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CHEMICAL COMPOSITON OF PEACHES USED FOR
COMMERCIAL JUICE PRODUCTION IN TURKEY: SUGARS,
ORGANIC ACIDS AND AMINO ACIDS

TURKIYE’DE TICARI MEYVE SUYU URETIMINDE KULLANILAN
SEFTALILERIN KiMYASAL BILESIMi: SEKER, ORGANIK ASITLER VE
AMINO ASITLER
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ABSTRACT: The chemical composition of fresh juices of peaches from Adana (12 lots) and from central (20 lots) and 4
different provincial regions of Mersin (Erdemli-13 lots, Tepekdy-12 lots, Candir-9 lots, Kizilbag-6 lots) as well as their
commercially processed juice concentrate (in aseptic packages, 25 lots) were determined in terms of sugars, organic and
amino acids. The sucrose (24.07-49.56 g/kg), fructose (13.59-28.43 g/kg) and glucose (7.20-15.26 g/kg) contents and also
citric (2.26-6.26 g/kg) and malic (2.05-4.95 g/kg) acids as the main organic acids were determined simultaneously using
HPLC technique by connecting refractive index and variable wavelength UV-Vis (VWD) detectors in series. Asparagine
(1749.34-4043.14 mg/L together with serine) the main amino acid found in peach, aspartic acid (24.18-123.46 mg/L),
glutamic acid (31.54-90.75 mg/L), serine, histidine (7.97-27.35 mg/L), threonine (7.24-88.51 mg/L), B-alanine (10.25-46.96
mg/L), y-aminobutyric acid (30.24-130.15 mg/L), valine (36.58-223.42 mg/L), methionine (9.94-46.02 mg/L) and ornithine
(3.56-30.14 mg/L) contents were also determined by HPLC using VWD. Total titratable acidity, total soluble solids and pH
values of the samples were also determined. The chemical composition of peaches from different regions and their
commercially processed concentrates were statistically analyzed using Tukey'’s classification and compared with the ranges
given in AIJN (Association of the Industry of Juices and Nectars from Fruits and Vegetables of the European Union) standard.
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OZET: Adana (12 parti) ve Mersin’in merkez (20 parti) ile 4 farkli bolgesinden (Erdemli-13 parti, Tepekdy-12 parti, Camdir-
9 parti, Kizilbag-6 parti) gelen seftalilerin ve ticari meyve suyu konsantresinin (aseptik dolum paketleri halinde-25 parti)
kimyasal bilesimi seker, organic asit ve amino asit cinsinden belirlenmistir. Sekerlerden sakkaroz (24.07-49.56 g/kg), fruktoz
(13.59-28.43 g/kg) ve glukoz (7.20-15.26 g/kg) icerikleri ile baglica organik asitlerden sitrik (2.26-6.26 g/kg) ve malik (2.05-
4.95 g/kg) asit miktarlart HPLC teknigi kullanilarak es zamanl saptanmistir. Bu amagla, refraktif indeks (RID) ve degisken
UV-Vis dalga-boyu (VWD) detektorleri seri olarak birbirine baglanmistir. Seftalide en ¢ok bulunan asparajin (1749.34-
4043.14 mg/L, serin ile birlikte), aspartik asit (24.18-123.46 mg/L), glutamik asit (31.54-90.75 mg/L), serin, histidin (7.97-
27.35 mg/L), treonin (7.24-88.51 mg/L), B-alanin (10.25-46.96 mg/L), y-aminobdtirik asit (30.24-130.15 mg/L), valin (36.58-
223.42 mg/L), metiyonin (9.94-46.02 mg/L) ve ornitin (3.56-30.14 mg/L) miktarlari da VWD kullanilarak HPLC ile
saptanmistir. Ayrica, drneklerin toplam titre edilebilir asitlik, toplam ¢dzlnebilir kati madde miktarlari ile pH degerleri de
saptanmistir. Degisik bdlgelerden gelen seftaliler ile ticari Uretilmis seftali konsantresinin kimyasal bilesimleri Tukey’in
siniflama (Tukey’s classification) yontemi kullanilarak istatistiksel olarak degerlendiriimis ve sonuglar AJIN standardinda
(Association of the Industry of Juices and Nectars from Fruits and Vegetables of the European Union- AB Meyve ve
Sebzelerden elde edilen Meyve suyu ve Nektarlari Endustrisi Birligi) verilen araliklarla karsilastinimigtir.

