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Abstract 

The storage of apples typically has two primary types: conventional refrigeration, also known as 

traditional storage, that are kept at a temperature of 43 degrees Fahrenheit in the time before 

shipment, then the other type, controlled atmospheric storage, in which the temperature and 

accommodating gases are monitored to the needs of the fruit being stored. However, how do 

these two different forms of storage impact characteristics of the apples, such as coloration on 

the skin? When gathering data of coloration changes, it is vital that either multiple apples are 

used in the trial(s), or there were multiple trials of each apple to prevent fluke statistics or outlier 

apples, both of which ways involved calculating averages. Within this experiment, a single trial 

was ran that included six apples- Malus Domesticas specifically, divided into two groups of 

three, one in conventional refrigeration and the other in a controlled atmosphere, during the 

duration of the storage period- five days, where data per group was collected and averaged to 

ensure a more accurate conclusion. The data contained averages of both the non-controlled and 

controlled apple groups’ most dominant shades identified through all six apples to better observe 

the impact the different forms of storage had on the Malus Domesticas. The ideas revolved 

around this curiosity and experiment might possibly benefit the storage tactics used by 

cultivators and the companies they distribute to, as a way to prolong the storage period, as well 

as maintaining their quality and increasing the selling factors of the apples. 
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Research Question: 

How does controlled atmospheric storage change the coloration of apples? 

Independent variable: 

The controlled atmospheric storage containers. 

Dependent variable: 

The coloration (change) of the 3 controlled apples.  

Controlled variables: 

The type of containers (brand, size, shape, material), the refrigerator used to store the apples and 

the app used for identifying color shades.  

Hypothesis: 



The apples stored in the controlled atmosphere will retain their original color more than the 

apples stored in the traditional refrigerant, not in a controlled atmospheric container.  

 

Storage Impact on Apples 

There are generally two types of storage for fruits, traditional refrigeration and a 

controlled atmosphere. Traditional storage usually contains a refrigerated room where the fruit is 

kept in during the storage period, whereas a controlled atmosphere is a monitored process of 

adjusting the CO2 and O2 levels inside gas- tight storage units. But why does it matter how it’s 

stored? How does a controlled atmosphere impact the quality of apples? Factors such as texture, 

hydration, sugar (or sweetness), and overall appearance all directly base the sales of said apples. 

Or in other words, if an apple is not up to the store standard it likely won’t be sold, resulting in a 

loss of money on the seller and harvesters’ behalf. Then continuing the ongoing domino effect of 

the harvesters’ losing profit, which will almost always lead to less apple production. So, by doing 

research into how different methods of storage impact apples, this problem can hopefully be 

avoided or at least decrease the probability of it occurring.  

Going back to the initial question or “problem”, how does controlled atmosphere storage 

impact the quality of apples? When compared to traditional storage, apples in controlled 

atmosphere tend to have better firmness (texture), as seen in the article Physico-chemical 

characteristics of apples stored in chilling and controlled atmosphere conditions, where they, 

Mirela Calu, Camelia Bonciu and Loan Tofan, discovered the apples that were stored in the 

cotrolled atmosphere on average had higher levels of firmness as compared to those in the 

chilled storge units (pg. 3). Perhaps it isn’t only the controlled atmospheres that can benefit the 

texture of the apple, within the article Physicochemical and enzymatic transformations of "eva" 



apples stored under modified atmosphere written by Ariela Thomas, Caroline Pires, and Luiz 

Lima, who also performed an experiment on apples within a modified atmosphere, added another 

variable to the equation. They packaged the apples within polyethylene films with different 

densities while being stored in controlled atmosphere units. This together showed the low-

density film in the CA storage resulted in the best conservation in a textural aspect (pg. no. not 

specified, refer to figure 3). In order to get to the maintaining of firmness in apples, everything in 

the process before that must also go accordingly. Ripening, to look at an apple’s firmness levels 

the apple would have had to of ripened correctly. This is a factor James Mattheis and David 

Rudell looked at in their article ‘Honeycrisp’ Apple (Malus domestica Borkh.) Fruit Response to 

Controlled Atmosphere Storage with the Low Oxygen Limit Established Chlorophyll 

Fluorescence. They concluded that because the oxygen levels in the controlled atmosphere 

decreased close to the anaerobic compensation point, the management of post- harvest apples 

ripening using controlled atmosphere storage can be enhanced through the monitorization of 

chlorophyll fluorescence (pg. no. not specified, refer to table 1). On the topic of harvest, Eugenia 

