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SCLEREID DEVELOPMENT AND PREVENTION OF

WOODINESS AND/OR GRITTINESS IN
RABBITEYE BLUEBERRIES

Elias D. Dekazos

States blueberry exports were 10 million pounds in 1976,
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ing blueberries is the development of toughness and a
textural condition known as "woodiness" and/or "gritti
ness" during storage. Frozen blueberries become "woody"
or "gritty" after storage for more than 6 months (20).
Woodroof and Atkinson (20) found that blueberries
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Abstract. Woodiness and/or grittiness, a serious textural
problem in frozen blueberries was investigated. Rabbiteye
blueberries (cvs. 'Tifblue', 'Woodard' and 'Briteblue') were
stored at 0°F (-17.8°C), -10°F (-23.2°C), and -30°F
(-34.4°C). Blueberries were also frozen in liquid nitrogen,
in Freon 12 (dichlorodifluoromethane), and by air-blast.
Some berries were coated with a mixture of hydrocolloids

and stored at —30F. The effects of the foregoing treatments
on the quality of berries were examined.
Blueberry toughness was temperature dependent, and
rate of freezing influenced texture and color. Berries stored
for long periods at —10° and 0°F tended to deteriorate in
color and texture. Blueberries that were coated with a mix
ture of cellulose gum, gum tragacanth and citric acid and
stored at —30°F gave a marketable product even after 21
months. These berries retained their texture, appearance and
natural waxy bloom, like fresh berries.
A histological study showed structural differences among
berries from different treatments. Certain parenchymatous
cells differentiated into two types of sclereids, brachysclereids and macrosclereids. The distribution of the sclereids
was at random in the fleshy fruit, especially near the area of
the seeds and the endocarp. The woody and/or gritty texture
of berries is caused by the development of sclereids. In
berries frozen in liquid nitrogen, Freon 12 or coated with the
hydrocollosd mixture, and then stored at — 30°F, the tissue
resembled that of fresh berries. Coating mixtures yielded,
for all practical purposes, the best results. This is the first time
that the actual cause of woodiness and/or grittiness was dis
covered and means of its control found.

Rabbiteye blueberries (Vaccinium ashei Reade) are
native to the southeastern United States and have recently
received much attention as a cash crop in developing rural
areas in the South. All available technology should be sup
plied to this new industry.
An average of 30,919,400 pounds of blueberries was
frozen annually in the United States from 1966 to 1975.
The regional totals were 17,565,000, 11,905,700 and
1,448,600 pounds for the Northwest, Midwest and West,
respectively (17). The United States blueberry is gaining
acceptance among European consumers and processors
according to a U. S. market survey of several countries. The
North American Blueberry Council estimated that United

27% higher than in 1975 (10).
One of the most serious problems encountered in freez

frozen according to the usual procedure develop a more or
less woody texture. They attributed this woodiness to
enzymatic action as well as to the toughening effect of the
sugar or sugar syrups. The gritty material continued to
form for at least 2 years and was insoluble even when berries
were used in pies or preserves. This condition was attrib
uted to a deposit of gritty material in the epidermal and
subepidermal cells of the skin (15, 20).
Some investigators (16, 20) reported that blanching in
steam or water for 1-2 minutes at 212°F prevented this
condition, but others found it ineffective (6, 8, 15). It may
be a seasonal phenomenon since Esselen and Bailey (6)
found that different blueberry cultivars varied in skin
toughness from year to year and that blanching did not
prevent the toughening of skin during freezing and storage.
Anderson and Esselen (1) reported that the apparent tough
ness of cultivated berries was associated with the amount of
sugar in the packing medium. Stout (16) maintained that
regardless of whether blueberries were frozen with dry
sugar, in syrup, or with no sugar, the net result was a de
cided toughening of the blueberry skins—a condition that
did not disappear after ordinary cooking.
It is essential to overcome problems such as toughening
and the development of woodiness during frozen storage,
since woodiness leaves an objectionable residue in the
mouth of the consumer and affects flavor.
The main objectives of this work with rabbiteye blue
berries were to measure quality parameters, to examine
histologically the cellular changes that might be affected by
temperature, freezing rate and prefreezing treatment, to
find the cause of woodiness and/or grittiness and to find
some means to prevent this development.

