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Abstract: To preserve freshness and nutritional quality of fruits and vegetables 
is required large energy expenditure due to most storage techniques require low 
temperatures, making the product diffi cult to transport and store. Purpose: To reduce 
energy expenditure, dehydration processes are being improving by pretreatments 
and changing frozen stage. Method: Alkaline emulsion pretreatment was introduced 
to freeze-drying method to reduce the drying time of grapes and obtain signifi cant 
energy savings. Results: Dehydration process for untreated fresh grape samples was 22 
hours, using industrial freeze-drying equipment. It was obtained a high quality product 
with range 3 % to 7% of fi nal humidity, without losing natural characteristics and 
organoleptic properties of the grapes. Conclusions: it was found by modifying standard 
equipment frozen method, using dry ice (CO2) and applied coconut oil alkaline emulsion 
pretreatment, a 54% energy saving. Even more the dehydration process decreased 
the microbial load in the fruit. A product with low number of microorganisms may be 
consumed by patients with low defenses as cereals, nutritional bars, salads, yogurts, 
etc. Finally, if all enterprises involved in this fi eld take into account these fi ndings and 
improve constantly their process they will stop emitting several kg of CO2 into the 
atmosphere.
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INTRODUCTION

Nowadays, to preserve freshness and nutritional 
quality on fruits and vegetables are applied 
several methods, due to a different perishable 
factors as fungi, yeasts, bacteria and enzymes 
(De Torres et al. 2015). When it is exposed to open 
air and high temperatures, the decomposition 
process is accelerated, having a relatively short 
life. When this product is decaying, it is harmful 
to health and useless. 

Most storage techniques require low 
temperatures, making the product difficult 
to transport and store, and increasing energy 
expenditure. On the other hand, drying methods 

change the appearance and physical structure 
of products, giving advantage in transport, since 
it is extremely lightweight and covers less space 
than a fresh product to store and send, impacting 
positively, handling and large scale transport 
of product. There are several dehydration 
methods such as osmotic dehydration, vacuum, 
ultrasound, heat-pump, microwave, freeze-
drying, spry, and a combination thereof (Candia-
Muñoz et al. 2015, Fernandes et al. 2011, James et 
al. 2014, Sagar & Suresh Kumar 2010, Samoticha 
et al. 2016, Souza et al. 2014).

Freeze-drying is an interesting alternative 
as a food preservation method (Pei et al. 2014, 
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Vallan 2007), which allows extending the lifetime 
significantly, while maintaining its quality-related 
physical and physicochemical properties (Fabra 
et al. 2009). This method consists in removing 
water from the product by sublimation, the 
product is frozen and then vacuum is applied to 
sublime the frozen water, along with evaporation 
step for remaining non-frozen water (James et 
al. 2014). Sublimation occurs when the vapor 
pressure and temperature of the ice surface is 
below to triple point of water (Ghio et al. 2000).

Freeze-dried fruits and vegetables are 
considered a healthy product that can be 
consumed at any time; raw or cooked can be 
eaten, and are available throughout the year 
(Park et al. 2015). At the same time, this kind 
of food can encourage the intake of fruits and 
vegetables, so it aims to reduce obesity and 
illnesses associated with high intake of fats 
and carbohydrates that are currently present in 
population diseases (Basu et al. 2009, Dávila-
Torres et al. 2015). The preparation of the product 
aims to satisfy the necessities of different 
markets. In a way, it seeks a place in the mind 
of the consumers, and arrive them by producing 
“fruit snacks” such as cereals, nutritional bars, 
complements salads, etc. On the other hand, 
the largest market segment (food processing 
industry), they use dried fruits as raw material 
in the production of yoghurt, ice cream, bakery, 
etc (de Lima et al. 2016).

The food research has made great progress 
in the conservation area, as well as in industry 
demand for obtaining high quality product 
and high life (Zhang et al. 2006). Throughout 
history to keep food in optimum condition 
for consumption, it has been and will be an 
outstanding issue and a challenge for technology 
development, process innovation and energy 
saving. 

In this investigation, an alkaline emulsion 
pretreatment was introduced to freeze-drying 

method to reduce the drying time and achieve 
significant energy savings in food preservation.

MATERIALS AND METHODS

Fresh grape was obtained in the local market 
(vitis vinifera). 5.4 kg of whole grapes were used 
in the experiment. All specimens had good 
condition, no cuttings or damage surface, not 
showing low quality evidence. They were washed 
with water and dried at room temperature.

Moisture content in the samples was 
determined by a thermo balance (Ohaus MB-
35 model with halogen source heating), which 
evaluates moisture percentage and weight (g).
Sample testing factors 105 °C for 3.5 minutes. 
In fact, weighing was performed on same digital 
balance skills and two replicate samples were 
selected and weighed. The moisture content of 
all the rehydrated samples was also determined.

