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VShellac and carnauba wax are commonly used on citrus, 
carnauba is more permeable to gases, less permeable to 
water, shellac is more shiny but can cause off-flavor

VCarnauba wax emulsion coatings are usually 
microemulsions, but the smaller the lipid mycelles, the 
more stable and shiny the coating, thus tested a 
nanoemulsion carnauba coating.

VGinger (rhizome extracts) was found to reduce 
microorganisms in food

VObjective was to evaluate effects of (ginger) 
antimicrobial/nanoemulsion edible coatings to preserve 
fruit quality and decrease decay
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Introduction



3

VFreeze-dried ginger
VAir oven dried ginger
VFresh ginger

Hydroethanolic  extracts

Ethanolic extracts

Ginger Essential oil

VEthanolic extracts of essential oil
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Piedade-SP, Brazil

Steam distillation 
Clevenger apparatus

24h

EtOH 70%

Antimicrobial activity: Ginger extracts



500x magnification
N: not  germinated;  G: germinated
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VSpore germination inhbition
Penicillium digitatum
ÅPD (potato dextrose) broth + Sample + spore 
suspension 
ÅFinal concentration of spores solution 106

ÅIncubated at 25 ÁC by 120 RPM agitation
ÅReading after 24 hours in Neubauer chamber
supported by microscope with camera

Table 1. Percentageof germinated spores of P. digitatium,
after 24 h incubation in ginger essential oil and alcoholic
extracts.

Samples 1% 3%

1 EtOH96 fresh 18.1 bc 2.9 a 
2 EtOH96 freeze-dried 35.7 d 1.2 a

3 EtOH96 oven 32.2 d 0.6a

4 EtOH70 fresh 24.6 c 25.1 b

5 EtOH70 freeze-dried 23.4 c 19.9 b

6 EtOH70oven 14.6 b 2.3 a

7 GEO fresh 0 a 0 a

8 GEO freeze-dried 0 a 0 a

9 GEO air oven 0 a 0 a

10 GEO commercial 5.3 a 0.6 a

11 Negativecontrol 37.4 d 37.4 c

12 Positive control 0.6 a 0.6 a

13 DMSO control 35.7 d 35.7 c

14 PVP control 36.3 d 35.7 c

üEthanolicextracts at 3% and GEOat 1 and 3% showed
the highest inhibition of spore germination. Commercial
GEOhad lowest activity comparedto extractedGEO.

VInitial screening: concentration 1% and 3%

Antimicrobial activity for ginger ethanolicextracts and 
essential oil

Columns with different letters are significantly different by Duncan test (p<0.05) applied after Anova.



VPoisoned food technique (test essential oils vs fungi)

Penicillium digitatum

ÅSamples into in solid medium (PDA)
Å10uL of spores suspension 105

ÅIncubated at 25 ÁC 

Table2. Percentageof mycelialzoneinhibition
comparedto control after 5 days.

Samples 1% 3%
1 EtOH96 fresh * *
2 EtOH96 freeze-dried * *
3 EtOH96 oven * *
4 EtOH70 fresh * *

5 EtOH70 freeze-dried * *
6 EtOHoven * *
7 GEO fresh 11.58 12.24
8 GEO freeze-dried 23.82 27.59
9 GEO air oven 10.08 21.94
10 GEO commercial 2.35 3.10
11 Negativecontrol(water) * *
12 Positive control (Cyclohemide) 100.00 100.00
13 DMSO control * *
14 Tween 80 control * *
15 PVP control * *

üEthanolic and Hydroethanolic extracts did 
not exhibit antifungal activity at 1% and 3%

üGEO showed the highest mycelial zone 
inhibition

Antimicrobial activity

ÅOil was dissolved in Dimethyl sulfoxide 

(DMSO) and alcoholic extracts in 

Polivinilpirrolidone (PVP) 

ÅTween 80 (100 µL to 100mL of medium) to 

disperse the sample in the medium.

*No inhibition was observed for Penicilium digitatium.
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VInverted Petri dish test ÅSamples placed on 6mm disc on the Petri dishes lid

Å10uL of spores suspension 105 on PDA medium

ÅIncubated at 25 ÁC

Table3. Percentageof mycelialzoneinhibition
comparedto control after 5 days.

