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Summary

In the laboratory conditions were produced four different mandarins products: juice, low sugar marmalade, candied peel and powder of dehydrated peel.  

Based on previously determined physical and chemical parameters of mandarins several recipes of juice and low sugar marmalade were defined and prepared. The recipes of juice differ in the level of fruit contents, sugar and ascorbic acids. The recipes of marmalade differ in the level of fruit content and in kind of sugar which is added to marmalade (sucrose or fructose). The samples of candied peel and powder of dehydrated peel differ in process parameters: boiling time of peel before dehydration and candying, and temperature of sugar solutions during candying. According to sensory evaluation the best recipes were chosen and conducted to physical and chemical analysis. 

Obtained results show that mandarins could be row material for very different products high quality.
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1. Introduction

Numerous studies concerning the chemical composition of Citrus, peel and pulp, have been reviewed, but not so many concerning to mandarin. Some of them reported flavonoid composition of mandarin (Mouly, P.P., 1996, Oufedjikh, H. at all, 1998) and some of them aroma components in peel oil (Dugo, 1994, Wilson, C. W.  and Shaw, P. E, 1981, Lota, M.L. at all, 2001) or juice (Oht, Imagawa). Also, some studies have been concerned to processing of mandarin ( Cho). But in the literature there are no reports about Croatian mandarin. Croatia produced remarkable quantities of mandarins. It is grown in the Neretva valley where adequate climatic zone is. It is not possible to consume whole yield like fresh fruit but there is no strategy for processing of fruit. 

The current study is small contribution considered to processing of mandarins. It covers only a part of research work which has been done. Results of more detailed physical and chemical composition, especially flavonoid content, aroma components and antioxidative activity, influenced by processing of mandarin will be published, too.

In focus of this study were four products: juice, marmalade, candied peel and powder of dehydrated peel. The aim was to find out, in laboratory conditions, satisfactoring recipes of juice and low sugar marmalade and to find out some processing parameters in producing candied peel and powder of dehydrated peel. Besides the usually physico – chemical composition, total phenols and flavonoid glycosides in mandarin and final products were determined.

2. Material and methods

2.1. Raw materials

2.1.1. Fruit

Fresh mandarin (Citrus reticulata) of the species Citrus unshiu and of the cultivar Kuno grown in Neretva valley was purchased in local market in Zagreb (Croatia). 

2.1.2. Sugar

Food grade commercial sucrose and fructose were used to produce low sugar marmalades. The same sucrose was used to produce nectars and to preparing sugar syrup for candying peel.  

2.1.3. Gelling agent

Low sugar marmalades were produced by adding  Grinsted low ester and amidated pectin (Danisco Cultor).

2.1.4. Acidity

Citric acid and ascorbic acid was added to juices.

2.2. Products preparation

The peels were separated manually from fruits. Juice was extracted from fruits by juicer Eletrozzetta …… Juice was used for preparing nectars and marmalade. Peel was chopped into pieces of 0,5x 0,5 cm and was used for dehydration, candying and was added to marmalade.

2.2.1. Nectars and juice preparation

Nectars/juice, with total dry matter 11,5%, were prepared by extracted and homogenized (by blender VaxSy - Zeppter) juice with 50, 65, 80 and 100 percent of fruit level, adequate proportion of sucrose and water, and 0,2% of citric acid. Each nectar (juice) had parallel sample with 0,01% ascorbic acid.  

2.2.2. Marmalade preparation

Marmalades differ in fruit level (6, 10 and 14% of fruit soluble solid in total soluble solid of marmalade) and kind of sugar (sucrose or fructose). Extracted juice was concentrated throughout a boiling process under atmospheric pressure to obtain approximately 20% soluble solid content then sugar was added. Process of cooking was continued with stirring and pectin solution was added few minutes before soluble solid content was 45%. Almost in the same time pieces of cooked peel was added, too.

All six marmalades were put into glass jars and vials of Sulc pectinometer (Sulc, 1986.) then stored under refrigeration conditions (6oC) till analysis.

