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The aim of this research was to assess the antimicrobial activity of nine different industrial essences
used in a soft drink factory in relation to their composition, as well as to verify the role of vapor
pressure on their bioactivity. The essences were tested against a Saccharomyces cerevisiae strain
isolated from spoiled soft drinks. The tests were carried out by adding the essences directly to a
liquid medium or into the headspace of closed systems inoculated with the yeast. The headspace
composition was evaluated through a solid hase microextraction—gas chromatography technique.
The use of a mass spectrometer allowed the identification of the peaks detected. The microbial growth
was indirectly monitored by measuring the metabolic CO, released by the yeast. The results obtained
indicated that the most effective essences were characterized by the highest concentration of some
terpenes, such as citral, 5-pinene, and p-cymene. Moreover, all of the essences were more bioactive
when added directly to the liquid medium.
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INTRODUCTION flavor enhancers in soft drinks, alcoholic beverages, and fruit-
based products. In some cases, the composition of the flavoring

In recent years, the interest in the possible use of natural essences can play an active role in the microbiological stabilit
alternatives to food additives to prevent bacterial and fungal play . . 10109 "y
of the products. In fact, a recent industrial spoilage case, which

growth has notably increased. Plants and plant products can.
represent a source of natural alternatives to improve the sheh"nVOIVeOI more than 500000 orangeade bottles, has been at-

life and the safety of food. Also, they are characterized by a tributed to the type of orange flavor added to the soft drinks

wide range of volatile compounds, some of which are important (1_4)' C_|trus _es_,sentlal 9"5 can have a very pro_noq_nced anti-
flavor quality factors {). Recently, the interest in the application  Microbial activity, even if their complexity and variability make
of essential oils to control plant and postharvest pathogens hadt difficult to correlate their action to a specific component, as
increased and their potential role in food preservation has beenVell @s the possibility of antagonistic and synergistic effects.
exploited (2,3). In general, the antimicrobial effects of essential oils have been
| mainly explained through the presence of C10 and C15 terpenes

Plant essential oils have been studied for their antimicrobial " L : .
with aromatic rings and a phenolic hydroxylic group able to

activity against many microorganisms including several patho- ¢ hvd bonds with acti . f
gens (45). In particular, the activity of oils frorhabiatae(6— orm hydrogen bonds with active sites of target enzymeg (5,

9) and citrus fruits 10, 11) has been investigated. In addition, 15, 16). Nevertheless, other activ_e terpenes, as well as_al_coho_ls,
the action of single constituents of these oils has been exploitedaldehydes’ and esters, can contribute to the overall antimicrobial

in order to better understand the cell targets of these molecules Effécts of the essential oil4 7). For this reason, Caccioni et al.
to identify the most active molecules, and to balance the intrinsic (11) Proposed a holistic approach to explain the antimicrobial

variability of essential oils (212). capabilities of citrus essential oils, whose performances could
Commercial citrus essential oils are generally obtained from ngtssnéif:" of a certain quantitative balance of various

different parts of the plants by cold pressing (peels) or distillation
(leaves) (13). Although fresh fruits and juices are the main ~ The aim of this research was to assess the inhibitory activity
commercial products of citrus fruits, their essential oils can also of nine different industrial essences used in a soft drink factory.
be used as ingredients in the pharmaceutical industry as wellThese essences are used to flavor different kinds of soft drinks
as in perfumery. In the food industry, essential oils and the and can be added to the beverages at concentrations higher than
essences derived from their concentrations are widely used asl000 ppm. Their antimicrobial activity was tested against the
yeast strairBaccharomyces cerisiae SPA, which was respon-

