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The effect of dry-ice freezing
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Yakimishen, R., Cenkowski, S. and Muir, W.E. 2002. The effect of
dry-ice freezing on saskatoon berry quality. Canadian Biosystems
Engineering/Le génie des biosystèmes au Canada 44:3.17-3.25. A
batch freezing system was used in circulating sublimated carbon
dioxide within a closed loop column to quick-freeze saskatoon berries
(Amelanchier alnifolia). The amount of dry-ice used, gas velocities,
and final berry quality were measured. Consumption ratios of dry-ice
to mass of berries ranged from 1.25 to 2.69 kg/kg. The freezing times
of fresh Smoky and Thiessen berries (700 g samples) varied from 205
to 265 s and 220 to 275 s, respectively to cool and freeze from
approximately 20 to −15°C. Quality was measured by quantifying
colour, anthocyanin content, benzaldehyde content, total acidity (malic
acid), and soluble solids (sugars) in frozen Smoky and Thiessen
berries. Colour was evaluated using ‘L’, ‘a’, and ‘b’ values and ranged
from 14.9 to 21.4, 0.4 to 10.5, and −3.7 to 2.8, respectively, which
related to the brightness, redness, and blueness, respectively, of Smoky
berries. Anthocyanin content (red/blue colour characteristic) ranged
from 113.3 to 309.2 ppm and benzaldehyde values (aroma) ranged
from 6.4 to 14.0 ppm. Total acidity was expressed as percent malic
acid and was found to be between 0.32 and 0.39. Soluble solids was
expressed as percent sucrose and ranged between 3.0 and 13.9. Quality
results were dependent on the date of harvest or berry maturity and the
number of days the berries were held in storage before quality tests
were conducted. Experimental results showed quick-freezing using
dry-ice to be effective in preserving the quality of freshly harvested
saskatoon berries. Keywords: quick-freezing, saskatoons, dry-ice,
Smoky, Thiessen, quality.

Un système de congélation discontinu fut utilisé pour la
surgélation des baies d’amélanchier en faisant circuler du gaz
carbonique sublimé en circuit fermé dans une colonne.  Les quantités
de glace carbonique, la vitesse des gaz et la qualité des baies furent
mesurées. Les ratios de la quantité de glace carbonique utilisée et de
la masse de baies allaient de 1.25 à 2.69 kg/kg. Les temps de
refroidissement et de congélation (20 à –15 °C) des baies fraîches des
variétés Smoky et Thiessen (échantillons de 700 g) varièrent
respectivement de 205 à 265 s et de 220 à 275 s. On mesura la qualité
des baies congelées Smoky et Thiessen en quantifiant la couleur, la
teneur en anthocyane, la teneur en benzaldéhyde, l’acidité totale (acide
malique) et les solides solubles (sucres). La couleur fut évaluée en
utilisant les valeurs “L”, “a”, et “b” qui représentent l’éclat de la
couleur, l’intensité du rouge et l’intensité du bleu  des baies Smoky, et
dont les valeurs étaient comprises respectivement entre 14.9 et 21.4,
0.4 et 10.5, –3.7 et 2.8. Les teneurs en anthocyane (caractéristique de
couleur rouge/bleu) allaient de 113.3 à 309.2 ppm et les valeurs de
benzaldéhyde (arôme) étaient comprises entre 6.4 et 14.0 ppm.
L’acidité totale était exprimée en pourcentage d’acide malique dont les
valeurs allaient de 0.32 à 0.39. Les solides totaux étaient exprimés en
pourcentage de sucrose et étaient compris entre 3.0 et 13.9. Les
résultats de qualité furent influencés par la date de récolte, la maturité
des baies, le nombre de jours pendant lesquels les baies avaient été

entreposées avant que les tests ne soient faits. Les résultats
expérimentaux démontrent que la surgélation avec de la glace
carbonique est efficace et permet de préserver les qualités des baies
d’amélanchier fraîches. Mots clés: surgélation, amélanchier, glace
carbonique, Smoky, Thiessen, qualité

INTRODUCTION

Saskatoon berries (Amelanchier alnifolia), also known as june
berries or service berries (Rogiers and Knowles 1997), have
been increasing in popularity as a harvested fruit within the
Prairie Provinces of Canada and northwestern United States
(Rogiers et al. 1998). The saskatoon plant is a shrub. At
maturity, clusters of purple spherical berries, approximately
12 mm in diameter can be harvested for use in a variety of food
items including pies, desserts, jams, jellies, juices, syrups, and
wines. The commercial saskatoon berry industry recognizes the
Prairie Provinces as the major fruit producers in Canada. The
majority of saskatoon producers operate u-pick or market
garden enterprises; however, berries also are directly sold to
consumers, retailers, and processors. 

