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Abstract: The aim of present paper was to apply the acdekbrshelf life method for shelf life determinatiohorange
beverages with fruit juice content. The study coragachanges in orange beverages properties duerame of samples
at 50°C for 7 days to changes caused by samplesgstat 25°C during 270 days. The similar resultggested that the
method can be successfully used to determine thi¢ Ife of orange beverages with fruit juice camteThe shelf life of
orange juice drink with 12 % fruit juice contentsvabout 300 days, 155 days, 42 days and 15 dagafioples stored at
20, 30, 40 and 50°C respectively. Kinetics of alsimacid degradation in orange beverages with juite content during
storage was investigated. The loss of ascorbicatcad studied temperatures followed a zero-okigetic model.
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1. Introduction conditions. Thus, the most demanding requirememas t
juice and soft drinks usually have to meet are high
storage temperatures [6-9]. An example would be the
orange juice made of fruit concentrate and packetetra
Pak bottles, whose quality changes in 6 monthsa at
temperature of 20°C as it would change in 13 daya a
temperature of 40°C [10].

The kinetic of ascorbic acid degradation during
storage of these products was studied by variotisoesi
Among them opinions are divided: some studies dwmsdr
the degradation of ascorbic acid by a zero-ordactien
model [4,11], others reported that the first-ordeaction
([912,13] or even second-order reaction [14] areesufior

the market, the juice producers must first invesigthe characterizing the ascorbic acid loss in beveraeng

infl f internal and external t lity Storage. .
g]néjiuc(;i‘-(l)ifemo?trr?: pa;gdu?;: Fzrg? parameters @ndality In this context, the paper applies the ASLD method

)jor the beverages industry, using the followingrate
onditions: temperature 50°C, time period 7 days.
nvestigations were carried out on natural oramngeeg that
are highly acid and stable in time. Their pH level
between 2.5 and 3.5. The evolution of the physico-
chemical and microbiological parameters for thgpes of
beverages with a variable fruit content was moaeioin
ime and a comparative analysis of results wasezhout.
e kinetic of ascorbic acid degradation in orangees
uring storage was determined.

Orange juices quality and shelf life are mainly dzhs
on the stability of the ascorbic acid during sterag
However, there are other specific parameters ak swath
as colour and flavour, which are of paramount ingoaee
for a higher quality and a long shelf life. In tijreescorbic
acid undergoes oxidation, the oxidation rate bewigted
with the storage conditions. The spoiling is maicdused
by oxygen. Besides oxidation of ascorbic acid, @yglso
causes browning and promotes the developing ofb&ero
bacteria and yeasts [1].

Whenever a new or improved product is released

The quality level of products is determined b
physico-chemical parameters. The results obtained
reproducible and allow statistical analyses. Timalgical
approach can have many uses in the food systemopeep
design of food products, development of a propertrob
and quality insurance system, determination of ghelf
life of products based on statistical measuremdits

The time period from the moment the product i
created until it becomes unsafe or unaccepted
consumers represents the product maximum shelfTiHes
time period has to be determined in advance, betoge
product is released on the market [5]. In ordemvoid 2. Experimental
excessive use of resources and significant delays i
releasing a product on the market, researchers have Five types of beverages produced by a Romanian
initiated accelerated shelf life determination &sd were used. These samples were divided in two cea&sgo
(ASLD) instead of monitoring the parameters of according to the packaging material used:
product’s quality in time, during its shelf life h&se studies Beverages aseptically packed in Tetra Pak bottles,
consist in subjecting the product to severe storageth no added preservatives (sample A—orange sirikd
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with 4% fruit juice content; sample B—orange juienk measurements were performed for yeasts and myM} (
with 20% fruit juice content and sample C—orangetare [17] and Enterobacteriaced®) (18].
with 50% fruit juice content).