Harsan, Radu E. Sestras, Peter Somsai, Adrian Barbos, and Adriana F. Sestras begin their article 

RESEARCH REGARDING THE PRINCIPAL CHEMICAL COMPONENT LOSS IN THE APPLE 

FRUIT DURING STORAGE, also mentioning harvest is important in the ripening cycle. They 

later move on to glucose (sugar) levels from different cultivars. Among glucose, they also 

observed the percentages of water and vitamin C. It isn’t until after their experimental periods of 

collecting data that they find the lowest water loss was seen in Wagener premiet varieties, 

whereas the highest water loss was seen in the traditional refrigerant storage units at Jonathan 

varieties (pg. 3). 



It’s important to remember that sustaining storage methods aren’t only for an in- the- 

moment “good apple”. Efficient storage also can help to extend the time frame of provision for 

apples to consumers, while maintaining relatively the same chemical compositions and 

nutritional values. This idea is best represented within the article Changes in the Biochemical 

Composition and Physicochemical Properties of Apples Stored in Controlled Atmosphere 

Conditions, where Aurita Butkeviciute, Jonas Viskelis, Pranas Viskelis, Mindaugas Liaudanskas, 

and Valdimaras Janulis, showed that controlled atmosphere conditions will likely increase the 

quality of the apples even after being stored. Visually illustrated in figures 1 and 2 (pg. 8 and 9) 

as well as numerically displayed in consistent data tables (pg. 3, 5, 6, 7,) that both represent the 

change in coordinates being measured in NBS, within the peel of the apple before AND after the 

CA storage period. This can also circle back to the idea of appearance, and the probability of 

sellers selling them and consumers buying them.  

But why does it matter? Why does the type of storage matter from a social standpoint? 

Easy, consumers (society) want to buy apples that look, feel and taste appealing. By discovering 

methods to increase these factors, the apples are more likely to sell. This will give continuous 

profit to these apple harvesters, and like the nature of agriculture, more input equals more and 

probably better output. 

How the color of the apples will be measured (a brief overview): 

Materials used are an apple device with 12.1 iOS or later, the app named “Color Name AR”, 6 

granny smith apples, 6 paper plates, and a flat surface.  

Before putting the apples in the fridge for storage, I will use the Color Name AR app, I will 

identify 5 dominate shades of green in the 6 granny smith apples; this means the 5 shades of 

green that is most consistently of all 6 apples. Once I have the 5 shades, I will put them into 



boxes A2- A6 of an excel grid (1 shade per box) to be used later. Row 1 (B- D) will have the 

different 3 apples that will be stored in containers: apple 1- B, apple 2- C, apple 3- D. Box A1 

will be blank. I will then use a ribbon ruler to get the closest estimate of the area (in cm^2) of 

each of the 3 apples that will be stored in the containers. These measurements will be put into 

boxes B2- B6, C2- C6, D2- D6. of the grid so that each area measurement corresponds to its 

correct apple and shade. When finished, the table should be horizontally from A- D, and 

vertically from 1-6. This process will be repeated for the other 3 apples that are not stored in 

containers, except they will have their own table with the same number of rows and columns. 

Once both tables are complete, I will take the averages of each area of each shade from each set 

of 3 apples. Meaning I will take one of the shades, gather all the added areas from the 3 apples in 

one table, then divide it by 3. This will be repeated for all 5 shades. This will be repeated for the 

other graph for the non-contained apples. These averages will be used to compare to the new 

averages (contained apple averages before compared to contained apples after, non- contained 

apples before compared to non- contained apples after) after storage, and how the two sets of 3 

apples maintained colored by observing increases and decreases of area per shade based on how 

they were stored. 

 

Risks and Safety: 

Apples are a produce food and spoil in a short amount of time. Possibilities of rotting are 

common. Apples are thrown away at first sight of mold. 

 

Materials Needed: 



1. An accessible refrigerator made for storing food with enough space for three 2.8 qt. POP 

Containers and 3 12-inch paper plates. Will be used to store the apples for 5 days.  

2. 6 ‘granny smith’ apples all bough from the same supplier at the same time, all relatively 

close in size. Will be the items the experiment is based on, observing color change after 

storage.  

3. 3 OXO 2.8 qt. Short Big Square POP containers for storing 3 of the 6 apples in the fridge 

for 5 days.  