* To whom correspondence should be addressed. F890512096575. sible for the spoilage episode described earligh (It is well-
Fax: +390512096573. E-mail: fgardini@kaiser.alma.unibo.it. known that several procedures have been adopted to evaluate
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the antimicrobial activity of essential oils and that the data variability coefficients never exceeded 5%. No variance analysis was
collected depend on the method used. In fact, each methodo|ogyperformed because it is generally not required if biological variation
can measure different aspects of microbial cell damage. In Within atreatment (coefficient of variation as standard deviation divided
addition, the screening conditions can considerably affect the Py mean) is lower than 10% and the difference among treatments is
bioactivity of these substanced8—20). To evaluate yeast greatgr than t_hree standard d_ewatnons. Rhealue of the Gompertz
AT . - equation obtained was also higher than 0.920.
growth klnet|c§ in relation to essence Con.centratlon,. a 935 " 'nata Analysis. The CQ percentage (v/v) in the headspace was
chromatographlc (GC) method was used. This methC_Jd IS baSEdanawzed over time and modeled according to the Gompertz equation
on the detection of metabolic G@eleased from the microbial 55 modified by Zwietering et al. (22):

cells in the headspace of sealed vials. This indirect index of
€
)i o0-+1)

microbial growth has been extensively used to monitor microbial u
y=Aexp — ex
wherey is the CQ percentage at timg A is the maximum percentage

dynamics in food and beverages, as well as in model systems

(212).

MATERIALS AND METHODS of CO, produced umax is the maximum C@production rate (aa%
CGOy/h), andA is the lag time (h) for C@production. To evaluate the

influence of the different concentrations of essence on the yeast growth,

the efficacy index (El) was calculated as follows:

m

ax
A

Microbial Strain. The strainS. cerevisiaeéSPA was used in this
study. It was isolated from industrial spoiled orangeadd$. (The strain
was maintained on Sabouraud dextrose agar (SDA) (Oxoid, Basing-
stoke, United Kingdom). Before the experiments, it was cultured in
sabouraud dextrose broth (SDB, Oxoid) for 48 h at°’@8 El= (4 — 4 « 100

Citrus Essence Nine industrial citrus essences were considered in A
this research. Five of them were different orange-based essences (sweet
orange, red orangeade, bitter orange, red orange, and Sicily orangejyherej, is the lag time (h) for C@production in treated samples and
while the others were derived from Mandarin, IemOn, sweet Iime, and lc is the |ag time for C@ production (h) in the controls (WIthOUt
citron. Only two essences (sweet lime and red orangeade) were obtainegssences but containing ethanol).
by alcoholic extraction of the correspondent essential oils, while the  GC-Mass Spectrometry (MS)-Solid Phase Microextraction (SPME)
other seven essences were derived from concentrations of the essentighnalysis. A divinylbenzene-poly(dimethylsiloxane)-coated stable flex
oils. All of the essences used were supplied by Flavorint (Messina, fiber (65 xm) and a manual SPME holder (Supelco Inc., Bellefonte,

Italy). o o _ o o _ PA) were used in this study after preconditioning according to the
Determination of the Antimicrobial Activity. The antimicrobial manufacturer’s instruction manual. Before each headspace sampling,
activity of the essences was testedircerevisiacSPA inoculated in — the fiber was exposed to the GC inlet for 5 min for thermal desorption

