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Black, purple, and tan discolorations have been found within red-pigmented areas of the peach fruit skin,

Scanning electron and light micrographs show damage caused by defuzzing and roller drying, which could facilitate
entry of causal agents associated with peach skin discoleration. Comparisens of reflectance and transmittance spectra
(380-700 nm) of discolored (purple) and nondiscolored (red) peaches show the mean reflectance value for discolored
peaches is 100% darker than nondiscolored peaches. However, transmittance spectra of acidified extracts of discolored
and nondiscolored peach skins are similar throughout these wavelengths. Extracted pigment color was altered by pH
changes and metallic ion concentration. At low pH, discoloration may be caused by ion complexing with anthocyanin
pigment. At high pH, discoloration may result from alkaline hydrolysis of the pigment molecule.

In the last 20 years, peach growers in the southeast have
reported an increasing incidence of discolored fruit in the fresh
peach market. This abnormal coloration has many names. but
the most common is “‘black streak’ (10). The term ‘‘black
streak’” refers to the black color that occurs most often as a
streaked pattern in the red-pigmented area (or blush) of the
peach skin. The discoleration also may cover the entire blush
area, may take the form of speckles or spots, and may be purple
or tan rather than black (14). In some instances, the black or
purple coloration disappears, leaving the affected areas a trans-
lucent tan color. Abnormal colors, particularly brown and tan,
often occur outside the blush area. These discoloration disorders
are restricted to the skin and do not affect the flesh. We will
refer to these disorders as peach skin discoloration (PSD).

The increased incidence of PSD has been related to the de-
velopment of agri-chemicals, bulk handling, hydrocooling,
chlorination, and the multi-procedured packing operations that
roll or rub fruit (3, 10, 14, 16). Iron salts in hydro-procedures
have been implicated in intensifying discoloration (10). PSD
often does not appear until several hours after the fruit has been
packed (10, 14). Frequently, the fruit is in transit or has arrived
at its destination when discoloration occurs.

The only appreciable red pigment reported to be in the peach
is cyanidin-3-glucoside (7, 11, 17). This compound is an an-
thocyanin, and many anthocyanins change color when their en-
vironmental pH is alicred (1, 6, 9, 18, 20) and/or when they
bind with metallic ions (6, 13).

We hypothesized that pigment structure changes result in the
change in color associated with peach skin discoloration, These
changes may be affected by the handling system that would
alter the pigment’s environment, particularly pH, metallic ion
concentration, or chlorine content. Physicai damage to the fruit
skin during the packing operations may predispose the fruit to
the effects of these causal agents,

Received for publication 28 May 1985, Technical Contribution No. 2359, South
Carolina Agricultural Expertment Station, Clemson, SC 29631, Appreciation is
expresscd (o Larry Dyck, Dept. of Biological Sciences, George E. Carter, Jr |
Dept. of Plant Pathology and Physiology, and Ed Vaughn, School of Textiles.
for their assistance and the use of laboratory equipment. Appreciation is also
expressed to Clyde Moore and JoAn Hudson, Electron Microscopists, for their
assistance and support. The cost of publishing this paper was defrayed in part
by the payment of page charges. Under postal regulations, this paper therefore
must be hereby marked advertisement solely 10 indicate this fact.

'Dept. of Horticulture, Institute of Phytopolyology.

IDept. of Biological Scicnces.

1. Amer. Soc. Hort. Sci. }11(4):549-553.  1986.

Materials and Methods

Microscopy. Samples of skin (5 % 5 mm) were taken from
‘Redglobe’ peaches with pubescence intact and from fruit that
had been defuzzed on a commercial washer-waxer. All samples
were fixed in 3.5% glutaraldehyde for 24 hr and dehydrated in
an ethanol series (50%, 60%. 70%, 80%, 90% . 95% . and 100% )
at 30-min intervals. Samples for scanning electron microscops
(SEM) were critical-point dried and sputtered with gold. Sam-
ples for light microscopy were embedded in JB-4 plastic embed-
ding medium, and 5 p cross-sections were prepared on an
ultramicrotome.

