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Figure 3. Image of strawberry tissue not treated with carbon dioxide 

Image generated using scanning electron microscopy (SEM) showing smoother texture of fruit tissue and intact juice 

in the product (Harker et al., 2000). This treatment, in contrast with the CO2 treated product, was reported to be 

softer in texture. 

Figure 2 illustrates tissue from the CO2-treated fruit, and Figure 3 illustrates the tissue 

from the untreated fruit. Harker et al. commented that there was more juice present on the 

surface of the CO2-treated sample that the surface of the untreated samples. The researchers 

further discuss how soluble pectin in the fruit contributes most to texture and how the presence 

of juice on the surface may allow for more pectin-to-pectin interaction creating a pseudo gel 

structure. It is hypothesized that this may be responsible for the perceived increase in firmness of 

the fruit. Lastly, they observed that the effects of CO2 treatment were not reversible after the 

treated fruit samples were removed and stored in ambient conditions. The results of this study 
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support that CO2 treatment could be used as a processing treatment rather than a storage 

condition due to how the change in texture continues to be seen after a change in storage 

conditions.  

Watkins et al. in 1999 ran a similar experiment, but rather than controlling for different 

gas ratios, researchers pressurized the gas to different levels up to 3 PSI. They observed the best 

texture preservation at the highest pressure but did not test for pressures above that level. An 

additional variable that Watkins et al. explored was the impact that CO2 treatments had on the 

texture of different strawberry cultivars. Figure 4 demonstrates that of the seven cultivars tested, 

four were firmer in texture after exposure to CO2 when compared to untreated cultivars. The 

other three cultivars were not significantly different. The researchers hypothesized that this was 

also due to the amount of water soluble pectin found in the different cultivars of fruit. The 

cultivars containing more pectin were measured to be firmer in texture. The researchers did not 

report a point of failure at which the tissue of the strawberry was compromised. However, given 

the delicate texture of strawberries, it can be postulated that little pressure would be required to 

damage the structural integrity. In summary, pressurized CO2 may contribute to an increase in 

firmness of certain cultivars of strawberry, but too much pressure may damage the tissue of the 

product.  
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Figure 4. Strawberry cultivar texture after CO2 exposure 

Different cultivars of strawberries exposed to CO2 treatments of 3 PSI for 7 days. Not all cultivars showed 

improvements to texture. Some cultivars exhibited no change in firmness while others became softer (Watkins et al., 

1999).  
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Another condition that influences the texture of a product when CO2 is applied is the rate 

of decompression after the headspace has been pressurized. Researchers found that when 

considering the impact that CO2 has on both the texture and the microbial lethality in a food 

product, it is difficult to optimize the conditions where both can be favorably observed. After a 

product has been pressurized, rapid decompression when compared to controlled decompression 

of the gas will have the greatest impact on microbial lethality. However, rapid decompression 

proved to be the most detrimental to texture (Garcia et al., 2007). This is due to the amount of 

stress that is introduced to the tissue of the product. 

Applications of Carbon Dioxide in Other Food Products 

In recent years, carbon dioxide has been found to be useful in a variety of new food 

applications in addition to the traditional applications of CO2. New food applications include 

vegetables, various fruits, grains, seeds, and cocoa powders (Ferrentino and Spilmbergo, 2011). 

Other products investigated have been in applications such as the carbonation of frozen yogurt 

(Ogden et al., 2002) and drinkable fermented dairy-based products (Ravindra et al., 2014a). This 

interest in researching new applications has translated into the consumer market with an 

increased popularity in carbonated products. One example of a consumer product was the release 

of carbonated grapes (Espenshade et al., 2007). The objective of this product was to help 

children eat more fruit while simultaneously being fun to eat.  

With all the different product applications for carbonation, a lot of interest has been seen 

for yogurt-based applications. Research has been conducted to capture the appeal to consumers 

via sensory testing to understand how such products would be accepted (Chio and Kosikowski, 

1985). A study presented by Chio and Kosikowski postulated that sweetened products make the 
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carbonation preferable due to the “refreshing” flavor profiles that the carbonic acid brings to the 

overall flavor profile of the products. Researchers that looked at sensory evaluation of dairy-

based carbonated beverages found that the carbonation process improved the flavor, sweetness, 

and overall rating of the product (Yau et al., 1989). Looking specifically into strawberry yogurt, 

the effects of carbonation showed no difference in consumer acceptability, with both carbonated 

and non-carbonated samples receiving similar hedonic scores (Karagul-Yuceer et al., 1999). The 

results of these studies are encouraging for the potential use of carbon dioxide as a treatment, 

given that it does not negatively impact the sensory acceptance of the product.  