liquid or solid medium. To evaluate the antimicrobial effect in liquid  at 250°C in a blank run. Five milliliters of the sample was placed in
medium, vials (10 mL capacity) containing 5 mL of SDB were 10 mL vials, and the vials were sealed by PTFE/silicon septa. The
inoculated with the target microorganism at an initial cell density of samples were then equilibrated for 15 min at°@ The SPME fiber
about 5x 10* cfu/mL. The essences were added at different concentra- was exposed to each sample for 5 min by manually penetrating the
tions (300, 500, 1000, 1500, 3000, and 5000 ppm) solubilized in a septum, and finally, the fiber was inserted into the injection port of the
constant amount of ethanol (5000 ppm). The vials were sealed with GC for 5 min sample desorption.
butyl septa and incubated at 28. Inoculated vials containing only GC-MS analyses were carried out on an Agilent 6890 gas chro-
ethanol (5000 ppm) were used as the control. matograph (Agilent Technologies, Palo Alto, CA) coupled to an Agilent
The evaluation of the antimicrobial activity in solid media was carried 5970 mass selective detector operating in electron impact mode
out using 10 mL vials, containing 5 mL of SDA superficially inoculated  (ionization voltage, 70 eV). A Chrompack CP-Wax 52 CB capillary
(5 x 10 cfulvial) with the target microorganism. The cells were column (50 m length, 0.32 mm i.d., 1u@n df) was used (Chrompack,
inoculated at the interface between solid and vapor phase, and the aromafiddelburg, The Netherlands). The temperature program wa¥C50
compounds were added directly in the headspace. The same concentrgfor 2 min, then programmed at “C/min to 65°C and finally at 5
tions of essences used in the liquid medium solubilized in the same °C/min to 220°C, which was maintained for 22 min. Injector, interface,
amount of ethanol (5000 ppm) were introduced into the vials by soaking and ion source temperatures were 250, 250, and®@3@espectively.
a 6 mm diameter filter paper disk (Antibiotica-Testblattchen, Shleicher Injections were performed with a split ratio of 1:20 and helium (1 mL/
and Schull, Dassel, Germany), which was fastened to the end of a tiny min) as the carrier gas. The compounds were identified by use of the
steel hook applied to the internal part of the butyl septa of the vials. National Institute of Standards and Technoledynited States Envi-
This ensured that the paper disk did not touch the medium. In the control ronmental Protection Agency—National Institute of Heal®3)( and
samples, the paper disk was impregnated with the same amount ofwiley (24) mass spectra libraries as well as literature MS data and,
ethanol used for the trial with liquid medium. The vials were closed whenever possible, coinjections with authentic chemical compounds.
and incubated at 28C. The results are reported as gas chromatographic peak area percentage.
CO, Determination. During the incubation, microbial growth was
monitored by GC analysis of the metabolic £®@volved in the RESULTS
headspace of the sealed vials. This automatic gas sampling is not . ) )
destructive and allows several analyses of the same vials over time Headspace Composition of the ExtractsCitrus essential
(18). A gas chromatograph GC 6000 Vega Serie 2 (Carlo Erba 0ils and their derivatives are mainly terpene mixtures. It is well-
Instruments, Milan, Italy), equipped with a hot wire detector and 2 m known that many of these terpenes can have antimicrobial
x 2mmi.d. glass-packed column filled with Porapak QS 80/100 mesh activities §, 17). In fact, such molecules can interact with some
was used for C@detection in the headspace of vials. The conditions cellular structures causing the inhibition of cell growth or cell
for the analysis were as follows: column temperature,Thanjector  geath, A preliminary condition for these effects is the contact

temperature, 100C; detector temperature, 18C; filament temper- — payveen the antimicrobial molecule and the target cells. The
ature, 230°C; carrier gas (He) flow rate, 40 mL/min. For each analysis, contact usually requires the molecules to be in their most

3.5 min was required. The gas chromatograph was connected to a . . : : .
Headspace Autosampler (model HS250, Carlo Erba Instruments) hydrophobic state, i.e., in their vapor phase, because this makes

equipped with a gas syringe Gastight 1750 (Hamilton, Bonaduz, possible their solub|!|_zat|on in the cell membranes. For t_hls
Switzerland). During sampling, the vials were maintained in the reason, the composition of the headspace of the nine citrus
autosampler at 28C, and for each analysis, 0.2 mL of headspace was €ssences studied in this research was analyzed. Although the
sampled. For each sample, three repetitions were considered. Theheadspace composition does not correspond to the whole essence
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Table 1. Composition of the Head Space of the Nine Essences as Revealed by the HS-GC SPME Technique?

