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Thermal treatment is the widest applied tech­
nology for the extension of shelf life and for preser­
vation of juices [1]. Pasteurization and sterilization 
steps usually inactivate or destroy enzymes and 
microorganisms, but they could also cause changes 
in colour, flavour and nutritive value [2]. Besides 
thermal processing, also storage conditions signifi­
cantly affect the quality of juices. Juice protected 
from external impacts and filled in proper packag­
ing material is quite stable. However, combination 
of the intrinsic Maillard reaction (non-enzymatic 
browning) and the extrinsic increase in storage 
temperature can cause serious deterioration of 
juices that occurs slowly at ambient temperatures 
from 20  °C to 25  °C, but rapidly above 30  °C [3]. 
High processing temperatures are closely related 
to generation of 5-hydroxymethylfurfural (HMF), 
which is not naturally present in fresh and untreat­
ed fruits. Its formation is associated not only with 
thermal degradation of sugars, in particular hex­
oses, but also with the Maillard reaction and de­
composition of ascorbic acid (AA) [4]. In general, 

HMF is regarded as a chemical indicator of heat 
processing and storage [5]. 

An important attribute of juice quality is 
colour, which is derived from natural pigments, 
such as chlorophylls, carotenoids, anthocyanins 
and betalains [6], and which is closely related 
with ripening of fruits, technological processing, 
storage conditions, actvity of microorganisms, etc. 
[7]. Changes in colour during processing and stor­
age of juices can be due to AA degradation and 
Maillard reaction producing compounds that can 
participate in juice browning [4, 6]. 

Decomposition of AA is reported to be the 
major deteriorative reaction occurring during the 
storage of orange juice [8]. AA is the most sensi­
tive vitamin among the other vitamins, which is de­
stroyed under air oxygen, light and heat exposure 
[9]. AA degradation in orange juice can take place 
by aerobic and anaerobic mechanisms [10] that 
occur simultaneously [11]. Decline in AA is also 
actively supported by the low pH, residual hydro­
gen peroxide and trace metal ions present in juice 
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samples. All analyses were performed in duplicate, 
i.e. from two bottles (n = 2).

Methods
Concentrations of AA and HMF were deter­

mined by HPLC, and CIE L*a*b* colour coordi­
nates were evaluated as described by Tobolková 
et al. [21]. 

The validation characteristics for AA determi­
nation by HPLC were as follows: limit of detection 
(LOD) 1.4 mg·l-1; limit of quantification (LOQ) 
1.8 mg·l-1; mean recovery of AA was (88 ± 3) %. 
The relative standard deviation (RSD) of intra-
day repeatability (n = 8) was 2.7  % and 36.0  % 
using control standard solutions with AA (Fluka 
Chemie, Buchs, Switzerland) concentration of 
60.0 mg·l-1 and 3.0 mg·l-1, respectively.

In HMF analysis, LOD of the procedure was 
0.26 mg·l-1 and LOQ was 0.87 mg·l-1. The uncer­
tainty of the measurement was ± 0.09 mg·l-1 at the 
concentration level 1.41 mg·l-1, and ± 0.3 mg·l-1 at 
the level > 4.0 mg·l-1.

Browning index (BI) and total colour differ­
ences (ΔE) of stored juices were calculated from 
evaluated CIE L*a*b* colour coordinates accord­
ing to Maskan [22].

Data analysis
Statistical evaluation was performed using the 

software package Unistat 6.0 (Unistat, London, 
United Kingdom). Multiple comparisons were car­
ried out by ANOVA Tukey’s HSD test at the level 
of significance of p < 0.05. Correlation analysis 
between all monitored parameters at 95% signifi­
cance level was performed.

The MicroMath Scientist (MicroMath, 
St.  Louis, Missouri, USA) was utilized to fit the 
experimentally obtained dependencies of AA de­
composition to the first-order kinetic model in the 
integral shape:	

𝑐𝑐𝑡𝑡 = 𝑐𝑐𝑡𝑡=0 e(−𝑘𝑘𝑘𝑘) 	 (1)

in which ct = 0 and ct represent an original concen­
tration of AA (t = 0) and the concentration at par­
ticular time t of storage, respectively; k is the first-
order rate constant of AA degradation expressed 
as reciprocal day.

The kinetic stability of AA throughout the 
entire storage period was evaluated by a half-time 
period t1/2 (in days), i.e. as the time required to 
achieve a half of the original concentration of AA: 

𝑡𝑡1 2⁄ =
ln 2
𝑘𝑘

 	 (2)

in which k represents the calculated first-order 
rate constant.