Lastly, the use and level of carbonation in non-fermented drinkable milk products has 

been researched (Lederer et al., 1991). In this study, descriptive analysis was conducted using 

trained panelists, and it was concluded that the more carbonation that a product had, the more 

difficult it was to pick up on other flavors present. Lederer et al. postulates that this is due to the 

way that milk proteins interact with taste receptors and weaken the response to bitter flavors. The 

increased carbonation was perceived on a tactile level and contributed to the overall perception 

of the flavored milk product, while the increased bitterness from carbonic acid was not observed.  

Changes to the level of carbonation in a product were another area of interest for 

maximizing either flavor or sensory experience. To determine the maximum level of carbon 

dioxide a product can hold, researchers have investigated the solutes present in acidified 

drinkable milk products and how the solutes contribute to retention of CO2 (Barnes et al., 1992). 

The study found that an increase in the solute concentration had a measurable difference in the 

amount of CO2 present with less free water in a system allowing for greater levels of CO2. 
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Additionally, solutes that contributed to a buffer system in an acidified drinkable milk product 

further improved the amount of CO2 a product was able to contain due to the stable pH. 

Carbon Dioxide and Strawberries  

Strawberries and strawberry-flavored products have been considered as a potential 

product to be treated with carbon dioxide. Reasons for this include the new sensory attributes 

that the fruit will take on and the potential for improved shelf life. As previously stated, the 

texture of strawberries can be perceived as firmer due to how juice is expelled from the cells 

after exposure to carbon dioxide (Harker et al., 2000). However, when looking across different 

varieties of strawberries, the results differ (Watkins et al., 1999). Watkins et al. further stated that 

some varieties of strawberries are firmer after carbon dioxide treatments, while other cultivars 

will exhibit negative effects due to carbon dioxide.  

Not only are textural differences shown, but changes in phenolic levels and enzyme 

activity are observed as well after exposure to CO2 (Heimler et al., 2017). Once a strawberry has 

been processed, it is important to retain as much polyphenol and antioxidant activity as possible 

to ensure a long shelf life (Aaby et al., 2007). It has also been reported that the soil conditions in 

which the plant is grown as well as proper treatment of the product during processing have a 

significant impact on phenolic and antioxidant levels (Heimler et al., 2017). Heimler et al. 

highlighted the significant impact that the soil conditions will have on the final product 

concerning phenolic and antioxidant levels. Researchers also found that farming practices had 

little to no impact on these factors. In conjunction with farming/handling practices, researchers 

highlighted an additional parameter to consider, the effects that different processing conditions 

(such as temperature and light exposure) would have on a strawberry puree. (Gossinger et al., 
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2009). The relevant finds from that study indicated that the color of the strawberry puree was 

significantly influenced by different storage conditions and treatments. Gossinger et al. found 

that both a reduction in pH to two and colder storage temperatures of 4°C were able to preserve 

the color and give the puree a shelf life of twelve months without the need for preservatives. 

However, the freezing of the purees did not preserve the structural integrity of the product. Given 

these observations of shelf life and color, the next step is to understand the effect of carbon 

dioxide treatments on the color and texture of strawberry products.   
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MANUSCRIPT 

Introduction 

Carbon dioxide is a versatile gas that impacts both the food industry and its consumers. 

For example, CO2 is most commonly used to carbonate beverages due to the unique sensory 

properties that the gas imparts to the beverage (Ferrentino and Spilmbergo, 2011). These unique 

sensory properties have been the source of novel product ideas that have been introduced at the 

consumer level. One example of this was a carbonated grape product introduction that was 

intended to make eating fruit a unique experience for children and improve fruit consumption 

(Espenshade et al., 2007). The sound of opening a carbonated product and its “fizzy” mouthfeel 

is what makes a carbonated beverage so unique and easily identifiable for consumers. For food 

industry related applications, carbon dioxide can be used to flush the headspace of meat products 

to help preserve the red color before the consumer opens the product for the first time (Ferrentino 

and Spilmbergo, 2011). In research, the use of carbon dioxide has been shown to exhibit 

antimicrobial properties with significant effectiveness in reducing bacterial and fungal growth. 

