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ABSTRACT 

The non-thermal technologies have been extensively studied in past decade, especially in terms of food safety and 

preservation. In wine industry, safety is often related with sulfur dioxide due to its potential allergic properties 

and, importance of its reduction or even elimination has been increasingly emphasized. The aim of this study was 

to evaluate the effect of two non-thermal techniques: high hydrostatic pressure (HHP) and non-thermal plasma 

(NTP) on the changes of aroma compounds in sulfur dioxide-reduced white wine Graševina (Vitis vinifera L.). 

During HHP treatment different pressures (200, 400 and 600 MPa) and treatment durations (5, 15 and 25 min) 

were applied, while NTP treatment included variations of frequency (60, 90 and 120 Hz) as well as treatment 

duration (3, 5 and 10 min). Immediately after the treatments, wines were subjected to solid-phase microextraction 

and gas chromatography-mass spectrometry analyses (SPME-GC/MS). Results showed changes in concentrations 

of the main aroma groups after applied techniques. But, in the case of HHP those changes were pronounced in a 

much lesser extent than after NTP, where significant decrease in concentrations of acetate esters along with 

increase of higher alcohols content was observed. Furthermore, longer treatment duration of NTP resulted in more 

noticeable changes than higher applied frequency. Consequently, obtained results suggest that these techniques, 

especially HHP, could have an important role in winemaking, primarily for microbial stabilization of wines with 

reduced sulfur dioxide content. 

 

Keywords: aroma compounds; high hydrostatic pressure; non-thermal plasma; white wine; GC/MS 

 

INTRODUCTION 

There is a growing interest for the non-thermal processing of foods, especially fruits and vegetables and 

their products, primarily due to the preservation of the heat-sensitive bioactive compounds. Moreover, 

the presumption that non-thermal processing is energy efficient and environmentally friendly 

additionally makes them very attractive. Other benefits to the food industry include the provision of 

food safety and new market opportunities (Tokuşoğlu, Swanson, 2014). In recent years, many 

investigations are related with non-thermal processing technologies where, among others, the 

application of high hydrostatic pressure (HHP) and non-thermal plasma (NTP) is often emphasized.  

HHP represents process that employs pressures in range of 200-1200 MPa with only small increase in 

processing temperature. It is interesting alternative to traditional food processing and preservation due 

to its limited effects on covalent bonds that results in minimal modifications in nutritional and sensory 

quality (Oey et al., 2008). Recent studies showed that HHP was successfully applied on wine for the 

inactivation of undesired microorganisms (Buzrul, 2012; Briones-Labarca et al., 2017), for increasing 

the extraction of polyphenolic compounds from grapes and improving the overall quality of wine 

(Morata et al., 2015), as well as for accelerating the aging process of wine (Santos et al., 2015; Sun et 

al., 2016). On the other hand, and to the best of our knowledge, there is a lack of information about the 

effect of NTP technique on wine. Only researches available are our recent investigations (Lukić et al., 

2017a; Lukić et al., 2017b) where slight changes in physicochemical properties, chromatic 

characteristics and phenolic composition of treated wine were estimated. Generally, plasma is described 

as partially or completely ionized gas with characteristic electrical, chemical and physical properties, 

which can be generated by many methods such as electrical discharges (corona, spark, glow, arc, 

microwave discharge, plasma jets and radio frequency plasma) and electrically, magnetically and 

chemically driven shocks (Petitpas et al., 2007). The most important physical effects are a high electric 

field, intense UV radiation and overpressure shock waves (Zhang et al., 2009), while major chemical 
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effect is manifested through the generation of reactive species, such as hydrogen peroxide, hydroxyl, 

oxygen and hydrogen radicals (Locke et al., 2006). 

Despite mentioned studies, there is a lack of information about influence of these technologies on aroma 

compounds, as one of the main quality parameters of wine. Hence, the aim of this research was to 

investigate their effect on the main aroma groups in white wine Graševina (Vitis vinifera L.).  

 

MATERIALS & METHODS 

Wines 
The wines used in this study were young white wine Graševina (Vitis vinifera L.), vintage 2016, obtained 
from winery Erdutski vinogradi (Erdut, Croatia). Physicochemical properties of wine were: alcoholic 
strength, by volume 11.4 vol %, total acidity (as tartaric acid) 5.1 g/L, volatile acidity (as acetic acid) 
0.31 g/L, pH 3.37, reducing sugars 2.8 g/L, total extract 20.2 g/L, malic acid 1.2 g/L. 
 
Chemicals 
Ethanol was HPLC grade and purchased from J.T. Baker (Deventer, Netherlands), sodium chloride p.a. 
was purchased from Carlo Erba (Val de Reuil, Spain), while the aroma reference standards were 
purchased from Sigma Aldrich (St. Louis, USA). 
 
High hydrostatic pressure (HHP) treatment 
High hydrostatic pressure system FPG7100 (Stansted Fluid Power, Harlow, UK) was used to perform 
HHP treatments. The 100 mL of wine was poured into plastic bottle, vacuum sealed in bag and placed 
in the pressure chamber (maximum capacity of 2 L) with propylene glycol as the compression fluid. 
Different processing parameters were applied in order to assess the possible effects of the HHP 
treatment: pressures (200, 400 and 600 MPa) and pressure holding times (5, 15 and 25 min). All the 
treatments were carried out in triplicate and at room temperature (25 °C).  
 
Non-thermal plasma (NTP) treatment 
The plasma treatments were conducted with a point to point electrode configuration in a so-called hybrid 
reactor with discharges in and above the liquid with 1000 mL glass vessel. Configuration and parameters 
of NTP were in detail described by Lukić et al. (2017b). 300 mL of wine was treated with plasma at the 
combination of following processing parameters: frequency at 60, 90 and 120 Hz and treatment duration 
of 3, 5 and 10 min. Similar to HHP, all treatments were conducted in triplicate and at room temperature 
(25 °C). 
 
Analysis of aroma compounds 
Aroma compounds were analyzed by gas chromatography coupled with mass spectrometry (GC/MS) 
using an Agilent Gas Chromatography 6890 series equipped with an Agilent 5973 Inert mass selective 
detector (Agilent Technologies, Santa Clara, USA), with prior extraction by solid-phase microextraction 
(SPME). Applied method was in detail described by Tomašević et al. (2017). 
 

RESULTS & DISCUSSION 

GC/MS analyses resulted in quantification of over 20 different aroma compounds in treated, as well as 

in non-treated, control Graševina wine. Due to the large quantity of obtained data, quantified aroma 

compounds were grouped, according to the chemical group they belong to, in acetate esters, ethyl esters, 

higher alcohols and volatile fatty acids, and the results were presented in Figures 1 and 2.  

The influence of process parameters of HHP treatment on the main aroma groups were shown in Figure 

1. As can be seen, applied treatment influenced slight changes in concentration of analyzed aroma 

compounds. Primarily, those changes were negligible decrease of acetate esters and volatile fatty acids 

(Figure 1.a and d), as well as more pronounced decrease of ethyl esters (Figure 1.b). Furthermore, 

opposite trend was established regarding the concentration on higher alcohols (Figure 1.c) where 

application of HHP influenced slight increase in their concentration. Also, it can be seen that higher 

pressures along with longer treatment duration resulted in more pronounced effect. In other words, the 
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lowest pressure applied (200 MPa) during 5 min influenced minor changes, while the highest pressure 

(600 MPa), especially during 25 min, resulted in the most notable ones.  

Contradictory results regarding the effect of this technique on changes in wine aroma could be observed 

in published literature. For example, application of HHP did not affected changes in concentration of 

several aroma compounds (aldehydes, ethyl acetate, propanol, i-butanol, butanol and i-amyl alcohol) in 

research conducted by Briones-Labarca et al. (2017). On the other hand, Santos et al. (2015) determined 

significant changes of aroma compounds after applied treatment. Main difference between those 

investigation was the time of analysis, wherein the latter authors investigated long-term effect of HHP 

(9 months after treatment) and upper investigation was conducted, similar to our case, immediately after 

the treatment. Hence, this technique could have an important role for wine aging since the compounds 

found after 9 months of storage were acetals, ketones, furans and aldehydes, compounds that are usually 

characteristic for wine aging aroma (Santos et al., 2015). Additionally, Briones-Labarca et al. (2017) 

also investigated the short-term effect of HHP on several aroma compounds (mainly higher alcohols) 

and they found no changes in concentrations of analyzed compounds after the treatment, which is in line 

with our conclusions. It is, therefore, necessary to investigate the long-term effect of this technique prior 

to making general conclusions. 

Figure 1. Influence of HHP treatments on the concentrations of main groups of aroma compounds in Graševina 

wine: a) sum of acetate esters, b) sum of ethyl esters, c) sum of higher alcohols and d) sum of volatile fatty acids. 

 

Figure 2. shows the effect of NTP process parameters on the changes of previously stated aroma 

compounds. It can be seen that this technique resulted in more pronounced changes when compared to 

HHP treatments. Primarily, those changes are related to the higher decrease of acetate esters and volatile 

fatty acids, as well as higher increase of higher alcohols, while decrease in concentrations of ethyl esters 

was similar as for HHP treatment. Opposite to the HHP, the trend established in the case of NTP was 

not uniformly correlated with applied process parameters. For example, concentrations of acetate esters 

(Figure 2.a) decreased in correlation with treatment duration, while higher frequencies did not result in 

their lower concentrations. Furthermore, different trends could be observed in the case of ethyl esters 

and volatile fatty acids (Figure 2.b and d), where the longest treatment duration (10 min) resulted in 
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increment of these compounds. Also, as stated for acetate esters, observed changes are more pronounced 

at longer treatment duration in comparison to the applied frequency. Finally, like HHP effect, increase 

in concentration of higher alcohols (Figure 2.c) was also observed after NTP application. Similar to the 

other groups of aroma compounds, changes were more pronounced in correlation with longer treatment 

duration, while applied frequency was established as less important factor. These changes could be due 

to the plasma mechanisms such as produced shock waves and generation of hydroxyl radicals during 

water photodissociation (Boussetta, Vorobiev, 2014). In the case of application of NTP in wine 

production, to the best of our knowledge, no studies have investigated the influence of this technology 

on the volatile aroma compounds of wine. As more, no studies investigated its influence on aroma of 

other fruit beverages. There is only one research dealing with the effect of NTP on volatile components 

of tomato juice (Ma, Lan, 2015) where they found that NTP treatment increased concentrations of 

several compounds (trans-2-hexenal, m-xylene and glycerol). On the other hand, some components, 

such as ester ethyl laurate were lost after NTP which is in line with our results where the decrease in 

concentration of esters was established, respectively. As in the case of HHP, it is very important to make 

further investigation of the NTP influence on overall wine quality as well as to examine its long-term 

effect.  

Figure 2. Influence of NTP treatments on the concentrations of main group of aroma compounds in Graševina 

wine: a) sum of acetate esters, b) sum of ethyl esters, c) sum of higher alcohols and d) sum of volatile fatty acids. 
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CONCLUSION 

Based on obtained results, it can be concluded that applied non-thermal techniques influenced changes 
in concentration of the main aroma groups. HHP treatment resulted in changes that were pronounced in 
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a much lesser extent than after NTP, where significant decrease in concentrations of acetate esters along 
with increase of higher alcohols content was observed. Regarding the applied process parameters, higher 
pressures as well as longer treatment duration of HHP resulted in more noticeable changes of analyzed 
compounds, while duration of NTP treatment was more important factor than applied frequency. Despite 
the observed changes, obtained results suggest that these techniques, especially HHP, could have an 
important role in winemaking, primarily for microbial stabilization of wines with reduced sulfur dioxide 
content, wherein further researches are obligatory in order to investigate their effect on overall wine 
quality. 
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ABSTRACT 

 

The use of non-traditional raw matetrials and flour and replacement of wheat flour with them, follows the 
modern trend of production of healthy bakery products. 
The aim of this paper is to show the difference between flour from hull-less and hulled barley and biscuits 
produced form 100% hull-less and hulled barley flour. 
The following analyzes were made on flour and produced biscuits (Method AACC 10-50D), moisture 
(ISO 6540), ash (ISO 5984:2002), antioxidant activity (DPPH method) and total polyphenols (determined 
with Folin-Ciocalteu reagent). After baking in biscuits was measuring the color of the biscuits in CIE 
L*a*b* system by using colorimeter (Konica Minolta Chroma Meter CR-400, Japan). 
From the analyses made, we have found that hulled barley flour has higher moisture, ash, antioxidant 
activity and total polyphenols than hull-less barley flour. 
Chemical analysis in biscuits show that heat treatment (baking) reduces the moisture, ash, antioxidant 
activity and total polyphenols in biscuits.  
The produced biscuits with hulled barley flour was more lighter, less redder and yellower then biscuits 
produced with hull-less barley flour. 
 
Keywords: biscuits; barley; hulled; hull-less; functional food; 
 

 

INTRODUCTION 

Today it is evident that functional foods can become an important portion of people’s dietary intake 

(Lahouar et al., 2016). Functional foods are conventional foods containing substances that give them 

functional properties (Nakov et al., 2018). In this line, the great number of potentially active nutrients and 

their multifunctional properties make barley (Hordeum vulgare) are functional component for the 

production of health-promoting food. (Lahouar et al., 2016). From a nutritional point of view, the barley 

is low in fat, high in dietary fiber and contains essential amino acids in an amount equal to or greater than 

other cereals. Barley flour is a beneficial food for health. In particular, barley β-glucans are proven to 

reduce blood cholesterol and glycemic load (Behall et al., 2004; AbuMweis et al., 2010; Kourkoutaet al., 

2017 ). 

Barley is usually classified as spring and winter types, two-rowed or six-rowed and hulled or hulless 

(Gangopadhyay et al., 2015). Hulled barley is covered with palea and lemma, require dehulling to remove 

the tough inedible outer hull. Hulless barley has an outer hull that's so loosely attached to the kernel that it 

generally falls off during harvesting (Lahouar et al., 2016; Das, Kaur, 2016). Hull-less barley requires 

little or no effort to remove the hull during threshing or processing and would be more suitable for 

soaking and cooking purpose and comparatively more nutritious than hulled barley. Along with that, hull-

less barley is superior in nutritional characteristics such as protein, starch, β-glucan, total dietary fiber and 

limiting amino acids compared with hulled barley (Mangan et al., 2015; Noaman, 2017). 

Several researchers have suggested that barley can be incorporated into several food products like yogurt, 

bread, cookies, noodles, muffins and etc. (Gupta et al., 2011; Frost et al., 2011; Hamed, 2013; Beitane, 
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2013; Pejcz et al., 2016; Džafić et al., 2017; Badawi et al., 2017; Shehry, 2017; Alka et al., 2017). 

Biscuits, also known as cookies, are a snack food consumed extensively all over the world. (Gernah, 

Anyam, 2014). Biscuits are a diverse group bakery product ranging from varieties high and low in fat, 

high and low in sugar in more or less combination (Ahmad, Ahmed, 2014). 

 

MATERIALS & METHODS 

Materials 

The raw materials used for preparing the biscuits include: hull-less barley, hulled barley, sugar, salt, 

sodium bicarbonate, butter, distilled water, glucose solution. All raw materials for production of biscuits 

were bought from local shops.  

 

Methods 

Two types of biscuits were produced. Biscuits were prepared according to the procedure described in AACC 

Method 10-50D (2000). The flour and biscuit samples were analysed for moisture, ash, total phenolic and 

corresponding antioxidant activities. Moisture content was determined according to ISO 6540:1980. Ash 

content was carried out according to ISO 5984:2002. Total phenolic contents and antioxidant capacities 

were determined according to the methods described by Wang and Ryu (2013). The total phenolics were 

assessed spectrophotometrically using the Folin-Ciocalteu reagent. The antioxidant activity of the samples 

was measured on the basis of the scavenging activities of the stable DPPH radical. 

After baking in biscuits was measuring the color of the biscuits in CIE L*a*b* system by using 

colorimeter (Konica Minolta Chroma Meter CR-400, Japan). 

Statistical analysis of calculated weighted grades has been made with the help of XLSTAT 2017 and 

Microsoft Office Excel 2013 programs. During processing the results in XLSTAT 2017 program, analysis 

of variance (ANOVA) and Fisher`s Least Significant Difference test (LSD) with an importance factor 

(significance) of 95% (p<0.05) have been used. 

 

RESULTS & DISCUSSION 

Table 1 presents the results of the chemical analysis of the flour produced by hull-less and hulled barley. 

 
Table 1. Chemical characteristics of the flour produced by hull-less and hulled barley 

 

Parameters Hull-less barley flour  Hulled barley flour 

Moisture (%) 9.92±0.06a 12.33±0.04b 

Ash (%) 1.65±0.04a 3.16±0.05b 

Antioxidant activity (%DPPH) 2.51±0.03a 12.12±0.53b 

Total polyphenols (mgGAE/g) 0.14±0.01a 0.31±0.00b 

*Values in the same row with different exponents (a-b) have statistically significant difference (p<0.05) ANOVA, 

Fisher`s LSD. 

 

The table shows that the flour produced by hull-less barley has lower moisture content (9.92±0.06%) and 

this is statistically significant (p<0.05) compared to the moisture content of the flour produced by hulled 

barley (12.33±0.04%). The amount of moisture in the flour is significant because of the possibility of 

storing it for longer. It is recommended for the moisture content of the flour to be less than 14%, or even 

better if it is below 12% (Gaćeša, 1997). 

The ash does not contain organic compounds and its composition includes all the mineral matter 

contained in food, and nutritionally wise it helps in the metabolism of carbohydrates and other organic 

compounds (Mousa, Mousa, 2014). From the results obtained, it can be noted that the flour produced by 

hulled barley has a higher ash content (3.16±0.05%) and is statistically significant (p<0.05) compared to 

the flour produced by the hull-less barley (1.65±0.04%). The higher ash content (mineral matter) in the 

hulled barley flour is due to the minimal processing of the barley grain itself, and most of the coating and 
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endosperm remain unchanged. The hull-less barley grain partially loses hull containing the largest amount 

of mineral matter during the harvest and the amount of mineral matter is determined by the minerals 

contained in the endosperm of the grain and the parts left over from the hull (Hou and Jimeney, 2012). 

Antioxidants and antioxidant systems prevent acute damage to health by “capturing” free radicals that can 

damage the cellular components (Webb, 2006).  Regarding antioxidant activity, the flour produced from 

hulled barley distinguishes itself with greater antioxidant activity (12.12±0.53%DPPH). The antioxidant 

activity of this flour is statistically significant compared to the antioxidant activity of flour produced from 

hull-less barley (2.51±0.03%DPPH). 

Polyphenols are metabolites present in plants. These compounds are known to have antioxidant activity 

and it is assumed that the antioxidant activity of the plants is due precisely to these compounds (Ivanišova 

et al., 2018). Apart from their role in plants, these nutrient-based compounds act positively on people's 

health primarily through reduced risk of chronic illness (Gani et al. 2012).  From the results shown (table 

1), the hulled barley flour has a larger total polyphenols content (0.31±0.00 mgGAE/g) and is statistically 

significant (p<0.05) compared to the total polyphenols content determined in the flour from the hull-less 

barley (0.14±0.01mgGAE/g).  

The results from the analysis of the produced biscuits are provided in table 2. The moisture 

content in the biscuits is reduced in comparison to the moisture content in the used flour. 
 
Table 2. Chemical characteristics of the produced biscuits 

 

Parameters 
Biscuits form 100% hull-less 

barley flour  

Biscuits form 100% hulled barley 

flour  

Moisture (%) 7.99±0.54a 9.10±0.34b 

Ash (%) 1.65±0.04a 2.19±0.01b 

Antioxidant activity (%DPPH) 2.38±0.03a 11.23±0.04b 

Total polyphenols (mgGAE/g) 0.08±0.01a 0.15±0.02b 

*Values in the same row with different exponents (a-b) have statistically significant difference (p<0.05) ANOVA, 

Fisher`s LSD. 

 

During thermal processing (baking), a heat and mass transfer occurs and at the same time the temperature 

in the biscuits increases. This thermal process affects the qualitative parameters of the produced biscuits, 

especially the moisture content and color of the biscuits (Nakov et al., 2017а).  It can be seen from Table 

2 that biscuits produced from 100% hulled barley flour have a higher moisture content (9.10±0.34%) and 

are statistically significant (p<0.05) compared to biscuits produced from 100% hull-less barley flour 

(7.99±0.54%). The ash content in biscuits produced from 100% hulled barley flour is higher 

(2.19±0.01%) and statistically significant (p<0.05) compared to biscuits produced from 100%  hull-less 

barley flour (1.65±0.04%). 

If comparing the ash content in the used flour, it can be noted that the amount of ash in the hulless barley 

flour remains unchanged after the thermal processing (baking). From the obtained results on the 

antioxidant activity of the obtained biscuits (table 2), it can be noted that biscuits with 100% hulled barley 

flour have a higher antioxidant activity (11.23±0.04%DPPH, which is statistically significant (p<0.05) 

compared to biscuits made with 100% hull-less barley flour (2.38±0.03%DPPH).  If the antioxidant 

activity of the used flour and manufactured biscuits is compared, it can be noted that the process of 

thermal processing affects the antioxidant activity of the biscuits. The biscuits produced from 100% 

hulles hull-less s barley flour and 100% hulled barley flour have a lower antioxidant activity compared to 

the flour used (respectively). In terms of total polyphenols content determined in biscuits, the biscuits 

produced from 100% hulled barley flour are characterized by a greater total polyphenols content 

(0.15±0.02 mgGAE/g) which is statistically significant (p<0.05) compared to biscuits produced from 

100% hull-less barley flour (0.08±0.01% mgGAE/g). The process of thermal processing affects the total 

polyphenols content. In biscuits, the total polyphenols thermal processing is approximately twice as low 

as the total polyphenols content in the used flour. 
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The basic ingredients for biscuit production are flour, sugar and fat. Dough is baked at high temperature 

(205 0С) for several minutes, to obtain low water content and brown surface of biscuits. During the 

baking process, heat and mass transfer occurs due to high temperatures. The heat is transferred with the 

warm air from the surface to the interior of the biscuits and the moisture from the interior to the surface. 

During the thermal processing (baking), several reactions (Maillard reaction and caramelization) take 

place which have a direct effect on the formation of the color of biscuits (Nakov et al., 2017b; 

Stamatovska et. al. 2017). 

 
Table 3. Тhe parameters for biscuits color (L *a *b*) 

 

 

Time 

L* a* b* 

Hulled barley Hull-less barley Hulled barley Hull-less barley Hulled barley Hull-less barley 

5 min 57.51±2.26 68.27±1.20 2.29±0.34 1.80±0.12 19.98±1.60 23.79±0.47 

6 min 57.39±1.80 67.91±1.03 2.33±0.56 2.45±0.12 22.59±1.04 25.01±0.78 

7 min 56.46±0.36 67.32±0.78 2.43±0.64 3.37±0.65 23.22±2.37 27.35±1.46 

8 min 55.47±2.30 63.73±3.91 3.08±0.57 4.87±0.33 24.55±1.60 27.73±2.59 

9 min 54.81±2.77 61.94±0.87 5.48±0.56 7.74±0.78 27.13±0.54 30.95±0.45 

10 min 53.43±2.91 58.68±0.94 6.06±0.88 9.53±0.76 28.84±1.49 31.00±0.48 

• The results are an average value of 5 measurements ±SD. 

 

Table 3 presents the parameters for biscuits color from 100% hulled barley flour and 100% hull-less 

barley flour, determined by the CIE L *a *b* system, at different baking times (5 to 10 min). Table 3 

shows that the values of the L* parameter for biscuits produced from 100% hulled barley flour and 100% 

hull-less barley flour are reduced by extending the baking time from 5 to 10 min (57.51±2.26 -

53.43±2.91; 68.27±1.20-58.68±0.94, respectively). The closer the values for the L* parameter are to 100, 

the lighter the color of the biscuits is, and the closer these parameters are to 0, the darker the color is 

(Konica Minolta (09.03.2018)).   

Values for the a* parameter for biscuits from 100% hulled barley flour and 100% hull-less barley flour 

are increased during baking from 5 to 10 min (2.29±0.34-6.06±0.88; 1.80±0.12- 9.53±0.76, respectively). 

The more negative the values of the parameter a* are, the greener the color of the biscuits is, the more 

positive the values of the parameter a* are, the redder the color is (Konica Minolta (09.03.2018)).   

The values for parametar b* show the presence of blue or yellow color in the biscuits, i.e. the more 

negative the values of this parameter are, the bluer the biscuits are, and the more positive the values of 

this parameter are, the more yellow the biscuits are (Konica Minolta (09.03.2018)). The low moisture 

content and increased temperature influences the appearance of the yellow color (Bošnjaković, 2014).  

The values for the b* parameter for biscuits from 100% hulled barley flour and 100% hull-less barley 

flour shown in Table 3 increase from 5 to 10 minutes of baking (19.98±1.60-28.84±1.49; 23.79±0.47-

31.00±0.48, respectively). 

 

CONCLUSION 

On the basis of the conducted analysis, it can be concluded that the flour obtained from hulled barley is 

characterized by higher moisture content, ash and total polyphenols, as well as greater antioxidant activity 

compared to 100% for biscuits from 100% hulled barley flour and 100% hull-less barley flour barley 

flour. Higher content in relation to the same parameters is found in biscuits produced from 100% hulled 

barley flour compared to biscuits produced from 100% for biscuits from 100% hulled barley flour and 

100% hull-less barley flour barley flour. Hence, we can conclude that the results obtained for the flour 

correspond to the results obtained for biscuits but are generally lower due to the impact of thermal 

processing. From the obtained values for the color parameters of the obtained biscuits, determined using 
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the CIE L*a*b* system during baking from 5 to 10 minutes, it can be concluded that the values of the 

parameter L* are reduced, and the values for the parameters a*. 
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ABSTRACT 
 

The aim of this study was to develop mathematical model for predicting the convective thin layer 
drying kinetics of strawberry slices, fresh and osmotic pretreated, to calculate the effective diffusivity 
and activation energy.  
Fresh, untreated strawberries are cut on slices and dry in sucrose solution on temperature 50 oC and 
concentration 55 and 65 oBx. After osmotic dehydration slices are dried in thin layer on air 
temperature 60, 70 and 80 oC and air velocity 1 m/s. The experimental data was fitted to five thin layer 
models, that are widely used in most food and biological materials. The determination of coefficient 
(R2), reduced chi – square (2) and root mean square error (RMSE) were used as the primary criterion 
to select the best equation to account for variation in the drying curves of the dried samples. The Page 
model was found to be a model for describing the characteristic of strawberry for all of experimental 
conditions.  

 

Keywords: strawberry; osmotic dehydration; air drying; mathematical modeling. 
 

INTRODUCTION 
 

Strawberry is a very popular seasonal fruit available in Serbia during the spring and early summer 
period. Compared to other fruits, strawberry is highly appreciated for excellent organoleptic 
properties, such as red colour, fine texture, and unique flavour and taste. Also, strawberry is a good 
source of ascorbic acid and other antioxidants. They have a very short post harvest shelf life, which 
effects market potential and consumer access. Because strawberry is seasonal, most of the harvested 
fruits in Serbia are preserved by freezing or by processing into concentrated juices, jams, jellies, puree 
and marmalades. Strawberry are mainly used as dairy products or as fruit ingredients in biscuits, 
cookies etc.  
Dried strawberry fruits are perfect as components of fruit and herbal teas, in muesli and desserts but 
also as healthy dried snacks. It can be preserved by drying processes such as air drying, osmotic 
dehydration with air drying, microwave and freeze drying (Adak et al., 2017; Agnieszka and Lenart, 
2010; Piotrowski et al., 2004; Ferrando and Spiess, 2003).  
Research carried out in last decade proves that osmotic dehydration in processing of fruits has very 
good effect on decreasing water content with simultaneous increasing of dry matter content and 
achieving attractive tasty and engaging product (Radojčin et al., 2010). Osmotic drying as pre-
treatment in fruit drying technology has influence on decreasing draying rate values during air and 
microwave drying (Pavkov et al., 2010; Piotrowski et al., 2004). Combination of osmotic dehydration 
with convective drying appears as good drying technology for dried fruits with reasonable energy 
consumption, a good shelf life and quality. The aim of this study was examining kinetics of air drying 
of strawberries in fresh state or after initial osmotic dehydration. Detailed analysis concerned influence 
of osmotic dehydration on drying curves, drying rate, rehydration and colour changes.  

Mathematical models have provide to be very useful in design and analysis of heat and mass 
transfer processes during drying. All parameters used by simulation models are directly related to the 
drying conditions. Furthermore the drying conditions, as directly related to the drying time are 
effecting the energy demands (Menges and Ertekin; 2006). Thin layer drying equations are used to 
estimate drying times of several products and also to generalise drying curves. The drying kinetics of 
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all fruit and vegetables cannot be described by the same equation due to the difference in moisture 
content and typical transport phenomena during drying. Recently, there are lot of studies on drying 
kinetics of fruit and vegetables (Kingsly et al., 2007, Si et al., 2015, Menges and Ertekin, et al., 2006, 
Pavkov et al., 2017). However, work on the effect of pretreatmnents on drying kinetics of strawberries 
slices has not yet been reported. The aim of this study was to develop mathematical model for 
predicting the convective thin layer drying kinetics of strawberry slices, fresh and osmotic pretreated, 
to calculate the effective diffusivity and activation energy.  
 
MATERIALS & METHODS 
 
Fresh strawberry (Jolly) were obtained from local producer Intersad, Rumenka, Serbia and stored in a 
refrigerator at 4oC until used. The stage of fruit ripeness was the beginning of technological ripeness 
with the value pH = 3.24. Strawberries of uniform size were selected for the experiment: length (31.55 
± 2.75 mm), width (30.1 ± 3.28 mm), thickness (25.9 ± 2.78 mm), mass 11,75± 2,68 g and moisture 
content 87.14% ±0.49% (wet basis). The average values of the main physical properties of fresh 
strawberry measured on a random sample of 20 fruits.  
After washing in tap water and removing the external impurities, strawberries were cut into 4,0 ±0,5 
mm thick slices along longitudinal axis. Slices were dipped in 5% ascorbic acid solution at room 
temperature (≈25 oC) during 3 min.   
Strawberries for drying were prepared in two ways: 
- untreated (in fresh state were introduced in to convective dryer) and 
- pre-treated – OD (strawberries after osmotic dehydration were introduced in to convective dryer).  
Osmotic dehydration was carried out in 55 oBx and 65 oBx sucrose solution at temperature 50 oC with 
steering for 2h. The mass ratio of the raw material to osmotic solution was 1:4.  
The air drying experiments of untreated and pre-treated strawberries were carried out at air 
temperatures of 60, 70 and 80 oC and 1,0 m/s air velocity. The samples were placed on trays in thin 
layer in experimental convective dryer “IVA – 2” (Pavkov et al., 2009). Experimental dryer 
continuously recording mass changes of strawberry samples and air temperature. Specific weight of 
strawberry slices on trays was 1.56 kg/m2. Each sample utilized in the experiment air drying weighed 
about 800 g. The amount of water removed during the air drying process was recorded at 5 minutes 
intervals by mass sensor integrated in drying chamber, with an accuracy of ± 1 g. Drying is continued 
until equilibrium moisture content reached. The drying data from air drying test were then expressed 
as moisture content on dry basis (Xt) and moisture ratio (MR) versus drying time. 
The moisture ratio (MR) of air drying samples at any time (t) is calculated according to the following 
equation: 

 (3) 

where Xt, X0 and Xeq are moisture content at any time (kg/kg d.b.); initial moisture content (kg/kg d.b.) 
and equilibrium moisture content (kg/kg d.b.). 

The drying curves (MR – t) were fitted by means of five different moisture ratio models that are 
widely used in most food and biological materials (Table 1). Those models are generally derived by 
simplifying the general series solution of Ficks second law. Non-linear regression analysis was used to 
estimate the parameters of models.  

 

Table 1 Mathematical models applied to the drying curves 
No. Model Name of model References 
1. MR = exp(−kt) Newton Bon et al., 2007 
2. MR = exp(−ktn) Page Hassan-Beygi, et al., 2009 
3. MR = aexp(-kt) Handerson and Pabis Handesron and Pabis, 1961 
4. MR = aexp(−kt) + c Logarithmic Bon et al., 2007 
5. MR = 1 +at +bt2 Wang and Singh Wang and Singh, 1978 

* k – drying constant, n – model exponent, a, b, c – model coeficinets aan t – drying time (h) 
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The determination of coefficient (R2), reduced chi – square (2) and root mean square error 
(RMSE) were used as the primary criterion to select the best equation to account for variation in the 

drying curves of the dried samples. Reduced 2 is used to determine the goodness of the fit. The lower 

the values of the reduced 2, the better goodness of the fit. The RMSE gives the deviation between the 
predicted and experimental values and it is required to reach zero (Serdar and Bese, 2016, Zhengfu et 
al., 2007, Ertekin and Megnes, 2006). 

RESULTS & DISCUSSION 
 

The results of air drying behavior fresh and osmotic treated strawberries slices are shown on the 
figure 1 (Pavkov et al., 2018). The five thin-layer drying models (Table 1) were evaluated in terms of 

the statistical parameters R2, 2 and RMSE. In all cases, the R2 values for the models were greater than 

0.975, indicating a good fit (Table 2.). The R2 values varied between 0,975 and 0,999, 2 values 
between 0,0248 and 9,84E-05, and RMSE values between 0.038 and 0,0043. Generally, Page model 

gave higher R2 and lover 2 and RMSE values. Thus, it was selected to represent the thin-layer drying 
characteristics of strawberries satisfactorily. When the Page model analyzed according to the different 
drying air temperature and velocity conditions, individual constants could be obtained (Table 3.). 
Figures 1 (a, b and c) compare experimental data with the predicted ones using Page model for 
strawberries at air temperature 60, 70, 80 oC, air velocity 1.5 m/s, untreated and with osmotic 
treatment (OD).  

Table 2. Statistical results of five models at different drying conditions 

Name of 
model 

Treatment 
Drying air temperature 

60 oC 70 oC 80 oC 
R2 2 RMSE R2 2 RMSE R2 2 RMSE 

Newton 
untreated 0.985 0.00135 0.0359 0.976 0.00248 0.0488 0.985 0.00142 0.03686 
OD: 55 % 0.999 4.3E-05 0.00648 0.9985 0.000117 0.0106 0.9985 0.000117 0.010421 
OD: 65 % 0,998 0.000128 0.01116 0.99714 0.000221 0.01464 0.994 0.00049 0.0218 

Page 
untreated 0.997 0.00025 0.0151 0.999 9.12E-05 0.009177 0.998 0.00017 0.012423 
OD: 55 % 0,999 4.20E-05 0.0063 0.9985 0.000117 0.0104 0.999 5.95E-05 0.007184 
OD: 65 % 0.997 6.08E-05 0.0076 0.999 6.51E-05 0.007825 0.995 0.00044 0.020005 

Henderson 
and Pabis 

untreated 0.989 0.00109 0.0317 0.985 0.00158 0.03815 0.989 0.00114 0.0322 
OD: 55 % 0.999 3.43E-05 0.0057 0.998 0.000120 0.0096 0.9987 0.00012 0.0100 
OD: 65 % 0.998 0.00012 0.0106 0.998 0.0131 0.00018 0.995 0.0197 0.000430 

Logari-
thmic 

untreated 0.999 0.00010 0.00946 0.993 0.00076 0.0260 0.993 0.0007 0.0260 
OD: 55 % 0.999 2.45E-05 0.00688 0.999 7.98E-05 0.00842 0.999 9.84E-05 0.00887 
OD: 65 % 0.9988 6.82E-05 0.0119 0.998 0.00016 0.0119 0.996 0.00037 0.0178 

Wang and 
Singh 

untreated 0.999 3.68E-05 0.00567 0.999 0.000357 0.0178 0.994 0.00068 0.0243 
OD: 55 % 0.984 0.00106 0.0313 0.988 0.000965 0.0293 0.9987 0.000130 0.0102 
OD: 65 % 0.983 0.00136 0.0354 0.975 0.00206 0.0433 0.993 0.00064 0.0234 

Table 3. Statistical results of Page model and its constants and coefficients at different drying conditions 

Treatment 
Drying air temperature 

60 oC 70 oC 80 oC 
k n k n k n 

untreated -0.3868 1.2234 -0.3988 1.3599 -0.6269 1.2695

with OD:55 % -0.4758 0.9896 -0.5462 0.9871 -0.6775 1.0546
with OD:65 % - 0.4080 1.0581 -0.5265 1.0941 -0.6070 1.0557
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Figure 1. Experimental and predicted moisture ratio strawberries with drying time at different drying conditions: 
a - untreated, b – with osmotic treatment 55 %, c – with osmotic treatment 65 % 

 
CONCLUSION 

 
In order to explain the drying behaviour of thin layer drying strawberries slices, untreated and with 
osmotic pretretament five different thin layer drying model were compared according to their RMSE, 
chi-square and R2. According to the results of thin layer drying of strawberries, Page model could be 
used to predict moisture content of the product at any time of drying process with high ability between 

b b 

c 

a
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drying air temperatures 60 and 80oC, velocity of 1,5 m/s, untreated and with osmotic pretreatment 
between 55 and 65% sucrose. 
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ABSTRACT 

 

Anthocyanins represent soluble pigments. From them comes the red, blue and purple color of fruit. 

