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Abstract Investigations into expanded uses of modified

flavonoids are often limited by the availability of these

high purity compounds. As such, a simple, effective and

relatively fast method for isolation of gram quantities of

both long and medium chain fatty acid esters of rutin

following scaled-up biosynthesis reactions was estab-

lished. Acylation reactions of rutin and palmitic or lauric

acids were efficient in systems containing dried acetone

and molecular sieves, yielding from 70–77% bioconver-

sion after 96 h. Thereafter, high purity isolates ([97%)

were easily obtained in significant quantities following a

two-step solvent purification procedure whereby excess

fatty acid substrate was first removed in a heptane/water

(4:1, v/v) system, followed by selective ester extraction

using an ethyl acetate/water system (1:6, v/v) at elevated

temperature.

Keywords Biosynthesis � Flavonoids � Rutin ester �
Enzymatic esterification � Scalable preparation �
Solvent purification system

Introduction

As secondary plant metabolites, flavonoids are found in a

broad range of foods including green and black teas,

apples, plums, strawberries, asparagus, citrus fruits and

cocoa. They have been linked to a wide range of health

benefits, from the prevention and treatment of cardiovas-

cular [1] and liver diseases to inhibitory effects on cancers

[2]. In fact, anti-allergenic, anti-viral, anti-microbial, anti-

mutagenic and anti-inflammatory properties have all been

documented for flavonoids [3–7], yet it is their anti-oxi-

dative related properties which have really generated the

most interest to date.

In general, glycosylated flavonoids are hydrophilic

bioactive compounds. It is generally recognized that

application of these hydrophilic compounds in food

systems as well as other areas (i.e., pharmaceuticals,

cosmetics) could be easily expanded through improved

solubility and miscibility properties in more hydrophobic

environments [6, 8, 9]. To achieve this, one effective

modification strategy involves introducing hydrophobic

groups onto the flavonoid molecule through lipase-cata-

lyzed esterification/transesterification reactions. To date,

hydrophobic groups with chain lengths ranging from short

(C2) to very long (C18) have reportedly been used in

acylation reactions, with the quickest reaction times and

highest yields generally reported for flavonoids acylated to

shorter chain length substituents [10, 11].

Research aimed at developing new and improved

enzymatic methods for production of flavonoid esters is

ongoing, as is assessment of the resulting bioactive com-

pounds for a wide range of applications [5, 12, 13]. Still, in

order to evaluate and exploit the potential of these novel

compounds fully, it is extremely important that they be

available in large enough quantities and high enough

purities for such testing. Simple isolation methods which

can effectively extract the desired flavonoid esters from

more complex reaction mixtures are absolutely preferred,

but are often lacking. This leaves more complicated
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chromatographic fractionation (or else low time-produc-

tivity efficient TLC separation) as the only choice for

isolation of these products from their structurally similar

substrates. As such, the present investigation addressed the

development of a simple, fast and efficient solvent purifi-

cation alternative which can be used for the isolation of

larger quantities of high purity fatty acid esters of rutin,

following scaled-up batch enzymatic acylation reactions in

an organic solvent medium.

Experimental

Materials

Commercially immobilized lipase from Candida antarc-

tica (Novozym 435, with activity of 10,000 Propyl

Laurate Units (PLU) per gram) was obtained from

Novozymes A/S (Bagsværd, Denmark). Acetone (99.8%),

acetonitrile ([99.9%), heptane (99%), ethyl acetate

(99.8%), acetic acid (99.8%), activated molecular sieves

(3Å), palmitic acid ([97%), and rutin hydrate (95%) were

purchased from Sigma–Aldrich (Brøndby, Denmark).

Lauric acid (\99%) was from Fluka (Buchs, Switzerland).

Toluene (C99.5%), petroleum benzene (60–80 �C range),

iso-amyl alcohol ([99%) and dimethylsulfoxide (99.5%,

DMSO) were from Merck (Darmstadt, Germany). Chlo-

roform (HPLC grade) was from Lab-scan (Dublin,

Ireland). Water employed for HPLC analysis was

obtained from a Milli-Q (Millipore, Milford, MA, USA)

water purification system.

