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Introduction:

Whesildnlgipe 8s3908.6XgedmaiEdisOibe-ssue of the apple. The
oxygen, now present in plant cells, reacts with an enzyme called poly

implying that these acidic solutions denature the PPO enzyme. Thus, pH is
NQRZQ IR D HFW iIKH EURZQLQJ UDIIH Rl DSSIHV DQG KLV H[SHULPHQIl ZL0 VKRZ
KRZ GL HUHQIl S+ VRIXILRQV IURP DFLGLF IR EDVLF LPSDFIl R[LGDILRQ $ VRIXILRQ
RIS+ ZDV FKRVHQ IIR UHAHFI DQ DFIGLF VRIXILRQ D VRIXIRQ RI S+ IR UHAHFI
D PUGI\ DFIGLF VRIXILRQ DQG D VRIXIIRQ RI S+ IR UHAHF D EDVLF VRIXILRQ

Hypothesis and Prediction:

The hypothesis is that pH will have an impact on apple oxidation.

The more acidic the solution that the apple is placed into, the less brown-
ing will be observed due to the pH of the solution leading to the dena-
turing of the enzyme PPO. Lemon juice, an acid with a pH of about 2,
is commonly used to prevent apple oxidation, providing support for the
hypothesis that an acidic solution will slow browning more than a basic
solution. The solution of pH 2 acted as the acidic solution that should re-
GXFH 332 DFILYLN IR iKH JUHDIHVI H[IHQI WKH VROXILRQ RI S+  ZDV PUGI\
acidic, and the pH 10 solution was the basic solution, which will most likely
not slow apple oxidation. Bases like baking soda, for example, are not
typical used to slow apple browning like lemon juice is. Suppose apple
VILFHV DUH SIDFHG LQIR WKUHH GL HUHQW H[SHULPHQID! FRQGLILRQV D VRIXILRQ
RIS+ S+ DQGS+  DQG IIZR FRQIUR) FRQGLIRQV RI DI DQG G+ 2 ,Q
that case, the apples placed into the acidic solution of pH 2 will exhibit a
slower rate of oxidation over the course of 180 minutes by appearing less
EURZQ $SSIHV SIDFHG LQ D VRIXILRQ Rl S+  ZW DIVR GLVSID\ D VIRZHU R[L-
dation rate than the basic pH 10 solution due to it being mildly acidic. The
solution of pH 2 will denature the enzymes to the greatest extent, while pH
Z100 GHQDIXUH IKHP VILJKION DQG S+ Zl0 QRI EH DEMH IR GHQDIXUH WKH
enzymes. Finally, the browning rates of apples exposed to air will be higher
than all the other apples placed in solutions because oxygen will be able
to enter the damaged apple cells more easily. However, apples placed in
water will display similar oxidation rater to the apples in pH 10. dH20 is
neutral, but the water will help keep oxygen from entering the apple cells.

Materials and Methods:

$ VIQJH DSSIH ZDV FXIl LQIR ¢NIHHQ HYHQ VILFHV 7KH DSSIHV ZHUH
then lightly scored with a fork to break down some cells. Three slices were
SIDFHG LQIR HDFK RI IKH ¢YH FXSV FRUHVSRQGLQJ IR ¢ YH H[SHULPHQI FRQGL-

tions. For the four cups that contained the solution, enough of the condi-
ILRQTV UHVSHFILYH VRIXILRQ ZDV DGGHG R FRYHU IKH DSSIH VILFHV ,Q &RQIUR
IIKUHH DSSIH VILFHV ZHUH SIDFHG LQIR DQ HPSIN\ FXS IRU $WU &RQIUR) &RQIURD