Purification and spectral analvsis. Reflectance measurements
(380700 nm) were taken from a l-cm-diameter area of the
darkest areas on discolored and nondiscolored fruit with a Bausch
and Lomb Match-Scan 3000 colorimeter. The sample areas then
were removed with a 1-cm-diameter cork borer, the fruit tissue
separated from the skin, and the skin extracted in 0.5 N oxalic
acid. Transmittance measurements were taken as described.

The blush area of ‘Marsun’ peach skins was extracted with
1% HCl-methanol. The procedures used for paper chromatog-
raphy and UV spectral analysis were those outlined by Mabrv
et al. (15).

For pH and metallic complexing determinations, a 200-ul
aliquot of the concentrated extract was added to a series of 3-
ml aqueous selutions of 0.5 N oxalic acid that had been adjusted
over a pH range of 1-9 with dibasic potassium phosphate. Me-
tallic treatments were prepared similarly with the addition of
100 ppm of metallic tons from commercially prepared solutions
of metals commonly used in agri-equipment. After 5 min equil-
ibration time, the samples werc cxamined spectrally in the vis-
ible range (400-600 nm) on a Beckman Model 25
Spectrophotometer. Three samples per treatment were used.

To establish minimal metallic concentrations for effects, 200-
pl aliquots of the concentrated extract were added to 5-ml agueous
solutions (0, 10, 50, and 100 ppm of each metallic ion) acidified
to pH 1.0 with hydrochloric acid to assure complete solubility
of the metals. The samples {3 per trcatment) were examined
visually at 4, 8, 24, and 32 hr.

To establish minimal chlorine concentrations for effects, 200-
l aliquots of the concentrated extract were added to 53 ml of
distilled deionized water (acidified with hydrochloric acid to pH
1.8 for stability of the pigment). Sources of chlorine were so-
dium hypochlorite and calcium hypochlorite at 0, 10, 50, and
100 ppm. The samples (3 per treatment) were examined visually
at 4, 8, 24 and 32 hr.

549

/0’ #7/PU-ou-Aq/sasua9l|/610 suowooaAeal0//:sdny (/0" #/pu-ou-Ag/sesual|/Bio’suowwooaAneald//:sdiy) asuaol|
AN-ON-Ag DD 9y} Japun painquisip s[oiHe ssedoe uado ue si siy] "sseddy uadQ eIA GO-/0-G20Z e /woo Aiojoejgnd-poid-awnd-yrewssjem-jpd-swiid//:sdpy woly papeojumoq



Results

Initial examinations of extracts from discolored (purple) and
nondiscolored (red) peach skins suggested that PSD is a pigment
response. The acidified methanolic extracts from both discol-
ored and nondiscolored peach skins are red. Co-chromatography
(TLC) of these extracts showed that the pigments from each
have identical Ry values.

The relationship of pH to skin color was observed by placing
a drop of 1.0 N hydrochloric acid (HCl) or 1.0 N potassium
hydroxide (KOH) on the blush area of discolored and nondis-
colored fruit. The HC] turned the area under the drop on dis-
colored fruit from purple to red; the area on nondiscolored fruit
remained red. The HCI was removed and replaced with a drop
of KOH, which turned both areas black. When the KOH was
removed and repiaced with HCI, the black areas again turned
red. This reversible effect lasted for several minutes, after which
the skin became translucent tan as the pigment leached from the
cells.

Light microscopy of skin peeling revealed stoma at the center
of each red speckle outside of the red blush area. Likewise, in
the blush areas, the darkest concentration of color is around the
stomata. After a drop of 0.01 N KOH was placed on the non-
defuzzed skin, the area around the stoma was the first to dis-
color. The discoloration spread slowly from the stomal area
throughout the skin. Ten to 20 min following the initial discol-
oration, the skin became translucent. Under similar conditions
with defuzzed skins, discoloration occurred around broken tri-
chomes and stomata. The discoloration spread rapidly (20 to 40
min), and again the skin became translucent.