Beverages packed in polyethylene terephthalate \PET

bottles with added preservatives: sodium benzoaig a 3. Results and Discussion

potassium sorbate (sample D—orange soft drink &#h

fruit juice content and samples E—orange juice kdviith The shelf life of foods is subjected to changes tdue

12% fruit juice content). the packaging material used and to the storageitoomsl
All those beverages had added antioxidant: ascortit®]. Due to this fact, the accelerated shelf life

acid 0.3 g/L, allowed by the legislatigpantum satis. determinations were made for orange beverages gdoke

Ascorbic acid degradation was studied for sample Eetra Pak and PET bottles.
This sample was divided into four sub-samples theite
stored at different temperatures: 20, 30, 40 arfC560r 3.1. Soft drinks packed aseptically in Tetra Pak
each of the four sub-samples, the ascorbic acitenomwas bottles
monitored monthly. Measurements were performed! unti

two consecutive results were below the lower liafibwed The analyses results of sample A packed in Tetka Pa
by the law - 90 mg/L. bottles are presented in Table 1.
Five months after manufacturing date, the product A
Accelerated shelf life determination studies underwent changes in taste. There was an ‘oveoripege’

taste, slightly fermented. After 6 months, the pmid

Each of the studied samples were subjected tat strRhowed a pronounced ring on the bottle neck anights
storage conditions (50°C) for 7 days. At the endtte§ Sediment deposit. .
period, the physico-chemical and microbiological ~ From table 1, it was noticed that sample A have
parameters of samples were measured. registered a significant loss of ascorbic acideAf# days at

In order to compare the result of ASLD method, th€0°C, the vitamin C retention decreased below SBfthe
samples were stored at 25°C for 270 days. The #oolof ~case of samples stored at room temperature, therhasc
the physico-chemical and microbiological parameteese ~ acid content decreased below 65% only after 248.day

monitored monthly. Under acid pH conditions (pH<4.5), a limited number
of microorganisms are growing. This phenomenon lwan
Physico-chemical and microbiological stopped by thermal treatment. But, beverages nuadidfins
determinations that occur during storage lead to the increasetbf The

decrease in time of sample A total acidity is fae to
pH was measured with a pH-meter WTW pH 340imicrobial growth.

dried substanceDS) was determined with the Abbe The physico-chemical analysis of samples subjected
RFMB800 refractometer [15]; sample acidithcf was 0 50°C for 7 days shows that the increasin@8fa, and
measured by titration with sodium hydroxide 0.116][ the_ ascorbic acid degradation are accelerated doylitiect
ascorbic acid conten€fs) was establish by extraction with action of temperature.
oxalic acid solution 1% and titration with 2,6- The analysis results of sample B packed in Tetia Pa
dichloroindophenol; water activityaf) was measured with are presented in Table 2.
Aquaspector AQS-2-TC; the microbiological

TABLE 1. Variation of physico-chemical and microbiological parameters of product A

T DS Ac Can
t (days) 0) (°Brix) @) pH (mg/L) a YM/mL E/mL
0 10.9 5.01 291 304.34 0.911 0 0
30 10.8 5.00 2.89 302.00 0.91 0 0
60 111 5.03 2.89 211.42 0.929 0 0
90 11.3 4.72 2.89 178.57| 0.934 0 0
120 25 11.3 4.76 2.89 210.00] 0.941 0 0
150 114 A4.77 2.74 157.14| 0.940 0 0
180 114 4.81 2.84 166.66) 0.952 2 0
210 115 A4.77 3.04 118.84| 0.941 1 0
240 11.6 4.82 3.03 116.85) 0.956 1 0
270 11.6 4.78 3.03 120.58 0.965 2 0
7 50 11.8 4.90 297 137.62 0.958 0 0
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TABLE 2. Variation of physico-chemical and microbiological parameters of product B