[12]. As AA degrades more quickly than other nu­
trients, its critical decrease can indicate the end of 
the shelf life. Understanding of AA degradation 
process is essential to predict its loss during stor­
age as well as the shelf life. Some data were re­
ported on changes of AA during storage of citrus 
(orange, lemon, lime, grapefruit), mango, paw-
paw and carrot juices [13, 14]. Also, several kinetic 
studies were conducted on the degradation of AA 
in some fruit and vegetable juices such as orange 
juice [15] and citrus juice concentrates (orange, 
lemon, grapefruit, tangerine) [16]. In these studies, 
decomposition of AA was investigated in associa­
tion with various storage conditions and duration 
ranging from few days to several months.

In contrast to fruits, vegetables are generally 
low-acid foods (pH > 6.0), with the exception of 
tomatoes [2]. Since AA is unstable in neutral-alka­
line environment [14], carrot contains less natural 
AA in comparison with fruits. Only limited infor­
mation is available on changes in phytonutrients 
during processing and storage of carrots [17]. Few 
studies can be found on kinetics of water-soluble 
antioxidants during thermal processing of carrot 
juice [18], on prolongation of the shelf life of fresh 
juices by modification of atmosphere or acidifi­
cation [19], and on Maillard reaction kinetics in 
carrot juice concentrate [20].

The aim of this study was to examine the effect 
of long-term storage (during 168 days, including 
56 days after the declared expiration date) on sta­
bility of AA and colour of grapefruit juice (GJ) 
and carrot juice (CJ) at different storage condi­
tions. Also, the formation of HMF was followed 
during the time period. Further, some kinetic 
indices were calculated for AA decomposition on 
the basis of the obtained experimental data.

Materials and methods

Materials
Samples of CJ and GJ were obtained directly 

from the producer (McCarter, Dunajská Streda, 
Slovakia). Fresh juices with added pulp had been 
pasteurized at 95 °C for 20 s and filled into poly­
ethylene terephthalate bottles. For the storage 
experiment, one batch of respective juice was pro­
duced. Juices were stored during 168 days at de­
fined conditions, i.e. (2 ± 1)  °C, (7 ± 1)  °C and 
(20 ± 2) °C. Bottles were kept in refrigerated/tem­
pered boxes in order to mimic the storage condi­
tions in sales sections equipped with refrigerating 
boxes at 2–10 °C. CJ and GJ samples analysed im­
mediately after bottling were taken as reference 
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Results and discussion

The initial parameters of the reference juice 
samples were as follows: AA concentration 
(276 ± 10) mg·l-1 in GJ and (616 ± 21) mg·l-1 in CJ; 
HMF concentration at LOD level: 0.26 mg·l-1 in CJ 
and 0.92 mg·l-1 in GJ; the CIE L*a*b* colour coor­
dinates: L* = 99.42 ± 0.83, a* = 0.004 ± 0.000, 
b* = 0.834 ± 0.002, BI = 0.829 ± 0.002 in GJ 
and L* = 99.76 ± 0.91, a* = –0.033 ± 0.000, 
b* = 0.374  ± 0.002, BI = 0.347 ± 0.002 in CJ.

Effect of storage time
Due to the limited stability of AA, tested juices 

varied in degree of AA retention during storage. 
Independently of other storage conditions, con­
centration of AA started to decrease immediately 
after juice production. For both CJ and GJ sam­
ples, the decrease in AA had comparable progress 
during the following storage time (Tab. 1). In the 
period to 70th day of storage, decrease in AA was 
very rapid especially in GJ, although AA degrada­
tion was not progressive during the entire period 
of storage. This phenomenon was also observed 
by Abbasi and Niakousari [23] when a  rapid 
degradation of AA in non-pasteurized lemon 
juice during two weeks changed to a  slower but 
gradual decrease during subsequent 10  weeks 
of storage. An unpasteurized sour orange juice 
showed an analogical trend, in which major loss of 
AA occurred during the first days of storage [24]. 
Citrus fruit juices were found to follow a  simi­
lar pattern of AA degradation, which differed 
from other fruits species [14]. This supported the 
former suggestion that factors influencing the sta­

bility of AA in oranges and lemons are also highly 
applicable to grapefruit [25].

Since decomposition of AA is an important 
factor for HMF formation, consequential changes 
were also recorded in this parameter. According 
to results in Tab. 2 it can be presumed that pas­
teurization process had been carefully adjusted by 
the producer, as the concentration of HMF was 
very low, around LOD and LOQ in both juices. 
Any prolongation of the storage time was reflected 
in a higher concentration of HMF. The increase 
of HMF concentration was, on average, from 
0.92 mg·l-1 to 1.93 mg·l-1 and from 0.92 mg·l-1 to 
9.22 mg·l-1 in CJ and GJ, respectively. Significant 
difference in HMF concentration between the 
two tested juices (p < 0.05) could be also due to 
the diverse levels of oxalic acid [26], which usually 
acts as a catalyst in HMF formation. The increase 
in HMF concentration correlated highly with the 
level of browning in lemon juice and conduced to 
the formation of brown pigments [27]. Wang et al. 
[20] found a good correlation between HMF for­
mation and the degree of browning during storage 
of CJ at 25 °C and 37 °C (p < 0.01). Evolution of 
both parameters followed a first-order reaction, 
as a function of storage and the soluble solid con­
tent in CJ. In this case, the formation of HMF in 
CJ took place by the Maillard reaction between 
amino acids and reducing sugars, in absence of 
AA.