2 had three apple slices and enough deionized water to cover the apples.
&RQGUIRQ  KDG IKUHH DSSIH VILFHV DQG HQRXJK S+  VRIXILRQ R FRYHU IKH
DSSIHV &RQGULRQ  KDG WKUHH DSSIH VILFHV DQG HQRXJK S+  VRIXILRQ IR
FRYHU IKH DSSIHV )LQDO\ &RQGUILRQ  KDG IIKUHH DSSIH VILFHV DQG HQRXJK
pH 10 solution to cover the apples. For each condition, about 5mL of solu-
tion was enough to cover the apples. In order to observe oxidation, the ap-
ples were kept in the cups and allowed to soak in their respective solutions
IRV ¢ YH PLOXIHV EHIRUH EHLQJ IDNHQ R  DQG SIDFHG RQIR IIKH FXIiLQJ ERDUG IR
OHI GU\ IRU WZHQIN ¢ YH PLQXIHV $IHU KLU\ PLOXIHV D SLFIXUH ZDV IDNHQ RI
IIKH VOLFHV  DQG IKH\ ZHUH SXIi EDFN LQ IKH VRIXILRQ IRU ¢ YH PLQXIHV LPPHGL-
DIHI\ DIfHU 7KLV SURFHVV RI ¢ YH PLQXIHV RQ DQG IZHQIN\ ¢YH PLOXIHV R ZDV
repeated six times until 180 minutes had passed. The only exception to this
process was at 0 minutes and 5 minutes. At O minutes, the apples had not
\HI VRDNHG ZKUH DIl PLQXIHV IKH DSSIHV KDG VRDNHG IRU ¢, YH PLQXIHV )L-
nally, following the total 180 minutes, the pictures taken of the apples after
DQG PLOXIHV ZHUH DQDINJHG DFFRUGLQJ IR IKH

color palette shown below. The color of the apple was matched to the clos-
est corresponding value, and the average color of the condition at every
time point was calculated to examine the oxidation rate of apples (Figure 1).

Figure 1. &RIRU VFDIQJ SD(HIH IRV R[IGDILRQ RI DSSH VIFHV $ KLIK-
er number correlates to a deeper brown color and, thus, a high-
er rate of melanin production and apple oxidation. In other words,
the darker the color, the more the apple slice has oxidized. This col-
or palette, thus, was used in order to quantify apple browning data.

Written Results:

Initially, the average color value for all the apple slices across all con-
GURQV ZDV ~ $IIHU  PLOXIHV KRZHYHU IKH GL HUHQI FRQGLILRQV GLVSID\HG
GL HUHQI UDIHV RI EURZQLQJ 7KH $lU &RQIVRI VKRZHG IKH KLIKHVI DYHUDJH
FRIRU YDOXH RI ZKUHIKH G+ 2 S+ DQG S+  VRIXILRQV GLVSID\HG DQ
average color value of 1.3. The pH 2 solution, however, stayed at a color
value of 1, with no browning being observed. At the 30-minute mark, the
FRQGLILRQV KDG GL HUHQILDIHG HYHQ IXUIKHU ZLIK IIKH $LU &RQIUR) DJIDLQ KDYLQJ
the highest color value of 3.3 and pH 2 having the lowest of 1.3. The dH20
GLVSID\HG DQ DYHUDJH FRIRU RI IKH S+  VRIXILRQ RI DQG lIKH S+
VRIXILRQ RI $IHU  PLOXIHV IKH VDPH IUHQG RI EURZQLQJ ZDV REVHUYHG
ZIIK IKH $LU &RQIURI EHLQJ IKH KLIKHVI DQG IKH S+ EHIQJ WKH IRZHVI 7KH
average color value of the dH20, and pH 2 and pH 10 solutions all seem to
have fallen, however. But what seems to be a reverse of browning can be
explained by issues with the pictures that made the apples appear lighter
IKDQ IKH\ ZHUH $IiHU  PLOXIHV KRXJK DW) DYHUDJH FRIRU YDIXHV KDG LQ-
creased, with most notably the average color value of pH 2 increasing to 2.
JRUWKH UHVI R IKH FRQGLILRQV IKH $LU &RQIUR) ZDV G+ 2DQG S+ ZDV
3.0, and pH 10 was 2.3. At the 120-minute mark, the average color values
RIS+ DQG UHPDIQHG IKH VDPH  DQG  UHVSHFILYHN\ $) RIKHUWV KDYH
LQFUHDVHG IKH YDOXH IRU IKH $LU &RQIUR) EHLQJ G+ 2 &RQIRY DQG
S+ $IHU PLOXIHV S+ DQG S+  KDG IKH VDPH DYHUDJH FRIRU
YDUXH RI ZKUH S+ KDV LQFUHDVHG VILJIKION IR 7KH $lU &RQIUR) KDV
DQ DYHUDJH FRIRU YDOXH RI D VIJIQL;FDQI LQFUHDVH DQG IKH G+ 2 DQ DY-
HUDJH YDOXH RI DQRIKHU VLIQL FDQIl LQFUHDVH )LQDUN DIYHU PLOXIHV