Two alkaline emulsion were prepared by 
mixing 1 liter of water, 0.05 kg of K2CO3 (with 98% 
of purity, ASC reagent, Aldrich Co.) and 0.005 kg 
of olive oil (pH 12); and the another 1 liter of 
water, 0.05 kg of K2CO3 and 0.005 kg of coconut 
oil (pH 11)(Doymaz & Pala 2002). The samples 
(5g) were immersed in the solution for 1 minute 
at room temperature.

For freeze-drying process was used the 
Sanshon equipment model FDG - O.5(Zhejiang 
sanshon machinery manufacturing CO. LTD.), 
with 31 cm x 54 cm chamber process area, 0.5 
m2 platform drying area and 5 liters of water 
capacity every 8 hours in drying process. It 
possesses a pump vacuum of 6 x 10.-1 mbar 
model TRIVAC D16B, 3-ph, 240-265/415-480 V and 
60 Hz. In addition contains a vacuum chamber, 
equipped with three heating plates (80 °C) and 
three shelves where the specimen is placed, 
freezing chamber (-40 °C), water heating system 
(105 °C).
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The dehydration process was performed by 
stages; first, the samples (1.6 cm) was frozen for 
3 hours at - 35° C. Once the sample is frozen, a 
vacuum pressure of 6 x 10-1mbar is applied. After, 
two temperature ramps were programmed, one 
for sublimation at 80 °C for 5 hours and another 
for drying the remnant water (14 h)at 60°C. The 
specimens were analyzed in a microscope under 
visible light using a digital camera (AxioCam, 
Carl Zeiss, Germany).

Frozen is the first step on freeze dried 
method, the vacuum chamber on freeze dried 
equipment is also equipped by frozen capacity, 
reaching -40°C in process. Additionally, the 
frozen phase on equipment was change for CO₂ 
(dry ice), reaching -78.5°C instead -40°C. Diverse 
soaking times were used, 3 hours, 1:30 hour, 10 
minutes and 5 minutes in order to reduce the 
freezing time and analyze the quality impact on 
final product.

For bacterial analysis was used Gram 
staining technique. Due to this method allows 
distinguishing between two groups of Gram 
positive and Gram negative bacteria, as behave 
of staining. The smear slide was heat-fixed for 
one minute with Crystal Violet stain, washed 
with water, covered with Lugol solution for 
1-2 minutes, and washed again with water, 
decolorized mixture ethylether / acetone 
alcohol. Drained and covered with Safranin 
(color contrast) for 1 to 2 minute, washed and 
dried (Camacho et al. 2009).

The morphology of the studied sample was 
observed in an optic microscope (Carl Zeiss, 
Germany, under visible light) and in a scanning 
electronic microscope JEOL JSM- IT 100. 

RESULTS AND DISCUSSION

For untreated freeze-drying process samples 
described above, it is necessary 22 hours. 

It is important to highlight that to determine 
the drying time for the untreated sample 
(evaporation of remaining water at 60 °C for 
14 h), several soaking times were performed to 
obtain final moisture range content of 3% to 7 
% and suitable consistency of final product. In 
other words, the process reached the optimal 
moisture in shorter time, (8 hours) but the 
sample showed a soft and sticky consistency, 
surface sample does not show crystallizes 
appearance and had a honey consistency in 
surface, which should be crystallizes and bright 
appearance surface. It was up to 14 hours 
vacuum time in dried stage when the specimen 
got proper consistency and appearance. 

To the pretreated sample (immersed for 
one minute in the alkaline solution), the same 
procedure was performed to find the appropriate 
drying time (final stage of the freeze-drying). It 
was found that with 6 hour obtained 7.57% final 
moisture and crunchy taste (fructose vitrified), 
obtaining a process total time of 14 h. Comparing 
the total times of freeze-drying process for 
grapes without treatment (22 h) and the treated 
samples(14 h), it observes a 36% time saving.

The saved time on drying process was due 
to alkaline emulsion impacts on waxy surface 
sample. It is well known that cuticle prevents 
plant surfaces from both becoming wet and 
helps to prevent plants drying out (control the 
moisture 

On the other hand, it is important to 
mention that the frozen stage must be as 
quickly as possible due to faster the frozen of 
product, smaller ice crystals will be formed and 
therefore less damaging to the cell wall. Due to 
above mentioned, the freeze drying process was 
modified in the first stage, using dry ice to frozen 
the samples at different soaking times (3 hours, 
1:30 hours, 10 minutes and minutes), keeping 
the stages of sublimation and dried at 5 hours 
each one.
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The results show that samples (with frozen 
soaking time of 3 hours, 1:30 hours and 10 
minutes) have good appearance, bright crunchy 
and final moisture of 3.02%. The 5 minutes frozen 
sample does not look good, low quality and dark 
color with 6.20% of moisture. Comparing full time 
between normal freeze dried process (frozen 3 
h, sublimation 5 h and dried 14 h) and modified 
frozen phase for coconut oil (10 minutes frozen, 
sublimation 5 h and dried 5 h), it obtains a 54% 
of energy saving. For olive emulsion dehydration 
time was very similar to coconut oil (10 minutes 
frozen, sublimation 5 h and dried 6 h), having 
50% of energy saving. Due to above mentioned 
the coconut oil is slightly better than olive oil.