As to our results, respecting individual colour 
characteristics, minor changes were observed 
in lightness (L*) of both juices. Only trifling in­
crease in redness (a*) was noticed in GJ, while a* 
values of CJ were shifted to more negative values 

Tab. 1. Changes in ascorbic acid concentration during storage at various temperatures.

Juice
Time  

of storage [d]

(2 ± 1) °C (7 ± 1) °C (20 ± 2) °C

Ascorbic acid

Concentration 
[mg·l-1]

Loss 
[%]

Concentration 
[mg·l-1]

Loss 
[%]

Concentration 
[mg·l-1]

Loss 
[%]

Carrot 28 573 ± 21 8 564 ± 23 9 528 ± 43 13

70 418 ± 36 20 449 ± 17 20 386 ± 36 34

84 479 ± 46 23 451 ± 32 24 345 ± 9 39

98 471 ± 20 26 441 ± 11 27 333 ± 17 44

168 360 ± 30 41 381 ± 40 42 265 ± 27 63

Grapefruit 42 236 ± 21 27 192 ± 20 33 146 ± 14 44

70 116 ± 12 42 110 ± 11 51 90 ± 9 62

98 121 ± 5 54 103 ± 8 61 82 ± 9 75

112 109 ± 12 59 102 ± 9 67 50 ± 5 79

168 90 ± 9 74 63 ± 6 81 44 ± 5 90

The loss of ascorbic acid in percent for each temperature was calculated following the first-order kinetic equation (Eq. 1).
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(p < 0.05). In general, decrease in a* values is 
connected with degradation of carotenoids and 
anthocyanins [28]. Significant increase (p < 0.05) 
in b* values (yellowness) was identified for both 
types of juices, while Koca et al. [29] reported 
significant decrease of L* and b* values in GJ as 
a function of storage time and temperature. Along 
with the increase in b* values, also an increase in 
BI and ΔE were determined (Fig. 1). The values 
of BI increased by approximately 30 % on average 
in both juices. Based on the observed ΔE values, 
the storage conditions caused not noticeable (ΔE 
up to 0.5) to slightly noticeable (ΔE up to 1.5) 
changes, a  little higher for CJ. In opposite, Dede 
et al. [30] reported ΔE values up to 10 in pasteur­
ized CJ. The statistical analysis confirmed that BI 
and ΔE values were mostly related to changes in 
b* parameter. 

Lee and Nagy [31] found a high correlative 
relationship between the loss of AA and increase 
of browning in stored grapefruit juices. During 
the initial stage of browning, possible reactions 
happen between amino compounds and some 
degradation products of AA, followed by conden­
sation of present products with each other [32]. 
In absence of oxygen, oxidation of AA to dehy­
droascorbic acid (DHAA) is suppressed and only 
little browning occurs in juices. However, brown­
ing can proceed further under anaerobic condi­
tions, if DHAA has been already formed in juices 
[4].

Effect of temperature
Although the rates of AA degradation in the 

two tested juices were different, they showed simi­
lar trends of decrease at various temperatures. 
ANOVA analysis revealed significant differences 

(p < 0.05) in AA degradation between all stor­
age temperatures, except for (2 ± 1) °C vs (7 ± 1) 
°C (p > 0.05) for both types of juices. The changes 
in AA concentration in juices stored for 168 days 
at (20 ± 2) °C were the most critical (Tab. 1), re­
sulting in 90% and 63% loss in GJ and CJ, respec­
tively. Correspondingly, Lee and Nagy [31] detect­
ed more than 98% decrease of AA in GJ during 
6 weeks, but at an elevated temperature of 50 °C.

Based on the results of a previous study on 
orange juice with vitamin E addition [33], we could 
suppose that an increased retention of AA in CJ 
might be attributed to the presence of vitamin E, 
which could stabilize AA by slowing down its oxi­
dation to DHAA. Carrot contains approximately 
five-fold more vitamin E in comparison to grape­
fruit. Likewise, any higher initial concentration of 
AA in CJ may contribute to better stability of AA 
and DHAA, as indicated by the study dealing with 
behaviour of both forms of vitamin C in pure solu­
tions of different concentrations [34]. 

In accord with AA changes, ANOVA analy­
sis showed also significant differences in all 
colour characteristics as a function of tempera­
ture. Colour differences between (2 ± 1) °C and 
(7 ± 1) °C were negligible, but both GJ and CJ 
stored at (20 ± 2)  °C exhibited significantly lower 
a* values and higher b*, BI and ΔE values in 
comparison to samples stored at (2 ± 1)  °C and 
(7 ± 1) °C. The results confirmed that an enhanced 
storage temperature can boost the colour losses 
in both juices. Data on certain negative effects of 
higher storage temperatures were previously pub­
lished [29, 30]. Koca et al. [29] also reported that 
the development of browning in orange and tan­
gerine juices was temperature-dependent, whereas 
browning in lemon and grapefruit juices might be 

Tab. 2. Concentration of 5-hydroxymethylfurfural during storage at various temperatures.

