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Abstract 
The great amount of waste produced by the food industry can be an 

interesting source of bioactive compounds. To this end, convective drying is 

one of the most extended method to stabilize the industrial by-products. 

However, drying conditions can affect not only drying kinetics but also the 

bioactivy of some compounds. Apple skin constitutes one of the main by-

product generated in apple juice or cider production. It contains important 

amounts of functional compounds such as polyphenols or vitamin C whose 

extraction can be interesting. The main aim of this work was to determine the 

influence of drying conditions, temperature and application of ultrasound, in 

some quality parameters of dried apple skin. For this purpose, apple skin 

samples were dried at different temperatures (-10, 30, 50 and 70 ºC) and with 

(20.5 kW/m3) or without application of ultrasound. Color, total phenolic 

content, antioxidant activity and vitamin C was measured in fresh and dried 

samples. The increase of drying temperature and the ultrasound sligthly 

reduced the antioxidant properties of samples while no influence in sample 

color was observed. 

 Keywords: by-product; antioxidant; polyphenol; vitamin C; color. 
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1. Introduction 

The high volume of waste produced in the actual food industries has a great environmental 
impact. However, in many cases, the waste can be considered as a by-product that 
constitute a source of interesting bioactive compounds.[1] 

Apple is one of the most popular fruits in the world being consumed such as fresh fruit, 
jam, baby food, juices or snacks. In this sense, apple skin constitutes one of the main by-
products generated in the apple industrialization. Apple skin contains great amounts of 
compounds with high antioxidant capacity, even greater than those present in the flesh.[2, 
3, 4] In fact, apple skin can be directly used as a functional ingredient of other food 
products. [5, 6]. To facilitate the storage and the manage, apple skin must be stabilized and 
for this purpose convective hot air drying is one of the most applied.[7] However, the 
temperatures and the long time of processing can damage flavor, nutritional composition or 
look of dried product.[2, 8]. In fact, the influence about drying process on antioxidant 
activity of apples and been previously studied not ontly in apple flesh [9, 10, 11] but also in 
apple skin.[2] Taking into account the final quality of the product, the drying processes at 
low temperatures emerges as an excellent alternative. However, the low drying rate at this 
contidions makes necessary the search of methos to intensify the process [22, 23]. In this 
sense, ultrasound application constitutes an efficient way to intensify mass transport which 
can shorten the processing time.[12] Moreover, the effects of ultrasound are mainly 
mechanical which dn’t produce a significant heating of the samples.[13] 

The main aim of this work was to assess the influence of the drying temperature and 
ultrasound application on the color and the antioxidant properties of apple skin. 

2. Materials and Methods 

2.1. Sample preparation 

Apples (Royal Gala var.) of similar ripness state were choosen in a local market (Valencia, 
Spain). The fruits were washed with tap water and peeled using a household peeler. After 
that, the samples of apple skin were blanched for 30 s in boiling water  in order to inactivate 
the enzyme polyphenol oxidase.[14] Initial moisture content was determined after 
maintaining apple samples in a vaccumm oven at 60 ºC until constant weight [15]. 

2.2. Drying 

Experiemntal drying processes was carried out at atmospheric freeze-drying and at hot air 
drying conditions.  
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2.2.1. Atmospheric freeze-drying experiments 

Apple skin samples were placed in a holder with regular distribution that assure the 
homogeneity of air flow and ultrasound treatment during drying process. After, the set was 
introduced in a blast freezer (HIBER, mod. ABB BF051, Italy) where samples were frozen 
at -35 ± 1ºC. Later, the frozen samples were placed in an ultrasonically-assisted convective 
drier [22] where drying experiments were carried out at -10ºC and 2 m/s, without (AIR-10) 
and with (US-10; 50 W; 21.9 kHz) ultrasound application. Experiments ended when 
samples lost 85 % of initial weight.   