The antimicrobial effects that CO2 has on products can improve the shelf life of said products, 

and thus the use of CO2 as a treatment for food products is a growing area of research.  

When using carbon dioxide, the type of product chosen has a significant impact on how 

effective the gas is in extending the shelf life of the product. The mechanism required for CO2 to 

exhibit antimicrobial properties is dependent upon the conversion of carbon dioxide to carbonic 

acid in the presence of water (Garcia-Gonzalez et al., 2007). The presence of carbonic acid with 

dissolved carbon dioxide gas is what generates the iconic “fizzy” sensation when carbonated 

beverages are consumed. A correlation can be drawn between the amount of water a product has 
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and the amount of carbon dioxide and carbonic acid present in a product. When solid foods such 

as fruit are carbonated, the level of perceived effervescence of the food is more difficult to detect 

when compared to beverages, because less gas can dissolve into the product (Yau et al., 1989). In 

addition to the level of effervescence of a product, the more carbon dioxide gas that can be 

dissolved into the product, the more significant the antimicrobial properties. This results in the 

use of pressurized gas to aid in the introduction of carbon dioxide into a food matrix. The 

pressurized gas can bypass cell walls and enter the cytoplasm resulting in a greater impact on the 

viability of microorganisms (Garcia-Gonzalez et al., 2007).  

In this study, strawberry fruit prep was selected due to findings from previous research 

and current trends in the food industry. Strawberry fruit prep is a sweet and viscous mixture of 

fruit, sugar, water, and other ingredients similar in composition and flavor to strawberry jam. The 

fruit prep is mixed with plain yogurt prior to packaging to create the final flavored yogurt that 

consumers purchase. Researchers have found that strawberries treated with CO2 are firmer in 

texture which is a desirable trait for fruit pieces mixed in yogurt. Combined with the 

understanding that CO2 can extend shelf life, the selection of strawberry fruit prep is relevant to 

both the food industry and its consumers (Karagul-Yuceer et al., 1999).  

Yogurt is a healthy product, but recently there has been shift driven by consumers to 

cleaner-labeled products, which includes the desire to remove preservatives and artificial 

ingredients (Ferrentino and Spilmbergo, 2011). The use of preservatives has contributed greatly 

to improvements in food safety and quality to feed the growing population. The removal of 

preservatives would drastically increase the risk of foodborne illness if the proper safety 

measures are not taken. Given the potential antimicrobial properties that carbon dioxide 
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provides, it is hypothesized that a CO2 treatment would allow for the removal of antimicrobial 

ingredients while maintaining a shelf life similar to a product with preservatives. Strawberry 

yogurt is a popular flavor, and the fruit prep that goes into yogurt can include a commonly used 

industry antimicrobial agent, potassium sorbate.  Each yogurt manufacturer will use a different 

method for addition of potassium sorbate due to trade secrets that manufactures may have 

regarding how they produce their respective yogurt. The purpose of this study was to observe the 

potential effects that a carbon dioxide treatment would have on the microbial levels, shelf life, 

and sensory attributes of a strawberry fruit prep. Methods were selected from a combination of 

methods found in the literature, available equipment, and preliminary research conducted.  

Materials and Methods 

Fruit prep samples were prepared from fresh strawberries purchased from a local 

supermarket and processed into fruit prep using good manufacturing practices. The fruit prep 

was homogenized and then randomly divided into five different treatment groups: a control 

group, a thermal treatment, and CO2 treatments of 5, 15, and 25 PSI. Samples of fruit prep were 

prepared with a provided formulation in which the potassium sorbate had been removed. The 

fruit prep was stored in refrigerated conditions in sealed containers. Sensory evaluation of the 

fruit prep was conducted at week one of the study in order to gather consumer insight regarding 

the different treatments applied. The samples were prepared by mixing the fruit prep with plain 

yogurt. Separate samples were also evaluated for microbial growth, color, pH, and texture. These 

attributes were monitored to determine the effects that the carbon dioxide treatment had on the 

fruit prep.  
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Preparation of Fruit Prep 

