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Abstract. Two common citrus molds, Penicil-

lium italicum and P. digitatum, were used to 

transform d-limonene, the major component of 

citrus oils, to compounds with potentially greater 

commercial value. Fermentations were carried out 

in shake flask cultures, and gas-liquid chromatog-

raphy and infrared spectrometry were used for 

the identification and quantitation of conversion 

products. Major transformation products were 

p-mentha-2,8-dien-l-ol, p-mentha-l,8-dien-4-ol, car-

vone, cis- and trans-carveol, perillyl alcohol, and 

p-menth-8-ene-l,2-diol. P. italicum converted 

more d-limonene than P. digitatum did, and addi 

tional carbon sources inhibited the conversions by 

both molds. This technique has potential for in 

creasing the use of d-limonene. 

As part of an effort to increase the use and 

value of citrus by-products, a study was under 

taken to investigate the possible use of micro 

organisms to transform d-limonene into compounds 

with potentially greater commercial value. d-Limo-

nene is the major component of citrus oils, com 

prising 90-95% of orange and grapefruit oils 

(11,17), the principal citrus oils produced in 

Florida. During the 1972-73 Florida processing 

season, 30 million pounds of citrus oils were re 

covered; total potential recovery was 92 million 

pounds (10). The ready availability and high 

optical purity of d-limonene make it an excellent 

starting material for bioconversions; the diverse 

properties of closely related monoterpenes, im 

portant in the flavor and perfume industries, sug 

gested the possibility of using microorganisms to 

effect the desired transformations (4). 

Limited work has been done on the micro 

biological transformation of d-limonene. Murdock 

investigated the bacterial contamination of citrus 

oils during processing and found microorganisms 
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capable of producing ce-terpineol by the hydrolysis 

of d-limonene (15,16). Dhavalikar and co-workers 

in India isolated a soil pseudomonad capable of 

using limonene as the sole source of carbon; fer 

mentation of limonene by this bacterium resulted 

in a large number of neutral and acidic products 

(5,6). Dhere and Dhavalikar used enrichment cul 

ture to isolate an Enterobacterium capable of 

transforming limonene into dihydroperillic acid 

and perillic acid (7). Mukherjee and colleagues 

isolated a Cladosporium Sp. capable of producing 

£rans-p-menth-8-ene-l,2-diol from limonene (14). 

Mattison found a Penicillium culture on rotting 

orange rind that converted limonene to a metabolite 

tentatively identified as «-terpineol (13). 

The organisms used in this study, Penicillium 

italicum and P. digitatum, are responsible for the 

blue- and green-mold rots, two of the most common 

postharvest diseases of citrus fruits (18). These 

molds were selected for their natural ability to 

invade citrus peel, which is high in oil content. 

Thus, these organisms might be capable of 

metabolizing d-limonene. A study of the transfor 

mation of d-limonene by these molds is reported; 

major transformation products were identified and 

the percent conversion was determined for each. 

Materials and Methods 

Organisms 

P. italicum and P. digitatum were found on 

decaying oranges stored at 5°C. Pure cultures 

were isolated by enrichment culture technique on 

Czapek-Dox broth (8) containing 1% limonene as 

the sole carbon source. Cultures were transferred 

several times in this medium so that organisms 

best able to grow on limonene would be selected. 

Growth was heavy only when small amounts of 

ethanol were added as an additional carbon source 

and carrier solvent for the limonene. 

Chemicals 

d-Limonene (P&F) was supplied by Glidden-

Durkee, Organic Chemicals Division, Jacksonville, 

Florida. Specifications were: d-limonene by vapor 

pressure chromatography (VPC) — 99% mini 

mum; octanol — 0.1%; optical rotation (25°C) 

+100° minimum. Authentic samples of transfor 

mation products were from several commercial and 
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in-house sources; all were purified by gas-liquid 

chromatography (GLC) and their identities con 

firmed by infrared spectrospectrometry (IR). 

Fermentations 

Fermentations were carried out at 21 °C in 

cotton-stoppered 500-ml Erlenmeyer flasks, each 

containing 100 ml total volume. Agitation was 

provided by a rotary shaker with 3/4 in. orbit, 

operated continuously at 100 rpm in a dark room. 

Czapek-Dox broth, pH 6.8, was autoclaved at 

121 °C for 15 min; all fermentations were run in 

this medium, both with and without 3% sucrose. 

Limonene was first dissolved in ethanol, then add 

ed to the cooled media. A 10-ml aliquot of a 

heavy three-day culture of each organism grown 

as described above was used for the innoculations. 