2.2.2. Hot air drying experiments 

Fresh apple skin samples where placed in a similar holder than the used for atmospheric-
freeze drying experiments, and placed in a dryer assisted with ultrasound [16]. Drying 
experiments (2 m/s) were conducte at 30, 50 and 70ºC, without (AIR30, AIR50 and AIR70) 
and with (US30, US50, US70; 50 W; 21.7 kHz). All the conditions tested were carried out 
by triplicate. 

2.3. Quality parameters 

2.3.1. Color 

Apple skin sample color was assesd by measuring the CIELab parameters L* 
(lightness/darkness), a* (redness/greenness) and b* (yellowness/blueness) with the help of a 
colorimeter CM-2500d (Konica Minolta, Japan). All readings were done in triplicate using 
a D65 illuminant reference system. Chroma was estimated from Eq. 1. 

�∗ = ���∗2 + 	∗2
 
     (1) 

2.3.2. Antioxidant properties 

An extract of dried apple skin was obtained for measuring antioxidant properties. For this 
purpose 3 g of sieved powder of apple peel were placed in 25 mL of an ethanol (96 % v/v). 
(3,5 g of apple’s peel powder in 10 mL of ethanol (96 % v/v) in the cas of acorbic acid 
measurements). The mix was introduced in an ultrasonic cleaner bath (VMR mod. USC-T, 
USA) forg 15 min. After that, the samples were filtered using nonsterile hydrophobic PTFZ 

syringe filters of 4.5 µm (VMR, USA). 

2.3.3. Antioxidant capacity 

Antioxidant Capacity (AC) of the apple skin was determined by the Ferric-Reducing 
Ability Power (FRAP) method, which was described by Benzie and Strain.[17] The results 
were expressed as mmol Trolox equivalent per g of dry mass of apple skin. 
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2.3.4. Total Phenolic Content 

The Total Phenolic Content (TPC) of the apple’s peel extracts was determined following 
the Folin-Ciocalteau method.[18] In this case, the results were expressed as mg of Gallic 
acid equivalent (GAE) per g of dry mass of apple skin. 

2.3.5. Ascorbic Acid content 

The Ascorbic Acid content (AA) was determined adapting the method proposed by Jagota y 
Dani [19], and expressed as mg of ascorbic acid content per g of dry mass of apple skin. 
Every measurements were done in triplicate. 

The percentage of retention of the different antioxidant parameters was estimated (Eq. 2) 

������� =
��
�0
· 100 

    (Eq. 2) 

where P0 is the value of the parameter obtained (AC, TPC and AA) from fresh apple skin 
and Pf from the different dried apple skin samples. 

3. Results and Discussion  

3.1. Color measurements 

The measuerements of apple skin sample color showed that in the AIR experiments, 
samples dried at the greater drying temperature presented higher luminosity but lower 
redness and yelowness (Fig. 1). The results obtained at the lower temperature tested were 
the opposite, being samples less luminous, but with higher values of redness and 
yellowness attributes being these last characteristics more appreciated for the apple skin of 
the Royal Gala apple variety.  

As for the ultrasound influence on the color, the parameters obtained in US-10 experiments 
were similar than the obtained at AIR50. The mechanical stress produced by ultrasound 
over the frozen samples during the long drying period may be the reason for this result. In 
the case of US30, US50 and US70, the relationship between color parameters and 
temperature was similar than for AIR experiments. 

Regarding the chroma, in the case of AIR experiments, the highest value was obtained at 
the lowest drying temperature tested, decrasing its value with the increase temperature. 
(Fig. 1). In the case of US experiments, the US-10 experiments showed significant (p<0.05) 
lower chroma value than those found at AIR-10. However, at temperatures above freezing 
point, the application of ultrasound increased the chroma value. In fact, the value obtained 
in US30 experiments was not significantly different that the obtained in AIR-10, showing 
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that is possible to achieve the same saturation color in this condition that at atmospheric 
freeze-drying condition but in a shorter process time. 