Anahtar kelimeler: Seftali, kimyasal bilesim, seker, organik asit, amino asit
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INTRODUCTION

Fruit juices each have very distinct organic acid and sugar profiles (1-5). Several methods for the separation
and quantification of the organic acid and sugar components have been developed (6-7). Castellari and
coworkers (8) developed a HPLC method for the simultaneous detection of organic acids and carbohydrates
in grape musts and wines which was then adapted to fruit juices by Chinnici et al. (9).

Amino acid profile analysis and determination of key amino acids as markers have been studied for various
fruits and plants (10-16). Several HPLC methods have been developed for amino acid detection using various
derivatization procedures and dependently different detectors as variable wavelength, UV-Vis or fluorescence
(2,17-18).

Several studies are conducted in Turkey towards the determination of various components of fruits and their
juices (19-24). Unfortunately, there is a gap in studies concerning chemical composition of fruits, especially of
peaches, in terms of individual sugars, organic acids and amino acids.

Peaches grown in Turkey, both fresh and processed as juice are mostly exported with the main proportion to
EU. However, one of the major problems faced is the rejection of fruit juice products due to adulteration. In fact
the problem arises from that the chemical composition of the fruits processed into juice might sometimes fall
outside the ranges given in some standards as AlJN (25). The purpose of our study was to partially fulfill the
gap of data related to the chemical composition of the peaches grown in Turkey which might be made use by
the fruit juice industry. Cukurova region with 70 % of the peach juice production capacity of Turkey was chosen
as the experimental study area. In this respect, the chemical composition of peach and its commercial juice
was determined in terms of individual sugars, organic acids and amino acids while adopting procedures for
routine analyses of commercially important fruits grown in Turkey. The results were compared with the ranges
given in AlJN standard since highest export of peach juices is practiced to European countries.

MATERIALS AND METHODS

Material

Fresh peach fruits from Adana (35:18E, 37:01N) and from central and 4 different provincial regions of Mersin
(34:38E, 36:48N) (Erdemli, Tepekdy, Candir, Kizilbag) as well as their commercially processed juice
concentrate (in aseptic packages) were supplied by ETAP Tarim AS. daily from 03 August to 09 September
2004 (Table 1). Except Erdemli which is at sea level, all the other provincial regions of Mersin lie above 1000
m from sea level. Commercially processed juices were random blends of peaches from different regions.
Each peach lot was analyzed for pH, total soluble solids (°Brix) and total titratable acidity at the plant site before
delivering to the laboratory of the Food Engineering Department. Randomly 15 samples were selected from
each fruit lot. The samples were processed by a domestic juice extractor (Argelik K1573, Istanbul, Turkey). The
mash obtained, as well as the commercial juice concentrate were then centrifuged (Hettich 1100, Germany) at
18 000 rpm for 15 min at +4°C to collect supernatant. The supernatant (juice) was then analyzed for amino
acids, sugars and organic acids. All chemical analyses were carried out in duplicates.

All chemicals were either of analytical or HPLC grade and except L-tryptophane (Sigma, St. Louis, USA) were
purchased from Merck (Darmstadt, Germany).

Determination of total soluble solids, total titratable acidity, pH.
Total soluble solids (RFM 340 refractometer, Bellingham), total titratable acidity in terms of citric acid and pH
(model, pH-meter) were determined according to AOAC methods (26).

High performance liquid chromatography (HPLC)
The High Performance Liquid Chromatography (HPLC) system used was an Agilent 1100 Series equipped with
a variable wavelength UV-Vis detector, a refractive index detector and a ChemStation (Agilent Tech. 1999-
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Table 1. Number of peach lots from each region and their arrival dates

August 2004 September 2004

Region 03(04|05(06/07(08(09(10({11|12(13|14|15(18|19(20|21|22(23|24(25|26|27| 28 |29(30|31|01(02|03(|04|05|06(07|08(09
Adana |V [V[V] |V Y V[ W NEIEE v
Mersin NEINE VIV [V [V VW[ K NENERRNE
Erdemli v v VOV VL VIV V[ v v W
Tepekoy 7 v W 3 NI N NMERIE
Gandir NEIE N N N N N
Kizilbag v v V| N v N
Aseptical N N R R I A R I R R I A A A Y N

ackaging

R one lot
W two lots
NN three lots

2000) software for Liquid Chromatography. All samples were filtered through a 0.45 mm nylon filter (Millipore)
before injection. Twenty microliters of filtered sample was directly injected into HPLC.

