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Abstract

The kinetics of the degradation of ascorbic acid\YAn solution
during heating at 30, 50, 70 and 90°C for 180 nmd during 7 weeks of
storage at 4°C and 20°C were investigated. The estration of AA in
solution was determined by the fluorimetric methuoefore heating and
storing the samples under different conditions. Tétention of AA after
heating at 30, 50, 70, and 90°C and storage ab#t20°C was 87.6, 84.7,
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73.8 and 43.6% (for heated samples) and 74.3 and%/ {for stored

Claire Munialo samples) respectively. Overall, there was a sicguifi correlation (p<0.05)
between the loss of AA as a result of heating efgamples or the storage
Email: Claire.munialo@wur.nl of the samples at 4°C or 20°C. The degradationAfilAaqueous solution

at each temperature was shown to follow a firseoikinetic model. The
temperature-dependence of degradation was adeguatadelled by the
Arrhenius equation. The activation energy was &&d/mole (for samples

Received: 04/06/2014 subjected to heat treatment) and 1.30 kcal/moles@mples stored at 4°C
Revised: 27/08/2014 and 20°C). The&),, values were found to be 1.3 (for samples subjeizied

heat treatment) and 1.1 (for samples stored atadfeC20°C). The results
Accepted: 27/08/2014 from this study show that AA is a labile nutriehiat can be easily lost

during storage or processing. The results from $hisly contribute to the
enhancement of the knowledge of the parametersatbatf significance in
the degradation of AA and thus provide an undedstanof the conditions
that can be used to optimize heat processing amdgs of liquid foods that
are rich in AA such as fruit juices.
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Introduction fluorimetric method was reported to be the most
Vitamin C (ascorbic acid) is known to be one of accurate as it measures both AA and dehydroascorbic

the most unstable nutrients found in food (Moreita acid, which are the active forms of vitamin C
al., 2006). Several studies have demonstrated the raf@akajimaet al.,2009).

of ascorbic acid (AA) degradation in various foods Several authors have reported instability of AA
(Sinhaet al., 2012). Thermal degradation of AA has during storage and thermal processing. Studies on
been reported to be one of the many routes of Witam Process optimization of foods have reported AA éo b
C loss from foods (Castret al.,2004). The substantial Mmore sensitive to thermal degradation in natural
loss of AA has also been reported to occur via thé’roducts than in buffered model systems (Oliveira,

mechanism of leaching given that AA is highly saéub 1998). L-ascorbic acid was shown to be more semesiti
in water (McKillopet al.,2002). to heat in oranges than in tomatoes (Van den Breeck

Several methods such as titration with al-, 1998), whereas the storage temperature was shown
dichlorophenolindophenol ~ (DCPIP)  dye, high to be the most important factor that determines the

performance ||qu|d Chromatography' Stabl'lty of AA against degradation (Rmﬂ a|., 1995) .
spectrophotometric, fluorimetric and turbidimetrgvie ~ LOW temperature storage was reported to be imperati
been used for the analysis of AA (Rodrigueizal., in order to study L-ascorbic acid decay (Regal.,

1992). In all mentioned methods of AA analysis, the1995). Furthermore, L-ascorbic acid was found to be
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significantly more stable in the modified matrix pfe- The monitoring of the stability of AA against
treated samples compared to that of untreated anmperature degradation was carried out followimg t
blanched samples (Dermesonlouoglet al., 2007).  incubation of AA solutions at different temperatire
Saturated solutions of two vitamin C forms were (30, 50, 70 and 90 °C). Freshly prepared AA sohsio
reported to differ in pH, given that vitamin C isore were incubated at each temperature for up t0180 min
susceptible to degradation at a higher pH (Hiathl.,  Subsequently, 10 ml of standard AA was transferred
2010). Contrarily, the retention of AA in bloodamge  into seven 15 ml test tubes and heated to theedksir
juice showed a linear reduction in concentratiothwi temperature in a water bath.