Materials and Methods

Low-temperature storage. The rabbiteye blueberries
(cvs. 'Tifblue', 'Woodard', and 'Briteblue') were harvested
in Alma, Georgia, cleaned by a pneumatic winnower, then

transported in an air-conditioned car to the laboratory in
Athens, Georgia, and held at 40°F (4.4°C) overnight. The
next day all berries were sorted for maturity, and underand overripe berries were removed. Berries then were
washed, strained, cleaned, and dried. Fresh berries were ex
amined for various quality parameters and data reported
(Table 1) are the means of four measurements.

Representative samples of berries were weighed, sealed
in polyethylene bags, placed in pint containers and stored
at 0°F (-17.8°C), -10°F (-23.3°C) and -30°F (-34.4°C).
Some berries were frozen by air-blast and stored at —10°
and -30°F.

iThe author thanks Mr. Ruel Wilson, Biometrician, for statistical
analysis of the data and Mrs. Brenda Lyon, Food Technologist, for
sensory evaluation data. Mention of a trade name does not constitute

a guarantee or warranty of the product by the U. S. Department of

Agriculture and does not imply its approval to the exclusion of other
products that may also be suitable.
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Immersion freezing. Berries were graded for uniform
size (5/8" to 7/16"), because freezing by immersion could

shatter the small while incompletely freezing the large
ones. Twenty-five pints of blueberries per treatment con
stituted the experimental lot for each cultivar.
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Berries were immersed in liquified nitrogen [boiling
point -320°F (-195.6°C)], at atmospheric pressure, in a
stainless steel insulated container resembling a Dewar
flask. Each time a pint of fruit was placed into an expanded
metal stainless steel wire basket and lowered into the liquid
nitrogen. After 20 sec the fruit was raised and held in the
cold gas above the liquid nitrogen for temperature equi
libration. Extent of freezing was determined by cutting a
berry and estimating the depth of freezing. Then the
frozen berries were quickly packed in nitrogen-gas-tight
polyethylene bags and sealed by heat to prevent oxidative
changes in color and flavor, and placed in storage at — 30°F.
Under these conditions, the temperature equilibrated
throughout the berry and produced a solidly frozen berry
with a dry surface.

Some berries were immersed in Freon 12 [dichlorodifluoromethane, boiling point -20°F (-28.9°C)] which froze
them in less than a minute. All the other steps were exactly
like those for liquid nitrogen.

Prefreezing treatment with a coating mixture. The coat
ing mixture required to treat 100 lb of berries consisted of
0.25 lb dry cellulose gum (sodium carboxymethylcelluloseCMC), 0.1 lb tragacanth gum and 0.025 lb citric acid (13).
The mixture was sprinkled gradually over the berries while
they were tumbled in an open bowl. Tumbling was con
trolled so that the berries were uniformly coated but were
not damaged. These berries then were weighed, placed into
polyethylene bags, which were enclosed in pint containers,
and stored at —30°F. These frozen berries were examined
periodically. The CMC was of high viscosity, acid-stable and
food approved grade of cellulose gum (9). The hydrocolloids used in this study were obtained from commercial
sources.

Evaluation of berries. The samples were periodically
examined during storage. After 21 months, the berries were
thawed in the original containers, measured for color,
firmness, titratable acidity (as % citric acid), pH and solu
ble solids (4). Results were reported as means of four
samples.
Drip loss of thawed blueberries was measured by plac
ing 100 g of berries in a funnel that drained into a gradu
ated cylinder.
An informal taste panel evaluated separate samples of
thawed 'Tifblue' fruit. The panel of ten persons rated 3
replications of each temperature treatment for toughness of
skin, firmness of flesh, overall texture desirability, sweetnesstartness (taste), and overall taste desirability. Each attribute
was rated on a scale of 6 or 7 points paired with descriptive
terms.