Berries were purchased from a local supermarket, and the grower was contacted for 

variety and pick date. The grower confirmed that the variety was Monteverde, which is part of 

the Cavendish cultivar, and that the strawberries were picked on the same day and from the same 

farm in Watsonville, CA. Once purchased, the strawberries were washed with water and a mild 

detergent. After washing, the stems were removed and approximately 450 g portions of berries 

were drained on a number 32 sieve for two minutes. The fruit prep was comprised of two 

different phases. The first phase is a stabilizer phase containing activated pectin, sugar, and 

water. The second phase was a fruit phase that contained additional sugar, sodium citrate, 

calcium chloride, and citric acid. As the strawberries dried on the sieve, the pectin phase of the 

fruit prep was prepared. The strawberry phase was then prepared in the same bowl. Once the two 

phases of the fruit prep had been separately prepared they were combined using a Thermomix 

TM5 (Thermomix, Thousand Oaks, CA). 

The pectin phase was prepared by first mixing 16.2 g of Grindsted Pectin YF 357 

(DuPont, Wilmington, DE) and 101.25 g of sugar to prevent the pectin from creating a lumpy 

texture. This mixture was then added to 222.75 g of filtered water. Next, the solution was heated 

to 85°C with a mixing speed of 3 in the Thermomix with a butterfly whisk TM5 attachment 

(Thermomix, Thousand Oaks, CA). The pectin phase was held at 85°C for 3 minutes with 

constant stirring and then the pectin phase was removed from the bowl of the Thermomix to 

cool. The material of design for the Thermomix mixing bowl allowed for rapid cooling of the 

mixing bowl so little to no thermal shock was introduced to the strawberry phase during 

preparation.  
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The strawberry phase was then prepared in the same bowl of the Thermomix. To prepare 

the strawberry phase, 1012.5 g of whole strawberries were mixed with 490.05 g of sugar, 4.05 g 

sodium citrate, 2.01 g calcium chloride, and 8.1 g of citric acid. Like the pectin phase, the 

sodium citrate, calcium chloride, and citric acid were dry mixed with the sugar before addition to 

the strawberries to allow for even dispersal. The entire mixture was mixed in the Thermomix on 

a reverse setting at mixing speed setting number three for three minutes. The reverse mixing 

direction allowed the blunt side of the mixing blades to give the overall fruit prep a rough chop 

rather than a smooth blend to keep the integrity of the fruit pieces.  

After the three minutes of mixing, the pectin phase was added to the fruit phase and the 

mixing speed was reduced from three to two. The reverse direction of the blade was still used, 

and the entire mixture was stirred together for 5 minutes. In total, the fruit prep was made in 

2025 g batches and the overall fruit prep was formulated to a pH of 3.43, a Aw of 0.961, and a 

brix of 35.6. See Appendix A for a table of ingredients and their respective levels of use. 

Once individual batches were prepared, they were added to a clean mixing vat, and the 

total mixture was manually mixed for 15 minutes to ensure homogeneity. The mixture was 

stored overnight in the sealed mixing vat to allow the mixture to cool. The temperature of the 

fruit prep was 3.5°C before the mixture was divided into the individual treatments.  

The thermally processed treatment was heated to 85°C in the Thermomix on the reverse 

mixing direction on speed setting 1.5 and the temperature was verified with a thermocouple. 

Once the desired temperature had been achieved, the mixture was held at that temperature for 5 

minutes and then cooled to 3.5°C over the course of 1.5 hours using an ice bath. Once cooled, 

the thermal treatment was poured into storage containers. All treatments were individually stored 



23 

 

in cleaned 3.5 oz polypropylene cups with polypropylene snap-on lids (Gygi Company, South 

Salt Lake, UT). 

The three carbon dioxide treatments were each processed in a Cornelius Keg style beer 

keg (Beverage Factory, San Diego, CA). Once the sample was in the canister, CO2 was steeped 

through the fruit prep for 5 minutes at 5 PSI to evacuate oxygen from the headspace of the 

canister. The canisters were then sealed and pressurized to the treatment pressures of 5, 15, and 

25 PSI. Next, the canisters were stored for three hours at refrigeration temperatures (2–3°C) and 

poured into storage containers.  