Anthocyanins are very easily degraded by heat treatment, which can have a major impact on the color 

quality and nutritional characteristics of the finished product. In order to determine how the heat 

treatment affects the content of the anthocyanins, jams were produced from peach and two varieties of 

raspberry. The jams were produced by boiling the prepared fruits, in open stainless steel vats on direct 

fire, under atmospheric pressure, temperature of ≈ 100 °C, for a period of 15 minutes. As sweeteners 

were used: sucrose, fructose, sorbitol and agave syrup. The analysis of anthocyanins was carried out 

on fresh fruits and obtained jams (spectrophotometrically at pH differential method with UV-Vis 

spectrophotometer). The research was repeated three times, for a period of three years. 

The values obtained for the average content of anthocyanins in jams (8.49 - 27.96 mg CGE/100 g FW) 

are lower compared to the established values in fresh fruits (18.45 - 108.43 mg CGE/100 g FW). 

Based on the results obtained, it can be concluded that with this method of heat treatment of the fruit 

(high temperature, presence of oxygen and light) part of the anthocyanins present in the fruits are lost 

during the processing. The obtained jams still possess the required quality in accordance with the 

standards. 

 
Keywords: anthocyanins; peach; raspberry; jams; 

 

INTRODUCTION 

 

During the last few years the interest in anthocyanins was growing. Anthocyanins are colored water-

soluble pigments with known antioxidant activity which may be responsible for some biological 

activities including the prevention or lowering the risk of cardiovascular disease, diabetes, arthritis and 

cancer (Miguel, 2011). Fruit is good source of anthocyanins. The color and stability of these pigments 

are influenced by pH, light, temperature, oxygen, sugar, structure etc. (Rababah et al., 2011; Khoo et 

al., 2017). 

There is a considerable demand for fresh fruits as well as their products. Since many types of fruits are 

seasonal and their shelf lives are limited, they must be processed to keep the quality (Rababah et al., 

2011). Fruits can be preserved by preparing jam. Jam is one of the most popular food products because 

of their low cost, all year long availability and organoleptic properties (Arya et al., 2017). Jam 

structure is determined by the equilibrium between the pectin, sugar and acid contents present. It is 

known that quality parameters of fruit jams, such as color, acidity, soluble solids, texture and 

nutraceutical content, can be affected during processing and storage (Rababah et al., 2011). Jam 

making involves thermal processing, which degrades chemical components and reduces biological 

activities, to produce a desirable shelf life (Lee et al., 2013). 

The objective of this study was to evaluate changes in anthocyanins of fresh fruit and its jam during 

jam processing. 
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MATERIALS & METHODS 

 

Cultivared peach Cresthaven from Rosoman, cultivated raspberry Willamette from Krusevo region and 

wild raspberry from the mountain region of Skopska Crna Gora were processed into jams at the 

factory Vitalia Nikola Ltd., Skopje, by a traditional method. Fruits were harvested at full technological 

maturity. Jams were prepared with different sweeteners: sucrose (reduced amount), fructose, sorbitol, 

and agave syrup. Commercial low-esterified pectin (GENU pectin type LM 115AS from the company 

CPKelco) and Ca2+ in the form of calcium citrate ware added at the final stage of the jam cooking. 

Citric acid was added towards the end of cooking to providing the necessary acidity. Jam processing 

was conducted following the procedure described in our previous study (Stamatovska et al., 2017). 

The thermal processing time was 15 min, at ≈ 100 °C. The quantity of dry matter was controlled 

(refractometrically, using a handheld refractometer ATAGO, HSR-500) in order to get the content of 

max 42 - 44 °Brix in the final product.  

The content of anthocyanins in the fresh fruits and produced jams were determined according to the 

pH differential method (Guisti, Wrolstad, 2001). All measurements were performed with UV-Vis 

spectrophotometer Helios omega. Results were expressed as mg of cyanidin 3-glucoside equivalents 

per 100 g of fresh weight of fruit or jam (mg CGE/100 g FW). The research was repeated three times, 

in a period of three years (2011, 2012, 2013). The tests were carried out in the laboratories of the 

Faculty of Technology in Plovdiv, Bulgaria (University of Food Technologies). 

 

RESULTS & DISCUSSION 

 

The results obtained for the content of anthocyanins in fresh fruits of peach cultivar Cresthaven  and 

on both cultivars of raspberry (Willamette and wild raspberry) in the three years of testing are shown 

in Figure 1. From the results shown, it can be seen that there is a variation in the values obtained for 

the content of anthocyanins, both between the different types of fruits, and between the same types of 

fruits, but different cultivars. This is according to the fact that the chemical composition of fruits is 

specific.The anthocyanin contents can vary by types and cultivars of fruits, degree of maturity, 

geographical origin, climatic condition and handling procedures (Ivanović et al., 2016; Stamatovska et 

al., 2017). Cresthaven peaches in the three years of testing were characterized by lower content of 

anthocyanins (19.98 mg CGE/100 g FW, 18.81 mg CGE /100 g FW, 16.57 mg CGE /100 g FW) 

compared to the fruits of the Willamette raspberry (111.23 mg CGE /100 g FW, 109.93 mg CGE /100 

g FW, 104.14 mg CGE /100 g FW) and the wild raspberry 46.36 mg CGE /100 g FW, 52.86 mg CGE 

/100 g FW, 48.76 mg CGE /100 g FW).  

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 
Figure 1. The content of anthocyanins in the fresh fruits 

 
For the content of anthocyanins in the fruits of raspberries and peaches, many investigations have been 

conducted by several authors (Guerrero et al., 2010; Marjanovic-Balaban et al., 2012; Stajčić et al., 
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2012; Kivi et al., 2013; Kostecka-Gugała et al., 2015; Nakov et al., 2015; Probst, 2015; Ivanović et al., 

2016; Oancea, Călin, 2016; Ye et al., 2017; Alibabić et al., 2018). Based on the obtained data from 

these investigations, it can be concluded that the fruits of raspberry contain a larger amount of 

anthocyanins compared to the fruits of peach, which is in accordance with the obtained results from 

our analyzes. 

Figure 2 shows the results obtained for the content of anthocyanins in the produced jams of peach 

cultivar Cresthaven and of the two cultivar of raspberry with reduced amounts of sucrose (Surc), 

fructose (Fru), sorbitol (Sorb) and agave syrup (AgS) each year. Results obtained indicate 

relationships between levels of anthocyanins in fruits used for jam processing and the content of 

anthocyanins in the produced jams. Peach jams in the three years of testing were characterized by 

lower content of anthocyanins compared to the jams of the two cultivars of raspberry, which is in 

accordance with the determined values for the content of anthocyanins in fresh fruits. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. The content of anthocyanins in produced jams 

 

Also, the influence of thermal processing of fruits, which can cause certain chemical reactions, 

degradation and creation of new compounds, should not be neglected, and in doing so can cause 

changes in the contents of the anthocyanins in the produced jams.Тhe jams produced are characterized 

by lower concentrations of anthocyanins than fresh fruits (Figure 2). 

Anthocyanin pigments readily degrade during thermal processing which can have a dramatic impact 

on colour quality and may also affect nutritional properties (Patras et al., 2010). The data indicate great 

instability of anthocyanins. Oxygen, pH, temperature, light, presence of sugars and their degradation 

products, enzymes, ascorbic acid and metals are considered to be important factors influencing 

anthocyanins stability (Patras et al., 2010; Rababah et al., 2011; Poiana et al., 2012; Tepić, 2012; 

Oancea, Călin, 2016). When the fruits are thermally treated at higher temperatures in the presence of 

oxygen, some of the present anthocyanins may be degraded. Sugars in higher concentrations increase 

the stability of anthocyanins and this stability is thought to be a consequence of a decrease in water 

activity. Fructose has a greater degradation effect on glucose, sucrose and maltose anthocyanins 

(Ścibisz, Mitek, 2009; Тepić, 2012). 

The calculated average values for the content of anthocyanins (Figure 3) in the produced jams 

(Willamette raspberry jam, Wild raspberry jam, Peach jam) for the three years of production are lower 

(22.70 – 27.96 mg CGE/100 g FW, 10.03 – 16.53 mg CGE/100 g FW, 8.49 – 12.22 mg CGE/100 g 

FW, respectively) than the average values for the content of anthocyanins in fresh fruits (108.43 mg 

CGE/100 g FW, 49.33 mg CGE/100 g FW, 18.45 mg CGE/100 g FW). Part of the anthocyanins 

present in fresh fruits have been lost during the processing. Our previous study showed that heat 

processing during jam making from fresh fruit of plum Stanley decreased the amounts of anthocyanins 

(Stamatovska et al., 2017). 
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Figure 3. Average values for the content of anthocyanins in fresh fruits and in the produced jams 

 

Previous results obtained by many other authors proved that anthocyanins are lost during the process 

of jam production and the jams produced are characterized by lower content than the starting raw 

materials, indicating that anthocyanins are sensitive to the jam production process (Patras et al., 2010; 

Poiana et al., 2011; Levaj et al.,2012; Lee et al., 2013; Oancea, Călin, 2016; Rodrigues et al., 2017). 

The reasons for this phenomenon are probably the previously mentioned factors which affect the 

stability of anthocyanins (oxygen, pH, T, light, presence of sugars and their degradation products etc.). 

 

CONCLUSIONS 

 

From the results obtained, it can be concluded that fresh raspberries (Willamette and wild raspberries) 

are characterized by higher content of anthocyanins compared to peaches (Cresthaven). The 

differences in the content of the anthocyanins between the jams are due to the different content of the 

anthocyanins in the fruits from which they were obtained. Regarding the applied technological 

procedure, the results obtained confirmed that part of the anthocyanins present in the fruits were lost 

during the processing. In all jams, a lower content of anthocyanins is noted in comparison with the 

content of fresh fruit anthocyanins due to the heat treatment of the fruits (high temperature, presence of 

oxygen, light, present sugars). However, further studies are needed to fully understand the stability of 

anthocyanins during the jam production process. Based on the statements and conclusions made we 

can summarize that the jam can also be a good source of anthocyanins, although in comparison with 

fresh fruit, losses occur. 
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ABSTRACT 

Modern wine production is unimaginable without aging of wine in wooden barrels and the most used are the 

"barrique” barrels of 225 L and made from oak wood with different toasting levels. The Slavonian part of Croatia 

was long known for the production of high quality oak barrels however in the last decades this knowledge was 

almost lost. Therefore, we investigated the influence of different barrels made from Slavonian oak on red wine 

characteristics. We used two different sizes of barrels: barrique (225 liters) and Halbfüder (500 liters) and three 

different toasting levels: light, medium and heavy. Two single variety red wines from varieties Cabernet Sauvignon 

and Merlot grown in Kutjevo area were stored in the different barrels and in a stainless steel vessel. Samples were 

taken after 6, 12 and 18 months of aging and physico-chemical and sensorial analyses were performed. The 

sensorial evaluation of the wines was performed by descriptive analysis with 11 certified wine tasters from Austria 

according to eight descriptors  

 

Keywords: Slavonian oak; wine; Cabernet Sauvignon; Merlot; aroma  

 

INTRODUCTION 

The production of wood barrels is almost 2000 years old, and through history, only the shape of the 

barrel, the tree species, the thickness of the barrel (the wall of the barrel) has changed. The method of 

making barrels, bending by fire and water has remained the same today (Lantschauer et al., 2001). In 

modern enology, the 225 L barrique barrels are most widely used, which in different degrees of toasting 

show an optimal contribution on the taste and aroma of wine (Fehlow, 1994). 

The preparation and the way of drying the wood, as well as the high temperature during wood toasting 

play a very important role for barrel quality and properties. Three forms regarding the toasting intensities 

are most widely spread: light, medium and heavy toasting. Many authors have been investigated these 

factors and concluded that the choice of toasting level will have a decisive impact on wine sensory 

properties and overall quality (Díaz-Plaza et al, 2002; Fernández de Simón et al., 2003). Furthermore, 

the period of aging in barrels along with the cellar conditions such as temperature, relative humidity and 

air flow, also affect the final properties of barrel-aged wines. Also, in production of high-quality wines 

there is often a recommendation for using only new barrique barrels. In order to achieve good quality of 

wines, some winemakers are working on a combination of new barrels for a certain period of time with 

previously used ones for the next period (MacNeill, 2015). 

Each region or, more precisely, every tree growing area in the world has a specific character, so that the 

tree differs according to its characteristics, its chemical composition and the amount of substance that 

will be extracted into the wine during aging process. The possibilities of using these characteristics could 

be in producing of specific wines with pronounced attributes that are not found in other regions. 

Therefore, the region could be presented through unique impression of wine that is remembered and 

consequently a new, higher value of wine could be achieved.  

In addition to the world's most famous species of American and French oak woods, research has shown 

that other world regions have also a very high quality wood and that there is no monopoly on quality. 

Two varieties of oak are mostly spread in Europe: Quercus robur L. known as common, penduculate 

oak and Quercus petreae L. known as sessil oak, and often they are emphasized as exclusive ones for 

wine production (Schisser, 2001). Regarding the literature data, sessile oak is richer on aromatic 

components such as vanillin and methyl octalactone, while penduculate oak is characterized as richer in 

the phenolic components such as ellagitanins and catechol (Domine, 2003). 
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The aim of this research was to investigate the influence of Slavonian oak, as most important in Croatia, 

on physico-chemical, aromatic and sensory characteristics of Merlot and Cabernet Sauvignon wines 

during 6, 12 and 18 months of aging in oak barrels.  

 

MATERIALS & METHODS 

The paper presents the results of the research of physico-chemical and organoleptic influences on wines 

of different varieties, aged in different barrel sizes during different aging period of 6, 12 and 18 months. 

Barique barrels (225 L) and Halbfüder barelles (500 L), with different toasting intensities: light (LT), 

medium (MT) and heavy (HT), were used for aging of Merlot wines, while latter barrel size was used 

for aging of Cabernet Sauvignon wines. Wood, used for production of previously mentioned barrels, 

was Slavonian oak. Control wines represent those aged in stainless steel vessels. Standard physico-

chemical parameters of wine were analyzed by FTIR spectroscopy (WineScan, Foss Analyticals, 

Hilleroed, Denmark). Wood-associated aroma compounds were detected by GC-MS analysis (Agilent 

GC 7890A with mass spectrometer 5975C, Agilent Technologies, Santa Clara, USA). The sensorial 

evaluation of the wines was performed by descriptive analysis with 11 certified wine tasters from Austria 

according to eight descriptors. 

 

RESULTS & DISCUSSION 

Table 1 shows the basic physico-chemical analysis of wines where it can be seen that the amount of 

alcohol in both analyzed wines is relatively high, which is desirable for wine aging in wooden barrels. 

Also, it can be seen that malolactic fermentation has been carried out since the higher concentration of 

lactic acid was determined. Furthermore, the determined volatile acidity is within sensory acceptable 

limits. 

 
Table 1. Basic chemical composition of red wines – Merlot and Cabernet Sauvignon (CS) 

Variety Sample 
Alcohol 

(vol %) 

Reduced 

sugars 

(g/L) 

Total 

acidity 

(g/L) 

Tartaric 

acid 

(g/L) 

Malic 

acid 

(g/L) 

Lactic 

acid 

(g/L) 

Volatile 

acidity 

(g/L) 

Merlot LT225 15.3 1.5 5 1.4 0.4 1.3 0.9 

Merlot HT225 15.3 1.5 5 1.3 0.4 1.3 0.9 

Merlot LT500 15.3 1.8 4.9 1.4 0.3 1.3 0.8 

Merlot HT500 15.1 2.4 5.2 1.2 0.4 1.2 0.8 

Merlot INOX 14.5 1 4.7 1.3 0.4 1.3 0.7 

CS HT500 14.1 2 4.4 1.1 0.3 2.4 0.8 

CS MT500 14.3 1.8 4 1.1 0.3 2.4 0.8 

CS LT500 14.2 1.2 4.1 1.1 0.3 2.4 0.8 

CS INOX 14.2 1.2 4 1.3 0.3 2.4 0.8 
LT- light toasting; MT-medium toasting; HT- heavy toasting. 

 

The concentrations of aroma compounds determined in analyzed wines are presented in Table 2. As can 

be seen in table, after 6 months of aging of Merlot wines the concentrations of furfural in 225 L-barrels, 

both LT and HT, are much lower than of those determined in heavy toasted (HT) 500 L-barrel where 

more than two-fold concentrations were determined. But, LT 500 L-barrel showed lower effect than 

both variations of 225 L-barrel. During longer period of aging (12 months) concentration of this 

compound significantly increased in all analyzed Merlot wines (around 5500 μg/L) where HT barrels, 

both 225 and 500 L, showed significantly higher concentration in comparison to LT ones (661.8 and 

1321 μg/L). Subsequently, during further storage (18 months) concentrations of this compound were 

additionally increased, amounting 7788.3-9021.4 μg/L in HT barrels and 916.9-945.3 μg/L in LT 

barrels. As in previous cases, larger barrel volume (500 L) resulted in higher concentrations of furfural. 

Regarding the Cabernet Sauvignon wines, lower concentrations of this compound were detected in all 

cases. But, the increasing trend was similar to the one established for Merlot wines: the highest 

concentrations were determined after 18 months of aging, with higher concentrations (3739.6 μg/L) 

determined in wine aged in MT barrels. Control wines aged in stainless steel vessel, as expected, were 
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characterized with significantly lower concentrations of this compound. Generally, furfural is the most 

abundant compound determined in all analyzed wines.  

Higher concentrations of 5-methyl furfural were also detected in Merlot wines and, similarly to furfural, 

its concentrations increased during aging period of 18 months (from 63.8 to 2271.4 μg/L). Also, HT 

barrels of 500 L influenced its higher concentrations in both analyzed wines (2271.4 μg/L in Merlot 

wine and 1017.4 μg/L in CS wine after 18 months of aging). Regarding the guaiacol, m-cresol, vanillin 

and syringaledhyde concentrations, similar trends as previously noted, were established: higher 

concentrations found after longer period of aging, as well as in HT barrels. But, opposite to previous 

compounds, HT barrel of 225 L influenced higher concentrations of these compounds in Merlot wines. 

The concentration of vanillin determined in both analyzed wines increased during 12 months of aging, 

but after that period its concentration remain constant. In Merlot wine in LT barrels the values were 479 

μg/L after 12 and 503 μg/L after 18 months, and 1500 μg/L after 12 and 1586 μg/L after 18 months of 

aging in HT barrels. As stated previously, 500 L-barrels influenced lower concentrations than 225 L-

barrel, and amounted only 253 μg/L after 12 and 267 μg/L after 18 months of aging in LT barrels and 

625 μg/L after 12 and 666 μg/L after 18 months in HT barrels. Regarding Cabernet Sauvignon wines, 

similar trend was observed with quite low concentrations of 181 μg/L after 12 and 203 μg/L after 18 

months of aging in LT barrels. The amount of syringaldehydes, were much higher in HT barrels and 

practically remain constant after 12 months of aging. In Merlot wine, aged in HT 225 L-barrels, the 

concentration of 3367 μg/L after 12 and 3643 μg/L after 18 months of aging was determined. 

Furthermore, its levels in same wine aged in HT 500 L-barrels amounted 1547 μg/L after 12 and 1690 

μg/L after 18 months of aging. Cabernet sauvignon also had the highest value in HT barrels, which 

amounted 895 μg/L after 12 and 1045 μg/L after 18 months of aging. Approximately the same results 

were obtained by other investigations (Jeromel, 2017; Herjavec 2007; Schelberhofer 2004). 

Furthermore, the concentrations of cis- and trans-whiskey lactone were also determined in analyzed 

wines, and the concentrations are in accordance with previously published papers (Herjavec et al., 2007; 

Chatonnet et al., 1994). The concentration of cis-whiskey lactone was higher in HT barrels of 225 L 

barrels and increased from 6 to 18 months twice, from 15.7 to 30 μg /L in LT and from 40.1 to 82 μg/l 

in HT barrel. On the other hand, the determined values in 500 L- barrels were higher after 6 than after 

18 months of aging, where reduction in concentration from 71.1 to 32.4 μg /L in LT, and from 66.8 to 

18.5 μg/L in HT barrels was observed. In Cabernet Sauvignon the highest cis-whiskey lactone values 

were determined after 12 months of aging in HT barrel. Furthermore, the concentration of trans-whiskey 

lactone determined in Merlot wine was increased by longer period of aging in both 225 L-barrels and 

500 L-barrels. The highest concentration of trans-whiskey lactone was determined in wine aged in LT 

225 L-barrel amounting 605 μg/L, while in LT 500 L-barrel was 309 μg/L. In Cabernet Sauvignon, the 

concentrations of trans-whiskey lactone after 18 months of aging, was quite similar in LT and MT 

barrels and amounted 348 μg/L and 341 μg/L, respectively.  

The concentrations of m-cresol were similar after 6, 12 and 18 months of aging in wood. Furthermore, 

its concentrations were also similar regarding the barrel volume used (225 and 500 L). Only slightly 

higher concentrations were determined in HT barrels, when compared to other toasting levels. 

Determined concentrations of eugenol were higher in LT barrels and do not increase after 12 months of 

aging. The range from 64.5 μg/L in Merlot in a LT 225 L-barrel to 54.2 μg/L in a LT 500 L-barrel in 

Cabernet Sauvignon wine was determined.  

Finally, large amount of 4-ethyl phenol was determined in Merlot wine after 18 months aging in stainless 

steel tanks, where the amount of 466.6 μg/L was detected, implying the possibility of microbiological 

contamination with Brettanomyces bruxellensis yeasts, which is in accordance with investigation of 

Lemperle (2000). 

Obtained analytical data are in accordance with conducted descriptive sensory analysis (Figure 1) that 

involved Cabernet Sauvignon wines. It can be seen that the wines aged in stainless steel tank was ranked 

with lowest scores for most of the attributes. Furthermore, wine aged in LT barrel was characterized 

with moderate scores of majority of sensory attributes, while wine aged in MT barrel was scored with 

the highest intensities of tobacco/toast and coconut. Finally, wine aged in HT barrel was characterized 

with highest scores of majority of sensory attributes (mouthfeel, coffee/cacao, caramel/vanilla and dry 

fruity/flowers), implying that heavy toasting result in most pronounced oak aromas.  
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Table 2. Oak volatile concertation (μg/L) in Merlot and Cabernet Sauvignon (CS) after 6, 12 and 18 months in barrels with different toasting intensities and volumes 

Variety Sample Furfural 5-Methyl 

furfural 

Guaiacol cis-

Whiskey 

lactone 

trans-

Whiskey 

lactone 

m-Cresol Eugenol 4-ethyl 

phenol 

Vanillin Syringaldehyde 

Merlot 6 LT225 669.7 63.8 7.7 15.7 342.7 1.4 29.0 1.2 307 243 

Merlot 6 HT225 625.5 186.9 31.9 40.1 136.3 3.6 12.5 3.0 700 1468 

Merlot 6 LT500 506.8 97.7 7.9 71.1 168.3 1.3 25.7 1.2 152 183 

Merlot 6 HT500 1256.9 438.5 17.9 66.8 133.7 1.6 11.1 1.4 313 786 

Merlot 6 INOX 143.5 23.0 3.4 0.0 5.0 1.0 1.3 3.2 10 43 

Merlot 12 LT225 661.8 120.4 9.6 24.1 609.1 1.3 66.0 1.4 479 466 

Merlot 12 HT225 5500.9 1324.3 61.8 9.4 261.2 2.7 24.4 1.5 1500 3367 

Merlot 12 LT500 1321.7 312.2 10.6 20.1 291.3 1.1 50.0 1.0 253 317 

Merlot 12 HT500 5551.6 1710.6 26.2 25.7 246.5 1.5 23.7 1.6 625 1547 

Merlot 12 INOX 291.0 65.8 4.1 2.0 16.0 0.9 2.2 78.1 10 43 

Merlot 18 LT225 916.9 126.6 9.4 30.0 605.5 1.2 64.5 20.4 503 523 

Merlot 18 HT225 788.3 1588.9 63.0 82.0 276.5 2.6 25.6 19.4 1586 3643 

Merlot 18 LT500 945.3 196.4 9.1 32.4 309.6 1.0 53.6 12.7 267 361 

Merlot 18 HT500 9021.4 2271.4 30.0 18.5 289.9 1.6 29.0 10.2 666 1690 

Merlot 18 INOX 352.9 71.7 4.8 5.7 16.1 0.8 2.2 466.6 10 58 

CS 6 HT500 596.0 208.0 12.6 6.3 184.5 1.7 19.1 6.3 221 406 

CS 6 MT500 260.1 51.5 11.0 22.9 193.7 1.6 20.5 1.6 134 223 

CS 6 LT500 241.4 35.7 11.9 10.3 187.7 1.6 27.8 1.5 83 157 

CS 6 INOX 127.3 6.7 4.5 0.1 6.0 1.4 1.7 1.4 10 52 

CS 12 HT500 2018.0 827.2 15.7 97.5 302.7 1.7 34.9 1.3 448 895 

CS 12 MT500 2090.0 551.0 13.3 40.3 319.9 1.5 35.5 1.1 266 458 

CS 12 LT500 1310.0 288.4 14.1 10.9 322.4 1.5 50.6 1.2 181 335 

CS 12 INOX 141.6 6.1 4.2 0.2 6.9 1.4 1.8 1.3 10 51 

CS 18 HT500 3574.7 1017.4 16.1 20.6 335.7 1.6 37.9 1.3 511 1045 

CS 18 MT500 3739.6 740.9 13.8 21.7 341.7 1.4 40.9 1.1 296 525 

CS 18 LT500 1979.4 367.6 14.2 91.0 348.1 1.4 54.2 1.2 203 459 

CS 18 INOX 147.5 7.3 4.3 0.4 0.4 1.3 2.5 1.3 10 75 
LT- light toasting; MT-medium toasting; HT- heavy toasting. 

Page 25 of 112



Figure 1. Sensory properties of Cabernet Sauvignon wine using sensory descriptive analysis 

 

 

CONCLUSION 

Based on the obtained results it can be concluded that concentrations of volatile compounds extracted 

from Slavonian oak barrels have a significant influence on their chemical composition and that heavy 

toasting (HT) results in the most significant extraction of aromatic compounds such as furfural, 5-methyl 

furfural, guaiacol, vanillin and syringaldehyde. These results are in accordance with descriptive sensory 

analysis, where wine aged in HT barrels was characterized with higher scores for coffee/cacao, 

caramel/vanilla, dry fruits/flower and overall mouthfeel sensations.  
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ABSTRACT 

Microwave-assisted extraction (MAE) is valuable alternative to conventional extraction due to the possibility to 

reach comparable extraction yield with shorter extraction time. The wine by-products (grape skin and seed 

pomaces) are rich source of phenolic compounds, among others tannins, with diverse bioactive properties. The 

aim of this study was to evaluate a single and joint effects of different variables under microwave irradiation i.e. 

solvent concentration, time and temperature on the extraction of tannins from grape skin pomaces. 

Concentrations of tannins were determined by spectrophotometry using acid hydrolysis method. All tested 

variables showed significant impact on the extraction yields of total tannins from grape skin pomaces, but 

solvent concentration and temperature showed to be the most responsive ones. Highest concentrations were 

extracted with 60% (v/v) of methanol at 60 °C during 9 min. Application of consecutive MAE cycles on three 

cultivars (Cabernet Sauvignon, Merlot and Teran) revealed that 98.8-99.7% of total tannins were extracted 

within six cycles. Grape skin pomaces of Teran, compared to Cabernet Sauvignon and Merlot, showed 

significantly higher concentrations of total tannins. 

 

Keywords: grape by-products; grape skin pomaces; microwave-assisted extraction (MAE); tannins 

 

INTRODUCTION 

Grape pomace, consisted of skins, seeds and stems, is the main waste from wine industry representing 
around 20% of processed grape weight (Ky et al., 2014). In recent years, this wine by-product has 
attracted considerable attention as inexpensive and easily accessible source of bioactive phenolic 
compounds, that are used for various proposes in cosmetic, pharmaceutical and food industry 
(Shrikhande, 2000). Beneficial health effects of polyphenols are primary related to their antioxidant 
properties (Peixoto et al., 2018). Also, clinical and nutritional epidemiological studies showed inverse 
correlation between the consumption of polyphenol-enriched diets and reduced risk of neuro-
degenerative and cardiovascular diseases (Billingsley & Carbone, 2018; Mennen et al., 2004).  
Due to the large structural variability of phenolic compounds present in the different parts of grapes 
and grape pomaces it is necessary to develop and optimize the extraction method for each matrix. 
Grape skin represents 45 to 65 % of grape pomace, and is an exceptional source of phenolic acids 
(hydroxycinnamic and hydroxybenzoic acids), stilbens, anthocyanins (free and acylated anthocyanins), 
polymeric pigments, flavonols, flavanol monomers and oligomers and particularly flavanol polymers 
(tannins or proanthocyanidins) (Kammerer et al., 2004). Skin tannins contain lower portion of 
galloylated sub-units and higher degree of polymerization than seed tannins, and due to their complex 
structure, conventional extraction methods most commonly include time consuming two-step 
processes that combine different organic solvents (Chira et al., 2009; Ky et al., 2014). 
Microwave-assisted extraction (MAE) is considered as novel extraction method that combines energy 

of microwave radiation and conventional solvent extraction. This technique is used to extract active 

compounds from range of raw materials using energy of microwaves to heighten the temperature of 

the solvent successfully and rapidly (Chan et al., 2011). Also, compared to conventional techniques, 

MAE can decrease solvent consumption and the extraction time (Casazza et al., 2010; Li et al., 2011; 

Medouni-Adrar et al., 2015). Nevertheless, very few papers deal with the MAE of phenols from 

complex matrix of grape skin or skin pomace, while the full potential of this technique in the 

extraction of tannins to the best of our knowledge has not been systematically studied.  

The aim of this work was to study effect of different MAE parameters as solvent concentration, 

extraction temperature and time as well as effects of sequential repetitive extraction cycles in order to 

develop the method for the MAE of tannins from grape skin pomaces. 
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MATERIALS & METHODS 

Sample preparation 
Grape pomace of Cabernet Sauvignon, Merlot and Teran, were provided from Agrolaguna winery 
(Poreč, Croatia) in vintage 2014. Samples were first frozen (-80 °C) and afterwards freeze-dried (using 
Christ Alpha 1-4 LSC Plus freeze-dryer (Osterode am Hatz, Germany). Freeze-dried skins were 
manually separated from seeds and pulp and ground with electric grinder. Samples were stored at -
20 °C before subsequent analyses. 
Microwave-Assisted Extraction (MAE)  
Extraction was performed in a single-mode microwave reactor (Milestone, Start S Microwave 
Labstation for Synthesis, Sorisole, Italy). Three independent MAE variables were studied: (i) solvent 
concentration (% of methanol in water, v/v) [20% (X11), 60% (X12) and 100% (X13)]; (ii) extraction 
duration [2 min (X21) and 9 min (X22)]; and (iii) temperature [30 °C (X31) and 60 °C (X32)] comprising 
12 experiments (X11X21X31; X12X21X31; X13X21X31; X11X22X31; X12X22X31; X13X22X31; X11X21X32; 
X12X21X32; X13X21X32; X11X22X32; X12X22X32; X13X22X32) that were run in duplicate. A portion of 0.5 g 
freeze-dried Cabernet Sauvignon skin pomace powder and solvent volume of 25 mL were added to 50 
mL round bottom flask with double neck and cooling system with adjustable microwave power output, 
operating at 2.45 GHz. After each MAE experiment, mixture was centrifuged, supernatant was 
evaporated at 30 °C, the residue was dissolved in water and freeze-dried in order to obtain grape skin 
pomace extracts. 
Spectrophotometric analysis of total tannins 
Concentrations of total tannins (proanthocyanidins) were determined by the method of tannin 
interflavan bond cleavage and formation of colored anthocyanidins by acid hydrolyses at the 
temperature of 100 °C (Ribéreau-Gayon & Stonestreet, 1966). Grape skin pomace extracts were 
solubilized in wine model solution (12% ethanol, 4.5 g/L tartaric acid, pH=3.5) at concentration of 
0.25 g/L. Two reaction tubes for each sample were prepared, each containing 4 mL of prepared diluted 
sample, 2 mL of distilled water and 6 mL of hydrochloric acid (12 N), after which both tubes were 
hermetically closed. One tube was left at the room temperature, while the other was heated in a water 
bath at 100 °C. After 30 minutes, the heated tube was cooled and 1 mL of absolute ethanol was added 
to both tubes. The differences between tubes in absorbance at 550 nm were measured in a path length 
of 1cm with respect to distilled water as blank. The results were expressed in mg per g of dry weight 
(dw) grape skin pomaces.  
MAE in sequential irradiation cycle 
Optimal parameters of single MAE cycle (65% methanol, 9 min and 60 °C) obtained by response 
surface methodology (p < 0.001, R

2
 = 0.9653) were further performed in eight consecutive cycles. A 

portion of 0.5 g freeze-dried grape skin pomace powder and solvent volume of 25 mL were added to 
50 mL round bottom flask with double neck as earlier described. After first MAE run, mixture was 
centrifuged, solid part was separated and reused for MAE by addition of fresh solvent. Supernatants 
were separately evaporated at 30 °C and freeze-dried in order to study the effect of each of eight 
cycles and finally to determine exact number (n) of irradiation cycles for completion of the extraction. 
 

RESULTS & DISCUSSION 

Effect of different MAE variables (methanol concentration, extraction time and temperature) were 
tested are presented in Fig. 1. Significant differences among majority of treatments were established, 
where all tested variables influenced extraction yields of total tannins (p < 0.05). However, methanol 
concentration and temperature showed to be the most responsive ones. Also, significant joint effects of 
methanol concentration and temperature (p < 0.001), as well as temperature and time (p < 0.05) were 
found.  
The lowest concentrations of tannins were extracted using 20% methanol (v/v) during 2 min at 
temperature of 30 °C, amounting up to 1.45 mg/L (Fig. 1). Increase of methanol concentration to 60 
and 100% (v/v) at the similar conditions (2 min and 30 °C) induced 5.7 fold higher concentrations, but 
no significant differences were found between the two latter experiments. Identical pattern was noticed 
among the experiments with 20%, 60% and 100% (v/v) methanol, during 9 min and 30 °C. Compared 
to 20% methanol, increase from 60 and 100% (v/v) at aforementioned conditions extracted 4.0 and 3.8 
fold higher concentrations respectively, but again without significant differences among the latter two.  
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Figure 1. Effect of methanol concentration (20, 60 and 100%, v/v), time (2 and 9 min) and temperature (30 and 

60 °C) on the MAE of tannins from grape skin pomaces 
 
 
On the other hand, opposite trends were noticed among the experiments conducted at 60 °C. 
Significant differences were found among the extractions using 20%, 60% and 100% (v/v) methanol, 
for both 2 and 9 min of duration. The highest concentrations were extracted with 60% (v/v) methanol, 
followed by 100% (v/v) methanol, while the lowest one were extracted with 20 % methanol. Indeed, 
60% (v/v) methanol is the most commonly used solvent in the two step conventional extraction of 
grape tannins (Chira et al., 2009; Ky et al., 2014). Compared to 20% methanol, increase from 60 and 
100% (v/v) at 60 °C during 2 min induced 2.8 and 1.7 fold higher concentrations respectively, while at 
the same conditions and 9 min showed 2.7 and 1.6 fold higher amounts. Obtained results were in 
accordance to earlier studies that also demonstrated importance of solvent choice and polarity for the 
extraction of phenolic compounds (Hong et al., 2001; Li et al., 2011). In addition, 1.2 to 4 fold higher 
concentrations of tannins were extracted at 60 °C, compared to the similar experiments at lower 
temperature, probably due to the enhancing solubility and the diffusion coefficient (Pinelo et al., 
2005). Nevertheless, since flavonoids showed to be sensitive to the temperature degradation (Casazza 
et al., 2010), this parameter was kept relatively low. Also, prolongation of the extraction time from 2 
to 9 min at 30°C extracted 1.1 to 1.7 fold higher concentrations of tannins, while the significant effect 
of time variable was not noticed at this temperature. The same prolongation at 60 °C induced 1.3-1.4 
fold higher concentrations of tannins, while significant effect of time variable, contrary to earlier 
observe at 30 °C, was noticed in the case 60% and 100% (v/v) methanol.  
The highest concentrations of total tannins were extracted using 60% methanol (v/v) during 9 min at 
temperature of 60 °C, amounting up to 22.27 mg/L (Fig. 1). Comparison of the single MAE cycle 
results of with other MAE studies conducted on grape skin pomace was difficult, since various 
operating systems were used, whit different research aims (mostly focused to the total polyphenols), as 
well as different solvents, liquid:solid ratio (l:s), temperatures, power, time, etc. (Casazza et al., 2010; 
Medouni-Adrar et al., 2015; Pedroza et al., 2015). For example, extraction with 100% (v/v) methanol, 
with 5mL/g (l:s), at 110 °C and 60 W during 60 min were optimal parameters performed by Casazza et 
al. (2010) while 60% (v/v) ethanol, with 4 mL/g (l:s) and 900 W during 1,033 s, were the optimal ones 
performed by Pedroza et al. (2015).  
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Table 1. Extraction of total tannins (concentration and relative recovery) by sequential irradiation cycles in 

Cabernet Sauvignon, Merlot and Teran grape skin pomaces 

 

Data are expressed as average value of three replications ± standard deviation (n=3). ANOVA to compare data among three 

cultivars; different letters indicate statistical differences between extracts (Tukey's test, p < 0.05). Abbreviations: TT: total 

tannins. *Concentrations of total tannins expressed in mg/g dw grape skin pomaces. **Relative recovery of total tannins 

expressed in % and calculated relative to the amount obtained after eight cycles. 