2.2.3. Candying procedure

The peel pieces were cooked in boiling water 15, 30 or 60 minutes, cooled with water, put in the 20% sucrose solution on 22 or 65oC and kept 30 minutes. After each 30 minutes sucrose solution was changed with 10% more concentrated solution till 40% then with 15% more concentrated solution till 75%.

2.2.4. Drying procedure

The peel pieces were cooked in boiling water 15, 30 or 60 minutes, cooled with water and put on the ..

Drying was done in the chamber drier. Regime was 5 minutes/100oC, 5 minutes/90oC, 10 minutes/80oC, 25 minutes/70oC, 20 minutes/60oC, 5 minutes/50oC, 10 minutes/40oC, 5 minutes/30oC. Dried peels were powdered by VacSy-Zeppter and put into glass jars till analysis.

2.3. Analysis

2.3.1. Physicochemical parameters

Dry matter, pH-value, total acidity (expressed as g citric acids/100 g sample) and sugars were determined in accordance with methods in literature (Tanner-Brunner). Soluble solids were determined by measuring the oBrix (Leica 7531L refractometer). 

2.3.2. Phenols
Total phenols were measured at 750 nm using the Folin-Ciocalteu reagent (Coseteng i Lee). Flavonoid glycosides were determined by spectrofotometric method according to Davis (RSK). 

2.3.3. Sensory evaluation

Panel sensory examined products (colour, texture, flavour and taste) by scoring test. The score scale was from 10 to 20. 

2.3.4. Gel strength measurement

Gel strength (gcm-2) of jams was measured (Sulc, 1986). Jams were kept at room temperature at least one hour before measuring.

3. Results and discussion

Table 1.  Physicochemical parameters in mandarin pulp and peel 

	Parameters
	Pulp
	Peel

	Total solids (%)
	10,54
	28,26

	Soluble solids (%)
	10,00±0,01
	-*

	pH value
	3,57
	4,70

	Total acidity (g/100g)
	1,09±0,11
	0,18

	Reducible sugars (%)
	2,97
	0

	Sucrose (%)
	6,93
	0

	Total sugars (%)
	10,26
	0

	Water soluble pectin fractions (mg GA/kg)
	283
	-*

	Oxalate soluble pectin fractions (mg GA/kg)
	344
	-*

	Alkali soluble pectin fractions (mg GA/kg)
	320
	-*

	Total phenols (mg/100g)
	65,00
	485,00

	Flavonoids glycosides (mg/100g)
	52,00
	1128,00

	Essential oils (ml/)
	0
	0,88


*soluble solids and pectic fractions were not determined in peel 

Determined physicochemical parameters of pulp and peel (Table1) were mostly in the same range as data from literature (smeđa knjižica). 

According to physicochemical composition, especially to total solids and the amount of pectic fractions, nectars and marmalades recipes were defined.

3.1. Nectars

Nectars and juices were prepared as described previously. All nectars were sensory evaluated and results are shown in table 2. 

           Table 2 The results of sensory evaluation of nectars

	Code of sample
	Fruit level in total solids (%)
	Color

(max 4)
	Smell

(max 4)
	Taste

(max 6)
	Homogeneity

(max 6)

	J1
	50
	3,60±0,67
	2,70±0,69
	5,10±1,78
	3,00±0,81

	J1A
	50+a*
	3,40±0,74
	2,70±0,54
	5,20±1,08
	3,10±0,80

	J2
	65
	3,70±0,62
	2,90±0,90
	5,00±1,89
	3,10±0,67

	J2A
	65+a*
	3,80±0,32
	3,00±0,75
	5,90±1,45
	3,30±0,62

	J3
	80
	3,80±0,40
	3,20±0,65
	5,50±1,71
	3,80±0,40

	J3A
	80+a*
	3,80±0,65
	3,20±0,40
	5,80±1,03
	3,50±0,52

	J4
	100
	3,70±0,62
	3,20±0,68
	4,90±1,81
	3,50±0,52

	J4A
	100+a*
	3,90±0,31
	3,20±0,83
	4,90±1,90
	3,50±0,62


* Ascorbic acid was added

According to obtained results (Table 2) ascorbic acid didn’t influence on color and smell of nectars. Taste was slightly better evaluated in samples with ascorbic acid. With increasing of fruit level color is little bit better evaluated and smell too what was expected. The same trend is noticed in taste but there is some exception. It is interesting that juice (100% fruit level) taste was not so good evaluated as nectars. Homogeneity was not very good because homogenization was not very effective.
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Figure 1 Total phenols in nectars and juices