The harvesting period for saskatoons is relatively short (2 to
3 wk) and a concern is how to effectively preserve them. One of
the most common methods of preservation is to freeze berries
immediately after harvest. Fresh berries contain high sugar
which can slow freezing rates (Brennan et al. 1990). Product
quality is dependent on the rate of freezing (Leniger and
Beverloo 1975). Rapid freezing techniques can decrease
mechanical damage caused by formation of large ice crystals
and can allow for an increase in long-term product storage (Luh
et al. 1986). Berry quality also is highly dependent on orchard
management techniques and cultivar selection. Quality is an
attribute which declines once the fruit has been harvested. Thus,
storage and delivery systems maintain the quality of the fruit for
consumer satisfaction (St-Pierre et al. 1997). 

Blast freezing techniques using liquid carbon dioxide have
been proven to be effective in rapid freezing of saskatoons,
though uneconomical for most saskatoon producers (A. Graham,
saskatoon producer, Carman, MB). Work done by Stephenson
et al. (2002) reported the use of an on-farm, prototype air blast-
freezing unit (2.3 kW compressor) for freezing saskatoon
berries. Results concluded that this system was a viable option
for on-farm, value added processing. However, the cost of the
system ($25 000) was a concern for producers since the use of
this blast-freezing unit would be limited to only 2 wk/y.
Although quality of the frozen product by Stephenson et al.
(2002) was acceptable, quicker methods of freezing are needed.
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Fig. 1. Front view of the prototype batch freezer with chamber door
open.

Thus, effective and economical quick-freezing processes are
desired among saskatoon growers for preserving the quality of
their harvested commodity. 

Dry-ice as a cooling agent has the highest cooling effect in
relation to its unit mass (620 kJ/kg at −18°C) (Ciobanu et al.
1976). Research was conducted on in-field freezing of
boysenberries (Chen et al. 1971). Dry-ice was used as a cooling
agent to reduce the field heat of the berries immediately after
harvesting to maintain quality and freshness. Another use of dry-
ice was in packing and was found to be effective in maintaining
market quality of air-shipped fruits. Export shipments of fresh
California strawberries for delivery at European airports, using
the sublimation effect of dry-ice, has changed the
storage/shipment environment, by slowing down the decay of
strawberries (Harvey 1967). 

Freezing effectiveness, cost, and availability of dry-ice could
serve as an alternative for preserving and maintaining the
quality of saskatoon berries (Yakimishen 2001). The overall
objective of this study was to design and evaluate the
performance of a dry-ice batch freezer system on the basis of
frozen berry quality. Particular goals were to: i) determine dry-
ice consumption while freezing two cultivars of saskatoons,
Smoky and Thiessen, ii) evaluate berry quality of the two
cultivars based on colour, anthocyanin content, benzaldehyde
content, total acidity, and soluble solids, and iii) compare the
difference in quality between batch dry-ice freezing and
standard chest-freezing. 

METHODOLOGY

Prototype batch freezer design
An insulated, closed chamber, which allowed for changes in
pressure, was used for conducting controlled-environment
freezing experiments. A means of directing a concentrated flow
of gaseous carbon dioxide through a berry layer enabled
effective cooling and a rapid decrease in temperature. To reduce
the potential of berries adhering to support screens, gas-flow
direction was directed upward through a column of berry layers.

 The freezing system comprised a fan, a duct, and
a set of stackable freezing trays with perforated
support screens (Fig. 1). An insulated chamber
contained the freezing system which minimized heat
loss and the amount of moisture entering. Inside
chamber dimensions were 0.91 x 1.10 x 1.65 m, with
an insulated wall thickness of approximately 0.05 m.
A 3450 RPM centrifugal fan (Joy Manufacturing
Company LTD, 1119 W, Camden, SC) supplied a
steady flow of air with sublimed CO2 through a layer
of berries. The fan was mounted outside the test
chamber to reduce external heat loading on the
freezing system. Dry-ice was supplied in the form of
slabs (0.25 x 0.13 x 0.03 m) and nuggets. The slabs
of dry-ice were broken into smaller pieces to mimic
sublimation rates to that of dry-ice nuggets. Dry-ice
nuggets were cylindrical in shape with an initial
length of 30 mm and a diameter of 20 mm. A closed
loop circuit of galvanized ducting (0.15 m diameter)
directed the sublimed stream of gaseous CO2 from
the top plenum to the bottom plenum. This allowed
the gas to enter beneath an alternating column of

                 berries and dry-ice.
A stackable arrangement of circular sealed trays allowed

ease in positioning of the trays of berries and dry-ice. The berry
trays were fabricated from cardboard tubes for moulding
concrete (0.24 m diameter) having a maximum capacity of
0.036 m3 (Fig. 1). Plywood flanges with rubber gaskets were
added to increase the effectiveness of sealing between the trays.
A retractable hood connected to the fan inlet allowed for easy
access to the top of the testing column and provided a means for
quick disassembling between each experiment. Elastic cords
were used in connecting the trays together with the retractable
hood to maintain adequate sealing during testing. A simple gas
escape tube was added to accommodate an increase in chamber
pressure as the dry-ice sublimed.