4. A device with a camera that is compatible with the app “Color Name AR” so that the app 

can be downloaded.  

5. The app “Color Name AR” to identify the exact color shades on the apples’ skins.  

6. An excel spreadsheet to create data tables. 

7. A calculator to solve the averages. 

8. A ribbon ruler (0 to 150 cm) to measure the area of color shades on the apples.  

9. A clock to tell the exact time the apples are placed and removed from the fridge.  

10. A flat, clean surface to use while observing the apples.  

11. 3 12-inch paper plate to hold the other 3 apples in the fridge while being stored for 5 

days. 

12. Scotch tape to be stuck to the flat surface to ensure the apples are in the same spot and are 

in the same lighting.  

13. Black sharpie to mark a dot on the scotch tape. 

14. A piece of graph paper to write the 6 apples’ shades and areas of those shades. 

15. A black pen to use to write on the graph paper. 

 

Procedure: 

1. A 1-inch piece of scotch tape was stuck onto the flat surface. The tape remained in that 

exact spot for the remainder of the experimental period.  

2. The black sharpie was used to draw a dot in the center of the tape. 

3. The 6 granny smith apples were placed onto the flat surface beside the tape.  

4. 1 apple was placed into the scotch taped that was taped to the surface.  



5. The device with the app “Color Name AR” downloaded was used to identify as many 

shades as possible of the green color on the apple’s skin.  

6. The pen wrote on the graph paper all the identified shades under the bullet point labeled 

“apple 1”. 

7. The ribbon ruler was used to measure the area each color occupied of the apple in 

centimeters squared (cm^2), which was written directly next to each shade name the 

measures corresponded to.  

8. Steps 5, 6 and 7 were repeated for the 5 remaining apples.  

9. The graph paper after had 6 bullet points, each with different shade names and their area 

in cm^2.  

10. The shades written were observed and the 5 most recurring shades throughout the 6 

apples were circled to be used later. 

11. 3 apples were then placed into the 3 OXO 28 qt. POP containers, 1 apple per container.  

12. 1 inch of scotch tape was stuck to the top of each container. 

13. The black sharpie was used to write “apple 1” on the container that held apple 1. “Apple 

2” and “apple 3” were written onto their corresponding apple containers.  

14. The other 3 apples were each placed onto a paper plate, 1 apple per plate. 

15. 1 inch of scotch tape was tapes to the edge of each of the 3 plates.  

16. “apple 4” “apple 5” and “apple 6” were written on the scotch tape on the corresponding 

plate for each apple.  

17. The 6 apples were placed into the refrigerator on the same shelf/ same elevation in the 

fridge.  

18. The clock was used to record the exact time the apples were placed into the fridge for 

storage. This was written onto the graph paper with the bullet points.  

19. Excel was opened to a blank spreadsheet where 2 data tables were created.  

20. Table 1 was 4 columns (A through D) and 6 rows (1 through 6). This table contains the 

data for the first three apples that were stored in the containers. Box A1 was titled 

“contained apples before (T1)”. The 3 boxes to the right of box A1 have the apples 

labeled 1 through 3. Ex.) B1- apple 1, C1- apple 2, and D1- apple 3. The first column, 

column A, held the 5 recurring shades identified earlier (s  tep 10). Box A2- shade 1, box 



A3- shade 2, box A4- shade 3, box A5- shade 4, and box A6- shade 5. The remaining 

boxes within this table were left blank at that moment. 

contained apples before (T1) apple 1 apple 2 apple 3 
shade 1    
shade 2    
shade 3    
shade 4    
shade 5    

21. Below table 1, table 2 was created with the same number of columns (A through D) and 

the same number of rows (8 through 13). Box A8 was titled “non- c apples before (T2)”. 

The non- c represented g non- contained. The 3 boxes to the right of box A8 held the 

remaining 3 apples labeled. B8- apple 4, C8- apple 5, and D8- apple 6. The first column, 

like table 1, held the shades. The same 5 shades as before. Box A9- shade 1, box A10- 

shade 2, box A11- shade 3, box A12- shade 4, and box A13- shade 5. 

non- c apples before (T2) apple 4 apple 5 apple 6 
shade 1    
shade 2    
shade 3    
shade 4    
shade 5    

 

22. The graph paper that contained the areas of each shade for each apple was used to fill out 

the rest of the first 2 tables.  