Histological and histochemical studies. Fresh and frozen
blueberry tissue were fixed in cold formalin-acetic acidalcohol (FAA), dehydrated through an ethyl alcohol-TBA
series, embedded in Paraplast, sectioned at 20 p, stained
with sufranin and fast green and examined histologically
(4). For histochemical studies, sections of these berries were
cut on a freezing microtome at 30 ^t and directly stained
with phloroglucinol and hydrochloric acid for lignin dectection (11).

Results and Discussion

Effect of freezing method and prefreezing treatment on

quality of rabbiteye blueberries. The 3 cultivars of rabbit-

eye blueberries ('Tifblue', 'Woodard' and 'Briteblue') were

examined for quality after 21 months at 0°, —10° and
-30°F (Tables 1, 2 and 3).
Berries were weighed after removal from the freezers
and percent weight loss was calculated. Weight loss (data
not shown) was in the form of ice crystals due to sublima
tion. Sublimation was minimum at —30°F and weight loss

was negligible. Berries coated with
showed a weight gain of 1.40%.

the

CMC mixture

From the samples examined periodically during storage,
the CMC treated berries were preferred because of their
superior appearance, retention of natural waxy bloom, taste
and texture being the closest to fresh berries. The berries
stored at 0° and —10°F were found to be "woody" or
"gritty".

Color of thawed blueberries was darker for those stored
at higher temperatures as indicated by the lower "L" values
that measure lightness or darkness. There is a better preser
vation of color at -30°F than at -10° and 0°F, especially
for fruit partially frozen in liquid nitrogen or Freon 12.
The average "L" values of berries frozen in liquid nitrogen
of cvs. 'Tifblue', 'Woodard' and 'Briteblue' were 15.60,
16.40 and 15.23, respectively. For the 'Tifblue' berries
coated with the mixture of CMC, the Hunter "L" value
was 20.44 which indicates a high degree of lightness and
brightness (Table 3). The "L" value for the fresh berries
was 21.02. The CMC mixture apparently prevented oxida
tion of the tissue as the dry coating mixture was absorbed
into the surface pores of the berries.
The positive "a" values measure redness and were low
est at —30°F. Blueness was measured by the negative "b"
values, which were numerically greatest at —30°F, and for
the berries frozen in liquid nitrogen were —2.40, —2.38 and
—2.17 for 'Tifblue', 'Woodard' and 'Briteblue', respectively.
The 'Tifblue' CMC coated berries had the highest degree
of blueness with a "b" value of —3.50 (Table 3) which was
close to the control (fresh berries) value of —3.55 (Table 1).
The ratio "b/a" was highest at —30°F for berries frozen in
liquid nitrogen (Tables 2 and 3). The "b/a" values were
inversely related to texture: the higher the ratio value the
better the texture. Texture is an important attribute and
contributes to the overall appearance of the blueberries. In
frozen blueberries texture means toughness of the skin and
firmness of the flesh.
Texture of frozen rabbiteye blueberries was influenced
by freezing method, and appeared to be temperature de
pendent. Fruit firmness, measured by the Instron machine,
was lowest for berries stored at —30°F. In the punctureforce curve (not shown) for each sample, the peaks indi
cated the puncture-force required to break the skin, pene
trate the flesh and also indicated the total resistance to
puncture. The integrated readings were expressed directly
in the units of work. Values for total puncture-force varied.
The values for conventionally frozen 'Tifblue' berries were

Table 1. Quality Parameters of Fresh Rabbiteye Blueberries.

Texture

Hunter
color values

(puncture-

force)

Soluble
solids

Titratable
acidity

Cultivars

L

a

b

b/a

grn-crn

pH

(%)

(%)

Tifblue
Woodard
Briteblue

21.02
19.22
16.89

+0.40
+ 0.39
+ 0.34

-3.55
-3.28
-2.38

-8.37

1.21 x 103
1.00 x 103
1.34x103

3.314

16.4
15.8
13.9

0.61
0.63
0.64
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-8.20

-7.00

3.492
3.507
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Table 2. Effects of cUltivar and freezing method on quality of rabbiteye blueberries after 21 months storage: rated by color, firmness, and chem
ical characteristics.