Freezing procedure
Saskatoons were mechanically harvested using a Joonas
harvester (Joonas, Joensuu, Finland). Harvested samples
(maturity stage 9) (Rogiers and Knowles 1997) of fresh and
day-old (berries harvested 1 d previous) saskatoons (Smoky and
Thiessen) were frozen to final freezing temperatures of −10,
−15, −20, and −25°C. Dry-ice freezing of fresh berries was
conducted approximately 1 h after being harvested while day-
old samples were frozen after being kept over night at
approximately 16°C. Experiments were conducted using five
sample masses of 356, 545, 600, 700, and 1400 g which
corresponded to berry layer thickness of approximately 10, 20,
30, 40, and 80 mm, respectively. Testing procedure consisted of
measuring berry temperatures, dry-ice consumption, and the
monitoring of gas velocities. 

Temperatures of the berries and CO2 gas stream were
recorded at 5 s intervals using an HP 3852 data acquisition
system with thermocouples mounted inside berry and dry-ice
trays. Figure 2 depicts a front view of the experimental
apparatus with the thermocouple arrangement. Thermocouples
3, 4, 5, 6, 11, 12, 13, and 14 indicate the positions where berry
temperatures were measured. The bottom berry layer
temperatures were measured with thermocouples 3 and 4 in tray
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Fig. 2. Thermocouple arrangement. Berries were placed in trays 2 and 4 and
dry-ice in trays 1 and 3 (see Fig. 1 for tray numbering). Thermocouples
3, 4, 11, and 12 measured the temperature of berries at the bottom layer
of trays 2 and 4. Thermocouples 5, 6, 13, and 14 measured the
temperature of the berries at the surface of the freezing layer.

2 and thermocouples 11 and 12 in tray 4. The top berry layer
temperatures were measured with thermocouples 5 and 6 in
tray 2 and thermocouples 13 and 14 in tray 4. Thermocouples
21, 22, and 23 monitored the temperatures along the chamber
door and thermocouples 20, 24, and 25 measured the external
ambient temperature. Thermocouples 9, 10, 17, and 18
measured the gas temperatures entering trays 2 and 4 while
thermocouples 7, 8, 15, and 16 measured gas temperatures
above the top berry layer in trays 2 and 4. The remaining
thermocouples (1, 2, and 19) indicate the positions of the gas
stream temperature measurements. 

Dry-ice consumption experiments were conducted to
determine freezing efficiency. Initially, dry-ice was quickly
weighed and dropped into the trays to minimize sublimation
losses. This step took approximately 10 to 15 s. The chamber
door was then closed and latched and the fan was immediately
turned on. Data were recorded until the desired final
temperature of the slowest freezing berry had been achieved,
measuring the final mass of the dry-ice. Separate experiments
were conducted to measure initial and final gas velocities. Initial
gas velocities were measured by inserting the velocity sensor
into the gas-flow measurement port (Fig. 1). Upon reaching the
desired temperature, the velocity sensor was again inserted and
a final velocity measurement was recorded.

Chest-freezing experiments
Three experiments were conducted to observe rates of freezing
of Smoky berries using a household chest-freezer set at
approximately −18°C. Three 1600 g samples of berries were

placed separately into three plastic
pails (4 L pails, each approximately
three-quarters full) and stored inside
the chest-freezer for approximately 24
h. It is important to note that these
experiments were conducted to show
slow freezing rates obtained using
chest-freezers (a typical freezing
method by berry growers) compared
with faster freezing rates using dry-ice.
Three thermocouple wires were run
under the lids of the pails and were
inserted into three berries positioned
approximately at the centre of each
pail. The data acquisition system was
used to log data at 5 min intervals.

Quality analysis procedure
Frozen and fresh berries were used in
the determination of berry quality. At
the end of each testing day, frozen
berries were bagged in plastic and
were packed in a cooler with dry-ice
slabs and ice blocks to minimize
temperature fluctuations during the
transport (90 km) for quality analyses.
Fresh berries were transported in a
cooler with dry-ice to maintain their
freshness. Storage temperature of the
frozen berries after each experiment
was approximately -16°C.

