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Abstract 
Vitamin C is an essential water soluble vitamin found mainly in fruits, vegetables and 

their derivatives. Orange juice is a popular thirst quencher and a convenient way to 

reach the daily recommended intake of vitamin C. The aim of this thesis was to 

determine how the vitamin C content in orange juice is affected by storage temperature 

and oxygen content in the product. Bottles of orange juice were stored at different 

temperatures.  Regular orange juice was compared to juice where dissolved oxygen in 

product water had been decreased before mixing the juice. One other aim was to 

determine the efficiency of a stress test room where a higher temperature was supposed 

to simulate longer storage time. The study showed a larger non-linear loss of vitamin C 

over time in the bottles stored at the higher temperatures. The samples with less 

dissolved oxygen showed a higher vitamin C content after five and six months of 

storage in room temperature. For a storage time up to one week the loss of vitamin C in 

the stress test does not appear to be equal to the corresponding storage time in room 

temperature. 
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Sammanfattning på svenska 
Vitamin C är en livsnödvändig vattenlöslig vitamin som främst förekommer i 

grönsaker, frukter och produkter framställda från dessa. Apelsinjuice är en populär 

törstsläckare och ett enkelt sätt att få i sig sin dagliga dos C-vitamin. Syftet med denna 

rapport är att undersöka hur halten C-vitamin i apelsinjuice från Kiviks Musteri ändras 

beroende på lagringstemperatur och syrehalt i produktvatten. Apelsinjuice tillverkad 

från kranvatten jämfördes med juice tillverkad med vatten där syrehalten minskats 

genom kokning. Ett annat syfte var att fastställa effektiviteten för ett lagringsrum som 

simulerade en längre lagringsperiod genom att höja temperaturen. Resultaten visade att 

det var en större ickelinjär förlust av C-vitamin i flaskor som lagras vid en högre 

temperatur. Juiceflaskor med mindre mängd löst syre visade en lägre förlust av C-

vitamin efter fem respektive sex månaders lagring i rumstemperatur. Förlusten av C-

vitamin i juice lagrad en vecka i rummet med högre temperatur var ej den mängd som 

förutspåddes enligt företagets modell. 
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1 Introduction 

1.1 Aim 

The main aim of this thesis is to investigate how the vitamin C (ascorbic acid) content 

in orange juice made in Kiviks Musteri changes over time dependent on temperature, 

time and the amount of dissolved oxygen in the product. To determine the impact of 

these factors, orange juice was prepared and stored at different temperatures and mixed 

with water with both large and small amounts of dissolved oxygen.  The amount of 

vitamin C and dissolved oxygen was measured over time. Also; orange juice made in 

Kiviks Musteri was opened and stored in a refrigerator to determine if the content of 

ascorbic acid over time falls below the amount stated on the package at the date of 

expiration. One other aim was to determine the efficiency of a empirically developed 

stress test Kiviks Musteri uses to simulate storage over time. 

1.2 Kiviks Musteri AB 

Kiviks Musteri is part of Kivik Holding AB. It is situated in southeastern Scania and 

started its production at the end of the 19th century when founder Henric Åkesson 

started an apple orchard there. Eventually a factory was built in the middle of the 

orchard and over time a company was built around it. The company’s mission is to 

refine typically Nordic berries and fruit into products without additives. The company 

strives to use locally grown  fruits and berries for their products(1). 

1.3  Making orange juice at Kiviks Musteri 

The main ingredients when making orange juice at Kiviks Musteri are orange juice 

concentrate and water. The concentrate arrives by truck and is then pumped to a storage 

tank for juices. This storage tank is connected to the mixing station. 

The mixing station for liquid products makes both juice, fruit compots and fruit soups. 

Orange juice is mixed by pumping water from a storage tank into a smaller mixing tank 

using a centrifugal pump. This water is then circulated in a closed system where the 

flow of water is directly below the mixing station. This allows ingredients to be added 

into the circulating water and into the mixing tank. The orange juice concentrate is 

added automatically by a programmable logic controller (PLC) programmable by the 

staff. Juice in the mixing tank is stirred constantly by a propeller at the bottom of the 

mixing tank. More water is then pumped into the mixing tank continuously while the 
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juice is being mixed. Water is added until the juice in the storage tank is consistent with 

the recipe as programmed into the PLC. The product is then mixed for a selected period 

of time. During this time a sample is taken and analyzed for sugar content ,°BRIX, to 

make sure the juice is mixed according to the recipe.°BRIX is defined as one gram of 

sucrose in 100 grams of solution. If the value of °BRIX deviates from the desired value, 

more water or concentrate is added until it is within an acceptable range. After 10-15 

minutes of mixing and an acceptable °BRIX value is obtained, the orange juice is 

pumped to a pasteurisation tube where it is pasteurised. After pasteurisation the juice is 

packaged aseptically and moved into a storage area in the factory from where it then 

leaves the factory. 