Juice
Time  

of storage [d]

(2 ± 1) °C (7 ± 1) °C (20 ± 2) °C

5-Hydroxymethylfurfural [mg·l-1]

Carrot 28 LOD LOD LOD

70 0.92 ± 0.09 0.92 ± 0.09 0.99 ± 0.09

84 1.98 ± 0.09 1.27 ± 0.09 1.35 ± 0.09

98 1.85 ± 0.09 1.70 ± 0.09 1.63 ± 0.09

168 1.70 ± 0.09 1.56 ± 0.09 2.27 ± 0.09

Grapefruit 42 0.92 ± 0.09 0.92 ± 0.09 0.92 ± 0.09

70 1.21 ± 0.09 1.21 ± 0.09 1.78 ± 0.09

98 1.56 ± 0.09 1.56 ± 0.09 2.20 ± 0.09

112 3.20 ± 0.09 3.20 ± 0.09 8.81 ± 0.30

168 8.24 ± 0.30 8.20 ± 0.30 11.58 ± 0.30

LOD – limit of detection (0.26 mg·l-1).
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attributed to their higher acidity. AA as the main 
agent in browning of citrus juices and concentrates 
[35] can decompose easily in strongly acidic media, 
thus accelerating the colour changes.

The changes in concentration of HMF showed 
some opposite trends towards AA behaviour 
(Tab. 2). Accumulation of HMF was in connection 
with a concurrent degradation of AA, which might 
relate with the fact that the Maillard reaction, AA 
decomposition and caramelization are reactions 
mostly responsible for HMF generation [32]. After 
168 days, the highest level of HMF was recorded 
in both juices stored at (20 ± 2)  °C, representing 
the mean increase from 0.26 mg·l-1 to 2.27 mg·l-1 
in CJ, and from 0.92 mg·l-1 to 11.58 mg·l-1 in GJ. 
At this temperature, a strong inverse correlation 
of AA and HMF was determined (r = –0.7953 in 
CJ and r = –0.7584 in GJ), whereas a moderate 
inverse correlation was found for both juices at 
(7 ± 1) °C (r = –0.6665). Our results are similar to 
those of Ordóñez-Santos et al. [36], who observed 
an increase in HMF content from 3.95 mg·kg-1 

to 9.94 mg·kg-1 in tomato purée after 180 days of 
storage at 20 °C. The growth of HMF correlated 
well with a decrease in organic acids concentra­
tion, e. g. ascorbic, citric and malic acid. The re­
ferred study stated some dependency of HMF 
production on temperature, pH value, fruit variety 
and juice extract concentration.

Kinetics derived from ascorbic acid degradation
Tab. 3 summarizes the data on kinetics of AA 

degradation at various temperature conditions. 
With respect to non-linear evolution of AA deg­
radation, the kinetic data suggested the model of 
the first-order kinetic reaction for describing the 
observed trends (Fig. 2). The first-order rate con­
stant k and the half-time t1/2 were calculated from 
the experimental data on AA degradation, accord­
ing to Eq. 1 and Eq. 2, respectively.

As follows from Tab. 3, GJ exhibited faster de­
crease of AA than CJ in the temperature range 
of 2–20  °C, as a consequence of much higher 
k values obtained. Burdurlu et al. [16] reported 
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Fig. 1. Changes in browning index and total colour differences of grapefruit and carrot juices stored at various 
temperatures.

A – changes in browning index in grapefruit juice, B – changes in browning index in carrot juice, C – total colour difference in 
grapefruit juice, B – total colour difference in carrot juice.
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the rate constant of k ~ (0.0470 ± 0.0067) in re­
ciprocal week (R2 = 0.9326), which corresponds 
with the value of (0.0069 ± 0.0007) d-1 for AA 
decomposition in grapefruit juice concentrate 
stored at elevated temperature of 28  °C during 
8 weeks. This value appears to be much lower 
when compared with our result acquired for GJ 
(k ~ (0.0156 ± 0.0019) d-1; R2 = 0.9595) related to 
GJ stored for 168 days at (20 ± 2) °C (Tab. 3).

The half-time of AA degradation t1/2 repre­
sents the kinetic index derived from the rate con­
stant k. It was affirmed in our experiments that the 
higher the rate constant, the shorter the half-time, 
which is in agreement with some previous kinetic 
investigations [16, 37]. Regarding the temperature 
effect, t1/2 of AA degradation was indirectly pro­
portional to the storage temperature. The half-life 
of AA degradation was evidently longer in CJ than 
that in GJ at (7 ± 1) °C and (20 ± 2) °C. This re­
sult may indicate a potential to re-adjust the shelf 
life of CJ. According to data in Tab. 3, the loss 
of 50 % of the initial AA concentration could be 
achieved after 216.6 days and 70.7 days in CJ and 

GJ, respectively, at storage conditions that com­
ply with the juice producer’s recommendation 
(between 2 °C and 10 °C for single-strength juices).