time (Choi et al., 2002), whereas a much better To investigate the stability of AA following
retention of AA was found in pasteurized orangegqui storage, freshly prepared AA was stored at room
samples which were stored at 4 °C as compared t20°C) and refrigerated (4°C) temperature. A
those at 25 °C (Zerdiet al.,2003). However, the study fluorimetric test was performed on the standard
of the stability of AA in solution over a long stme  samples on the day of preparation after which the
time and at varying temperature ranges has not beesamples were divided into 2 equal portions. One
fully investigated. The aim of this study was to sample was stored in the refrigerator at 4°C, wdeere
investigate the interaction between time andthe other sample was stored at room temperature
temperature in the degradation of AA in solutiod &m  (20°C) for a period of 7 weeks and the AA
model it using first principles of chemical kineticThis ~ concentration was determined weekly using the nietho
study aims at contributing to the knowledge on thefor AA determination described above. Triplicate
conditions that result in the degradation of AA élnds  relative fluorescence readings of each standarde wer
provide possible insights on storage conditions #na  recorded at an emission wavelength of 430 nm with a
important in the enhancement of the stability of ®A  excitation wavelength of 350 nm using a Jenway 6280

agueous solutions against degradation. fluorimeter (Bibby Scientific Ltd, Staffordshire,
England).

M aterials and methods Subsequently, the recorded data (both for
samples that had been heat treated and those stbred

M aterials 20°C and 4°C) were analysed statistically to deirgem

Analaf® grade (99.9% purity) crystalline any sign_ificant d_ifferences between the AA
ascorbic acid (AA) was obtained from British Drug concentration following the heat. treatment or sgera
House (BDH) International limited (Poole, England). The dependence of the degradation rate consegrar{
Metaphosphoric acid (MPA), sodium acetate trihyerat temperature was quantified by the Arrhenius equoatio
and glacial acetic acid were all purchased fronhdris @S expressed below (Holrseal., 2010).

(Leicestershire, UK). O-phenylenediamine

dihydrochloride (OPD) was purchased from Sigma- kr = Apexp (—%)(1)

Aldrich (Dorset, UK). Crystalline boric acid was

obtained from Acros organics, (Geel, Belgium). All \where,k;is the rate constark, is activation energy of

reagents were of analytical grade and used WithOlihe reaction (kJ mold, Ris the universal gas constant
further purification. All solutions were preparedthv (g 3145 kJ moldK™), T is absolute temperature (K),

MilliQ water. andA, is the frequency factor, also referred to as a pre-
) ) o exponential constans{). Knowing the rate constant
Ascorbic acid (AA) determination kg, the activation energye() was calculated.

The analysis of AA was carried out using the
fluorimetric method as previously described (AOAC, gtatistical analysis
2006). In summary, 2 ml AA standard solution was The statistical Package for Social Sciences
added to 8 ml MPA and treated with activated carbonspss)  software  version 19.0 (SPSS Inc.,

(arttivated charcoal- DARCO G-60) in the ratio of |nternational Business Machines, Chicago, USA) was
50:1.The samples were placed in 2 ml test tubesSand yseq to analyse the result for significant diffees

ml OPD solution added to each tube. The tubes wergnereas Microsoft Excel software (Microsoft
then properly mixed (Rotamixer Deluxe, Hook and corporation, Redmond, USA) was used for regression

Tucker instruments Ltd, UK) and kept in the dark fo gpalysis as previously described (Nighal.,2004).
35 min, after which the fluorescence was compared o

a Jenway 6280 fluorimeter (Bibby Scientific Ltd, ; :
Staffordshire, England) with an excitation wavelitng Resultsand Discussion
of 350 nm and an emission wavelength of 430 nm 345 o
previously described (Nielsen, 2010).

The retention of vitamin C (ascorbic acid, AA)
ften been used as an estimate of the overall
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nutrient retention in food products as it is by fae
most unstable nutrientK{remire et al., 2010). To
investigate the stability of Afat varying concions,
AA solutions were prepared as described in se&igr
followed bythe application of a heat treatment to

solutions orstoring at varying temperatures and

changes in AAconcentration as well as the stability
AA were recorded over time.

The sability of AA against temperature
induced degradation

The stability of AA in solution following
heating of the samples was determined as a funofi
time. Fig 1 showa combined graph for A,
concentratiorfollowing the heating of AA solutiol to
30°C, 50°C, 70°C and 90°C for &g 180 mir.
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Fig 1: Changes AA concentration over hing time of
up to 180 min at 30°C, 50°C, 70°C anc°C.