Procedures adopted from previous research (Green and
Mazza 1986; Mazza and Hodgins 1985) were found to be
representative for evaluating the fluctuations in quality as a
result of freezing. To perform the quality analysis,
approximately 700 g of berries were taken for each quality trial.
Colour trials were conducted from the methods of Green and
Mazza (1986), using a HunterLab Colorimeter model D25L-2
(Hunter Associates Laboratory Inc., Fairfax, VA). Three values
for ‘L’, ‘a’, and ‘b’ were recorded measuring brightness, redness
when positive and greenness when negative, and yellowness
when positive and blueness when negative, respectively. Green
and Mazza (1986) adopted a method developed by Fuleki and
Francis (1968) for extracting anthocyanins from saskatoons. The
total anthocyanin content was measured by the pH differential
method. This method relates the pH of the berries to an
absorbed wavelength over the visible wavelength range using a
Spectronic 601 spectrophotometer (Milton Roy, Rochester, NY)
(Green and Mazza 1986). Anthocyanin content (Cyanidin-3-
galactoside) was expressed as parts per million (ppm) and is
responsible for the red and blue colour of saskatoons (Green and
Mazza 1986). The determination of benzaldehyde content was
based on a standard described by Mazza and Hodgins (1985).
The absorbance of benzaldehyde was related to a calibration
curve using the AOAC (1998) standard method (36.4.04), which
correlated absorbance with benzaldehyde concentration
expressed in ppm. Benzaldehyde is responsible for the almond
aroma that is characteristic of saskatoon berries (Mazza and
Hodgins 1985). Total acidity (% malic acid) was determined by
the standard glass electrode method adopted by Green and
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Fig. 3. Dry-ice freezing characteristics of berries inside
tray 2. Thermocouples 3 and 4 were located at the
bottom of tray 2 and thermocouples 5 and 6 were
at the surface of the berries of the same tray
(Fig. 2.).

Table 1. Dry-ice consumption trials for freezing Smoky and Thiessen saskatoon berries. Consumption ratio was
defined as kg of dry-ice per kg of berries.

  

Cultivar Experiment
number

Condition Sample mass
(g)

Consumption
ratio

(kg/kg)

Start
temperature

(°C)

End
temperature

(°C)

Freezing
time
(s)

Thiessen
Thiessen
Thiessen
Thiessen

8
12
13
15

day-old
day-old
day-old

fresh

545
545
545
545

2.6
2.6
2.3
3.0

22.1
21.8
22.9
27.8

-25
-10
-10
-10

225
775
285
335

Smoky
Smoky
Smoky

7
21
22

fresh
fresh
fresh

544
599
603

1.8
1.7
1.6

23.5
17.9
15.7

-20
-20
-20

335
105
135

Smoky
Smoky
Smoky
Smoky

20
25
26
27

day-old
day-old
day-old
day-old

600
706
706
707

1.9
1.8
1.9
1.9

13.0
14.1
17.4
17.4

-20
-20
-25
-25

140
130
155
135

Smoky
Smoky
Smoky

29
30
31

fresh
fresh
fresh

702
703
702

2.0
2.0
2.1

18.1
16.8
17.1

-25
-15
-15

265
225
205

Smoky
Smoky

35
36

day-old
day-old

1400
1400

1.3
1.4

15.5
16.4

-15
-15

330
465

Smoky
Smoky

41
42

day-old
day-old

356
356

2.7
3.5

18.6
18.7

-15
-15

95
120

Thiessen
Thiessen
Thiessen

45
46
47

fresh
fresh
fresh

703
703
703

2.1
2.5
2.4

20.3
21.2
20.4

-15
-15
-15

220
275
270

Mazza (1986). Soluble solids (percent sucrose) were determined
by the refractometer method 44.1.04 (AOAC 1998), using a
refractometer (Carl Zeiss, Oberkochen, Germany) as described
by Green and Mazza (1986). 

RESULTS and DISCUSSION

Prototype dry-ice freezer evaluation
Experiments were conducted in duplicates (occasionally
triplicates) during a harvesting period from July 10 to July 25,
2000. A single tray arrangement was found to produce
acceptable results (dry-ice nuggets in tray 1; berries in only tray
2) over a double tray arrangement (dry-ice nuggets in tray 1;
berries in tray 2; dry-ice nuggets in tray 3; berries tray 4).
Freezing was enhanced during morning trials when the relative
humidity was lower and no moisture had accumulated from
previous experiments. Ideal freezing patterns were characterized
by the grouping of bottom and top berry layer temperature
curves. The bottom berry layers of the berry trays experienced
greater freezing rates than the top layers of the berry trays
(Fig. 3) (Yakimishen 2001). This trend was evident in tray 4 as
well. Inserting thermocouples to consistent depths within each
berry was an unavoidable problem. In addition, high initial gas-
flow velocities dislodged thermocouples from the berries during
testing. Difficulty with inserting the gas-flow velocity sensor to
the centre of the galvanized tube was another source for
experimental inconsistency.
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Table 2. Gas-flow velocities inside the closed loop measured at the
beginning and end of freezing for selected experiments.