1.4 Vitamin C 

Vitamin C (ascorbic acid,AA) is an essential water soluble vitamin filling several 

functions in the human body. Among the most important is its antioxidative activity(2). 

Another important function of ascorbic acid is in the formation of stable collagen tissue. 

Ascorbic acid serves as an electron donor, reducing Fe3+ in the enzymes prolyl 

hydroxylase to Fe2+. This enzyme, by adding hydroxyl groups to the amino acids 

proline and lysine, stabilizes the triple helix structure in collagen and thereby stabilize 

collagen tissue. (3). Stable collagen tissue cannot be formed with a deficiency of 

ascorbic acid. Over time this leads to the disease scurvy (3). By acting as an electron 

donor the ascorbic acid molecule is oxidized. This oxidation is gradual by loss of one 

electron at a time. This occurs at the double bond between carbon 2 and 3 in the 

molecule (4). (See figures 1-3 below.) The first product of this reaction is an ascorbate 

free radical (AFR). This radical is relatively stable due to resonance stabilization(3). 

The ascorbate free radical can then react with itself to form one molecule of dehydro- 

ascorbic acid (DHA) and one molecule of ascorbic acid(5). This reaction consumes 

ascorbic acid quickly however. To avoid loss of ascorbic acid the ascorbate free radical 

can in vivo be reduced enzymatically in the cell cytoplasm (5). The ubiquitous NADPH 

dependent enzyme thioredoxin reductase has beside thioredoxin also been shown to be 

able to reduce the ascorbate free radical (5, 6). It can also be reduced extracellulary by 

plasma membrane redox enzymes using either intracellular NADH or intracellular 

ascorbate in erythrocyte cells(5, 7). If the ascorbate free radical donates it’s second 

electron, dehydroascorbic acid is formed. 
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Figures 1-3. Ascorbic acid, the ascorbate free radical with resonance structures and 

dehydroascorbic acid. The double bond is situated between carbon 2 and 3. 

Dehydroascorbic acid can in vivo be enzymatically reduced back into ascorbic acid. All 

dehydro ascorbic acid is not reduced back into ascorbic acid. Some is hydrolyzed by 

cleavage of the lactone ring into 2,3-diketogulonic acid which is further metabolized 

into xylonite,  xylose, lyxonate and oxalate. These water soluble  end products are then 

eliminated from the human body(3). Ascorbic acid is an essential vitamin since humans 

lack a functional version of the enzyme Gulono-ɣ-lacton oxidase(8). This enzyme forms 

ascorbic acid from glucose in the liver. Since humans cannot synthesize ascorbic acid it 

needs to be included in the diet. 

1.5  Orange juice and ascorbic acid 

Orange juice is one of the most popular sources of ascorbic acid. 100 ml of orange juice 

from Kiviks Musteri contains 38% of the daily recommended intake for an adult(1, 9). 

It has been shown that people who drink orange juice on a regular basis maintains a 

higher concentration of ascorbic acid in blood plasma(10).  

1.6 Ascorbic acid and oxidation 

Ascorbic acid oxidizes over time and it has been shown that the initial oxidation 

happens quickly and is catalyzed by the presence of copper(11). The access to oxygen 

and the concentration of it and hydrogen  ions also effects the speed of the reaction. 

This happens because the reaction forms different amounts of hydrogen peroxide 

depending on the oxygen concentration. 