Conclusion

In this study, juices of different origin were in­
vestigated at setting that simulated the storing con­
ditions in common sales areas, usually equipped 
with refrigerating boxes thermostated at 2–10  °C. 
Based on the examined loss of AA, formation of 
HMF as well as colour changes, it was found that 
long-term storage conditions, in particular time 
and temperature, can markedly affect the quality 
and shelf life of juices. Results of this study may be 
useful in a practical sense, as a tool for prediction 
or re-adjustment of the shelf life of juices, to com­
mercialize them during the entire interval when 
their quality is acceptable.

Acknowledgements
This publication is the result of the project 

“Improvement of nutritional and sensorial parameters 
of fruity and vegetable drinks via an inert gases applica­
tion – ITMS 26220220175” implementation supported 
by the Research and Development Programme funded 
by the European Regional Development Fund. The 
equipment used in this work was obtained by implement­
ing of the project ITMS 26240120041 “Establishment of 
the hi-tech centre for research on formation, elimina­
tion and assessment of contaminants in foods” sup­
ported by the Operational Programme Research and 
Development 2007–2013 financed by the European 
Regional Development Fund.

References

	 1.	Hammad, A. A. – Abd El-Khalek, H. H. – 
Youssef, K. A. – Abd El-Kader, R. M.:  Microbiological, 
nutritional and sensorial changes in fresh carrot juice 
preserved by irradiation. Food Science and Quality 

Tab. 3. Kinetic stability of ascorbic acid.

Juice Storage temperature [°C] k [d-1] R2 t1/2 [d]

Carrot 20 ± 2 0.0059 ± 0.0006 0.9689 117.5

7 ± 1 0.0032 ± 0.0004 0.9399 216.6

2 ± 1 0.0032 ± 0.0006 0.8693 216.6

Grapefruit 20 ± 2 0.0156 ± 0.0019 0.9595 44.4

7 ± 1 0.0098 ± 0.0010 0.9638 70.7

2 ± 1 0.0092 ± 0.0014 0.9216 75.3

k – first-order rate constant, R2 – correlation coefficient, t1/2 – half-time of degradation.
The half-life period t1/2  refers to the whole period of storage, e.g. 168 days.

0

100

200

300

500

700

0 20 40 60 80 100 120 140 160 180
Time of storage [d]

A
sc

or
bi

c 
ac

id
 [m

g·
l

]
-1

400

600
Carrot juice

Grapefruit juice

k
R

 = 0.0032 ± 0.0003
 = 0.93992

k
R

 = 0.0098 ± 0.0010
 = 0.96382

Fig. 2. The first-order reaction model of ascorbic acid 
degradation in carrot and grapefruit juices stored at 
(7 ± 1) °C.



	 Changes in grapefruit and carrot juices during storage

	 387

Management, 11, 2013, pp. 61–69. ISSN: 2224-6088 
(print), 2225-0557 (online).

	 2.	Aamir, M. – Ovissipour, M. – Sablani, S. S. – Rasco, B.: 
Predicting the quality of pasteurized vegetables using 
kinetic models: A  review. International Journal of 
Food Science, 2013, 2013, Article ID 271271. DOI: 
10.1155/2013/271271.

	 3.	Bates, R. P. – Morris, J. R. – Crandall, P. G.: Principles 
and practices of small- and medium-scale fruit juice 
processing. FAO Agricultural Services Bulletin 146. 
Rome : Food and Agriculture Organization of the 
United Nations, 2001. ISBN: 9251046611. <http://
www.fao.org/docrep/005/y2515e/y2515e00.htm>

	 4.	Bharate, S. S. – Bharate, S. B.: Non-enzymatic 
browning in citrus juice: chemical markers, their 
detection and ways to improve product quality. 
Journal of Food Science and Technology, 51, 2014, 
pp. 2271–2288. DOI: 10.1007/s13197-012-0718-8.

	 5.	Rada-Mendoza, M. – Sanz, M. L. – Olano, A. – 
Villamiel, M.: Formation of hydroxymethylfurfural 
and furosine during the storage of jams and fruit-
based infant foods. Food Chemistry, 85, 2004, 
pp. 605–609. DOI: 10.1016/j.foodchem.2003.07.002.

	 6.	Pathare, P. B. – Opara, U. L. – Al-Said, F. A.-J.: 
Colour measurement and analysis in fresh and 
processed foods: A review. Food and Bioprocess 
Technology, 6, 2013, pp. 36–60. DOI: 10.1007/
s11947-012-0867-9.