From Fig 1, the stability oA in solutions that
were heated at lower temperatuwas shown to be
higher compared to heating of the solutions at éui
temperaturesThe determined AA concentration we
higher following the heating oAA solution at 30°C
than heating of AAat 50°C, 70°C and ¢C. From the
statistical analyses performed on AA radation data,
paired sample test showed no significant differen
between temperature and time>Qp05’ in relation to
the degradation of AA (Results not show.
Conversely a paired sample correlatiof the stability
of AA against degradation as a uof heat treatmer
for up to 180 min showea significant difference in tr
relationship between temperature and heating tim
their contributions to the degradation of Ap<0.05)
(Table 2). The initial AAconcentratiorin the solution
before heating of AA solution® 30, 50, 70 and ©C
was 103.8, 99.8, 103.1and 91.2 mg/100r
respectively. Followingthe heat treatmel the AA
concentration decreased to 9084.5, 76.1 and 39

mg/100 milfor solutions heated 30, 50, 70 and 90 °C
respectively. The final AA concentration decreas
with increasing temperature and heating duratioithy
coincided with the reduction in retention of AA (4)
the samples which varieftom 87.¢% for solutions
heated at 30°C to 43.6 fdr solutiors heated at 90°C.

The halflife of AA which is the time require
for AA to degrade to 5@%6 of its original valuewas
calculated from the rate constant as 0.693/k. TdiE
life was found to be higheabout 14 h) for a sample
heated to 30C compared tothose heated to other
temperatures (Table .1Jhis was clearly seen frok =
0.0008, 0.001, 0.0017 and 0.0044 * obtained from
the kinetic plots for heatinthe sample to 30, 50, 70
and 90°C respectivelyTéble 7). Following heating of
the samples, theate constants for AA degradati
increased from 0.0008 nitnfor 30°C to 0.0044 mih
for 90°C and the halife decreased frorl4 h to about
3 h for an increase in heng temperature from 30
90°C (Table 1) Rate constants in orange juice h
been reorted to range from 0.00105 to 0.03471 *
for a temperature range of -98 °C (Johnsoret al.,
1995) Thus, the rate constants obtained for AA
solution heated at 50, 70 and 90 °C in the presteiaty
were in the range of the reported rate cons
(Johnsonet al., 1995) High temperature has be
reported to favour the breakdown of vitamirwhereas
the AA concentration has been shown to decr
during storage, drying, heating, and oxidation adc
(Morris et al., 2004) However, studies on the kineti
of heat/enzymic degradation of AA in fluted pump
leaves reported that there were relatively hig
degradation rates observed in puree system
pumpkin leaves at lower temperature °C), whereas
at the higher temperatur¢90°C) that cause enzyme
inactivation, AA became more stab(Ariahu et al.,
1997).

Further,analysis of AA stability against heatil
by applying statistical analyses toe obtained data
showed acorrelation coefficient of -0.90 in all cases
which suggests thahe degradation cAA in solution
as a result of the heat treatmdollows a first order
reactionfor the studied temperature ran (Results not
shown).The changes in AA in the forms In C/CO
with heating AA solutions for up to 180 min
different conditions are as shownFig 3. The results
also confirm the findings that the degradation &f iA
solution follows thefirst order kinetics.When the
obtained data was analysed using the stan
integrated rate equation of linear regression
determine the overall order and rate constant fiel
degradation reactionsiegative correlation coefficie
were obtained at all heating temperat (Results not
shown). The resultsconfirm that AA degradation
occurred during heating of tholutions at different -

Journal of Food Research and TechnolcJuly-September, 2014 | Vol 2 | IssupRage06-112

© 2014 Jakraya Publications (B
108



Munialo and Kontogiorgs...An investigation into the degradation of ascorbaid in solutions

Table 1:Kinetic parameters for AA degradation in solutiarridg heating and stora

Paramet: Temperature (°C 1/Kelvin (K% Rate (min") In (Rate Half-life
AA 4 (277 °K 3.6x10° 0.0419 -7.13 14.32 weeks
AA 20 (295°K 3.4x10° 0.0484 -6.91 16.54 weeks
AA 30 (303 °K 3.3x10° 0.0008 -6.38 14.44 h
AA 50 (323°K 3.13x10° 0.001 -5.53 11.55 h
AA 70 (343°K 2.93x10° 0.0017 317 6.80 h
AA 90 (363°K 2.83x10° 0.0044 -3.03 2.63h

Table 2:Paired samples correlations for samples stor4°C and 20°Gs well as those subjected to heeatment
for up to 180 min at 30°C, 50°C, 70°C, and 90°C.