essence
sweet red red sweet bitter Sicily
constituent orange orangeade lemon citron orange mandarin lime orange orange
monoterpenes
o-pinene 1.69 0.75 7.79 3.36 1.90 511 2.23 9.31 3.98
a-thujene b 2.33
sabinene 0.00 1.30 5.33 2.57
camphene 0.04 0.01 0.17
p-pinene 0.22 0.17 21.28 20.07 1.48 340 8.78 1.13 0.46
p-phellandrene 1.06 1.15 0.54 127
3-carene 0.39 0.42 1.46
B-myrcene 438 0.95 4.04 2.24 401 361 1.16 271 12.30
a-terpinene 0.04 0.44
4-carene 0.43 0.10
limonene 76.87 49.25 42.30 41.07 72.68 34.62 44.27 61.06 56.85
P-thujene 9.80 0.24 2.10 0.78 12.22 13.47 0.60 16.19
cis-f3-ocimene 0.21 0.07 0.08
trans-[3-ocimene 0.39 0.14
y-terpinene 117 0.26 14.00 8.35 0.91 26.60 0.74 0.79 0.50
p-cymene 0.12 0.05 339 5.92 0.28 6.10 8.45 0.38 0.25
terpinolene 0.07 0.84 0.33 0.10 1.13 0.40 0.02 0.22
dehydro-p-cymene 0.03
total 95.78 51.68 96.37 82.32 96.58 97.38 68.07 82.57 93.46
oxygenated monoterpenes
1,4-cineol 0.55
linalool oxide 0.04
(2)-limonene oxide 0.03 0.28 0.09 0.36
(E)-sabinene hydrate 0.02 0.02 0.00 0.05
(2)-sabinene hydrate 0.05
p-epoxy menth-8-ene 0.10
p-cymen-8-ol 0.06 0.07
(E)-limonene oxide 0.08 0.26 0.14
epoxy terpinolene 0.06
citronellal 0.10 0.27 0.08 0.43
neral 0.11 0.53 2.49 0.12 0.39 0.03 0.08
geranial 0.20 0.82 4.65 0.23 0.58 0.49 0.16
perillal 0.10 0.07
linalool 1.05 0.17 0.10 1.73 0.77 0.25 414 191
fenchol 0.12
4-terpineol 0.05 0.31 0.07 0.13 0.15
o-terpineol 0.15 0.07 0.10 0.83 0.14 0.38 1.30 0.58 0.28
borneol 0.08
geraniol 0.12 0.27 0.03
nerol 0.03 0.04
1-carveol 0.04 0.36
cuminol 0.03
thymol 0.14
total 1.32 0.55 1.73 11.00 147 1.36 3.24 6.70 271
sesquiterpenes
a-copaene 0.10
farnesene 0.30 0.10
bergamotene 0.21
p-cubebene 0.14
germacrene D 0.14 0.04
caryophyllene 0.16 0.23 0.03 0.11 0.35 0.10
[-bisobolene 0.30 0.28
valencene 0.19 0.05 0.15 1.39
cadinene 0.03 0.14 0.07
total 0.19 0.15 0.46 0.53 0.21 0.10 0.60 0.63 1.74
aliphatic alcohols
ethanol 43.99 0.18 0.54 0.08 26.53
hexanol 0.04
3-hexen-1-ol 0.14
heptanol 0.04
octanol 0.16 0.13 0.98 0.25
total 0.16 43.99 0.18 0.69 0.21 0.04 26.53 0.98 0.29
aliphatic aldehydes

acetaldehyde 0.15
octanal 0.54 0.09 0.31 0.50 0.22 493 0.40
nonanal 0.09 0.09 0.34 0.09 0.03 0.63 0.08
decanal 0.46 0.27 0.40 0.09 2.37 0.86
(E)-2-decenal 0.05
dodecanal 0.16 0.11

total 1.09 0.15 0.18 0.92 0.99 0.34 8.09 1.50
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Table 1. (Continued)

essence

sweet red red sweet bitter Sicily
constituent orange orangeade lemon citron orange mandarin lime orange orange
esters
ethyl butanoate 0.87 0.18
ethyl hexanoate
octyl acetate 0.16 0.17
linalyl acetate 0.25 1.82 0.21
neryl acetate 0.40 1.03 0.05 0.06
geranyl acetate 0.42 1.33
neryl acetate
methyl-methylanthranilate 0.76
total 1.11 1.00 4.34 0.05 0.76 0.37 0.06
ketones
6-methyl-5-hepten-2-one 0.04 0.16
D-carvone 0.03 0.62 0.25
total 0.04 0.16 0.03 0.62 0.25
other compounds
2-allyltoluene 0.10
octanoic acid 0.03
total 0.10 0.03
total peak area® 2.3%x 108 1.6x 10° 8.8x 10° 2.8x% 10° 1.3x10° 1.0x 10° 9.8x 107 1.3x 10° 14%10°