  

Experiment
number Cultivar Conditions

Sample
mass
(g)

Velocities at
beginning

(m/s)

Velocities
at end
(m/s)

37
38

Smoky
Smoky

day-old
day-old

1400
1400

6.7
6.9

1.3
1.2

39
40

Smoky
Smoky

day-old
day-old

700
700

7.3
7.0

1.3
1.0

43
44

Smoky
Smoky

day-old
fresh

356
356

8.0
7.8

2.5
2.0

48
49
50

Thiessen
Thiessen
Thiessen

fresh
fresh
fresh

703
703
703

8.7
8.3
8.5

3.1
1.5
1.7

Fig. 4. Chest-freezing trial resulting in slow freezing
times.

Dry-ice consumption
Experiments 30, 31, 35, 36, 41, 42, 45, 46, and 47 were used to
evaluate thermal efficiency which was determined by measuring
the consumption of dry-ice to the amount of berries frozen (dry-
ice mass/berry sample mass or kg/kg). In these experiments,
Smoky and Thiessen berries were used with a final freezing
temperature of −15°C (Table 1). As the sample size of the
Smoky cultivar increased from 356 g (experiments 41 and 42)
to 1400 g (experiments 35 and 36), the time to freeze increased
while consumption ratios decreased. The heat produced by the
fan became insignificant compared with the amount of gaseous
CO2 used to cool the berries, thus reducing the consumption
ratio. Thiessen berries had higher consumption ratios than
Smoky berries of the same sample mass, regardless of the berry
condition (experiments 25, 26, 27, 29, 30, 31, 45, 46, and 47)
(Table 1). This can be explained by the difference in berry size
between the two cultivars. The average diameter of Smoky and
Thiessen berries is 14 mm and 17 mm respectively (St-Pierre et
al. 1997). Day-old berries frozen to −25°C appeared to have
lower consumption ratios and lower freezing times than that of
fresh berries frozen to −15°C (experiments 25, 26, 27, 29, 30,
and 31) (Table 1). Experiments 7, 8, 12, 13, 15, 20, 21, and 22
included single, unrelated tests using Smoky and Thiessen
berries of 545 g and 600 g samples and freezing temperatures of
−10, −20, and −25°C (Table 1). Most of the data was collected
on Smoky berries since this cultivar was made more available
by the farmer for experimentation. 

Initial gas velocities for the Smoky cultivar ranged from 6.7
to 8.0 m/s at the moment of placing the sample on the tray and
decreased to a range of 1.0 to 2.5 m/s at the end of freezing
(Table 2). Reasons for this decrease in velocity were attributed
to the formation of ice powder from moisture condensing in the
circulating air and berries freezing in clusters, thus increasing
the resistance to flow. In addition, increasing the layer of berries
decreased velocities (compare experiments 37 and 38 to 43 and
44, Table 2). Higher velocities were achieved with the Thiessen
cultivar using 703 g samples (range of 8.3 to 8.7 m/s). This can
be explained by the larger berry size of the Thiessen cultivar
which yields more space between berries for air passage. 

Chest-freezing trials provided for a comparison in freezing
times between quick-frozen and slow frozen berries. This
freezing method took more than 24 h to cool the berries to –6°C
(Fig. 4). Slow freezing experiments did not ensure that all
berries froze to a common final temperature, however, provided
an indication of slow freezing rates using a chest-freezer. 

Berry quality results
In evaluating the prototype freezer based on berry quality,
experimental results were compared with the literature. Fresh
and frozen berry samples were analysed throughout the harvest
season. A pre-harvest (July 10) and a post-harvest (July 25)
sample of fresh Smoky berries were analysed to determine the
quality of the saskatoons at the beginning and at the end of the
harvest period. The quality of saskatoons can be segmented on
the basis of fruit size, acidity, soluble solid content, weight, and
yield (St-Pierre et al. 1997). However, for the purposes of this
study, berry quality was determined based on colour,
anthocyanin content, benzaldehyde content, percent  malic acid,

and percent sucrose. 