Production of Rutin Esters

Production of rutin esters was carried out through

enzymatic esterification of rutin with either palmitic

or lauric acids. Rutin (10–30 mM) and fatty acid

(40–120 mM, rutin: fatty acid molar ratio 1:4) substrates

were first dispersed in a reaction vessel containing a

known volume of dried acetone (300 mL). Enzymatic

synthesis was initiated by the addition of Novozym 435

lipase (20 g/L). Activated molecular sieves (100 g/L)

were also employed for water removal in order to drive

the reaction towards biosynthesis. Reactions were incu-

bated at 50 �C with agitation (200 rpm) for up to a

maximum of 144 h. During this time, reaction biocon-

version was monitored periodically by HPLC to confirm

production, with bioconversion (%) calculated following

HPLC analysis as the area of the ester product divided

by the total area, multiplied by 100. Overall, results

reported in this study were based on HPLC–UV detec-

tion, unless otherwise stated.

Solvent Purification of Ester Products

Optimization of Extraction Conditions

Following palmitoyl rutin ester production, immobilized

lipase and molecular sieves were filtered from the mixture,

acetone was removed and the excess unreacted palmitic acid

was extracted using heptane. The resulting rutin/ester mix-

ture was then dried and used to investigate the extraction

efficiency of six different solvents towards the ester product.

Specifically, 10 mL solvent, 20 mL water and powdered

rutin/ester mixture (3.3–6.1 mg) were added together, sha-

ken vigorously and allowed to separate into phases. Samples

were then removed and subject to HPLC–UV analysis to

determine the extent of extraction. Extraction efficiency (%)

of each solvent was calculated based on the amount of pal-

mitoyl rutin ester extracted into the organic phase, calcu-

lated as the palmitoyl rutin ester area divided by the total

area, multiplied by 100.

Optimized Isolation Procedure

Enzymatic reactions were halted by filtering off the lipase

(along with the molecular sieves) from the reaction

mixture. Acetone was removed by vacuum rotary evap-

oration and the solid mixture was divided between 2–3

centrifuge tubes where the unreacted palmitic acid was

extracted through repeated (i.e., 3–4) washings with

heptane using heptane/water (4:1, v/v) at room tempera-

ture. When particulate matter or foam was present,

samples were centrifuged briefly (1–2 min, 2,800 rpm)

before removal of the heptane layer. Next, rutin was

separated from its fatty acid ester through solvent

extraction using ethyl acetate/water (1:6, v/v) at 60 �C,

whereby rutin was extracted into the water phase and its

fatty acid ester was present in the ethyl acetate phase.

Again, centrifugation was employed to speed phase sep-

aration (and foam reduction) following vigorous shaking.

Extractions were repeated several times (i.e., [5) to allow

particulate matter to be selectively solubilized into either

the aqueous or organic phase. The ethyl acetate phase

(dark yellow liquid with no particulates present, approx.

300–400 mL) was then dried by rotary evaporation, fol-

lowed by a gentle stream of nitrogen. Fatty acid esters of

rutin were later analyzed for purity.

Purity of the isolates was calculated following HPLC-

ELSD analysis, as the ester product area/total area, mul-

tiplied by 100. Assuming a 1:1 reaction, multiplying

initial rutin amount (mol) by reaction bioconversion

yielded the amount of rutin ester produced; moreover,

multiplying this value by the MW of the ester product

resulted in the expected mass of the ester product. The

extraction yield was calculated as the final mass of ester
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product/expected mass of ester, multiplied by purity and

expressed in percent. All reactions and preparations were

carried out in duplicate, reported as the mean ± standard

deviations.

Characterization of Ester Products

HPLC Analysis

HPLC analysis was carried out using an Agilent HPLC

system (1100 series, Agilent Technologies, Germany) and

an Ascentis RP-C8 column (5 lm, 250 9 4.6 mm, Sigma–

Aldrich, St. Louis, MO). This system was equipped with an

autosampler, on-line degasser, column heater, ultraviolet

diode-array detector (UV-DAD) and evaporative light

scattering detector (ELSD, PL-ELS 2100, Polymer Labo-

ratories, Sweden) with computerized data handling and

integration analysis (Majestix, Rev. B.01.01, Hewlett

Packard). Injection volume was 10 ll. Water and acetoni-

trile (both containing 0.1% acetic acid) were employed as

mobile phases A and B, respectively, in the following

gradient elution: 10 to 100% B over 15 min, 100% B for

10 min, followed by 5 min re-equilibration time between

samples. Column temperature was 40 �C, flow rate was

0.800 mL/min and detection was carried out either by UV

at 280 nm and/or by ELSD using evaporator and nebulizer

temperatures of 90 and 50 �C, respectively, and a nitrogen

gas flow of 1.2.