	 7.	Cortés, C. – Esteve, M. J. – Frígola, A.: Color of 
orange juice treated by High Intensity Pulsed Electric 
Fields during refrigerated storage and comparison 
with pasteurized juice. Food Control, 19, 2008, 
pp. 151–158. DOI: 10.1016/j.foodcont.2007.03.001.

	 8.	Solomon, O. – Svanberg, U. – Sahlström, A.: Effect 
of oxygen and fluorescent light on the quality of 
orange juice during storage at 8 °C. Food Chemistry, 
53, 1995, pp. 363–368. DOI: 10.1016/0308-
8146(95)99828-N.

	 9.	Odriozola-Serrano, I. – Soliva-Fortuny, R. – Martin-
Belloso, O.: Changes of health-related compounds 
throughout cold storage of tomato juice stabilized 
by thermal or high intensity pulsed electric field 
treatments. Innovative Food Science and Emerging 
Technologies, 9, 2008, pp. 272–279. DOI: 10.1016/j.
ifset.2007.07.009.

	10.	Johnson, J. R. – Braddock, R. J. – Chen, C. S.: 
Kinetics of ascorbic acid loss and nonenzymatic 
browning in orange juice serum: experimental rate 
constants. Journal of Food Science,  60, 1995, pp. 
502–505. DOI: 10.1111/j.1365-2621.1995.tb09812.x.

	11.	Baiano, A. – Marchitelli, V. – Tamagnone, P. – 
Nobile, M. A. D.: Use of active packaging for 
increasing ascorbic acid retention in food beverages. 
Journal of Food Science,  69, 2004, pp. E502–E508. 
DOI: 10.1111/j.1365-2621.2004.tb09936.x.

	12.	Özkan, M. – Kirca, A. – Cemeroǧlu, B.: Effects 
of hydrogen peroxide on the stability of ascorbic 
acid during storage  in various fruit juices. Food 
Chemistry, 88, 2004, pp. 591–597. DOI: 10.1016/j.
foodchem.2004.02.011.

	13.	Sanusi,  R. A. – Ogunro, Y. – Nwozoh, S.: Effect 
of storage time on ascorbic acid content of some 

selected “Made in Nigeria” fruit preserves. Pakistan 
Journal of Nutrition, 7, 2008, pp. 730–732. ISSN: 
1680-5194. <http://scialert.net/qredirect.php?doi=p
jn.2008.730.732&linkid=pdf>

	14.	Ajibola, V. O. – Babatunde, O. A. – Suleiman, S.: 
The Effect of storage method on the vitamin C con­
tent in some tropical fruit juices. Trends in Applied 
Sciences Research, 4, 2009, pp. 79–84. DOI: 10.3923/
tasr.2009.79.84.

	15.	Osundahunsi, O. F.: Kinetics of ascorbic acid degra­
dation in commercial orange juice produced local­
ly in Nigeria. African Crop Science Conference 
Proceedings, 8, 2007, pp. 1813–1816. DOI: 10.4314/
bja.v5i1.41935.

	16.	Burdurlu, H. S. – Koca, N. – Karadeniz, F.: 
Degradation of Vitamin C in citrus juice concen­
trates during storage. Journal of Food Engineering, 
74, 2006, pp. 211–216. DOI: 10.1016/j.jfood­
eng.2005.03.026.

	17.	Hager, T. J. – Howard, L. R.: Processing effects 
on carrot phytonutrients. HortScience, 41, 2006, 
pp. 74–79. ISSN: 0018-5345 (print), 2327-9834 
(online). <http://hortsci.ashspublications.org/con­
tent/41/1/74.full.pdf>

	18.	Indrawati, A. – Van Loey, M. – Hendrickx, M.: 
Pressure and temperature stability of water-soluble 
antioxidants in orange and carrot juice: a  kinetic 
study. European Food Research and Technology, 
219, 2004, pp. 161–166. DOI: 10.1007/s00217-004-
0929-y.

	19.	Alklint, C. – Wadsö, L. – Sjöholm, I.: Effects of 
modified atmosphere on shelf-life of carrot juice. 
Food Control, 15, 2004, pp. 131–137. DOI: 10.1016/
S0956-7135(03)00024-0.

	20.	Wang, H. – Hu, X. – Chen, F. – Wu, J. – Zhang, Z. – 
Liao, X. – Wang, Z.: Kinetic analysis of non-enzymatic 
browning in carrot juice concentrate during storage. 
European Food Research and Technology, 223, 
2006, pp. 223–282. DOI: 10.1007/s00217-005-0202-z.

	21.	Tobolková, B. – Durec, J. – Belajová, E.  – 
Mihalíková, M. – Polovka, M. – Suhaj, M. – 
Daško, Ľ. – Šimko, P.: Effect of light conditions 
on physico-chemical properties of pineapple juice 
with addition of small pineapple pieces during 
storage. Journal of Food and Nutrition Research, 
52, 2013, pp. 181–190. ISSN: 1336-8672 (print), 
1338-4260 (online). <http://www.vup.sk/en/down­
load.php?bulID=1471>

	22.	Maskan, M.: Kinetics of colour change of kiwifruits 
during hot air and microwave drying. Journal of 
Food Engineering, 48, 2001, pp. 169–175. DOI: 
10.1016/S0260-8774(00)00154-0.