Colour evaluation  Colour change of saskatoons
was monitored over the duration of the harvest. It
was found that the ranges of ‘L’, ‘a’, and ‘b’
values for frozen whole berries were 14.9 to 21.4,
0.4 to 7.9, and −3.7 to 1.7, respectively (Table 3).
The ranges of the ‘L’, ‘a’, and ‘b’ values for
frozen crushed berries were 15.6 to 21.3, 2.5 to
10.5, and −1.4 to 2.8, respectively. It was also
observed that the ‘a’ values were larger near the
start of the harvest as a result of red premature
berries. The ‘L’, ‘a’, and ‘b’ values for fresh whole
and crushed berries were similar to that of the
frozen whole and crushed berries. The ‘L’, ‘a’, and
‘b’ values for the pre-harvest sample were 16.4,
3.6, and 0.3, respectively while the ‘L’, ‘a’, and ‘b’
values for the post-harvest sample were 14.4, 7.0,
and 2.6, respectively. Colour values did not seem
to deviate between whole and crushed berry
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Table 3. Colour results of frozen, whole and crushed berry samples after a period of storage. Pre-harvest and post-
harvest samples were tested with fresh, non-frozen berries.

  

Freezing
method Cultivar Experiment

number

Storage
time at
-16°C

(d)

Whole* Crushed*

L a b L a b

dry-ice Smoky pre-harvest
3

22
24, 25#

26, 27
29
31

35, 36
post-harvest

0
3

16
6

29
1

28
31
0

16.4±0.1
21.4±0.4
16.0±0.3
18.6±0.3
16.3±0.5
16.1±0.1
16.6±0.3
14.9±1.5
13.7±1.3

3.6±0.3
0.4±0.3
3.6±0.2
1.3±0.5
7.9±3.9
2.0±0.2
6.1±0.1
4.3±1.8
1.1±0.5

0.3±0.1
1.7±0.5
-0.7±0.2
-0.8±0.4
-1.1±0.5
-3.7±0.3
-0.9±0.2
-0.3±0.7
-1.5±0.3

14.4±0.9
21.3±0.8
16.8±0.2
17.9±0.3
15.6±0.5
15.7±0.5
16.8±0.5
16.6±0.8
13.7±1.0

7.0±0.5
2.8±0.7
8.1±0.3
5.6±0.2
9.2±0.8
6.2±0.3

10.5±0.5
2.5±0.2
5.6±0.2

2.6±0.1
2.8±0.1
1.2±0.1
1.0±0.2
0.4±0.3
-1.4±0.4
0.6±0.5
-0.5±0.2
1.2±0.2

Thiessen 8, 12
45

46, 47

4
2

30

15.1±0.6
20.0±0.4
16.4±3.5

4.0±0.8
2.8±0.3
9.0±3.2

-1.7±0.3
-0.9±0.5
0.7±1.5

14.7±0.6
19.8±1.0
17.8±0.5

7.3±1.1
8.9±0.8
5.8±0.5

1.6±0.6
2.2±0.4
-0.7±0.7

chest-
freezer

Smoky 51
53

3
28

15.3±0.8
17.2±2.3

-0.5±0.3
3.7±1.9

-0.5±0.3
-0.1±0.7

12.5±3.5
18.7±0.6

0.7±0.1
2.0±0.2

2.0±0.3
-0.8±0.1

* Mean ± standard deviation, n=6
# Experiments marked with two numbers indicate pooled samples.

Table 4. Anthocyanin and benzaldehyde contents of frozen saskatoon
berries. Pre-harvest and post-harvest samples were tested with
fresh, non-frozen berries.

  

Freezing
method Cultivar Experiment

number

Storage
time at
-16°C

(d)

Anthocyanin
content*
(ppm)

Benzaldehyde
content*
(ppm)

dry-ice Smoky pre-harvest
7

22
24, 25
26, 27

29
31

35, 36
post-harvest

0
21
16
6

29
1

28
31
0

184.5±48.9
-

216.4±15.1
309.2±40.3
228.1±5.2
255.7±5.7

164.2±20.6
113.3#

202.6±10.1

-
9.2#

10.4±2.2
6.4

11.3±1.7
14.0±1.8
11.1±0.6
12.5±0.8
11.5±0.8

Thiessen 8, 12
45

46, 47

4
2

30

203.8±0.2
188.9±12.7

85.5±0.9

-
10.9±0.7
6.1±0.1

chest-
freezer

Smoky 51
52
53

3
21
28

289.0±46.8
246.9±25.3
212.7±9.8

14.6±2.7
8.1±1.2
5.5±0.2

* Mean ± standard deviation, n=2
# n=1

samples. In addition, it was noted that the time of harvest and
storage time had an impact on the loss of brightness, redness,
and blueness of saskatoon berries. Storage time refers to the
number of days frozen berries were kept at −16°C before the