ESI-TOF–MS Analysis

Following HPLC separation (Dionex Ultimate 3000) using a

procedure modified slightly from the one detailed above (i.e.,

reduced flow of 0.200 mL/min, RP-C18 column (Atlantis

T3, 3 lm, 150 9 2.1 mm, Waters, MA) and use of methanol

as mobile phase B), reaction products were analyzed using an

electrospray ionization (ESI) source coupled to a quadrupole

time-of-flight mass spectrometer (Bruker micrOTOF-Q,

Bremen, Germany). Ionization was performed in the nega-

tive mode with an 8 L/min nitrogen flow, 0.8 bar nebulizer

pressure and a temperature of 190 �C. Scan range was from

50–1,200 m/z.

Results and Discussion

The efficient production and isolation of modified bioactive

compounds is of particular concern for those wishing to

probe their extended properties and improve our under-

standing of how these compounds actually work. To this end,

it is important that these novel compounds be of high purity

and easily available in quantities suitable for investigations.

Production of Rutin Esters

Lipase-catalyzed esterification/transesterification reactions

used to produce modified flavonoid esters, such as the

palmitoyl rutin ester (Fig. 1), are typically carried out in
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Fig. 1 HPLC–ELSD profile of

palmitoyl rutin ester product

following biosynthesis and

isolation using a two-step

extraction process; peak a
identified as residual rutin

substrate (\1%) and peak b
identified as palmitoyl rutin

ester product ([99%). Note the

biosynthesis reaction of rutin

with palmitic acid (ratio 1:4)

was catalyzed by Novozym 435

lipase at 50 �C and 200 rpm in

acetone ([96 h). HPLC analysis

was carried out on a RP-C8

column, 0.800 mL/min flow, by

gradient elution using acidified

water and acetonitrile. ELSD

settings for evaporator,

nebulizer and gas flow

corresponded to 90 �C, 50 �C

and 1.2, respectively
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organic solvent media and require several days to reach

equilibrium [14, 15]. One of the major considerations when

setting up this type of biosynthesis reaction involves sol-

vent selection, as the number of organic solvents capable of

solubilizing adequate amounts of both polar flavonoids and

non-polar long chain fatty acid substrates is limited. An

equilibrium bioconversion of 72% after 145 h was previ-

ously reported by Ardhaoui et al. for the acylation reaction

of the hydrophilic flavonoid, rutin (log P(calculated) =

-1.97) with palmitic acid (log P = 7.1) in 2-methyl-2-

butanol [14, 16, 17]. Similarly, acylation of rutin with oleic

acid (log P = 7.7) in solvents such as acetonitrile,

2-methyl-2-butanol and acetone yielded from 45–71%

bioconversion after 96 h [15, 17].

The solubility of rutin is generally low in most enzyme-

compatible organic media; in fact, low rutin solubility in

more polar solvents has been attributed to the presence of

two sugars units on the rutin molecule [16]. However, a

balance must be achieved which considers substrate solu-

bilities and related equilibria, as well as reaction rates.

Chebil et al. [16] previously reported rutin solubility at

50 �C in such promising reaction solvents as acetonitrile

(0.50 mM), acetone (13.50 mM) and 2-methyl-2-butanol

(60.03 mM). Such data coupled with literature reports

detailing higher bioconversion yields for acylation

reactions of rutin in acetone (1.69) compared with

2-methyl-2-butanol [15], as well as the potential for facil-

itated purification due to acetone’s significantly lower

boiling point, contributed to its selection as reaction med-

ium. Thus, a reaction system employing acetone was set up

for the production of both medium and long-chain fatty

acid esters of rutin whereby conditions such as high reac-

tion temperature (50 �C), favorable substrate ratios (1:4)

and low water activity (Aw) were selected to promote

increased reaction rates and favor the production of ester

products.

Acylation reactions in organic media typically employ

rutin concentrations up to 16.5 mM [14, 15, 18]. In the

present system, initial concentrations of rutin substrate

were somewhat higher, ranging from 10–30 mM while the

reaction itself was scaled-up significantly to 300 mL batch

reactions. HPLC analysis confirmed equilibration of the

palmitoyl rutin reaction system after approximately 96 h,

as ester yields of 70, 77 and 76% were determined after

96, 120 and 144 h, respectively. Moreover, the biosyn-

thesis reaction of rutin with lauric acid resulted in similar

yields and equilibration times (Table 2). The correspond-

ing concentration of rutin ester (produced per unit vol-

ume) approached a maximum of 19.61 g/L for the

biosynthesis reaction of rutin with palmitic acid and

17.13 g/L for the reaction of rutin with lauric acid. These

values far exceed amounts calculated for similar reactions

(\8 g/L) in a range of media [10, 11, 14, 15, 18], due

largely to careful selection of reaction parameters com-

bined with increased rutin concentrations whereby gradual

solubilization into the acetone media was observed over

time.