Determination of amino acids.
The individual amino acids of peach samples were determined according to Hermosin et al. (13) with slight
modifications. Tryptophane was used as internal standard

Derivatization.

0.5 mL juice samples were mixed with 0.5 mL internal standard (0.1% w/v tryptophane), 30 mL diethyl
ethoxymethylenemalonate, 1.5 mL ethanol and 3.5 mL borate buffer (1 M, pH 9.0) in a 10 mL tube with screw
tap. The tubes were then placed in an ultrasonic bath (Elma, transonic 460/H, Germany) for 30 min at room
temperature. The derivatized samples were diluted with mobile phase prior direct injection into HPLC.

Column and mobile phase for amino acid determination.

A C-18 column (250x4.6 mm id ACE 5 micron A114422) was used. UV-Vis detector was set at 280 nm. Elution
solvents were: Solvent A: 25 mM acetate buffer (pH 5.8), Solvent B: pure acetonitrile. The flow rate of the
mobile phase was 1.5 mL/min.

2.4.3. Analytical conditions. Linear gradient program was set as: 6% A initially, 12% A at 13.0 min, 14% A at
13.5 min, 18% A at 17 min, 22% A at 20 min, 32% A at 32 min and 6% A at 35 min. Identification and
quantification was done using pure amino acids.

Determination of organic acids and carbohydrates.
Individual organic acids and carbohydrates were determined according to Castellari et al. (8). Diluted juice
samples were directly injected into HPLC.

Column and mobile phase for sugar and organic acid determination.

An Aminex HPX-87H column (125-0140, 300x7.8 mm) was used. UV-Vis set at 210 nm and refractive index
detectors were connected in series. As mobile phase, 0.045 N sulfuric acid containing 6% acetonitrile was
used.

Analytical conditions.

The samples were isocratically separated at 0.5 mL/min flow rate.

Identification and quantification was done using pure sugars and organic acids.

Statistical Analysis

Statistical analysis of variance (ANOVA) was applied and significant (p<0.05) difference between means was
determined using the Tukey’s classification. The analyses were performed with STATISTICA statistical
program version 5.0
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RESULTS AND DISCUSSION
Minimum and maximum values for amino acids, sugars and organic acids content of peaches from different
regions and that of commercially processed samples are given in Table 2.

Table 2. Minimum and maximum values for (a) individual sugars, organic acids, total titratable acidity, total soluble solids,
pH and (b) amino acids in peach samples from different regions

(a)
Region Sucr_os_c ) Gluc_os_c ) Fructose Sitric amd Malic aud TTA oBrix pH

(g/kg fruit juice) | (g/kg fruit juice) | (g/kg fruit juice) | (g/kg fruit juice) (g/kg fruit juice) | (meg/mL)
Adana 25.92-49.56 9.28-15.26 17.64-28.43 3.07-5.45 2.45-4.49 0.50-0.72 9.33-12.47 3.57-3.79
Mersin 30.27-44.69 7.86-12.48 14.57-22.00 2.54-5.70 2.40-3.78 0.53-0.65 9.92-10.40 3.55-3.80
Erdemli 29.77-40.69 8.66-12.47 15.83-20.91 2.94-4.88 2.05-3.98 0.55-0.71 9.78-10.93 3.59-3.84
Tepekoy 29.23-51.49 7.20-13.11 13.59-23.46 2.26-4.25 2.70-4.29 0.55-0.66 | 10.00-10.52 3.58-3.84
Candir 28.16-44.28 9.51-14.06 17.22-25.40 3.64-6.26 2.64-4.65 0.52-0.78 | 10.05-10.92 3.73-3.86
Kizilbag 24.07-47.89 9.21-12.51 17.58-22.54 3.17-5.49 2.68-4.73 0.47-0.66 | 10.29-11.43 3.62-3.88
Q:ff;ﬁil 2630-32.24 10.08-13.69 18.87-22.80 2.61-3.80 3.23-495 0.60-0.71 | 9.69-10.06 .
AIIN 12-60 7.5-25 10-32 1.5-5.0 2-6
(b)
Region Asp_Ser Aspartic Glutamic Histidine Threonine Alanin GABA Valine Methionine Ornitine