23. The areas went into the box that corresponded with the apple and the shade. In table 1, 

the area of shade 1 on apple 1 went into box B2, shade 1 apple 2 in C2, shade 1 apple 3 in 

D2.  

24. Step 19 was repeated for the other 2nd shade areas for apples 1, 2 and 3 except the areas 

were placed into row 3. 

25.  3rd shade areas for apples 1, 2 and 3 in row 4.  

26. 4th shade areas for apples 1, 2 and 3 in row 5.  

27. 5th shade areas for apples 1, 2 and 3 in row 6.  

contained apples before (T1) apple 1 apple 2 apple 3 



shade 1 cm^2 cm^2 cm^2 
shade 2 cm^2 cm^2 cm^2 
shade 3 cm^2 cm^2 cm^2 
shade 4 cm^2 cm^2 cm^2 
shade 5 cm^2 cm^2 cm^2 

 

28. Steps 19 through 23 were repeated for table 2, except instead of the areas being in rows 2 

through 6, they were placed in rows 9 through 13.  

non- c apples before (T2) apple 4 apple 5 apple 6 
shade 1 cm^2 cm^2 cm^2 
shade 2 cm^2 cm^2 cm^2 
shade 3 cm^2 cm^2 cm^2 
shade 4 cm^2 cm^2 cm^2 
shade 5 Cm^2 cm^2 cm^2 

29. 1 column to the right of the tables (E) was skipped over.  

30. A table was created starting in column F. This table was used to hold the averages of each 

shade’s areas for the first set of 3 apples. Box F1 was titled “averages of areas before 

(T3)”. The column to the right of that, (G) was labeled “apples 1 – 3". Rows 2 through 6 

in column F was where the shades were written; F2- shade 1, F3- shade 2, F4- shade 3, 

F5- shade 4, and F6- shade 5. Rows 2 through 6 in column G held the averages of each 

shade for the 3 apples in that set.  

averages of areas before (T3) apples 1 - 3 
shade 1 cm^2 
shade 2 cm^2 
shade 3 cm^2 
shade 4 cm^2 
shade 5 cm^2 

 

31. Step 26 was repeated below the newly created table 3, creating table 4. The column 

remained F and G, the rows were 8 through 13.  

averages of areas before (T4) apples 4 - 6 
shade 1 cm^2 
shade 2 cm^2 
shade 3 cm^2 



shade 4 cm^2 
shade 5 cm^2 

 

32. The excel sheet was saved to be used later.  

33. 5 days went by when the 6 apples were taken out of the refrigerator, the graph paper that 

held the time they were placed in (step 14) was used to know what time to remove the 

apples. 

34. The 6 apples were placed onto the flat surface.  

35. The 3 apples that were in the containers were taken out and placed directly onto the flat 

surface.  

36. The 3 apples that were on the plate were taken off the plate and onto the flat surface.  

37. The apples one at a time were placed onto the tape that was stuck to the flat surface in 

step 1.  

38. The ribbon ruler measured the new areas of the shades on each apple.  

39. The graph paper was flipped over to the blank back side where 6 bullet points for each of 

the 6 apples were written. 

40. Below each bullet point was the new area in cm^2 of each shade.  

41. The excel spreadsheet that was used previously was opened. 

42. To the right of the first 4 tables, 2 new tables were created, 1 column was left blank to 

separate the tables (column H).  

43. The 2 new tables resembled the exact layout as table 1 and table 2, except the words 

“before” that were in the top left box of tables 1 and 2 is replaced with “after” in tables 3 

and 4 (“T5” and “T6” were also added beside the title to represent table 5 and table 6). 

The columns for table 3 (top right) and table 4 (bottom right) were I through L. The rows 

remained the same, 1 through 6 for table 5 and 8 through 13 for table 6.  

44. The new areas of each shade of the 6 apples were then placed into the new tables 3 and 4. 

The area went in the box that corresponded with its apple and shade.  

contained apples after (T5) apple 1 apple 2 apple 3 
shade 1 cm^2 cm^2 cm^2 
shade 2 cm^2 cm^2 cm^2 
shade 3 cm^2 cm^2 cm^2 



shade 4 cm^2 cm^2 cm^2 
shade 5 cm^2 cm^2 cm^2 

 

non- c apples after (T6) apple 4 apple 5 apple 6 
shade 1 cm^2 cm^2 cm^2 
shade 2 cm^2 cm^2 cm^2 
shade 3 cm^2 cm^2 cm^2 
shade 4 cm^2 cm^2 cm^2 
shade 5 Cm^2 cm^2 cm^2 

45. The excel spreadsheet was opened to create tables 5 and 6, which held the average areas 

per shade of apples 1 through 3, and apples 4 through 6. 