2The data are reported as percentage of the area of each peak with respect to the total peak area. ® Not detectable. ¢ Arbitrary units.

components, it gives a measure of the volatile composition of concentration of two oxygenated monoterpenes: neral (2.5%)
the oil, which, in turn, depends on the vapor pressure of the and geranial (4.6%), the isomers of citral. This essence was also
molecules. characterized by the presence of a high amount of esters such
The headspace composition was evaluated through a SPME-as linalyl acetate, neryl acetate, and geranyl acetate. In the red
GC technique. The use of a mass spectrometer allowed theorangeade and sweet lime samples, relevant amounts of ethanol
identification of the peaks detected3| 24). Table 1 reports were detected, due to the production procedure of these flavoring
the total area of the GC peaks and the percentage (on the basiagents, which are alcoholic extracts.
of the relative peak area) of each compound present in the Antimicrobial Activity of the Essences. The antimicrobial
headspace, as well as the cumulative percentages of the classqwoperties of the citrus essences were tested on the Srain
of compounds (monoterpenes, sesquiterpenes, oxygenated mon@erevisiaeSPA. The growth of the yeast, both in liquid and in
terpenes, aliphatic alcohols, aliphatic aldehydes, esters, andsolid media, was monitored through the evaluation of the
ketones). metabolic CQ evolved in the headspace of the sealed vials.
Limonene was the main constituent in all of the essences The accumulation of this metabolite can be considered an
tested. In the orange-derived products (sweet orange, redindirect index of the microbial activityl). The amount of C®
orangeade, red orange, bitter orange, and Sicily orange), itin the headspace accounts for the contribution of all of the cells
accounted for percentages of the total peak area ranging betweein the system from the inoculum to the analysis time. The CO
56 and 77%. In generaf;thujene was quantitatively the second data over time were fitted with the Gompertz equation as
compound in the headspace of orange-based essences, with theodified by Zwietering et al.32), and the growth parameters
exception of bitter orange in which relatively high amounts of A, umax andl were estimated. Previous work has demonstrated
o-pinene (9.3%) and linalool (4.14%) were found. Also, that the lag times estimated modeling £@ata through the
B-myrcene was present in noticeable amounts in sweet orange Gompertz equation are very close to those estimated modeling
red orangeade, red orange, and, especially, Sicily orangecell load data expressed as CFU/g or mL (21). For this reason,
(12.3%). enumeration of viable count was not included and the duration
In the other citrus essences, limonene accounted usually forof A was considered as the base to calculate the EI.
about 40% of the total peak area of headspace. In the lemon Figure 1 shows the curves obtained for different concentra-
essence, high quantities pfpinene (21%)y-terpinene (14%), tions of citron essence added to the solid medium. The
and p-cymene (3.4%) were found. A similar situation was antimicrobial effects were expressed as a percentage increase
observed in sweet lime fof-pinene (8.8%) and-cymene of the A phase length with respect to the sample in which only
(8.4%), whiley-terpinene was not detected. ethanol was present (El). The El values relative to the essences
The headspace of Mandarin essence was characterized by abtained both in liquid and in solid media are showrTable
high concentration gf-thujene (13.5%)p-cymene (6.1%), and 2.
a-pinene (5.1%). However, the most abundant terpenes were If added to the liquid medium, all of the flavoring agents
limonene (34.6%) ang-terpinene (26.6%). were able to increase tiigime by about 20%, when present at
Citron essence had the highest concentrations of compoundsheir lower concentrations, with the exception of the red
in the headspace, as demonstrated by the total peak areaorangeade essence. The increasetime of S. cereisiae SPA
Moreover, its composition was rather different from the other caused by red orangeade did not reach 25% also when the higher
mixtures tested3-Pinene accounted for 20% of the total area, concentrations were used. This value increased (50%) in sweet
y-terpinene for 8.4%, ang-cymene for 5.9%.0-Pinene, orange essence and was about 85% for red orange and 100%
