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Quality characteristics of red fruits 
fresh and after lyophilization
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1. SUMMARY

In our work, the quality characteristics and nutritional parameters of red fruits were 
examined in their fresh state and after lyophilization. The purpose of the comparison 
was to assess the effect of freeze drying on these fruits. The elemental and dry 
matter content of fresh fruits was determined, and the changes in their total phenolic 
compound and flavonoid content, as well as their vitamin C and acid content. A slight 
increase in the total phenolic compound and flavonoid content and a smaller decrease 
in the vitamin C content were observed, while the quantity of total acids was reduced 
in the sample to almost one-third after lyophilization.
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2. Introduction

Over the past few decades, there has been a steady increase in interest in research into the antioxidant 
effects of fruits, especially red fruits, as they support the proper functioning of the human body through 
their prominent role in nutritional physiology [1, 2]. Fruits are extremely rich in phenolic compounds, such as 
tannins, anthocyanins and flavonoids, and are considered a very good source of vitamins. They are high in 
sugar, contain dietary fiber and organic acids (oxalic acid, malic acid, citric acid, fumaric acid), while low in 
calories and fat [11]. These plant substances are present in higher concentrations in small fruits (blueberries, 
blackberries, strawberries, sour cherries and raspberries) [13], thus having a positive effect on the health and 
performance of the human body, and may provide protection against, for example, digestive, cardiovascular 
and other chronic diseases [3, 4, 5, 6, 7, 8]. 

Phenolic compounds present in fruits form a very large group of plant metabolites and exert their defense 
mechanisms over a very wide range [9, 14]. These compounds also affect the organoleptic properties and 
quality of the fruits [11, 12]. Flavonoids are secondary plant metabolites that have a protective function in 
fruits, against dehydration, infections, mechanical damage, etc. [15]. Vitamin C is a water-soluble vitamin 
that is essential for the human body, as it plays an important role in the defense against scurvy, as well as in 
maintaining healthy skin, gums and blood vessels, among other things [16]. Not only bioactive compounds, 
but also minerals may be responsible for the antioxidant effect. Exogenous antioxidants, such as vitamins C 
and E, flavonoids, carotenoids and elements with antioxidant effects, such as selenium, zinc, manganese, 
etc., are also key to the functioning of the human body’s defense mechanism. Red fruits contain higher 
amounts of the elements that are essential for the healthy functioning of the human body. For example, 
several studies have reported high potassium, calcium and magnesium contents in such fruits, as well as 
their low sodium content [17, 18, 19, 20].

In their fresh state, the fruits spoil in a short time, and their shelf life can be extended by reducing their 
moisture content, i.e., by drying. The production of such fruits is a major challenge for the food industry, as 
some drying processes can damage the antioxidant effects of the plants [10]. Therefore, it may be interesting 
to assess how freeze drying (as a gentle method) affects the bioactive content and antioxidant effects of the 
fruits.

3. Materials and methods

The fruits examined by us were strawberries (Fragaria x ananassa), raspberries (Rubus idaeus), sour cherries 
(Prunus cerasus), blackberries (Rubus) and blueberries (Cyanococcus). Fresh fruits were obtained from the 
same commercial unit, their place of cultivation was the north-eastern region of Hungary. The tests were 
started by examining the total polyphenol, flavonoid, acid and vitamin C contents of the fresh fruits. Following 
this, fresh fruits were lyophilized using a Heto Powerdry PL 9000 lyophilizer at -45 °C for 24 to 48 hours, and 
then the above tests were again carried out on the freeze-dried samples. Element content was tested only in 
the case of fresh samples, as neither drying ovens nor lyophilization has not an effect on the element content 
of the plants.

3.1. Determination of dry matter content

In the case of fresh fruits, the dry matter content was determined using a drying oven (Memmert UF 75 
Universal Oven, Memmert GmbH+Co. KG, Schwabach, Germany). Samples were dried at 55 °C to constant 
weight for 12 hours, and then the moisture and dry matter content of the samples was determined using 
a formula. As lyophilization is a freeze-drying method, no further drying was performed on the lyophilized 
samples.