One group of flasks received 0.5% (v/v) limonene 

-|- 0.25% ethanol, and were incubated for 3 and 

9 days. Another group received 0.5% limonene 

-f 0.25% ethanol initially, and like amounts at 

3, 5, and 7 days (2.0% total limonene) and was 

incubated for a total of 9 days. Control flasks con 

taining no organisms were run under identical 

conditions for each group so that the degree of 

autoxidation of limonene could be determined. 

Analytical 

Fermentation broths (100 ml volume) were 

saturated with sodium chloride and extracted 4 

times with 25 ml methylene chloride (100 ml total). 

Extracts were then concentrated on a rotary 

evaporator at room temperature (25°C) and 25 in. 

Hg presure. Final amounts of solvent were re 

moved under a stream of nitrogen, and samples 

were stored at 5°C until analysis. Chromatography 

was performed on a Hewlett-Packard Model 5750 

Gas Chromatograph equipped with a flame ioniza-

tion detector. An 8 ft x 1/4 in. O.D. glass column 

packed with 10% SP-1000 (Supelco, Inc., Bellc-

fonte, Pennsylvania) on Gas-Chrom Q 100/120 

mesh was used, with a 10:1 splitter for collection 

of the various compounds. The carrier gas was 

helium at a flow rate of 60 ml/min. Temperature 

was held at 80°C for 8 min, raised to 200 °C at 

6°/min, than held at 200°C for 8 min. IR spectra 

were obtained on a Perkin-Elmer Model 137 So 

dium Chloride Spectrophotometer. Limonene trans 

formation products were identified by comparison 

of their IR spectra and retention time data with 

those of authentic samples. The percent conversion 

for each compound was determined by the internal 

normalization method (9) after calculation of the 

areas under the peaks of the GLC curve. 

Results and Discussion 

The compounds shown in Figure 1 were identi 

fied as the major products of limonene fermenta 

tion by both P. italicum and P. digitatum. 

Relative retention times of these compounds 

are shown in the chromatogram in Figure 2. 

Conversion was greatest in the group of flasks 

receiving 0.5% limonene and incubated for 9 days 

(Table 1). Maximum conversion after 3 days with 

0.5% limonene was only 10%; in these, the same 

transformation products were found, except in 

much smaller amounts. Less than 5% conversion 

was found at the higher lirnonene level (2%) after 

9 days. Limonene has shown antimicrobial action 

on certain molds (19), and might have been in 

hibitory at the higher substrate level. 

P. italicum converted much more limonene 

than P. digitatwm did, as indicated by the figures 

cis- and trans-

p-mentha-2,8-dien-l-ol p-mentha-l,8-dien-4x)l 

cis- and trans-carveol 

CH2OH 

carvone 

OH 

perillyl alcohol p-menth-8-ene-l,2-diol 

Fig. 1. Major products of limonene fermentation by P. 
italicum and P. digitatum. 
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Fig. 2. Chromatogram of limonene conversion products from P. italicum. 0.5%Limonene (no sucrose) incubated for 9 days. 
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in Table 1. Growth of both molds was heavier 

with sucrose in the media, but limonene conver 

sion was much less. The addition of sucrose seem 

ed to affect P. digitatum much more than P. itali 

cum, reducing total conversion by the former from 

46% to 16%, and by the latter from 80% to 66%. 

In preliminary experiments, Orange Serum Broth 

(Difco Laboratories, Detroit, Michigan), a nutri 

tionally complete medium was used and limonene 

conversion by these molds was minimal. The addi 

tional nutrients in this medium appear to have re 

duced limonene transformation by providing the 

organisms with more readily available carbon and 

energy sources. Small amounts of ethanol were 

added to all fermentation flasks after preliminary 

work had shown that growth, as well as limonene 

conversion, was much better when the organisms 

were grown on limonene with ethanol than without. 

Figures given for the limonene control indi 

cate the amount of conversion taking place without 

organisms, due to autoxidation of the limonene. 

All compounds except p-mentha-l,8-dien-4-ol were 

found in the limonene control and have been pre 

viously reported as autoxidation products of limon 

ene (20). Wilson and Shaw (21) reported p-men-

tha-l,8-dien-4-ol as a product of limonene oxida 

tion with selenium dioxide-hydrogen peroxide; 

an authentic sample for this study was prepared 

by that method. Preliminary tests indicated it 

was essential to run this limonene control, other 

wise conversion produced by autoxidation would 

be wrongly attributed to microbial action. Thus, in 

the figures in Table 1, about 7% of the total con 

versions attributed to the organisms were actual 

ly due to the autoxidation of limonene. In the 

limonene control, carvone was the major autoxida 

tion product, but the organisms produced more ds 

and trans p-mentha-2,8-dien-l-ol and ds- and trans-

carveol than carvone. 

Most of the compounds produced by P. italicum 

and P. digitatum have significant commercial value. 