	23.	Abbasi, A. – Niakousari, M.: Kinetics of ascorbic acid 
degradation in un-pasteurized Iranian lemon juice 
during regular storage conditions. Pakistan Journal 
of Biological Sciences, 11, 2008, pp. 1365–1369. 
DOI: 10.3923/pjbs.2008.1365.1369.

	24.	Gheisari, H. R. – Nejati, R. – Shamsaei, H. A.: Effect 
of temperature, light, butylated hydroxyanisole and 
methods of analysis on the ascorbic acid content of 
un-pasteurized Iranian sour orange (Citrus auran-
tium L.) juice during storage. Annals - Food Science 

http://dx.doi.org/10.1155/2013/271271
http://www.fao.org/docrep/005/y2515e/y2515e00.htm
http://www.fao.org/docrep/005/y2515e/y2515e00.htm
http://dx.doi.org/10.1007/s13197-012-0718-8
http://dx.doi.org/10.1016/j.foodchem.2003.07.002
http://dx.doi.org/10.1007/s11947-012-0867-9
http://dx.doi.org/10.1007/s11947-012-0867-9
http://dx.doi.org/10.1016/j.foodcont.2007.03.001
http://dx.doi.org/10.1016/0308-8146(95)99828-N
http://dx.doi.org/10.1016/0308-8146(95)99828-N
http://dx.doi.org/10.1016/j.ifset.2007.07.009
http://dx.doi.org/10.1016/j.ifset.2007.07.009
http://dx.doi.org/10.1111/j.1365-2621.1995.tb09812.x
http://dx.doi.org/10.1111/j.1365-2621.2004.tb09936.x
http://dx.doi.org/10.1016/j.foodchem.2004.02.011
http://dx.doi.org/10.1016/j.foodchem.2004.02.011
http://scialert.net/qredirect.php?doi=pjn.2008.730.732&linkid=pdf
http://scialert.net/qredirect.php?doi=pjn.2008.730.732&linkid=pdf
http://dx.doi.org/10.3923/tasr.2009.79.84
http://dx.doi.org/10.3923/tasr.2009.79.84
http://dx.doi.org/10.4314/bja.v5i1.41935
http://dx.doi.org/10.4314/bja.v5i1.41935
http://dx.doi.org/10.1016/j.jfoodeng.2005.03.026
http://dx.doi.org/10.1016/j.jfoodeng.2005.03.026
http://hortsci.ashspublications.org/content/41/1/74.full.pdf
http://hortsci.ashspublications.org/content/41/1/74.full.pdf
https://doi.org/10.1007/s00217-004-0929-y
https://doi.org/10.1007/s00217-004-0929-y
http://dx.doi.org/10.1016/S0956-7135(03)00024-0
http://dx.doi.org/10.1016/S0956-7135(03)00024-0
http://dx.doi.org/10.1007/s00217-005-0202-z
http://www.vup.sk/en/download.php?bulID=1471
http://www.vup.sk/en/download.php?bulID=1471
http://dx.doi.org/10.1016/S0260-8774(00)00154-0
http://dx.doi.org/10.3923/pjbs.2008.1365.1369


Belajová, E. et al.	 J. Food Nutr. Res., Vol. 56, 2017, pp. 381–388

388

and Technology, 12, 2011, pp. 1–8. ISSN: 2065-2828 
(print), 2344-4916 (online).

	25.	Sinclair, W. B.: The grapefruit: its composition, 
physiology and products. Berkeley : University of 
California, Agriculture and Natural Resources, 1972. 
ISBN: 9780931876110.

	26.	Nour, V. – Trandafir, I. – Ionica, M. E.: HPLC 
organic acid analysis in different citrus juices under 
reversed phase conditions. Notulae Botanicae Horti 
Agrobotanici Cluj-Napoca, 38, 2010, pp. 44–48. 
ISSN: 0255-965X (print), 1842-4309 (online). 
<http://www.notulaebotanicae.ro/index.php/nbha/
article/download/4569/4416>

	27.	Robertson, G. L. – Samaniego, C. M. L.: Effect 
of initial dissolved oxygen levels on the degrada­
tion of ascorbic acid and the browning of lemon 
juice during storage. Journal of Food Science, 51, 
1986, pp. 184–187. DOI: 10.1111/j.1365-2621.1986.
tb10866.x.

	28.	Wibowo, S. – Vervoort, L. – Tomic, J. – 
Santiago, J. S. – Lemmens, L. – Panozzo, A. – 
Grauwet T. – Hendrickx, M. – Van Loey, A.: Colour 
and carotenoid changes of pasteurised orange 
juice during storage. Food Chemistry, 171, 2015, 
pp. 330–340. DOI: 10.1016/j.foodchem.2014.09.007.