The figure 1 shows grape sections obtained 
after being immersed in the alkaline solution 
and phenolphthalein, in order to determine 
the penetration of the alkaline solution. The 
red color reveals the presence of the alkaline 
solution, at the same time shows that does not 
reach the pulp, the alkaline solution impacts 
only in skin sample.

After freeze-drying process, the product 
was carefully packaged and sealed in bags for 
its conservation and storage, due to it has the 
hygroscopic property (absorbs moisture).

On the other hand, some dried samples 
were rehydrated and its humidity was both 
measured and compared with that of fresh 
product. In table I, it can see that humidity 
achieved in rehydrated samples (coconut oil 
alkaline solution) was 75 % as compared with 
initial humidity of fresh grapes.

As freeze-dried samples were assessed 
their organoleptic properties (taste, odor and 
appearance) showing optimal conditions for 

consumption. The flavors highlight the palate 
with strength when wet in the mouth, and the 
odor is extremely concentrated and pleasant to 
smell, tends to be sweet smell. It has a slightly 
wrinkle appearance, with crispy consistency and 
intense shiny color, due to grape skin membrane 
retains the sugar, and it is crystallized by drying 
process (Figure 2).

The organoleptic properties for rehydrated 
samples are slightly low than fresh grapes (less 
intense flavor and dull color) but consistency is 
almost same than fresh product (Figure 3).

Regarding frozen are two types, slow speed 
and quick speed. Freezing process play an 
important role in freeze-drying method. In this 
investigation, quick freezing was used, due in 
samples forms small crystals water and therefore 
less damage as possible in cell membrane, 
otherwise, slow frozen process developed big 
crystals water and the cell membrane can 
damage by these crystals. This effect can affect 
the sample appearance, also smell and taste on 
final products, as well on process parameters, 
which is highly important in freezing process 
and good quality product.

It is important to remember that any fresh 
product subjected to freezing and thawed, does 
not have the same fresh look, as there was a 
broken cell membranes by the crystals freezing 
process. The figure 4 shows as the freeze drying 
process helps the decrease of microbial load. 
To have low number of microorganisms is of 
particular interest for patients with low defenses.
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Figure 1. Grape sections after being immersed in the alkaline solution. The phenolphthalein turned bright magenta 
immediately on contact with the alkaline solution: (a) arrow pointing grape skin 32 x magnification microscopy, 
(b) arrow pointing grape skin 400 x magnification microscopy, (c) arrow pointing grape skin 1000 x magnification 
microscopy.

Table I. Shows moisture percent in product through different steps of dried process.

Product Initial Moisture As raw 
material

Final Moisture As freeze- 
dried Rehydrated 

Grape 69.77% 4.58% 52.56%

Figure 2. Grape exterior view, in stage (a) fresh, (b) as freeze-dried in SEM, (c) as freeze-driedand and (d) 
rehydrated.

Figure 3. Grape sectional view: (a) fresh, (b)as freeze-dried, (c) as freeze-dried in SEM and (d) rehydrated.
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CONCLUSIONS

In freeze drying grape sample process the 
alkaline emulsion pretreatment generated 36% 
time saving. Modifying standard equipment 
frozen method by using dry ice (CO2) and applied 
coconut oil alkaline emulsion pretreatment, 
shows a 54% energy saving. Coconut oil emulsion 
is lightly better than olive oil emulsion.

For dried samples were obtained a range 3% 
to 7% of final moisture. The humidity achieved 
for rehydrated samples was 75% as compared 
with initial humidity of fresh grapes. Freeze-
dried product can be consumed or used on 
several ingestion types as dehydrated (cereals, 
nutritional bars, complements salads, etc), 
or in aqueous solutions (yogurts, shake milk, 
etc). After freeze-drying process, products have 
hygroscopic properties and high considerations 
on storage conditions must be applied, 
such as storage in cool, dry place away from 
sunlight, thus properties will be preserved to 
either rehydration or consumption. Finally, if 
all enterprises involved in this field take into 
account these findings and improve constantly 
their process they will stop emitting several kg 
of CO2 into the atmosphere.
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