 

In order to develop the method for the extraction of tannins that could be applied prior to analytical 

determination, effects of eight MAE cycles were studied (Fig.1). Sequential irradiation cycles were 

tested by addition of fresh solvent and by repeating the extraction step following the optimal 

extraction conditions obtained by response surface methodology as earlier described. The highest 

concentrations of tannins in all three cultivars (Cabernet Sauvignon, Merlot and Teran) were extracted 

in the first cycle. Each successive cycle compared to the first one, extracted lower amounts, but at the 

same time contributed to the overall concentration. Significant increase in concentration of tannins 

was found in fist six cycles, implying their importance in all three cultivars. On the other side, impact 

of the last two cycles was negligible. Earlier study of Pedroza et al. (2015) also demonstrated the 

significance of sequential cycles in the MAE of total polyphenols. However, due to the differences in 

the parameters used (higher power and shorter time) these authors proposed lower number of cycles.  

Finally, our results showed that for completing the extraction of tannins from grape skin pomace 

optimal MAE conditions (65% methanol v/v, at 60 °C during 9 min) should be applied in six 

sequential irradiation cycles. Overall extraction time of our method (6×9 min) was comparable with 

the study of Casazza et al. (2010), where lower power (60 W) and longer time (60 min) were also 

applied. In addition, compared to time consuming conventional extraction procedures that can take up 

to 6-24 h, extraction time was importantly shortened. Significant differences among three cultivars 

were established in the concentrations of total tannins, while contrary, similar trends considering the 

relative recovery were observed. Grape skin pomace of Teran showed to be rich source of tannins, 

with significantly higher concentrations than Cabernet Sauvignon and Merlot. Concentrations 

extracted by final MAE method were in line with the values obtain in grape skin pomaces (different 

cultivars, vintages, terroir, etc.) by conventional extraction available in the literature data (Deng et al., 

2011; Ky et al., 2014), additionally confirming the efficiency of developed method. 
 

CONCLUSION 

Microwave assisted extraction (MAE) proved to be efficient and fast method for the extraction of 
tannins from grape skin pomaces. All tested MAE parameters, methanol concentration, temperature, 
time, as well as number of irradiation cycles showed significant impact. Highest concentrations of 
tannins were extracted using 60% (v/v) methanol at 60 °C during 9 min. Application of optimal MAE 

Cycle  

number 

Grape pomace cultivar 

Cabernet Sauvignon Merlot Teran 

TT
*
 TT (%)

**
 TT

*
 TT (%)

**
 TT

*
 TT (%)

**
 

1
st
  18.78

a
 59.6 17.70

a
 60.4 23.82

b
 61.9 

2
nd

  27.05
c
 85.8 24.87

b
 84.9 32.99

h
 85.8 

3
rd

  29.16
ef
 92.6 27.50

cd
 93.9 36.10

i
 93.9 

4
th

  30.32
fg

 96.2 28.63
de

 97.8 37.27
ij
 96.9 

5
th

  30.89
g
 98.0 28.86

e
 98.6 38.11

j
 99.1 

6
th

  31.13
g
  98.8 29.06

ef
 99.2 38.34

j
 99.7 

7
th

  31.35
g
  99.5 29.21

ef
 99.7 38.41

j
 99.9 

8
th

  31.51
g
  100 29.29

ef
 100 38.46

j
 100 
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5 

 

parameters in six sequential irradiation cycles was necessary for completing the extraction of tannins 
from grape skin pomace prior to the analytical determination. 
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ABSTRACT 

The bioeconomy approach calls for a transition of food production processes from linear systems to circular 

systems, that mimic natural cycles and have the capacity to utilize by-products as resources. The present report 

aims to illustrate three strategies to use food by-products as raw materials for food value chains. Winemaking by-

products are considered as a case-study. These latter mainly consist of grape marc (skins and seeds). According to 

the FAO, ~ 80 Mt of grapes are produced throughout the world annually, most of which are used in winemaking, 

generating approximately 3.4 Mt of grape marc.  

In the first recycling route, grape marc is processed to obtain health-promoting food ingredients to be used in 

functional cereal-based, dairy, and fruit-based products that can be applied as a dietary intervention to prevent 

major chronic diseases, such as cardiovascular disease and diabetes.  

A second route is to process grape marc into “clean label” food additives with multifunctional properties such as 

antioxidant, colorant and antimicrobial agents that replace the synthetic ones in meat-, fish- and fruit-based 

products.  

The third route aims at a sustainable production of food, thus addressing the needs of populations with endemic 

nutritional deficiencies. Grape marc is therefore used as a growth substrate for the basidiomycetes belonging to 

the genus Pleurotus, which possesses a complex enzymatic system that converts lignocellulosic materials into a 

fungal biomass that is rich in proteins as well as in different bioactive compounds. 

 

Keywords: by-product; waste; antioxidant dietary fibre; phenolics; food protein 

 

INTRODUCTION 

Food supply chains have significant environmental impacts due to their use of resources and production 

of emissions, effluents and waste materials. The “costs of non-recycling” encompass both environmental 

pollution and economic and social impacts, including employment rate and nutrition security. The 

primary solid residue of winemaking, i.e., grape marc (otherwise referred to as grape pomace) is 

traditionally distilled to produce different types of “wine alcohol” or used as fertilizer or animal feed. 

Red grape skins are also used for the production of the colorant “enocyanine”, while grape seed are 

extracted to obtain grape seed oil and grape seed proanthocyanidins. However, these alternatives lack 

economic and social benefits. The interest of the scientific community and producers has recently 

directed to more profitable and so-called sustainable options that are based on the recovery of 

nutritionally valuable fractions (Garcia-Lomillo, Gonzalez-SanJosè, 2016; Lavelli et al., 2016a).  

In the first recycling route, grape pomace is processed to obtain health-promoting food ingredients. 

Dietary fibre is the main component of grape pomace, ranging between 43% and 75% d.w. (Garcia-

Lomillo, Gonzalez-SanJosè, 2016). Its peculiar feature is to be associated to a large fraction of insoluble 

proanthocyanidins, thus it is generally referred to as “antioxidant dietary fibre” (ADF) (Bravo, Saura-

Calixto, 1998). To recover ADF, winemaking byproducts are dried at temperatures below 60 °C, milled 

and sieved to specific particle sizes depending on the application. An in vivo study was performed with 

grape pomace ADF involving both normocholesterolemic and hypercholesterolemic adults, 

supplemented with 7.5 g/d of ADF, containing 5.25 g of dietary fibre and 1.4 g of polyphenols for 16 

weeks. Grape pomace ADF was more effective than other fibre sources in improving lipid profiles and 

blood pressure (Perez-Jimenez et al., 2008). This latter study has raised an increasing interest in the use 

of grape ADF as an ingredient in new functional foods. 

A second route is to process grape marc into “clean label” food additives, based on the multifunctional 

properties of grape phenolics, such as antioxidant, colorant or antimicrobial agents. The soluble phenolic 

fraction is also relevant in grape pomace. The content of soluble proanthocyanidins ranges between 1.16 

and 44.6 g/kg d.w. in the skin and between 23.1 and 68.5 g/kg d.w. in the seeds; total anthocyanin 

content of red grape skins is in the range of 2.5–132 g/kg d.w.; the total flavonol content is in the range 
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of 0.3–2.6 g/kg d.w. of grape skins but less than 0.1 g/kg d.w. in grape seeds (Lavelli et al., 2016a). 

Solvents used to recover the soluble phenolic fraction include water, ethanol:water mixtures and 

aqueous solutions of organic acids. Extraction techniques include conventional solid-liquid extraction, 

ultrasound-assisted and microwave-assisted extraction and high pressure extraction. The crude extract 

is generally dried to obtain a powder. In a few cases, using a tailored approach that takes into account 

the final target application, the addition of suitable carrier materials can be exploited to increase and 

modify the stability and solubility of phenolic compounds (Lavelli et al., 2017).  

The third recycling route aims at a sustainable production of nutrients, especially proteins, through the 

use of winemaking byproducts as growing substrate for Pleurotus spp. In fact, Pleurotus spp. are a fast 

yielding and nutritious source of food that can be prepared with limited capital investment and technical 

skill from various agricultural waste materials, including winemaking byproducts. Overall, 28 different 

industrial by-products were tested as a growth substrate for the Pleurotus genus, resulting in a protein 

content in the range 9.3–37.4 g/100g d.w. Use of winemaking byproducts as growth substrate led to a 

protein content of 27.8 g/kg d.w.. Furthermore, the protein of Pleurotus generally meets the essential 

amino acid scoring patterns recommended for children, adolescents and adults (Lavelli et al., 2018). 

Conversely, the amount of protein in grape pomace is in the range 11–14% d.w. and their digestibility 

is approximately 20%, probably due to proanthocyanidin-protein complexes (Bravo et al., 1998). 

Additionally, Pleurotus spp. is a good source of dietary fibre with unique structural features (branched 

ß-glucans) and low-molecular weight bioactive compounds, vitamins and minerals. Indeed, 

investigations on the nutritional and therapeutic uses of the genus Pleurotus have impressively 

accelerated during the last ten years (Correa et al., 2016). The present report aims to illustrate various 

food applications that have been developed in the framework of the three strategies above described. 

 

MATERIALS & METHODS 

The articles published in the last 20 years reporting food applications of winemaking byproducts were 

selected from Scopus and Web of Science database using the above-indicated keywords. 
 

RESULTS & DISCUSSION 

One route to recycle winemaking byproducts is to use grape pomace, grape skins or grape seeds ADF 

for food fortification. To get health benefits from ADF intake, there is practical significance in 

identifying the maximal amount of ADF that can be incorporated in foods without affecting the 

consumers’ liking. Representative applications of ADF are shown in Table 1.  

 
Table 1. Use of antioxidant dietary fibre (ADF) from grape pomace, grape skin and grape seeds for food 

fortification. 

aThe optimal amount is indicated in brackets. 

 

In general, the particle size of ADF played a major role in its chemico-physical properties and 

consumers’ acceptability (Lavelli et al., 2014). Indeed, the sensory effects elicited by ADF addition in 

ADF source and particle size Addition levela Target food  

 

Skin ADF < 0.250 mm  8–24 g ADF/kg (8 g ADF/kg) Cheese (Torri et al., 2016) 

Pomace ADF < 0.18 mm  10–30 g ADF/kg (10 g ADF/kg) Yogurt (Marchiani et al., 2016) 

Pomace ADF < 0.500 mm  5–20 g ADF/kg (20 g ADF/kg) Chicken (Sáyago-Ayerdi et al., 2009) 

Skin ADF < 0.250 mm  20 g  ADF/kg  Beef (García-Lomillo et al., 2016) 

Skin ADF < 1 mm  30 g ADF/kg (30 g ADF/kg)  Fish  (Ribeiro et al., 2013) 

Skin ADF  0.125 – 0.500 mm  30 g ADF/kg   Tomato puree (Lavelli et al., 2014)     

Pomace ADF  < 0.811 mm  25–75 g ADF/kg (25 g ADF/kg) Wheat pasta (Sant’Anna et al., 2014) 

Skin ADF < 0.150 mm  100 g ADF/kg Bread (Lavelli et al., 2016b) 

Seed ADF < 0.150 mm 25–100 g ADF/kg (75 g ADF/kg) Bread (Hoye, Ross, 2011) 

Pomace ADF  < 0.150 mm  100–300 g ADF/kg (200 g ADF/kg) Muffins (Mildner-Szkudlarz et al., 

2015) 
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foods are related to the perception of texture, even if color, taste, flavor and odor attributes are also 

elicited. The amount of ADF incorporated into foods was approximately 10g/kg in yogurt and cheese 

(Marchiani et al., 2016; Torri et al., 2016), 20–30 g/kg in meat- and fish-based products (Sáyago-Ayerdi 

et al., 2009; García-Lomillo et al., 2016), vegetable purees (Lavelli et al., 2014) and pasta (Sant’Anna 

et al., 2014), 75–200 g/kg in bread and bakery products (Hoye, Ross, 2011; Mildner-Szkudlarz et al., 

2015; Lavelli et al., 2016b). Hence, in most foods except for dairy products, ADF was added at levels 

that were proven to have a healthy effect as observed by Perez-Jimenez et al. (2008). In thermally treated 

foods, ADF inhibits the formation of harmful advanced glycation end-products (Mildner-Szkudlarz et 

al., 2015). ADF also delivers phenolics that are inhibitors of mammalian α-glucosidase and α-amylase, 

hence in starch-based foods it can potentially address the needs of diabetic people (Lavelli et al., 2016b).  

Another recycling route is to use winemaking by-products as a source of “clean label” food additives 

(Table 2). The powdered phenolic extracts have been applied as antioxidants in meat- and fish-based 

products, at a concentration of 0.05–1.3 g/kg (Rojas, Brewer, 2007; Carpenter, 2007; Ozen, 2011; Selani 

et al., 2011). Applications of phenolic extract powder as antimicrobials have also been proposed. In meat 

inoculated with Escherichia coli O157:H7, Listeria monocytogenes, Salmonella typhimurium, and 

Aeromonas hydrophila, significant reductions in the population of these species were observed during 

storage at 4 ºC (Ahn et al., 2007), but the amount of grape seed phenolics necessary for this effect was 

high, i.e., 8.5 g/kg. However, in refrigerated meat not challenged with pathogen microorganisms, low 

addition of pehnolics, i.e., 373 mg/kg led to a decrease of total viable counts, lactic acid bacteria, 

Pseudomonas and psychotropic aerobic bacteria (Lorenzo et al., 2014). Powdered and liquid phenolic 

extracts have also been applied as colorants in gelatin and pectin gel, yogurt and biscuits in the 

concentration range 58–315 mg/kg (Maier et al., 2009; Karaaslan et al., 2011; Pasqualone et al., 2014). 

 
Table 2. Use of phenolic extracts from grape pomace, grape skin and grape seeds as a “clean label” food additive. 

aTP: total phenolics, expressed as: F: flavanols or GAE: gallic acid equivalents. ACN: anthocyanins. bO/W: oil-

in- water nanoemulsion. cMD: maltodextrin-encapsulated. dSolvent was 85:15 ethanol/1 M citric acid, pH 4. 

 

Some studies have pointed out that the properties of grape phenolics could be lower in foods than in 

model systems. The low solubility of certain polyphenols in food systems limits their efficacy (Shan et 

al., 2011). Furthermore, phenolic activity is decreased by phenolic interaction with the food matrix, 

especially with proteins (Lavelli et al., 2016b). The aforementioned observations highlight the 

importance of applying novel formulation strategies. To increase the antioxidant effect in the 

heterogeneous food matrix, grape pomace phenolics were formulated in oil/water nanoemulsion, and 

proved to be effective in an hazelnut paste at 3 mg/kg (Spigno et al., 2016). Encapsulation of grape skin 

phenolics in maltodextrin was effective for their use as colorant in beverages (Lavelli et al., 2016c). 

A third recycling approach is to convert winemaking byproducts into a protein-rich biomass through 

solid state fermentation by Pleurotus. Efforts have been made to use dried Pleurotus spp. to increase 

protein content of cereal-based or tapioca-based foods (Table 3). In wheat bread and tapioca cracker the 

increase in protein content upon addition of 20% and 25% of Pleurotus powder was from 7.96 to 14.21 

g/100 g f.w. and from 0.47 to 3.88 g/100 g f.w, respectively (Okafor et al., 2012; Yahya et al., 2017). 

Another approach was to use Pleurotus powder in processed meat and poultry products to or to replace 

Extract source and state Addition levela Target food and functionality 

 

Seed extract powder  0.1–0.2 g TP (F) /kg Meat/antioxidant (Rojas, Brewer, 2007) 

Seed extract powder  0.05–1 g TP (GAE)/kg Meat/antioxidant  (Carpenter et al., 2007) 

Pomace water extract  0.06 g TP (GAE)/kg Meat/antioxidant (Selani et al., 2011) 

Seed extract powder 1.32 g TP (GAE)/kg Fish/antioxidant (Ozen et al., 2011) 

Pomace phenolics in O/Wb  3 mg TP(GAE)/kg Hazelnut paste/antioxidant (Spigno et al., 2013) 

Seed extract powder 8.5 g TP (GAE)/kg Meat/antimicrobial (Ahn et al., 2007) 

Seed extract powder 373 mg TP (GAE)/kg Meat/antimicrobial (Lorenzo et al., 2014) 

Pomace extract powder 190 mg ACN/kg  Gelatin and pectin gels/colorant (Maier et al., 2009) 

Skin water extract  58 mg ACN/L  Yogurt/colorant (Karaaslan et al., 2011) 

Skin phenolics in MDc 100 mg ACN/kg Apple puree/colorant (Lavelli et al., 2016c) 

Pomace extractd  315 mg ACN/kg  Biscuits/colorant (Pasqualone et al., 2014) 
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high-cost proteins (Wan Rosli et al., 2011; Wan Rosli, Solihah, 2017). Beside protein, Pleurotus 

addition to foods could have a great impact on micronutrient content. However, knowledge on the effect 

of growth substrate on the level of vitamins, mineral and bioactive compounds in Pleurotus spp. is still 

lacking (Lavelli et al., 2018).   

 
Table 3. Use of dried Pleurotus spp. as food ingredient to increase protein content or to replace high-cost protein. 
 

Pleurotus species Addition level Target food and functionality 

 

P. pulmonarius  5–25% Bread/increase in protein (Okafor et al., 2012) 

P. sajor-caju  5–20% Tapioca cracker/increase in protein (Yahya et al., 2017) 

P. sajor-caju  25–50% Chicken patty/replace of high-cost protein (Wan Rosli et al., 2011) 

P. sajor-caju  25–50% Beef patty/replace of high-cost protein (Wan Rosli, Solihah, 2017) 

 

 

CONCLUSION 

The ADF recovered from winemaking byproducts can be incorporated in various foods without negative 

impact on consumers’ liking, at levels that have been proven to have healthy effects in 

hypercholesterolemic adults. Hence, the recovered ADF could be used to implement an everyday dietary 

intervention over a long-term period. 

The use of phenolic fractions recovered from winemaking byproducts as clean label antioxidant 

additives seem to be promising, while testing new formulation strategies (encapsulation or 

nanoemulsion) is necessary to improve their efficacy as antimicrobials and colorants. Indeed, phenolic 

interaction with the food matrix could reduce their solubility, stability and overall efficacy. 

The use of winemaking byproducts as growth substrate for Pleurotus spp. can lead to a sustainable 

production of protein-rich foods. At the same time, to take advantage of the great potential of Pleurotus 

spp., a major knowledge on its micronutrients and bioactive compounds is needed. 
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ABSTRACT 

Nowadays, there is a global interest in the technological use of agro-industrial residues as a renewable source of 

food or food supplements. In order to improve valorisation of sugar beet pulp as a pectin-rich secondary raw 

material, the aim of this study was to investigate the delivery potential of pectin extracted from sugar beet pulp 

(SBP) in the formulation of functional edible films. Beside pectin, new developed edible films, based on yellow 

tea as a source of bioactive compounds, were additionally enriched with fenugreek and rice proteins. In order to 

remove the hydrophilic compounds of low molecular weight, extraction of SBP pectin was performed using 70 % 

ethanolic solution, and afterwards pectin from alcohol insoluble residue was extracted by acid hydrolysis, followed 

by dialysis, evaporation and freeze drying. Physical properties of proteins and isolated SBP pectin, as well as 

physico-chemical, mechanical, bioactive and sensory properties of the formulated films were determined. Based 

on the obtained results, the highest content of total polyphenols (106.22 mg GAE/g film) and individual bioactive 

compounds (gallic acid, catechin, epigallocatechin and caffeine), as well as the highest value of antioxidant 

capacity (1.89 mmol Trolox/g film) were determined in the film enriched with rice proteins. Although yellow tea 

markedly improved the functional potential of all formulated films, pectin film without proteins exhibited the best 

mechanical and sensory properties, in terms of tensile strength, elasticity, acceptability, colour, transparency and 

appearance. 

Keywords: agrowaste; bioactive compounds; edible films; pectin; sugar beet pulp 

 

INTRODUCTION 

The food industry generates a large amount of waste that is often discarded in the environment or used 
as animal feed. Recently, due to excessive accumulation of agrowaste, there is a growing need for its 
utilization as a source of various functional ingredients. In this sense, sugar beet pulp as an agro waste 
from sugar industry could be used as a source of pectin for developing functional, environmentally safe 
and sustainable edible films. 
Edible films are thin layer of edible material that directly coats the food, produced by edible polymers 
(polysaccharides or proteins and their combination) and food grade additives without changing the 
original ingredients or processing method of the product. The main tasks of edible films are to extend 
the limited shelf life of food products, to reduce the oxidation reactions such as degradation, enzymatic 
browning and oxidative rancidity, and to improve the gas and moisture barriers, but also nowadays it is 
highly important to enrich food products with the bioactive compounds and to improve their functional 
and sensory properties (Chiralt et al., 2018).  
The most often used biodegradable film-forming biopolymers are pectin, alginate, chitosan, carrageenan 
and gum arabic. Pectin-based films have lots of benefits for their use in food industry, including low 
cost, biodegradability, “green-packaging” material characteristics and GRAS status of pectin (FDA, 
2013). Pectin films are characterized by crystalline and/or amorphous regions, which are suitable for 
implementation of bioactive compounds, providing them antimicrobial, nutritive, and antioxidant 
properties (De’Nobili et al., 2013).  
Beside polysaccharides, for the formulation of edible films proteins deriving from different animal and 
plant sources, including animal tissues, milk, eggs, grains, and oilseeds, due to their availability and low 
cost are often used. The most commonly used proteins for the formulation of edible films are collagen, 
gelatin, caseins, whey proteins, corn zein, wheat gluten, soy protein, egg white protein etc. The addition 
of protein to edible films exhibit valuable characteristics, such as transparency and great barrier 
properties, but it also contributes to better incorporation of bioactive compounds such as nutrients, 
antioxidants, flavours etc. (Krochta, 2002).  
In order to combine more functional ingredients, the objective of this study was to develop edible films 
based on pectin extracted from sugar beet pulp, additionally enriched with bioactive compounds from 
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yellow tea extract and proteins. Also, physico-chemical, mechanical, bioactive and sensory properties 
of some ingredients and new developed films were evaluated. 
 

MATERIALS & METHODS 

Materials 

Pectin was extracted from sugar beet pulp, while fenugreek (Trigonella foenum graecum L.) and rice 

(Oryza sativa L.) proteins were purchased from specialised food market. 

 

Pectin extraction 

Alcohol soluble compounds were extracted from previously chopped and degreased sugar beet pulp 

using 70 % ethanolic solution, and afterwards obtained residue was used for acidic hydrolysis (HCl, pH 

1.5, 2 h, 90 °C). The obtained extracts were precipitated using 96 % ethanol during the night at 4 °C, 

followed by dialysis, evaporation and freeze drying. 

 

Pectin characterization 

The equivalent (molar) weight (EW) and degree of esterification (DE) were determined according to the 

modified method of Aina et al. (2012). The content of galacturonic acid was detected by 

spectrophotometric method according to the modified procedure of Melton et al. (2001). 

 

Physical properties of proteins 

Foaming capacity (FC) and foaming stability (FS) of proteins were determined according to Kempka et 

al. (2015), using Ultraturax IKA-T18 basic device for stirring the samples. Electrical conductivity (EC) 

of protein solutions was determined using SevenCompact conductometer (Mettler Toledo, Switzerland). 

Water holding capacity (WHC) and fat absorption capacity (FAC) were measured according to the 

modified method of Stone et al. (2015), while determination of emulsion activity index (EAI) and 

emulsion stability index (ESI) were carried out according to the modified method of Belščak-Cvitanović 

et al. (2018). 

 

Formulation of pectin-based edible films 

Edible films were prepared by combination of pectin and protein solutions (1:1), both previously 

prepared in yellow tea extract using conventional technique, with the addition of glycerol to ensure film 

plasticization (Table 1). All films were prepared in duplicate.  

 

Table 1. Composition of formulated edible films 
Sample Content of pectin (%) Content of proteins (%) 

F1 100 - 

F2 50 50 (fenugreek proteins) 

F3 50 50 (rice proteins) 

 

Physico-chemical and mechanical properties of formulated films 

Dry matter content of produced edible films was determined according to AOAC method (1990). The 

thickness of films (n=6) was measured using a digital hand-held micrometer (Digital Micrometer, Type 

40 EX, Germany) and the results were expressed in μm. Texture analysis of films was carried out using 

a TA.HDPlus texture analyser (Stable Micro Systems, Godalming, Great Britain). The maximum force 

(N), needed for compression, represented the hardness of the samples, while elasticity of samples was 

measured as a ratio of probe travel distance and expressed in mm. Determination of sample colour was 

performed using a colorimeter and the readings of L* (lightness), a* (redness) and b*(yellowness) were 

recorderd (Konica Minolta, Sensing, CM-700d, CM-A177, Japan). 

 

Total polyphenolic content and antioxidant capacity 
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The total polyphenolic content of film solutions (5 g film was diluted in 30 mL of 10 % etanolic solution) 

was determined spectrophotometrically by the Folin-Ciocalteau colorimetric assay, according to a 

modified method of Singleton and Rossi (1965), while flavan-3-ols was determined by the vanillin assay 

(Di Stefano, 1989). All measurements were carried out in duplicates and the results were expressed as 

mg of gallic acid equivalents (GAE)/g of film. Antioxidant capacity of films was determined by two 

commonly used assays: ABTS (Re et al., 1999) and DPPH (Brand-Williams et al., 1995), and expressed 

as mmol of Trolox/g of film. 

 

HPLC analysis 

The HPLC method was conducted using Aglient 1200 Series HPLC device (Aglient, Sant Clara, USA) 

and a Photo Array Detector (Aglient, Santa Clara, USA) with a reversed-phase ACE C-18 column 

(Aglient, Santa Clara, USA) (250 x 4.6 mm, 5 μm i.d.). Methanol (solvent A) and 2 % formic acid 

(solvent B) were used as mobile phases and the eluation was performed with a gradient starting at 98 % 

A, duration of method was 35 minutes, with 5 minutes post time. The injection volume was 10 μL, and 

flow was 1 mL/min (Belščak-Cvitanović et al., 2012). For the HPLC analysis, all film solutions were 

filtered through 0.45 μm filter (Nylon Membranes, Supelco, Bellefonte, USA) before injection. For 

quantification purposes, chromatograms were recorded and detection of the phenolic compounds was 

carried out at 278 nm. Peak identification was achieved by comparison of both the retention time and 

UV absorption spectrum with those obtained with standards. 

 

Sensory analysis of formulated edible films 

For the sensory evaluation of edible films, a hedonistic score scale of 1 to 9 was used, where 9 indicates 

a highly desirable quality and 1 meant a defective product. The sensory characteristics of edible films 

were evaluated in terms of appearance, colour, transparency, elasticity and acceptability. 
 

RESULTS & DISCUSSION 

In this study, extracted pectin from sugar beet pulp and selected proteins were characterized and 

employed for preparation of functional edible films. The sugar beet pulp pectin was characterized in 

terms of degree of esterification (DE), equimolar weight (EW), pH value and galacturonic acid content 

(GalUA) (Table 2). The obtained value for DE of pectin was 74.52±0.21 %, indicating a low methoxy 

pectin, while the EW was 1086.96±1.02 g/mol. The GalUA in sugar beet pulp pectin was 84.04±0.18 

%. Similar result was obtained in the study of Phatak et al. (2006), who determined galacturonic acid 

content of 81.80 % in the extracted pectin from sugar beet pulp.  

 
Table 2. Characterization of extracted sugar beet pulp pectin  

Sample DE (%) EW (g/mol) pH GaIUA (%) 

Sugar beet pulp pectin 74.52±0.21 1086.96±1.02 3.12±0.00 84.04±0.18 

 

Examined characteristics of fenugreek (F_P) and rice (R_P) proteins are presented in Table 3. As can 

be seen, higher values of foaming capacity (FC), foaming stability (FS) and electrical conductivity (EC) 

were determined for fenugreek proteins, while, in terms of WHC and FAC, as well as of ESI and EAI 

there were no marked difference between evaluated proteins. 
 

Table 3. Characterization of fenugreek (F_P) and rice (R_P) proteins  

Sample 
FC  

(%) 

FS  

(%) 

EC 

 (μs/cm) 

WHC 

(mL/g) 

FAC 

(mL/g) 

EAI  

(m2/g) 

ESI  

(%) 

F_P 20.21±0.24 10.17±0.22 462.23±2.56 37.80±0.23 38.40±0.27 30.46±0.47 97.78±1.04 

R_P 6.66±0.01 2.22±0.00 87.80±0.22 37.72±1.14 35.21±0.35 27.94±0.91 93.85±1.17 
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Figure 1. Formulated films: plain pectin film - control film (F1), pectin with addition of fenugreek proteins (F2) 

and rice proteins (F3) 
 

Physico-chemical and mechanical properties of the formulated films are shown in Table 4. Addition of 

both type of proteins to film resulted with the higher content (~12 % higher) of dry matter in F2 and F3 

films, what reflected on tensile strength and elasticity, as two important properties of packaging 

materials. Namely, compared to the control film (F1), incorporation of proteins into pectin-based films 

decreased tensile strength and elasticity and both parameters were not measurable due to the films 

breaking (Figure 1). Compared to the control film (F1), the addition of proteins into film slightly 

increased its lightness (higher L* values). F1 and F2 films were slightly more reddish (higher a* values), 

while F3 was more yellowish (~40 % lower a* value). The highest b* value (green component) had the 

control film (F1). According to the results for the total colour difference (ΔE), film produced by a 

combination of pectin and rice proteins showed slightly higher total colour difference (38.31±1.53). 

 
Table 4. Physico-chemical and mechanical characteristics of formulated films 

Sample 

Dry 

matter 

(%) 

Thickness 

(µm) 

Tensile 

strength 

(N) 

Elasticity 

(%) 
L* a* b* ΔE 

F1 81.99±0.01 96.50±2.28 3.64±0.83 18.02±2.40 21.42±2.72 2.24±0.47 6.33±0.91 - 

F2 94.45±0.56 97.13±9.11 - - 26.64±1.53 2.16±0.31 5.71±0.36 34.79±2.09 

F3 94.11±0.07 96.60±4.94 - - 25.43±2.83 1.36±0.31 5.43±1.77 38.31±1.53 

 

Pectin-protein films exhibited a higher content of total polyphenolic compounds compared to the plain 

pectin film (Figure 2), and among all samples, pectin-based film formulated with addition of rice 

proteins showed the highest content of polyphenolic compounds (106.22 mg of GAE/g). Among pectin 

films formulated with addition of proteins, rice proteins also showed better function for incorporation 

of flavan-3-ols than film prepared with fenugreek proteins. 

 

 

Figure 2. Total polyphenols (mg of GAE/g film) and flavan-3-ols content (mg of catechin/g film) in formulated 

films. Results are shown as mean ± SD. 
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According to the results of antioxidant capacity, presented on Figure 3, it can be seen that among 

prepared edible films, film F3 was characterized with the highest antioxidant capacity determined by 

ABTS assay, confirming previously presented results of total polyphenolic content.  

 

 

Figure 3. Antioxidant capacity (mmol Trolox/g film) of formulated films determined by ABTS and DPPH 

assays. Results are shown as mean ± SD. 
 

Table 5 summarizes specific bioactive compounds (polyphenols and methylxanthines) detected in 

formulated edible films. Epigallocatechin gallate (EGCG), as a representative polyphenolic compound 

of yellow tea, was determined in the highest content in all films, ranging from 25.15 to 45.47 mg/g. 

Beside polyphenolic compounds, all films contained also high content of methylxanthine caffeine (from 

32.87 to 50.90 mg/g). Among all prepared films, sample F3 was characterized with the highest content 

of bioactive compounds which could be attributed to a good ability of rice protein for incorporation of 

yellow tea bioactives into this film. All identified compounds of edible films are well-known 

antioxidants which contributes to functional properties of edible films with potential beneficial effects 

on human health (Gramza-Michalowska et al., 2015; Kujawska et al., 2016). 

 
Table 5. The content of bioactive compounds in formulated films 

Compound

/ Sample 

Gallic acid EGCG Epigallocatechin Catechin Caffeine 

mg/g 

F1 1.38±0.04 45.47±0.31 5.41±0.04 6.13±0.28 32.87±0.28 

F2 1.91±0.08 25.15±0.69 2.65±0.12 3.59±0.09 40.23±0.00 

F3 2.79±0.08 44.49±0.49 7.83±0.10 8.88±0.01 50.90±0.14 

 

According to the results of sensory evaluation, all evaluated properties of control film (F1) were scored 

with the highest marks compared to the films formulated with protein addition (Figure 4). Among 

samples prepared with proteins, film with rice proteins (F3) showed better appearance, acceptability, 

transparency and colour. 

 

 

Figure 4. Sensory analysis of pectin-based edible films  
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CONCLUSION 

Extracted pectin from sugar beet pulp, consisting of 84.04 % galacturonic acid, showed good ability for 

formulation of edible films based on yellow tea extract. Among the formulated films, the pectin-based 

film with addition of rice proteins exhibited the highest total polyphenolic content, as well as antioxidant 

capacity, but on the other hand, plain pectin film showed better mechanical and sensory properties. 

Although some further improvements in the film formulations are needed, based on the obtained results 

it can be concluded that combination of extracted pectin, proteins and yellow tea extract showed a good 

potential for formulation of functional edible films. 
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ABSTRACT 

The study deals with the evaluation of the onion peel potential, as a source of functional compounds (pectin and 

quercetin) for the formulation of polysaccharide-based delivery systems and innovative food products. In the first 

step, quercetin and its derivates, as representative lipophilic polyphenolic antioxidants, were extracted from onion 

peel by conventional (20 °C and 80 °C) and ultrasound assisted techniques using 70 % aqueous ethanol solution. 

Afterwards, the obtained quercetin-rich extracts were encapsulated in form of hydrogel particles by ionic gelation, 

using alginate and pectin as carriers. For that purpose pectin was previously extracted from onion peel using acid 

hydrolysis, followed by dialysis, evaporation and freeze drying. Pectin was combined with alginate (20:80, 30:70 

and 40:60, v/v) for the formulation of quercetin-rich hydrogel particles. The physico-chemical and morphological 

properties, encapsulation efficiency of polyphenols and quercetin release profile from obtained particles in 

simulated gastric and intestinal fluids were examined. Although there were no marked differences between 

encapsulation efficiency (EETPC>93 %) in developed delivery systems, the highest content of quercetin and its 

derivatives was determined in alginate-pectin (80:20) particles. The obtained results confirmed a good application 

potential of quercetin and pectin, both derived from onion peel as compounds for encapsulation-enrichment of 

food products. 