t T DS Ac Can
@ays) | ¢C) | By | @) | P* | mgy | A | YWmL | Emi

0 10.2 2.75 3.46 618.57 0.944 0
30 10.1 2.82 3.44 625.00 0.954 0 0
60 10.3 2.69 3.40 533.33 0.957 1 0
90 10.2 2.73 3.40 534.33 0.956 0 0
120 o5 10.3 2.77 3.41 535.29 0.958 4 0
150 10.3 2.67 3.44 492.85 0.962 1 0
180 10.3 2.74 3.39 482.35 0.948 2 0
210 10.5 2.99 3.45 473.52 0.965 3 0
240 10.3 2.99 3.46 449.25 0.969 2 0
270 10.4 3.02 3.44 438.25 0.971 3 0
7 50 10.2 3.01 3.42 430.17 0.980 2 0

TABLE 3. Variation of physico-chemical and microbiological parameters of product C

T DS Ac Caa
t (days) °C) (°Brix) /) pH (mg/L) ay YM/mL E/mL
0 13.0 3.89 3.80 408.57 0.92 0 0
30 13.0 3.95 3.73 314.08 0.949 0 0
60 13.0 3.95 3.71 308.75 0.952 0 0
90 13.1 3.95 3.70 304.28 0.959 1 0
120 o5 13.0 4.27 3.69 304.73 0.966 3 0
150 12.9 4.77 3.60 305.94 0.960 2 0
180 13.0 4.78 3.61 304.78 0.970 1 0
210 13.0 4.82 3.58 304.61 0.978 2 0
240 13.0 4.86 3.59 305.49 0.984 3 0
270 13.1 4.85 3.64 307.14 0.971 1 0
7 50 12.9 4.73 3.63 304.67 0.986 0 0
TABLE 4. Variation of physico-chemical and microbiological parameters of product D
t T DS Ac Caa
@ays) | O | By | @v | PH | mgy | & | YMmL | EMmb
0 11.2 4.64 2.94 257.97 0.908 0 0
30 11.1 4.72 2.79 250.00| 0.921 0 0
60 11.0 4.84 2.89 207.14 0.942 1 0
90 11.3 4.69 2.90 220.00 0.935 0 0
120 25 11.2 4.65 2.89 195.71] 0.954 1 0
150 11.3 4.68 2.80 142.85| 0.958 0 0
180 11.4 4.85 2.86 139.42 0.969 1 0
210 115 478 3.03 121.73] 0.968 1 0
240 11.6 4.73 2.99 112.84 0.974 3 0
270 11.6 474 3.01 108.82 0.979 2 0
7 50 11.9 4.88 2.96 118.54 0.96L 1 0

Five months after manufacturing date, the product Blthough the product was safe from a microbioldgica
presented an “overripe orange” taste, oily, “boitadte”. perspective.
From a microbiological perspective, the product saf®. In the two situations, the parameters that vary

The variation of physico-chemical andsignificantly in time are the acidity and the a$goracid
microbiological parameters for the two studied ailons values. The acidity increase of product C, withasugnd
was similar to that of the previous sample. Afté02lays acidifiants added, promote the acidotolerant
of storage at room temperature, the quantity obic microorganisms growth—-mould and yeasts—which will
acid in the sample was 70.84% from the initial dnethe generate acids from carbohydrates. After 270 days o
case of sample subjected to 50°C for 7 days, theevaf storage at room temperature and after 7 days cdggoat
ascorbic acid was even lower: 69.54% from the &hiti 50°C, the ascorbic acid content of samples wascestiu
value. Also, aw reveal a similar augmentation, imth The oxidation rate of ascorbic acid was accelerdgd

situations, favorable to microbial growth. higher storage temperature.
The analysis results of sample C packed in Tetka Pa  The results of the analyses of the three produats h
bottles are presented in table 3. been revealed a similar evolution in time of phgsic