3.2. Total phenolic content (TPC)

The total phenolic content was determined using Folin-Ciocalteu reagent according to the method described 
by Singleton et al. [21]. After homogenization, the samples were soaked in an 80:20 mixture of methanol 
(Scharlab S. L., Spain) and distilled water, then they were filtered through fluted filter paper (Sartorius Stedim 
Biotech S.A., Gottingen, Germany). 0.5 ml of the samples was pipetted into a test tube, followed by the 
addition of 2.5 ml of Folin-Ciocalteu reagent (VWR International S.A.S., France) and 2 ml of 75 g/l sodium 
carbonate (Scharlab S. L., Spain) solution. For the formation of the colored compound, the samples were 
allowed to stand for 2 hours at room temperature in a light-protected area, and then the absorbance of the 
samples was measured in a 1 cm cuvette at 760 nm using a spectrophotometer (Evolution 300 LC, Thermo 
Electron Corporation, England). The calibration solution used in the determination of the total phenolic 
content was prepared from a stock solution of gallic acid (Alfa Aesar GmbH&Co. KG, Karlsruhe, Germany), 
so the results were obtained in mg GAE/100 g (Gallic Acid Equivalent).
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3.3. Determination of flavonoid content

A spectrophotometric method was used to determine the total flavonoid content. Samples were once again 
soaked in an 80:20 mixture of methanol (Scharlab S. L., Spain) and distilled water, then they were filtered 
through fluted filter paper (Sartorius Stedim Biotech S.A., Gottingen, Germany). 1 ml of the filtered samples 
was pipetted into test tubes containing 4 ml of a 20:80 methanol:distilled water mixture and 0.3 ml 5% of 
sodium nitrite (Scharlau Chemie S.A., Spain), then 5 minutes were allowed to pass. At the end of the waiting 
time, 0.3 ml 10%of aluminum chloride (Scharlab S.L., Spain) and 2 ml of 1 M sodium hydroxide (Sigma-
Aldrich Chemie GmbH, Germany) solution were pipetted to the samples, and the volume was filled to 10 ml 
using a methanol: distilled water mixture. Finally, the absorbance of the samples was measured in a 1 cm 
cuvette using a spectrophotometer (Evolution 300 LC, Thermo Electron Corporation, England) at 510 nm. A 
stock solution of catechin (Cayman Chemical Company, USA) was used for the calibration solutions, and the 
results were obtained in mg CE/100 g (Catechin Equivalent) [22].

3.4. Determination of vitamin C content

The vitamin C content of the samples was determined using a metaphosphoric acid solution [23]. To 5 g of the 
samples was added 100 ml of a 3% metaphosphoric acid (Thermo Fischer GmbH, Germany) solution, then it 
was mixed. It was then washed into a 250 ml volumetric flask and an additional 50 ml of metaphosphoric acid 
was added. The mixture was filtered through fluted filter paper (Sartorius Stedim Biotech S.A., Gottingen, 
Germany). 50 ml of the filtrate was pipetted into a titration flask, then 30 ml of distilled water, 5 ml of 2% 
hydrochloric acid (VWR International S.A.S, France), 5 ml of 1% potassium iodide (Sigma-Aldrich Chemie 
GmbH, Germany) and 1 ml of starch indicator (VWR International S.A.S., France) were added. The resulting 
solution was finally titrated with a 0.004 M potassium iodate (Sigma-Aldrich Chemie GmbH, Germany) 
solution. Results are given in mg/100 g.

3.5. Determination of total acid content

Acid content was determined according to the method described by Czipa (2014) [23]. Fresh samples were 
homogenized, lyophilized samples were pulverized, and then 20 g was weighed into an Erlenmeyer flask and 
150 ml of distilled water was added. After thorough stirring, it was heated on a water bath at 85-95 °C for 30 
minutes, and then it was allowed to cool to room temperature. The mixture was filtered through cotton wool 
and then made up to the mark with distilled water in a 250 ml volumetric flask. 25 ml of the resulting filtrate 
was pipetted out and made up to 100 ml with distilled water ml. Titration was carried out in the presence 
of a few drops of phenolphthalein indicator with 0.1 M sodium hydroxide (Sigma-Aldrich Chemie GmbH, 
Germany). Results are given in %.