(mg/L) acid (mg/L) | acid (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Adana 2297.55-4043.14 | 24.18-60.10 | 31.54-77.90 | 7.97-18.26 | 13.60-25.83 | 15.69-27.36 | 35.02-67.72 | 36.58-101.33 | 11.18-28.01 | 6.36-20.72
Mersin 2045.27-3187.91 | 33.85-89.53 | 41.30-76.29 | 8.89-21.57 | 11.98-29.78 | 13.60-35.79 | 30.24-77.37 | 87.06-176.12 | 9.94-25.66 | 4.03-14.91
Erdemli 1749.34-2675.85 | 46.81-69.43 | 49.12-74.82 | 12.37-15.77 | 7.24-37.10 | 10.25-21.46 | 33.81-59.79 | 96.95-223.42 | 11.32-18.95 | 3.56-21.10
Tepekoy 1783.96-3028.49 | 34.35-85.76 | 58.76-78.51 | 11.39-21.43 | 12.26-40.21 | 14.59-23.05 | 39.07-73.54 | 86.50-169.20 | 12.18-27.25 | 6.91-21.08
Candir 2034.74-3522.51 | 41.79-69.62 | 39.24-70.65 | 12.72-21.70 | 12.32-17.07 | 13.05-36.19 | 45.53-83.54 | 60.05-119.69 | 15.06-28.41 | 4.09-21.26
Kizilbag 1752.57-3447.25 | 59.50-92.20 | 35.77-90.75 | 8.88-27.35 | 11.91-88.51 | 16.07-46.96 | 67.71-130.15 | 72.34-170.60 | 12.74-46.02 | 4.68-22.69
Aseptical
Pacll:aging 2080.46-2882.59 | 89.17-123.46 | 58.23-76.25 | 10.60-16.41 | 16.42-36.72 | 18.88-31.90 | 55.56-87.04 | 103.89-193.20 | 16.10-33.06 | 13.59-30.14
AN * 50-330 15-200 <20 10-80 40-300 5-150 5-50 5-30 <20

* for asparagine 1500-4500, for serine 30-350 mg/L

There were no significant differences among the peach samples from different regions in terms of pH and total
titratable acidity contents at the p<0.05 level. The Brix values of aseptically packaged samples were
significantly lower from that of Adana (p<0.05).

The total sugar to total soluble solids ratio was around 0.65 for each region.

Sugar content of the juices of peach samples from different regions and aseptic packaging

The major sugars in peach are sucrose, fructose and glucose. The sugar chromatograms of peach juices
showed similar profiles as given in Figure 1. The retention times of sucrose, glucose and fructose were typically
as 8.760, 10.299 and 11.298 min, respectively. Direct injection of samples into HPLC was preferred where UV
and Rl detectors were connected in series. According to Castellari and co-workers (8), no significant difference
was observed between directly injected samples and samples cleaned-up with strong anion exchange (SAX)
cartridges prior to injection.

The sucrose content of aseptically packaged samples were significantly lower from that of Mersin (37.48+7.21
o/kg), Erdemli (35.23+5.46 g/kg) and Tepekdy (40.36+11.13 g/kg) samples (p<0.05). This might due to sucrose
degradation at elevated temperatures during aseptic processing of peaches. The fructose content of the
samples from Adana (23.03+5.39 g/kg) was significantly higher from that of Mersin (18.28+3.72 g/kg), Erdemli
(18.37£2.54 g/kg) and Tepekdy (18.52+4.94 g/kg). There was no significant differences in glucose content of
peaches among regions (p<0.05). According to AIJN standard for peaches, irrespective of culture variety, the
ranges for glucose, fructose and sucrose are given as 7.5-25 g/kg, 10-32 g/kg and 12-60 g/kg, respectively. As
given in Table 2, all samples from different regions fall in this range in terms glucose, fructose and sucrose.