Keywords: encapsulation; ionic gelation; onion peel; pectin; quercetin 

 

INTRODUCTION 

One of the greatest challenges for modern food industry is to find solutions for disposal of agrowaste 

generated during the food production. The reduction of waste throughout any part of food chain is very 

important for sustainability and economics in food, pharmaceutical or cosmetic industry. Considering 

the great onion production (the global production of onion in 2016 was around 93.4 million tonnes), 

onion peel, as secondary raw material, represent widely available and potentially rich source of different 

functional ingredients for utilization of agrowaste.  
Onion peel contains various bioactive compounds like flavonoids (especially quercetin and kaempferol), 
phenolic acids (caffeic, sinapic and p-coumaric), saponins, sterols, and volatile oils (Shafig et al., 2017). 
Numerous studies have confirmed beneficial effects of onion peel bioactives on human health. It was 
found that onion peel extract exhibits antiplatelet, antioxidant, antibacterial, anti-inflammatory, 
antitumor, hypolipidemic and antidiabetic potentials due to available polyphenolic compounds, 
especially quercetin (Nishijima et al., 2015; Zhu et al., 2018).  
On the other hand, onion peel is also a great source of pectin, water-soluble fibre distributed in the cell 
walls of fruits and vegetables. It prolongs gastric removal and alters intestinal microflora, also lowering 
of some risk factors of cardiovascular disease, and promoting satiety and weight loss thus preventing 
obesity (Pokusaeva et al. 2011). Due to its pronounced gelling properties, pectin is frequently used as a 
carrier material for encapsulation of bioactive compounds. Either as a single encapsulant or prepared 
with addition of other biopolymers (e.g. alginate), pectin can also serve as a good alternative to syntetic 
polymeric materials, due to its barrier and nutritional properties (Drusch, 2007). 
Encapsulation is the technology of packaging solids, liquids and gaseous materials in small capsules, 
which are able to release their content at controlled rates under specific conditions (Desai and Park, 
2005). Among various encapsulation techniques, ionic gelation is one of the most commonly used, 
which involves extrusion of a polymer solution through a syringe needle, in which the active compound 
is dissolved or dispersed. Droplets are received in a dispersant phase and are transformed, after reaction, 
into spherical gel particles (Munin and Edwards-Levy, 2011).  
In the present study, the potential of onion peel as a source of functional compounds (quercetin and 
pectin) was evaluated, with the aim of its efficient utilization in the food industry. The obtained pectin 
and quercetin were used as carrier/encapsulant supplements. Alginate-based beads were studied in terms 
of physico-chemical and morphological properties, encapsulation efficiency of polyphenols (total 
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polyphenols) and retained antioxidant capacity. Release profile of quercetin and antioxidant capacity 
from hydrogels were determined in simulated gastrointestinal conditions. 
 

MATERIALS & METHODS 

Materials 
All chemicals used for the experimental procedures were analytical or HPLC-grade. Pectin was 
extracted from onion peel, which was collected in the household, while sodium alginate was purchased 
from Sigma-Aldrich (USA).  
 
Pectin and quercetin extraction 
Alcohol soluble compounds (quercetin) were extracted from previously chopped and degreased onion 
peel using 70 % ethanolic solution by conventional extractions (CE) at 20 °C and 80 °C and ultrasound 
assisted extraction (UAE). The obtained quercetin rich extracts were analysed and employed for 
encapsulation purposes, while, residue obtained after extraction was used for extraction of pectin (HCl, 
pH 1.5, 2h, 90 °C). The obtained extracts were precipitated using 96 % ethanol during the night at 4 °C, 
followed by dialysis, evaporation and freeze drying. 
 
Extract characterization 
The HPLC analysis of bioactive compounds in onion peel extracts was conducted according to the 
method of Belščak-Cvitanović et al. (2016) using an Aglient 1200 Series HPLC device (Aglient, Santa 
Clara, USA) and a Photodiode Array detector (Aglient, Santa Clara, USA) using a reversed-phase ACE 
C-18 column (250 x 4.6 mm, 5 μm i.d.). The antioxidant capacity was measured according to methods 
of Brand-Williams et al. (1995) - DPPH and Re et al. (1999) - ABTS. 
 
Pectin characterization 
The equivalent (molar) weight (EW) and degree of esterification (DE) was determined according to the 
modified method of Aina et al. (2012), while determination of galacturonic acid content was performed 
by spectrophotometric method according to the modified procedure of Melton et al. (2001). 
 
Encapsulation of alginate-based delivery systems 
Alginate-A (4 % solution), pectin-P (4 % solution) and cross-linking solution consisting of 3 % (w/v) 
calcium chloride (CaCl2) were prepared in onion peel extracts obtained by ultrasound assisted extraction. 
The beads were formulated from plain alginate and alginate-pectin solutions (80:20, 70:30 and 60:40). 
Preparation of alginate-based particles was carried out by ionic gelation using dropwise addition of 
prepared carrier solutions into a calcium chloride solution.  
 
Physio-chemical properties of produced beads 
The water content of produced hydrogel beads was determined according to AOAC method (1990). 

Particle size of randomly selected hydrogel beads was examined by recording the beads (n=10) with a 

digital camera on the Dino-Lite calibration plate (minimal distance = 0.2 mm), and afterwards reading 

the particle size from the captured images. Instrumental texture analysis of hydrogel beads was carried 

out using a TA.HDPlus texture analyser (Stable Micro Systems, Godalming, Great Britain). 

Compression test was performed using a 4mm metal (stainless steel) cylindrical probe with flat bottom 

and a 5 kg load cell, as described by Belščak-Cvitanović et al. (2015). Each analysis was executed five-

fold. The maximum force (N) needed for compression (maximal resistance of the surface to compression 

of probe) represented the hardness of the samples, while elasticity of samples was measured as a ratio 

of probe travel distance and was expressed in mm. Determination of colour was performed by diffuse 

reflecting spectrometry on a colorimeter (Konica Minolta, Sensing, CM-700d, CM-A177, Japan). 

 

Encapsulation efficiencies of entrapped bioactives and determination of specific bioactive compounds 

in hydrogel beads 
The percentage of loading efficiency (%) of total polyphenols (Singleton and Rossi, 1965) and retained 
antioxidant capacity (DPPH and ABTS, according to methods specified in the section ‘’Extract 
characterization’’) was calculated as the ratio between the total polyphenols or antioxidant capacity in 
the solution of disintegrated beads and their respective content in the initial encapsulant solution. All 
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analyses were carried out in triplicates. Also, the HPLC analysis of bioactives in hydrogel beads was 
conducted according to previously mentioned method. 
 

Release profiles of entrapped bioactives 

The release profile of quercetin and antioxidant capacity from the obtained beads in simulated gastric 

and intestinal fluids (SGF and SIF) was performed by evaluating the quercetin content using HPLC 

analysis and antioxidant capacity using ABTS radical scavenging assay. SGF consisted of sodium 

chloride (NaCl) dissolved in hydrochloric acid (HCl) solution (pH=1.2), while SIF consisted of 

phosphate buffer (pH=7.4), proposed by the European Pharmacopeia 7.0. (2010). All analysis were 

carried out in triplicate. 

RESULTS & DISCUSSION 

Extracted pectin from onion peel was characterized by the following parameters: degree of esterification 

- 53.81±1.24 %, equimolar weight - 741.04±14.42 g/mol, pH value - 3.18±0.00 and content of 

galacturonic acid - 58.21±0.54 % (not shown). According to the degree of esterification, the extracted 

onion peel pectin is classified as highly metoxyl pectin. The obtained content of galacturonic acid in 

onion peel was 15 % lower than the one in the study of Babbar et al. (2016), what could be attributed to 

differences in parameters and solvents used during pectin extraction.  

Beside pectin, onion peel was used also as a source of polyphenolic compounds, especially quercetin 

and its derivates. The content of specific bioactive compounds in onion peel extracts was determined by 

HPLC analysis and the obtained values are presented in Table 1. Detected polyphenolic compounds 

belong to flavonoids (quercetin, quercetin-3-glucoside, quercetin derivatives and luteolin) and phenolic 

acids (protocatechuic, p-hydroxybenzoic and vanillic). Quercetin and its derivatives are the most 

abundant flavonoids, characteristic for onion peel extract and known as strong antioxidants (Nishijima 

et al., 2015). Consequently, obtained sum of their concentrations (quercetin, quercetin-3-glucoside and 

quercetin derivatives) was the highest compared to other group of compounds, e.g. 17.55 mg/g in UAE 

sample. In the case of phenolic acids, protocatechuic acid was dominant, and again it was determined in 

the highest content in sample UAE (2.19±0.04 mg/g). The highest content of identified compounds was 

determined in onion peel extract obtained by UAE, followed by CE at 80 °C and 20 °C.  
 

Table 1. The content of specific bioactive compounds (mg/g) in onion peel extract obtained by different 

extraction techniques 

Bioactive 

compound 

/Sample 

Protocatechuic 

acid 

p-hydroxybenzoic 

acid 

Vanillic 

acid 

Quercetin-

3-glucoside 
Quercetin 

Quercetin 

derivatives 
Luteolin 

mg/g 

CE 20 °C  0.91±0.00 0.01±0.00 0.02±0.00 0.09±0.00 1.56±0.01 8.28±0.04 0.04±0.00 

CE 80 °C 0.98±0.01 0.02±0.00 0.01±0.00 0.09±0.00 1.68±0.04 9.39±0.15 0.05±0.00 

UAE 2.19±0.04 0.04±0.00 0.05±0.00 0.13±0.01 1.62±0.05 15.80±0.74 0.05±0.00 

 

 

Beside specific bioactive composition, the antioxidant capacity of extracts was also measured. As can 

be seen (Table 2), the results of antioxidant capacity were in line with the HPLC results, and the highest 

values of antioxidant capacity were determined (by both methods) in extract prepared by UAE, followed 

by CE at 80 °C and CE at 20 °C. Therefore, based on the obtained results, onion peel extract prepared 

by UAE was encapsulated by ionic gelation using alginate and pectin as carriers. 
 

Table 2. Antioxidant capacity of onion peel extract 

Sample 
ABTS DPPH 

(mmol Trolox/g) 

CE 20 °C  0.07±0.01 0.05±0.00 

CE 80 °C 0.07±0.01 0.05±0.01 

UAE 0.20±0.02 0.09±0.01 
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The influence of carrier’s formulations on water content, particle size, texture parameters (hardness, 
elasticity) of formulated alginate-based hydrogel beads, as well as on colour properties were evaluated 
and presented in Table 3. In general, alginate-pectin particles exhibited higher water content than plain 
alginate particles, with the highest detected in AP_60:40 particles. As can be seen, the particle size of 
formulated alginate-based hydrogel beads encapsulating onion peel polyphenols was ranging from 2.34 
to 2.48 mm, what is consistent to other studies which reported that the size of calcium alginate beads 
produced by simple extrusion dripping is usually larger than 1 mm (Lee et al., 2013), and can even go 
up to 6 mm (Burey et al., 2008). According to the obtained results, plain alginate beads encapsulating 
onion peel extract were screened as largest, while the addition of pectin reduced particle size of beads. 
Also, the addition of pectin to alginate resulted with softer and less elastic beads structure, exhibiting 
the lowest values in beads with the highest pectin content (AP_60:40). In terms of colour properties, 
these particles were the darkest, respectively they had the lowest L* value, as well as  a* (less reddish) 
and b* (less yellowish) values. The highest total colour difference (8.19) was determined between A 
and AP_60:40 samples. 
 

Table 3. Physico-chemical properties of formulated beads 

Sample 

Water 

content 

(%) 

Particle 

size  

(mm) 

Hardness

(N) 

Elasticity 

(%) 
L* a* b* ΔE 

A 92.15±2.67 2.48±0.24 0.18±0.01 0.30±0.02 32.87±0.06 15.74±0.15 23.30±0.08 - 

AP_80:20 92.37±0.40 2.47±0.22 0.18±0.01 0.29±0.01 28.16±0.04 13.50±0.08 17.39±0.06 5.21±0.20 

AP_70:30 92.76±0.39 2.40±0.17 0.16±0.00 0.29±0.02 26.36±0.14 12.31±0.23 15.82±0.39 7.35±0.55 

AP_60:40 93.72±0.24 2.36±0.16 0.07±0.01 0.11±0.01 24.67±0.11 11.99±0.17 13.99±0.21 8.19±0.21 

 

According to determined encapsulation efficiencies (Table 4), total polyphenolic content (TPC) was 

successfully retained in the hydrogel beads matrix. For plain alginate particles, EETPC (loading 

capacities) was around 98 % and it slightly increased with the addition of pectin (AP_70:30, AP_60:40), 

except for sample AP_80:20, where lower EETPC was observed. It can be observed that among particles 

with pectin, ones with lower pectin content had lower EETPC (AP_80:20<AP_70:30<AP_60:40). In the 

case of retained antioxidant capacity measured by ABTS and DPPH assays, the encapsulation efficiency 

was also very high, in the range from 76.70 to 95.31 %. According to observed results, there was good 

correlation between EETPC and antioxidant capacity (for EE rTPC/DPPH - 0.98). 

 
Table 4. Encapsulation efficiencies (EE %) of total polyphenols content (TPC) and antioxidant capacity of onion 

peel extract measured by ABTS and DPPH methods 

Sample EETPC (%) EEABTS (%) EEDPPH (%) 

A 98.58±3.54 76.08±1.65 95.31±1.09 

AP_80:20 93.77±5.19 76.70±1.29 84.49±7.04 

AP_70:30 98.79±2.12 82.11±2.31 94.46±0.11 

AP_60:40 99.08±4.95 77.38±0.12 94.12±2.09 

 
Among investigated compounds, the highest content obtained after crushing of particles was recorded 
for quercetin derivatives (0.517 - 0.596 mg/g), which are characteristic compounds of onion peel extract 
(Table 5). In the term of phenolic acids, protocatechuic adic was detected as most abundant (0.494 - 
0.663 mg/g), while p-hydroxybenzoic acid was detected in a much lower content (0.003 to 0.006 mg/g). 
The highest content of bioactives was determined in plain alginate particles, followed by lower contents 
in alginate-pectin beads. Those results indicate that the content of individual bioactive compounds is 
dependent on employed carrier systems. Low methoxyl pectins (DE<50 %) are known as better 
bioactives delivery vehicle, since they can form calcium gels with good characteristic in comparison 
with high metoxyl pectins (Morris et al., 2010). Onion peel pectin which was used for formulation of 
alginate pectin particles was characterized as high metoxyl pectin, so obtained results could be expected. 

  

Table 5. The content of specific bioactives of onion peel extract retain in broken hydrogel particles (mg/g 

particle)  
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Bioactive 

compound/ Sample 

Protocatechuic 

acid  

p-hydroxybenzoic 

acid  
Quercetin  

Quercetin 

derivatives  

mg/g  

A 0.663±0.010 0.006±0.000 0.432±0.010 0.596±0.041 

AP_80:20 0.547±0.011 0.003±0.000 0.350±0.032 0.583±0.037 

AP_70:30 0.510±0.002 0.003±0.000 0.370±0.015 0.524±0.018 

AP_60:40 0.494±0.051 0.003±0.000 0.336±0.072 0.517±0.020 

 

The release patterns of quercetin (Figure 1a) and antioxidant capacity (Figure 1b) from the formulated 
particles in simulated gastric and intestinal fluids showed better delivery performances for alginate-
pectin systems, especially in the case of lower pectin content (80:20). Namely, the release profiles of 
quercetin revealed its continuous release in simulated gastric fluid from samples A and AP_80:20, while 
the other two systems showed minor fluctuations. Extension of continuous release of quercetin in 
simulated intestinal fluid was recorded for all particles, except for plain alginate. The analysis showed 
that AP_60:40 system released the highest content of quercetin (~0.2 mg/g beads). The release patterns 
for antioxidant capacity did not differ markedly between formulated particles in the gastric conditions, 
since almost no release of antioxidant capacity was detected, while in simulated intestinal fluid sharper 
and prolonged release was observed. In the case of plain alginate particles, the release profiles of 
antioxidant capacity was prolonged up to 150 min. Thus, this indicates that the release properties of 
beads could be also effected by their particle size (A- the largest beads), since it was reported that release 
of bioactives and consequently antioxidant activity from delivery system is prolonged when the particle 
size of bead is larger (Stojanovic et al., 2012; Bušić et al., 2018). Also, alginate beads are characterized 
as stable in acidic solutions and degrade under higher pH value (Li et al., 2016), what was also confirmed 
in this study, since after placing alginate beads from gastric (pH=1.2) to intestinal fluid (pH=7.4) they 
were totally degraded with time (after 140/150 min) and quercetin was fully released. 

Figure 1. Release profiles of quercetin (a) and antioxidant capacity obtained by ABTS assay (b) from particles 

encapsulating onion peel extract in simulated gastric (SGF) and intestinal fluids (SIF) 

 

CONCLUSION 

In the present study, onion peel was used as a source of pectin (additional carrier) and quercetin 

(encapsulant) for fabrication of hydrogels with high encapsulation efficiency of bioactives and its 

desirable release properties. Considering the physico-chemical properties of prepared beads, the 

 a) 

 

 

b) 
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composition of delivery systems influenced texture parameters, since the beads prepared with higher 

content of pectin had lower hardness and elasticity. Contrary to the results obtained for encapsulation 

efficiency, where bigger beads were able to entrap higher amount of polyphenols, favourable extended 

release of quercetin from beads in simulated gastrointestinal fluids was observed from smaller beads 

(ones prepared with pectin). The obtained results were good example of onion peel utilization and could 

be suitable for design of efficient delivery systems applicable in food and/or pharmacy industry. 
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ABSTRACT 

The present study was funded by the Istria Tourist Board, and performed in order to provide an overview of the 

antioxidant capacity of various typical foods and food products in Istria as well as to compare the obtained values 

with the available databases. A special emphasis throughout the screening process has been put on here presented 

˝old, forgotten˝ fruit species, common in public and private gardens in Istrian region, such as black elder 

(Sambucus nigra L.), loquat (Eriobotrya japonica (Thunb.) Lindl.), jujube (Ziziphus jujuba Mill.), strawberry tree 

(Arbutus unedo L.), blackberry (Rubus fruticosus L.), black mulberry (Morus nigra L.), autochthonous cultivars 

of fig (Ficus carica L.), etc. Among the 42 investigated samples of 14 different fruit species/cultivars extracted in 

water/methanol, blackberry, strawberry tree and black elder fruits proved to have the highest antioxidant capacity 

(6.33±0.07; 5.04±0.07; 4.46±0.1 mmol FeSO4
+/100 g FW, respectively) according to a modified FRAP assay. The 

comparison of obtained values with the results in available databases was possible only in a few cases of matching 

species, but in most cases our results were within the range specified for corresponding sample types. The scientific 

findings of this study will not only help in the gourmet promotion of the Istrian region, but will assist in the 

revitalisation of neglected fruit species and old cultivars, that are potentially suitable for organic farming purposes 

and as such represent a valuable element of sustainable development and biodiversity conservation. 

 

Keywords: autochthonous cultivars; antioxidants; gardens; FRAP; neglected fruits  

 

INTRODUCTION 

In the promotion of Istrian region as an attractive tourist destination, Istrian gastronomy is increasingly 
used as an important segment of the tourist offer and as a shaping tool for Istrian culture identity in 
which preservation of the tradition of growing old autochthonous plant cultivars and species is one of 
the main goals (Oliva et al., 2012). High antioxidant capacity is an important characteristic and a 
scientific foundation for the promotion of Istrian diet which is based on high quality, ecologically grown 
food products with high nutritional values and positive health effects. Fruit species like mulberry, black 
elder or strawberry tree are found all over the Istrian County’s public and private gardens (Turalija et 
al., 2017), but often get neglected in cuisine even though they are rich in flavonoids and other 
antioxidants (Zhishen et al., 1999; Atkinson, Atkinson, 2002; Roschek et al., 2009; Mendes et al., 2011; 
Miguel et al., 2014; Miljković et al. 2015). The aim of this study was to provide a scientific background 
for the revitalisation of common Istrian garden fruits using simple screening method for antioxidant 
capacity measurement. 
 

MATERIALS & METHODS 

Plant material 
Total of 42 fruit samples of 14 different species/cultivars (three per species/cultivar), were collected at 
the peak of their ripeness from the public and private gardens in Istrian County (Table 1) during 2017. 
As soon as they were collected they were pitted, weighed and then freeze-dryed (ScanVac, CoolSafe 
55-4, LaboGene Aps., Denmark) at -50 °C, from 24 to 96 hours. Samples were then stored at -20 °C 
until pulverization in kitchen blender (Moulinex 243 Illico). Prepared samples were then stored in 
aliquots at +4 °C until analyses were performed. 
 
Chemicals 
All reagents and solvents used were of adequate analytical grade. HPLC grade methanol was obtained 
from J.T. Baker® (Avantor Performance Materials S.A., Arnhem, The Netherlands). 2,4,6-Tri(2-
pyridyl)-s-triazine (TPTZ) and sodium acetate trihydrate were purchased from Acros Organics (Thermo 
Fisher Scientific, Geel, Belgium). Ferric (III) chloride hexahydrate and glacial acetic acid were 
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purchased from Sigma-Aldrich Chemie GmbH (Merck & Co., Inc., Taufkirchen, Germany). 
Hydrochloric acid was obtained from Kemika d.d. (Zagreb, Croatia). 
 
Extraction 
Extraction was carried out using protocols of Harlvorsen et al. (2002) and Carlsen et al. (2010). Three 
replicates were weighed out for each sample (0.2±0.01 g). All samples were extracted in water/methanol. 
Briefly, 1 mL of water was added to each replicate and then 9 mL of methanol was added after 
homogenisation. The extracts were then mixed, sonicated in ice water bath for 15 min and then kept 
overnight (15-16 h) at +4 °C under vigorous stirring in a becker of adequate size. Next, extracts were 
mixed once more and then centrifuged at 12402 g for 2 min at +4 °C. The concentration of antioxidants 
in supernatant was measured in triplicate.  
 
Determination of antioxidant capacity 
Antioxidant capacity (AC) of extracts was determined by FRAP assay of Benzie and Strain (1996) with minor 
modifications. The measurements of absorption changes that appear when the Fe3+-TPTZ complex 
reduces to the Fe2+-TPTZ form in the presence of antioxidants was performed at 593 nm after 4 min 
incubation (NanoPhotometer Implen P300, Implen GmbH, München, Germany). The results were 
calculated according to the calibration curve for ferrous sulphate heptahydrate (100-1000 μM) (y = 
0.5235x, y = absorbance at 593 nm, x = concentration of FeSO4

+ in mM, R2 = 0.9949) and expressed as 
reducing ability equivalent to 1 mmol FeSO4

+ per 100 g of DW (plant dry weight), LW (liophilized 
weight) and recalculated as FW (plant fresh weight). Each AC determination was performed in triplicate, 
and the results are expressed as mean values ±SD.  
 

RESULTS & DISCUSSION 

The focus of our study was the investigation of antioxidant capacity of autochthonous fruit 
species/cultivars common in Istrian region (Table 1). FRAP assay was chosen regarding the only 
available reference table/list of foods and food produces (Harlvorsen et al., 2002; Carlsen et al., 2010) 
and the results are presented in Table 2. Strawberry tree and black elder fruit proved to have the highest 
antioxidant capacity regarding the lyophilised (17.78±0.25 and 17.73±0.39 mmol FeSO4

+/100 g LW 
respectively) and dry weight (20.43±0.33 and 19.90±0.44 mmol FeSO4

+/100 g DW), but when 
recalculated in fresh weight, blackberry fruit proved to have the highest value (6.33±0.07 mmol 
FeSO4

+/100 g FW). Fig cultivars ‘Zamorčica’, ‘Bjelica’ and ‘Petrovača bijela’ showed the lowest values 
among all the investigated samples (0.68±0.04, 0.27±0.02 and 0.06±0.01 FeSO4

+/100 g FW 
respectively). The comparison of obtained values with the results in available databases was possible 
only in a few cases of matching species, but in most cases our results were within the range specified 
for corresponding sample types (Halvorsen et al., 2006). In respect to The Antioxidant Food Table 
(Carlsen et al., 2010), fig cultivars and black elder berries fall into the range of values given in the table, 
while redcurrant analysed in our study proved to have higher values than the ones stated in the paper 
with value of 2.64±0.15 mmol FeSO4

+/100 g FW. However, these differences cannot be accounted as 
significant, as the total antioxidant capacity is influenced by various factors that make the comparison 
difficult, such as different analysed cultivars, harvesting time, degree of ripeness, agricultural practice, 
soil characteristics, etc. Also, the “ranking” approach must be considered with caution, in terms of 
nutritional information, since it can induce consumers’ preferences based only on the higher antioxidant 
content of particular food. In that regard, we should have in mind that healthy nutrition implies a 
nutritionally adequate diet, consistent with a comprehensive lifestyle, and not the consumption of 
particular foods. Moreover, since we here consider a regional gourmet promotion, we have to highlight 
the influence of culinary methods (thermal treatments, interaction of different ingredients in particular 
dish) and storage that affect the antioxidant content and represent the important factors related to this 
issue. Besides, the overall obtained AC values refer to in vitro tests, and have not been confirmed in 
vivo. Therefore, one of the future steps in our research will be the analysis of biological activity of our 
extracts. 
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Table 1. List of samples analysed in the study. 
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Table 2. Results of FRAP assay, ranged according to the obtained values expressed per FW. 

Sample/Cultivar Sampling location 

Cherry plum 

(Prunus cerasifera Ehrh.) 

Poreč and surroundings/ 

local population 

Black elder fruit 

(Sambucus nigra L.) 

Poreč and surroundings/ 

local population 

Mulberry 

(Morus nigra L.) 
Pula and surroundings/ 

local population 

Blackberry 

(Rubus fruticosus L.) 
Poreč and surroundings/ 

local population 

Raspberry 

(Rubus idaeus L.) 
Poreč and surroundings/ 

local population 

Loquat 

(Eriobotrya japonica (Thunb.) Lindl.) 

Pula and surroundings/ 

local population 

Service tree 

(Sorbus domestica L.) 
Kaštelir/local population 

Red currant 

(Ribes rubrum L.) 

Pula and surroundings/ 

local population 

Blackthorne 

(Prunus spinosa L.) 

Pula and surroundings/ 

local population 

Jujube 

(Ziziphus jujuba Mill.) 

Poreč and surroundings/ 

local population 

Strawberry tree 

(Arbutus unedo L.) 

Poreč and surroundings/ 

local population 

Fig (Ficus carica L.)/cv. Zamorčica Collection+/local cultivar 

Fig (Ficus carica L.)/cv. Petrovača 

bijela 
Collection+/local cultivar 

Fig (Ficus carica L.)/cv. Bjelica Collection+/local cultivar 

Sample/Cultivar mmol FeSO4
+/ 100 g 

LW* 

(± SD) 

mmol FeSO4
+/ 100 g 

DW** 

(± SD) 

mmol FeSO4
+/ 100 g 

FW*** 

(± SD) 

Blackberry 

(Rubus fruticosus L.) 
17.135 

(± 0.198) 

18.630 

 (± 0.216) 

6.331 

(± 0.073) 

Strawberry tree 

(Arbutus unedo L.) 

17.782  

(± 0.250) 

20.426 

 (± 0.333) 

5.044  

(± 0.071) 

Black elder fruit 

(Sambucus nigra L.) 

17.728 

(± 0.390) 

19.901 

 (± 0.437) 

4.456 

(± 0.098) 

Blackthorne 

(Prunus spinosa L.) 

9.598 

(± 0.305) 

10.746 

 (± 0.342) 

4.305 

(± 0.137) 

Jujube 

(Ziziphus jujuba Mill.) 

16.471 

(± 0.369) 

18.377 

 (± 0.412) 

4.176 

(± 0.094) 

Red currant 

(Ribes rubrum L.) 

 15.296 

(± 0.842) 

17.318 

 (± 0.954) 

2.635  

(± 0.145) 

Raspberry 

(Rubus idaeus L.) 
14.505 

(± 0.300) 

16.326 

 (± 0.337) 

2.336 

(± 0.048) 
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*LW (Lyophilised Weight) - all the samples were lyophilised 
**DW (Dry Weight) - one gram of every sample was taken to be analysed for dry weight (105 °C until constant 

mass, minimum 4 h) 
***FW (Fresh Weight) - recalculated using the weight before lyophilisation 

 

CONCLUSION 

The total of 42 samples of 14 different “forgotten” fruit species/cultivars collected from public and 
private gardens in Istrian County were lyophilised, extracted in water/methanol (1:9) and subjected to 
FRAP, antioxidant capacity assay in order to provide scientific background for the promotion of 
investigated species in Istrian gastronomy. Among the investigated samples blackberry, strawberry tree 
and black elder fruits proved to have the highest antioxidant capacity. Modified FRAP assay proved to 
be a simple screening method for AC analysis of foods and food products, and the results of this study 
will contribute to the revitalisation of neglected fruit species commonly found all over Istrian region. 
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Service tree 

(Sorbus domestica L.) 

5.451 

(± 0.407) 

5.872 

 (± 0.438) 

2,294 

(± 0.171) 

Mulberry 

(Morus nigra L.) 
8.941 

(± 0.491) 

11.100 

 (± 0.981) 

2.028 

(± 0.111) 

Loquat 

(Eriobotrya japonica (Thunb.) 

Lindl.) 

15.125 

(± 0.431) 

17.916 

 (± 0.510) 

1.759 

(± 0.050) 

Cherry plum 

(Prunus cerasifera Ehrh.) 

10.743 

(± 0.244) 

12.298 

 (± 0.280) 

1.543 

(± 0.035) 

Fig (Ficus carica L.)/cv. 

‘Zamorčica’ 

2.136  

(± 0.126) 

2.697 

 (± 0.162) 

0.677  

(± 0.040) 

Fig (Ficus carica L.)/cv. 

‘Bjelica’ 

1.454  

(± 0.097) 

1.895 

 (± 0.131) 

0.271  

(± 0.018) 

Fig (Ficus carica L.)/cv. 

‘Petrovača bijela’ 
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2.451 
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0.062  

(± 0.007) 
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ABSTRACT 

Stability of bioactive compounds (phenols and carotenoids) during drying process and the antioxidant 

capacities of two different coloured carrot varieties (domestic yellow and conventional purple carrot) 

were examined. 

Sliced carrots were dehydrated either by using conventional or freeze drying process. In fresh and dried 

samples total phenolic content was determined by the Folin-Ciocalteu method and antioxidant capacity 

according to the DPPH radical scavenging method. Four types of carotenoids were determined by the 

use of HPLC methods. Purple carrot contained 5.9 fold total phenols (1235 mg GAE /100 g d.w.) than 

domestic yellow carrot and remarkable higher antioxidant capacity (4155 µmol in purple and 213 µmol 

TE/100 g d.w. in yellow).The most common carotenoid was lutein in amount of 6.18 mg in purple and 

4.00 mg/100 g d.w. in yellow carrot. Yellow carrot contained slightly more β-carotene (2.60 mg/100 g 

d.w.). Lycopene was not detected and α-carotene was detected only in freeze dried sample of purple 

carrot. Drying process did not affect remarkable on antioxidant capacity and on total phenolic content, 

but the amount of carotenoids decreased remarkably in conventionally dried yellow carrot sample. This 

study highlights purple carrot as a rich source of polyphenol with very high antioxidant capacity. Dried 

carrots, especially purple carrot, could presents very valuable source of health-promoting compounds in 

diet.  
  

Keywords: Polyphenols, carotenoids, antioxidant capacity, carrots, drying 

 

INTRODUCTION 

Carrots (Daucus carota L.) are very widespread and represent a very important horticultural crop. In 

Croatia 18225 tons of carrots were  produced in the year 2016 ( Statistical reports of Croatian Bureau of 

Statistics, 2017).There are different varieties of carrots depending on the colour such as orange, yellow, 

red, purple and white, which originate from the carotenoids and polyphenols. Orange carrots are the 

most popular, while other species are much less represented in the diet. Purple carrot has been grown 

and consumed for thousands of year in Asia, but in Europe is still not so popular. However, due to its 

bluish-purple colour with high level of anthocyanins, it can be used as a natural food colorant 

(Kamiloglu et al., 2018). Numerous epidemiologic studies emphasize the importance of nutrition rich 

in fruit and vegetables in combating disease and carrots of many colours could  provide basic nutrition 

and bioavailable phytochemicals acting as a functional food (Arscott,Tanmihardio, 2010). Carrots 

contain α-carotene, β-carotene, lutein and lycopene, depending on colour varieties. Orange carrots are 

well known as „good for the eyes“ due to their high content of  α- and β-carotene which are vitamin A 

precursors, whereas lutein is an important pigment in yellow carrots  (Arscott, Tanmihardio, 2010). 

Lutein has a role in eye health and in protection from age-related macular degeneration (Ellison et al., 

2017). Lycopene is the carotenoid primarily responsible for colour of red carrots. Purple or black carrots 

have attracted the attention in nutrition due to their phenolic compounds content, including anthocyanins 

compounds, which contribute significantly to the antioxidant capacity and are well known for their role 

in health promotion and prevention of chronic diseases (Algarra et al., 2014; Kamiloglu et al., 2018). 

Content of carotenoids, polyphenols and antioxidant capacity can vary with cultivar, season, 

environmental conditions and maturity. 
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Since carotenoids and polyphenols are sensitive on high temperature, oxygen and light exposure it is 

important to choose adequate drying technique and adjust the conditions in order to maximally protect 

this bioactive compounds. According to Witrowa-Rajchert et al. (2009), content of polyphenols and 

antioxidant capacity is reduced during drying process up to 10 or 35% for freeze drying and up to 30 or 

50% for convection drying for purple carrots, depending of tested cultivars. Demiray and Tulek (2017) 

conclude that drying temperature showed a significant effect on the degradation of β-carotene in carrot 

during convective drying.  

The objectives of this research were: (i) to evaluate the mass fraction of polyphenols and carotenoids, 

and the antioxidant capacity in two locally grown varieties, domestic yellow carrot and conventional 

purple carrot; (ii) to determined stability of polyphenols and carotenoids depend on applied drying 

process (conventional and freeze drying), in order to evaluate their possible potential in the production 

of new, nutritionally rich food products based on local raw materials. 
 

MATERIALS & METHODS 

Domestic yellow carrot grown in Petrijanec near Varaždin, and conventional purple carrot grown in 

Velika Gorica (Croatia), were obtained from a local producer and the samples were harvested in the 

phase of  technological maturity during September and October 2015. After primary treatment carrots 

were sliced into rings 4 mm thick and then were conventionally dried (M. Bucher AG Typ 20 dryer) at 

a temperature of 42°C in order to achieve the dry matter of about 90%.  Freeze drying process (Martin 

Christ alpha 1-4 LSC plus freeze-dryer) was done in two phases, in the 1st phase the samples were frozen 

to -60°C, after that primary drying was carried out in condition of a vacuum of 0,110-0,13hPa and a 

temperature of -30°C to 0°C for 16 hours, and isothermal desorption at 21°C for 4-8 hours. Dry matter 

was determined by drying to a constant mass at 105°C. 

Total phenol content was assessed by the use of  Folin-Ciocalteu spectrophotometric method, according 

to the previously described method by Palma et al. (2013). Absorbance was measured at 765 nm 

(spectrophotometer VWR UV-1600PC) and the results were expressed as galic acid equivalents (mg of 

GAE/100g on dry matter basis). 

The antioxidant capacity was estimated by the DPPH radical scavenging method by the use of 2,2-

diphenyl-1-picrylhydrazyl free radical according to the method described by Brand-Williams et al. 

(1995) with some modifications. The results were expressed as the Trolox equivalent (mg GAE /100 g 

d.w), and derived from the calibration curves. 

Carotenoids: α-carotene, β-carotene, lutein and lycopene were determined by the use of internal HPLC 

method (Podravka). Carotenoids were extracted with tetrahydrofuran, diluted with the mobile phase and 

determined by the UV-VIS detector at 450 nm with the HPLC chromatography system. All obtained 

results are expressed as the mean value ± SD of two determinations. 

 

RESULTS & DISCUSSION 

The dry matter of fresh domestic yellow and purple carrot before drying were 11.10% and 12.50%, 
respectively. Samples of both cultivars were dried by using conventional and freeze drying process. In 
freeze dried and conventional dried carrots, the dry matter of domestic yellow carrot was 89.66±0.18 % 
and 90.05±0.83%, respectively, and in commercial purple carrot 87.40±0.53% and 86.7±0.72, 
respectively. 
The amounts of carotenoids in fresh and dried samples of carrots are shown in Table 1. The most 
common carotenoid is lutein with 6.18±0.23 mg in purple and 4.00±0.28 mg/100g d.w. in yellow carrot. 
The lutein content for both varieties of fresh carrots are similar to the results described by Surles et al. 
(2004). The yellow carrot contained more β-carotene (2.60±1.67 mg/100g d.w.) compare to purple 
carrot (0.62±0.28 mg /100g d.w). According to the previously research (Surles et al., 2004; Sun et al., 
2009) β-carotene was higher in purple than in yellow carrot, but in our research it has been detected 
differently (0.62 mg in purple and 2.60 mg/100g d.w. in yellow carrot). α-carotene has been detected 
only in the freeze dried sample of purple carrot (0.73 mg/100g d.w.) while Surles et al. (2004) found 
higher concentrations in purple carrots. Lycopene has not been detected. 
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The fact that some compounds were detected only in dried samples, but not in fresh (e.g. α-carotene in 

the conventionally dried sample of purple carrot) or that higher quantities of some carotenoids were 

found  in dried samples could be explained by easier detection in this type of samples because the content 

is more homogenous and concentrated. 