Isolation of Ester Products

Biocatalyst and molecular sieves were filtered out of the

system and the acetone was removed through rotary

evaporation. The palmitoyl rutin ester reaction mixture was

then subject to liquid extraction at room temperature using

a water/heptane mixture (2/3, v/v), whereby palmitic acid

was successfully extracted into the organic phase. Fol-

lowing palmitic acid removal, residual rutin was to be

extracted into the water phase at elevated temperature

(60 �C, 20 min agitation) using the same solvent system

(water/heptane, 2/3, v/v) [11]. Unfortunately, HPLC anal-

ysis confirmed that the second step of this extraction

process was not sufficiently selective to separate rutin and

its palmitoyl ester, as both components were found present

in high levels in the water phase. A more effective system

was therefore needed in order to separate these two rela-

tively similar molecules.

In total, six organic solvents were assessed at room

temperature for their ability to extract palmitoyl rutin ester

from an aqueous mixture containing rutin. As shown in

Table 1, four of the six solvents tested were unable to

extract the palmitoyl ester (or rutin for that matter) to any

degree; this indicated that the solubility of the ester

compound was not compatible with those particular four

solvents. In contrast, iso-amyl alcohol was reasonably

efficient (70%) while ethyl acetate proved to be an

excellent choice (95.4%) for palmitoyl rutin ester extrac-

tion. At the same time, water phases employed in con-

junction with these promising organic solvents contained

varying levels of rutin, but no palmitoyl ester product.

Investigations by Zi et al. [19] reveal a trend of increasing

rutin solubility with increasing temperature for a range of

organic solvents, with the exception of ethyl acetate. As

the solubility of rutin in water also increases with tem-

perature, extraction temperature was raised in order to

decrease rutin solubility in ethyl acetate and further

increase the selectivity of the extraction system. Results

(Table 1) confirm that increasing the temperature of the

extraction improves palmitoyl rutin ester extraction effi-

ciency into the ethyl acetate phase.

Ethyl acetate has been used before for extraction of

similar compounds [20]. However, introducing a water

phase and regulating the extraction temperature allowed

for selective removal of rutin from its palmitoyl ester

product without the need for further chromatographic
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separation. This selective extraction phenomenon was

presumed to be related to lower water solubility of the

rutin esters following the incorporation of acyl side

chains, as well as subsequent differences in partitioning

behavior of the compounds between the extraction phases.

Bioconversion, purity and extraction yield were summa-

rized in Table 2. Overall, ester purity was consistently

high while extraction yield (74–90%) varied based on

proper handling during the extraction and drying process.

Moreover, rough estimates suggest that up to 2.4 g of pure

palmitoyl rutin ester was obtained for each liter of solvent

(i.e., acetone, ethyl acetate and heptane) employed. This

methodology was also successfully extended to the iso-

lation of lauroyl rutin ester following the biosynthesis

reaction of rutin with lauric acid, with results detailed in

Table 2. In this case, it was estimated that up to 1.9 g of

pure lauroyl rutin ester was obtained for each liter of

solvent employed, with some room for improvement

(i.e., only *81% extracted) based on handling techniques

during the extraction process.

Characterization of Ester Products

The ability of each solvent to selectively extract either

reaction substrates or fatty acid rutin ester products was

monitored by HPLC. Figure 1 shows the profile of the

palmitoyl rutin ester following biosynthesis and isola-

tion using the optimized two-step extraction process

detailed above. Palmitoyl rutin ester (RT 18.1 min) purity

was[99% in this instance, residual rutin (RT 8.6 min) was

present as well (\1%) and palmitic acid (RT 22.5 min)

was not detected in the system. HPLC–ELSD analysis of

the lauroyl rutin ester (RT 15.8 min) also revealed the

presence of a highly pure ([98%) compound (Fig. 2).