Organic acid content of the juices of peach samples from different regions and aseptic packaging
The major organic acids found in peach are citric and malic acids. The HPLC chromatograms were similar for
each analyzed peach samples with typical retention times as 9.261 min for citric acid and 10.935 min for malic
acid (Figure 2). Our results were in good agreement with those of Castellari et al. (8) and Chinnici et al. (9).
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Figure 1. Carbohydrate chromatogram of peach sample collected from Adana at 23.08.04 (1) sucrose (RT 8.760 min), (2)
glucose (RT 10.299 min), (3) fructose (11.298 min)

Figure 2. Organic acid chromatogram of peach sample collected from Adana at 23.08.04 (1) citric acid (RT 9.261 min), (2) malic
acid (RT 10.935 min)

The malic acid content of aseptically processed peach juices was significantly higher from that of the samples
from Mersin (3.09£0.69 g/kg) and Erdemli (3.01£0.96 g/kg) at p<0.05 level. The citric acid content of samples
from Candir (4.95+£1.31 g/kg) was significantly higher than that of the peaches from Tepekdy (3.25+1.00 g/kg)
and aseptically filled juices (3.21+£0.60 g/kg) (p<0.05). Both malic and citric acid contents of the peaches from
each region as well as aseptically processed peach juices were within the ranges given in AJIN (Table2).

Malic/citric acid ratio affects the taste. Malic acid has a much apparent acidic taste compared to citric acid. The
higher this ratio the higher is the degree of acidity (27). The malic acid to citric acid ratio ranged from 0.74 to
0.85, on the average, for the peach samples from each region except that from Tepekdy with a higher ratio as
1.07. This ratio was much higher, 1.27 on the average, for the aseptically packaged samples. Versari et al.
(3), reported that malic/citric acid ratios changed from 0.97 to 2.16 depending on variety. Colaric et al. (27),
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reported somewhat higher malic/citric acid ratios ranging from 1.00-1.90. Byrne et al. (1), reported even higher
malic/citric acid ratios as 2.02-2.79.

Total sugar/total organic acid ratio and level of citric acid have significant impacts on the perception of
sweetness. Sugars to organic acids ratio is a common quality index (27). The total sugar/organic acid ratios
were 9.45,9.14, 9.27, 10.24, 8.07, 8.32 and 8,49 on the average for the samples from Adana, Mersin, Erdemli,
Tepekdy, Candir, Kizilbag and aseptically packaged ones, respectively. This ratio was reported ranging from
5.38 to 10.74 by Colaric et al. (27). Versari et al. (3), reported this ratio changing between 12.16 and 13.42.
Byrne et al. (1) evaluated this ratio as 11.09-14.18.

Amino acid content of the juices of peach samples from different regions and aseptic packaging

The major amino acid found in peach is asparagine. The other amino acids measured are aspartic acid,
glutamic acid, serine, histidine, threonine, B-alanine, ¥ -aminobutyric acid (GABA), valine, methionine and
ornithine. Their typical HPLC chromatograms for peach juice are given in Figure 3. Asparagine and serine co-
eluted from the column.
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Figure 3. Amino acid chromatogram of peach sample collected from Mersin at 04.08.04 (1) Aspartic acid, (2) Glutamic acid,
(3) Derivatization peak, (4) Asparagine+Serine, (5) Histidine, (6) Threonine, (7) -Alanine, (8) y-amino butyric acid
(Gaba), (9) Valine, (10) Methionine, (11) Tryptophane (internal Standard), (12) Ornithine

The method of amino acid detection described by Hermosin et al.(13) was used with slight modifications.
Peach juices were not isolated or purified prior to derivatization. Appropriate dilution factor at which no
interference by juice matrix occurred was determined which corresponded to amount given in the materials and
methods section. Furthermore, the derivatized samples were 15 fold diluted prior injection into HPLC. Also,
some slight modifications were done for the first half of the gradient program in order to achieve better
separation of the amino acid peaks by reducing the polarity of the mobile phase. The retention times for
aspartic acid and glutamic acid were typically as 5.120 and 6.804 min, respectively. This result was
contradictory to the chromatograms obtained by Hermosin et al. (13) where glutamic acid eluted prior to
aspartic acid.
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The asparagine-serine content was significantly higher in the peach samples from Adana 3170.35+872.80
mg/L) compared to that from Erdemli (2212.60+463.26 mg/L) (p<0.05). The asparagine-serine contents of the
samples from each region and of aseptically processed juices were within the limits of given in AIUN (Table 2).
The peaches from Mersin (9.47+5.44 mg/L) possessed significantly lower amounts of ornithine compared to
aseptically processed samples (21.87+£8.28 mg/L) (p<0.05). Although, the samples from each region and from
aseptic process showed slightly higher ornithine contents, except that from Mersin, their mean values were
within the range given in AIUN. Highest deviation from the upper limit was observed in processed juice samples
(Table 2).