 

Figure 1. CieLAB Color parameters and chroma of apple skin dried at different temperatures 

without or with (50 W) ultrasound application. 

3.2. Antioxidant Capacity (AC) 

The antioxidant capacity (AC) of the fresh apple peel was 42±1 mg Trolox/g d.m, being 
this value higher than those obtained for other authors in apple’s flesh.[10, 11, 12] On the 
contrary, the retention of AC after drying was in the range.[10, 11, 12]  

No seignificant difference wer found about AC retention among the samples dried at 
different conditions except for AIR30 ones (Table. 1). In this conditions, samples showed a  
significant (p<0.05) higher percentage of AC retention. In general, the application of 
ultrasound dind’t signficanly affect the AC retention. Therefore, the use of ultrasound can 
be interesting to reduce drying temperature without significantly affect the AC retention. 

3.3. Total Phenolic Compounds (TPC) 

The TPC content of dried apple skins was 16.6±0.9 mg de GAE/ g d.m, being in the range 
found for fresh apple skin by Lata [20], and slightly lower than those found by Henriquez et 
al. [2]. As expected, the drying process reduced significantly the TPC (Table. 1). Above 
freezing point, the higher the temperature the lower the TPC retention showing the termo-
sensibility of TPC.[2] Regarding the atmospheric-freeze dried samples, TPC of AIR-10 
samples was not significantly different than the TPC of AIR50 ones. The previous freezing 
of AIR-10 samples could contribute to the rupture of some cells increasing the phenolic 
compounds degradation. The long time spent in this type of drying process could also 
increase the TPC degradation. 
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The ultrasound application generated a slightly decrease of the TPC retention. The 
mechanical stress induced by ultrasound can be responsible of this slight degradation of 
phenolic compound being this effect more significant when other adverse effects such as 
high temperature or freein were less important. Santacatalina et al. [9] also found similar 
effects of ultrasound application in dried apple flesh. 

3.4. Ascorbic Acid content 

The ascorbic acid (AA) content obtained of fresh apple peel was 1.6±0.2 mg of ascorbic 
acid/g d.m. As was already expected, the drying produced a partial degradation of this 
propertie, being the percentage of retention in the range than those found by Moreno et 
al.[11] In AIR processes above freezing point, the lower the temperature the greater the 
percentage of AA retention (Table. 1). At -10ºC, the long dying time and the previous 
freezing of sample can explain the greater AA degradation. Therefore, regarding the 
antioxidant properties of dried apple skin, the atomospheric-freeze drying is not the more 
adequate drying method. 

As for ultrasound application, no significant (p<0.05) effect on AA retention was observed 
except when drying took place at 70ºC. In this case, the retention in US70 experiment was 
significantly (p<0.05) higher than AIR70 process, although these differences were small. 

Table 1. Percentage of retention of total phenolic content, antioxidant capacity and ascorbic acid of 
apple peel after been dried at different temperature with and without ultrasound application. 

Treatment 
% retention 

AC  TPC AA 
AIR-10 61.8 64.0 59.8 
AIR30 78.9 84.9 88.7 
AIR50 59.4 73.4 61.3 
AIR70 62.0 59.0 55.0 
US-10 60.5 61.1 60.8 
US30 69.2 62.3 88.9 
US50 58.9 66.3 58.9 
US70 67.2 50.8 68.5 

 

4. Conclusion 

Drying temperature and ultrasound application affected the apple skin quality. The results 
obtained showed that the atmospheric freeze-drying was not an interesting drying method 
for both the long processing time and the no-significant influence on qualtity attributes 
tested, color and antioxidant properties. General speaking, the influence of ultrasound 
application during drying on quality attributes was negligible. Then, it constitutes an 
interesting way to intensify drying process and could permit the reduction of drying 
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temperature, which can means a energy needs reduction. However ,this last fact must be 
deeply studied.  
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