46. Table 7 which held the average areas for apple 1 through 3, was 2 columns (K and L), 

and 6 rows (1 through 6). The top left box (K1) of table 7 was titled “averages of areas 

after (T7). Box N2 had shade 1, N3 is shade 2, N4 is shade 3, N5 is shade 4, and N6 is 

shade 5. The column beside column N held the averages of the areas for each shade. O2 

had the average area of shade 1 for apples 1-3, O3 had the average area of shade 2 for 

apples 1-3, O4 had the average area shade 3 for apples 1-3, O5 had the average area of 

shade 4 for apples 1-3, and O6 had the average area of shade 5 for apples 1-3.  

averages of areas after (T7) apples 1-3 
shade 1 cm^2 
shade 2 cm^2 
shade 3 cm^2 
shade 4 cm^2 
shade 5 cm^2 

47. Step 39 was repeated for table 8, except the average areas per shade was for apples 4 

though 6. The location of table 8 on the excel spreadsheet was columns N and O, rows 8 

through 13.  

averages of areas (T8) apples 4-6 
shade 1 cm^2 
shade 2 cm^2 
shade 3 cm^2 
shade 4 cm^2 
shade 5 cm^2 

 



48. The average area of each shade in table 3 (averages of areas before for contained apples 

1-3) was compared to the average area of each shade in table 7 (averages of areas after 

for contained apples 1-3). 

49. The graph paper and pen were used to record the increases, decreases or no change in the 

average area of each shade before and after. This was labeled “comparison before and 

after, contained apples”.  

50. The average area of each shade in table 4 (averages of areas before for non- contained 

apples 4-6) was compared to the average area of each shade in table 8 (averages of areas 

after for non- contained apples 4-6).  

51. The graph paper and pen were used to record the increases, decreases or no chance in the 

average area of each shade before and after. This was labeled “comparison before and 

after, non- contained apples”. 

52. The comparisons were observed on how the coloration changed between the apples that 

were contained, with the apples that were not contained.  

53. Steps 48 was used to answer the research question, “how does controlled atmospheric 

storage change the coloration of apples?”, by noting how the areas per shade differed 

after the storage period between the 2 groups of apples. 

 

Data Analysis Procedure: 

1. The first set of data that was collected was the areas (cm^2) of each shade for apples 1 

through 3. The ribbon ruler was used to measure the length and width for each shade on 

each apple, the centimeters were then multiplied to find the areas. This process was 

repeated for the other 2 apples in the first set of apples.  

2. The results from the previous step were plotted into a data table that was known as table 

1; T1, using the instruction from step 20 in the experiment procedure.  

contained apples before (T1) apple 1 apple 2 apple 3 
shade 1 cm^2 cm^2 cm^2 
shade 2 cm^2 cm^2 cm^2 
shade 3 cm^2 cm^2 cm^2 
shade 4 cm^2 cm^2 cm^2 
shade 5 cm^2 cm^2 cm^2 



3. Step 1 of the data analysis procedure was done for the second set of apples (apples 4, 5 

and 6). The new table was known as table 2; T2.  

non-c apples before (T2) apple 4 apple 5 apple 6 
shade 1 cm^2 cm^2 cm^2 
shade 2 cm^2 cm^2 cm^2 
shade 3 cm^2 cm^2 cm^2 
shade 4 cm^2 cm^2 cm^2 
shade 5 cm^2 cm^2 cm^2 

4. Table 3; T3, was made for the average areas of shades for table 1, apples 1-3, using the 

process from step 30 in the experiment procedure.  

averages of areas before (T3) apples 1 - 3 
shade 1 cm^2 
shade 2 cm^2 
shade 3 cm^2 
shade 4 cm^2 
shade 5 cm^2 

5. Step 4 was repeated for table 2, which created table 4; T4, the average areas of shades for 

apples 4-6.  

averages of areas before (T4) apples 4 - 6 
shade 1 cm^2 
shade 2 cm^2 
shade 3 cm^2 
shade 4 cm^2 
shade 5 cm^2 