Samples 0.5% 1% 3%

7 GEO fresh 8.8 9.4 34.1
8 GEO freeze-dried 7.9 7.3 52.6

9 GEO air oven 0 1.3 36.1

10 GEO commercial 0 5.3 11.6

üGingeroil is rich in sesquiterpenesandmonoterpenes
üZingibereneand geranial usually are the major constituents and theirs levels
makethe oil more potent
üInvestigation into the levels of these and other compounds is underway to
explainthe different antifungalactivity between the samplesin this study

Antimicrobial activity

Figure: Penicillium digitatum, Neg. control:  and 

Positive control: ammonia



ÅMIC ςMacrodilution-NCCLS (2002)
ÅSamples in PD broth , spores suspension 106

ÅIncubated at 25 ÁC  by 125 RPM
ÅReading after 7days 

VMinimum inhibitory concentration (MIC)  and minimum fungicidal concentration (MFC)

Green mold 
Penicillium digitatum

Anthracnose
Colletotrichum.  gloeosporioides

Antimicrobial activity

Assessed concentrations :
Ethanolic extracts: 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 6.0 %
GEO:  1.6, 0.8, 0.4, 0.2, 0.1, 0.5, 0.025, 0.0125, 0.0062, 0.0031, 0.0015%

10uL

MFC

ÅMFC ςPlaced  10 uL from MIC tube and subsequent higher concentration on PDA medium

Figure. MIC_GEO-fresh_P. digitatium
1.6    0.8   0.4    0.2     0.1    0.5%                ...                     0.0015%

C - C+
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Table4. Minimum inhibitory concentration(MIC) and minimum fungicidal
concentration (MFC) of Penicilium digitatium and Colletotrichum
gloeosporioidesafter 7 daysof incubation.

MIC MFC MIC MFC

Samples Penicilium Colletotrichum

E1Ethanolicextract-freshginger 2.5% * 4.0% 6.0%

E2Ethanolicextract-freeze-dried 2.5% * 2.5% 5.0%

E3Ethanolicextract- air oven 2.5% * 2.5% 5.0%

Ethanol96% control 3.0% * 4.0% 5.0%

E4HydroEthanolicextract-freshginger 3.0% * 5.0% *

E5HydroEthanolicextract-freeze-dried 3.0% * 3.0% 4.0%

E6HydroEthanolicextract- air oven 2.5% * 2.5% 4.0%

Ethanol70% control 4.0% * 5.0% 6.0%

E7GEO ςfreshginger 0.4% 0.8% 0.4% 0.4%

E8GEO - freeze-dried ginger 0.4% 0.8% 0.1% 0.2%

E9GEO - air oven 0.4% 0.8% 0.8% 1.6%

E10GEO commercial 0.8% * 1.6% *

*No total inhibition at the highest concentration tested

Antimicrobial activity

Figure. MFC_GEO- P. digitatium
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üEthanolicand hydroethanolicextracts did not show fungicide activity against P. 
digitatium, however exhibited antifungal activity against C. gloeosporioides
between 4 and 6% 

üEthanolicand Hydroethanolicextracts did not exhibit antifungal activity in the 
1% to 3% range in the poisoned food  test, however they showed MIC at 2.5 and 
3% in pd broth.
üMore studies are needed to study the diffusibility and evaporation of 
ethanol for extracts in solid systems to improve their performance and 
minimize ethanol activity .

üGEO fresh, freeze dried or air oven dried showed higher antimicrobial activity 
toward both microorganisms evaluated. Commercial GEO had lower activity 
compared to extracted GEO.

üGEO-air oven was selected for incorporation into a nanoemulsion coating 
because it had the highest yield (3.5 % w/w) compared to essential oil from fresh 
or freeze-dried ginger (0.2 % and 3.2%, respectively). 

Antimicrobial activity



Å Experiment1-ΨbƻǾŀΩmandarin

ï Commercial carnauba and shellac microemulsions and an experimental carnauba
nanoemulsioncoatingwerecomparedto anuncoatedcontrol for fruit stored7 d at 20°C

ï Qualityanalysesweredonefor initial (0d) andat the endof storage(7d)
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Evaluationof coatingson citrus fruit