pB-phellandrene, anf-myrcene reached concentrations of about for bitter orange. Also, in the presence of 5000 ppm of Sicily
3%. Moreover, this essence was characterized by a highorange, thél time was more than doubled. Increasing amounts
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10 Table 2. Effect on the Growth of S. cerevisiae of the Various Citrus
% et . son Essences Added to Solid and Liquid Media at Different
o Concentrations?
80
. liquid medium solid medium
concn efficacy efficacy
60 essence (ppm) A (h) index? A (h) index
£ 5 control® 28.80(0.18)Y 000  28.40(0.09) 0.00
& red orangeade 300 28.99 (0.23) 0.66 28.21(0.11) -0.67
O 500  32.02(0.41) 1118  29.40(0.49) 352
1000  31.21(0.08) 8.37  28.47(0.13) 0.25
30 300 parm 1500  31.00 (0.07) 764  3195(066) 1250
& 500 ppm 3000 3438(0.51) 1938  3254(0.69) 1458
20 = 1000 ppm 5000  3571(0.65) 2399  34.75(0.54) 2236
oo bitterorange 300  3450(0.12) 1979  30.06(044) 585
10 v contt 500 3332(0.70) 1569  29.24(0.12) 296
. 3 1000  37.87(0.44) 3149  32.23(0.22) 1349
0 0 100 150 200 250 1500  54.13(1.16)  87.95 37.26(0.36)  31.20
T 3000 59.27(0.82) 10570  39.66(0.45)  39.65
ime (hours) . 5000 6213 (L21) 11573  40.81(028)  43.74
Figure 1. CO, evolution over time in sealed vials containing solid medium citron 300 499-36 (0.30) 7139 59.55(0.40)  109.68
inoculated with S. cerevisiae SPA in the presence of different amounts of 1888 ”r?g 115'(2)421 g'%; %gggg
citron essence. The experimental data were modeled with the Gompertz 1500  ng 14262 (1.62) 40218
equation as modified by Zwietering et al. (22). 3000 ng ng
5000 ng ng
. . mandarin 300 42.56 (0.55) 47.78 29.11 (0.15) 2.50
of Ier_n_on essence progressively prolonged théme of S. _ 500 50.87 (1.01) 7663  3244(026)  14.23
cerevisiae SPA, and no growth was observed at a concentration 1000  58.27(0.79) 10233  34.78(0.54)  22.46
of 5000 ppm after 240 h of incubation. The sweet lime essence %888 g;gi %88 %82-;8 gggi 823 ?éég
increased thé 'Fime by about 170% ata concentration of 3000 5000  6817(125) 13670  6481(088) 12820
ppm and significantly prolonged thetime when added at 5000  Sicily orange 300  36.84(0.15) 2792 2790(017) -176
0 i i i 500 37.67(0.68) 3080  32.18(059) 1331
ppm (|280| ). rc\:_gror:jeisence Wﬁ‘sog‘e most e.ffgggv/f- '?] fact, it 1000 4248(0.86) 4750  3118(026) 979
completely inhibited the growt . cerevisia when 1500 4367(041) 5163  3089(048) 877
present at 500 ppm, while the presence of 300 ppm caused a 3000  48.70(0.53) 69.10  4259(0.22)  49.96
remarkable increase in thietime (71%). 5000  5822(0.16) 10215  42.26(0.30)  48.80
- . . lemon 300 3507(0.81)¢ 2177  29.42(0.09) 3.59
Similar behaviors were observed vyhen th_e citrus essences 500 3548(072) 2319  3285(0.82) 1567
were added to the headspace of solid media inoculated with 1000  42.98 (0.58) 4924  37.66(0.26) 3261
the target organism. Also, in these experimental conditions, éggg ;‘g-gg Eg-?‘g‘g 112-3? gg-gi E(l)gg; ‘g‘g-‘l‘g
citron was the most effective essence followed by sweet lemon 5000 nge ' 71.33(0.84) 15116
and lemon. Also, Mandarin essence doubled the lag tin®. of  sweet lime 300  33.59(0.22) 1663  2757(0.10) -2.92
cerevisiae when added at a concentration of 1000 ppm. 1888 ggg‘i Eg‘l‘;g ;ggg ggig Eg-;gg 22-‘712
However, thel time increases were, at the same concentrations, 1500 5300(089) 8434 3229(0.69) 1370
noticeably lower than those observed in liquid media. In fact, 3000  78.12(1.23) 17125  4817(1.02)  69.61
citron essence completely inhibited yeast growth only when ; 5g83 1%%‘71 E(l)ggg 22%23 gg% %253 22‘71-51)3
: - red orange . . . ) . .
added in the. HS at a Ieyel of 3OQO ppm, V\./hll|e sweet lemon at 500 4222(0.07) 4660  30.46 (0.29) 725
5000 ppm tripled thél time but did not inhibit the growth as 1000 44.20 (0.61) 5347  3279(058)  15.46
observed in the liquid medium. A reduced antimicrobial efficacy %888 jg-ég 58%3 %gg g(lsgg 8;3 %égg
was observed also for the other citrus extracts. 5000 5352 (0.94) 8583  4262(102) 5007
sweet orange 300 39.20 (0.84) 36.11 24.41(0.25) -14.05
500 39.50(0.23) 3715  33.13(0.64)  16.65
DISCUSSION 1000  40.10(0.65  39.24  4552(0.61)  60.28
The overall antimicrobial activity of complex mixtures, such %ggg Z%g Egigg igﬁ jg?g Eg'gig g%g?
as the citrus essences tested in this research, cannot easily be 5000 4516(092) 5681  47.02(065) 6556