The samples from Gandir (14.70+2.38 mg/L) showed significantly lower threonine levels than that of samples
from Kizilbag (50.21+£38.30 mg/L) (p<0.05). Threonine contents of all samples were within the ranges given in
AlJN with some data slightly higher in samples from Kizilbag and lower in that from Erdemli (Table 2).

¥ -amino-butyric acid (GABA) content of peaches from Kizilbag (98.93+31.22 mg/L) was significantly higher
compared to that of samples from Adana (51.37+16.35 mg/L), Mersin (53.80+23.56 mg/L), Erdemli
(46.80£12.99 mg/L) and Tepekdy (56.31+£17.23 mg/L) (p<0.05). GABA values were within the limits of AIJN
(Table 2).

Aseptically processed peach juices (106.32£17.15 mg/L) possessed significantly higher amounts of aspartic
acid compared to the regions except Kizilbag (75.85+16.35 mg/L) (p<0.05). This might be due to degradation
of some asparagine to aspartic acid by elevated temperature during processing. Although the mean values
of aspartic acid content was within the limits given by AIJN, the peach samples from all regions investigated
showed aspartic acid levels below the limits except that from Kizilbag (Table 2).

Adana (68.95+£32.38 mg/L) region possessed peaches with significantly lower valine content compared to that
from Mersin (131.59+£44.53 mg/L) and Erdemli (160.19+£63.24 mg/L), as well aseptically processed samples
(148.54+44.65 mg/L) (p<0.05). The amount of valine in peach samples was well above the limits given in AIJN
(5-50 mg/L) for all regions. Only samples from Adana with lowest levels of valine measured were slightly below
the upper limit.

No significant differences among regions were found for methionine, alanine, glutamic acid, histidine contents
in peaches. According to AlJN, alanine content of peach should be between 40-300 mg/L. The amount of
alanine was below 40 mg/L in all peach samples regardless of the region they belong to. Only peaches from
Kizilbag possessed slightly higher amounts of this amino acid (Table 2).

CONCLUSION

Among the individual sugars measured only the fructose content showed some differences among the regions.
While malic acid content did not differ among regions, citric acid content differed only for two regions. The
malic/citric acid ratio, therefore, might be a better indicator in terms of organic acids measured in peach
samples from different regions which was almost the same for each region except Tepekdy with somewhat a
higher value. Also, the total sugar/total organic acid ratio is a good indicator which was around 10 for the
samples from Adana, Mersin, Erdemli, Tepekdy and around 8 for Candir and Kizilbag.

Methionine, alanine, glutamic acid and histidine contents did not differ statistically in samples from different
regions. The most striking results were obtained for valine and alanine contents. Valine values measured were
higher whereas alanine values, on the contrary, were lower than the acceptable ranges given in the AIJN
standard.



22

GIDA YIL: 32 SAYI : 1 OCAK-SUBAT 2007

Acknowledgements

This study was supported by the Scientific Research Foundation of the University of Mersin, Turkey with project
code BAP(NT)GIDMUH 2004. The authors also wish to thank ETAP AS., Mersin, Turkey, for supporting raw
material and commercially processed peach juice concentrate.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Byrne DH, Nikolic AN, Burns EE. 1991. Variability in sugars, acids, firmness and color characteristics of 12 peach
genotypes. J Am Soc Hortic Sci, 116:1004-1006.

Moing A, Svanella L, Rolin D, Gaudillere M, Gaudillere JP, Monet R. 1998. Compositional changes during the fruit
development of two peach cultivars differing in juice acidity. J Am Soc Hortic Sci, 123:770-775.

Versari A, Castellari M, Parpinello GP, Riponic C, Galassi S. 2002. Characterization of peach juices obtained from
cultivars Redhaven, Suncrest and Maria Martha grown in Italy. Food Chem, 76:181-185.

Sanz ML, Villamiel M, Martinez-Castro I. 2004. Inositols and carbohydrates in different fresh fruit juices. Food Chem,
87:325-328.

Wu BH, Quilot B, Genard M, Kervella J, Li SH. 2005. Changes in sugar and organic acid concentrations during fruit
maturation in peaches, P. davidiana and hybrids as analyzed by principal component analysis. Sci Hortic, 103:429-439.
Perez-Ruiz T, Martinez-Lozano C, Tomas V, Martin J. 2004. High performance liquid chromatographic separation and
quantification of citric, malic, oxalic and tartaric acids using a post column photochemical and chemiluminescence
detection. J Chromatogr A, 1026:57-64.