Experimental Design 

Fruit prep treatments were prepared from one homogenous mixture of fruit prep and 

randomly divided into five different treatment groups. The first was a control group with no 

treatment method prescribed to the samples. The second group was a thermally processed group 

with the fruit prep heated to 85°C and held at that temperature with slow agitation for 5 minutes 

then cooled to 3.5°C using an ice bath over the course of an hour and a half. The remaining three 

treatment groups were CO2 treatments at different pressures of CO2. The CO2 treatments were 

flushed with CO2 for five minutes to evacuate the oxygen prior to pressurization. The canisters 

were the pressurized to their respective pressures of 5, 15, and 25 PSI, and held at that pressure 

for 3 hours at 3°C. Temperature and pressure were monitored throughout the duration of the 

three-hour period. Once each treatment was complete, the fruit prep was weighed into 240 g 

portions and stored in clean one-time use 3.5 oz plastic containers with snap-on lids to ensure 

that samples were not contaminated during storage. Each sample was labeled with a three-digit 

blinding code and stored under refrigerated conditions. Sample order was randomized each week 
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and the individuals performing the testing were not aware of the treatment given to each sample. 

Each of the five treatment methods were further separated into three sample groups resulting in a 

total of 15 samples measured each week. 

Statistical Analysis  

The 15 fruit prep samples that went into the five different treatments were randomly 

selected and placed in storage containers with three-digit blinding codes until testing. Microbial 

samples were tested with a serial dilution out to 1:100. Color and pH samples were tested in 

triplicate and the averages were taken. Texture samples were the most invasive test performed, 

thus each sample was only tested once. One hundred panelists were screened and recruited from 

the Brigham Young University Sensory Lab database. Microbial counts, pH, and color values 

were analyzed using a pairwise comparison test with a pseudo-Bonferroni correction at a 99% 

confidence level and an alpha set at 0.01. Sensory data was analyzed using a Tukey’s HSD test 

for significance at a 95% confidence level and an alpha set at 0.05. All statistical tests were 

performed on the statistical software SAS JMP 14 (SAS, Cary, NC) provided by the BYU 

Department of Statistics.  

Enumeration of Microorganisms 

Before testing for other changes in the samples, a sample was taken from each of the 15 

sample cups for microbial testing. Each container was aseptically opened, and the contents were 

stirred for five seconds to ensure homogeneity. A 25 g sample was removed each container and 

placed into a sterile homogenizer bag. 225 g of 0.1% sterile peptone broth was then added to the 

bag and the contents were further homogenized with a paddle mixer for 60 seconds. A 1 ml 
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portion was plated onto 3M APC film and 3M Y/M respectively (3M, Maplewood, MN). The 

APC film was incubated at 38°C for 48 hours, and the Y/M film was incubated at 24°C for 72 

hours followed by enumeration of colony-forming units.  

Preparation of Samples for Color and pH Testing 

The 15 samples were removed from storage and allowed to warm to room temperature 

before color and pH determinations. The order of testing of the samples was randomized to avoid 

bias and the colorimeter and pH meter were calibrated as needed. A Hunter colorimeter (Hunter 

Lab, Reston, VA) was used to determine L* a* and b* color values. The sample was placed in a 

clean sample container for measuring color. Once the colorimeter had been calibrated according 

to the manufacturer’s directions, readings were taken in triplicate and the averages were 

recorded. The sample cup containing the fruit prep was rotated approximately 120 degrees 

between readings. Special care was taken to ensure that no air bubbles were present at the bottom 

of the sample during determinations to ensure accurate readings. In a few instances, some 

condensation was found on the sides of the container, and it was immediately wiped off.  