quality analyses were conducted. In a study
done by Stephenson et al. (2002) using an air-
blast freezing system, over a two-season
harvest period (summer of 1999 and 2000) the
ranges of the ‘L’, ‘a’, and ‘b’ values for frozen
whole berries were 16.6 to 19.5, 2.4 to 6.2, and
−2.6 to 0.0, respectively. The ranges of the ‘L’,
‘a’, and ‘b’ values for frozen crushed berries
were 15.7 to 20.3, 6.4 to 8.4, and 0.4 to 2.6,
respectively. In addition, the ranges of the ‘L’,
‘a’, and ‘b’ values for fresh whole berries were
13.4 to 16.8, 0.7 to 4.1, and −0.9 to 0.3,
respectively. Similarly, the ranges of the ‘L’,
‘a’, and ‘b’ values for crushed berries were
14.7 to 18.7, 5.9 to 8.6, and 0.9 to 1.9,
respectively. Discrepancies between this study
and the study done by Stephenson et al. (2002)
may be attributed to differing berry maturity
levels caused by various environmental
conditions which differ by location of where
the saskatoons were grown and harvested.
Chest-freezing colour results were similar to
the prototype quality results (Table 3). Colour
analysis conducted on Thiessen berries showed
that the ‘L’, ‘a’, and ‘b’ values were similar to
that of the ‘L’, ‘a’, and ‘b’ values for Smoky
berries. 

Anthocyanin content  Anthocyanin content of
frozen berries (Smoky) using dry-ice ranged from 113.3 to
309.2 ppm (Table 4). It was observed that as the harvest
continued, anthocyanin content increased. This may be due to
the berries not being fully mature at the beginning of the
harvest. Anthocyanin content was observed to slowly decrease
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Table 5. Malic acid and sucrose percentages for frozen saskatoon berries.
Pre-harvest and post-harvest samples were tested with fresh,
non-frozen berries.

  

Freezing
method Cultivar Experiment

number

Storage
time at
-16°C

(d)

Malic
acid*
(%)

Sucrose*
(%)

dry-ice Smoky pre-harvest
3
7

22
24, 25
26, 27

29
31

35, 36
post-harvest

0
3

21
16
6

29
1

28
31
0

0.40±0.01
0.39±0.01
0.33±0.02
0.34±0.02
0.35±0.01
0.33±0.03
0.34±0.01
0.37±0.01
0.32±0.01
0.33±0.01

3.6±0.1
7.5±0.0

3.0#

3.7±1.2
13.4±1.2
5.7±3.3

13.9±1.9
4.9±0.1
5.0±2.5

14.4±1.0

Thiessen 8, 12
45

46, 47

4
2

30

0.51±0.03
0.60±0.10
0.57±0.06

9.6±0.2
7.2±0.3
1.8±0.8

chest-
freezer

Smoky 51
52
53

3
21
28

0.30±0.01
0.40±0.10
0.37±0.02

14.6±0.3
5.6±1.7
4.5±2.2

* Mean ± standard deviation, (malic acid n=4, sucrose n=2)
# n=1

after mid-harvest (experiment 24, 25; July 18). It was also
observed that as the storage time of frozen berries at −16°C
increased from 6 to 29 d (experiments 24 to 27), anthocyanin
content decreased from 309.2 to 228.1 ppm. Another similar
comparison could be made between experiment 29 and
experiments 35 and 36 where the decrease in anthocyanin
content was more than 50%. Stephenson et al. (2002) reported
minimum and maximum values for anthocyanin content for the
harvest of 2000. The minimum and maximum values were 63.9
and 121.9 ppm, respectively. Green and Mazza (1986) reported
a minimum value of 25.1 ppm and a maximum value of
69.5 ppm for fresh berries. Although values for anthocyanin
content determined after dry-ice freezing were greater (113.3 to
309.2 ppm) than those reported in the literature (Green and
Mazza 1986; Stephenson et al. 2002), similar trends were
observed. Different environmental conditions between growing
sites are again a contributing factor on varying experimental
results. Chest-freezing results have shown similar trends
between the decline of anthocyanin content and date of harvest
as well as storage time (Table 4). Anthocyanin content of fresh
Smoky berries decreased from 289.0 ppm at 3 d of freezer
storage to 212.7 ppm at 28 d of freezer storage. Anothocyanin
content for fresh Thiessen berries decreased from 203.8 ppm at
4 d of freezer storage to 85.5 ppm at 30 d of freezer storage.