3.6. Determination of element content

Sample preparation was performed according to the method of Kovács et al. [24]. During the test, 3 g of the 
sample was weighed into a 100 ml digestion tube. Concentrated nitric acid (10 ml) was added to the samples, 
they were allowed to stand overnight, and then were heated at 60 °C for 30 minutes. Following this, hydrogen 
peroxide (3 ml) was added to the samples and they were heated again at 120 °C for 90 minutes. At the end 
of this time, the samples were made up to 50 ml with high purity distilled water (Milli-Q water purification 
system; Millipore SAS, Molsheim, France), and filtered through 388 filter-paper (Sartorius Stedim Biotech 
S.A., Gottingen, Germany). Element content was measured with an ICP-OES (Inductively Coupled Plasma 
Optical Emission Spectrometer) instrument (Thermo Scientific iCAP 6300, Cambridge, UK). The elements 
were measured at the following wavelengths: Ca (317.9 nm), K (766.4 nm), Mg (279.5 nm), Na (589.5 nm), P 
(185.9 nm), S (180.7 nm), Mn (259.3 nm), Zn (213.8 nm). The Rf power of the ICP instrument was set to 1200 W.

3.7. Statistics

Analytical testing of the samples was performed in triplicate in each case. SPSS software (version 13; SPSS 
Inc. Chicago, Illinois, USA) was used for the evaluation of the results. Using the program, the mean and 
standard deviation were determined, and then Tukey and Dunnett’s T3 test (one-way analysis of variance) 
was used to determine statistically significant differences between the results.

4. Results

4.1. Dry matter content

Among the fruits we examined, strawberries and sour cherries had the lowest dry matter content (12.6%), 
while the highest results were obtained for blackberries (16.8%). In order to make the results of the different 
tests comparable, the values are given on a dry matter basis in each case.
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4.2 Total phenolic compounds (TPC)

The total phenolic content of the fresh and lyophilized fruits is summarized in Figure 1. Very high values (945-
1363 mg GAE/100 g) were obtained for all samples. Higher values were measured for the lyophilized samples 
than for the fresh fruits. In our opinion, this may be due to the fact that lyophilization for these compounds is 
a more gentle drying method than using an oven.

Figure 1. Total phenolic content of fresh and lyophilized fruits

As shown in the figure, there is no significant difference between fresh blackberries (967 mg GAE/100 g) and 
fresh blueberries (945 mg GAE/100 g). In the case of these fruits, the phenolic content is not significantly 
higher even after lyophilization (1037-1061 mg GAE/100 g). In contrast, for strawberries, raspberries and sour 
cherries, values between 1,145 and 1,363 mg GAE/100 g were obtained. No significantly different values were 
obtained for fresh strawberries and fresh sour cherries (1,145 and 1,150 mg GAE/100 g), and for lyophilized 
strawberries and lyophilized sour cherries (1,306 and 1,283 mg GAE/100 g). These differences could not be 
verified statistically.

4.3. Flavonoid content

The flavonoid content of the tested samples is shown in Figure 2. It is clear that there is no significant 
difference between the fresh and lyophilized samples, i.e., lyophilization does not significantly affect the 
presence of these compounds in the samples. In contrast to the phenolic compounds content, raspberries 
had the lowest flavonoid content (309-340 mg CE/100 g), while blueberries had the highest values (647-707 
mg CE/100 g). In the case of strawberries and blackberries, almost the same results were obtained, and the 
differences were statistically verifiable in each case.
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Figure 2. Total flavonoid content of fresh and lyophilized fruits

4.4. Total acid content

The total acid content is shown in Figure 3. It can be clearly seen that lyophilization did not have a 
beneficial effect on these compounds, as significantly lower results were obtained for all samples compared 
to the fresh fruits. Very high acid contents were measured for fresh raspberries and fresh sour cherries  
(54.4-54.5%). As a result of lyophilization, these values decreased by two-thirds (16.6-16.7%). In the case of 
the other fruits, the acid content did not even reach 30%. Statistically verifiable differences were obtained in 
all cases, except for lyophilized sour cherries and lyophilized raspberries (P=0.167).