For pH determinations, a Five EasyTM Plus pH meter (Metler Toledo, Columbus, OH) 

was used and calibrated as needed using pH 4 and pH 7 buffers. During calibrations, a minimum 

slope of 96 was allowed. This model of pH meter accounts for temperature differences given the 

product being tested does not change. With that in mind, the samples warmed up to room 

temperature before pH determinations were taken and it was determined that small changes in 

temperature did not negatively affect the results. 
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Preparation of Samples for Analysis of Texture 

A TA-XT2 texture analyzer fitted with a TA-65A multi-puncture probe (Stable Micro 

Systems, Surrey, United Kingdom) attachment was used to measure the firmness of the fruit 

pieces and gel mixture after the five different treatments were applied and to record any changes 

that occurred during storage. The TA-XT2 was set to measure the fruit prep to a depth of 50 mm, 

and the probe moved at a rate of 5 mm/second. The instrument was calibrated as needed. Each 

sample was measured immediately after removal from the storage refrigerator and the 

measurement was taken as close to 3°C as possible. Due to the invasive nature of the testing, 

each sample was only tested once. 

Preparation of Samples for Sensory Analysis 

Strawberry fruit prep by itself is very sweet and is designed to be mixed into plain yogurt. 

Sensory analysis on the fruit prep by itself would have produced biased results and would not 

have been representative of how the product is used by consumers. For sensory analysis, each 

treatment of fruit prep was mixed into yogurt at a concentration representative of commercial 

strawberry yogurt. Containers of plain yogurt were purchased at a local grocery store and the 

fruit prep was added the morning of the sensory panel to produce strawberry flavored yogurt. 

The fruit prep was whisked into the plain yogurt at a level of 31% total formula by weight for 5 

minutes in 5000 g batches to ensure that the fruit prep was properly incorporated into the plain 

yogurt. Once the smaller batches were prepared, they were combined into one large container 

and mixed for an additional 10 minutes. Each of the five treatments were allowed to set in the 

refrigerator for four hours before the sensory panel took place. Panelists were recruited from the 
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BYU Sensory Lab database and were screened to ensure that their preferences would align with 

consumers who consume strawberry yogurt on a regular basis. One hundred total panelists were 

recruited from different age demographics with equal gender representation between men and 

women. All panelists were served the strawberry yogurt samples side-by-side, but the order in 

which the samples were presented to the panelist was randomized. Each sample was assigned a 

three-digit blinding code so as not to bias the panelists into inaccurately favoring one sample 

over another. Samples were ranked on both a seven-point hedonic scale and a five point just 

about right (JAR) scale. The sensory analysis was conducted at the BYU Sensory Lab. 

Results & Discussion 

Throughout the study, in addition to the response variables, the overall visual appearance 

of the fruit prep samples was monitored. It was observed that visible spoilage occurred on the 

non-thermally treated samples before the thermally treated samples showed any signs of visible 

spoilage. The samples appeared to have a white mold growing on the surface of the product and 

black spots forming around the edges. Visible spoilage indicated that the fruit prep had reached 

the end of its shelf life and would not be consumable at that point. This was the first indication of 

the effectiveness of the thermal treatment compared to the CO2 treatments.  

Aerobic Plate Count, Yeast, and Mold Results 

Visible spoilage on the samples (except for the thermal treatment) was observed at the 

week five determination. This was sooner than anticipated and did not align with the findings of 

Gossinger et al. (2009), which stated that the product should last over a year after CO2 treatment. 

While the products studied by Gossinger et al. are similar to fruit prep, differences in the fruit 
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prep formulation may be the reason for the difference in shelf life. The thermal treatment had 

significantly lower plate counts compared to the other treatments after week two determinations 

with a p-value of <0.001. Figure 5 shows the differences in plate counts between the treatments. 

It was observed that the thermal treatment had an average of 22 fewer colonies than the other 

treatments. Over time, the thermal treatment was significantly different from certain treatments. 

At week five, the thermal treatment had a significantly lower plate count than the 25 PSI 

treatment and the control treatment (p=0.02). At week six, the thermal treatment had a 

significantly lower plate count than the control treatment (p=0.048). 