Furthermore, ESI–MS characterization was carried out on

the fatty acid rutin ester products, confirming that in each

case only a single fatty acid was acylated to each molecule

of rutin; more specifically, the palmitoyl rutin ester had its

major ion peak [M - 1]- at m/z 847.38 and the lauroyl

rutin ester exhibited its major ion peak [M - 1]- at m/z

791.32. Lastly, the acylation position (4000–OH on the

rhamnose moiety) depicted in Figs. 1 and 2 denotes the

most likely position for attachment of the fatty acid moiety,

given the regioselective nature of the lipase and the nature

of the hydroxyl groups on the rutin structure [10, 15, 21].

In conclusion, this work details the biosynthesis of both

long and medium-chain fatty acid esters of rutin via lipase-

catalyzed esterification, whereby products were isolated in

high purity ([97–98%) and reasonable yields (74–90%).

This relatively fast, easy and effective method for the

extraction of gram quantities of ester product was based on

a two-step extraction process, and was ideal for relatively

quick processing following scaled-up batch reactions. This

Table 2 Bioconversion and extraction yield of high purity fatty acid

esters of rutin following lipase-catalyzed production

Reaction

system

Bioconversion

(%)a
Purity

(%)b
Extraction

yield (%)a

Rutin/palmitic Acid 73–77 [97 74–90

Rutin/lauric Acid 70–72 [98 80–81

Batch reactions were catalyzed by Novozym 435 lipase, employing

excess fatty acid substrate (1:4 ratio), dried acetone and 3Å molecular

sieves at 50 �C and 200 rpm until equilibrium was achieved (96–

144 h)
a Results were expressed as a range following multiple (i.e., 4 for

R/PA, 2 for R/LA) trials using 10–30 mM rutin substrate
b Purity of the isolates was reported as the minimum purity obtained

following 4 (R/PA) or 2 (R/LA) trials, respectively

Table 1 Extraction efficiency of selected solvents in a biphasic system, employed for the separation of palmitoyl rutin ester from its flavonoid

(rutin) substrate following enzymatic ester production

Extraction efficiency (%)

Solvent Log P Organic phasea Water phaseb

RT 50 �C 60 �C RT 50 �C 60 �C

Heptane 4.0 0 0 0 ? ? ??

Toluene 2.5 0 0 ? ?

Chloroform 2.0 0 0 ? ?

Petroleum benzene 2.0 0 0 ? ?

Iso-amyl alcohol 1.3 70.0 (±0.0) 67.0 (±0.1) ? ??

Ethyl acetate 0.68 95.4 (±0.1) 96.6 (±0.2) 97.2 (±0.3) ?? ??? ????

a Values denote % palmitoyl rutin ester extracted into the organic phase, expressed as the average of duplicate measurements (±SD)
b Symbols (?, ??, ???) denote levels of rutin present in the water phase
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simple alternative to preparative chromatography has the

potential to drastically increase availability of these mod-

ified flavonoids, and allow for more widespread investi-

gations aimed at identifying and expanding their uses in a

range of interesting areas.
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Tornero A (2005) Health effects of cocoa flavonoids. Food Sci

Technol Int 11:159–176

5. Kiokias S, Varzakas T, Oreopoulou V (2008) In vitro activity of

vitamins, flavonoids, and natural phenolic antioxidants against

the oxidative deterioration of oil-based systems. Crit Rev Food

Sci Nutr 48:78–93

6. Cazarolli LH, Zanatta L, Alberton EH, Figueiredo MSRB,

Folador P, Damazio RG, Pizzolatti MG, Silva FRMB (2008)

Flavonoids: prospective drug candidates. Mini Rev Med Chem

8:1429–1440

7. Arct J, Pytkowska K (2008) Flavonoids as components of bio-

logically active cosmeceuticals. Clin Dermatol 26:347–357

8. Chebil L, Humeau C, Falcimaigne A, Engasser J-M, Ghoul M

(2006) Enzymatic acylation of flavonoids. Process Biochem

41:2237–2251

9. Figueroa-Espinoza M-C, Villeneuve P (2005) Phenolic acids

enzymatic lipophilization. J Agric Food Chem 53:2779–2787

10. Ardhaoui M, Falcimaigne A, Engasser J-M, Moussou P, Pauly

G, Ghoul M (2004) Acylation of natural flavonoids using lipase

of Candida antarctica as biocatalyst. J Mol Catal B Enzym

29:63–67

11. Ardhaoui M, Falcimaigne A, Ognier S, Engasser J-M, Moussou

P, Pauly G, Ghoul M (2004) Effect of acyl donor chain length and

substitutions pattern on the enzymatic acylation of flavonoids.