Figure 3. Total acid content of fresh and lyophilized fruits
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4.5. Vitamin C content

The vitamin C content of the fruits is shown in Figure 4. In this case, lyophilization did not have a large 
effect on the vitamin C content, since, as shown in the figure, the results after lyophilization were lower 
for all samples. The highest values (236 and 242 mg/100 g) were obtained for strawberries. Similar results 
were obtained for raspberries and blackberries (172-199 mg/100 g), and for sour cherries and blueberries  
(102-128 mg/100 g). Significant results were obtained in almost all cases, except for fresh strawberries with 
fresh raspberries, fresh raspberries with fresh blackberries, and for fresh sour cherries with fresh blueberries.

Figure 4. Vitamin C content of fresh and lyophilized fruits

4.6. Element content

The element contents of the samples are shown in Table 1. Although several elements were measured, only 
the most important results are highlighted. The calcium content of the fruits was between 240 and 2302 mg/kg. 
Among the results, the calcium content of blueberries was extremely low compared to the other samples 
(240 mg/kg). There was no statistically verifiable difference between strawberries and blackberries (P=0.096).

Table 1. Element results of fresh and lyophilized fruits

Sample Ca (mg/kg) K (mg/kg) Mg (mg/kg) Na (mg/kg) P (mg/kg) S (mg/kg)

Strawberries 2,302±2 12,693±9 1,383±7 22.9±0.5 2,012±2 541±1

Raspberries 1,286±1 6,983±4 1,143±4 4.47±0.01 2,024±3 500±1

Sour cherries 1,458±2 9,521±13 945±1 4.24±0.01 1,677±3 533±0

Blackberries 1,956±8 6,582±22 1,225±8 23.1±0.2 1,806±5 695±2

Blueberries 240±1 3,765±7 195±2 5.15±0.14 863±2 445±1

The potassium content was highest in the case of strawberries (12,693 mg/kg). In contrast, blueberries 
have an extremely low potassium content of 3,765 mg/kg. Values between 6,582 and 9,521 mg/kg were 
obtained for the other samples. The differences were statistically verifiable in all cases. The magnesium 
content of the fruits was between 195 and 1,383 mg/kg. Once again, blueberries exhibited an extremely low 
value of 195 mg/kg. At the same time, the magnesium content of strawberries was 1,383 mg/kg. Significant 
differences were obtained in almost all cases, with the exception of strawberries-raspberries and sour 
cherries-raspberries. The sodium content values of the fruits was between 5.15 and 23.1 mg/kg. Compared 
to the other samples, the sodium content of strawberries and blackberries was very high (22.9 and 23.1 
mg/kg). Phosphorus content results were between 863 and 2,024 mg/kg. Similarly to calcium, potassium 
and magnesium, blueberries had the lowest result for phosphorus (863 mg/kg) as well. Significant results 
were obtained for all samples. In the case of sulfur, values between 445 and 695 mg/kg were measured. 
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The lowest result was obtained for blueberries, while the highest was obtained for blackberries. Significant 
results were obtained in all cases except for blueberries-strawberries-sour cherries [25].

4.7. Conclusions

The nutritional parameters of different red fruits were examined. Our aim was to compare the examined 
parameters (total phenolic content, flavonoid, acid and vitamin C content) in the fresh state of the fruits 
and after lyophilization. In addition, the major element contents (calcium, potassium, magnesium, sodium, 
phosphorus, sulfur) of the fresh samples were also determined. In terms of the total phenolic content and 
the flavonoid content, higher results were obtained for all fruits after lyophilization. The reason for this may 
be that lyophilization does not have as adverse an effect on these compounds as the use of a drying oven. 
Positive results were also obtained for vitamin C. The presence of this vitamin was slightly reduced in these 
samples by lyophilization. In contrast, much lower acid content results were obtained after lyophilization. In 
terms of their element content, blueberries had the lowest values, while the highest values were obtained in 
the case of strawberries. Based on the results obtained, it can be stated that in the case of the parameters 
examined (except for the acid content), freeze drying, also known as lyophilization, is a much more gentle 
drying method than the use of an oven.
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