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Functional investigation and applications of the Acetylesterase activity of the 

Citrus sinensis (L.) Osbeck peel 

 

The hydrolysis of acetyl moieties on a set of commercially relevant substrates was 

performed by employing the whole tissue of Citrus sinensis (L.) Osbeck peel as an efficient 

biocatalyst in mild reaction conditions with high degree of regioselectivity. The reaction is 

done in aqueous media and the product is easily recovered. Optimal reaction conditions 

were deduced and two practical applications were investigated: the elaboration of 

acetylglicerols and the preparation of vitamin K1 precursor. Peel waste (flavedo and albedo) 

from orange juice manufacturing was also successfully employed as a biocatalyst. 

 

Keywords: Citrus sinensis; acetate hydrolysis; enzymatic biocatalysis; acetins; vitamin K1. 

 

 



 

 

3. Experimental  

 

General.  

FT-IR spectra were registered on a Mod. Spectrum One Perkin–Elmer FT-IR spectrophotometer. 

One-dimensional 1H, 13C{1H} spectra were acquired at 298 K on a Bruker Avance II 400 with 

spectral widths corresponding to window of 10 ppm. Flash chromatography (FC): Si gel Merck 

LiChroprep 15–25/25–40 m 1/1 was used for flash chromatography (elution under 0.7 psi of Ar). 

Preparative MPLC cromatography was performed on a Biotage® apparatus equipped with Snap 25 

g Si60 columns at a flow rate of 12 mL/min. GCMS analysis was performed on an Agilent 7010 

GC/MSqqq, apparatus equipped with a Gerstel MPS autosampler, a fused silica capillary column 

HP-5 (30 m x 0.25 mm i.d.; film thin 0.33 μm) employing helium as carrier gas (1 mL/min). 

Temperature slope setting was: 40°C for 5 min, then 2°C/min until 250°C, 250 °C kept for 10’, then 

10°C/min until 270°C. 

All melting points were determined on a Büchi 530 capillary melting point apparatus and are 

uncorrected. All of the glassware and labware employed for the biodeacetylations were sterilized by 

treating with 5% NaClO for 30'. Distilled water was sterilized by UVGI irradiating at 254 nm for 

15' into a Ryonett® apparatus. Triacetylglycerol, 1,4-Diacetoxy-2-methylnaphthalene and granyl 

acetate were purchased from Aldrich. The biocatalyst was prepared by cutting the peel of a C. 

sinensis fruit purchased in a local market and previously washed with 5% NaClO and rinsed with 

sterile water, in pieces of about 1 cm
2
.  

Reaction products 2 and 4 were recognized by comparison (IR, MS, 1H NMR and mp for 4) with 

authentic commercial samples (Aldrich). 

 

General procedure for the deacetylation reactions. 

The experimental setting was a modification of the method proposed by Cossy et al. (2009) in order 

to avoid the substantial organic material loses due to the formation of heavily viscous slurry as a 

consequence of the rupture of the vegetable tissues during the mechanical stirring. 

20 gr. of the biocatalyst (albedo) obtained from 38 gr of fresh fruit peel, which presumably contains 

0.152 mg of active acyl esterase
 
(Pasta et al. 2004) were suspended in sterile (distilled water or  

Citrate buffer, or Na2HPO4/Na3PO4 at the pH values reported in fig. S1) and the organic substrate 

(0.75 mmol) solubilized in the minimum amount of DMSO was added to the mixture. Stirring was 

kept for the time required (see discussion) while keeping the temperature at 40 °C. 



Afterwards, the biocatalyst was removed by filtration and the mixture was extracted with EtOAc. 

The organic phase was dried over Na2SO4 and concentrated in vacuo. The residue was purified by 

FC or preparative MPLC (light ether / EtOAc from 4:1 to 1:4) affording compounds: geraniol 2 

(Iwasaki et al. 2010) from geranyl acetate (1); 1-acetoxy-4-hydroxy-2-methylnaphthalene 4
 
(Huang, 

2006) from 1,4-diacetoxy-2-methylnaphthalene 3.  

Experiments of deacetylation of compound 1 were repeated at different temperatures, reaction times 

and pH (Fig. S1). 

In the case of TA as starting material, the organic phase obtained after EtOAc extraction was 

directly analysed by GC-MS (table S1). 

(2E)-3,7-dimethyl-octa-2,6-dien-1-ol (2): colorless liquid, IR (neat film) vmax/cm
-1

 3335 (lit., 3335); 

nmr H (400 MHz CDCl3, Me4Si) 1.59 (3H, s, Me), 1.67 (3H, s, Me), 1.68 (3H, s, Me), 2.00 - 2.15 

(5H, m, 2 X CH2 + OH), 4.15 (2H, m, CH2OH), 5.11 (1H, m, C=CH), 5.40 (1H, m, C=CH). 

1-acetoxy-4-hydroxy-2-methylnaphthalene (4): (68 mg, yield 42%); pale yellow crystals; mp 123 – 

124 °C (from MeOH) (lit. 124 -125 °C); liquid, IR (KBr) vmax/cm
-1

 3355 (lit., 3350); nmr H (400 

MHz CDCl3, Me4Si) 2.09 (3H, s, COMe), 2.47 (3H, s, Me), 6.13 (1H, s, Ar), 6.25 (1H, s br., Ar), 

7.29 (1H, t, J ¼ 6.9 Hz, Ar), 7.40 (1H, t, J ¼ 6.9 Hz, Ar), 7.55 (1H, d, J ¼ 8.0 Hz, Ar), 7.89 (1H, d, J 

¼ 8.0 Hz, Ar). 
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Figure S1. a) pH and b) temperature dependence of the prodcuct conversion (% 2) in the CP 

biocatalytic hydrolysis (♦) vs. chemical hydrolysis (■); c) time course of the biocatalytic hydrolysis 

of geranyl acetate 1 at 40 °C, pH 8.5, r substrate / biocatalyst 0.0075. 

 

 

 

 



Table S1. GC-MS relative composition of the acetylglycerol derivatives in the reaction mixtures. 

entry t (h) Residual TAG % DA % MA % glycerol 

1 7 35 65 0 0 

2 18 < 1 99 0 0 

3 24 0 < 5 95 0 

4 72 0 0 < 1 99
a
 

Detected by 
1
H nmr of the residual obtained after removal of water by rotavapor. 
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