The highest loss of carotenoids was detected in the conventionally dried yellow carrot (15% measured 

for β-carotene and  46% for lutein in regard to the initial value, but in all the other samples drying 

process did not affect much on the carotenoids content or in some case even higher concentrations were 

recorded than in fresh carrots (Figure 4). 

Total carotenoids present the sum of detected values for α-carotene, β-carotene, lutein and lycopene. 

According to this it is also clear that the stability of carotenoids was affected much by drying process 

only in the case of conventionally dried yellow carrot.   
 

Table 1. Concentrations of carotenoids in fresh and dried samples of domestic yellow carrot and purple 

carrot  

D.yellow carrot = Domestic yellow carrot; F = fresh, DC = conventionally dried, DF = freeze dried; 

 n.d. = not detected        

*sum of α-carotene, β-carotene, lutein and lycopene 

 

The results for the total phenols and the antioxidant capacity are shown in Figure 1 and 2. Purple carrot 

contained 5.9 fold total phenols (1235±41 mg GAE /100 g d.w.) than domestic yellow carrot (208±4 mg 

GAE /100 g d.w.). These results are consistent with the literature, purple carrots contain higher amounts 

of phenols than yellow (Sun et al., 2009). Purple carrots possess much higher antioxidant capacity 

(4155±115 µmol in purple and 213±7 µmol TE/100g d.w.in yellow carrot). The drying process did not 

affect much on the antioxidant capacity and the total phenolic content. The largest loss of total phenol 

content was detected in the freeze dried sample of purple carrot (73% measured in regard to the initial 

value in fresh carrot), while the losses of the antioxidant capacity and the total phenols in all the other 

samples were much less expressed (Figure 3). 

 

 

 

 

Figure 1.Total phenols and antioxidant capacity of fresh and dried samples of domestic yellow carrot.  

 F=fresh, DC= conventionally dried, DF= freeze dried 

 mg/100g of d.w. 

 α-carotene β-carotene lutein lycopene total carotenoids* 

D. yellow carrot F  n.d. 2.60 ± 1.67 4.00 ± 0.28 n.d. 6.60 

D. yellow carrot DC  n.d. 0.38 ± 0.03 1.82 ± 0.12 n.d. 2.20 

D. yellow carrot DF n.d. 2.36 ± 0.36 7.89 ± 1.21 n.d. 10.25 

Purple carrot F n.d. 0.62 ± 0.28 6.18 ± 0.23 n.d. 6.80 

Purple carrot DC 0.73 ± 0.06 2.21 ± 0.14 5.27 ± 0.16 n.d. 8.21 

Purple carrot DF n.d. 0.75 ± 0.14 7.19 ± 0.17 n.d. 7.94 

208±4 182±1 226±16

213±7 199±24 223±2
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Figure 2.Total phenols and antioxidant capacity of fresh and dried samples of purple carrot. 

  F = fresh,  DC = conventionally dried,  DF = freeze dried 

 

 

 

Figure 3. and 4. Changes in the total phenols content and the antioxidant capacity, and in β-carotene and lutein  

in domestic yellow and purple carrots during drying process compared to the content in fresh carrot samples 

(value for fresh carrot = 100%). 

DC= conventionally dried, DF= freeze dried 

 

CONCLUSION 

 

Purple carrot is a rich source of polyphenol and it possesses a very high antioxidant capacity. Both 

researched carrots, purple and yellow contains remarkable amounts of carotenoids, especially β-carotene 

and lutein. Drying process was not remarkable influenced on the content of the researched bioactive 

compounds (phenols and carotenoids), except on the amount of carotenoids at conventionally dried 

yellow carrot sample. Dried carrots, especially purple carrot, could represents a very valuable source of 
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health-promoting compounds in diet and have potential as a raw material for production of new, 

nutritionally rich food products, especially in the segment of dried products. 
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ABSTRACT 
 

Biosynthesis of anthocyanins is one of the most important biochemical processes, which occur during 
the growth and development of grape of red cultivars. Anthocyanins are water-soluble pigments present 
in the vacuoles of the skin cells responsible for the red colour of berry and wines. Increased sunlight 
exposure enhances the biosynthesis of flavonoids especially anthocyanins during grape ripening. 
Different timing of partial fruit zone leaf removal can have significant effect on dynamics and total 
content of anthocyanins in grape. Cv. Merlot was introduced in North Dalmatia by the end of 20th 
century. This area is characterised by Mediterranean climate, but grapes from some sites with deep 
fertile soils can result in low level of grape anthocyanins. The aim of this research was to identify the 
effect of two different timing of fruit zone leaf removal performed (1) during flowering and (2) during 
veraison on dynamics of anthocyanins accumulation in grapes of Merlot cultivar in comparison to 
undefoliated control. Berries samples were collected every 10 days starting from veraison to full 
maturity. Identification and quantification of anthocyanins were conducted by HPLC method. The total 
anthocyanin content (TAC) ranged from 60.90 to 192.62 mg/100 g berries and from 52.02 to 183.39 
mg/100 g berries at the flowering and veraison defoliation, respectively. In control samples TA ranged 
from 35.12 to 215.14 mg/100 g. The statistical analysis showed that different defoliation time had 
significant impact on the anthocyanin concentrations of ‘Merlot’ cultivar grown in North Dalmatia. 
 

Keywords: anthocyanins, Merlot grape, defoliation time 

 

INTRODUCTION 

Anthocyanins are one of phenolic compounds, which are present in grape berries, located in the skins, 

seeds and stems and strongly contribute to the colour and mouthfeel of red wines (Ribereau-Gayon et 

al., 2000; Kennedy, 2006). The anthocyanin content (AC) in grape depends on numerous of factors such 

as grape cultivar, ecological conditions, agrotechnical and canopy management in vineyard, and 

vinifications techniques (Adams, 2006; Downey et al. 2006). 

Leaf removal (LR) is a common canopy management method used to alter cluster microclimate, air 

circulation, sunlight exposure and berry temperature, while reducing Botrytis bunch rot infection (Smart 

et al., 1990). LR can increase soluble solids and TAC and reduce total acidity in grapes (Smart et al., 

1990). Some works reported lower AC in grape berries which have been directly exposure to sunlight 

because higher berry temperature (above 30 °C) inhibited anthocyanins synthesis or even enhanced their 

degradation (Spayd et al. 2002). A major role in the anthocyanin accumulation in grapes has timing of 

LR, influence of light exposure and temperature of local growing area (Downey et al 2006; Tarara et 

al., 2008). Palliotti et al. (2013) have shown that the content of anthocyanin on the grape where late LR 

(after veraison) was conducted did not significantly differ from the grapes in control treatment (without 

LR). Last year’s most of the researches indicated that early LR during flowering (FLR) enhanced TAC 

compared VLR, (Sternad Lemut et al. 2013). According to research by Bubola et al. (2014), the 

application of the early LR on Cabernet Sauvignon in Istria, Croatia, has resulted in a higher content of 

TAC.  
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The assessment of LR impact on ripening, is controversial, probably because of the variability in LR 

timing, the cultivar response and interaction between cultivar and microclimatic conditions. To our 

knowledge, no data are available in the literature on the anthocyanin accumulation after LR during 

ripening of red grapes in Dalmatia. Therefore, the aim of this research was to determine impact of early 

and late LR on anthocyanin content of Merlot grapes from north Dalmatia during ripening.  

 

MATERIALS & METHODS 

Plant material and experimental design 

Research was conducted on cultivar Merlot during 2015. Vineyard, planted on 2007, located 20 km near 

Zadar (Baštica, Suhovare), in coastal region of Croatia (lat. 44°06´ N, long. 15°13´ E), vineyard 

Benkovac-Stankovci. Vine training system was Guyot, with 12-14 buds per plant. Vine spacing was 0.9 

m between vines, and 2.8 m between rows (4 100 vines/ha). Vines were grafted on Kober 5BB (Vitis 

berlandieri Planch. x Vitis riparia Michx.) rootstock. The experimental field provided no irrigation 

system, with grass surface between rows. All usual vineyard management practices including disease 

management and nutrition were conducted. Rainfall and daily mean temperature for 2015 during April 

– September were obtained from Meteorological and Hydrological Service of Croatia and presented in 

Table 1. 

 
Table 1. The average temperature and precipitation during the vegetation period (from April through September) 

in 2015, weather station Benkovac 

 

Month Average temperature (C) Precipitation(mm) 

April 12 30 

May 18 89.3 

June 22.3 16.5 

July 26.5 34.3 

August 24.8 76.2 

September 19.6 75.1 

Mean temperature 20.5  

Cumulative rainfall (mm)  321.4 

 

The experiment was completely randomized block design, with three treatments in three replications. 

Each replication consisted of 15 continuous plants so there were 135 plants in total. 

Leaf removal performed during flowering (FLR) and veraison (VLR), while undefoliated plants were 

control. The veraison was estimated on the colour beginning of the berries. Berries were sampled five 

times every 10 days starting from veraison (11th August) to full maturity (25th September). In all berry 

samples HPLC analysis was performed. 

 

Anthocyanins determination  

The extraction of phenols from chopped grape berries was performed according to a previously 

described procedure (Elez Garofulić et al, 2015). The anthocyanins were analysed by a direct injection 

of the extracts, previously filtered through a 0.45-µm pore size membrane filter (Macherey-Nagel GmbH 

& Co. KG, Düren, Germany). Chromatographic separation was performed using HPLC analysis with 

Agilent 1260 quaternary LC Infinity system (Agilent Technologies, Santa Clara, CA, USA) equipped 

with diode array detector (DAD), an automatic injector and ChemStation software. The separation of 

anthocyanins was performed on a Luna 100-5C18, 5 µm (250×4.6 mm i.d.) column (Phenomenex). 

Anthocyanin determination was performed using method described previously by Zorić et al. (2014). 

Detection was carried out at 520 nm. Anthocyanins were characterised on the basis of retention times 

and UV-VIS spectra of standards and by using literature data (Downey et al, 2008). The quantifications 

of anthocyanins were made by the external standard method. All anthocyanin standards, delphinidin 3-

O-glucoside (Del-3-G), cyanidin-3-glucoside (Cy-3-G), petunidin-3-glucoside (Pet-3-G), peonidin-3-

glucoside (Peo-3-G) and malvidin-3-glucoside (Mal-3-G) were prepared as stock solutions in acidified 
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methanol (1 % of formic acid in methanol, by volume) at a concentration of 100 mg/L. All analyses 

were done three times and results expressed as mean value. 

 

Statistical analysis 
Statistical analysis was carried out using the software Statistica ver. 10.0 (Statsoft Inc, Tulsa, OK, USA). 
In order to explore the influence of two different timing of fruit zone leaf removal (FLR and VLR) on 
dynamics of anthocyanins accumulation in Merlot grapes in comparison to undefoliated control, 
multivariate analysis of variance (MANOVA) was performed and marginal means were compared with 
Tukey’s HSD test. Differences at p≤0.05 were considered statistically significant. 
 

RESULTS & DISCUSSION  

 

According to literature data, the anthocyanin biosynthesis and content varies with variety, environmental 

factors, viticultural practices and maturity (Adams, 2006; Downey et al., 2006). Merlot as average 

ripening variety is known for its relatively high anthocyanin pigment content. The growing season (from 

April to September) 2015 in North Dalmatia (at the vineyard Benkovac-Stankovci) was without extreme 

weather conditions: During the vegetation period calculated cumulative rainfall and mean air 

temperature were 321.4 mm and 20.5 °C, respectively (Table 1). HPLC analyses of all grape berry 

extracts revealed the presence of 9 anthocyanins: Del-3-G, Cy-3-G, Pet-3-G, Peo-3-G, Malv-3-G, 

petunidin-3-p-acetil-glucoside, peonidin-3-p-acetil-glucoside, malvidin-3-p-acetil glucoside, malvidin-

3-p-coumaroyl-glucoside which is in accordance with published data (Drenjančević et al 2017). TAC 

(as sum of individual anthocyanins) in Merlot grapes after LR (during flowering and veraison phase) 

and in control untreated samples is shown in Figure 1. Differences in TA content were noted between 

treatments and sampling time. The malvidin derivatives predominate in analysed samples but the content 

of other individual anthocyanins increased during ripening (particularly Cy-3-G and Pet-3-G), (data not 

shown). These results suggesting that LR affect the anthocyanin composition of the Merlot grapes what 

is consistent with previously reported data (Drenjančević et al., 2017; Downey and Rochfort, 2008). 

 

 
Figure 1. The content of total anthocyanins in Merlot grape cultivar influenced by defoliation period and 

sampling time 

 

The TA content of ‘Merlot’ grapes ranged from 35.08 to 213.11 mg/100 g of fresh weigh of berries (fw) 

in control, 61.64 to 191.5 mg/100 g fw in FLR treatment and from 52.5 to 182.01 mg/100 g fw during 

VLR, respectively. In comparison to controls, grapes under FLR achieved higher TA content (from 
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9.57% to 75.71%) during sampling except in 4th sampling time (-10.11%). Our results are in good 

agreement with some recent investigations on red grape varieties (Merlot, Teran, Cabernet Sauvignon, 

Plavac mali) grown in the coastal region of Croatia (Bubola et al., 2014; 2017). However, Sivilotti et 

al., (2016) observed that defoliation in Merlot grapes grown in Udine (Italy), before and after flowering 

compared to untreated control had no effects on anthocyanin concentrations. The anthocyanin 

concentration in Pinot noir (grown in Switzerland), was highly increased, irrespectively of the period of 

LR (Verdenal et al., 2017). Generally, the TA content was lower in VLR grapes in comparison with 

control and FLR treatments particularly in grapes sampled at later sampling time what is in accordance 

with data reported by Tardaguila et al., (2010). Probably, VLR seems to be cultivar dependent, since 

this treatment promoted a general increase in anthocyanin accumulation in Cabernet Sauvignon berries 

(Tessarin et al., 2014). 

The statistical analysis confirmed that FLR and sampling time had significant impact on the TA in 

Merlot grapes grown in North Dalmatia (Table 2). The TA content in FLR grapes increased and reached 

a maximum in 4th sampling time (30 days after veraison) and then decreased at full maturity (5th sampling 

time). The grape samples from VLR treatment showed variations in TA content during ripening. The 

positive influence of FLR on anthocyanin content in Mediterranean conditions has been observed in 

grape varieties of Tempranillo, Carignan, Barbera and Lambrusco (Diago et al., 2012; Tardaguila et al., 

2010). Some studies reported when air temperature is higher than 30 °C for some hours in a day and for 

a long period during ripening, skin anthocyanin accumulation can be decreased (Spayd et al. 2002, 

Chorti et al. 2010). It seems that effect of late VLR in warmer vineyard conditions losing many of its 

advantages due to the changes of microclimatic conditions. Probably, anthocyanin accumulation or 

degradation depending on grape sensibility and responses to abiotic stresses (Guan et al. 2016; Pastore 

et al. 2017).  
 

Table 2. The content of total anthocyanins in Merlot grape cultivar influenced by defoliation period and harvest 

time 

 N 
Anthocyanins (mg/100 g) 

p < 0.05* 

Defoliation   

1 – Control 15 137.16  0.38b 

2 – May 2015 15 156.19  0.38c 

3 – August 2015 15 127.21  0.38a 

Sampling time   

1 9 49.73   0.49a 

2 9 145.06  0.49c 

3 9 169.55  0.49c 

4 9 194.09  0.49d 

5 9 142.51  0.49b 

Results are expressed as mean ± standard error.  Means with the same letter within the column are not 

significantly different at p<0.05 by Tukey’s HSD test. 

*Statistically significant factor at 95% confidence level 

 

CONCLUSION 

Different time of leaf removal had significant impact on the anthocyanin accumulation in Merlot grape 

during ripening. Early leaf removal during flowering increased anthocyanin content in comparison to 

leaf removal in veraison and could be used for the production of anthocyanin rich Merlot grape berry in 

in North Dalmatia.  
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ABSTRACT 

Currently, the dairy industry, especially the cheese production sector is trying to overcome the appearance 

of surface mold and growth of unwanted bacteria strains. Therefore, there is a growing interest for 

development of packaging materials with antimicrobial and functional properties that will ensure storage 

stability and good physical characteristics of the cheese.  

Chitosan films with oregano extract were applied via laminating, dipping and spraying. The chitosan film 

without oregano extract was used as a control sample. The cheese removed from its original package was 

coated with chitosan films before storage. The cheese samples were stored in plastic containers at 4oC. The 

weight loss, color and texture retention over period of 2 weeks were examined. The mold growth was 

inspected visually every day. The total bacterial count was determined once per week. 

The results showed that cheese samples lost between 7.4 and 9.5% of their weight during storage depending 

on the type of the coating. There was no statistically significant difference in the color over time, while the 

difference among the different samples was significant. The samples coated with dipping and spraying 

resembled the most the control cheese. The cheese samples laminated with chitosan films, with and without 

oregano extracts, were darker, compared to dripped and sprayed coatings. All samples were characterized 

with good texture retention. The microbial infection of the coated samples started after a week, while the 

control sample showed first signs of mold after the third day of storage. 
 

Keywords: chitosan films; coating type; yellow cheese; shelf-life quality; microbial stability 

 

INTRODUCTION 

Cheese represents traditional food product regularly produced in the Balkan countries in varieties such as 

white brined cheese, yellow cheese and beaten cheese, all belonging to the hard and semi-hard group of 

cheese according to the standard classification (Youssef et al., 2017). It is usually made by coagulation of 

the casein in milk and entrapment of the fat globules in the formed coagulum. Cheese manufacture is done 

in several steps and therefore a strict control of all internal and external factors is needed to avoid defects. 

After ripening the most common problem during storage is the appearance of surface mold.  

Currently, cheese is still mostly packaged in plastic bags or covers that are non-biodegradable and present 

a big environmental problem everywhere. A new approach is the use of biodegradable edible films and 

coatings (Velickova et al., 2013). They indicate that the surface of the food is coated with a thin layer of 

edible biopolymer. The difference between them is that the film is prepared separately by casting and then 

it is applied on the cheese by wrapping or laminating, while the coating is applied directly on the cheese 

surface to form a film via dipping, spraying or brushing. Edible coatings can be fortified with plant extracts 

that show antimicrobial activity to prolong even more the storage stability of the product. 
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This study aims at using chitosan films and coatings fortified with oregano extracts to improve the storage 

stability of ripe cheese. Control and coated cheese samples were stored in plastic containers at 4oC over two 

week period. The quality was evaluated by determining the weight loss, the color and texture retention and 

the microbial stability by following the mold growth and the total bacterial count. 

 

MATERIALS & METHODS 

2.1. Materials 

Chitosan was purchased from Sigma Aldrich (St. Louis, USA), while glycerol, Tween 80 and acetic acid 

were from Merck, Germany. All chemicals were of analytical grade. The alcoholic oregano extract was 

obtained with Soxhlet extraction from dried oregano herbs. 

 

2.2. Preparation of the edible films and coatings 

Chitosan solution (0.8%, w/v) was prepared by dissolving 0.8 g of chitosan in 100 mL of acetic acid (1%, 

v/v) with continuous stirring at room temperature (20  2 oC). After, the complete dissolution of the chitosan, 

0.2 g of glycerol and 0.2 g of Tween 80, were added and the solution was stirred for another 30 min. The 

chitosan films were casted in a plastic casting container and dried at 40 oC for 48 h. The dried chitosan films 

were peeled off the container before applying them on cheese surface. The fortified chitosan films and 

coatings were prepared by mixing 100 ml of 0.8 % chitosan solution with 20 ml oregano extract 

(1gextract/5mlethanol). The fortified chitosan films were casted and dryed, as described previously.  

 

2.3. Preparation of the samples 

Cow’s yellow cheese, commercially produced, was bought from the retailers. The plastic package was 

removed and slices (20x50x3mm) were cut. Untreated slices were used as controls. The chitosan (Ch) and 

fortified chitosan (O) films were peeled from the containers and cut in the same dimensions to cover the 

cheese slices. The rest of the fortified chitosan solution was applied by dipping (D) the slices into solution 

for 20 s and letting the coating dry on the cheese surface. Another applied technique was spraying (S), where 

the cheese samples were sprayed on both sides with fortified chitosan solution. All samples were stored in 

plastic containers at 4oC.  

 

2.4. Quality control of cheese samples 

To determine weight loss, the same samples were weighed at the beginning of the experiment after the 

settling of the coating and thereafter each week during the storage period. Weight loss was expressed as the 

percentage loss of the initial total weight. Five samples in three repetitions were used to evaluate the weight 

loss of every group. 

The color was evaluated using a Dr. Lange spectro-color colorimeter to obtain L* (lightness), a* (redness) 

and b* (yellowness) values as mean of 5 readings.  

The firmness of the fresh, control, and coated samples was measured at 20oC using a texture analyzer (TA-

XT2i of Stable Micro Systems, Godalming, England) with a 5 kg load cell. The penetration method was 

used. Crosshead speed was set at 1 mm/s and the penetration depth was 5 mm. A single slice was placed on 

a hollow platform and a 2 mm needle probe was used to cut through the strawberry tissue from one side to 

another, penetrating the total slice height. The textural parameter measured on the resulting force-distance 

curves was firmness and the mean values of 5 replicates, expressed in N, were reported. 

 

2.5. Microbial stability of cheese samples 

The slices were examined for mold during storage. Samples from all groups were visually inspected for any 

signs of mycelia development on the slice surface. Infected cheese samples were characterized as moldy, 

with green and gray spots. The results were expressed as the percentage of infected samples. Fifteen samples 

were used for each measurement. Bacteriological analysis was performed according to ISO 21528-1:2004 

for Enterobacteriaceae, ISO 6888-1/2:1999 for coagulase positive Staphylococci, ISO 4833 for aerobic 
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mesophilic bacteria and ISO 16649-1/2:2001 for E. coli (Rulebook on the microbiological safety of foods, 

2008). 

 

2.6. Statistical analysis 

One-way analysis of variance (ANOVA) was performed on the experimental data to evaluate significant 

differences between the samples at 95% confidence interval according to Tukey’s test using Minitab 15 

statistical software. 

 

RESULTS & DISCUSSION 
 

Edible films and coatings can be useful as coating material for cow’s yellow cheese since it could combine 

the antimicrobial activity of chitosan and oregano extract with desirable oxygen, carbon dioxide and water 

vapor permeability. The coating would allow for the movement of water vapor across the film, thus 

preventing water loss as well as microbial spoilage. The weight loss of the cheese slices during storage is 

presented in Figure 1. The results showed that cheese samples lost between 7.4 and 9.5% of their weight 

during storage depending on the type of the coating.  

 

 
 

Figure 1. Weight loss in cheese slices during storage 

 

The color and texture parameters of the cheese samples during storage are given in Figure 2. There was no 

statistically significant difference in the color over time, while the difference among the different samples 

was significant. The samples coated with dipping and spraying resembled the most the control cheese. The 

cheese samples laminated with chitosan films, with and without oregano extracts, were darker, compared to 

dripped and sprayed coatings. All samples were characterized with good texture retention.  
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Figure 2. Color and texture parameters of cheese slices during storage 

 

The microbial stability of the samples is presented in Table 1. The microbial infection of the coated samples 

started after a week, while the control sample showed first signs of mold after the third day of storage. The 

total bacterial count showed that chitosan films fortified with oregano extract gave the best microbial 

stability. Coating applied with dipping and spraying enabled better microbial protection in comparison with 

the standard chitosan film. Good microbial stability of coated cheese was already reported by several authors 

(Di Pierro et al., 2011, Unalan et al., 2013, Olle Resa et al., 2014). 
 

Table 1. Microbial stability of cheese samples during storage 

 

Cheese 

samples 

Visual mold infection (%) Total Bacterial Count (log CFU/g cheese) 

0 7 14 0 7 14 

C 0 30±1 65±3 5.5±0.3 6.5±0.4 8.3±0.6 

CH 0 15±2 30±2 5.6±0.2 5.9±0.5 7.1±0.7 

O 0 10±1 20±2 5.5±0.4 5.6±0.3 6.2±0.5 

D 0 9±1 22±1 5.7±0.3 5.7±0.4 6.6±0.3 

S 0 11±2 25±2 5.5±0.2 5.8±0.3 6.8±0.4 

 
 
CONCLUSION 

Edible films and coatings prepared from chitosan and fortified with oregano extracts can be used as 
packaging materials of cheese. The chitosan coated cheese was better preserved than the control, uncoated 
cheese, but the addition of the oregano extract, further improved the quality characteristics of the samples. 
Different coating techniques did not significantly affect the storage stability of the cheese.  
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ABSTRACT 

Inulinase from Bacillus sp 11/3 was purified with aqueous two phase systems (ATP) and two multiple forms 

of the enzyme were recovered from the polyethylene glycol (PEG) upper phase. The main subject of this research was 

to immobilize the enzymes on chitosan beads without the purification step from the PEG phase. In addition, the 

performance of the immobilized enzymes was analyzed. Chitosan beads with diameter of 3-4 mm were produced in 

1.5 % acetic acid, and activated with 2% glutaraldehyde overnight. 50 % PEG solution, containing the enzymes was 

added to the activated support for covalent bonding on the surface of the beads. The immobilized preparations were 

analyzed for: optimal enzyme load in a relation to support weight and immobilization yield and activity recovery in a 

relation to time. Moreover, pH, thermal and operational stability were determined as well as the kinetic parameters. 

All characteristics were calculated on the base of inulinase activity assay in different conditions, using inulin as 

substrate. Chitosan beads proved to be good, easy to handle and low cost, support for in situ immobilization of 

inulinase from PEG phase with ATP purification.  

Keywords: inulinase; immobilization; chitosan; polyethylene glycol; characterization  

 

INTRODUCTION 

Fructose and fructo-oligosaccharides (FOS) have reached its potential in the food industry due to 

their many advantages. They may act as prebiotics, they have low calorie value, contribute for improvement 

of gastrointestinal system conditions and have the ability to increase calcium and iron absorption in the 

human body (Apolinario et al., 2014; Yewale et al., 2013). Inulin is a storage carbohydrate polymer, 

composed of linear chains of fructosyl groups linked by β (2→1) glycosidic bonds, terminating with a 

glucose molecule at the reducing end (Barclay et al., 2012). Therefore, this biopolymer is recognized as the 

most suitable source for FOS production. In order to obtain FOS, inulinases (2,1-β-D-fructan 

fructanohydrolase; EC3.2.1.7) has been widely applied (Yewale et al., 2013). Immobilization of the 

enzymes is a technique that enables their reusability, enhances their pH and thermal stability, and facilitates 

their recovery from the product (Karimi et al., 2014). Immobilization of the enzymes could be performed 

by covalent or non-covalent binding on various organic or inorganic supports (Karimi et al., 2014). Chitosan 

as a natural glucosamine polymer derived by deacetylation of chitin, a major component of arthropod and 

crustacean shells has many advantages as carrier for the enzymes (Juang et al., 2002). It is cheap, non-toxic, 

biocompatible, hydrophobic, and has big adhesion area (Chang, Juang, 2005). Moreover, it possesses 

hydroxyl (-OH) and amino (-NH2) reactive groups which bind the enzyme. It could be additionally activated 

with bifunctional agent as glutaraldehyde for cross-linkage with the enzyme.  

In our previous study, the inulinase was partially purified by aqueous two phase systems (ATPS), 

yielding two multiple forms of the enzyme in the PEG rich phase. To overcome the problem existing with 

recovering the target protein from the phase forming polymer, still avoiding the traditional complex and 

expensive methods, in situ immobilization method was explored by direct immobilization of the enzyme 
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from the PEG phase onto the support. Purification and in situ immobilization of papain with ATPS was 

reported by Li et al., 2010, resulting in high immobilization yield over 90%. 

MATERIALS & METHODS 

2.1. Materials 

Chitosan was purchased from Sigma Aldrich (St. Louis, USA) and polyethylene glycol (PEG) (Mw = 1000 

g/mol) was provided by Merck, Germany. Inulin from Jerusalem artichoke (DP > 25) was generously given 

as a gift by Beneo, Belgium. 4-Hydroxybenzhydrazide (PAH-BAH) was obtained from Alfa Aesar 

(Karlsruhe, Germany), while Bradford reagent and bovine serum albumin (BSA) were obtained by Bio-

Rad (California, USA). All chemicals were of analytical grade.  
 

2.2 Inulinase production and purification  

Extracellular inulinase was obtained by submerged cultivation of Bacillus sp 11/3 in a liquid medium 

composed of (g L-1): inulin, 4.0; yeast extract 4.0; peptone 4.0; MgSO4 0.16; K2HPO4 0.8. The fermentation 

was conducted in flasks on a rotary shaker at pH 8 and temperature of 50 °C for 24 h (Gavrailov, Ivanova, 

2014). Then the culture medium was freed from the cells by centrifugation at 14000 rpm for 3 min. The 

free cell medium was used as a crude enzyme solution. Inulinase from Bacillus sp. 11/3 was purified in 

aqueous two phase systems (ATPS) consisted of 26% PEG 1000 and 26% MgSO4, as it was found to be 

the most suitable in a previous study (Temkov et al., 2018). Two multiple forms of the inulinase were 

extracted in the PEG rich phase. The PEG phase, together with the enzymes was than diluted up to 50 %, 

and as such was used for enzyme immobilization.  

 

2.3. Preparation and activation of chitosan beads  

Chitosan beads were prepared according to the method reported by Li et al, 2010 (Li et al., 2010). The 

chitosan powder (1%, w/v) was dissolved in 1.5% (v/v) acetic acid solution at 80 ºC. The obtained chitosan 

solution was dropped through a syringe into 1 M NaOH 30% (v/v) methanol solution. The produced beads 

were of uniform shape and diameter of 2.5–3.0 mm and after production were washed with plenty of 

distilled water. To the solution of 2% (w/v) glutaraldehyde in 0.02 M potassium phosphate buffer (pH 8.0) 

the beads were added in a ratio 4:1 and stirred (120 rpm) in a rotary shaker at 25 ºC overnight. The activated 

beads were thoroughly rinsed with distilled water and stored at 4 ºC.  

 

2.4. Immobilization of inulinase onto activated chitosan beads 

Chitosan beads in different weights were added to 5 ml enzyme solution (the PEG phase from ATPS) in 

glass vials and the immobilization was conducted at a room temperature in a rotary shaker and the samples 

for immobilization activity and efficiency were taken during 48 h in determined intervals. After that, the 

immobilized preparations (Ch/PEG beads) were washed with distilled water, than rinsed with 1 M NaCl 

solution in 0.02 M pH 7.0 potassium phosphate buffer (PBS) and stored at 4 ºC. The efficiency of 

immobilization at different support weights and different time intervals is evaluated by using the following 

equation:  

Immobilization yield (%) = (1 −
Protein concentration of supernatant 

Protein concentration of PEG phase 
)× 100                     (1) 

 

Activity recovery (%) = 
Total activity of immobilized enzyme 

Total activity of enzyme in PEG phase 
× 100                            (2) 

 

2.5. Inulinase activity assay  

Inulinase activity assay was performed by incubating 0.1 g Ch/PEG beads with 2.5 mL 2% (w/v) inulin 

prepared in phosphate buffer pH 5.8 at 50 C for 20 min. The enzyme reaction was stopped by incubating 

the tubes in boiling water. For estimating the inulinase activity, the produced fructose was determined by a 

method described by Lever, 1972 (Lever, 1972) with some modifications. 250 μL of the reaction mixture 

and 1750 μL solution of PAH BAH dissolved in 10 % 0.5 M HCl and 90 % 0.5M NaOH were boiled for 
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10 min. After cooling the absorbance at 410 nm was measured by using a microplate reader 

SPECTROSTAR – Nano (BMG LABTECH). The concentration of fructose was calculated using a 

calibration standard curve. One unit of enzymatic activity was defined as the amount of enzyme needed to 

liberate 1 μmol of fructose per minute under the assay conditions. Assays were performed in triplicate and 

average value was used in calculations.  

 

2.6. Protein content assay 

Protein concentration was determined according to Bradford method (Bradford, 1976), using bovine serum 

albumin (BSA) as а standard.  

 

2.7. Operational stability of immobilized inulinase enzyme  

The reusability of the immobilized inulinase on Ch/PEG beads was estimated as described in the activity 

assay of inulinase. After each cycle which lasted 1 h, the beads were removed by decantation, washed with 

distilled water and re-suspended in new portion of 2 % inulin solution for the next cycle. The activity of the 

immobilized enzyme after first cycle was interpret as the control and taken as a relative activity of 100% 

(Altun, Cetinus, 2007). 

 

RESULTS & DISCUSSION 

The objective of this work is the immobilization of inulinase, previously purified by optimized 
ATPS composed of 26 % PEG 1000 and 26 % MgSO4 on Ch/PEG beads, which is a two step process 
Temkov et al., 2018. First, the produced uniform chitosan beads were pre-activated with glutaraldehyde in 
order to crosslink them for their prolonged exposure in acidic solutions (Çetinus, Öztop, 2003). Second step 
involves a treatment of pre-activated chitosan beads with 50 % diluted solution of PEG-rich phase after the 
ATPS, which contained the partially purified inulinase. The mechanism of this covalent bonding is by 
multipoint or multisubunit attachment of the enzyme on the surface of the beads. The main reaction is 
between the amino group from the peptide in the enzyme and the free aldehyde group from the 
glutaraldehyde to produce a Schiff base (Chagas et al., 2015). Due to the multipoint attachment of the 
enzyme on the chitosan beads their rigidification is increased.  
 

a)       b)  

 

Figure 1. Optimisation of immobilization of inulinase on chitosan – PEG beads: a) optimal weight of carrier b) 

optimal time 

On the other hand it generates conformational changes in the structure of the enzyme molecule, 
which displace the active centre and therefore the enzyme activity is decreased compared to the one of the 
free inulinase. It was assumed that PEG from the solution is also attached by loose hydrogen bonds between 
its hydroxyl groups and the amino groups from chitosan. 

The immobilization amount of inulinase vs. the amount of the grafted chitosan beads with PEG and 
the optimal time of immobilization is presented on Figure 1 (a-b). From Fig 1-a , it can be seen as the 
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amount of the support icreased from 0.2 to 1.0 g, the amount of the protein attached to the chitosan beads 
inctreased from 15.43 to 25.99 mg/g. The immobilization yield increased from 30.13 % for 0.2 g chitosan 
beads to 50.75 % for 1.0 g carrier. The further increase of the mass carrier did not lead to greater 
immobilization yield or larger amount of protein bonded on the surface of the beads. The enzyme recovery 
was also increased from 10.26 % for 0.2 g chitosan beads to 57.31 % for 1.0 g carrier, while for 1.2 and 1.4 
g beads it decreased to 39.28 and 37.58 %. This might happened due to the saturation of the reactive groups 
whether they come from the chitosan or bifunctional agent, with the enzyme or the polymer. The used PEG 
in ATP was with molecular mass of 1000 g/mol-1, while the extracted two multiple forms of inulinase in 
this phase had 24 and 56 kDa (Temkov et al., 2018). The size of the PEG molecules may limit the space 
for more sites for an attacment and therefore, the maximal yield of immobilization is around 50%. Another 
important feature of the immobilization process is the course of immobilization i.e. how long does it take 
for the enzyme to be absorbed on the matrix. Figure 1. b) presents the absorbed protein on the support vs. 
immobilization time. It can be seen that in the first 4 h there is almost no absorption of the enzyme. From 
the 4th till the 20th h the immobilization process took place in a slow linear mode, while from 20th to 24th h 
the absorption of the protein increased rapidly. After 24 h, the attachment of the enzyme to the matrix 
continued until the 48th h, but with decreased velocit. The difference of absorbed protein and anzyme 
recovery between 44th h and 48th h was insignificant, therefore it was assumed that the immobilization has 
finished after 48 h with enzyme recovery of 76.61 %. Li et al., 2010, when immobilized in situ papain with 
PEG, extracted from ATPS, optmized immobilization for 36 h, with ratio of 1.2 g chitosan beads to 5 mL 
enzyme in PEG solution, immobilization yield and the activity recovery reached to 90.4% and 40.3% 
respectively. 

Operational stability or reusability is an additional benefit of immobilization, as the immobilized 
preparation can be separated and recovered from the reaction mixture and used many times, which adds 
value to the overall economy of the process. 