Cultivar and
freezing method
Woodard
Conventional

L

a

Titratable
acidity2

pH

(%)

(%)

.35
.36
.40

(puncture-force)

b

b/a

gm-cm

1.36 X 103
1.26 X 103b

-2.24cd

-0.79
-1.11a
-2.52b

3.121
3.157ab

0.82 X 103a

3.198bc

13.0
13.0a
13.4ab

1.78b
0.72a

-2.11bc
-2.38d

-1.19a
-3.31c

1.23 X 103b
0.89 X 103a

3.104a
3.213c

13.7ab
14.2b

.44
.48

14.35a
15.59b

1.78b
0.70a

-1.78a
-1.95ab

-1.00a

-2.79b

1.58 X 103C
0.83 X 103a

3.124ab
3.132ab

13.4ab
13.8ab

.40
.45

10.61a
13.29b

2.50c
1.15ab

-1.52a
-1.82b

-0.61a
-1.58b

2.68 X 103d
0.78 X 103a

3.235bc
3.294a

10.3

.38
,40

13.65*
14.36a
15.39b

2.13
1.83b
0.89a

-1.69
-2.03b

stored at
-10°F
-30°F

14.47a
16.40b

Aair-blast and
stored at
-10°F
-30°F

0°F (-17.8°C)
-10°F (-23.3°C)
-30°F (-34.4°C)

Soluble
solids

Texture

Hunter color values

Immersion in liquid
N2 (20 sec) and

Briteblue
Conventional
-10°F
-30°F

10.6

Immersion in liquid
N2 (20 sec) and
stored at
-10°F
-30°F

Air-blast and
stored at
-10°F
-30°F

•

10.5

.41

14.65c
15.23c

1.89bc
0.97a

-1.76abc
-2.17d

-0.93a
-2.24c

2.02 X 103c
1.15 X 103b

3.032a
3.106a

11.0

.42

14.10bc
14.72bc

1.83bc

-1.63ab
-2.01 cd

-0.89a
-2.05bc

2.20 X 103c

3.028a
3.128ab

10.5
11.2

.39
.40

0.98a

0.87 X 103a

zAs percent citric acid.

yCultivar means within a column followed by different letters are significantly different (P < .05).

2.38 x 103 gm-cm and 0.92 x 103 gm-cm at 0° and -30°F,
respectively. Values for 'Tifblue' berries immersed in liquid
nitrogen or coated with the CMC mixture prior to storage
at — 30°F were 1.20 x 103 and 1.18 x 103 gm-cm, respectively
(Table 3) as compared to 1.21 x 103 gm-cm for fresh berries
(Table 1). Apparently 'Tifblue' and 'Briteblue' were tougher
than 'Woodard' frozen berries. A retention in the firmness
of the 'Tifblue' berries with the preservation of color due to
the coating mixture of CMC will be of significance to the
processors.

It was observed that the texture of the frozen rabbiteye
blueberries was related to the diffusion ("a" value) of the
skin pigment into the flesh of the berry. Berries stored at
—30°F had an almost white or cream colored flesh as seen in
fresh berries. The flesh of berries stored at progressively
higher temperatures showed increased difference of pigment,
and flesh of the berries frozen at 0°F was almost entirely
purple.

There was a slight increase in the acid content with the
lowering of the storage temperature. The cv. 'Tifblue' had

the highest acid content followed by 'Woodard' and 'Brite
blue' for the same treatment and conditions.
Acid cone, and pH are important quality characteristics
of blueberries. The content of soluble solids is related to
acid ratios and to keeping quality (5). Anderson (2), work
ing with tomatoes, showed that total acidity and pH are not
always inversely related. Paulson and Stevens (14) reported
that variation in phosphorous cone, of fruit is an important
factor influencing the relationship between pH and acidity.
Berries frozen at -30°F had a very good appearance with
almost white flesh and were soft. Thawed blast-frozen ber
ries exhibited some undesirable characteristics because of
excessive cell destruction. Berries immersed in liquid nitro220