 

Figure 5. Average recorded aerobic plate count colonies 

Thermal treatment had significantly lower plate counts at weeks 2 and 3 when compared to all other samples. At 

weeks five the thermal treatment had significantly lower plate counts than the 25 PSI and control treatments, and in 

week six the thermal treatment was significantly lower in plate counts than the control group. Values shown with 

pseudo-Bonferroni corrected 95% confidence intervals with p=0.048, n=90.  
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Concerning yeast and mold results, the thermal treatment inactivated all spores and plate 

counts were recorded as zero throughout the duration of the study. It is important to note that 

with recorded values of zero, the thermal data was not incorporated into the statistical analysis 

but is shown in Figures 6 and 7. The data shows that the thermal treatment was more effective at 

inactivating yeast and mold spores and the potential to form colonies on their respective plates. 

Comparing the yeast and mold results across the other treatments, there were no results that were 

statistically significant over time. Figures 6 and 7 show enumeration of the yeast and mold 

colonies. The 15 PSI and control treatments showed higher plate counts, but this was not 

statistically significant with p-values of 0.5735 and 0.2529 respectively. Additionally, it was 

observed that the yeast and mold colonies grew over time, indicating that the microorganisms 

were replicating, but not at the same rate that would indicate visible growth. It was hypothesized 

that more recorded growth would be necessary before visible growth could be seen. Next steps 

would be to conduct additional studies to determine if the matrix of the fruit prep impacts the 

ability to enumerate.  
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Figure 6. Average recorded yeast colonies 

Thermal treatment was recorded at zero CFU/g throughout the duration of the study. At week six, the 15 PSI 

treatment was higher than the other treatments. The thermal data is shown, but was not included in the analysis 

given its value of zero. Values shown with pseudo-Bonferroni corrected 95% confidence intervals with p=0.5735, 

n=90.  

 

Figure 7. Average recorded mold colonies 

Thermal treatment was recorded at zero CFU/g throughout the duration of the study. There was a general increase in 

the levels of mold throughout the study indicating growth. Week five is when visible spoilage was observed on all 

the samples except for the thermal treatment. The thermal data is shown, but was not included in the analysis given 

its value of zero. Values shown with pseudo-Bonferroni corrected 95% confidence intervals with p=0.2529, n=90.  
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pH Testing Results 

Over time, results from measuring the pH of the fruit prep showed that the pH of the 

thermal treatment increased slightly, while the other treatments decreased in pH. The decrease in 

pH indicates that there is microbial spoilage occurring within the products as they age. As 

bacteria reproduce, lactic acid is one of the byproducts and will lead to a decrease in pH 

(Ferrentino and Spilmbergo, 2011). When the samples were treated with CO2, there was an 

expectation that by the addition of carbonic acid would decrease the pH of the fruit prep. The 

fruit prep was formulated to a pH of 3.43 and the initial pH after treatment was 3.33 at 25 PSI, 

3.32 at 15 PSI, and 3.30 at 5 PSI. The reason for such a small change in pH after treatment with 

CO2 is a possible combination of two factors. The first factor is that the pH of the system is 

already low so the presence of a weak acid such as carbonic acid or bicarbonate will only 

contribute minimally to a change in pH (Garcia-Gonzales et al., 2007). If the initial pH of the 

fruit prep were higher, a greater change in pH after the CO2 treatment may have been observed. 

The second factor that may explain the small change in pH is a result of the formulation of the 

product. The inclusion of sodium citrate and citric acid in the formulation created a buffer system 

due to how the weak acid reacted with its conjugate salt. The presence of the buffer system is 

critical in maintaining product attributes throughout the shelf life but would decrease the 

sensitivity to changes in pH by the addition of CO2 or bacterial proliferation. Despite these 

factors, the pH of the thermal treatment was significantly higher than the rest of the treatments in 

weeks five and six of the study with a p-value <0.01 (see Figure 8). 
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Figure 8. Average recorded pH of samples 

The thermal treatment had a significantly higher pH in weeks 5 and 6 of the study. The general decrease in pH in the 

other samples indicates growth of microorganisms. Values shown with pseudo-Bonferroni corrected 95% 

confidence intervals with p=<0.01, n=90.  

Color Measurement Results  

 Color determinations are produced using three scales of measurement: L*, a*, and b*, 

which measure light to dark, red to green, and blue to yellow respectively. Looking at the L* 

values for the different treatments, the thermal treatment was consistently lighter than the other 

groups week to week with an average difference of 4.504. Concerning a* values, the thermal 

group and the control group were significantly redder than the carbonation treatments. The 

average difference in a* for the thermal group was 3.387, while the average difference for the 

control group was 2.57. Lastly, regarding the b* color values, the thermal treatment was 

significantly more yellow than the rest of the treatments with an average difference of 3.86. 