After some time the speed of the reaction is changed as well, possibly due to a build up 

of hydrogen peroxide(11). In the presence of catalase this is not very relevant as 

catalase quickly transforms hydrogen peroxide into water and oxygen. The enzyme is 

however inactivated after 1 minute at 65°C(12). It should therefore not be present in a 

pasteurised product. The initial oxidation of ascorbic acid appears to be a first order 
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reaction and happens quickly(11) . The amount of sucrose in the product also affects the 

reaction speed and amount of oxidized ascorbic acid(13) 

1.6.1  Sucrose and its effect on ascorbic acid oxidation 

Sucrose is believed to have two effects.  One is that the sucrose molecule inhibits the 

rate of oxidation sterically by reducing the speed of collision between oxygen and 

ascorbic acid. This raises the activation energy of the reaction(13). The second effect is 

that there always are trace amounts of copper in sucrose. As found by Silverblatt et al., 

trace amounts of copper are enough to strongly catalyze the oxidation of ascorbic acid 

(11). However, the effects of copper are reduced if the pH level is decreased to 4.2-5 in 

an acetic acid buffert(13) . The sterical effect of sucrose does not appear to be 

dependent on pH(13). The initial amount of oxygen required to oxidise ascorbic acid in 

the presence and absence of copper is 1 mole O2/mole ascorbic acid(13). 

AA + O2  DHA + H2O2 

 
After about 30 hours the production and subsequent degradation of hydrogen peroxide 

will change the oxygen consumption of the reaction and ½ mole of oxygen will be used 

per mole of oxidized ascorbic acid(13).  

1.6.2  Storage temperature and ascorbic acid 

In a study by Smoot et al, on grapefruit juice with similar pH, °BRIX and ascorbic acid 

content as orange juice the degradation was shown to be both aerobe and anaerobe. The 

breakdown of ascorbic acid was affected by temperature and time(14). The pH-level in 

grapefruit juice was not altered during storage and ascorbic acid was found to be broken 

down by two different reaction pathways according to figure 4 below. 
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Figure 4. The oxidation of ascorbic acid in aerobe and anaerobic environment. The top reaction 

is aerobic. AA is ascorbic acid. DHA is dehydroascorbic acid. DKA is diketo gulonic acid and HF is 

hydroxyfurfural(14). 

 It has been shown that the initial breakdown of ascorbic acid in orange juice is fast, 

aerobic and dependent on residual oxygen originating from packaging(15). After the 

initial aerobic phase the anaerobic breakdown begins. This degradation is considered 

linear with  respect  to time for temperatures up to 22-26.7°C but not for temperatures 

above this(15).  Another separate equation is required for temperatures above 26.7°C 

where the breakdown may be exponential. The temperature dependence of ascorbic acid 

degradation can for temperatures up to 22-27°𝐶 be decribed by the Arrhenius equation. 

𝑘 = 𝐴𝑒−𝐸𝑎/𝑅𝑇(16)  

where k is the rate constant describing the reaction speed. A is the pre-exponential 

factor, determined empirically to describe the relationship between temperature and the 

rate constant. e is a mathematical factor. Ea is the activation energy. R is the gas 

constant and T is the absolute temperature  in Kelvin. The Arrhenius equation can be 

used since the oxidation of ascorbic acid appears to accelerate exponentially at higher 

temperatures. At storage temperatures above 37.8 °C the loss can total more than 3 

times the one where the juice is stored at 22-26.7°C(15).  

1.7 Winkler titration 

Winkler titration has been proven to be a fast and effective method for measuring 

oxygen in water (17, 18).  Manganese sulfate is added to a water sample. Mn(II) ions 

are formed and oxidized by dissolved oxygen, forming Mn(IV) hydroxide. The oxygen 

becomes bound to the Manganese ions. The solution is then acidified yielding Mn(III) 

ions. The Mn(III) ions oxidize iodide ions forming iodine and reduce the Mn(III) ions 

back to Mn(II). The solution is then titrated using thiosulfate. After determining the 

number of Iodine ions by this titration the amount of oxygen molecules can be 

calculated. 
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2 Method 
 
2.1 Materials 
2.1.1 Chemicals 

Orange juice concentrate following AIJN code of practice taken from recent crops. 
 
2.2 Water analysis 

Dissolved oxygen was measured in several ways. Mainly by using the portable WTW 

pH/Oxi 340i instrument from Christian Berner AB equipped with a CellOx 325 DO 

Electrode. It was also measured once using a Micrologger 3650 from Hach company. 

Dissolved oxygen was also measured by Winkler titration using the “Oxygen Test 

Method: titrimetric, acc. To Winkler, with titration pipette MColortest™” kit from 

Merck Millipore. Water was stirred using the Labmixer L5M-A Laboratory Mixer from 

Silverson. pH values were measured by a separate electrode on the WTW pH/Oxi 

instrument. 