gen prior to storage at —30°F maintained, after thawing, a
better appearance and firmer texture with less drip loss than
conventionally frozen berries. The fruit cracked or shattered
when the entire berry was solidly frozen during immersion,
but not when the fruit was immersed just long enough to
freeze the outer shell and about half way to the center of
the berry. To complete freezing, additional refrigeration
was necessary. Most of the berries had lost their bloom but
most closely appeared like the fresh fruit and were tasty.
Berries frozen in Freon 12 prior to storage were firmer with
a higher amount of soluble solids than the conventionally
frozen berries at -30°F. The CMC coated 'Tifblue' berries,
which retained color, maintained texture, and increased
pH, had the best physical appearance because they retained
their natural waxy bloom (Tables 1 and 3). These berries
did not crack or leak. Soluble solids for coated berries was
higher than for the other freezing methods studied except
for those frozen in liquid nitrogen. This can be of great
significance for blueberry processing.
It is believed that during the mixing of the berries with
the coating mixture, the CMC is absorbed within the pores
of the fruit to maintain firmness and natural color.
Tragacanth improved the dispersion of the CMC onto the
berries, and the citric acid helps to perserve the fruit (13).
The water-binding action of edible gums prevents an un

desirable graining texture and the growth of ice crystals in
other foods (12).
It was demonstrated that the toughness of blueberries is

temperature dependent and the rate of freezing of packed
fruit influenced texture and color. Prolonged storage time
and higher storage temperature decreased the color values
and increased toughness of the skin and firmness of the
flesh. It was also found that the prefreezing treatment of
Proc. Fla. State Hort, Soc. 90: 1977.

Table 3. Effects of freezing method and prefreezing treatment on quality of 'Tifblue' rabbiteye'blueberries after 21 months storage: rated by color, firmness, chemical characteristics and taste
panel evaluation.

Panel Evaluation7
Texture
(punctureforce)

Hunter color values
Freezing method

Tough-

Firm

ness

ness

(%)

of
skin

of
flesh

Overall
texture

Taste

12.90a
12.99a
13.03ad

.54a
.56ab
.57bf

6.6
5.2
4.0

5.1
4.3
1.9

2.1
3.3
3.7

2.8
3.1
3.8

2.1
3.4

3.275e

13.98f

.51e

3.5

2.6

4.7

4.9

5.2

1.16 X

3.274d

13.50e

.53e

1.18X103e

3.593e

14.01f

.40d

L

a

b

b/a

gm-cm

pH

12.35a*
12.89a
14.04bd

3.32a
3.18a
1.89bd

-1.98a
-2.09a
-2.29bd

-0.60a
-0.66a
-1.21bd

2.38 X 103a
1.47 X 103b
0.92 X 103cd

3.210a
3.236b
3.276cd

stored at
-30°F

15.60e

1.89d

-2.40d

-1.27d

1.20X103e

Immersion in Freon 12
(60 sec) and stored at
-30°F

15.00e

1.90d

-2.30d

Coated with CMC mix
ture and stored at
-30°F

20.44f

1.82d

-3.50e

Conventional
0°F (-1)
-10°F (-23.3°C)
-30°F (-34.4°C)

Soluble
solids

Titratable
acidity8

Overall
taste

3.8

Immersion in liquid
N2 (20 sec) and

-1.92e

"As percent citric acid.