Microscopy. The effects of defuzzing fruit are shown in Fig.
1. Figure 1 A and C show a high population of trichomes on
nondefuzzed fruit, whereas Fig. 1 B and D show population
depletion and surface pitting caused by trichome removal. Many
of the remaining ‘*short” trichomes (Fig. | B and D) are ac-
tually broken stumps that appear whole due to the illusory effect
of electron *'charging’” in SEM.

Light microscopy further depicts the damage to the epidermis
and trichomes from defuzzing (Fig. 2). The peach skin is made
up of an epidermis, consisting of small cells, that is generally
3 to 4 cells deep (Fig. 2A a), and a hypodermis of somewhat
larger cells that is usually 2 to 3 cells deep (Fig. 2A b). The
mesocarp cells (fruit tissue) are considerably larger than those
of the skin (Fig. 2A ¢). The epidermis surrounds the trichome
base, which usually originates in the 2nd or 3rd layer of cells
(Fig. 2A d) (4). Typical damage incurred by the epidermis and
trichomes includes cleanly severed trichomes (Fig. 2B), lacer-
ated trichomes (Fig. 2C), and lacerated epidermis (Fig. 2D).

Spectral analvsis. The reflectance spectra for discolored and
nondiscolored fruit are similar from 380 to 600 nm (Fig. 3).
From 600 to 700 nm, reflectance from nondiscolored areas is
about twice that from discolored areas. Transmittance spectra
for pigments extracted from discolored and nondiscolored fruit
are similar throughout the 380 to 700 nm range.

For the purified pigment, the band I maxima of 528 nm falls
into the spectral range for a cyanidin glycoside (8). Further, the
band I shift in aluminum chloride is indicative of the free B-
ring hydroxyls present in cyanidin.

Color changed gradually as the pH increased (data not shown).
The color from pH 1—4 was generally stable but became lighter.
At pH 4 to 3 the pigment was colorless. Color gradually returned
between pH 5-7, and was accompanied by a bathochromic shift
of wavelength maxima and percentage of absorbance. As pH
increased from 7-9, both the wavelength maxima and absor-
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bance increased, and the color darkened from purple to purple-
gray. Through the following 24 hr, the appearance of a reddish
brown precipitant increased with time and pH.

Response of extracted pigment to metallic ion treatments (data
not shown) varied slightly from the control treatments between
pH 1-6, with the exception of tin, which darkened at pH 3 to
4, Aluminum and iron caused changes in wavelength maxima,
absorbance, and color at pH 6 to 7. At pH 7 to 8, aluminum’s
wavelength maxima had stabilized, but absorbance had in-
creased and pigment color had deepened. Iron at pH 7 to 8 had
again increased wavelength maxima and absorbance, and had
darkened color. At pH 8 to 9, all treatments varied slightly from
the control and were beginning to blacken. Through the follow-
ing 24 hr, the appearance of a reddish brown precipitant in-
creased with time and pH.

Several concentrations of metallic ions were examined (Table
1). Of these, 50 ppmn (iron, aluminum, and tin) was the lowest
concentration that affected color. Chlorine also was examined
{Table 2) and found to alter color at less than 25 ppm total
chlorine.

Discussion

Breaking the trichomes disrupts the epidermal cells and could
facilitate the invasion of solutes into the epidermal cells, which,
in turn, could alter the color of anthocyanin molecules. The
preliminary observation that potassium hydroxide entered and
discolored cells surrounding broken trichomes supports this. PSD
cccurs frequently in the southeast, where large volumes of water
are used during packing operations thus providing an opportu-
nity for solutes to enter the damaged area of the epidermis. PSD
occurs infrequently in the west where low volume mists are
used in packing operations.

The reflectance data indicate that the discolored fruit is about
100% darker than the nondiscolored in the orange-red wave-
lengths (600-700 nm). However, transmittance readings of the
extracts suggest that the pigments are the same, indicating pig-
ment response.