Shui G, Leong LP. 2002. Separation and determination of organic acids and phenolic compounds in fruit juices and
drinks by high-performance liquid chromatography. J Chromatogr A, 977:89-96.

Castellari M, Versari A, Spinabelli U, Galassi S, Amati A. 2000. An improved HPLC method for the analysis of organic
acids, carbohydrates and alcohols in grape musts and wines. J Lig Chromatogr RT, 23:2047-2056.

Chinnici F, Spinabelli U, Riponi C, Amati A. 2005. Optimization of the determination of organic acids and sugars in
fruit juices by ion-exclusion liquid chromatography. J Food Compos Anal, 18:121-130.

Bouseta A, Scheirman V, Collin S. 1996. Flavor and free amino acid composition of Lavender and Eucalyptus honeys.
J Food Sci, 61:683-687.

Glew RH, VanderJagt DJ, Lockett C, Grivetti LE, Smith GC, Pastuszyn A, Millson M. 1997. Amino acid, fatty acid, and
mineral composition of 24 indigenous plants of Burkina Faso. J Food Compos Anal, 10: 205-217.

Cook JA, Vanderjagt DJ, Pastuszyn A, Mounkaila G, Glew RS, Milson M, Glew RH. 2000. Nutrient and chemical
composition of 13 wild plant food of Niger. J Food Compos Anal, 13:83-92.

Hermosin |, Chicon RM, Cabezudo MD. 2003. Free amino acid composition and botanical origin of honey. Food
Chem, 83:263-268.

Elkins ER, Lyon R, Huang CJ, Matthys A. 1997. Characterization of commercially produced pineapple juice
concentrate. J Food Compos Anal,10:285-298.

Heems D, Luck G, Fraudeau C, Verette E. 1998. Fully automated precolumn derivatization, online dialysis and high
performance liquid chromatographic analysis of amino acids in food, beverages and feedstuff. J Chromatogr A, 798:9-17.
Kuneman DW, Braddock JK, McChesney LL, 1988. HPLC profile of amino acids in fruit juices as their (1-fluoro-2,4-
dinitrophenyl)-5-L-alanine amide derivatives. J Agric Food Chem, 36:6-9.

Buedo AP, Elustondo MP, Urbicain MJ. 2001. Amino acid loss in peach juice concentrate during storage. Int J Food
Sci Technol, 1:281-288.

Yust MM, Pedroche J, Giron-Calle J, Vioque J, Millan F, Alaiz M. 2004. Determination of tryptophan by HPLC of
alkaline hydrolysates with spectrophotometric detection. Food Chem, 85:317-320.

Gokmen V, Artik N, Acar J, Kahraman N, Poyrazoglu E. 2001. Effects of various clarification treatments on patulin,
phenolic compound and organic acid compositions of apple juice. Eur Food Res Technol, 213:194-199.

Ayaz FA, Bertoft E. 2001. Sugar and phenolic acid composition of stored commercial oleaster fruits. J Food Compos
Anal, 14:501-511.



E. BAKIR - N. TURKER - O. ISTANBULLU 23

21.

22.

23.

24.
25.

26.
27.

Poyrazoglu E, Gékmen V, Artik N. 2002. Organic acids and phenolic compounds in pomegranates (Punica granatum
L.) grown in Turkey. J Food Compos Anal, 15:567-575.

Cemeroglu B, Karadeniz F. 2001. Meyve ve sebze isleme teknolojisi 2-Meyve suyu Uretim teknolojisi, Gida Teknolojisi
Yayinlari No.25, Ankara Turkey.

Akbudak B, Eris A. 2004. Physical and chemical changes in peaches and nectarines during the modified atmosphere
storage. Food Control, 15:307-313.

Basar H. 2006. Elemental composition of various peach cultivars. Sci Hortic, 107:259-263.

AIJN. 2001. Association of the Industry of Juices and Nectars from fruits and vegetables of the European Union,
Brussels.

AOAC. 1990. Official Methods of Analysis, 15t eq. Arlington, VA.

Colaric M, Veberic R, Stampar F, Hudina M. 2005. Evaluation of peach and nectarine fruit quality and correlations
between sensory and chemical attributes. J Sci Food Agric, 85:2611-2616.



