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INTRODUCTION

Figs (Ficus carica L.) are a nutritious fruit rich in 
fiber, potassium, calcium, and iron with higher level than 
other fruit such as apples, grapes and strawberries 
(Michailides, 2003).  Additionally, figs are an important 
source of vitamins, amino acids and antioxidants 
(Solomon et al., 2006, Crisosto et al., 2010).  Fresh fig 
fruit is known as one of the most perishable horticultural 
commodities.  The particular structure of the fruit as 
described by presence of an apical pore (ostiole) makes 
fig fruit very susceptible to a number of diseases caused 
by fungi and bacteria.  The high metabolic activity and 
the easiness of pathogen development are the main 
causes of deterioration (Doster et al., 1996, Piga et al., 
1998).  The shelf life of fresh fig harvested at fully ripe 
stage is limited to 2 days under the ambient temperature 
of the harvest season at the end of summer (Hamanaka 
et al., 2010). 

The quality and storage life of fresh produce are 
highly dependent upon the difference in vapor pressure 
between the produce and the storage atmosphere.  
Hence, when both produce and storage are maintained 
at the same temperature (assuming factors such as air 
velocity are held constant), transpiration rate is related 
to the relative humidity (RH) during storage (Grierson 
and Wardowski, 1978, Sharkey and Peggie, 1984).  
Transpiration through the actions of the stoma, lenticels, 
cuticles and epidermal cells is considered to be the main 

cause of postharvest weight loss and poor quality in fresh 
produce (Ben–Yehoshua and Rodov, 2003).

Several studies have been conducted on postharvest 
storage of fresh fig fruit under controlled atmosphere 
(Colelli et al., 1991, Kaynak et al., 1998, D’Aquino et al., 
2005).  The RH used in these studies ranges from 80% to 
90%.  Taking commodity’s transpiration into considera-
tion, high relative humidity up to 95% (Paull, 1999) of 
the storage environment plays an important role in main-
taining the quality of produce.  However, one of the prob-
lems occurring for the produce stored under high humid-
ity environment is that there is a risk of wetness on the 
produce surface causing developments of postharvest 
pathogens (Grierson and Wardowski, 1978).  Germination 
of fungal spores is promoted by the wetness; therefore, 
presence of condensed water on the fruit surface favora-
bly affects the growth of postharvest diseases (Rodov et 
al., 2010).  Previous studies have demonstrated the tech-
niques of controlling postharvest decay of figs using 
sodium carbonate (Molinu et al., 2006) and chlorine diox-
ides (Karabulut et al., 2009).  Although these methods 
were found to be effective in preventing microorganisms’ 
growth, the easy absorption of chemicals by the tissue 
and their penetration through ostiole have raised public 
concern about contamination of perishables with chemi-
cal residues.  Therefore, the proper choice of storage 
conditions and environmentally friendly technology need 
to be applied to improve postharvest life of horticultural 
produce in general and shelf life of fig fruit in particular. 

A nanomist humidifier (Mayekawa Co., Ltd, Tokyo, 
Japan) a state–of–the–art humidification device, is used 
to produce high humidity in a refrigerated chamber.  The 
mists were generated at nano–scale size, producing a 
so–called nanomist with average particle diameter inferior 
to 100 nm (Hung et al., 2009).  These mists were thought 
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to be significantly smaller than those generated by tradi-
tional humidifier which is often termed ultrasonic mists; 
their average particle diameters vary between 216 nm 
(Hung et al., 2010b) and 2.9 μm (Rodes et al., 1990), 
and much larger than mists produced by tabor atomizer 
system with droplet size of 10 μm (Afek et al., 2000).  
Nanomists, because of their very fine particle size, pre-
sumably would evaporate immediately following atomi-
sation.  This characteristic could bring a number of ben-
efits to the field of postharvest crop storage comparing 
to the ultrasonic.  For example, when nanomists drop on 
the surface of the produce, they easily evaporate and 
thus do not wet the produce surface, thereby controlling 
the deterioration of fresh produce and microorganism 
development.  Hung et al. (2010a) have demonstrated 
that the strength corrugated cardboard was well–main-
tained under nanomist environment with high relative 
humidity in comparison with ultrasonic mist condition.  
Furthermore, our unpublished data suggested that post-
harvest weight loses of vegetables kept in nanomist con-
dition after a week reduced between 3.2% and 5.9% 
depending upon commodities as compared to those 
stored under ultrasonic mists with the same temperature 
and RH.  The objective of present work was to compare 
the effect of nanomists and ultrasonic mists on posthar-
vest quality of fresh fig fruit stored under high relative 
humidity environment.

MATERTIALS AND METHODS

Source of fruit 
Fig fruit (Ficus carica L., cv Toyomitsu–Hime) were 

purchased from a Fukuoka wholesale market.  A careful 
handling of the produce was taken during transport to 
the laboratory and the experiment.  The figs were sorted 
to eliminate any that had defects, and those with a uni-
form color and a weight of approximately 80 grams each 
were chosen.  The experiments were repeated twice on 
October and November 2010.