Anthocyanins like cyanidin-3-glucoside. that have ortho-dih-
ydroxyl groups, can form complexes with metallic ions (13).
Color intensity can be enhanced when complexing with tin (pH
3 to 4) or aluminum and iron (pH 6-8). The concentration of
these metals required to induce color change can be as little as
50 ppm (Table 1).

A common method of disinfecting hydro-systems is by chlo-
rination. Both calcium hypochlorite and sodium hypochlorite
caused color loss when total chlorine concentrations were 25
ppm or greater (Table 2).

Other buffer systems (1, 6, 9, 17, 19), as well as our potas-
sium phosphate-oxalic acid system, demonstrate that pH can
change anthocyanin color. Also, metallic ion complexing with
the anthocyanin can enhance color changes at certain pts. The
buffer system used can have a unique effect on metallic ion
complexing (13). Void of a buffered system, metallic ion com-
plexing can alter anthocyanin color, even at a pH where the
pigment is most stable (Table 1). Additionally, chlorine, void
of a buffered system, can bleach color almost completely at a
total chlorine concentration of 253 ppm (Table 2). Chlorine ef-
fects in the model were not detectable because of chlorine ev-
olution.

The reviews, observations, and data compiled i this study
suggest that PSD can be caused in numerous ways. Certainly
the fact that discoloration appears outside the red-pigmented
arca of the skin suggests multipie causes of PSD. Those causes
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Fig. 1. Effects of defuzzing on the cpidermis of a peach. Frames A-D are scanning electron micrographs of the peach fruit surface. (A)
nondefuzzed, X 40; (B) defuzzed, x40; (C) nondefuzzed, X 80; (D) defuzzed, x 80.
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Fig. 2.

Frames A-D are light micrographs of the peach fruit skin in
cross section. (A) X 114, (Aa) Small epidermal cells are generally
3-4 cells deep, (Ab) slightly larger hypodermal cells are usually 2—
3 cells deep, (Ac) large fruit tissue cells, (Ad) trichome is a spe-
cialized cell of the epidermis that typically orinates in the second or
third layer; (B) Cleanly severed trichome stump, X 114; (C) jaggedly
torn trichome, X 114; (D) lacerated epidermis from complete tri-

chome removal, x276.
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Fig. 3. Reflectance and transmittance spectra of discolored and non-
discolored peach fruit skins.
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Table 1. Effect of differing concentrations of metallic ions on cyan-
idin-3-glycoside in HCI acidified (pH 1.0) distilled deionized water.

Metallic Concn
ion (ppm) Color*
Fe 0 Orange
10 Orange
50 Light yellow
100 Light yellow
Al-1 0 Orange
10 Orange
50 Pink
100 Pink
Sn 1] Orange
10 Orange
50 Pink
100 Pink
Zn 0 Orange
10 Orange
50 Orange
100 Orange
Ni 0 Orange
10 Orange
50 Orange
100 Orange

“Visual observations under fluorescent lighting. Hue of color differed
with treatment though expressed as having same basic color. Color
changes stabilized by 32 hr.

Table 2. Effect of differing concentrations chlorine on cyanidin gly-
coside in HCl/distilled deionized water acidified to pH 1.8.

Compound
Compound ppm Total Cl (ppm) Color*
Calcium 0 0 Orange/pink
Hypochlorite 10 04.96 Orange/pink
50 24.79 Very light orange
100 49.59 Clear
Sodium 0 0 Orange/pink
Hypochlorite 10 04.76 Orange/pink
50 23.81 Very light orange
100 47.62 Clear

“Visual observations under fluorescent lighting. Hue of color differed
with treatment though having same basic color. Color changes stabi-
lized after 4 hr.

examined and found to affect color changes of anthocyanin in-
clude: pH, metallic ion complexing, buffering capacity, and
chlorination. Conditions and circumstances, other than those
discussed, that may be involved in PSD include: enzymes (6,
12), glycosylation (8), acylation (8), cations (2), temperature
(5), copigmentation (1, 13), oxidation (6), and macromolecular
association (19). Also, there are other flavanoids that may play
a role in PSD.