2.3 Juice analysis 

The concentration of ascorbic acid was measured using the titration apparatus TIM845 

from Radiometer analytical. The apparatus was preprogrammed for different 

measurements including ascorbic acid. A predetermined amount of sample was placed 

in a 100 ml beaker. Diluted sulphuric acid was added to eliminate traces of tartaric acid 

which could influence the readings of ascorbic acid. Deionized water was added to the 

solution which was then titrated with 1,5% Na2S2O3 and  0.01M I2. °BRIX was 

measured by a RFM80 refractometer from Bellingham and Stanley. The refractometer 

measures sugar content by focusing  light on a drop of juice placed on a glass prism. 

The reflected light is passed through an objective and directed onto a photodiode array 

which translates the amount of measured light into a value for sugar content if calibrated 

to the BRIX scale. 

2.4 Preparation of water 

For preparation of boiled water a 2 l measuring cup was filled with 1 l of tap water 

which was carefully transferred to a beaker. The water was then transferred into a teflon 

coated steel pot and set to boil. When the water started to boil a timer was set and the 

water boiled for either 3 or 5 minutes. After this time a lid was put on the pot and the 

water was cooled in a sink using cold tap water. When the water had cooled 
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measurements were done. Oxygen content was measured by transferring the water into 

a small plastic cup container and manually rotating the electrode in the water. 

For preparation of stirred water a 2 l measuring cup was filled with 1 l of tap water. The 

water was transferred into a beaker. Water was stirred using the silverson L5 labmixer . 

The beaker containing water was placed below the mixing head. The head was lowered 

until completely covered in water. The rotation speed was then gradually increased to 

3500 RPM.  Unless otherwise stated 3500 RPM is the rotations per minute used for 

stirring water with the L5. Water was stirred for either 3 or 5 minutes.  

2.5 Analysis of oxygen content 

The WTW pH/Oxi 340i (WTW) instrument from Christian Berner AB was used to 

measure the amount of dissolved oxygen in the products. The instrument was activated 

and the CellOx 325 DO Electrode was manually lowered into the water sample. It was 

then rotated manually until the value displayed on the instrument stabilized. The same 

procedure was used when measuring pH and temperature with  the WTW. Stirred water 

was analyzed the same way. Calibration of this instrument failed at first. However by 

using the default settings provided by the manufacturer and not attempting to manually 

calibrate it a reading of dissolved oxygen was given by the instrument. A Micrologger 

3650 from Hach company was also available but results from this were significantly 

different from the WTW and were considered unrealistically low. Therefore the 

micrologger was not used for measuring dissolved oxygen. The WTW required stirring 

to give a reliable value. While measuring dissolved oxygen the apparatus was slowly 

moved around in the liquid until the value on the instrument stabilized. 

To determine the reproducibility of dissolved oxygen content in the prepared water a 

series of measurements under identical conditions were made. Water was stirred using 

the Silverson lab mixer for either 3 or 5 minutes. Oxygen content and temperature was 

measured using the WTW directly in the beaker when stirring stopped. Since the 

electrode on the WTW instrument could not be calibrated a new electrode was ordered. 

Unless otherwise stated all measurements of dissolved oxygen were made using the 

older electrode on the apparatus. The reason for this being that most of the 

measurements in the project were made before the new electrode was installed. 
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2.6 Obtaining orange juice from the factory 

Tetra brik edge aseptic packages filled with orange juice mixed from concentrate in the 

factory was obtained from factory workers. The packages were taken from different 

stages of a batch production. Packages were taken at the beginning, middle and the end 

of the packaging period. Ideally this would be 10 minutes after the start, after 50% 

completion  and 10 minutes before the end  of a 4-8 hour batch period. Batch time was 

dependant on the amount of juice produced. As these samples were taken out by the 

factory workers the exact times are unknown. Packages were placed in a cooling area 

next to the mixing station. When analyzing packages were taken to the laboratory, 

opened and immediately analyzed for pH, dissolved oxygen, ascorbic acid and 

temperature. These measurements were made to determine if there were differences in 

the products in the batch dependent on the time it was produced.  

2.7 Making orange juice in the laboratory 

Orange juice concentrate was taken from a storage tank connected to the mixing station 

in the factory. It was immediately put in a cool room next to the mixing station. 

