rich diets [7]. Use of fatty acids andrtiseigar esters
potentially represents a non-toxic and non-alleigereans of controlling the acidogenic organisnsoemted with
dental caries.
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Synergism effect of sucrose fatty acid esters wase abserved, when sucrose palmitate(P1570) antbseic
stearate(P1670) were added into nisin, a syneegisatncement of the bacteriostatic activity of nesjgainst some
gram-positive bacteria as strainsLofmonocytogenes, Bacillus cereus, Lactobacillus Plantarum andStaphylococcus
aureus was noticed, however, the combination of nisinhvéiticrose fatty acid esters showed no inhibitioairesj
gram-negative bacteria [8] .

The elucidation of structure-efficiency relationshif sugar fatty acid esters needs the synthesis abundance of
sugar esters with varying structure, while sugderascould be synthesized chemically and enzynitidsy
transesterification and direct esterification. ®irflipase was found to catalyze esterification ieacin organic
solvent [9], enzymatic synthesis of novel sugatyfatcid esters has been widely employed and cahidgdy
regioselective [10-14]. Watanabe ever synthesiZedazbohydrate monoesters with enzyme method, @ntfthat
galactose and fructose laurates showed the gregit@sth-inhibitory effect agains&reptococcus mutans, while
other analogues of hexose laurates showed no at#ifa activity, indicating that configuration tie hydroxyl
group in the carbohydrate moiety of carbohydrateresmarkedly affects the antibacterial activitg]f1

Kumari and Devulapallg.6] also used this enzyme method to regioselectivatyhegize a series of fatty acid esters
of sucrose, maltose and maltriose for use as inghiof the glucosyltransferases Sifeptococcus sobrinus. The
results showed that lauroyl esters completely iimhite growth ofStreptococcus sobrinus at concentrations in the
range of 500-2000 pg/ml in liquid media, indicatitftat the chain length of fatty acid markedly affect the
antibacterial activity. These non-toxic derivativegpear very promising for inclusion in oral-hygeproducts
aimed at disrupting plaque formation and preventiegtal caries,

More recently, Rautegt al [17] synthesized a series of alkyl 2,6-dideoxy-L- araHiexopyranosides (Fig. 2)and
evaluated the antibacterial and antifungal acésitdf these surface-active glycosides using a pdipkrdiffusion
method.
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A4, n = 12: Dodecyti-L-2,6-dideoxy-L-arabino-hexopyranoside
Ao, n= 7: Octyla-L-2,6-dideoxy-L-arabino-hexopyranoside

Az, n = 12: DodecyB-L-2,6-dideoxy-L-arabino-hexopyranoside
Ay, n = 7:OctyB-L-2,6-dideoxy-L-arabino-hexopyranoside

Fig.2 The structure of alkyl 2,6-dideoxyl-L -ar abino-hexopyranosides

The investigation of the relationships between asiant structure and antibacterial activity showleat both the

length and orientation of alkyl chain affect antteial activity. Dodecyl
a-L-2,6-dideoxy-L-arabino-hexopyranoside (C12) hadigher activity againdBacillus cereus andBacillus subtilis

than againsEnterococcus faecalis and Listeria monocytogenes. In regard to the octyd-L-glycoside (C8), some
inhibition of the growth oBacillus cereus, Bacillus subtilis, Enterococcus faecalis, Listeria monocytogenes and

Saphyloco ccus aureus was observed as well.

Tin-mediated method has been proved by our reseammtk to be one of effective chemical method to
regioselectively synthesize sugar fatty acid estevigh this method series of fatty acid esters oéthml
a-D-glucopyranoside [18]nethyl 3-D-galactopyranoside [19], lactose [20], methyD glucuronic acid and azide
a-D glucuronic acid [21] were synthesized, the alicreening of these glycoside fatty acid estsrardgimicrobial
agents was also conducted, the results of ourautghal tests indicated that both the length tif/facid chain and
carbohydrate moiety markedly affect the antibaatexctivity ,especially against some gram-posibeeterial.
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Fig. 3 glycoside fatty acid derivativesinvestigated as antimicrobial agent
R= octanoyl, decanoyl, lauoryl, myristoyl,palmitoyl, stearoyl;
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Julie et al [22] designed chemical syntheses to investigateeffects of carbohydrate versus non-carbohydrate
hydrophilic cores, the number of fatty acids atetho the hydrophilic core, the glycoconjugate digk and the
length of fatty acid chain on antimicrobial actyitthis work provide some insights into structueetivity
relationships for these compounds, the analysidha@h ester and ether fatty acid derivatives of sane
carbohydrate, in tandem with alpha and beta cordigpn of the carbohydrate moiety suggest thatdréohydrate
moiety is involved in the antimicrobial activity tfe fatty acid derivatives and that the naturthefbond also has a
significant effect on efficacy [23] .

In their further work [24] the antimicrobial actiyiand mode of action of novel carbohydrate fattidgCFA)
derivatives againsitaphylococcus aureus were investigated. Cell-membrane permeabilizatias associated with
CFA treatment and may account for at least a compioof the mode of action of these compounds. Thidy is
the first work providing insights into the modeasttibacterial action.

Effects of sugar fatty acid esters on biofilm fotima by food-borne pathogenic bacteria were ingaséd, Sugar
fatty acid esters with long chain fatty acid resisli{C14-16) inhibited biofilm formation b§treptococcus mutans
andListeria monocytogenes at 0.01% (w/w), but bacterial growth was not atibelcat this low concentration [25].

Long chained alkyl oligosaccharides were also fowodshow anti-HIV activities, especially sulfatedkyad

oligosacharides composed of 5-11 glucose residugskkyl groups ranging from 10 to 18 at the redgeierminal
carbon atoms showed high anti-HIV activities, tbhdated alkyl oligosaccharides that have long alidups at the
reducing end exhibited tens to hundreds times Inigh&-HIV activities than those of the corresporgdisulfated
oligosaccharides without alkyl groups [26]. Thera@ase in activity may be attributable to formatmfnthe same
type of structure as that of surface-active agents.
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