Amount of total phenols in nectars increased with the fruit level and it was the highest in juice with ascorbic acid. Ascorbic acid had positive influence on total phenols amount what is in accordance with data from literature (Nagy, 1988)

3.2.Marmalades

Marmalades were prepared as described previously. According to sensory evaluation (Table 3) there was not remarkable difference in color between the samples. Scores of smell increased with increasing the fruit level in marmalade, but there was not so linearity with taste. In general, taste of marmalades with sucrose was slightly better evaluated. The best evaluated marmalade was with sucrose and 10 % fruit level, and the next one was with fructose and 14 % fruit level. Kind of sugar had remarkable influence on texture of marmalades (lit). It is obvious according to sensory evaluation but also according to gel strength measured by Šulc`s pectinometer (figure 3). Marmalades with fructose had weak gel strength and worse score of texture than marmalades with sucrose. Fruit level slightly influenced on texture and gel strength, but this influence was a little bit stronger in marmalade with fructose.
According to obtained results shown on Figure 3 and fruit level in marmalades, flavonoid glycosides and total phenols were pretty stable during preparation of marmalade (thermal treatment). 

Table 3. The results of sensory evaluation of marmalade

	Code of sample
	Fruit level (%)/  kind of sugar
	Color

(max 4)
	Smell

(max 4)
	Taste

(max 6)
	Texture

(max 6)

	S1
	6 s*
	3,59±0,66
	2,73±0,90
	4,68±1,42
	5,45±1,03

	S2
	10 s*
	3,41±0,80
	3,18±0,65
	4,82±0,87
	5,14±1,23

	S3
	14 s*
	3,27±0,61
	3,23±0,88
	4,23±0,82
	5,09±0,80

	F1
	6 f*
	3,05±0,76
	2,95±0,89
	4,30±1,16
	3,85±1,53

	F2
	10 f*
	3,65±0,47
	3,30±0,92
	4,15±1,25
	4,40±1,58

	F3
	14 f*
	3,25±0,75
	3,35±0,88
	4,55±1,06
	4,85±1,15


   s - sucrose; f - fructose 
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	Figure 2. Gel strength measured by 

Šulc`s pectinometer 
	Figure 3. Flavonoid glycosides and total             phenols  in marmalade


3.3. Candied peel

Candying was done as described previously and in the Table 4 was shown, besides the results of sensory evaluation, basic difference between the procedure for each sample and related code of sample. 

          Table 4 The results of sensory evaluation of candied peels

	Code of sample
	Cooking time

(min)
	Candying temperature

(oC) 
	Color

(max 4)
	Smell

(max 2)
	Taste

(max 8)
	Appearance

(max 6)

	C1
	15
	22
	3,23±0,46
	1,09±0,70
	5,86±1,92
	5,39±0,52

	C2
	15
	65
	3,82±0,34
	0,59±0,68
	6,77±1,50
	5,55±0,47

	C3
	30
	22
	2,73±0,98
	0,95±0,35
	4,68±1,10
	3,73±1,33

	C4
	30
	65
	3,39±0,90
	1,09±0,49
	6,05±1,69
	5,27±0,75

	C5
	60
	22
	2,41±1,07
	1,32±0,64
	5,73±1,04
	3,41±1,85

	C6
	60
	65
	2,64±0,95
	1,09±0,49
	7,00±0,92
	4,18±0,98


Generally, samples candying on 65oC were better sensory evaluated than those on 22 oC. In spite of taste of peels cooked 60 minutes was the best evaluated, especially because those samples were sweeter and softer during the eating, peels cooked 15 minutes had very similar scores. Related to scores of all sensory properties it could be recommended cooking time 15 minutes, and candying temperature 65oC.Total solids were very similar in all samples (Figure 4), but the highest amount of sugar was determined in samples cooked 60 minutes. It didn’t seem that candying temperature had remarkable influence on sugar amount in samples. It is interesting that peel which was longer cooked had a little bit higher level total phenols and flavonoid glycosides than peel cooked only 15 minutes. It is in agreement with data in literature (Jeong ).
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Figure 4. Total sugar and total solids in candied peels