	29.	Koca, N. – Burdurlu, H. S. – Karadeniz, F.: Kinetics 
of nonenzymatic browning reaction in citrus juice 
concentrates during storage. Turkish Journal of 
Agriculture and Forestry, 27, 2003, pp. 353–360. 
ISSN: 1300-011X (print), 1303-6173 (online). 
<http://journals.tubitak.gov.tr/agriculture/issues/tar-
03-27-6/tar-27-6-5-0305-8.pdf>

	30.	Dede, S. – Alpas, H. – Bayindirli, A.: High hydro­
static pressure treatment and storage of carrot 
and tomato juices: antioxidant activity and micro­
bial safety. Journal of the Science of Food and 
Agriculture, 87, 2007, pp. 773–782. DOI: 10.1002/
jsfa.2758.

	31.	Lee, H. S. – Nagy, S.: Quality changes and nonen­

zymic browning intermediates in grapefruit juice 
during storage. Journal of Food Science, 53, 1988, 
pp. 168–172. DOI: 10.1111/j.1365-2621.1988.
tb10201.x.

	32.	Roig, M. G. – Bello, J. F. – Rivera, Z. S. – 
Kennedy, J. F.: Studies on the occurrence of non-
enzymatic browning during storage of citrus juice. 
Food Research International, 32, 1999, pp. 609–619. 
DOI: 10.1016/S0963-9969(99)00128-3. 

	33.	Jeney-Nagymate, E. – Fodor, P.: The stabil­
ity of vitamin C in different beverages. British 
Food Journal, 110, 2008, pp. 296–309. DOI: 
10.1108/00070700810858709.

	34.	Nováková, L. – Solich,  P. – Solichová, D.: HPLC 
methods for simultaneous determination of ascor­
bic and dehydroascorbic acid. Trends in Analytical 
Chemistry, 27, 2008, pp. 942–958. DOI: 10.1016/j.
trac.2008.08.006.

	35.	Eskin, N. A. M.: Biochemistry of food processing: 
Browning reactions in foods. In: Biochemistry of 
foods. 2nd edition. London : Academic Press, 1990, 
pp. 239–296. ISBN: 0-12-242351-8.

	36.	Ordóñez-Santos, L. E. – Vázquez-Odériz, L. – 
Arbones-Maciñeira, E. – Romero-Rodríguez, M. Á.: 
The influence of storage time on micronutrients in 
bottled tomato pulp. Food Chemistry, 112, 2009, 
pp. 146–149. DOI: 10.1016/j.foodchem.2008.05.051.

	37.	Abioye, A. O. – Abioye, V. F. – Ade-Omowaye, B. I. O. – 
Adedeji, A. A.: Kinetic modelling of ascorbic acid 
loss in baobab drink at pasteurization and stor­
age temperatures. IOSR Journal of Environmental 
Sciences, Toxicology and Food Technology (IOSR-
JESTFT), 7, 2013, pp. 17–23. DOI: 10.9790/2402-
0721723.

Received 16 June 2017; 1st revised 7 September 2017; 
2nd  revised 18 October 2017; accepted 19 October 2017; 
published online 11 December 2017.

http://www.notulaebotanicae.ro/index.php/nbha/article/download/4569/4416
http://www.notulaebotanicae.ro/index.php/nbha/article/download/4569/4416
http://dx.doi.org/10.1111/j.1365-2621.1986.tb10866.x
http://dx.doi.org/10.1111/j.1365-2621.1986.tb10866.x
http://dx.doi.org/10.1016/j.foodchem.2014.09.007
http://journals.tubitak.gov.tr/agriculture/issues/tar-03-27-6/tar-27-6-5-0305-8.pdf
http://journals.tubitak.gov.tr/agriculture/issues/tar-03-27-6/tar-27-6-5-0305-8.pdf
http://dx.doi.org/10.1002/jsfa.2758
http://dx.doi.org/10.1002/jsfa.2758
http://dx.doi.org/10.1111/j.1365-2621.1988.tb10201.x
http://dx.doi.org/10.1111/j.1365-2621.1988.tb10201.x
https://doi.org/10.1016/S0963-9969(99)00128-3
https://doi.org/10.1108/00070700810858709
https://doi.org/10.1016/j.trac.2008.08.006
https://doi.org/10.1016/j.trac.2008.08.006
http://dx.doi.org/10.1016/j.foodchem.2008.05.051
http://dx.doi.org/10.9790/2402-0721723
http://dx.doi.org/10.9790/2402-0721723

	Changes in colour, ascorbic acid and 5-hydrohymethylfurfural
...
	Authors
	Summary
	Keywords
	Materials and methods 
	Results and discussion 
	Conclusion
	Acknowledgements
	References