Storage condition
The figs were kept in storage environments at 7 ˚C 

and RH at approximately 95% where the nanomist humid-
ifier (Test model, Mayekawa Co., Ltd, Tokyo, Japan) and 
the ultrasonic humidifier (FT–30N–14, UCAN Co., Ltd, 
Japan) were used to raise humidity.  Forty figs were used 
for each storage condition.  The fruits were placed on 
cardboard and were directly exposed to the mists in 
order to investigate the effect of particle size on the qual-
ity of produce.  A sample of 25 figs was used for assess-
ing color, decay incidence and visual overall quality 
throughout the experiment.  The remainder of samples 
was used for measuring flesh firmness, total soluble sol-
ids and titratable acidity.  Determinations were made on 
day 0, 4 and 8. 

The temperature and RH inside the chambers were 
recorded at 5–minute intervals in the containers using a 
humidity and temperature transmitter (model HMT337, 
Vaisala, Helsinki, Finland).  This device can measure the 
accuracy at the temperature to ± 0.2 ˚C and the RH to ± 

1.7% at a range of 90% to 100%.  The nanomist chamber 
has the dimensions of 3060 mm in length, 2130 mm in 
height and 2320 mm in width; ultrasonic mist chamber 
has sizes of 2600 mm in length, 2400 mm in height and 
1700 mm in width.  The chambers were equipped with 
cooling system controller, system control panel and nan-
omist humidifier or ultrasonic humidifier.

 Methods for parameter assessment
Firmness

Flesh firmness determination was measured at the 
equatorial region of the fruit using a rheometer (RE–3305 
Rheoner, Yamaden, Tokyo, Japan) with a 7.9 mm cylin-
drical probe.  The fruit was cut in half.  Immediately 
after removal of the skin, each half was placed on a sta-
tionary plate and was punctured to a depth of 10 mm.  
The probe descended toward the sample at crosshead 
speed of 1 mm/s and the maximum value of force was 
expressed in Newtons (N).  The mean of the two meas-
urements was considered as one replicate.  Six fruit per 
treatment and date were evaluated.
Decay incidence

The fruits with visible mold development were 
expressed as percentage of fruit showing decay symptoms 
and decay severity was assessed according to a 1–5 scale, 
where 1 = no visible mould, 2 = one lesion less than 1 cm 
in diameter, 3 = one lesion between a diameter of 1–2 cm, 
4 = one lesion larger than 2 cm but smaller than 3 cm or 
two lesion each larger than 1 but smaller than 2 cm, and 
5 = one lesion larger than 3 cm or more than three lesions.  
Results were expressed as decay incidence index. 
Overall quality

All fruit were evaluated for overall quality on a 1–5 
scale as described by Colelli et al. (1991) with minor 
modifications, where 1 = unacceptable, 2 = fair (limit of 
usability), 3 = acceptable (limit of marketability), 4 = 
good, and 5 = excellent.  Results were expressed as an 
overall quality index. 
Color

The color of fig fruit was measured using a chromam-
eter (Minolta CR 200, Japan).  The measurements were 
expressed as lightness (L* darkness to lightness, on a 
scale of 0–100), chroma (C, indicating intensity or satu-
ration of the color), and hue (H, angle that indicates the 
pure spectrum color).  Measurements were taken from 
two spots located on opposite sides of the equatorial 
region of each fruit and the average of the values for 
each fruit was calculated. 
Total soluble solids (TSS) and titratable acidity (TA)

The fruit were wrapped in soft gauze No 3 (Hayashi 
Eizai Co. Ltd., Fukuoka, Japan), squeezed by hand, and 
the expressed juice was used for measurements of TSS 
and TA.  TSS was determined at room temperature using 
a digital refractometer PR–101α (Atago Co. Ltd., Tokyo, 
Japan) and expressed as oBrix.  Titratable acidity was 
measured using titration method.  One mL fruit juice 
was added to 9 mL distilled water plus a drop of phenol-
phthalein and titrated with 0.1 N NaOH.  The results 
were expressed as the percentage of citric acid.
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Statistical analysis 
The experimental data are presented as the mean ± 

SE of two independent experiments.  An analysis of vari-
ance was performed using the statistical software GenStat 
(Discovery Version 3, VSN International Ltd., UK).  
Differences between the means of attributes were com-
pared by a least significant difference (LSD) test at a sig-
nificant level of 0.05.

RESTULTS AND DISCUSSION

Temperature and relative humidity
The average temperature and relative humidity moni-

tored from the nanomist and the ultrasonic chambers 
were nearly the same and being 7.1±0.5 ˚C and 93.8±4%, 
and 7.1±0.5 ˚C and 93.8±5.8%, respectively (data not 
shown).  There were various patterns of RH readings 
observed from two chambers which show points with RH 
over 100%.  This phenomenon is called supersaturation; 
it occurs when water is present in the form of tiny drop-
lets (Rodov et al., 2010).  More readings with an RH over 
100% were observed in the ultrasonic chamber than in 
the nanomist chamber.  The difference could be one rea-
son that the number density of mists produced by the 
ultrasonic humidifier was four times higher than the 
nanomist humidifier (Hung et al., 2010b). 