Concentrate was mixed with water according to the recipe for orange juice. 5.6 liters of 

orange juice was made in total this way with tap water and using the silverson L5 

labmixer for mixing. A measuring cup was used to fill the correct and same amount of 

orange juice into each bottle. After filling the bottles a crown cork bottle cap was 

manually attached. In total 15 bottles of orange juice were made and pasteurized by 

heating the bottles submerged in room temperature tap water in a large metallic pot. 

After reaching 82 °C the bottles were turned 5 times. The bottles were then cooled by 

filling cold tap water into the pot. 3 bottles were later mixed using boiled water instead 

of tap water and pasteurised. These bottles of orange juice were mixed at a lower 

rotating speed in the L5, 1500 RPM. They were also mixed for a shorter period of time, 

2 minutes. These precautions were taken to minimize the oxygen content mixed into the 

juice. From the first 15 bottles, 5 bottles were stored in a refrigerator packed in 

aluminium foil. 5 bottles were stored in room temperature in aluminium foil and 5 

bottles were placed in the stress test area. The stress test area was a small room which 

was kept dark. It had a temperature of 38°C for simulation of a longer period of time in 

room temperature. The correlation between temperature and time in this room was 

determined empirically and is used as an industry standard. Storage times and simulated 

effects are described above table 5 in the results section.  5 bottles were needed to 
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simulate one year of storage. pH, temperature, °BRIX, ascorbic acid and dissolved 

oxygen were measured several times over the course of one month. Samples stored 

more than 1 month were analyzed by staff at Kiviks Musteri. 

3 Results 
3.1 Dissolved oxygen in water 
The Cellox 325 DO Electrode fitted on the WTW 340i instrument upon arrival at the 

laboratory could not be calibrated. This gave a high uncertainty of the reliability of the 

measurements. A new electrode was ordered. The new electrode showed a higher value 

than the original. Values were lower with the original electrode. The values obtained 

from the original electrode were however consistent based on the measurements on 

stirred/boiled water done several times per day for several days. 

3.1.1 Stirred water 
To determine if there was a difference in dissolved oxygen between water stirred for 3 

or 5 minutes a series of measurements were made. The results from these are presented 

in table 1 below. The results are very similar. A student t-test using two tails and 

assuming non-equal variance gives a p-value of 0.74. Thus a difference could not be 

seen between the two stirring times. 

Table 1. Measurements, mean values and 95% confidence intervals for water stirred 3 and 5 

minutes. Values with confidence intervals are given in column 2. n=8 for water stirred 3 

minutes. n=5 for water stirred 5 minutes. 

Stirring time Dissolved oxygen (ppm) 

3 minutes 5.0 (4.91 – 5.17) 

5 minutes 5.0 (4.87 – 5.14) 

3.1.2 Boiled water 

After 3 minutes of boiling the amount of dissolved oxygen in the water is significantly 

less than the amount in tap water but there are large individual differences in the 

samples, n=5. The standard deviation was 0.28. After 5 minutes the individual 

differences as well as the mean value were lower, n=6. The standard deviation was 0.08. 

A student t-test using two tails and assuming non-equal variance gives a p-value of 

0.06. There is a low probability that there is not a difference between 3 and 5 minutes of 

boiling. 5 minutes boiling was deemed to be effective enough in removing dissolved 
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oxygen from water. A visual representation of mean values and standard deviations in 

dissolved oxygen for both stirred and boiled water can be seen in figure 5 below. 

 
Figure 5. Differences in dissolved oxygen for tap water boiled and stirred for 3 and 5 minutes. 

Blue bar represents 3 minutes of boiling, Red bar represents 5 minutes of boiling. Green bar 

represents 3 minutes of stirring and purple bar represents 5 minutes of stirring. Error bars 

represent one standard deviation. 

3.1.3 Dissolved oxygen in mixed orange juice from laboratory 

The two measurements of dissolved oxygen made on juice had values of 4.31 and 4.35 

ppm before bottling. Dissolved oxygen content in juice made from boiled water was 1.7 

ppm before bottling, this was a singular measurement. 

3.1.4 Differences in the factory area 

Water samples from measuring points considered important were taken on site and 

analysed using the WTW instrument. This was made to determine the effect of pumping 

water throughout the factory. The untreated ground water had a lower concentration of 

dissolved oxygen than any of the water that had passed the company treatment plant. 

Results can be seen in table 2 below. 
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 Table 2, series of measurements of dissolved oxygen (DO) and temperature readings from 

samples taken over the factory area. The local ground water, taken from water drilling holes 

referred to as “borra” 2,4 and 5 is untreated. 