N Correlation Significant
difference
Pair 1 4°C&20°C 7 0.981 0.000
Pair 2 AA at 30 °C & Time 7 -.963 .000
Pair 3 AA at 50 °C & Time 7 -.982 .000
Pair 4 AA at 70 °C & Time 7 -.987 .000
Pair 5 AA at 90 °C & Time 7 -.951 .001

temperatures. Theséndings show that A, is not
stable and hence will always degrade. The residta
this study are in agreement with the study of Gaod
co-workers who found vitamin C to decompose ur
unfavourable conditions such as high temper
(Cruzet al., 2008) The results from the present stt
show that both time and temperature have a sigmit
effect on AA concentration. Therefore, both timed
temperature must be taken into account w
considering AA stability during cooking, thern
processing or inhe prediction of nutrient quality lo:
during storage.
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Fig 2: Changes in AA concentration over storage t
at room and temperature.

The sability of AA in relation to storage
conditions

Previous studies have reported storage dur.
and condition to be an important parameter in vite
C degradation Morris et al., 2004; Lee and Nagy,
1988) To investigate the effect of storage conditi
on the AA degradatignAA sclutions were stored at
room (20C) and refrigeated (4°C) conditions for up to
7 weeks.The results for changes in AA concentrat
in relation to storage time are shown in re 2. The
initial AA concentration for sampl stored at 20°C
was 110.4 mg/ml,whereas the concentration
samples stored af@ was 110.8 mg/r during the first
week of storage. The AA concentration reduced t
mg/ml for sampes stored at z°C and 86 mg/ml for
samples stored af@ when the samples were analy
at the end of the"7week. Statistical analyses of the
storage data showedl significant difference betwer
storing AA solution undei20°C and 4°C (p<0.05)
(Table 2) Paired samplt-test performed on data from
samples stored at 20°C an°C confirmed a significant
difference in theAA concentrationfor samples stored
at 20°C wha compared to those stored °C (p<0.05)
(Results not shown)This shows that the storage
conditions have a reductive effect on A
concentration. Comparinge results of samples stored
at 20°C tothose stored at°C, degradation was shown
to occur in both samplebut the rate was slower at 4°C
than 20°C as expecte@Fig 2). This was confirmed
from the rateconstant of 0.04¢ min' (for samples
stored at 20°Cand 0.041 min™ (for samples stored at
4°C) (Table 1) The highest rate constant was 0.(
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min® for samples stored at 20 indicatin¢ that AA  was also shown to follothe first order kineticsimilar
degradation was fastest in trsample. Theobtained to heating at various temperaturThe findings were in
rate constants this study following the storage of A  agreement with the studyarried out by Tiwari and «
under varying conditions for up to 7 weeks of sg@@  workers whaoshowed that AA degradaticin sonicated
were close to th@reviously reporterate constant of orange juice during storage followed first orderekics
0.0444 mirt for thermally processed sonicated ora  (Tiwari et al., 2009).Contrastingl, the degradation of
juice during storage at 10 °Ciari et al.,2009). AA in orange juice stored erefrigerated and room
temperature waszported to follow zero ordekinetics
(Faramade, 2007)The reaction rate constark was

0.00 f 773-0 % AL determined for each temperature from the slopée
ﬁﬁf\\\:}i\:;\ line obtained by least squares regression anafgsi
A refrigerated (4°C) and roostorage(4°C) samples. The
o] ° A k value showed that there was a decreasthe AA
050 | . ; T . concentration over time. The curve waeeper for
samples stored at 20°%@ar for sample stored at 4°C,
8040 1 ¢ indicating higher degradati in samples stored at 20°C
5 | (Fig 4). This also confirms temperature to be one of
- +30degreeskinetios factors affecting the stability of AA against
060 | 51 st degradation. A prediction of the tinrequired for AA
070 | JRAS concentration to reduce to half the initial vallewed
. the estimated halffe to be about 1 weeks (for
0801 S samples stored at 20fGind 17 weeksfor samples
-0.90 stored at 4°C) (Table 1J.he lesults obtained from the
Time (minutes) present study are in agreement with a similar stud

AA degradation in commercial orange juice wh
Fig 3: Degradation kinetics of AA solution durii  Showed that th&inetics of AA degradation were fasf

heatingtime of up to 180 mi at 30°C 50°C at high temperature Faramade, 20(). Likewise,

70°C and 90°C. increasing drying temperature led to higher degiad:
rates in tomatoes undadlifferent drying condition
o ’ 5 5 4 s s - (Marfil et al., 2008). Contrarily, a rapid AA loss was
0.00 : : . : : : found to occur atefrigerater temperature as opposed
to room temperature Kouniaki et al., 2004). A
0.05 20 degress marginally lower retention of AA inrefrigerated
w4 dogrecs samples of urpasteurized Iranian lemon juice has ¢
010 been reported Abbasi and Niakousari, 20). In
contrast, the final AA concentration in unpasteed
go1s sour orange juice in Iran was founto be
o approximately 20mg/108l regardless of storage
£020 conditions Amiri and Niakousari, 200). The results
from the present studshow a very strong relationship
0.25 between AA content andamples stored at°C over
time (in weeks).Thus, storage temperatushould be
-0.30 taken into consideration when considering AA sigb
during storag®f foods rich in vitamin .
0.35