^Toughness: ranging from very tough (7) to very tender (1); Firmness: ranging from very firm (6) to very soft (1); Overall texture and taste: ranging from most desirable (7) to least desirable

(1); Taste: ranging from very sweet (7) to very tart (1).
xMeans within a column followed by different letters are significantly different at the 5% level (letters a, b, c for comparing different freezing temperatures—conventional method, letters d, e,
f, g for comparing freezing methods at — 30 °F).
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fresh blueberries with the coating mixture (cellulose gum,

gum tragacanth and citric acid) gave an acceptable product
after 21 months of storage.
Woodroof (18) found that "woodiness", and toughening

of the skin increased markedly in blueberries stored at
10°F. High firmness and tough skins are undersirable. In
this study, texture of berries changed markedly at 0° and
-10°F, with considerable toughening of the skin and firm
ing of the flesh (Tables 2, 3) as compared to the initial
fresh berry (Table 1). 'Tifblue' berries stored at 0° and
— 10°F were inferior in overall texture and tougher and
firmer than berries stored at -30°F. Panelists rated berries
stored at 0°F as poorest on the basis of all quality traits
and described them as dark colored, inedible, bitter, and
woody.

Drip loss (data not shown) during 3.5 hr of thawing was
3 ml per 100 g for conventionally frozen berries but was
only 1 ml for liquid nitrogen-frozen berries.
Histological and histochemical studies. Microscopic ex
amination of the fruit cells and tissues showed differences
among the 3 cvs., 'Tifblue', 'Woodard' and 'Briteblue',
frozen by the different methods. Since photomicrographs of
all cultivars and all treatments could not be included, only
those for 'Tifblue' are presented since it is the most com

monly grown cultivar in the South.
Walls of the parenchymatous cells were thicker in frozen

than in fresh tissue. There was no evidence of sloughing as
suggested by Woodroof (19). Disorganization of cell con
tents was widespread in tissue frozen at 0° and —10°F. All
cell types examined showed some degree of cell wall injury,
but xylem cells appeared the least injured. Only the tissue
at —30°F was comparable to fresh tissue (Fig. 1). The
thickening of fruit cell walls and the formation of sclereids
were more marked at —10° and 0°F than at —30°F (Figs.
2, 3, 4). There was conclusive evidence from the structure of
frozen berry tissue that the temperature program for quality
follows the pattern —30°F > -10°F > 0°F. At -10° and
0°F, the sclereids were extremely thick, laminated, and had
strongly lignified secondary cell walls with many simple
pits (Figs. 2, 3). Clusters of sclereids were randomly dis
tributed primarily in the fleshy fruit, especially near the
area of the seeds and the endocarp. These sclereids were
large with a prominent central lumen and had tubular
simple pits in the cell wallp (Fig. 5); sclereids in the
endocarp (enclosing the seeds) were smaller with a small
lumen and were of two shapes, elongated (macrosclereids)
and somewhat round (stone cells). The stone cells (brachysclereids and the macrosclereids were composed almost en
tirely of cell walls. The lumen was reduced to a small
spherical or linear space in the center of the cell, and the
bulk of the volume was made up of the centripetally de
posited, laminated and lignified cell walls. The woody
and/or gritty texture of berries was attributed to sclereids.
There were two types of sclereids (Fig. 2, bottom): the
brachysclereids, which were large and isodiametric in shape,
and the small, somewhat round stone cells; and the macro
sclereids, which were small and elongated. The large brachy
sclereids apparently were formed from parenchyma cells
that had thickened after reaching full size since the

parenchymatous cells and the brachysclereids were prac
tically the same size. Sclereids are usually formed from
parenchymatous cells by secondary thickening of the cell
walls (7). Lignification of the sclereids was demonstrated
because they stained red with phloroglucinol and hydro
chloric acid. Sclereids also appeared occasionally in the
exocarp. The deposition of lignin was accompanied not
only by a "woody" or "gritty" texture but by a loss of
flavor. Possibly the small solidified cells contributed to the
"grittiness" and the large, hollow transformed cells to the
222

Fig. 1. Fresh 'Tifblue' berry tissue showing skin and normal
parenchymatous cell structure with dark, granular masses of anthocyanins in the skin. XI12.

"woodiness".

Woodiness

textural problem.

and/or grittiness

is a

serious

These findings do not completely agree with those of
Woodroof and Atkinson (20). They stated that cell in
clusions, which gradually enlarged to completely fill the
outer 3 layers of thick-wall cells that form the skin of the
blueberries, caused frozen berries to be "woody" or "seedy".
In the present histological study, the above reported "cell
inclusions" were interpreted to be dark, granular masses of
anthocyanins in the protoplast of the cells. Apparently the
masses of anthocyanins were not responsible for the woodi
ness but appeared if the pigment was allowed to saturate
the sections during the fixation processes.