Figure 5. Total phenols and flavonoid glycosides in candied peels C2 and C6

3.4. Powders of dehydrated peels

Cooking caused lost of total solids in peels which was almost the same during cooking 15 and 30 minutes and was approximately 30 %, but double lost was occurred during 60 minutes cooking (Table 5). 

Table 5. Total phenols and total solids in powders of dehydrated peels

	Code of sample
	Total solids of cooked peel (%)
	Total solids of powder (%)
	Total phenols

(g/100 g total solids)

	P1
	19,32
	84,49
	1,41

	P2
	19,69
	80,02
	1,59

	P3
	10,22
	78,01
	0,74


Because of the total solids lost during the cooking of peels, drying process showed different kinetics (Figure 5). Also, level of total solid and total phenols of powder was different and the lowest was in powder obtained of peel cooked 60 minutes.
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   Figure 5.The changes of humidity during the drying process

According to obtained results of sensory evaluation, there were not remarkable differences of powders, but powder 3 was worse sensory evaluated than other powders for color, taste and appearance. 

          Table 6. The results of sensory evaluation of   powders of dehydrated peels

	Code of sample
	Cooking time

(min)
	Color

(max 6)
	Smell

(max 4)
	Taste

(max 6)
	Appearance

(max 4)

	P1
	15
	5,20±1,03
	2,7±1,34
	3,00±1,05
	3,50±0,53

	P2
	30
	4,95±1,01
	2,4±0,97
	3,30±1,70
	3,30±0,82

	P3
	60
	4,70±1,06
	3,45±0,50
	2,80±1,23
	3,00±0,47


4. Conclusions

The juice with 65 % fruit level and added ascorbic acid (J2A) was the best sensory evaluated juice according to taste.  The higher level of added ascorbic acid had the positive influence on the stability of total phenols.

The marmalade with 10% fruit level and added sucrose (S2) was the best sensory evaluated marmalade according to taste.  Gel strengths of marmalades with added fructose were lower than those with sucrose.

According to sensory evaluation better quality of candied peels were obtained by candying at 65 °C.  Candied peels had very similar dry matter but amounts of sugar were increasing by arising of cooking time. 

According to all obtained results powders pretreated by cooking 15 and 30 minutes were better than one cooked 60 minutes.

Obtained results show that mandarins could be raw material for very different, high quality products.
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THE POSSIBILITIES OF MANDARINS PROCESSING
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Croatia produced remarkable quantities of mandarins. It is grown in the Neretva valley where adequate climatic zone. It is not possible to consume whole yield like fresh fruit but there is no strategy for processing of fruit. 

This research work is a small contribution considered to processing of mandarins.

In the laboratory conditions were produced four different mandarins products: juice, low sugar marmalade, crystallized peel and powder of dehydrated peel.  

Based on previously determined physical and chemical parameters of mandarins several recipes of juice and low sugar marmalade were defined and prepared. The recipes of juice differ in the level of fruit contents, sugar and ascorbic acids. The recipes of marmalade differ in the level of fruit content, amounts of pectin and in kind of sugar which is added to marmalade (sucrose or fructose). The samples of crystallized peel and powder of dehydrated peel differ in process parameters for example pretreatment, temperature and time, and for crystallized peel concentration of sugar solutions. According to sensory evaluation the best recipes were chosen and conducted to physical and chemical analysis. 

Obtained results show that mandarins could be row material for very different products high quality.

Key words: mandarins, processing, juice, low sugar marmalade, candied peel and dehydrated peel
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