explained through the action of a single or few molecules, and

a holistic approach can be more suitable to evaluate the 2The 2 time for CO, production of the control in the absence of essence is
inhibition of microbial growth 11). Nevertheless, the most also reported. © Percentage increase of the lag time of the sample with essence
active essences were characterized by a high concentration ofuith respect to the control without essence. ¢ Sample inoculated in the absence of
specific molecules, such gs-pinene, p-cymene, and citral essences. ¢ Standard deviation. € No growth observed within 240 h.
isomers.

B-Pinene was found in high amounts (more than 20%) in the O157:H7 £8). Moreover 5-pinene is one of the most important
headspace of lemon and citron essences, but also, in sweet limegomponents of a sage essential oil, which was able to reduce
it accounted for more than 9% of the total peak area. In contrast,the growth kinetics of many microorganisn£9j. In addition,
in Mandarin essence, it only reached a concentration of 3.4%, the bridged bicyclic terpenes;- and-pinene, had a relevant
while in the orange-based essences it was usually present atnhibitory activity against many yeasts and molds, ydthinene
levels lower than 1%. The negative effect®pinene on the being the most active3Q). These findings were supported by
yeast membrane function has been already studied by Uribe etsome authors31), while other studies indicated a reduced
al. (25). It is also known to have antioxidant and estrogenic activity for these molecules (32—34).
activities 3) as well as spasmolytic activit{). This terpene Citral (the mixture of the isomers neral and geranial) was
was found to be particularly effective agaifi&cherichia coli found in a remarkable concentration (more than 7%) in citron