6.  5 days passed when the 5th table was created for the new areas of each shade. Table 5 

was created using the same process used in step 1 of the data analysis procedure; the area 

of each shade was found by multiplying the length and width for each shade on each 

apple (1-3). 

contained apples after (T5) apple 1 apple 2 apple 3 
shade 1 cm^2 cm^2 cm^2 
shade 2 cm^2 cm^2 cm^2 
shade 3 cm^2 cm^2 cm^2 
shade 4 cm^2 cm^2 cm^2 
shade 5 cm^2 cm^2 cm^2 

7. Step 6 was repeated to create table 6, but for apples 4-6.  



non-c apples after (T6) apple 4 apple 5 apple 6 
shade 1 cm^2 cm^2 cm^2 
shade 2 cm^2 cm^2 cm^2 
shade 3 cm^2 cm^2 cm^2 
shade 4 cm^2 cm^2 cm^2 
shade 5 cm^2 cm^2 cm^2 

8. Tables 3 and 7 (which were the average areas per shade for apples 1 through 3), were 

compared in terms of the increase or decrease, in percentages, of each shade’s area. This 

was done by created a knew table, T9, which included the average areas of apples 1 

through 3 (before and after). Data was collected from table 3, T3, and table 6, T6. Table 9 

was placed in columns Q through S, and rows 1 through 6.  

averages of areas before and after (T9) apples 1 - 3 before apples 1-3 after 
shade 1 cm^2 cm^2 
shade 2 cm^2 cm^2 
shade 3 cm^2 cm^2 
shade 4 cm^2 cm^2 
shade 5 cm^2 cm^2 

9. The data from table 9 were then used to create a clustered column graph. This graph was 

made by highlighting the shades and all 10 average area measures for apples 1 through 3. 

The correct boxes still highlighted; the cursor clicked “insert” ---> the down arrow in the 

box of chart images ---> then chose the “clustered column” graph in the row of column 

graphs. This was known as “controlled atmospheric storage vs. Coloration (change) of 

controlled apples before and after”. The y- axis contained the areas in cm^2. The x-axis 

contained controlled atmospheric stored apples. The legend at the bottom of the graph 

was changed to represent the average areas before storage and after storage. The legend 

was changed by highlighting the graph, going to the “format” button in the top tabs, ---> 

“series 1” ---> “before” was typed into this space. “series 2” was changed to “after”. 



 

 

10. Step 8 of the data analysis procedure was repeated to create table 10, T10, using tables’ 4 

and 8 average area data per shade. Table 10 was located in columns Q through S, and 

rows 8 through 13.  

averages of areas before and after (T10) apples 4 - 6 before apples 4 - 6 after 
shade 1 cm^2 cm^2 
shade 2 cm^2 cm^2 
shade 3 cm^2 cm^2 
shade 4 cm^2 cm^2 
shade 5 cm^2 cm^2 

11. Step 9 of the data analysis procedure was repeated to create graph 2 using the data from 

table 10. This graph was titled “non- controlled atmospheric storage vs. Coloration 

(change) of non- controlled apples before and after.” 



 

 

12. The change of areas per shade for apples 1 through 3 before and after storage were made 

another table, T11. This table was in columns U and V, and rows 1 through 6. Column U 

contained the 5 shade names, (row 2 through 6), and column V contained the change 

(increase or decrease) in areas per shade before and after in percentages.  

change in averages (T11) change in area before- after (%) 
shade 1 -----% 
shade 2 -----% 
shade 3 -----% 
shade 4 -----% 
shade 5 -----% 

13. Step 10 of the data analysis procedure was repeated for the data of apples 4 through 6, to 

create table 12; T12. This table was in columns U and V, and rows 8 through 13. The 

rows under column V contained the change per area of each shade in percentages for 

apples 4 through 6.  

Change in averages (T12) change in area before- after (%) 
shade 1 -----% 
shade 2 -----% 
shade 3 -----% 
shade 4 -----% 
shade 5 -----% 



14. A final data table and graph was created, data table and graph 13. The table contained 

the five dominant shades, the change, in percent of the contained group and non- 

contained group. 

15. Data graph 13 was turned into a column graph for visual representation of percent 

changes.  

change comparison contained non- contained 
International Orange   
Flame   
Sinopia    
Alloy Orange    
Fawn   

 

16. The percent changes in the averages were compared for each shade, and notes were made 

on how apples 1-3; the controlled apples, maintained their color shades when in 

comparison to apples 4-6; non controlled apples.  