IKH $LU &RQIVRI HQGHG Dii IKH KLIKHVIl DYHUDJH FRIRU YDOXH RI IKH S+
solution ended at the lowest of 2.7. The dH20 control was the second high-
HVIl DIf DQG S+ HQGHG Dil ZKIH S+  KDG D VLPUDU YDIXH RI
2YHUDW KH $LU &RQIVRI VKRZHG IKH KLIKHVI PHIDQLQ SURGXFILRQ ZKUH S+
showed the lowest. The rates of oxidation also appeared to stay relatively
consistent throughout the entire experiment, meaning that the color value
for each increased by about the same amount every time. The apples in
IKH $LU &RQIUR) GLVSID\HG IIKH IDVIHVIl UDIH RI R[LGDILRQ ZKHUHDV DSSIHV LQ
S+  GLVSID\HG IIKH VIRZHVII  2YHUD) IKH $LU &RQIUR) KDG IKH KLIKHVI DY-
erage color value, and, thus highest PPO activity along with the fastest
oxidation rate. pH 2, on the other hand, had the lowest average color value
and, thus, lowest PPO activity along with the slowest rate of oxidation.

Figure 2. &RIRU 6FDILQJ RI $SSIH G0LFHV RYHU IKH FRXUVH RI OLQXIHV XQ-
GHU "L HUHQI S+ DQG &RQIURI &RQGLILRQV 7KH JUDSK VKRZV IIKH $LU &RQIUR)
displaying the highest average color value, and, thus, the greatest poly-
SKHQR! R[LGDVH DFILYUN\ KH S+  VRIXILRQ RQ IIKH RIKHU KDQG GLVSID\HG
IKH (RZHVIF )LQDO\ IKH DYHUDJH FRIRU YDOXH RI IKH G+ 2 &RQIUR) S+

solution, and pH 10 solution were all relatively similar, so polyphenol oxi-
dase activity was similar in these conditions. Elapsed time served as the
x-axis, or independent variable, and average color value, or the average
“brownness” of the apple, was the y-axis and the dependent variable.

Conclusion:

The data found in this experiment supported the hypothesis that
IKH R[LGDILRQ DQG KXV PHDQLQ SURGXFILRQ RI DSSIHV LV D HFIHG E\ IKH
pH of the solution the apple is in. It was previously predicted that a low-
er pH would lead to less melanin production or a slower oxidation rate
because the acid would denature the enzyme polyphenol oxidase. The
prediction was partly correct, with the apples in a pH 2 solution having
IKH 0RZHWIl DYHUDJH FRIRU YDOXH DIl IKH HQG RI IKH PLOXIHV EXI S+
had a higher average color value than the solution of pH 10. However,
FRPSDUHG IR S+  IIKH DYHUDJH FRIRU YDUXHV RI S+ DQG S+  ZHUH UHI-
atively close. The scoring on the apples immersed in pH 10 solution also
GLG QRI DSSHDU IR EH DV GHHS DV IKH RIKHUW ZKLFK PD\ UHYHDI"™ D HFIHG
melanin production because oxygen could not react with PPO. Only acidic
solutions may be able to slow the rate of oxidation in comparison to mildly
DFLGLF VRIXILRQV OINH S+ S+ LV UHIDILYHIN FIRVH IR IKH S+ RI G+ 2
possibly explaining the average color values being somewhat close to
each other. Thus, the hypothesis is still supported due to similar melanin
SURGXFILRQ E\ S+ S+ DQG G+ 2 5HJIDUGLQJ IKH lIZR FRQIURIV IIKH
apples were in neutral conditions in both cases. However, in the case of
G+ 2 IIKH ZDIHU PD\ KDYH DFIHG DV D 3EX HU" IRU IKH 332 DQG IKH R[\-
gen by preventing the oxygen from entering some of the damaged apple
cells. The apples in the air have no protection from oxygen, in other words.

/RRNLQJ Diil \KH H[SHULPHQW IURP D EURDGHU SHUVSHFILYH S+ S+
and pH 10 solutions were chosen to have a spectrum of acidic to neutral
IR EDVIF 7KH VRIXILRQ RI S+  UHSUHVHQIHG DQ DFLGLF VRIXILRQ S+ D PLGI\
acidic solution, and pH 10 a basic solution. As mentioned before, acidic

solutions like lemon juice have been observed to slow melanin production
in apples, and so that knowledge went into forming the hypothesis. As evi-
GHQFHG E\ IKH PHIDQLQ SURGXFILRQ 332 DFILYUN ZDV PRV INHN\ D HFIHG LI
PPO activity was not impacted, at least all the apple slices in the solution,
if not all apple slices, would all have shown the same average color value.
The data, however, shows a wide range of color values, with a higher color
value indicating higher PPO activity and, thus, greater melanin production.
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