Antimicrobial Activity of Citrus Essences J. Agric. Food Chem., Vol. 52, No. 23, 2004 6937

essence, whose antimicrobial activity was the highest amongfood system (i.e., temperature, pH,, @omposition, structure,
the tested mixtures. Moreover, in this essence, a high percentagestc.) can play on their bioactivity. A wide amount of literature
of acetic esters of neral and geranial was found. Citral was found indicates that the antimicrobial activity of molecules such the
effective against citrus postharvest pathogens by Wuryatmo etterpenes present in citrus extracts is dependent on their ability
al. (35). Ben Yehoshua et al3§, 37) and Rodov et al.38) to reach the cell targets (in first instance the cell membranes)
postulated a significant relationship between the presence ofand, consequently, on their vapor pressure. In the vapor phase,
citral in the peel of citrus fruits and the reduction of their decay in fact, these molecules are characterized by higher hydropho-
caused byPenicillium digitatum Also, Caccioni and Dean89) bicity and can be solubilized in the membrane lipidic bilayer.
and Caccioni et al. (40) found this mixture of isomers to have Thus, the possible ways to reinforce the antimicrobial activity
the highest antifungal activity as compared with other compo- of aroma compounds could be (i) a calibrated increase of their
nents of citrus essential oils. The inhibitory effects of citral vapor pressure in order to enhance their capacity to interact with
against microorganisms are due to the presence of a carbonythe microbial cell membranes, through the use of specific solutes
group adjacent to the- and-carbons in thex,f-unsaturated or active packaging able to slowly release the bioactive
aldehydes neral and geranid@2). This makes th¢-carbon molecules; (ii) their use in combination with other hurdles to
positively polarized and the aldehyde can act as a direct microbial growth; and (iii) the identification of the most active
alkylating agent able to bind cellular nucleophilic groug&)( molecules and set up of calibrated mixtures in which the

In Mandarin essence, a high concentration (more than 8%) bioactive constituents are present at constant levels.

of p-cymene was found. A high amount of this terpene  Independent of the strategy adopted, focusing on the most
characterized also the headspace of lemon, citron, and swee@Ctive molecules and their mechanisms of action becomes
lime (3.4, 5.9, and 8.5%, respectively), while it was found in fundamental for a pracncal appllcatl_on _of these natural sub-
negligible amounts in the orange-based products. However, Stances. To reach this goal, standardization of the methods used
p-cymene alone was among the less bioactive compounds oft0 test the antimicrobial efficacy.o.f essential oils or their
thyme essential oil 32). Similar results were observed by derivatives seems to be a prerequisite. Also, Suhr and Nielsen
Bagamboula et al4@) on Shigella sonneindShigella flexneri.  (44) observed that appropriate screening procedures are needed
Also, Dorman and Deans), in their wide screening on the 0 relate to the potential future applllcatlons. The lack of
antimicrobial activity of volatile molecules, founicymeneto ~ agreement observed between screening procedures and real
be among the less effective. Otherwise, the use-ofmene in foods studies can be explained by the fat and protein contents

combination with carvacrol enhanced the inhibionBafcillus of the food as well as by the mobility of the active molecules
cereus(43). within the system and by their probability of meeting the target

Ils.

In conclusion, in the evaluation of the microbial inhibition
due to a complex mixture of compounds, such as essential oils,
the most important antimicrobial molecules should be identified
and their eventual interactions studied. Such an approach could
be useful to increase the control of microbial growth, to
minimize the impact of these substances on the flavor of food
products, and to avoid fluctuations in essential oils activity due
to meteorological, seasonal, and geographical factors, as well
as different compositions due to the plant type.

All of the orange-based products (characterized by high ce
concentrations of limoneng;thujene S-myrcene, and linalool)
tested in this research showed a lower inhibiting effect against
the target yeast. In a wide screening on the antifungal activity
of citrus essential oils, Caccioni et alll) also observed a
weaker antifungal activity of orange essential oil agaifst
digitatumand Penicillium italicumwith respect to other citrus
essential oils. The reduced antimicrobial action can be explained
by the different headspace composition. In fact, Caccioni et al.
(40) found a significant correlation between the antimicrobial
effects of citrus essential oil and the amount of some minor LITERATURE CITED
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