Carvone is an important flavor compound, and car 

veol can be readily oxidized to carvone. Perillyl 

alcohol is used in flavor compositions and occasion 

ally in perfume (1). p-Mentha-2,8-dien-l-ol has 

been used as an intermediate in the synthesis of 

(—)-menthol (2,3), and both p-mentha-l,8-dien-

4-ol and p-menth-8-ene-l,2-diol have shown promise 

as attractants for pine tree insects (12). 

This work has shown that the citrus molds, P. 

italicum and P. digitatum, are capable of producing 

high yields of commercially important limonene 

oxidation products. P. italicum converted almost 

twice as much limonene as P. digitatum did, and it 

was essential to use a nutritionally restrictive me 

dium to achieve optimum conversion. Manipula 

tion of the variables of the fermentation — pH, 

temperature, oxygen absorption rate, media com 

position, and substrate level — might favor the 

yields of one or more products. Thus, the micro 

bial transformation of d-limonene shows promise 

as a process to increase citrus by-product use and 

value. 

Table 1. Limonene conversion products of I\ italicum and ]?. digitatum -

0.5$ limonene incubated for 9 days at 21°C with and without sucrose. 

(GLC area % of recovered material.) 

P. italicum 

Conversion product 

trans-p-Mentha-2,8-dien-l-ol 

cis-p-Mentha-2,8-dien-l-ol 

p-Mentha-1,8-dien-l*-ol 

Carvone 

t r an s -C ar ve ol 

cis-Carveol 

Perillyl alcohol 

p-Menth-8-ene-l,2-diol 

Other compounds 

Total conversion 

Limonene remaining 

W/o 

sucrose 

9.23 

8.U6 

l*.10 

6.02 

13.^6 

13.07 

3.23 

3.10 

19.60 

80.27 

19.75 

w/ 
sucrose 

8.30 

8.1*2 

3.35 

U.69 
10.05 

• 9.1*2 

1.79 

3.55 

16.88 

66.1*5 
33.56 

W/o 

sucrose 

6.27 
5.01 

3.01 

U.01 

7.52 

7.02 

.65 
1.88 

10.87 
1*6.21* 

53.75 

w/ 

sucrose 

2.19 

2.03 

.93 

1.26 

2.57 

2.1*7 
.28 

.88 

l*.00 

16.61 

83.1*0 

Limonene 

control 

.66 

.57 
— 

1.29 

.79 

.28 

.17 

.29 

3.13 

7.18 

92.81* 
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ANTHRACNOSE, A SERIOUS DECAY OF DEGREENED 

'ROBINSON7 TANGERINES 

G. Eldon Brown 

Florida Department of Citrus 

IF AS Agricultural Research and Education Center 

Lake Alfred 

Abstract Anthracnose, caused by the fungus 

Colletotrichum gloeosporioides, is normally a 

minor decay of oranges and grapefruit. Decay 

only occurs when infection develops through a 

severe peel injury or in senescent, overly mature 

fruit. 'Robinson' tangerines, on the other hand, 

are extremely susceptible to anthracnose, espe 

cially after ethylene degreening. Appressoria, 

dormant structures of the fungus which are pres 

ent on the surface of citrus fruits, form infection 

hyphae during degreening. These penetrate the 

cuticle and the intact peel. The hyphae continue 

to develop in degreened 'Robinson' tangerines and 

eventually result in decay. Ethylene concns of 50 

ppm, as opposed to 5, and high densities of ap 

pressoria (200 or greater/mm2 of fruit surface) 

Florida Agricultural Experiment Stations Journal Series 
No. 7072. Cooperative research of the Florida Department of 
Citrus and the University of Florida, IFAS, Agricultural 
Research and Education Center, Lake Alfred. 

increased the incidence of anthracnose. Prevent 

ing infection hyphae formation by removing ap 

pressoria with washing before, rather than after, 

degreening reduced anthracnose. Degreening time 

should be minimal with a low ethylene concn to 

prevent extensive losses from anthracnose in 

'Robinson' tangerines. 

Anthracnose, a postharvest decay of citrus 

fruits, is caused by the fungus, Colletotrichwm 

gloeosporioides Penz. Latent infections are es 

tablished in the grove where water dispersed 

spores germinate on immature fruit forming ap 

pressoria which can produce infection hyphae 

that penetrate into the peel (1). 

Anthracnose is of minor importance on oranges, 

grapefruit, tangelos, 'Dancy' tangerines, and 

'Temples' where decay only occasionally develops 

in rather severe injuries to the peel. Degreened 

'Robinson' tangerines, however, are very sus 

ceptible to anthracnose, particularly when degreen 

ing exceeds 36 hr (7). Anthracnose can be reduced 

substantially by washing fruit before, rather than 

after, degreening (4,8,9). This is often a more 

effective control than applying a postharvest fungi 

cide (4,8,9). 