Differentiation of certain parenchymatous cells and the
redifferentiation of certain epidermal cells into brachy
sclereids with extremely thick (10-16^,) lignified walls
were observed. The mechanism or process that controls the
differentiation of sclereids is unknown and requires
thorough investigation. Differentiation of sclereids from
parenchyma cells was induced in Monstera by wounding
both leaves and aerial roots (3). Sclereids are usually
formed from sclereid initials which resemble parenchyma
cells (7). The sclereid initials may have appeared prior to
the time that the blueberries were placed in low-tempera
ture storage but the 0° and — 10°F temperatures did not

suppress sclereid development. Blueberries frozen in liquid
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Fig. 2. Tissue of 'Tifblue' blueberry stored
severe cell disruption, thick parenchymatous
lignilicd secondary cell walls—brachysclercids
tissue wilh clusters of brachysclereids 8c at the
cells and macrosclereids. X12().

at 0°F for 21 months showing (top) skin,
cell walls, extremely thick and strongly
and (bottom) deeper into the mesocarp
left a segment of the endocarp with stone

Fig. 3. Tissue of 'Tifblue' blueberry stored at —10°F for 21 months
and showing severe cell disruption, thick parenchymatous cell walls and
large sclereids with prominent central lumen or cell interior and
simple pits. XI20.

Fig. 5. Tissue of 'Tifblue' blueberry stored at 0°F for 21 months
showing a section of the mesocarp with large brachysclereids having
prominent central lumen (cell interior) and simple pits present in the
extremely thick cell walls. X285.

Fig. 6. Tissue of 'Tifblue' blueberry coated with CMC mixture and
stored at — 30°F for 21 months showing well-defined anthocyanin
pigment in the skin and thin parenchymatous cell walls. XI15.

sclereid development. Blueberry tissue frozen in liquid
nitrogen and stored at — 30°F most closely resembled the
tissue of the fresh berry. Furthermore, it was observed that
differentiating sclereids might stimulate adjacent cells to
develop in like manner.
In berries coated with the CMC mixture and stored at
—30°F, most of the anthocyanins were preserved, even the
cuticle. The berries retained their waxy bloom and re
sembled fresh berries. For all practical purposes, the CMC
treatment was the best as this frozen tissue most nearly re
sembled the tissue of fresh berries (Fig. 6).
This is the first time that the actual cause of woodiness
and/or grittiness was discovered and means of its control
found. Comparison of micrographs of the cultivars studied
indicated that the cv. 'Tifblue' was the most subject to
sclereid development. This histological study showed a

relationship between cellular structure of blueberry tissue
Fig. 4. Tissue of 'Tifblue' blueberry stored at — 30°F for 21 months
and showing skin, mild cell disruption, and normal parenchymatous
cell walls with some sclereids. XI17.

nitrogen, or Freon 12, or coated with CMC and then
stored at —30°F contained very few sclereids; thus tempera

ture, rate of freezing and possibly osmotic pressure affect
Proc. Fla. State Hort. Soc. 90: 1977.

and the quality of frozen blueberries. The Instron readings
of firmness and the sensory evaluation of texture for
'Tifblue' blueberries supported the microscopic evidence of
the cellular changes and the sclereid development.
The freezing methods that prevented or retarded the
development of woodiness were the immersion in liquid
nitrogen and the pretreatment with the coating mixture,
223

CMC, prior to storage at — 30°F. Pretreatment of fresh blue
berries with the CMC mixture gave an acceptable product
even after 21 months of storage. Expansion of the freezing
processes of rabbiteye blueberries will benefit producers,
processors and consumers.

treatment on the quality of eight varieties of cultivated highbush
blueberries. Food Research 16:154-160.