Color and firmness 
Fig. 1 shows changes in relative values of color param-

eters of fig fruit during a period of storage.  In general, 
there was a reduction in the value of color parameters 
over time.  Significant differences were observed in light-
ness, chroma and hue angle of fruit stored under the 
nanomist and the ultrasonic mist.  Color of fruit stored 
under the ultrasonic mist became darker, as reflected by 
a decrease in L* value and showed less intensive (lower 
C value) and more red (smaller H) during the storage 
period.  The flesh firmness is shown in Fig. 2.  Significant 
difference in firmness of fruit between two conditions 
was detected after 8 days of storage.  Fruit stored under 
ultrasonic mist became softer than those under nanomist. 

Total soluble solids (TSS) and titratable acidity 
(TA)

Total soluble solids of figs at the harvest time was 
around 16 oBrix (Fig. 3).  No significant difference in TSS 
between these two treatments was found at day 4, but 
significant difference was detected at day 8.  Our unpub-
lished data demonstrated that after 8 days of cold stor-
age, weight loss rate of the figs stored in the nanomist 
was 6% lower than those stored in the ultrasonic mist.  
The difference in weight loss rate between two treat-
ments may be the reason causing difference in TSS.  The 
titratable acidity (TA) calculated as citric acid is pre-
sented in Fig. 4.  The initial TA value was 0.34%.  There 
was a slight increase in the acidity throughout storage, 
but it increased substantially in the fruit stored under 
ultrasonic mist at the end of experiment.  No significant 
difference was found at day 4, but significant difference 
between two conditions was detected at day 8.  An 

increase in TA was influenced by the weight loss which 
favored the concentration.  Similar results were reported 
in the study on “Craxiou de porcu” figs by D’Aquino et 
al. (1998). 

Fig. 1.	 Changes in relative values of the lightness, chroma and 
hue angle of figs stored at 7 ˚C and 95% RH under two 
environments during postharvest storage.

Fig. 2.	 Firmness of figs stored at 7 ˚C and 95% RH under two 
environments during postharvest storage.
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Decay incidence and visual quality
The molds usually originated in the ostiole and skin 

cracks and then started to spread over the entire fruit.  
The number of figs showing visible mould development 
under the nanomist was 18% and 32% at days 4 and 8, 
respectively while it was 46% and 66% under the ultra-
sonic mist during the same period (Fig. 5a).  With regard 
to mold severity, decay index was found to be significant 
between two treatments at day 8 (Fig. 5b).  Decay sever-
ity of the fruit stored under the ultrasonic mist occurred 
more severely than those stored under the nanomist.  The 
reason could be related to the mist size.  Due to very fine 
particle size, when the nanomists are present on the sur-
face of the fruit, fine mists are believed to rapidly evapo-
rate and therefore do not wet the fruit surface, thereby 
preventing microorganism development.  On the other 
hand, with larger mists and their higher number, the 
ultrasonic mists are assumed to directly drop on the fruit 
and do not easily evaporate and thus bring about wetness 
on the fruit surface.  The wetness in the ostiole may 
induce germination of pathogen spore (Karabulut et al., 
2009).  The findings of present study are in agreement 
with that of Afek et al. (2000) who investigated that 
small droplet size can generate 96% RH without deposit-
ing free water on the produce surface while with larger 

droplets once the RH increases to 94%, free water starts 
to accumulate on the produce, making them susceptible 
to diseases. 

From a marketing perspective, visual appearance is 
a critical feature of fig quality.  As can be seen in Fig. 6, 
figs stored under the nanomist showed a better overall 
appearance than those kept in the ultrasonic mist for the 
entire duration of experiment.  The major causes result-
ing in reduction of visual quality of the fruit were water 
loss and the onset of fungal decay.

Fig. 3.	 Total soluble solids of figs stored at 7 ˚C and 95% RH 
under two environments during postharvest storage.

Fig. 6.	 Overall quality index of figs stored at 7 ˚C and 95% RH 
under two environments during postharvest storage.

Fig. 4.	 Titratable acidity of figs stored at 7 ˚C and 95% RH 
under two environments during postharvest storage.

Fig. 5.	 The percentage of infected fruit (a) and decay index of 
figs (b) stored at 7 ˚C and 95% RH under two environ-
ments during postharvest storage.

(a)

(b)
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CONCLUSION

In this study, the aim was to compare the effects of 
nanomists and ultrasonic mists on the postharvest qual-
ity of fig fruit preserved under high relative humidity con-
dition.  The results of present work show that in compari-
son with ultrasonic mists, preserving fresh fig fruit under 
a nanomist environment reduced fruit softening and 
decay incidence, thereby improving overall visual qual-
ity.  In addition, the postharvest quality attributes such 
as color, total soluble solids and titratable acidity were 
better maintained by nanomists during shelf–life storage.  
From these results, it is possible to conclude that nano-
mist humidifier is a useful tool to generate mists for rais-
ing humidity during cold storage or transport of fresh 
fruit.
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