J Biotechnol 110:265–271

12. Katsoura MH, Polydera AC, Katapodis P, Kolisis FN, Stamatis

H (2007) Effect of different reaction parameters on the lipase-

catalyzed selective acylation of polyhydroxylated natural

compounds in ionic liquids. Process Biochem 42:1326–1334

13. Saija A, Tomaino A, Trombetta D, Pellegrino ML, Tita B,

Messina C, Bonina FP, Rocco C, Nicolosi G, Castelli F (2003) ‘In

vitro’ antioxidant and photoprotective properties and interaction

with model membranes of three new quercetin esters. Eur J

Pharm Biopharm 56:167–174

14. Ardhaoui M, Falcimaigne A, Engasser J-M, Moussou P, Pauly G,

Ghoul M (2004) Enzymatic synthesis of new aromatic and ali-

phatic esters of flavonoids using Candida antarctica lipase as

biocatalyst. Biocatal Biotransform 22:253–259

15. Mellou F, Loutrari H, Stamatis H, Roussos C, Kolisis FN

(2006) Enzymatic esterification of flavonoids with unsaturated

fatty acids: effect of the novel esters on vascular endothelial

growth factor release from K562 cells. Process Biochem

41:2029–2034

Time 

E
LS

D
 D

et
ec

to
r 

R
es

po
ns

e 

ba

O CH3

OH

OH OH

O

OH

OH

O

O

O

O
OH

OH

OH

OH

OH

O

O CH3

OH

OH O

O

OH

OH

O

O

O

O
OH

OH

OH

OH

OH

CH3

CH3(CH2)10COOH+ H2O+

Fig. 2 HPLC–ELSD profile of

lauroyl rutin ester product

following biosynthesis and

isolation using a two-step

extraction process; peak a
identified as residual rutin

substrate (\2%) and peak b
identified as lauroyl rutin ester

product ([98%). Note the

biosynthesis reaction of rutin

with lauric acid (ratio 1:4) was

catalyzed by Novozym 435

lipase at 50 �C and 200 rpm in

acetone ([96 h). HPLC analysis

was carried out on a RP-C8

column, 0.800 mL/min flow, by

gradient elution using acidified

water and acetonitrile. ELSD

settings for evaporator,

nebulizer and gas flow

corresponded to 90 �C, 50 �C

and 1.2, respectively

60 J Am Oil Chem Soc (2010) 87:55–61

123



16. Chebil L, Humeau C, Anthoni J, Dehez F, Engasser J-M, Ghoul

M (2007) Solubility of flavonoids in organic solvents. J Chem

Eng Data 52:1552–1556

17. Cao L, Bornscheuer UT, Schmid RD (1999) Lipase-catalyzed

solid-phase synthesis of sugar esters. Influence of immobilization

on productivity and stability of the enzyme. J Mol Catal B Enzym

6:279–285

18. Kontogianni A, Skouridou V, Sereti V, Stamatis H, Kolisis FN

(2001) Regioselective acylation of flavonoids catalyzed by lipase

in low toxicity media. Eur J Lipid Sci Technol 103:655–660

19. Zi J, Peng B, Yan W (2007) Solubilities of rutin in eight solvents

at T = 283.15, 298.15, 313.15, 323.15 and 333.15 K. Fluid Phase

Equilib 261:111–114

20. Katsoura MH, Polydera AC, Tsironis L, Tselepis AD, Stamatis H

(2006) Use of ionic liquids as media for the biocatalytic prepa-

ration of flavonoid derivatives with antioxidant potency. J Bio-

technol 123:491–503

21. De Oliveira EB, Humeau C, Chebil L, Maia ER, Dehez F,

Maigret B, Ghoul M, Engasser JM (2009) A molecular modelling

study to rationalize the regioselectivity in acylation of flavonoid

glycosides catalyzed by Candida antarctica lipase B. J Mol Catal

B Enzym 59:96–105

J Am Oil Chem Soc (2010) 87:55–61 61

123


	Scalable Preparation of High Purity Rutin Fatty Acid Esters
	Abstract
	Introduction
	Experimental
	Materials
	Production of Rutin Esters
	Solvent Purification of Ester Products
	Optimization of Extraction Conditions
	Optimized Isolation Procedure

	Characterization of Ester Products
	HPLC Analysis
	ESI-TOF-MS Analysis


	Results and Discussion
	Production of Rutin Esters
	Isolation of Ester Products
	Characterization of Ester Products

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