Duration (Weeks) Arrhenius p| ots

Using linear regression, the degradation 1
were analysedo determinean overall order and rate
constant for the degradation reaction. From thetid
plot for all temperatures, AA was shown to more
stable when the samples w heated at 30°C as
compared to being heated 9(°C. The rate constants
obtained from the combined Kkinetic plot for
temperatures were used in the preparationan
Arrhenius plot for temperatiL-dependence rate of AA

Fig 4: Degradation kinetics of AA solution duri
storage forup to 7 weeks at room (20°C) a
refrigerated storage (4°C).

The changes in AA in the forms dn C/CO
with storage for up to 7 weeks at different coruis
are shown in figure 4. From Fig the degradation of
AA in solution during storagandervarious conditions
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degradation. Kinetic parameters for AA degradadom  and room temperature). T, value for temperature
as shown in Table 1. There was a relatively strongstudy was in strong agreement wihy value of 1.2 for
relationship between natural logarithm of the rateAA degradation obtained from a similar study on the
constant and the absolute temperature in °K fotilga influence of simultaneous variations in temperaturd
Subsequently, the frequency factor was calculatedelative humidity on the chemical stability of two
using the natural logarithm of 2.7394 and -0.808e T vitamin C forms and implications for shelf-life meld
results showed values of 15.5 and 0.5 “hifor (Hiatt et al., 2010). However,Q,, value for storage
temperature and time studies respectively. Thaemperature (room and refrigerated) in the present
activation energyH,) was also calculated as a product study was lower than 3.1 at 45° Brix and 3.6 at 64°
of the gas constarg (1.987 cal M* K™) and the slope Brix in a study on the effects of temperature, dsoli
of the graph obtained by plottidg k versus II. The content and pH on the stability of black carrot
activation energy values obtained were 25.4anthocyanins (Kirc&t al.,2007). The findings suggest
(temperature study) and 5.4 kJ/mole (storage timehat Arrhenius models can be effectively used to
study). predict the shelf-life of processed foods thatrark in

An empirical application of the Arrhenius model AA at varying temperature conditions which can hesu
can be of significant practical value for shelglif in the improvement of the keeping quality and rivigi
modelling and predictions (Koutsoumasisal.,2000).  value of such foods.
The temperature quotienQ{y) values, which are the
increase in reaction rates for a 10°C increase irConclusions
temperature, were calculated for samples heatedpfor The kinetics of AA degradation in solution were
to 180 min at varying temperatures and for samplesnyestigated as a function of heating and storige in
stored at 20°C and 4°C using the formula previouslyorder to model AA degradation using first principlef
reported (Hobbie and Kahn, 1999). Tl values  chemical kinetics. Heating conditions and duratidn
were found to be 1.3 (for heating at 30, 50, 70 andstorage as well as temperature were shown to result
90°C) and 1.1 (for samples stored at 20°C and 4°C).  AA degradation. Heating of AA at low temperatures

Previous studies have reported a wide variationresulted in less degradation compared to higher
in activation energy ;) for AA degradation in temperatures. Storing of AA solutions at refrigecat
different food systems. TheE, of vitamin C  temperature enhanced AA stability compared to room
degradation during infra-red drying of apple slieess  temperature. Degradation of AA was found to follow
found to be 3.54 kcal/mole (Timouret al., 2007). A first order kinetics for both samples subjectechéat
study on the AA degradation kinetics in amla showedireatment as well as those stored under various
the E, to be 4.09 for amla and 4.49 kcal/mole for conditions. The findings indicate that heating diora
vitamin solution (Nishaet al., 2004). In the present and temperature, as well as storage conditions
study, E, calculated for the temperature study was 6.06contribute significantly to the stability of AA. Tis,
kcal/mole. The findings were in good agreement withheating and storage conditions should be takeroin t
reportedEa values of 5-40 kcal/mole for AA (Villota consideration during heat processes of foods riohA

and Hawkes, 2007; Uddiet al.,2002). Th&o values  in order to maintain the nutritive quality of sueh
were found to be 1.3 and 1.1 for temperature (2680  |abile nutrient.

70 and 90°C) and storage conditions study (refaitger
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