Origin: DO (ppm) Temperature 
Tap water, laboratory 4.0 20.7 
Mixing tank, wine house 4.3 19.0 
Buffert tank, mixing 4.4 18.7 
Water treatment plant 4.2 19.7 
Borra 2, ground water 1.8 19.1 
Borra 4, ground water 1.7 19.5 
Borra 5, ground water 1.2 19.7 
 
3.1.5 Determination of measuring probe sensitivity. 

The amount of dissolved oxygen in stirred and boiled water were first measured with 

the new electrode and then titrated using the Winkler titration kit in comparison, to 

determine which of the previous measurements were the most accurate. Results can be 

seen in table 3 below. 

Table 3. Comparison of dissolve oxygen content in stirred and boiled water measured with 

both WTW and Winkler titration. 

 WTW  
(ppm) 

Winkler titration 
(ppm) 

Stirred 8.4 7.4 
Boiled 1,9 2.0 
 
Another series of measurements using the Winkler kit was made to determine its 

reproducibility. The titration was performed three times in a row to determine if it gave 

reproducible values. All measurements were made on tap water. Results can be seen in 

table 4 below. 

Table 4. Amount of dissolved oxygen in tap water measured by WTW and WK. Only one 

measurement was made with the WTW for this measurement. 

WTW (New 
electrode, ppm) 

Winkler titration 
(ppm) 

7.7 7.5 
 7.4 
 7.7 
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3.2 Changes in ascorbic acid over time 

Changes in ascorbic acid were measured in samples stored in a stress test room, room 
temperature and refrigeration storage at 5°C. Results from these can be seen in figures 
6-8. 

3.2.1 Stress test 

The results from the measurements of ascorbic acid content in juice stored at 38°C for 

one month are presented in figure 6 below. The loss of ascorbic acid in these samples 

also occurred faster than in samples stored at the other tested temperatures. There is a 

plateau followed by a large decrease in ascorbic acid between days 13 to 20. The orange 

juice with boiled water was taken out after 7 days and was almost identical to the 

sample with tap water in dissolved oxygen content. There is a small increase in pH 

value as the amount of ascorbic acid decreases as can be seen in table 5 below. 

 
Figure 6. Graph showing the changes in ascorbic acid in juice stored according to the 

company’s stress test at 38°C. First sample was taken right after mixing and the final sample 

was taken after 26 days which is supposed to be equivalent to 1 year of storage in room 

temperature. Blue diamonds represent values of ascorbic acid in juice mixed using tap water. 

The red square represents the value from juice mixed using boiled water. 
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Table 5. Full analysis of the orange juice stored at 38°C. According to the stress test 

instructions, 2 days during stress test are the equivalent of 1 months storage at room 

temperature, 7 days are the equivalent of 3,25 months, 13 days are the equivalent of 6 

months, 20 days are the equivalent of 9 months and 26 days are the equivalent of 1 years 

worth of storage. 

 Directly 2 days 7 days 13 days 20 days 26 days 7 days (Boiled 
water) 

pH 3.9 4.0 4.0 4.0 4.0 4.0 4.0 
Dissolved 
oxygen 
(ppm) 

4.3 1.0 1.0 1.9 0.9 0.9 1.3 

Temperature 
(°C) 

18.5  29.8 35.6 29.6 27.2 26.4 

Ascorbic 
acid 
(mg/100g) 

35.6 32.6 31.8 31.4 23.8 22.7 31.5 

°BRIX 10.6 10.6 10.6 10.6 10.6 10.6 10.6 
 
3.2.2  Room temperature 

The results from the measurements of ascorbic acid stored in room temperature are 

presented in figure 7 below. After both one and six months of storage at room 

temperature the amount of ascorbic acid  was below the amount specified on the 

package in all samples (n=4). The samples with boiled water had a slightly higher 

content of ascorbic acid than the ones with tap water.  

 
Figure 7. Graph showing changes in ascorbic acid content in juice stored at room temperature. 

Blue squares represent values of ascorbic acid from tap water. Green triangle represents the 

juice made using boiled water after 5 months of storage and the red square represents the 

juice made using boiled water after 6 months of storage. All samples are single measurements. 
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Table 6, analysis of orange juice stored at room temperature. 