 

 
 

Figure 2. Operational stability of immobilized inulinase on chitosan-PEG beads 

 

For this study 1 g immobilized preparation were added to 10 mL 2 % inulin in pH 5.8 (optimal pH, data 

not shown) and the batch reaction was set for 1 hour at 30 ºC (optimal temperature, data not shown). The 

same immobilized beads were used for next cycle. The results are shown in Fig 2, presenting the retained 

enzyme activity during repeated consecutive batches. The enzyme activity after the first cycle was taken as 

100 % and it substantially dropped to 80 % after the second cycle, but afterwards the activity slowly 

decreased and the immobilized inulinase retained around 50 % of its activity until the 16th cycle. This 

exhibiting high operational stability might be due to the Schiff’s base created by irreversible cross linking of 

glutaraldehyde. Monier et al., 2010 reported that immobilized horseradish peroxidase retained 65.8 % residual activity 

after 6 consecutive operations. Our findings are a promising immobilized inulinase for industrial application.  
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CONCLUSION 

In situ immobilization of inulinase on Ch/PEG beads was successful with 50 % immobilization yield and 76 % enzyme 

recovery after 48 h of immobilization. This technique shows potential as it avoids other purification steps for obtaining 

pure inulinase from PEG-rich phase when partially purified by ATPS. The immobilized preparation shows good 

operational stability of 16 consecutive cycles, which gives opportunities for effective industrial application.   

REFERENCES 

Altun, G.D., Cetinus, S.A., 2007. Immobilization of pepsin on chitosan beads. Food chemistry 100, 964-971. 

Apolinario, A.C., de Lima Damasceno, B.P., de Macedo Beltrao, N.E., Pessoa, A., Converti, A., da Silva, J.A., 2014. 

Inulin-type fructans: a review on different aspects of biochemical and pharmaceutical technology. Carbohydrate 

polymers 101, 368-378. 

Barclay, T., Ginic-Markovic, M., Johnston, M.R., Cooper, P.D., Petrovsky, N., 2012. Analysis of the hydrolysis of 

inulin using real time 1H NMR spectroscopy. Carbohydrate research 352, 117-125. 

Bradford, M.M., 1976. A Rapid and Sensitive Method for the Quantitation of Microgram Quantities of Protein 

Utilizing the Principle of Protein-Dye Binding. Analytical Biochemistry 72, 248-254. 

Çetinus, Ş.A, Öztop, H.N, 2003. Immobilization of catalase into chemically crosslinked chitosan beads. Enzyme and 

microbial technology 32, 889-894. 

Chagas, P.M., Torres, J.A., Silva, M.C., Correa, A.D., 2015. Immobilized soybean hull peroxidase for the oxidation 

of phenolic compounds in coffee processing wastewater. International journal of biological macromolecules 81, 568-

575. 

Chang, M.-Y., Juang, R.-S., 2005. Activities, stabilities, and reaction kinetics of three free and chitosan–clay 

composite immobilized enzymes. Enzyme and microbial technology 36, 75-82. 

Gavrailov, S., Ivanova, V., 2014. Isolation and characteristics of a thermophilic Bacillus strain, producer of inulinase. 

Journal of BioScience and Biotechnology, 83-94. 

Juang, R.S., Wu, F.-C., Tseng, R.-L., 2002. Use of chemically modified chitosan beads for sorption and enzyme 

immobilization. Advances in Environmental Research 6, 171-177. 

Karimi, M., Chaudhury, I., Jianjun, C., Safari, M., Sadeghi, R., Habibi-Rezaei, M., Kokini, J., 2014. Immobilization 

of endo-inulinase on non-porous amino functionalized silica nanoparticles. Journal of Molecular Catalysis B: 

Enzymatic 104, 48-55. 

Lever, M., 1972. A new reaction for colorimetric determination of carbohydrates. Analitical Biochemistry 47, 273 - 

279. 

Li, M., Su, E., You, P., Gong, X., Sun, M., Xu, D., Wei, D., 2010. Purification and in situ immobilization of papain 

with aqueous two-phase system. PloS one 5, e15168. 

Monier, M., Ayad, D.M., Wei, Y., Sarhan, A.A., 2010. Immobilization of horseradish peroxidase on modified chitosan 

beads. International journal of biological macromolecules 46, 324-330. 

Temkov, M., Strinska, H., Dobrev, G., Velickova, E., Muresan, V., Krastanov, A., 2018. Purification of bacterial 

inulinase in aqueous two-phase systems. Engineering in Life Sciences. doi.org/10.1002/elsc.201700174 

Yewale, T., Singhal, R.S., Vaidya, A.A., 2013. Immobilization of inulinase from Aspergillus niger NCIM 945 on 

chitosan and its application in continuous inulin hydrolysis. Biocatalysis and Agricultural Biotechnology 2, 96-101. 

 

 

 

Page 74 of 112



Assessment of lunch plate waste and meal acceptance among elementary 

school children 
Karla Ferk1, Martina Bituh2, Ružica Brečić3, Irena Colić Barić4 

 

1Gradaute student of Nutrition Science, Faculty of Food Technology and Biotechnology, University of Zagreb, 

Pierottijeva 6, 10000 Zagreb, karla.ferk@hotmail.com 
2Laboratory for Food Chemistry and Biochemistry, Department of Food Quality Control, Faculty of Food 

Technology and Biotechnology, University of Zagreb, Pierottijeva 6, 10000 Zagreb 
3Department of Marketing, Faculty of Economic and Business, University of Zagreb, Trg J.F. Kennedyja 6, 

10000 Zagreb 
4Laboratory of Nutrition Science, Department of Food Quality Control, Faculty of Food Technology and 

Biotechnology, University of Zagreb, Pierottijeva 6, 10000 Zagreb 

 

Objective: School meals contribute to the daily energy and nutrient intake of children. Plate waste in schools does 

not only represent a loss of resources and money, but may also lead to the child’s dietary intake being inadequate. 

The objective of the study was to assess lunch plate waste and meal acceptance among school children, while 

identifying reasons of food waste. 

Methods: The lunch plate waste assessment was conducted among 137 elementary school children. Three 

randomly chosen portions of the lunch meal were weighted before serving, while after the meal each plate’s 

leftovers were weighted separately. Meal acceptance was assessed with the Taste and Rate method, and the reasons 

for food waste were determined with a short questionnaire.  

Results: On average, 41% of bread, 27% of leek stew, 23% of meat and 7% of pudding was wasted. On a scale 

from 1 (“I didn’t like it at all”) to 5 (“I liked it a lot”), the majority of children (69%) graded the stew with high 

grades, with an average of 4.0 ± 1.2. Among children who did not finish the stew the most common reasons were 

that they disliked the taste (36%), the portion size was too large (36%) or they did not eat that meal at home (22%).  

Conclusion: This study confirms previous findings that food preferences are a good predictor of food 

consumption, with family habits also influencing school meal acceptance through dietary habits and food exposure. 

School meals should be revised and adjusted in order to minimize plate waste and meet the dietary needs of 

schoolchildren. 

 

Keywords: plate waste, elementary school, lunch, preferences 

 

INTRODUCTION 

A healthy diet is highly important in childhood, not only because it ensures adequate growth and 

development by providing enough energy and nutrients, but also because it can protect from obesity and 

non-communicable chronic diseases later in life (Nicklas and Hayes, 2008). Dietary habits adopted in 

childhood are often maintained in adulthood (Mikkilä et al, 2005), therefore it is important to expose 

children to foods with a beneficial impact on health. Fruits and vegetables have been shown to have 

positive health effects (Hartley et al, 2013), but children’s intake is often inadequate (Kuzman et al, 

2012). Aside from family, schools also play an important role in food intake because that is where 

children spend a large part of their day (Buzby and Guthrie, 2004). Children who participate in school 

nutrition programmes eat at least one meal prepared at school which affects their daily energy and 

nutrition intake (Smith and Cunningham-Sabo, 2013). However, when children do not finish their meals, 

they fail to receive all its benefits from a nutrition point of view (Buzby and Guthie, 2004). At the same 

time, a lot of food is wasted, which represents a needless financial expense and a loss of resources (FAO, 

2011). Therefore, the aim of this study was to a) assess plate waste in two elementary schools, b) 

determine how much the children liked the vegetable meal, and c) identify reasons for plate waste in 

order to determine possible strategies to increase the school meal consumption. 
 

MATERIALS & METHODS 

The study was conducted on the 22nd of March 2017 in two elementary schools in Zagreb among 137 
students from 1st to 4th grade. It was part of the Horizon 2020 project, Stenght2Food, and it was approved 
by the Ministry of science, education and sports of the Republic of Croatia on the condition that the 
Code of ethical research with children is respected. The participants had their parents’ written consent. 
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All students were served the same meal prepared in the same central kitchen, leek stew with meat, while 
corn bread and vanilla pudding were optional meal components. Children could not influence the meal 
size. The meal was served over an A3 size paper plate pad with and identification number on which the 
children marked how much they enjoyed the meal and why they did not finish it (in case there was leek 
stew left on the plate). After the meal, plate waste was assessed by weighing leftovers separately with a 
digital scale (Daewoo, DKS-2055, m ± 1 g). The average servings of leek stew, meat and bread were 
obtained with three different measurements, while the mass of the pudding was obtained from the label. 
The total percentage of plate waste for each meal component was calculated as follows: 

(Sum of plate waste (g))/(average serving (g) x number of students)) x 100 
The school meal was rated with the Taste and Rate method (Wardle et al, 2003) with five smiley faces, 
showing from a happy to a neutral and a frowning expression, followed by ratings from 1 to 5 indicating: 
1- “I strongly disliked it”, 2- “I disliked it”, 3- “It was okay”, 4- “I liked it”, and 5- “I liked it a lot”. 
After finishing the meal, the students marked how much they liked the leek stew. Furthermore, the 
children who did not finish the stew had to mark one or more reasons offered: “I disliked the taste”, “I 
disliked the smell/appearance”, “I do not eat this meal at home”, “I am not hungry”, “I cannot eat that 
much food”, and “I did not have enough time”. 
The data was elaborated with Microsoft Excel (2010). Statistical significance was assessed with the 
computer program SPSS (version 17.0, Chicago, SPSS Inc.). The correlation between stew plate waste 
and ratings was assessed with Spearman’s correlation coefficient.  
 

RESULTS & DISCUSSION 

After lunch, 41.1% of bread, 26.7% of leek stew, 23.4% of meat and 7.1% of pudding served to 137 

elementary school students were wasted (Figure 1). 

 

 
 

 

Figure 1. Percentage of leek stew, meat, bread and pudding plate waste (n=137) 

 

Data in literature are inconsistent with some studies reporting that more than half of the vegetables 

served are being wasted. Cohen et al (2014) have assessed by weighting that as much as 60-75% of 

vegetables served to 3rd to 8th graders are not being consumed, which is a much higher plate waste than 

shown in the present study. Another study within the same population by Cohen et al (2016) reported a 

plate waste between 53.4% and 65.2%. Similar findings can be seen in the studies by Schwartz et al 

(2015) (46-55%) and Todd et al (2017) (58%). Others have reported a lower vegetable plate waste, such 

as Smith and Cunningham-Sabo (2013) (33.6%) and Niaki et al (2017) (26.0-43.4%).  

Previous findings have identified fruit and vegetables as the most wasted foods at school meals (Buzby 

and Guthrie, 2002; Cohen et al, 2014; Cohen et al, 2016; Merlette et al, 2005; Niaki et al, 2017), 

although this study found bread to be the most wasted meal component. These results are consistent 

with the findings of Smith and Cunningham-Sabo (2013) that measured a 44.6% plate waste of cereal 

products. In other studies, this plate waste was lower: 13.9-21.5% (Merlette et al, 2005), and 18.6-29.0% 

(Niaki et al, 2017). Meat plate waste is consistent with other findings, such as those of Merlette et al 
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(2005) (6.5-25.3%), and of Niaki et al (2017) who measured an 18.6-30.9% plate waste of all protein 

foods (fish, sea products, poultry, eggs, beans, peas, nuts, seeds and soy products). 

It should be noted that plate waste can differ among foods in each food group (Niaki et al, 2017; 

Schwartz et al, 2015), and it also depends on the preparation method (Merlette et al, 2005), which can 

explain the great variability of literature data. 

 

Judging by the students’ rating of the leek stew, it can be concluded that it was well accepted. More than 

a half of all participants marked that they “liked it a lot” (50.4%) or that they “liked it” (19.0%). A 

smaller percentage of students “disliked it” (10.2%) or “strongly disliked it” (4.4%), while 16.1% 

marked “it was okay” (Figure 2). 

 

 
Figure 2. Percentage of children who rated the leek stew with 1 – “I strongly disliked it”, 2- “I disliked it”, 3- “It 

was okay”, 4 – “I liked it”, and 5 “I liked it a lot” (n=137) 

 

The average rating of the leek stew was 4.0 ± 1.2 which indicates that students generally liked the 

vegetable meal. A similar study was conducted by Baxter and Thompson (2002) who asked 2nd graders 

if they liked their vegetable meals “a lot”, “a little” or “not at all”. A larger number of vegetables was 

rated, therefore, the acceptance varied for different vegetables. The most disliked vegetables (>50% of 

children stated they didn’t like it at all) were broccoli, coleslaw, mixed vegetables and greens, while the 

most liked vegetables (>50% of children stated they like it a lot) were French fries, mashed potatoes, 

corn, carrots and celery. 

 

This study also observed a statistically significant (p<0.001) negative moderate to good correlation (R= 

-0.669) between stew plate waste and ratings. The more stew was wasted, the lower was the rating. It 

can be concluded that plate waste is a good indicator of meal acceptance among school children.  
Baxter and Thompson (2002) showed similar results when measuring vegetable plate waste and meal 
liking among 4th graders. They found a strong correlation between consumption and vegetable 
acceptance, meaning that the more children liked the vegetable the more they ate it. 
 

In this study, if children did not finish their vegetables, it was very important to identify the most 
common reasons. Answers may point which steps should be carried out to reduce plate waste. Reasons 
for plate waste among children who did not finish the leek stew are shown in Figure 3. Children were 
allowed to mark more than one answer. One of the main reasons for plate waste is taste dislike (35.5%). 
A smaller number of children (14.5%) also found smell or appearance to be unacceptable (14.5%). This 
further confirms that food preferences are a predictor of plate waste, and interventions targeting food 
preferences and food presentation can help reduce plate waste (Buzby and Guthrie, 2004). It is important 
to keep in mind that the first contact between the children and the meal happens at a visual level, 
therefore school kitchens should make sure that meals look tasty and attractive (USDA, 2016). Involving 
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a professional chef in the preparation and improvement of school meals has shown promising results. In 
comparison with the control group, students whose school hired a professional chef consumed 
vegetables more often and in greater quantity  (Cohen et al, 2012). Zellner and Cobuzzi (2017) noticed 
that children started liking some previously disliked vegetables after they were prepared by a 
professional chef. These findings suggest that if children do not like the taste of a certain food, there is 
no reason to stop offering it. After all, repeated exposure of the disliked vegetable can increase its 
acceptance (Anzman-Frasca et al, 2012). 
A different plate waste reduction strategy includes an increase in the variety of daily meal offers, which 
gives students the opportunity to choose preferred vegetables that they will consume more often (USDA, 
2016). However, this might be a challenge for school kitchens that do not have the capacity to prepare 
a variety of meals. 
More than one third of students wasted their stew because they found the portion size to be too large 
(35.5%). This issue can be approached by tailor-made portions for each student (Buzby and Guthrie, 
2004) and by encouraging students to start with smaller portions and take more after finishing the first 
plate (Engström and Carlsson-Kanyama, 2002).  
Some authors have suggested that children are not hungry at lunch time (Niaki et al, 2017). In this study, 
17.1% of students wasted their stew because they were not hungry. Buzby and Guthrie (2004) 
highlighted the importance of the meal time, because if it’s too close to breakfast, children might still 
be full from the previous meal, and if it’s served too late, children can seek for other food sources in the 
meantime (i.e. vending machines). Competitive foods can be a great issue, since it leads to children 
consuming less of their lunch (Merlette et al, 2005). Although children cannot be prevented from 
bringing food from home, access to vending machines can be limited. The timing problem can be solved 
by organizing lunch between 12:00 and 13:30, as recommended by the Croatian Ministry of health 
(Capak et al, 2013). That can be a challenge for schools with a smaller dining room that host a larger 
number of students. In any case, it should be further investigated why children lacked appetite during 
lunch. 
 

CONCLUSION 

This study found that the plate waste problem is also present in Croatian elementary schools. It confirms 

previous findings that food preferences are a good predictor of food consumption: students who ate more 

leek stew also gave a higher rating. School meals should be revised and adjusted in order to minimize 

plate waste and meet dietary needs of school lunch consumers. Plate waste caused by large portion sizes 

can be decreased by simply offering a tailor made size portion. The influence of family habits on meal 

acceptance can be seen in almost ¼ of plate waste cases. School meal acceptance could be increased 

with a higher exposure of such meals at home or by offering more often meals that children are more 

familiar with. It should also be further investigated why some children are not hungry at lunch time. 
 

0 5 10 15 20 25 30 35 40

I did not have enough time

I disliked the smell/appearence

No answer

I am not hungry

I do not eat this meal at home

I cannot eat that much food

I disliked the taste

% children

 Figure 3. Reasons for plate waste among children that did not finish the leek stew (n= 76) 
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ABSTRACT 

Consumer demand for functional food is constantly growing due to the scientific evidences that support the 

positive effect of these foods on human health. Moreover, plant extracts, as rich in phytochemicals, are becoming 

more used as food preservatives and antioxidants from natural sources in foods formulation such as fruit juices 

and derived products. Apple juice (AJ)A, is one of the most popular fruit juices due to its nutritional and sensory 

value, could represent a basis for functional food production. Hence, the goal of this study was to characterize 

sensory profile of apple juice enriched with plant extracts of several medicinal and Mediterranean herbs such as 

elderberry (Sambucus nigra), tilia (Tilia cordata), common thyme (Thymus vulgaris), Breckland thyme (Thymus 

serpyllum) and lemon balm (Melissa officinalis) in different concentrations (0.5, 1.0, 1.5, 2.0 and 2.5%). A 

quantitative descriptive analysis (QDA) was used to evaluate following properties: colour (intensity), aroma 

(apple, plant, cooked, strange), odour (apple, plant, strange), and taste (acidic, sweet, apple, plant, harmony, off-

taste). Obtained results showed that AJ with addition of plant extracts in lower concentrations (0.5, 1.0 and 1.5%) 

were more acceptable than those in higher concentrations (2.0 and 2.5%). Thyme and wild thyme extracts were 

found to be the most suitable for formulation of functional apple juice due to highest sensory scores for several 

desirable sensory properties.  

 

Keywords: Apple juice; plant extract; sensory; medicinal and Mediterranean herbs 

 

INTRODUCTION 

Human awareness on functional foodstuffs consummation is rapidly growing due to the numerous 

scientific studies that confirm the positive effect of these foods on human health. Moreover, the 

consumption of foods or beverages enriched with plant extracts has been reported to have many positive 

effects on human health, especially concerning prevention of cardiovascular diseases and certain types 

of cancer [1]. Herbs are good source of phytochemicals and their use in food preservation as a natural 

preservatives is already known [2, 3]. Aside from the nutritive, biological and preservative impact of 

plant extract, sensory evaluation represents another important factor that may affect future purchase 

(choosing) decisions within consumers [4]. Recent study aimed to investigate the influence of green tea 

extracts (1, 2 and 3 g/L) in cloudy apple juice as an effective anti-browning agent [5]. Authors concluded 

that sensory perception of all samples were satisfactory. Application of phenolic extracts from three 

different plants in pineapple juice was previously evaluated. Authors confirmed that the plant extracts 

can be used to improve the biological quality and safety of foods without significant impact on sensory 

perception [6]. Another study found the addition of bergamot, which is cultivated only to produce 

essential oils, is an excellent natural antioxidant for formulation of functional fruit juices. For instance, 

the addition of bergamot juice (10% or 20%) could replace the synthetic additives usually used in the 

industrial process (ascorbic acid and citric acid) while a preliminary consumer test encouraged the 

production of bergamot fortified fruit juices [7]. Apple, blueberry and cranberry juice was enriched with 

aqueous-extracts of ginger, selected amino acids, vitamins and minerals for creation of a cardio-

protective functional beverage [8]. Sensory evaluation was performed to select the best combination of 

fruit blend as the basis of a functional beverage. Most favourable sensory scores were given to the blend 

containing 37.5% apple, 50% blueberry and 12.5% cranberry juices. Descriptive analysis of taste and 

odour of selected fruit juice blend with different levels of ginger (0, 1, 2, and 3%) revealed that up to 

2% ginger extract can be used without compromising consumer perception [8]. 

Apple fruit (Malus sp., Rosaceae) is cultivated worldwide and consumed either fresh or processed. In 

particular, apple juice (AJ) is one of the most popular and widely available fruit juices due to its health 

benefits and nutritional value [9, 10]. Apples are a rich source of dietary phytochemicals including 

flavonoids (60% of all polyphenols) and phenolic acids (30% of total polyphenols) therefore represent 

good basis for functional food production. On the other hand, herbs such as elderberry (Sambucus nigra), 
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tilia (Tilia cordata), common thyme (Thymus vulgaris), Breckland thyme (Thymus serpyllum) and 

lemon balm (Melissa officinalis) are the most commonly growing and using medicinal and 

Mediterranean Herbs. In a line with this, the aim of the present study was to investigate sensory 

acceptance of apple juice enriched with above-mentioned plant extracts. 

MATERIALS & METHODS 

2.1. Plant extracts  
Elderberry (Sambucus nigra), tilia (Tilia cordata), common thyme (Thymus vulgaris), Breckland thyme 
(Thymus serpyllum) and lemon balm (Melissa officinalis) were obtained from a local producer (Suban 
Ltd., Strmec, Croatia) and the botanical identification was carried out in cooperation with Faculty of 
Agriculture, University of Zagreb, Zagreb, Croatia. Prior to the extraction, dried plants were grinded to 
a fine powder using electrical grinder (Dolcevita CG1, Imetec, Azzano San Paolo, Italy). In case of 
elderberry and tilia only flowers were used, for common thyme and Breckland thyme flowers and leaves 
were used and for lemon balm only leaves were used. 
5 grams of each herb was weighted, filled in round-bottomed flask and filled up with water to 250 mL 
and hand-homogenized for few minutes. Extraction was done by reflux heating for 30 minutes. 
Afterwards, extracts were cooled to room temperature, filtered and used for apple juice enrichment. 
Each extract was directly mixed into apple juice in concentrations: 0.5, 1.0, 1.5, 2.0 and 2.5%. Apple 
juice was prepared by dilution from concentrated juice obtained from company Dona d.o.o. (Gornja 
Stubica, Croatia). Concentrated juice of 65 °Brix was diluted with distilled water to 12 °Brix using a 
digital handheld refractometer (ATAGO, PAL) and used as basis further for sample preparation. All 
samples were prepared in triplicate. 
2.2. Sensory evaluation and data analysis 
Sensory evaluation was based on previously report [11] with minor modifications. A quantitative 
descriptive analysis (QDA) was used in order to evaluate acceptability and suitability of apple juice 
enriched with herbal aqueous extracts. Fifteen trained panellists (8 females and 7 males; 22 to 45 years 
of age) from Faculty of Food Technology and Biotechnology, Zagreb, Croatia were chosen based on 
their experience, sensory acuity and ability to distinguish small sensory attributes differences. 
Descriptive terms used were colour (intensity), aroma (apple, plant, cooked, strange), odour (apple, 
plant, strange), and taste (acidic, sweet, apple, plant, harmony, off-taste). Evaluation was done in two 
parallels and scoring was on a scale from 0 (having none attribute) to 10 (having highest attribute). 
PCA was performed using auto-scaled data to aid interpretation and for rapid screening [12]. 
 

RESULTS & DISCUSSION 

QDA was performed via 14 sensory descriptors and spider web plots of QDA results were given in 

Figure 1 A-E. As expected, reference sample (AJ) had the most expressed apple aroma, apple odour and 

apple taste and the addition of plant extracts resulted in lower expression of these attributes. In particular, 

the higher concentration of plant extract was added, the lower expression of above-mentioned attributes 

was observed. Among all AJ with added plant extracts, sample with 0.5% lemon balm extract was 

recorded as the most expressed for the apple taste, followed by tillia extract (1.0%), elderberry extract 

(1.5% and 2.0%) and wild thyme extract (2.5%). With respect to apple aroma, addition of elderberry 

extract was scored highest for all the concentration. Similarly, regardless of added amount, apple odour 

was the most pronounced in AJ with added wild thyme extract. 

Regarding plant aroma, plant odour and plant taste, even at the lowest extract addition of 0.5% was 

detected by sensory panel. AJ with thyme extracts (0.5-2.5%) was characterized as samples with the 

most expressed plant odour and plant aroma. With increased concentration of plant extract, plant taste 

was more expressed whereas AJ with thyme extract at 0.5%, 1.0% and 2.0% were characterized as 

samples with the highest expressed plant aroma. On the other hand, elderberry plant extract in 

concentrations of 1.5% and 2.5% was shown as the most expressed in plant taste. Moreover, with no 

influence of concentration, tillia extracts addition in AJ showed the lowest scores for the plant taste, 

aroma and odour.  

Interestingly, it was found that increased plant extract concentration (0.5% vs. 2.5%) resulted in lower 

expressed acidic taste. In response to sweetness, increasing concentration of plant extract led to 
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increasing sweet taste perception for AJ with thyme, elderberry and tillia. In the case of lemon balm, 

higher addition of extract resulted in lower sweetness while for wild thyme it remained unchanged.  

Several reports confirmed that good ratio between sweetness and acidity is the key parameter in apple 

juice sensory quality determination [13, 14]. AJ with 1.5% plant extracts (wild thyme, thyme, 

elderberry) was highly characterized as harmonious, while AJ with wild thyme extract at 0.5% and 1% 

were recognized as the most harmonious samples. Undesirable descriptors such as: cooked aroma, 

strange aroma and off-taste were not observed by sensory panel therefore plant extract addition had no 

considerable influence in terms of unpleasant aroma and taste.  

Results of sensory evaluation were summarised and displayed by Principal Component Analysis (PCA) 

to explore the inter-relationship between all prepared samples and sensory parameters; in other words, 

which sensory attributes were characteristic in describing the sensory profile of the samples investigated. 

The variables were 14 sensory attributes and the cases were AJ samples with added plant extracts. The 

first two factors (PC1 and PC2) represent 63.21 % of the initial data variability (Fig. 2). First principal 

component separated samples considering the type of plant extract and second principal component 

separated samples considering the level of plant extract addition. Hence, samples of AJ with added 

thymus (TH) and wild thymus (WT) extracts were grouped and characterized by colour intensity and 

sweet taste. The similar results were confirmed by QDA. AJ was positioned strongly on the left and as 

expected highly characterized by apple aroma, apple odour and apple taste.  

Generally, sensory panel was able to detect sensory changes between samples with 0.5, 1.0 and 1.5% 

plant extract addition. Uneven sensory scores were perceived for AJ with added extracts in higher 

concentrations (2.0 and 2.5%). Therefore, it can be concluded that addition up to 1.5% of each plant 

extract to AJ could be considered as an optimal to achieve good sensory properties. Based on all 

observed, thyme and wild thyme extracts seemed be the best choice for addition in AJ since harmony 

taste was at highest, apple and plant aroma were good, and taste and odour scores did not significantly 

differ. Also, wild thyme is a good choice as it was previously shown that extract from Thymus vulgaris 

L. leaves positively affects human health [15] due to rich polyphenolic profile [16]. 

CONCLUSION 

AJ with addition of plant extracts in concentrations of 0.5, 1.0 and 1.5% were scored as sensory more 
acceptable than those with plant extracts in concentrations of 2.0 and 2.5%. Thyme and wild thyme 
extracts found to be the most appropriate for formulation of functional apple juice due to highest sensory 
scores for several desirable sensory properties. Plant extracts of tilia, elderberry and lemon balm could 
be used as a valuable addition to apple juice, but only in concentrations above 1.5%.  
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Fig. 2 (A) Principal components analysis (PCI vs.PC2) and (B) Loading plot (PCI vs. PC2) of all samples 

and all variables. Sample labels for score plots: AJ, apple juice; 1, 1.5, 2, 2.5, concentrations of added extracts; 

TH, thymus;  WT, wild thymus; T, tilia, LB, lemon balm; E, elderberry
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 Figure 1. Spider’s web plot for apple juices (AJ) with addition of five plant extracts in different concentrations (0.5, 1.0, 1.5, 2.0 and 2.5%)
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ABSTRACT 

The aim of the present study was to assess the influence of different sous-vide time-temperature regimes and the 

use of two types of antioxidants (Fortium TR25 and Fortium RPT40) on lipid oxidation products and their 

contribution to color parameters of Atlantic mackerel (Scomber scombrus) during chilled storage. Atlantic 

mackerel was sous-vide cooked under four process regimes (for 10 and 20 min at 70°C and 80 °C) and then stored 

on ice for 1, 3, 9 and 15 days at 0±1°C before analysis. Lipid oxidation products and color parameters of sous-vide 

cooked mackerel samples were determined. Muscle lipids extracted by chloroform showed an increase in 

conjugated dienes, trienes and tetraenes, as well as browning development with an increase in temperature of 

cooking and duration of chilled storage. Sous-vide cooking time had the lowest contribution to the formation of 

lipid oxidation products, whereas the increase of cooking temperature led to significant accumulation (p<0.05) of 

these products. This parameter also affected color parameters of the fish flesh, leading to an increased yellowness. 

The redness of the fish flesh was correlated with brown compounds generated from secondary products of lipid 

oxidation during chilled storage of sous-vide cooked mackerel. 

The obtained results have shown that temperature of cooking has the most significant effect on formation of brown 

compounds from secondary products of lipid oxidation occurring in sous-vide cooked mackerel. 

 
Keywords: lipid oxidation; color parameters; sous-vide cooking; Atlantic mackerel; chilled storage 

 

INTRODUCTION 

Fish lipids are known to be rich in essential long-chain omega-3 fatty acids – docosahexaenoic acid 
(DHA) and eicosapantaenoic acid (EPA) possessing many health benefits, including the prevention of 
cardiovascular diseases (Kinsella, 1987). However, fish cooking and processing at high temperatures 
affects polyunsaturated fatty acids, leading to the formation of primary and secondary products of lipid 
oxidation, which may further generate brown (Pokorny, 1981) and fluorescent compounds (Aubourg, 
1998), as well as off-flavour and the loss of essential nutrients (Karre et al., 2013).  
Lipid oxidation is a crucial factor limiting both the sensory and nutritional quality and consumer 
acceptability of fish products. Fish becomes unacceptable to the consumer once a certain degree of 
rancidity is attained (Larsson and Undeland, 2010). However, lipid oxidation is a complex process, 
depending on not only the chemical composition of fish, the presence of light and oxygen, but also on 
the processing and storage conditions (Jacobsen, 1992; Larsson and Undeland, 2010). Lipid oxidation 
at later stages generates a number of detrimental compounds affecting both the sensory (color, flavor 
and taste) and nutritional quality of the product (Karre et al., 2013). Nevertheless, it may be reduced or 
inhibited by the addition of antioxidants, thereby ensuring improved product quality and extended shelf 
life (Shah et al. 2014).  
Another promising approach to retard lipid oxidation in fish products is to use less heat treatment, such 
as sous-vide cooking. This technology is currently gaining more and more attention from both 
consumers and catering industries worldwide due to promising quality benefits and increased shelf life 
of the treated products (Baldwin, 2012). This method implies the use of lower heating temperatures 
(below 100°C) and cooking in vacuum packaging compared to traditional cooking procedures followed 
by a rapid cool-down to 0-4°C and subsequent chilled storage. Sous-vide cooking is capable to ensure 
high quality of the product due to shortage of oxygen inside the vacuum-pack, while retaining more of 
its nutritional and sensory properties compared to other conventional cooking procedures (Baldwin, 
2012). 
The main objective of the present study was to investigate the effects of different sous-vide cooking 
regimes, use of antioxidants and chilled storage on the extent of lipid oxidation in Atlantic mackerel 
(Scomber scombrus). The study also aimed at establishing a relationship between the changes in 
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secondary products of lipid oxidation and color parameters of sous-vide cooked mackerel fillets during 
chilled storage.  
 

MATERIALS & METHODS 

Sample preparation and sous-vide cooking 
The Atlantic mackerel fillets (Scomber scombrus) used as materials in the present study were supplied 
frozen from Pelagia A.S. (Selje, Norway) in January 2018. The fish fillets were thawed at 0°C overnight 
prior to the experiment. Two fillets were placed in BST/SR bags and heat-sealed using a vacuum sealing 
machine (Webomatic Vacuum packaging system, Super max, 3000 sensor). The antioxidant-treated and 
untreated fish fillets were sous-vide cooked at 70°C and 80°C for 10 and 20 min, followed by a rapid 
chilling with solid ice and subsequent chilled storage at 0±1°C for 1, 3, 9 and 15 days. Two types of 
antioxidants were used: Fortium TR25 (rosemary extract) and Fortium RPT40 (ascorbyl palmitate), 
(Kemin Food Technologies, Herentals, Belgium). In each sampling day, the chilled mackerel samples 
were taken out of the vacuum packages and analysed. Mackerel fillets treated with Fortium RPT40 and 
subjected to sous-vide cooking at 70°C and 80°C for 20 min were analysed just in the first and last day 
of chilled storage. 
 
Measurement of lipid oxidation products  
Lipids were extracted from the fish muscle by the Bligh and Dyer (1959) method, and chloroform 
extracts of lipids were used for determination of lipid oxidation products. A modification of methods by 
Aubourg (1998) and Mozuraityte et al. (2017) was used for the measurement of conjugated dienes (CD), 
trienes (CT), tetraenes (CTr) and browning color formation (BCF) compounds. Briefly, 200 uL of the 
obtained lipid extracts were diluted with the solvent (1:2–1:8, v/v) if the absorbance exceeded 0.8 AU, 
and absorbance at 233, 268, 315 and 420 nm was measured against the solvent with a plate reader 
(TECAN, Austria) for determination of CD, CT, CTr and BCF compounds, respectively.  
The amount of the lipid oxidation products (CD, CT, CTr and BCF compounds) was calculated 
according to Aubourg (1998), as follows:  
                                                           CD/CT/CTr/BCF = A· V/w                                  (1) 
where A is the absorbance reading, V denotes the volume (ml) of the chloroform extract and w is the 
mass (mg) of the lipid material (oils) in the extract measured. 
The results were expressed as CD, CT, CTr and BCF values in ml/mg. The analysis was performed in 
four replicates for each sample, and the average with standard deviation was calculated. 
 
Color parameters 
Color parameters of the fish fillets were measured instrumentally using a Minolta Chroma meter CR-
400 (Konica-Minolta, Osaka, Japan). Before starting the analysis, the instrument was calibrated with a 
standard white plate. The measurements were performed on preselected locations at the surface of each 
mackerel fillet at room temperature. The data were recorded in color coordinates of a* (redness >0, 
greenness <0), and b* (yellowness, b* >0, blue <0) according to the Commission Internationale de 
l’Éclairage (CIE) Lab scale. Color parameters were determined on each samples in three readings and 
the average was calculated. 
 
 

RESULTS & DISCUSSION 

Lipid oxidation products 

Results showing accumulation of CD, CT, CTr and BCF in sous-vide cooked mackerel during chilled 

storage are displayed in Figures 1-4. Although, the results of conjugated dienes, trienes and brown-

forming compounds displayed a large variation of values, there was an insignificant increase (p<0.05) 

in these lipid oxidation products after sous-vide treatment at 80°C in comparison with cooking at 70°C. 

This tendency may be due to the fact that under elevated temperatures lipids undergo thermo-oxidation, 

polymerization, hydrolysis, cyclization, and isomerization leading to formation of hydroperoxides and 

conjugate di-, tri-, and tetradiene groups (Lalas, 2009).  
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Figure 1. Conjugated dienes formation during sous-vide cooking of Atlantic mackerel at a) 70°C and b) 80°C 

 

 

Figure 2. Conjugated trienes formation during sous-vide cooking of Atlantic mackerel at a) 70°C and b) 80°C 

 

Figure 3. Conjugated tetraenes formation during sous-vide cooking of Atlantic mackerel at a) 70°C and b) 80°C 

 

Conjugated tetraenes gradually increased both with an increase in cooking temperature and duration of 

subsequent chilled storage for all sous-vide mackerel fillets (Figure 3). According to our hypothesis, 

chilled storage promoted lipid oxidation at later stages, resulting in the formation of conjugated 

tetradienes during oxidation of unsaturated fatty acids containing two or more double bonds to achieve 

a more stable radical (Choe & Min, 2007).  