A peach, with or without surface damage, can absorb water.
The tissue could be affected by absorbing characteristics of the
water (pH, ions, etc). This exchange could be enhanced by
epidermal damage that allows endogenous and/or exogenous
reactants previously separated to combine. Consequently, fruit
dehydration, fruit surface damage, and/or prolonged contact of
fruit with water could increase absorption, increasing the inci-
dence of PSD. At low pHs, cations are in the ionic forms and
freely soluble in water. As water enters the peach through dam-

J. Amer. Soc. Hort. Sci. 111(4):549-553. 1986.

/0’ #7/PU-0u-Aq/sasua2||/610° SUOWIWODBAIIRIO//:SARY (/0" 7/PU-0U-Ag/SOSUSI|/BI0° SUOWWODBANBDID//:SANY) 9sua9||
AN-DON-Ag DD 8y} Japun pajnguisip ajole ssaooe uado ue si siy| "Sse00y uadQ BIA G0-/0-5Z0Z 1e /woo Aloyoejgnd poid-swinid yiewssyem-jpd-swiid//:sdiy wol) pspeojumoq



aged arcas, ions also enter. These ions could complex with
anthocyanins and result in dark coloration.

The black and purple colors associated with PSD in the red
pigmented areas could be the result of an increase in the an-
hydrobase form of the anthocyanin when its cellular environ-
ment is above pH 8. The translucent tan color found in PSD
could be caused by the conversion of the anthocyanin to the
colorless pseudobase, by chlorine bleaching, or by loss of the
hydrophyllic athocyanin from damaged skin cells.
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Melons (Cucumis melo) of 3 cultivars (*Gold Star’, ‘Saticoy’, and ‘Superstar®) were stored at 5° or 12.5°C

for 2, 5, or 9 days and at 20° for 2 and 5 days. ‘Gold Star’ and ‘Superstar’ deteriorated less in storage than ‘Saticoy’.
In general, levels of fructose and glucose decreased with an increase in storage time and temperature. The fructose
: glucose ratio increased with storage. No change was detected in soluble solids content (SSC) or in sucrose concen-
tration. Sensory evaluations of stored (7 days at 5° or 12.5%) vs. freshly harvested melons showed no difference in
texture, flavor, off-tflavor, sweetness, or overall acceptability. SSC and sucrose content correlated well with the latter

4 attributes only in ‘Gold Star’ melons.

Soluble solids content has long been used as an indicator of
muskmelon quality, sweetness, flavor, acceptability, and ma-
turity (16). The level of SSC reflects not only stage of maturity,
but also the quality and grade of the melon (7). Muskmelon
must have a 8SC level of at least 9% to make U.S. #1 grade
(19).
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The stem end and ground spot of the muskmelon were shown
in 1902 to have poorer ealing quality than either the blossom
end or the top portion opposite the ground spot (13). The inner
flesh of the melon has higher SSC, with a gradual decrease
toward the rind, and SSC was as much as 2% lower at the stem
end than at the blossom end (17). Lower SSC in the ground
spot than in the top of the melon has also been reported (6).

Hartman and Gaylord (12) noted that, while SCC was indic-
ative of muskmelon eating quality, it did not correlate ‘‘nearly
well enough with taste to be used blindly as a measure of edible
quality’”. Gilbart and Dedolph (11) took this a step further and
stated that no single variable could be used to estimate quality,
although taste acceptance of muskmelons was found to be de-
pendent on their SSC. Further doubt was brought to the rela-

553

/0’ #7/PU-ou-Aq/sasua9l|/610 suowodaAeal0//:sdny (/0" #/puU-ou-Ag/sesual|/Bio’suowwooaAlealo//:sdiy) asuaol|
AN-DON-A9 DD 8y} Jepun pajnquisip aoile ssaaoe uado ue S| Siy] "sS992y uadQ BIA GO-/0-GZ0Z 18 /wod Aiojoeignd-pold-swid-yiewlsiem-jpd-swid//:sdiy wouy papeojumoq