 Directly 1 month 3 months 6 months 6 months 
(boiled 
water) 

5 months 
(Boiled 
water) 

pH 3.9      
Dissolved oxygen 
(ppm) 

4.33 0.92     

Temperature (°C) 18.5 23.6     
Ascorbic acid 
(mg/100g) 

35.6 29.5 24 22 25 28 

°BRIX 10.6 10.6     
 
 

      

3.2.3 Refrigerated storage 

The results from the measurements of ascorbic acid in juice stored in a refrigerator are 

shown in figure 8 below. The rate of oxidation is slower than both storage at room 

temperature and in the stress test. After 1 month of storage in a refrigerator the amount 

of ascorbic acid is still above the value stated on the package. There is a notable 

difference after 6 months of storage when compared to both the other storage tests.  

 
Figure 8. Graph showing the changes in ascorbic acid in juice made from tap water stored in a 

refrigerator after 1 and 6 months.   
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3.2.4 Factory made orange juice  

There appears to be a trend with less dissolved oxygen at the end of the batch 

production than at the start. This trend persisted during the measuring period but does 

not appear to have an effect on the ascorbic acid content. This can be seen in tables 7-9 

and figure 9 below. 

Table 7, Dissolved oxygen, pH and ascorbic acid at selected temperatures and stages of 

production on a batch of factory made orange juice. Packages were taken at the beginning, 

middle and the end of the packaging period. Ideally this would be 10 minutes after the start, 

after 50% completion and 10 minutes before the end of the 4-8 hour batch period. Batch time 

was dependant on the amount of juice produced, this batch took six hours. As these samples 

were taken out by the factory workers the exact times are unknown. Samples were run twice 

and values shown are average values. 

 start middle end 
pH 3.97 4.0 4.0 
Ascorbic acid 
(mg/100g) 

35.2 34.4 34.1 

Dissolved oxygen 
(ppm) 

1.3 0.9 0.8 

Temperature (°C) 10.6 10.6 14.2 
Table 8, Dissolved oxygen, pH and ascorbic acid at selected stages of batch production on 

factory made orange juice after one week of storage. 

 Start Middle End 
pH 4.0 4.0 4,0 
Ascorbic acid 
(mg/100g) 

32.5 33.5 32.5 

Dissolved oxygen 
(ppm) 

1.0 0.8 0.7 

Temperature (°C) 9.4 11.9 14.1 
 
Table 9, Dissolved oxygen, pH and ascorbic acid at stages of batch production on factory made 

orange juice after two weeks of storage. 

 Start Middle End 
pH 4.0 4.0 4.0 
Ascorbic acid 
(mg/100g) 

32.6 31.4 31.8 

Dissolved oxygen 
(ppm) 

1.2 1.1 1.4 

Temperature (°C) 9.4 9.0 11.2 
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Figure 9. Concentrations of ascorbic acid over time in orange juice made in Kiviks Musteri and 

stored in a refrigerator. Blue diamonds are samples taken at the start of a batch production.  

Red squares represent samples after half the batch is completed. Green triangles represent 

samples taken from the end of the batch. 

 
4  Discussion 
4.1  Measurement of dissolved oxygen 

As there were two different measuring methods for dissolved oxygen which gave very 

different values there was no way to know which was correct at the beginning of the 

project. This changed with the arrival of the winkler titration kit and the new electrode 

for the WTW. Both of these showed the same approximate value. This was assumed to 

be correct. However there had already been a number of measurements done on stored 

samples. A decision was made to keep using the old electrode for the remainder of the 

samples. Because the aim was to measure ascorbic acid over time in different 

temperatures and with different amounts of dissolved oxygen the relative value of 

dissolved oxygen was considered more important than the absolute value. 

4.2 Dissolved oxygen in stirred water 

The results from mixing showed a larger amount of dissolved oxygen in the stirred 

water than in tap water. Stirring water for three minutes appears to be as effective as 

stirring for five minutes. When comparing stirred water to mixed orange juice there 
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were not any large differences in dissolved oxygen. This indicates that the mixing of the 

juice adds dissolved oxygen almost equivalent to stirring the water separately. The use 

of stirred water in stored bottles in the laboratory experiments was discarded because of 

this. 

4.3 Dissolved oxygen in boiled water 

Boiling water for 3 minutes  reduced dissolved oxygen from 5 ppm to 1.3 ppm 

compared to tap water. Boiling water for another two minutes reduced dissolved oxygen 

further to 1.0 ppm. There was a clear difference in dissolved oxygen between juice 

mixed with this water at a lower rotation speed in the L5M-A lab mixer compared to 

juice mixed with tap water at a higher rotation speed and longer time. 