17. The comparison and notes from this comparison were used to construct a conclusion to 

the research question, “how does controlled atmospheric storage impact the coloration of 

apples?” 

 

Project summary 

Six pink lady apples were gathered from the same supplier in the same transaction. The six 

apples were divided into two groups of three, one being the contained apple group, and the other 

the non- contained apple group. Each of the six apples’ dominant shades were identified using 

“Color name AR”. The five dominant shades’ areas were measured for each apple. The three 

apples in the contained apple group were placed in airtight containers- one apple per container. 

The other three apples in the non- contained apple group were places on a plate- three apples to 

one plate. The areas per shade were places in two data tables, first data table had the areas of the 

contained, the second data table had the areas of the non- contained. Two more data tables were 



created for the averages of each shade area in the two groups of apples. The six apples were left 

in storage for five days. The apples’ areas per shade were remeasured after storage. These new 

areas were placed into two new data tables, one per group, as well as two more tables for the new 

averages. The averages of the contained group for before and after were placed into one data 

table. The same was done for the averages of the non- contained apple group into a separate data 

table. The change in area, in percent, was calculated for he contained group and placed into a 

new data table. This set was repeated for the change in averages for the non- contained apple 

group, into a new different data table. A final data table was made with the changes of area 

averages for both the contained and non- contained apple groups. The changes were compared 

between the two groups to determine which apple group saw the most change, and which saw the 

least change.  

Conclusion 

After the experimental period ended, the data showed that the non- contained apple group 

experienced both increases in two out of four shades, as well as a consistent shade. Whereas the 

contained apple group saw decreases in four out of five shades. Or in other words, the non- 

contained group saw more increases and consistency than the contained group. The first set of 

data included the areas of each shade per apple in each of the two apple groups, then those areas 

averages by shade per group. The second set of data is the same as the first set, only the data is 

from after the storage period. Lastly the third set of data incorporates the information provided in 

data sets one and two. Two data tables were created for side-by-side comparison of the averages 

per shade. One data table per apple group, each table holding the before and after averages for 

their corresponding group. The other two newly created tables hold the change in the averages 

from before and after (in percentages) of the contained group, and non- contained group (other 



table). The last and final data table incorporates t=both the changes of the contained and non- 

contained groups’ changes of averages from before and after. It was this data table (and 

corresponding graph) that was used to come to a conclusion of how he different types of storage 

impacted the coloration of the apples. These sets of data support the claim by giving a visual 

side-by-side representation of the changes of averages per group over the duration of the five-day 

storage period.  

When analyzing the data, the trick was finding a way to accurately demonstrate change 

within the averages per each group. Many mistakes were made along the way of how to go about 

creating the data tables and their graphs, as well as when to include what numbers where. The 

most challenging tables to create were tabled 11, 12 and 13, because it took lots of brainstorming 

about how to draw a conclusion from the final graphs. The goal was to end with one closing data 

table and matching graph, however finding paths to get to that point was rough. Ultimately, I had 

decided that creating two tables before the final one, each of which had the change per group, 

would be a smoother transition into a comparison, rather than looking at two separate tables and 

graphs. If I had kept the two different groups separate in their data, the analysis of the two may 

have been less visual and would require more in depth look of the numbers themselves. The 

conclusion would have likely remained the same, but it would be more difficult to draw that 

conclusion if the contained group and non- contained group hadn’t eventually merged into one 

table and graph.  

The observation was based around how the two different forms of storage impact the 

coloration of the apples’ skin. When considering fruit with airtight containers- or a controlled 

atmosphere in general, most, if not all, thrive beast in an environment with good airflow but not 

humid. This itself could explain why the apples outside the airtight containers either maintained 



their colors better or increased their already existing shades. Or in other words, the contained 

apples saw more decreased because their air circulation was restricted, unlike the non- contained.  

The ideas in my experiment can be further amplified by being performed on a much 

larger scale. This can help to improve the fruit transportation industries as well as the consumers 

through finding better means of storage. More specifically, altering storage conditions to the 

needs of the fruit being stored so the buyers of these items have produce to sell, and these 

companies can still make worthy profit to continue investing into more efficient storage.   
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	It’s important to remember that sustaining storage methods aren’t only for an in- the- moment “good apple”. Efficient storage also can help to extend the time frame of provision for apples to consumers, while maintaining relatively the same chemical c...