Also, according to Figures 3-4, the highest oxidation rate at latest stages of lipid oxidation is observed 

for mackerel samples subjected to higher cooking temperature and prolonged chilled storage. The use 

of antioxidants did not have a significantly positive effect on the decrease of analyzed lipid oxidation 

products in sous-vide cooked mackerel samples. 
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Figure 4. Browning color formation during sous-vide cooking of Atlantic mackerel at a) 70°C and b) 80°C 
 

Color parameters 

Yellowness (b*-values) was slightly higher in all sous-vide treated samples throughout the storage 

period compared to initial raw mackerel fillets (10.04±0.94). This is in agreement with previous study 

of Karoui and Hassoun, (2017). Due to a high variation of a*-values for sous-vide mackerel fillets among 

the sampling days (Figure 5), it was impossible to conclude on the tendency.  

 

 

Figure 5. Yellowness and redness of mackerel flesh after sous-vide cooking at a) 70°C and b) 80°C 

 

 

The increase in yellowness of sous-vide cooked mackerel throughout the storage time is most likely due 

to accumulation of yellowish-colored compounds generated by decomposition of primary and secondary 

products of lipid oxidation (Nguyen et al., 2013), giving positive correlation values (R) of 0.859 (Figure 

6, a). At the same time, the generation of brown-forming compounds at latest stages of lipid oxidation 

partially contribute to the redness of the fish tissue (R=0.808), (Figure 6, b). 

Page 88 of 112



 

Figure 6. Relationship between a) conjugated tetraenes and yellowness (b*-value) and b) brown-forming 

compounds of lipid oxidation and redness (a*-value) of sous-vide mackerel fillets during chilled storage 
 
 

CONCLUSION 

The present study demonstrated how different sous-vide regimes, use of antioxidants and chilled storage 

influenced the generation of lipid oxidation products affecting color parameters of Atlantic mackerel. It 

was revealed that the addition of antioxidants did not have any significantly positive effect on the 

decrease in the oxidation development in the cooked fish during chilled storage. Temperature of cooking 

had the highest influence on accumulation of conjugated dienes, trienes, tetraenes and brown color-

forming compounds, whereas heating time had the lowest contribution to lipid oxidation development 

and color modification in sous-vide cooked mackerel during chilled storage. 
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ABSTRACT 

In general, food safety is a scientific discipline that aims to detect and prevent the contamination of food with 

hazards such as physical, chemical and biological substances but for Muslim consumers, surveillance of 

contamination of prohibited substances under Islamic law, especially forbidden animals is a must as one of the 

other hazards which directly affect not only to the physical health but also to the spiritual health of the 

Consumers. Importantly, High resolution melting analysis (HRMA) is a highly molecular technique for the 

detection of specific types of organisms and quickly, based on the melting temperature (Tm) of the DNA that is 

specific to the organisms. Hence, this research aims to use a HRMA technique as a tool for halal food safety to 

detection of contamination of nine forbidden animals in halal foods, namely, pigs, dogs, rats, cats, monkeys, 

frogs, snakes, crocodiles and donkeys from food samples. The results showed that the HRMA technique was 

applied to detect the contamination of 300 commercial products of Thailand. It was found that two samples were 

contaminated with pigs’ DNA in the examined products and no DNA of other forbidden animals was detected in 

any commercial products. Therefore, the HRMA could be used as a high-potential technique for detecting the 

forbidden animals contaminated in foods and representing the Halal food safety for Muslim consumers. 

 

Keywords: Halal food; Food Safety; Muslim consumer; Forbidden animal; HRMA  

 

INTRODUCTION 

Food authenticity is a very important issue, not only for food quality control reason but also 
for religious reason, especially for halal issue. Halal in an Arabic word means “permit” or “lawful” 
according to Islamic regulations, not only for food but non-foods and services as well ( Eliasi & 
Dwyer, 2002). Therefore, halal food means any foods permissible to be consumed by Muslims. 
Currently, the global Muslim population is expected to grow roughly 1.84% per year. It is estimated 
that the number of Muslims around the world is 2.08 billion people in 2017.  Consequently, the halal 
food market has sharply increased, the trade in halal products is predicted approximately 20% of the 
global food market and will reach US $ 5.3 trillion by the end of 2016 (Jafari and Scott, 2014).  
However, Halal food trade is quite strict because there are numerous halal food regulations.  For 
example, halal food cannot contain anything considered unlawful under Islamic law, especially 
forbidden animals (Regenstein, Chaudry, & Regenstein, 2003) 

From Islamic regulations, it indicates that various kinds of forbidden animals would not 
appear in Halal food such as pigs, dogs, rats, cats, reptiles, and others. The recently survey found that 
these animals have possibly mix and adulterated with qualified halal food to decrease the processing 
cost, which has occurred found in Thailand and other countries such as Vietnam, Indonesia and China 
(Dahlan, 2013; Ali et al., 2015). Despite Thailand amongst the major food producers exporting 
varieties of food products to the world as well as to Muslim countries, almost all food manufacturing 
proprietors and producers are non-Muslims. No matter how strict they comply with international food 
safety standards, the spiritual safety to protect faith and belief of Muslims has yet to be widely and 
clearly understood and often overlooked, which might result in contaminating of forbidden 
composition regarding Islamic regulations from misunderstood or intended to produce halal products. 

In this study we aim to apply the High resolution melting analysis (HRMA) which is one of 
DNA-based PCR method that allows genotyping and fingerprinting by discrimination separation DNA 
sequence variant such as single nucleotide polymorphisms (SNPs) and small insertion and deletions 
(indels) based on the shape of melting transitions (Tm) of real-time PCR. This method can also be 
applied for simultaneous detection of the nine forbidden animals composed with pigs, dogs, cats, rats, 
monkeys, donkeys, frogs, snakes, and crocodiles that have high opportunity to be adulterated in Halal 
food Safety in Thailand. 
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MATERIALS & METHODS 

Among the nine target forbidden animals pigs (n=4), dogs (n=4), cats (n=4), rats (n=4), 
monkeys (n=4), donkeys (n=4), frogs (n=4), snakes (n=4), and crocodiles, were collected from various 
markets, zoological park organization of Thailand and the Faculty of Veterinary Science, 
Chulalongkorn University. Then, all samples were DNA extracted using a DNeasy Blood & Tissue Kit 
(Qiagen, Hilden, Germany) according to the manufacturer’s instructions. Finally, the extracted DNA 
concentrations were examined by a Nanodrop 2000 (ThermoScientific, USA). The quantified DNAs 
were stored at -20 °C until use. 

All nine of species-specific primer pairs used in this study are listed in (Table 1). Verification 
of the specificity of each primer pair was performed using NCBI BLAST (http://www. 
ncbi.nlm.nih.gov/tools/primer-blast/).To develop technique, HRMA were carried out by using a 
LightCycler®480 instrument (Roche, Germany). In a total volume of 20 μL containing 20 ng of 
genomic DNA , 10 μL 2XQIAGEN Multiplex PCR (Qiagen, Hilden, Germany) 0.2 µM of forward 
and reverse primer, and 1x LightCycler ResoLight dye. The amplification condition was 1 cycle of 5 
min at 94°C; 29 cycles of 30 sec at 94°C; 40 sec at 56°C; 1 min at 72°C followed by HRMA ramping 
from 60°C to 99°C with 50 acquisitions. PCR products were analyzed by QIAxcel Capillary 
Electrophoresis system (Qiagen, USA).The HRMA developed in this study was validated for its 
specificity and reliability. In terms of the specificity test, the assay was cross tested with all nine target 
species and four other animals (horses, chickens, sheep, and goats). Finally, for real-world 
performance testing, the HRMA was used to test 300 Halal food products, including 140 meat 
processing products, 65 dairy products, 20 seasonings, 35 snacks, and 40 bakery products. 
 
Table 1. Details of primer sequence, Tm °C 
 

Species Primer Sequence (5’ to 3’) Tm °C 

 

Pig 

 

PG-F 

PG-R 

CCATCCCAATTATAATATCCAACTC 

TGATTATTTCTTGGCCTGTGTGT 

81 

Dog DG-F 

DG-R 

GAGGTGCGGAAGCGGAGGGGCGGGGGCTCTAGCCGTTCGAT  

 GTGATAAAAGCTGTGGTCG 

85 

Cat CT-F 

CT-R 

TTATGGCTGAATCATCCGATATT 

CCGTCCCACATGTATGTACAGG 

79 

Rat RT-F 

RT-R 

TAACCACTCCTTCATCGACCTT 

CCCCGTTGGCGTGTAAATA 

83 

Monkey MK-F 

MK-R 

AGGGGCGGGCCTCCAACAAATACTAGCC 

TCTATGGCAGAAGGTAGT 

87 

Donkey DK-F 

DK-R 

TTCAAGCTCAACGTCACACA 

GCTTCTATGTGTCGATAGAATAGTCC 

77 

Frog FG-F 

FG-R 

CACGAAGGTTATACTGTCTCCT  

CTGAGGTAAATGATGATTCTGG 

79.5 

Snake SK-F 

SK-R 

AAGGTTGCGTAATCATTTG  

GAAAGTGGCCATTATTTGGT 

85.5 

Crocodile CD-F 

CD-R 

AAAGCATTCTGCCTACACCTGAAA 

TTGTGTTGGCTGCTTTAAGGCCTA 

83.5 

 

RESULTS & DISCUSSION 

Food safety is one of the important key factors that must be taken into consideration by 
consumers before buying foods in order to prevent from any risk of biological, chemical and physical 
foodborne. The contamination of prohibited substances under Islamic law especially forbidden 
animals is a serious concern for Muslim consumers. Many researches have been reported that the halal 
food products collected from market surveillance were adulterated with forbidden meats such as pork, 
dogs, rats, monkeys, and others (Cai et al.,2012 ; Dahlan, 2014; Kitpipit et al., 2014 ; Ali et al., 2015 ; 
Yanita.I.W et al., 2015). HRMA is a molecular method that allows detecting and differentiating DNA 
amplicon by discriminating DNA sequence variants such as single nucleotide polymorphisms (SNPs) 

Page 91 of 112



and small insertion and deletions (indels) based on the specific melting behaviour of the DNA 
amplicon (Sakaridis et al., 2013). This method can be applied to detect adulteration of forbidden 
animals DNA contaminated in food products by evaluating different melting behaviours of each 
forbidden animal species. HRMA technique provides the same basic principles as a conventional PCR 
technique, which amplifies a targeted DNA of DNA in vitro. In comparison, PCR with HRMA 
provides several advantages than conventional PCR. It allows determining the initial number of copies 
of target, and the accumulation of every amplification product is measured as the reaction progresses 
in real time. HRMA results with accuracy and high sensitivity. In this study, The HRMA was 
conducted by employing 52 DNAs from 13 animals (pigs, dogs, cats, rats, monkeys, donkeys, frogs, 
snakes, crocodiles, horses, chickens, sheep, and goats) 

Moreover, for PCR amplification using nine pair of species-specific primers (pigs, dogs, cats, 
rats, monkeys, donkeys, frogs, snakes, crocodiles) targeting the intra-species conserved and inter-
species hyper variable regions of mitochondrial Cytb, ATP6 , ND5 and 16S gene were used to set up 
HRMA method. Importantly, each set of primers was evaluated the PCR specificity against the 
targeted DNAs of all animals. And, in each individual assay, each pair of primers was first tested 
against other nine species of targeted forbidden animals as non-target DNA with the other species, 
only specific target was testily amplified. In this study, the method highlighted uniquely melting peak 
that was easily distinguished for each species. To be illustrated, all species were distinguished by their 
species-specific fragment melting behaviour (Figure 1). Generally, it can be seen that different 
genotypes have their own unique transitions that are merely shown by their HRMA profile. The results 
significantly indicated that no cross amplification even on repetition in blind experiment. This 
revealed that there was high specificity of the established primers.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. The HRMA profiles of amplified amplicons from species targeted animals: a melting peak  

 
In order to carry out the analysis of commercial food products, 300 commercial food products 

was used to screen by the developed HRMA. The results indicated that two samples were 
contaminated with pigs’ DNA and no DNA of other forbidden animals was detected in any 
commercial products (Figure 2)., suggesting its usefulness for detection of 9 forbidden animals. 
Therefore, the HRMA method could be used as a halal verification technique for detecting 
aforementioned forbidden animals contaminated in halal food products. Furthermore, the HRMA 
assay ultimately showed that it is simple, cheap, and rapid method, the cost per sample is 
comparatively lower than CE analysis (Ulca, 2015; Ali et al., 2015). 
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Figure 2. The HRMA profiles that show two samples were contaminated with pigs’ DNA in the examined 

products. 

 

 

CONCLUSION 

The HRM method was scientifically developed in this study and it had been specifically proven in 
specificity, sensitivity, and reliability for detection of pigs, dogs, cats, rats, monkeys, donkeys, frogs, 
snakes, crocodiles DNA standards and 300 commercial food products. The assay was also 
significantly validated to detect these nine forbidden animal species in halal food. Therefore, this 
method could be potentially applied as a simple and it could be affordable to halal verification 
technique for detecting the forbidden contamination in halal food manufacturing. 
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ABSTRACT 

In this study, the distribution of rare earth elements and other major and trace elements in leaves of 

different citruses was investigated. Samples included orange, lemon and tangerine leaves. All samples 

were analyzed for total concentration of 48 elements by HR-ICP-MS. 

Studied citrus leaves showed differences in their element levels, with lemon leaves showing the 

highest total concentrations of majority of elements, including the highest levels of rare earth 

elements. 
 
Keywords: rare earth element;, multielement analysis; citrus leaves 

 

 

INTRODUCTION 

Biological samples are subject of research in various environmental and food studies, in which a 

multiparameter approach is essential for correct assessment of the problem at hand. Namely, emissions 

from industry, agriculture, mining and urban activities continuously introduce large amounts of 

potentially toxic elements (Cd, Cr, Cu, Hg, Ni, Pb, Sn, etc.) into the environment, and consequently 

biota and the food chain (Babula et al., 2008). Thus, among the contaminants present, trace elements 

are of major environmental as well as health concern (Libes, 1992). However, one of the often 

overlooked groups of elements in such studies is the group of rare earths (REE).  

Unfortunately, an increasing use of REE for industrial and agricultural purposes resulted in their 

enhanced presence in the environment. Their future application is expected to expand even more, 

depicting them as emerging pollutants and calling for further research to upgrade our understanding of 

their chemical behaviour and bioavailability (El-Ramady, 2008). So far, research on biological and 

toxicological effects of the REEs has been rather limited, and previous investigations suggest their 

both positive and negative physiological effects.  

The capacity of plants or agricultural crops to accumulate REEs depends on the species and the REEs 

content in the substrate. Among many others, citruses were reported to readily accumulate REE 

especially given the long-term use of fertilizers enriched in these elements (Turra et al., 2013). So far, 

limited research has been done with regards to the distribution of rare earth elements in citrus systems 

(Turra et al., 2013).  Therefore, present study aims to investigate the distribution of REEs and other 

major and trace elements in leaves of three different citrus species.  

 

 

MATERIALS & METHODS 

Sample collection and preparation 

Citrus leave samples comprise of three different citrus species: orange, lemon and tangerine. For each 

species, five leaves were collected from the associated tree. All samples were lyophylized and 

subsequently stored for multielement analysis.  

Digestion protocol was adapted from US EPA Method 3052 (US EPA, 1996). Prior to analysis, 

subsamples (0.05 g) of samples were subjected to total digestion in the microwave oven (Multiwave 

3000, Anton Paar, Graz, Austria) in a one-step procedure consisting of digestion with a mixture of 6 

mL nitric acid (HNO3, 65%, traceSELECT, Fluka) and 0.1 mL hydrofluoric acid (HF, 48%, 

traceSELECT, Fluka) (Filipović Marijić and Raspor, 2012). 
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Multielement analysis 

The multi-element analysis was performed by High Resolution Inductively Coupled Plasma Mass 

Spectrometry (HR-ICP-MS) using an Element 2 instrument (Thermo, Bremen, Germany). The 

instrument conditions and measurement parameters used throughout the work, as well as the standard 

preparation procedure have been reported previously by Fiket et al. (2017).  

All samples were analyzed for total concentration of 47 elements (Al, As, Ba, Be, Bi, Ca, Cd, Ce, Co, 

Cr, Cs, Cu, Dy, Er, Eu, Fe, Gd, Ho, K, La, Li, Lu, Mg, Mn, Mo, Na, Nd, Ni, Pb, Pr, Rb, Sb, Sc, Se, 

Sm, Sn, Sr, Tb, Ti, Tl, Tm, U, V, Y, Yb, Zn and Zr).  

 

Quality control 

For quality control purposes, the certified reference material (CRM) Citrus leave (NCS ZC73018, 

China National Analysis Center for Iron & Steel) was used.  

 

RESULTS & DISCUSSION 

Obtained elemental data were validated by comparison with existing certified values for analysed 

reference material Citrus leave (NCS ZC73018). Reference sheet for NCS ZC73018 lists certified 

values for all investigated elements, including the rare earths, with exception of Zr. 

In NCS ZC73018 average recoveries range from 90% to 106% for all measured elements, with 

exception of Be (85%) and Sb (88%). For all elements, the obtained recoveries (related to mean ± 

standard deviation values) displayed partial or complete overlap of the span of recovery values related 

to certified values for this CRM and their associated uncertainties (Figure 1). The largest standard 

deviations were observed for Er, Ho, Lu and Tm, elements present in the lowest concentrations (< 0.05 

mg kg
-1

) in this CRM. The certified values for Er, Ho, Lu and Tm have a very wide range of 

uncertainties, which is why the obtained concentrations for these elements fall in the range of certified 

values. The similar was noticed for Be and Sb, the elements with certified values that also have a very 

wide range of uncertainties, for which the obtained concentrations, despite their somewhat lower 

recoveries, fall in the range of certified values (Figure 1). 

The obtained results confirmed the use of HR-ICP-MS as reliable method for multielement analysis of 

citrus leave samples. 

 

 

 

Figure 1. Comparison of measured (indicated by I)  and certified (indicated by    ) major, minor and trace (a) 

and rare earth (b) element concentrations in Citrus leave (NCS ZC73018), presented as recovery ranges related 

to mean element concentrations including their standard deviations and certified values with associated 

uncertainties. 

a) 

b) 
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The results of measurement of 47 elements in studied citrus leaves are shown in Table 1. The results 

are reported as average and standard deviation values, calculated from five samples per each species. 
 

 

Table 2. Measured element concentrations (average and standard deviation), expressed as mg kg
-1

, in different 

citrus leaves. 

 

  
Orange leave 

 
Lemon leave 

 
Tangerine leave 

Element 
 

Average STD 

 

Average STD 

 

Average STD 

Al 
 

132 33 
 

170 9 
 

78.2 6.8 

As 

 

0.125 0.035 

 

0.075 0.016 

 

0.050 0.003 

Ba 

 

14.9 2.7 

 

18.4 1.8 

 

10.2 0.7 

Be 

 

0.006 0.006 

 

0.010 0.003 

 

0.003 0.002 

Bi 

 

0.016 0.008 

 

0.010 0.001 

 

0.010 0.001 

Ca 

 

33383 4126 

 

31913 4453 

 

22982 908 

Cd 

 

0.009 0.002 

 

0.014 0.009 

 

0.009 0.001 

Ce 

 

0.145 0.038 

 

0.461 0.051 

 

0.074 0.008 

Co 

 

0.039 0.011 

 

0.128 0.009 

 

0.058 0.002 

Cr 

 

0.523 0.181 

 

0.356 0.008 

 

0.380 0.030 

Cs 

 

0.019 0.003 

 

0.017 0.001 

 

0.024 0.001 

Cu 

 

89.3 24.5 

 

38.0 3.7 

 

4.83 0.61 

Dy 

 

0.008 0.001 

 

0.014 0.002 

 

0.006 0.001 

Er 

 

0.005 0.001 

 

0.006 0.001 

 

0.004 0.001 

Eu 

 

0.006 0.002 

 

0.009 0.001 

 

0.004 0.001 

Fe 

 

122 20 

 

108 5 

 

114 1 

Gd 

 

0.015 0.001 

 

0.019 0.001 

 

0.009 0.001 

Ho 

 

0.002 0.001 

 

0.002 0.001 

 

0.001 0.0003 

K 

 

14777 1115 

 

4975 751 

 

48298 5484 

La 

 

0.082 0.020 

 

0.583 0.070 

 

0.038 0.004 

Li 

 

0.487 0.074 

 

1.950 0.768 

 

0.972 0.062 

Lu 

 

0.001 0.0003 

 

0.001 0.0003 

 

0.001 0.0003 

Mg 

 

1767 209 

 

2186 272 

 

1784 89 

Mn 

 

35.9 3.3 

 

121 36 

 

86.4 5.4 

Mo 

 

0.133 0.016 

 

0.053 0.004 

 

0.162 0.007 

Na 

 

1097 247 

 

389 34 

 

553 35 

Nd 

 

0.067 0.020 

 

0.225 0.031 

 

0.038 0.002 

Ni 

 

0.338 0.072 

 

1.301 0.064 

 

0.593 0.069 

Pb 

 

0.631 0.134 

 

1.26 0.06 

 

0.403 0.047 

Pr 

 

0.017 0.005 

 

0.063 0.006 

 

0.009 0.001 

Rb 

 

2.78 0.21 

 

1.44 0.09 

 

8.82 1.07 

Sb 

 

0.027 0.006 

 

0.020 0.002 

 

0.034 0.001 

Sc 

 

0.038 0.024 

 

0.022 0.001 

 

0.012 0.002 

Se 

 

0.031 0.015 

 

0.044 0.024 

 

0.032 0.014 

Sm 

 

0.013 0.004 

 

0.034 0.003 

 

0.008 0.001 

Sn 

 

0.364 0.025 

 

0.591 0.052 

 

0.224 0.030 

Sr 

 

128 16 

 

328 36 

 

38.0 2.003 

Tb 

 

0.002 0.001 

 

0.003 0.001 

 

0.001 0.0003 

Ti 

 

11.7 2.3 

 

9.27 0.58 

 

7.49 0.65 

Tl 

 

0.006 0.001 

 

0.016 0.003 

 

0.003 0.001 

Tm 

 

0.001 0.0003 

 

0.001 0.0003 

 

0.001 0.0003 

U 

 

0.012 0.003 

 

0.024 0.009 

 

0.008 0.001 

V 

 

0.217 0.059 

 

0.220 0.019 

 

0.112 0.009 

Y 

 

0.058 0.015 

 

0.108 0.013 

 

0.026 0.001 

Yb 

 

0.005 0.002 

 

0.005 0.001 

 

0.003 0.001 

Zn 

 

43.4 4.4 

 

28.5 2.4 

 

15.5 1.5 

Zr 

 

0.311 0.074 

 

0.285 0.011 

 

0.267 0.015 
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Concentrations of elements in all analysed samples ranged over eight orders of magnitude, from below 

the detection limit to 50 g kg
-1

 (K). Among the elements, Ca, K, Mg and Na were present at the 

highest levels in all measured samples (in g kg
-1

), whereas rare earth elements (Ho, Lu, Tb, and Tm) 

exhibited the lowest values in all samples (<0.003 mg kg
-1

). In average, the highest concentrations of 

majority of elements were observed in lemon leaves, lower in orange leaves and the lowest in 

tangerine leaves (Table 1).  

Compared to the values reported for Citrus leave certified reference material, major and trace element 

concentrations in three types of citrus leave samples were up to a magnitude lower. Largest 

discrepancy was observed for Bi (by a factor 15), Cd (by a factor 18), Pb (by a factor 15) and Sn (by a 

factor 11). Only exceptions were K, Sr and Zn, for which higher concentrations, by a factor 1.2 to 14, 

were obtained in studied samples compared to those in NCS ZC73018. Overall highest difference (by 

a factor 14) was observed for Cu. 

Nonetheless, order of content of measured major and trace elements corresponds to the general order 

of content of elements in plants (Kabata-Pendias and Pendias, 1984). 

 

 

CONCLUSION 

Studied citrus leaves showed differences in their element levels, with lemon leaves showing, in 

average, the highest total concentrations, including the highest levels of REEs. Compared to the 

certified reference material NCS ZC73018 there are some differences in the measured concentrations, 

with the highest differences observed for Bi, Cd, Pb and Sn, i.e. elements generally linked to influence 

of atmospheric deposition and/or vicinity of roads and traffic. Interestingly, Sr, Zn and especially Cu 

were highest in orange leaves, while K were at the highest in tangerine leaves, suggesting a 

contribution of liquid fertilizers application to their total concentrations. 
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ABSTRACT 

In Croatia, mandarin is an economically important fruit mostly consumed as fresh without possibility of industrial 

juice processing. Considering citrus juice should not contain peel component according to legal regulation, it 

should be processed on specific equipment, which we do not have in Croatia as opposed to apple or other 

continental fruit processing equipment. The aim of this study was to examine possibility of mandarin juice 

processing on press usually used for apple pressing. Further, we aimed to monitor juice stability during storage at 

three temperatures (1  ̊C, 22  C̊, 37 C̊) during 60 days. Therefore, physico – chemical (soluble solids, pH-value and 

total acidity) and sensory properties (by quantitative descriptive method), total phenolics (by Folin-Ciocalteu 

reagent), total carotenoids (spectrophotometrically), antioxidant activity (by FRAP method) as well as microbial 

stability were determined after 60 days. According to sensory evaluation, juice produced by pressing unpeeled 

mandarin fruit was acceptable but not high quality. Temperature and time of storage affected all investigated 

parameters as well as sensory properties of juices. However, changes were not very pronounced in the juices stored 

in 1 ̊C. The rise of storage temperature caused undesirable juice changes. All juices during storage were 

microbiologically stable. 

 

Keywords: Mandarin juice; processing; storage; temperature; stability  

 

INTRODUCTION 

Mandarin as other citrus fruit is very popular fruit due to its delicious and pleasant aroma as well as high 

nutritional value (Ashurst, 2005). It is well known source of valuable components as vitamin C, 

carotenoids or phenolics, which have been associated with antioxidant activity and health benefits 

(Legua et al., 2014). This fruit is mostly consumed fresh, but consumers appreciate mandarin juice, too. 

Thus, processing into juice may overcome its seasonal character, unsuitability for long term storage and 

solve the problem with excess of unmarketable fruit. In Croatia, mandarin is an economically very 

important fruit mostly consumed as fresh without possibility of industrial juice processing (Levaj et. al., 

2005). Here, in Croatia, there are only industrial equipment for processing fruit into the juice, primarily 

based on pressing or pureeing fruit tissue. However, in the manufacturing of citrus juices extraction is 

the basic technological step. According to Legislative (EU directive, 2012), citrus juice must not contain 

any peel component, therefore citrus fruit must be processed on specific equipment, which is not 

available in Croatia. Since, mandarin juice is usually processed via juice extractor equipment, the aim 

of this study was to examine the possibility of mandarin juice processing by pressing technology usually 

used for apple pressing. As mandarin juice is very susceptible to browning (Handwerk, Coleman, 1988) 

and other undesirable changes during storage, the juice stability in the terms of microbial and sensory 

analyses, determination of total phenolic and total flavonoid content, total carotenoids, colorimetric 

parameters and antioxidant activity during storage at three temperatures (1 ̊C, 22 C̊, 37 ̊C) over 60 days 

was monitored, too. 
 

MATERIALS & METHODS 

Material. Mandarin fruit (Citrus unshiu Markovich), were harvested in the Neretva Valley and 

transported to Faculty of Food Technology and Biotechnology in Zagreb. Mandarin fruit (27 kg) was 

peeled by hand, chopped by sharp knife and juice were produced on small-scale equipment. Pressing 

was done on hydraulic pack press and pasteurization (90oC/300 sec) (past.) in flow tube heat exchanger 

(Euclid Ltd., Croatia). Hot juice was filled in sterilized bottles (250 mL), closed and cooling down was 
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done by immersing bottles in cool water gradually. Juices were stored 60 days on 1oC, 22oC, and 37oC 

in dark place. 

Methods. Quality parameters and biological active compounds determination 

Soluble solids (SS) were determined by measuring oBrix (Atago refractometer, Tokyo, Japan), total 

acidity (TA) by titration with 0.1 NaOH (expressed as g citric acid/100 mL juice) and pH-value were 

determined by pH-meter (S20 SevenEasy, Mettler-Toledo). 

Extraction was carried out by two different methods: (i) without hydrolysis with 80 % ethanol (v/v)- 

ethanolic extract (EE), and (ii) with hydrolysis by 1,2 M HCl in 80 % ethanol (v/v) (acidic ethanol 

extract (AEE) (Coseteng and Lee, 1987). Spectrophotometric determination of total phenols (TP) was 

conducted by spectrofotometer (UV/VIS UNICAM HELIOS β, England) using Folin-Ciocalteu reagent 

(Ough and Amerine, 1988) and the results are presented as equivalent of galic acid (GAE). The 

antioxidant capacity (AC) was determined only in ethanol extract (EE) by ferric reducing/antioxidant 

power (FRAP) method (Pulido et al., 2000) and the results are expressed as µmol Trolox equvalent 

(TE)/L. Flavonoid content (FC) were determined in AEE by diethylene glycol according to Abeysinghe 

et al. (2007) with modification in results expression. Absorbance were spectrophotometrically measured 

at 420 nm, results were calculated on hesperidin instead on rutin as a standard, and results were 

expressed as equivalent of hesperidin (Hesp)/100 mL. Carotenoids were extracted according to Levaj et 

al (2012) by petroleum ether (Park, 2007), absorbance (λ=450 nm) was spectrophotometrically 

measured and concentration was calculated by using extinction coefficient (2500) (Vahlquist, 1982) (1): 

Total carotenoids (as β-carotene) (mg×100 g -1)   max u

%
1 cm

A   1000  V

m(g)  E

  

     (1)

 

Amax  absorbance at 450 nm, Vu  total volume of extract (mL), E%
1 cm  extinction coefficient in petroleum 

ether for β-karoten  2500.  

CIELab color parameters was measured by Spectrophotometer CM-3500d, Konika Minolta (Japan). 

Hue value (H) , chroma (C) and color difference (∆E) from start sample (juice after pasteurization) 

and samples after storage were calculated. All analysis was done in duplicate and the results are 

represented as mean ± standard deviation of duplicates. 

Sensory evaluation was achieved by Quantitative descriptive analysis (QDA). A trained panel of twelve 

people from the faculty staff and students were selected and trained to sensory evaluate mandarin juices 

using a 10-point scale (1= unexpressed attribute, 10= maximal express attribute). List of attributes was 

defined and presented at figure 3. The procedure was performed according to ISO 6564, ISO 8587 and 

ISO 11036 (in a sensory laboratory equipped according to ISO 8589) and in consistence with method 

from literature (Bursać Kovačević et al., 2008). 
Obtained juices were conducted to microbial testing on presence of Salmonella strains (HRN EN ISO 

6579:2003), Enterobacteriaceae (HRN ISO 21528-2:2008), aerobic mesophilic bacteria (HRN EN ISO 

4833:2008), yeasts (ISO 21527:2008), molds (ISO 21527:2008), sulfur-reducing clostridium (HRN EN 

ISO 15213:20049 and Listeria monocytogenes (HRN EN ISO 11290-2:1999). Analysis were done at 

Food Control Centre at Faculty of Food Technology and Biotechnology, University of Zagreb, that is 

accredited laboratory for official controls, approved for testing food and feed by Croatian Ministry of 

Agriculture (compliant with HRN ISO/IEC 17025). 
 

RESULTS & DISCUSSION 

During mandarin juice processing, the yield was calculated as follows: peel comprise about 20,55% of 
the total whole fruit weight, while after pressing, juice comprised about 34,71% of the total whole fruit 
weight and about 43,69% calculated on the weight of peeled fruit. Paolu et al. (2008) reported the yield 
of 48,30% for Clementine mandarin juice obtained on rotary citrus squeezer. Citrus fruit are abundant 
in pectin that makes pressing more difficult and less efficient. Therefore, in order to obtain higher yield 
during processing, an enzymatic pre-treatment before pressing is recommended (Levaj et al. 2012). In 
comparison to literature data (Levaj et al, 2005, Paolu et al 2008), our results revealed slightly higher 
values of SS  and TA (Table 1). During storage, minor decrease of SS and TA, and increase of pH was 
recorded. All juices during storage were microbiologically stable (results are not shown).  
Concerning phenolic compounds in mandarin juice, two different extraction procedures were used with 
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the aim to evaluate their efficacy in the extraction of more complex substances. Determination of TP 
was done in both extracts (EA and AEE), while determination of AC was done only in EA, hence 
remarkable different results were noticed (Figure 1A and 2A). 

 
 

 

 

Table 1. Effect of juice 

processing and storage 

on physicochemical 

parameters 

 
Average TP in EE were almost tenfold lower than in AEE, though are in accordance with previous 
results obtained in EE (Levaj et al 2005, Levaj et al, 2012, Zhang et al 2018). On the other hand, TP in 
AEE are approximately similar to results (sum of TP in juice sacs, segment membrane, and segment) 
obtained in acidic methanol extracts Abeysinghe et al. (2007). Different trend of TP changes by those 
two extractions procedure were observed, too. In EE during juice processing TP decreased in contrast 
to TP in AEE. Probably, pressing does not allow complete extraction of phenolics from fruit to juice, 
and thermal treatment cause degradation of phenolics. Further, AEE could improve the extractability of 
phenolics from the tissue from whole fruit as well as from small particles of tissue, which are extracted 
in juice. In addition, the extraction efficiency is in opposite relation to particle size and probably short 
thermal treatment could improve it as well as by AEE mixture of different phenolics structure and 
thermal stability. That could be the reason why pasteurized juice contained higher values of TP in AEE.   
 

 

Figure 1. Total phenolics (A) and antioxidant capacity (B) in samples before and after storage at different 

temperature during 60 days (d) 

  

 

Figure 2. Total phenolics and hesperidin (A) and carotenoids (B) in samples before and after storage at 

different temperature during 60 days (d) 

 

 Sample Soluble solids, oBx pH Total acidity, % 

Fruit 11,8±0,14 3,56±0,00 1,26±0,03 

Juice after press 11,2±0,14 3,56±0,00 1,29±0,04 

Juice after past. 11,2±0,00 3,56±0,00 1,12±0,03 

Juice after 60   1oC 11,1±0,14 3,68±0,12 0,98±0,00 

days 20oC 10,6±0,00 3,75±0,07 1,06±0,00 

storage at 37oC 11,2±0,14 3,60±0,00 1,06±0,01 
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Moreover, storage time and increased storage temperature affected increase of TP. It could be associated 
to well-known citrus juice susceptibility to non-enzymatic browning (Handwerk, Coleman, 1988) and 
less selectivity of FC reagent (Klimzak et. al., 2010). The opposite trend was recorded with AEE, 
probably because browning pigments in acidic media reacts differently.  
AA changes was similar to those observed for TP changes in EE. Correlation coefficient for juice 
processing samples as well as for juices during storage were higher than 0,9. Changes of FG followed 
pattern of TP changes in AEE and were in accordance to literature data (Abeysinghe et al., 2007). 
Hydraulic press definitely is not efficient for carotenoids extraction (Fig 2B) though obtained results are 
in agreement to the results of Lotha i Khurdiya (1994). In addition, remarkable amount of coloured fruit 
tissue left in press and was not extracted into juice at all.  Pasteurization (thermal treatment) caused 
increase of TC what is consistent to findings of Plaza et al (2011). Protein denaturation is associated to 
carotenoid realising from protein or membrane lipids complex and improving its extractability (Plaza et 
al. 2011). Storage at 37oC showed negative influence on TC, while other temperatures increase TC. 
Similar findings were observed in previously published data (Plaza et al. 2011).  
With respect to colour parameters, lightness was varying in consistence to TP changes in EE and sensory 
evaluated color (Table 3) in both, during processing and storage. Juice became darker (lower L* and 
higher color difference (ΔE)) with storage time and storage temperature.  
 