Six months after manufacturing date, the product €hemical and microbiological parameters.
presented a persistent taste of orange peel, adig,
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3.2. Soft drinks packed in PET bottles microbiological parameters, the results confirnteat tifter
7 days of storage at 50°C, the quality of prodstiswed
The analysis results of sample D packed in PEfhe same changes as after 270 days of storagé@t @kis

bottles are presented in table 4. validating the efficiency of the accelerated shéfé
8 months after manufacturing date, the product Betermination method.
underwent changes in taste; slightly fermented ptiogluct Due to —OH groups present in the ascorbic acid

was safe from a microbiological perspective. Thedpct molecule, part of water amount available to
showed a ring-shaped making on the container nedkaa microorganisms is binded (hydrogen bonds) and thgmw

slight sediment deposition after 6 months. activity values are generally growing in the sameetwith
The ascorbic acid quantity exhibit a significartfime  ascorbic acid degradation.
variation, for both situations takes into accoutige In the second part of this work the degradation of

decreasing being accelerated by a higher storagscorbic acid from orange beverages was studiedthi®
temperature and by the material of PET bottles,clvhi purpose, the sample E was used. The fresh sampe wa
allows the access of light. Therefore, after 7 rhoof divided into four sub-samples that were storediffrent
storage the quantity of ascorbic acid was one-bhithe temperatures 20, 30, 40 and 50°C. For each ofoilnesiub-
initial value. The increase of sample D water atiaw) samples, theC,a was determined at equal periods of 30
from 0.908 (fresh sample) to 0.979 (sample stote2b&C days. Figure 1 show the time variation @f, of samples

for 270 days), and 0.961 (7 days at 50°C) respelgtiv stored in the conditions mentioned above.

shows that the enzymatic reactions are similartHertwo According to the Romanian Food Labelling Law no.
cases and the reaction rates are different acaptdinthe 106/2002 that implement the Regulation (EU)
storage temperature. No 1169/2011 of the European Parliament and of the

The acidity of the Tetra Pak - packed orang€ouncil of 25 October 2011 on the provision of food
beverages was lower than in the case of PET - packiaformation to consumers, in order to declare oe th
drinks, while the pH values were higher. The adagatof product label the CAA, the product must contain a
aseptically packaging of products in Tetra Pak wWas minimum amount of ascorbic acid, namely 15% of the
significantly reduction of vitamin C loss. recommended daily intake (RDI = 60 mg vitamin C in

By comparing the values of physico-chemical and00 mL), thatis 9 mg in 100 mL at the end of hisl§life.
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Figure 1. Variation of the ascorbic acid contensafples E at different temperatures
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The variation of ascorbic acid content allows theascorbic acid in time, it is advisable to use &étak and

determination of soft drink shelf life as the tirperiod

from the moment of product processing to the moment

when the critical limit defined by the law is reach
(90 mg/L). From figure 1 the shelf life of samplevias

nearly 300 days in the case of samples stored°&t.Zthe

increase of storage temperature with 10°C decrdase
shelf life of the product with half (155 days). Har

temperatures drastically reduced the shelf lifepafduct

(42 days for storage at 40°C and 16 days for sty
50°C).

Using these experimental data, the
degradation kinetics of ascorbic acid from orangee
drinks was studied. The loss of ascorbic acid imas
during storage was calculated by using the equatibn
zero-order reaction kinetics (1) and the first-ordeaction
kinetics (2):

dc,,
——AA = (1)
dt
dC,,
— M k([T 2
dt A

whereCaa (Mmg/L), t (days) and - reaction rate constant.
The values of zero and first-order reaction rat

not PET containers for packaging.

Water activity is a predictive indicator for quglit
control of juices protected by antioxidant age/tishough
the antioxidants molecules contain various free
groups, the amount of water available to microoigyas is
reduced by hydrogen bonds formation and thus therwa
activity is decreased.

The results of this study have been confirmed the

connection between alteration processes that tiale plue
to the storage of soft drinks at a temperature G5IC5for

thermal days and those that occur in 270 days at 25°C.
The loss of ascorbic acid in orange beverageslat al

storage temperatures was found to follow a kinetaction
of zero-order.
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