9. Hercules Cellulose Gum Booklet. 1971. Hercules Incorporated.
10. In Short, Horticultural International. 1977. HortSci. 12(1) :13.
11. Johansen, D. A. 1940. Plant microtechnique. McGraw-Hill Book
Co. New York, New York.
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LOW-CHILLING APPLES FOR FLORIDA
Earl H. Rowland
P. O. Box 625

Winter Haven, FL 33880

Abstract. Although virtually ubiquitous throughout the

temperate zones, geographical distribution of the apple has

been excluded from the non-mountainous subtropics by its
high winter chilling (rest period) requirement. In recent

years, several low-chilling sports have offered the possibility
of extending the apple's range into the subtropics. Several
such selections have been tested in central Polk County

[latitude 28°N, elevation 61m (200 feet) above sea level]
and in Gainesville [latitude 29° 45 N, elevation 55m (180
feet)]. 'Tropical Beauty7 (from South Africa), 'Anna' (from
Israel) and a strain of 'Dorsett Golden' (originally from the
Bahamas, but reselected in South Florida) are particularly

promising. Some varieties cannot be grown alone as they
may need suitable pollinators.

The apple has been enjoyed by man since prehistoric
times in the Old World, both wild and cultivated, being
indigenous to the region south of the Caucasus along the
Caspian Sea. Although there is no evidence that the for
bidden fruit of the Garden of Eden was an apple, Goor and
Nurock's "Fruits of the Holy Land" (2) devotes a 19-page
chapter to the apple. They describe how fossilized remains

of apples have been found in Neolithic sites dating back to
4,000-3,000 B.C. Apples were introduced to the New World
by early settlers who brought seeds with them from Europe,
and the apple tree now grows from Washington state to
North Georgia. Further penetration southward has previ
ously not been possible. However, sufficient low-chilling re
quirement apples are now available for interested growers
to produce acceptable apples in subtropical Central Florida.
Floridians have long tried, usually unsuccessfully, to
grow the more popular northern apple varieties. Their
iThe interest and support of Stark Brothers Nursery and Orchards
Co., Louisiana, MO, have been deeply appreciated.
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failure has been due to the dormancy needed by apples.
This has hitherto required colder winters than normally
prevail in Florida.

New hope for apples in Florida was generated by a
seedling of 'Golden Delicious' planted in 1953 by Mrs. Irene
Dorsett of Nassau, Bahamas (5). Six years later the tree bore
fruit and for sometime thereafter had annual heavy crops

maturing from June through August. The seedless apples
were large, yellow, crisp, juicy, and of very good flavor.
This selection was given the name 'Dorsett Golden' and

budwood was promoted and distributed throughout Florida.

Since neither hybridization of apples nor selection of
potential cultivars had been attempted in Florida as of
1958 (3), I became interested in growing apples in Central
Florida (Winter Haven) and collected all the available
plant material I could find. For average minimum tempera
tures for Winter Haven, see Table 1. Chilling requirements
is usually expressed as so many hundred hours below 40°F
(4.5°C). It is apparent that to succeed in Central Florida,
apples need only a slender number of hours below 50°F
(10°C). Going on the theory that an early-blooming apple
might have a reduced low temperature requirement, I
collected a number of other cultivars, usually by purchase
from nursery catalogs and magazines. Purchased trees were
planted and observations made. Someone from one of the
country's leading nurseries2 visited me recently and sug
gested that I publish the findings of my preliminary observa

tions; this is the purpose of this paper.
In Central Florida, the 'Dorsett Golden' has been some
what of a disappointment, fruiting having been very sparse.

A better strain of the 'Dorsett Golden' has now been ac
quired from South Florida where is had fruited fairly well.
This strain fruits abundantly in Gainesville3, and is recom
mended as a pollinator for 'Anna' in that district (1).
sMartin, D. R., 1977, Personal communication. Mr. Martin is the
Eastern U.S. Field Manager for Stark Brothers Nursery and Orchards
Co., Louisiana, MO 63353.

3Crocker,

T.

E.,

1977,

Personal

Communication.

Florida, Fruit Crops Department, Gainesville, FL 32611.
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