4.4 Juice stored in the stress test area 

The results from the measurements of the samples stored at 38°C showed the largest 

decrease in ascorbic acid of the measured temperatures. These results are  similar to 

those from the work of Smoot & Nagy(15) where they showed that increased 

temperature leads to increased oxidation of ascorbic acid. This however does not 

explain the plateau after two weeks followed by the large decrease during the third 

week. One explanation could be that anaerobic oxidation started after two weeks and 

that increased temperature affects the anaerobic oxidation more than aerobic. It could 

also be a result of measuring errors, more samples would be needed to confirm if the 

breakdown first stalls then falls abruptly. There is a small increase in pH value over 

time, this change is very small however and Silverblatt et al (11) showed that higher pH 

values could lead to a slower reaction. The sample with boiled water was analyzed after 

1 week due to time limitations of the project. The projected maximum time for 

measurements was 3 months. After one week the amount of ascorbic acid in the juice 

mixed with boiled water is almost identical to juice mixed with tap water. Even with the 

higher temperature there does not appear to be a difference in ascorbic acid oxidation 

after one week between juice mixed using boiled water and juice mixed using tap water. 

Using boiling to lower the amount of oxygen in the water used to mix orange juice does 

not appear to have any impact on juice stored at 38°C in a time period of 1 week. 

Comparing the data from juice stored in the stress test area with juice stored in room 

temperature suggests that the stress test model is not entirely correct for orange juice. 

After 13 days, the equivalent of six months in room temperature according to the stress 
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test model there were 31,4 mg/l ascorbic acid in the stress test room. After six months 

of storage in room temperature there were 22 mg/l ascorbic acid in that juice. These 

results are however based on single measurements and more samples would be needed 

to confirm this. The result could be because the loss of ascorbic acid at higher 

temperatures appears to follow an exponential function and storage at lower temperature 

appear to follow a linear (15).  

4.5 Juice stored at room temperature  

The results from the measurements of the samples stored at room temperature showed a 

decrease in ascorbic acid over time. The temperature in this room was not above 27°C 

and the degradation of ascorbic acid should therefore according to Smoot and Nagy(15) 

be linear. After 5 and 6 months of storage both samples with boiled water contained  

larger amounts of ascorbic acid than the stored samples which had been mixed with tap 

water as seen in figure 7. After six months there was 14% more ascorbic acid in the 

juice mixed using boiled water than in the juice mixed using tap water. This suggests 

that boiling the water before mixing it with orange juice concentrate decreases the rate 

of oxidation in bottled juice. 

4.6 Juice stored in refrigerator 

The results from the measurements of the samples stored in the company’s refrigerator 

at 5°C showed the least oxidation of ascorbic acid. These were also the only samples 

with ascorbic acid content above the 30 mg/100 ml stated on the package after one 

month of storage. These results confirm that the ascorbic acid content in orange juice 

from Kiviks Musteri stored for 1 month in a refrigerator appears be at or higher than the 

value stated on the package.  

5 Conclusion 
The results from this study indicate that temperature does have a profound effect on the 

oxidation rate of ascorbic acid in orange juice. Higher temperature leads to a larger loss 

of ascorbic acid in orange juice. Removing dissolved oxygen by boiling the water used 

for making the juice appears to decrease the loss of ascorbic acid in room temperature.. 

Judging by the result of the stress test there is a larger loss of ascorbic acid in orange 

juice stored at a higher temperature for time periods over 20 days. This does not appear 

to happen in the first week when stored at 38°C though.  Since an increase in 

19 



  
 

temperature does not increase the rate of oxidation linearly a larger test could be used to 

collect more reliable data. This new data could then possibly be used to fit a polynomial 

expression to the breakdown mechanism at 38°C and further understand the loss of 

ascorbic acid as a function of time in orange juice from Kiviks Musteri and thereby 

improve the stress test model. The results from this laboratory scale pilot project would 

be a challenge to introduce into the factory. Removing dissolved oxygen from product 

water on an industrial scale would be possible. However there is a large probability that 

mixing a product using water with less oxygen content would reintroduce more oxygen 

into the product. The solution could be new equipment which adds less oxygen while 

mixing. It is however debatable if a small decrease in the oxidation of ascorbic acid 

would be worth such an investment.  
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