Table 2 Color parameters in samples before and after storage at different temperature 

 

Sample L* a* b* C* h* ΔE 

Fruit 32,72±1,13 27,60±0,99 56,27±2,23 62,67±0,42 0,46±0,57 - 

Juice after press 53,41±0,85 20,58±0,67 57,73±0,42 61,29±0,42 1,23±0,57 - 

Juice after past 61,26±0,28 15,84±0,28 58,98±0,28 61,07±0,28 1,31±0,48 - 

Juice after 

60 days 

storage at 

  

 1oC 51,41±0,57 17,25±0,42 54,08±0,57 56,77±0,42 1,26±0,57 10,60±0.42 

20oC 46,44±0,71 21,19±0,57 63,78±0,42 67,20±0,42 1,25±0,57 16,88±0,57 

37oC 44,32±0,42 18,79±0,28 59,49±0,57 62,39±0,57 1,27±0,42 17,29±0,57 

 
Though all juices during storage were microbiologically stable, juice stored at 37oC was not acceptable 
for sensory evaluation, especially taste (missed on Fig 3), in spite of its microbial stability.  Probably, 
products of non-enzymatic browning (Handwerk, Coleman, 1988) or some enzyme, as PME, was 
responsible for that consider to thermal resistance of PME during pasteurization compared to spoilage 
microorganisms (Cinquanta, 2010). As it can be seen at Fig 3 juices before storage and stored at 1oC 
were the best-evaluated juices. Generally, sensory scores are not high e.g. mandarin taste was lower 
scored for the start sample, what is most likely the consequence of pressing instead squeezing mandarin 
fruit to obtain juice. Press do not allow transfer of whole juice sacs into juices what is probably 
responsible for lack of mandarin specific taste. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Sensory 

evaluation of pasteurized 

and stored mandarin 

juices 
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CONCLUSION 

Pressing as way to produce mandarin juice is not strongly recommended considering lack of intense 
mandarin taste of obtained juice. Temperature and storage time affected all investigated parameters as 
well as sensory properties of juices. Sensorial changes were not very pronounced in the juices stored at 
1 ̊C. Similar, stability of biological active compounds was perceived in juices stored at 1oC and 20oC/60 
days, while 37oC had detrimental influence on biological and sensory properties of mandarin juice.  
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ABSTRACT 

Stable isotopes and mineral composition of wines have been recognized as indicators of wine's authenticity, and 

methods for their determination have been developed. Stable isotope ratios of (D/H)I and (D/H)II of wine is 

determined by the SNIF-NMR® (Site Specific Natural Isotope Fractionation - Nuclear Magnetic Resonance) for 

the methyl- and the methylene-position of the ethanol molecule. The determination of 13C/12C is performed in the 

ethanol molecule by the IRMS - Isotope Ratio Mass Spectrometry. For both methods, ethanol from the wine is 

obtained using ADCS - Automated Distillation Control System. The residue after distillation is ethanol free and 

therefore suitable for determining the macro- and microelements by the ICP-OES (Inductively Coupled Plasma – 

Optical Emission Spectrometry) method. The aim of this paper was to validate the wine sample preparation by 

ADCS in order to obtain a distillate with an alcohol grade of 92-93% w/w. Repeatability of the method was 

determined by distillation of the same sample on four distillation columns in six replicates. Obtained mean value 

was 92.60 ± 0.23% w/w. The relative standard deviations (RSD) were calculated for each column and they were: 

0.15, 0.13, 0.31, and 0.12%, respectively. Determination of the distillate water content was performed by Karl-

Fischer titration method and the repeatability of water determination was calculated (RSD = 0.25%). It was 

concluded that the method is fit for the intended purpose, which is preparation of the wine sample for analysis by 

analytical techniques: NMR, IRMS and ICP-OES. 

 
Keywords: authenticity; validation method of distillation; wine 

 

INTRODUCTION 

Increased consumers awareness of the importance of food safety has been steadily increasing in recent 
years. There is also an increase in activities that include the adulteration of food products, including 
wine, for financial gain. This has led to the development of sophisticated analytical procedures for 
determination of traceability according to geographic and botanical origin and influence of technological 
processing (Chua et al., 2012, Bandoniene et al., 2013). Although quality awareness of wine producers 
is on a rather high level, there are still cases of wine production by illegal practices. Stable isotopes and 
mineral composition of wines have been recognized as genuine indicators of wine's authenticity, and 
methods for their determination have also been developed (Christoph et al., 2007). Stable isotope ratio 
of (D/H)I i (D/H)II of wine is determined by the SNIF-NMR® method for the methyl- and the methylene-
position of the ethanol molecule (Martin et al., 1981, Martin et al., 1982). The determination of carbon 
stable isotope ratio (13C/12C) is also performed in the ethanol molecule but by the IRMS (Christoph et 
al., 2015). For both methods, ethanol from the wine is obtained in the same way, by distillation. The 
main prerequisite of distillation system according to the OIV method (OIV-MA-AS311-05:R2011) is to 
enable the extraction of ethanol from the wine without additional isotope fractionation. Between 96 - 
98.5% of wine ethanol should be extracted and the alcoholic strength of the obtained distillate should 
be 92-92% w/w (about 95% vol.). All preparation procedures must be carried out without significant 
loss of ethanol by evaporation, which would alter the isotope composition of the sample. For the ICP-
OES technique it is essential to extract the ethanol from wine because it prevents the plasma formation 
(Larcher and Nicolini, 2001). Therefore, the residue after sample distillation is ethanol free and suitable 
for determining the macro- and microelements. By using the residue of the distillation for ICP-OES 
analysis the consumption of very expensive high purity chemicals is considerably reduced and the usage 
of the microwave digestion or other means of sample preparation are completely avoided. The aim of 
this paper was to validate the procedure for preparing the wine sample by ADCS in order to be analysed 
by aforementioned analytical methods. The ADCS automates the entire process, completely controls the 
distillation and allows the software to store and process results. 
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MATERIALS & METHODS 

 

Determination of alcoholic strength of the wine samples was performed by Alcolyzer (Patent Anton 

Paar®; Anton Paar, Austria), a near infrared spectrometer. One wine sample of appropriate quantity was 

distillated in six replicates at four distillation columns of ADCS – Automated Distillation Control System 

(Eurofins, Nantes, France), operated by the ADSC V1.1.9.0 software. Karl Fischer DL31 volumetric 

titrator (Mettler Toledo, Greifensee, Swizterland) operated by LabX light software was used for the 

determination of the distillate water content (% w/w) in all obtained distillates in order to calculate the 

alcoholic strength (%w/w) and yield of each performed distillation. Eurokarl Windows v.1.0.0.0 

software was used for transfer of the obtained alcoholic strength data to the ADSC V1.1.9.0 software. 

Reagents used for the Karl-Fischer titration were Titrant 5, Solvent and 1% water standard for the 

standardization procedure of the solvent were obtained from Merck (Darmstadt, Germany). The 

requirements for the distillation procedure are described in the OIV method (OIV-MA-AS311-

05:R2011). Two interlaboratory comparison samples from two different providers (Bureau 

Interprofessionnel d'Etudes Analytiques, Paris, France – BIPEA: “17Wines” proficiency testing scheme 

and Eurofins, Nantes, France: “Food analysis using Isotopic Techniques – Proficiency Testing Scheme” 

– FIT-PTS 2016 Round 3) were destillated by ADCS followed by determination of stable isotope ratio 

of 13C/12C (OIV-MA-AS312-06:R2001) in obtained ethanol by IRMS Delta V Plus coupled with 

elemental analyzer FlashEA 1112 Series (Thermo Fischer Scientific, Bremen, Germany). The sample 

was measured against the certified reference material BCR-656 obtained at Institute for Reference 

Materials and Measurements (Geel, Belgium) calibrated by the primary international reference (Vienna-

Pee-Dee Belemnite V-PDB). Chemicals used for filling the combustion reactor for conversion the 

sample ethanol in carbon dioxide were copper () oxide, silver cobaltous/cobaltic oxide and chromic 

(III) oxide obtained from thermo Fischer Scientific, Bremen, Germany. The determination of Ca, Cu, 

Fe and Pb was conducted in the wine residue after the distillation by 2000 Optima ICP-OES, Perkin 

Elmer, Shelton, Connecticut, USA. Standard solutions of four elements were obtained by Merck 

(Darmstadt, Germany) as well as the 60 % ultrapure HNO3 which was used diluted to 2% by ultrapure 

water at 18 MΩ/cm resistivity. 2% HNO3 was used for dilution of the residue after distillation by 1:1. 

Five wine samples (three white and two red) were distillated and obtained ethanol was sent to the Service 

Commun des Laboratoires, Bordeaux, France, for the stable isotope analyses of (D/H)I and (D/H)II by 

NMR (OIV-MA-AS311-05:R2011; 400 MHz instrument of Bruker, Darmstadt, Germany). 

 

RESULTS & DISCUSSION 

Determination of repeatability of the method was carried out by distillation of the same sample at four 
distillation columns of the ADCS (Figure 1) in six replicates. The RSDs were calculated for each column 
and for all distillations in total. The results of 24 distillations of the same wine sample with the alcoholic 
strength of 11.73% vol. are shown in the Table 1. 
To confirm the validity of each distillation, determination of the distillate water by Karl-Fischer titration 
method was performed and the obtained yield of all distillations were between 97.4% and 100.0% which 
means that almost all ethanol from wine is transferred to the distillate. The total mean value of the 
alcoholic strength of distillates was 92.60 ± 0.23% w/w. The RSDs were calculated for each column and 
they were: 0.15, 0.13, 0.31, and 0.12%, respectively. The data were tested by the Grubbs test for the 
outliers (Grubbs, 1950). There was one value of alcoholic strength (93.21% w/w, the first replicate at 
column No. 3) designated as furthest from the rest but it was still not an outlier. 
Although the column No. 3 have shown the highest RSD, the obtained values for alcoholic strength are 
still between 92 and 93% w/w as required by the OIV method (OIV, 2018). 
Validation of the Karl-Fischer volumetric titration method of water content determination and 
subsequent alcoholic strength of the distillate and yield of the distillation was conducted thought the 
repeatability calculation (Table 2). 
The standardization procedure of the Karl-Fisher solvent was performed by the certified reference 
material with the known water content, followed by the titration of the 10 replicates of the same wine 
distillate. The obtained mean water content value was 7.13% w/w with the standard deviation of 0.02 % 
w/w and the repeatability was expressed as RSD = 0.25%. 
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Figure 1. ADCS – Automated Distillation Control System 
 
 

Table 1. Repeatability of distillations performed by ADCS 

 

Column 

No. 
Replicates Yield (%) Water (% w/w) 

Alcoholic 

strenght 

(% w/w) 

Average 

(% w/w) 

Standard 

deviatio 

(% w/w) 

RSD 

(%) 

1 

1 97.4 7.48 92.52 

92.54 0.14 0.15 

2 98.1 7.23 92.77 

3 100.0 7.38 92.62 

4 97.7 7.58 92.42 

5 98.0 7.57 92.43 

6 98.0 7.54 92.46 

2 

1 97.9 7.26 92.74 

92.66 0.12 0.13 

2 98.0 7.50 92.50 

3 97.9 7.28 92.72 

4 97.4 7.33 92.67 

5 97.7 7.45 92.55 

6 97.8 7.20 92.80 

3 

1 97.5 6.79 93.21 

92.81 0.29 0.31 

2 97.9 7.36 92.64 

3 97.8 6.95 93.05 

4 97.9 7.41 92.59 

5 97.5 7.12 92.88 

6 97.6 7.54 92.46 

4 

1 98.0 7.56 92.44 

92.38 0.11 0.12 

2 98.3 7.79 92.21 

3 98.3 7.73 92.27 

4 98.2 7.56 92.44 

5 98.6 7.57 92.43 

6 98.4 7.53 92.47 

Minimum 97.4 6.79 92.21    

Maximum 100.0 7.79 93.21    

Average 98.0 7.40 92.60    

Standard deviation 0.53 0.23 0.23    
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Table 2. Repeatability of distillate water content determination by Karl Fischer volumetric titration 

 

Replicate 1 2 3 4 5 6 7 8 9 10 

Water in the distillate (% w/w) 7.10 7.15 7.14 7.13 7.15 7.12 7.12 7.15 7.15 7.12 

Average (% w/w) 7.13 

Standard deviation (% w/w) 0.02 

RSD (%) 0.25 

 

In order to confirm the fitness of the described method for the wine sample preparation, the laboratory 
have also participated in the interlaboratory comparison organised by Eurofins, Nantes, France, for 
IRMS stable isotope 13C/12C determination and in the interlaboratory comparison organised by BIPEA, 
Paris, France for ICP-OES analysis of four metals (Ca, Cu, Fe and Pb). 
Results showed (Table 3) that laboratory has good measurement capabilities and that ADCS preparation 
method is suitable for these analytical techniques. The following values are presented: number of 
participating laboratories, reference value, minimum and maximum permissible deviation interval, 
result obtained by the laboratory and Z-score, from which the success of laboratories participation in 
interlaboratory comparisons is being estimated. For all reported results the Z-scores were between -2.00 
and 2.00 demonstrating high quality of performed sample preparation followed by compliant results 
obtained by the appropriate analytical technique (Hovind et al., 2011). 
 
Table 3. Results of interlaboratory comparisons (ILC) for wine samples prepared by ADCS 

 

Analitical 

technique 
Parameter 

No. of 

laboratories 

Reference 

value 
Min Max 

Laboratory 

result 
Z-score 

ILC organised by Eurofins, Nantes, France / wine sample No. 16/3/F 

NIR  
Alcoholic 

strenght (% vol.) 
11 11.17 10.94 11.52 11.12 -0.48 

Karl-

Fischer 

tittration 

Distillation yield 

(%) 
12 n/a 96.00 99.55 98.70 n/a 

IRMS 
13C/12C 

(‰ V-PDB) 
11  -26.44 -26.78  -26.15 -26.33 0.75 

ILC organised by BIPEA, Paris, France / wine sample No. 37-0317-0029 

ICP-OES 

Ca (mg/L) 45 78 62 94 79 0.13 

Cu (mg/L) 51 0.11 0.00 0.23 0.13 0.33 

Fe (mg/L) 69 2.4 1.4 3.4 2.4 0.00 

Pb (mg/L) 16 0.014 0.000 0.034 0.032 1.80 

n/a…not applicable 

 

 

Table 4. Results of NMR analysis of wine samples prepared by ADCS 

 

Analitical 

technique 

Sample 

No. 
Parameter 

Value 

(ppm) 

Average 

(ppm) 

Min 

(ppm) 

Max 

(ppm) 

Stdev 

(ppm) 

NMR 

1 (D/H)I 102,73 

100,85 98,82 104,39 2,54 

2 (D/H)I 98,82 

3 (D/H)I 104,39 

4 (D/H)I 99,24 

5 (D/H)I 99,09 

1 (D/H)II 127,93 

127,05 125,03 128,77 1,47 

2 (D/H)II 128,77 

3 (D/H)II 125,03 

4 (D/H)II 127,32 

5 (D/H)II 126,21 

Page 106 of 112



Five samples prepared by ADCS in the laboratory were analyzed by NMR at Service Commun des 
Laboratoires, Bordeaux, France, showing also good quality of sample preparation. Results of NMR 
analysis are presented in the Table 4. Ratio of the deuterium and hydrogen at methyl position of the 
ethanol molecule was between 98.83 ppm and 104.39 ppm and at the methylene position between 125.03 
ppm and 128.77 ppm which is in accordance to Christoph et al. (2015). 
Presented results showed that the wine distillation by ADCS is appropriate method for extracting the 
ethanol from wine and subsequent analysis of ethanol by NMR and IRMS, and for the analysis of wine 
residue by ICP-OES.  

 

CONCLUSION 

Based on the presented method validation results we can conclude that laboratory successfully 
implemented the ADCS sample preparation method. The criteria for yield of distillation, water content 
determination, ethanol content in the distillate and repeatability of distillations were fulfilled. Laboratory 
has successfully participated in interlaboratory comparisons which was confirmed by obtained Z-scores 
that were between -2.00 and 2.00 for all tested parameters. Finally, it can be concluded that the method 
is fit for the intended purpose which is preparation of the wine samples for analysis by analytical 
techniques: NMR, IRMS and ICP-OES. 
 

REFERENCES 

Bandoniene D., Zettl D., Meisel T., Maneiko M. 2013. Suitability of elemental fingerprinting for assesing the 

geographic origin of pumpkin (Cucurbita pepo var. styriaca) seed oil. Food Chemistry 136 (3-4), 1533-1542. 

Christoph N., Rossmann A., Schlicht C., Voerkelius S. 2007. Wine authentication using stable isotope ratio 

analysis: Significance of geographic origin, climate, and viticultural parameters. ACS Symposium Series 952: 

166-179. 

Christoph N., Hermann A., Wachter H. 2015. 25 Years authentication of wine with stable isotope analysis in the 

European Union –Review and outlook. BIO Web of Conferences 5: 02020. 

Chua L. S., Abdul-Rahman N. L., Sarmidi M .R., Aziz R. I. 2012. Multi-elemental composition and physical 

properties of honey samples from Malaysia. Food Chemistry 135(3), 880-887. 

Compendium of International Methods of Analysis of Wines and Musts. 2018. International Organization of vine 

and wine – OIV (OIV-MA-AS311-05:R2011, OIV-MA-AS312-06:R2001) Paris, France. 

Grubbs F.E. 1950. Sample criteria for testing outlying observations. Annals of Mathematical Statistics. 21(1), 27-

58. 

Hovind H., Magnusson B., Krysell M., Lund U., Mäkinen I. 2011. Internal Quality Controll – Handbook for 

Chemical Laboratories. Nordtest. NT Technical Report 569. Norway. 

Larcher R., Nicolini G. 2001. Survey of 22 mineral elements in wines from Trentino (Italy) using ICP-OES. Italian 

Journal of Food Science 13(2), 233-241. 

Patent Anton Paar® (US 6,690,015; AT 406711) Method for the spectroscopic determination of ethanol 

concentration in an aqueous sample, European Patent Office, EP 1073896 B1. 

Martin G.J., Martin M.L., Mabon F., Michon M.J. 1982. Identification of the origin of natural alcohols by natural 

abundance hydrogen-2 nuclear magnetic resonance. Analytical Chemistry. 54(13), 2380-2382. 

Martin G.J., Martin M.L. 1981. Deuterium labelling at the natural abundance level as studied by high field 

quantitativeH NMR. Tetrahedron Letters 22(36), 3525-3528. 

 

 

Acknowledgements: authors are sincerely grateful to the Service Commun des Laboratoires, Bordeaux, France, 

for performing the NMR analyses. 

Page 107 of 112

https://en.wikipedia.org/wiki/Annals_of_Mathematical_Statistics


Macroelements and specialized metabolites content under salt stress in 

hydroponically grown rocket 
Nina Toth

a
, Luka Jerončić

b
, Lepomir Čoga

c
, Božidar Benko

a
, Sanja Fabek Uher

a
, Jana Šic Žlabur

d
 

 
a
 University of Zagreb Faculty of Agriculture, Department of Vegetable Crops, Zagreb, Croatia (ntoth@agr.hr) 

b
 University of Zagreb Faculty of Agriculture, Graduate Study Horticulture-Vegetable Growing, Zagreb, Croatia 
c
 University of Zagreb Faculty of Agriculture, Department of Plant Nutrition, Zagreb, Croatia (lcoga@agr.hr)  

d 
University of Zagreb Faculty of Agriculture, Department of Agricultural Technology, Storage and Transport, 

Zagreb, Croatia,(jszlabur@agr.hr) 

 

ABSTRACT 

Salt stress at different plant species may affect the reduction or increase in the content of dry matter, biogenic 

elements and specialized metabolites. The goal of this research was to determine the effect of salt stress on 

specialized metabolites accumulation and macroelements’ content of hydroponically grown rocket which 

belongs to the group of functional food. Salt stress was realized by adding NaCl (2.92, 5.27 and 7.62 g L
-1

) into 

the standard nutrient solution with EC-value 3 dS m
-1

, which showed increase in EC-values (5, 7 and 9 dS m
-1

), 

respectively. The trial was set up in a floating system according to a randomized block design with three 

replications. Salt stress had negative effect on dry matter and content of macroelements (N, P, K, Ca and Mg), 

while the amount of Cl and Na was increased linearly. Salt stress had positive effect on vitamin C and total 

phenols content. The highest concentration of NaCl resulted in the significantly highest vitamin C content (88.07 

mg 100 g
-1

 fresh weight). The highest total phenols content (173.6 and 173.4 mg GAE 100 g
-1

 fresh weight), 

without significant difference, was achieved at rocket grown in nutrient solutions with EC 7 and 9 dS m
-1

. The 

equal content of total chlorophyll (0.9 and 0.8 mg g
-1

 fresh weight) was determined at nutrient solution with 

standard and the highest EC-values (3 and 9 dS m
-1

), respectively. Nutrient solutions with higher NaCl 

concentrations resulted in significantly lower content of total glucosinolates in rocket leaves than the standard 

nutrient solution, as well as with the lowest NaCl concentration.   
 

Key words: Eruca sativa Mill.; vitamin C; total glucosinolates; phenols; chlorophyll 

 

INTRODUCTION 

Rocket (Eruca sativa  Mill.), leafy vegetable suitable for growing in floating hydroponics, according 
to Cavaiuolo and Ferrante (2014), contains various compounds (vitamins, chlorophylls, carotenoids, 
glucosinolates, phenols, minerals etc.) with beneficial effect on human health. Hydroponic cultivation 
of vegetables in greenhouses provides management of all abiotic factors which result in optimal 
conditions for plant growth and high yield. Various forms of stress can stimulate plants in the 
synthesis of specialized metabolites (Selmar and Kleinwächter, 2013). Therefore, exposure of 
vegetables to controlled stress can induce enhanced synthesis of bioactive compounds and increase the 
vegetables’ quality (Barbieri et al. (2010). Salt stress, depending on the intensity, in different plant 
species causes decrease or increase in the content of specialized metabolites, but also of dry matter and 
biogenic elements (Bonasia et al., 2017). Zuccarini (2007) stated that in salt stress conditions plants 
accumulated less potassium and more calcium, while Prasad et al. (2014) determined that increased 
NaCl concentration affected reduced absorption of potassium, nitrogen, phosphorus and calcium. In 
order to elucidate previous inconsistent results, the aim of the research was to determine the effect of 
salt stress on specialized metabolites accumulation and macroelements’ content of hydroponically 
grown rocket. 
 

MATERIALS & METHODS 

The trial was carried out in heating greenhouse of Department of Vegetable Crops, University of 

Zagreb Faculty of Agriculture. The experiment was set up in a floating system as a single-factor trial 

according to a randomized block design with three replications. It included rocket cultivar ‘Coltivata’ 

and 4 salt stress treatments with NaCl concentration (0 – control, 2.92, 5.27 and 7.62 g L
-1

) i.e. EC 

value (3 – control, 7, 5 and 9 dSm
-1

) of nutrient solution. During period of 38 days from sowing 

(10/4/2017) to harvest (18/5/2017) of rocket rosettes with 6 to 8 developed leaves, abiotic parameters 

were in optimum range for rocket growth (mean daily air temperature 19 to 27 °C and relative 
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humidity 38 to 71%; nutrient solution parameters: pH 5.8 to 7.2, dissolved oxygen concentration 3 to 8 

mg L
-1

 and EC value as stated).  

Chemical analyses of minerals content in rocket leaves were performed in laboratory of Department of 

Plant Nutrition, University of Zagreb Faculty of Agriculture as follows: total nitrogen, phosphorus, 

potassium, calcium, and magnesium content (expressed % on dry matter) according to the standard 

methods (AOAC, 1995) by atomic absorption spectrometry (AAS SOLAR THERMO SCIENTIFIC).  

Chemical analyses of specialized metabolites were performed in laboratory of Department of 

Agricultural Technology, Storage and Transport, University of Zagreb Faculty of Agriculture. For 

determination of bioactive compounds and pigments, the following methods were carried out: vitamin 

C content (mg 100 g
-1

) according to the standard method (AOAC, 2002), total phenol content (mg 

GAE 100 g
-1

) according to the Ough and Amerine (1988), total glucosionolates (%) according to the 

method described by Jezek i sur. (1999) and antioxidant capacity (mmol TE kg
-1

) by ABTS method 

(Miller et al., 1993) spectrophotometrically (Shimadzu UV 1650 PC). Pigment compounds, 

specifically total chlorophyll (chlorophyll a and b) and total carotenoids were determined according to 

the method described by Holm (1954) and Wettstein (1957). The absorbance of pigment extracts was 

measured spectrophotometrically (Shimadzu UV 1650 PC) at 662, 644 and 440 nm with acetone (p.a.) 

as a blank probe. The absorbance values were recalculated according to the Holm-Wettstein equations 

(mg L
-1

) while the final result of the pigment content was expressed in mg g
-1

:  
𝑐ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝑎 = 9.784 × 𝐴662 − 0.990 × 𝐴644[𝑚𝑔 𝐿−1], 
𝑐ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙  𝑏 = 21.426 × 𝐴644 − 4.65 × 𝐴662[𝑚𝑔 𝐿−1], 

𝑐ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝑎 + 𝑏 = 5.134  × 𝐴662 + 20.436 × 𝐴644[𝑚𝑔 𝐿−1 ], 
𝑐𝑎𝑟𝑜𝑡𝑒𝑛𝑜𝑖𝑑𝑠 = 4.695 × 𝐴440 − 0.268 × (𝑐ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝑎 + 𝑏)[𝑚𝑔 𝐿−1]. 

The results were statistically analyzed in the SAS program version 9.3 (SAS, 2010). The results were 

subjected to one-way variance analysis (ANOVA). The mean values were compared with the t-test 

(LSD) and were considered significantly different at p≤0.01. Different letters in tables indicate 

significant differences between mean values and also express standard deviation (±SD). 
 

RESULTS & DISCUSSION 

Dry matter and macroelements 
The NaCl concentration of nutrient solution (NS) had significant effect on dry matter (DM) content of 
rocket leaves (data not shown). Statistical differences in DM content (12.66, 10.58, 9.6 and 8.48%) 
between rocket grown in NS with different NaCl concentration (7.62, 5.27, 2.92 and 0 g L

-1
, 

respectively) indicate that salt stress had positive effect on DM accumulation. These results were 
consistent with statements of Bonasia et al. (2017) and contrary of Barbieri et al. (2010) that DM 
content increased only to the NaCl concentration of 2.92 g L

-1
, while further increase of salt stress had 

decreasing effect. Table 1 shows significant effect of salt stress on content of main macroelements 
(nitrogen - N, phosphorus - P, potassium - K, calcium - Ca and magnesium - Mg). There is an obvious 
decreasing trend in the content of all researched macroelements caused by increasing EC value of NS 
due to addition of NaCl.     
 
Table 1. The content of macroelements (%) on dry matter of rocket leaves 

 
Treatment N P K Ca Mg 

EC 3 6.57±0.07 A 0.60±0,03 A 8,24±0,3 A 1.33±0,06 A 0.34±0,02 A 

EC 5 5.50±0,05 B 0.56±0,01 B 5,75±0,2 B 1.09±0,01 B 0.28±0,01 B 

EC 7 5.19±0,01 C 0.44±0,01 C 5,21±0,1 C 0.99±0,01 C 0.22 C 

EC 9 5.11±0,03 C 0.47±0,01 C 5,03±0,1 C 0.86±0,02 D 0.21 C 

EC 3- standard nutrient solution; EC 5- nutrient solution with 2.92 g L
-1

 NaCl; EC 7- nutrient solution with 5.27 

g L
-1

 NaCl; EC 9- nutrient solution with 7.62 g L
-1

 NaCl; Different letters indicate significant differences 

between mean values within each column at p≤0.01. 

 

This is in agreement with statements of Prasad et al. (2014) about reduced absorption of N, K, P and 

Ca in salt stress conditions. The statistically highest content of analyzed macroelements was achieved 

by rocket grown in control NS without NaCl (EC 3). Significant difference in N, P, K and Mg content 
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were not determined between treatments EC 7 and EC 9 i.e. NS with NaCl concentration of 5.27 and 

7.62 g L
-1

, respectively, which achieved the lowest content of those macroelements. This result 

indicates that salt stress with higher NaCl concentration than 5.27 g L
-1

, did not significantly affected 

the content of stated macroelements.  

Effect of NaCl concentration of NS on chlorine (Cl) and sodium (Na) content in rocket leaves was also 

statistically significant (Table 2). The highest Cl and Na content was determined in rocket grown in 

NS with highest NaCl concentration and vice versa, the lowest content of these elements was 

determined in rocket from control NS without NaCl. EC increase from 3 to 5 dS m
-1

 resulted with the 

multiple increase (3.7 and 12 times) of Cl and Na content in rocket leaves. By further EC increase 

from 5 to 7 dS m
-1

 and from 7 to 9 dS m
-1

 the trend of Cl and Na increase was continued, however, it 

was noticeably smaller than previously stated for control NS (EC 3) and with the smallest salt stress 

(EC 5). Content of Cl and Na in rocket growing in NS EC 7 were 1.8 and 1.6 times higher than in NS 

EC 5 while in NS EC 9 were only 1.3 and 1.2 times higher than in NS EC 7. According to Britto and 

Kronzucker (2006) in conditions of extremely higher ion concentration of NS, ratio of released and 

absorbed ions by plant root is decreasing due to increased ion release. The markedly highest Cl and Na 

ratio had rocket from control NS (EC 3), while salt stress resulted in lower ratio which increased 

slightly with NaCl concentration increase.  

  
Table 2. The content (mg kg

-1
) and ratio of chlorine and sodium of fresh rocket leaves 

 

Treatment Cl  Na  Cl : Na 

EC 3 870.33±26 D 201.33±7 D 4.32 

EC 5 3219±74 C 2491.33±26 C 1.29 

EC 7 5775±90 B 4082.67±42 B 1.41 

EC 9 7447.67±25 A 4851.67±95 A 1.53 

EC 3- standard nutrient solution; EC 5- nutrient solution with 2.92 g L
-1

 NaCl; EC 7- nutrient solution with 5.27 

g L
-1

 NaCl; EC 9- nutrient solution with 7.62 g L
-1

 NaCl; Different letters indicate significant differences 

between mean values within each column at p≤0.01. 

 

Specialized metabolites 

Specialized metabolites exhibit different responses to stress conditions regardless of biotic or abiotic 

impacts. Salinity stress is one of the main challenges in vegetable production since some vegetable 

species are extremely intolerant to it, while in opposite most of species from Brassicacae family show 

good salt tolerance (Wink, 2010). Table 3 shows significant statistical differences between researched 

treatments for all analyzed specialized metabolites of rocket fresh leaves. The lowest vitamin C 

content was determined in rocket grown in control NS (EC 3) and NS with 5.27 g L
-1

 NaCl (EC 7), 

while even 60% higher value was determined in treatment EC 9 with the highest concentration of 

NaCl in NS. Different authors cited different effects of salinity on vitamin C content. Barbieri et al. 

(2010) concluded that salt stress has a beneficial effect on the increase of vitamin C content while 

Bonasia et al. (2017) cites opposite results. Plant species differ in the accumulation of phenolic 

compounds as a reaction to salt stress, which positively affected the content of total phenols but only 

to a certain limit value, depending on the plant species (Rezazadeh et al., 2012). In this research 

significant increase of total phenol content (TPC) was determined by increasing the NaCl 

concentration in NS (Table 3). The highest TPC was determined in treatment EC 7 and EC 9, 

respectively, in rocket cultivated in NS with the highest concentration of NaCl (5.27 and 7.62 g L
-1

). 

Same trend was also determined for total non-flavonoid content (TNFC), which also increased with 

the increase of NaCl concentration of NS. Salt stress positively affected the accumulation of analyzed 

phenolic compounds with an overall increase of TPC for 15% and TFNC for 26% between control 

treatment (EC 3) and EC 9 treatment. Glucosinolates (GLS) accumulation is stimulated by various 

stress conditions, especially abiotic (Kim and Ishi, 2007). Significantly higher total GLS content was 

determined in treatments EC 3 and EC 5, respectively, in rocket cultivated in NS with lower NaCl 

concentration. Higher NaCl concentration contributed to a reduction of GLS (Table 3). Obtained 

results are in agreement with similar research on rocket conducted by Bonasia et al. (2017), which is 
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in disagreement with characteristics of mentioned plant species. Rocket has a high tolerance to higher 

presence of salt in the soil and tends to grow and propagate on salty and dry soils (Garg and Sharma, 

2014). Therefore, it is possible that the intensity of salt stress which would stimulate the GLS 

synthesis was not achieved by conditions set in this research. Antioxidant capacity of treatments is 

significantly different (Table 3) with the highest capacity in control treatment (EC 3) and the lowest in 

EC 7 treatment. Namely, antioxidant capacity is directly related to the content of bioactive compounds 

which indicates that rocket with highest content of mentioned specialized metabolites exhibits the 

highest antioxidant capacity. According to the results from this research, treatments with the highest 

determined content of GLS show a higher antioxidant capacity. 
 

Table 3. The content of specialized metabolites and antioxidant capacity of fresh rocket leaves 

 

Treatment 
VIT C  

(mg 100 g
-1

) 

TPC  

(mg GAE 100 g
-1

) 

TNFC 

(mg GAE 100 g
-1

) 

GLS 

(%) 

ANT_CAP 

(mmol TE kg
-1

) 

EC 3 56.43±2.91 C 150.33±1.26 B 65.61±2.47 B 0.45±0.01 A 2.03±1.12 A 

EC 5 62.52±3.16 B 135.15±0.90 C 53.51±0.79 C 0.45±0.21 A 2.01±0.94 AB 

EC 7 53.68±0.63 C 173.63±2.69 A 84.80±5.00 A 0.39±0.01 B 1.99±3.94 B 

EC 9 88.07±0.01 A 173.44±1.33 A 82.75±3.60 A 0.40±0.01 B 2.00±1.82 AB 

EC 3- standard nutrient solution; EC 5- nutrient solution with 2.92 g L
-1

 NaCl; EC 7- nutrient solution with 5.27 

g L
-1

 NaCl; EC 9- nutrient solution with 7.62 g L
-1

 NaCl; VIT C- vitamin C content; TPC- total phenol content; 

TNFc- total non-flavonoid content; GLS- total glucosinolates content; ANT_CAP- antioxidant capacity. 

Different letters indicate significant differences between mean values within each column at p≤0.01. 

 

Pigment compounds, such as chlorophylls and carotenoids as one of the most widespread, also show a 

significant role as specialized metabolities. Different researches indicate the negative impact of salt 

stress on chlorophyll content (Taibi et al., 2016; Bonasia et al., 2017), as confirmed by the results of 

this study. Statistically significant differences between treatments were determined for chlorophyll a 

(CHa), total chlorophyll (TCH) and total carotenoid (TC) content (Table 4). Highest chlorophyll 

content (Cha and TCH) was determined in control treatment (EC 3), while even under mild salt stress 

conditions (EC 5) a decrease of mentioned pigments was recorded. Except TCH content, a mild 

decrease of total carotenoid content (TC) was also recorded, but with one exception, the highest TC 

content was determined in treatment EC 7. It is important to emphasize that mentioned decrease of 

analyzed pigment content (TCH) in salt stress conditions is not so evident and according to literature 

data different vegetable species show a large deviation in the concentration of NaCl at which the 

pigments are reduced (Neocleous et al., 2014). Still, for rocket, a threshold tolerance level to a salt 

stress is not determined. The fact that rocket is a species well tolerant to salty and dry soil should not 

exclude the possibility that at higher NaCl concentrations the accumulation of pigments will be 

greater.  

 
Table 4. The content of pigment compounds of fresh rocket leaves 

 

Treatment 
CHa 

(mg g
-1

) 

CHb 

(mg g
-1

) 

TCH 

(mg g
-1

) 

TC 

(mg g
-1

) 

EC 3 0.55±0.04 A 0.34±0.06 0.90±0.09 A 0.15±0.01 AB 

EC 5 0.42±0.04 B 0.31±0.04 0.73±0.07 AB 0.13±0.02 B 

EC 7 0.46±0.04 B 0.26±0.03 0.72±0.07 B 0.17±0.01 A 

EC 9 0.47±0.02 AB 0.34±0.01 0.80±0.01 AB 0.12±0.02 B 

EC 3- standard nutrient solution; EC 5- nutrient solution with 2.92 g L
-1

 NaCl; EC 7- nutrient solution with 5.27 

g L
-1

 NaCl; EC 9- nutrient solution with 7.62 g L
-1

 NaCl; CHa- chlorophyll a content; CHb- chlorophyll b 

content; TCH- total chlorophyll content; TC- total carotenoid content. Different letters indicate significant 

differences between mean values within each column at p≤0.01. Column without letters shows non-significant 

differences between mean values at p≤0.01.  
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CONCLUSION 

Despite the positive effect of salt stress on dry matter content of rocket leaves, it negatively affected 
the content of macroelements, but increase of NaCl concentration of nutrient solution above 5.27 g L

-1
 

did not affect the further significant reduction of the nitrogen, phosphorus, potassium and magnesium 
content. Salt stress differentially affects the accumulation of different bioactive compounds in the 
rocket leaves. Salt stress had a positive impact on the accumulation of vitamin C and total phenol, 
while on the accumulation of total chlorophyll and glucosinolates had adverse effects. More 
significant accumulation of vitamin C was determined only at the highest concentration of NaCl (EC 
9) in nutrient solution, while the more significant accumulation of total phenols was determined at a 
NaCl concentration of 5.27 g L

-1
 (EC 7). 
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