Despite these measurable differences, during testing there was no reported visual difference.  
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Analysis of Texture Results  

The texture of the different samples did not significantly differ from week to week or 

between the different treatments. The pseudo-Bonferroni test indicated that the thermal treatment 

was less firm than the 5 PSI at the end of the study but was not statistically significant with a p-

value of 0.7574. Figure 9 shows a representation of the firmness of the different fruit prep 

samples. 

 

Figure 9. Firmness of fruit prep by treatment 

Recorded average force applied to the fruit prep across different treatments. Smooth lines indicate soft fruit pieces 

and rough lines indicate firmer fruit pieces. The 5 PSI treatment had the firmest fruit while the 25 PSI had the softest 

fruit. Values shown with pseudo-Bonferroni corrected 95% confidence intervals with p=0.7574, n=90.  

Sensory Analysis Results 

The results from the sensory test showed that panelists reported no difference in 

acceptability between the different treatments as shown in Table 1. This finding indicates that the 
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carbon dioxide treatment neither positively nor negatively impacted the acceptability of the 

yogurt samples. Hedonic ratings of the different samples showed that the treatments did not 

negatively affect the properties of the samples, nor did they have a positive effect. The samples 

scored highly with an average hedonic rating of around 7.3, which means that the product was 

very well liked. This is consistent with findings of other studies that stated that fruit purees 

treated with carbon dioxide score no differently than their untreated counterparts (Karagul-

Yuceer et al., 1999). Questions using a JAR notation were ranked on a Just About Right scale 

with averages scoring near three considered to be ideal. All the treatments were stated to be just 

about right for fruit piece firmness with an average around 3.1. The thermal treatment ranked as 

too firm but with a p-value of 0.2411, it was not significant. 
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Table 1. Summary of sensory data 

Attribute Control Thermal 5 PSI 15 PSI 25 PSI p-value Conclusions

Overall Acceptability/Ranking/Purchase Likelihood 

Overall 

Appearance 

Acceptability 

7.16 a 7.13 a 7.39 a 7.43 a 7.2 a 0.0499 
No 

difference 

Preference 

Ranking 
330 a 316 a 302 a 282 a 300 a 0.276 

No 

difference 

Purchase 

Likelihood 
6.11 a 6.18 a 6.37 a 6.49 a 6.39 a 0.3627 

No 

difference 

Attribute Acceptability 

Appearance 7.41 a 7.39 a 7.55 a 7.63 a 7.33 a 0.0825 
No 

difference 

Color 7.74 a 7.74 a 7.85 a 7.81 a 7.82 a 0.3643 
No 

difference 

Aroma 6.79 a 7.00 a 6.67 a 7.00 a 6.89 a 0.0639 
No 

difference 

Flavor 6.74 a 6.78 a 7.02 a 7.00 a 6.75 a 0.3452 
No 

difference 

Texture 6.63 a 6.80 a 6.96 a 6.73 a 6.87 a 0.2007 
No 

difference 

Aftertaste 6.17 a 6.30 a 6.40 a 6.57 a 6.47 a 0.1494 
No 

difference 

Attribute Ideality 

Firmness/Soft

ness Level 

Ideality 

3.13 

JAR 

3.25 Too 

firm 

3.11 

JAR 

3.10 

JAR 

3.22 

JAR 
0.2684 

Thermal too 

firm 

Almost every attribute measured in the sensory paned showed that the CO2 treatment of the fruit prep had no 

significant difference when compared to each other. Lowercase letters next to averages indicate significant 

differences if any. The same letter indicates that the sample was not significantly different. The one difference 

observed was in the firmness of the fruit where the thermal treatment was ranked as too firm. Values shown with a 

Tukey’s HSD corrected 95% with p=<0.2411, n=100.  

Conclusions 

Carbon dioxide treatment of fruit prep is not as effective as thermal processing for 

preserving fruit prep. The CO2 treatments, including the control group, showed signs of visible 

spoilage before the thermal treatment at five weeks. This is consistent with other data collected 