Benzaldehyde content  A minimum and maximum value for
benzaldehyde was found to be 6.4 and 14.0 ppm respectively
(Table 4). Benzaldehyde contents found by Stephenson et al.
(2002) ranged from 2 to 28 ppm and Mazza and Hodgins (1985)
reported an average value of 30 ppm for fresh berries. The

differences found between the benzaldehyde
content determined from the prototype method
compared with literature were substantial.
However, differences in environmental
conditions may have caused this. As the
harvest continued and as the storage time
increased, the results for benzaldehyde content
for the Smoky cultivar were inconclusive. In
some cases the benzaldehyde content
decreased with storage time (e.g. experiment
29 versus 31), but in others it increased (e.g.
experiments 24 and 25 versus 26 and 27).
These fluctuations were in the range of ±30%.
Thiessen berries appeared to decrease in
benzaldehyde content with storage time (e.g.
experiment 45 versus 46 and 47). Similar
patterns relating harvest date and benzaldehyde
content were determined using chest-freezing
tests and tests conducted using the prototype
freezer (Table 4). Benzaldehyde content of
fresh Smoky berries decreased from 14.6 ppm
at 3 d of freezer storage to 5.5 ppm at 28 d of
freezer storage. Benzaldehyde content for fresh
Thiessen berries decreased from 10.9 ppm at
2 d of freezer storage to 6.1 ppm at 30 d of
freezer storage.

Total acidity  The percent malic acid range
was found to be 0.32 to 0.40 for Smoky berries
frozen using the prototype freezer (Table 5).

Stephenson et al. (2002) and Green and Mazza (1986) suggest
ranges of percent malic acid from 0.27 to 0.33 and 0.25 to 0.38,
respectively. Again, differences between our experimental
results and those stated in the literature may be due to differing
environmental conditions. It was noted that there was an
observable trend between storage time at −16°C of CO2 frozen
berries (Smoky) and percent malic acid (e.g. experiment 3
versus experiments 7, 22, 24 to 27). There was one exception
where the percent malic acid increased from 0.34 to 0.37%
(experiment 29 and 31) after 27 days of storage at −16°C. The
percent malic acid for Thiessen berries did show a trend due to
storage time (compare experiments 45 versus 46 and 47). These
experiments were conducted on a sample harvested on the same
day. Samples used in experiments 8 and  12 were harvested 1
wk earlier, therefore need to be excluded from that comparison.
Stephenson et al. (2002) also observed no recognizable trend on
the effect of freezing in relation to percent malic acid. This non-
existent trend was also evident in chest-freezing tests with
Smoky berries (range 0.30 to 0.41%) and additional tests
conducted using the prototype freezer on Thiessen berries
(range 0.51 to 0.63%) as seen in Table 5.

Soluble solids  The percent sucrose range was found to be 3.0
to 14.4 for Smoky berries frozen using the prototype freezer
(Table 5). It was noted that as the date of harvest was advancing
in time, percent sucrose increased. The pre-harvest (July 10)
percent sucrose value was 3.6 and the post-harvest (July 25)
percent sucrose value was 14.4. As the number of storage days
increased, percent sucrose decreased. After 1 d the percent
sucrose value was 13.9 (experiment 29) while after 28 d the
percent sucrose value declined drastically to 4.9 (experiment 31)
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indicating a decrease by more than half. The percent sucrose
value of fresh Smoky berries decreased from 14.6% at 3 d of
freezer storage to 4.5% at 28 d of freezer storage. The percent
sucrose content for fresh Thiessen berries decreased from 9.6%
at 4 d of freezer storage to 1.8% at 30 d of freezer storage.
Experiments conducted by Stephenson et al. (2002) had shown
that the range for percent sucrose was between 2.9 and 12.4.
Green and Mazza (1986) reported a range of percent sucrose
from 11.1 to 16.3. 

Freezing economics
The economics of using dry-ice, in terms of price and
availability was a critical design limitation. A typical cost of
freezing saskatoons berries using a walk-in freezing chamber is
about $0.22/kg of berries (A. Graham, saskatoon producer,
Carman, MB). Stephenson et al. (2002) determined a cost of
$0.45 for 1 kg of berries in a 2.2 kW prototype blast freezer. In
addition, the capital cost was $25 000. An average consumption
ratio of 2.14 kg/kg (range 1.3 to 3.5 kg/kg) was determined from
the dry-ice consumption experiments (Table 1). The cost of dry-
ice in slab form was $3.14/kg and for dry-ice nuggets was
$3.42/kg in the year 2000. Therefore, freezing costs of berries
using dry-ice in slab form was about $6.68/kg of berries.
Although freezing with dry-ice was found to be expensive,
saskatoon producers can protect their harvested berries using
dry-ice freezing in emergency situations (freezing equipment
failure). This emergency method would allow producers to
uphold and fulfill seasonal contracts with consumers. 

CONCLUSIONS

During batch freezing trials using dry-ice as the freezing agent,
consumption ratios of dry-ice to mass of berries ranged from 1.3
to 3.5 kg/kg. Freezing costs of berries using dry-ice in slab form
was about $6.68/kg of berries. Freezing with dry-ice is an
expensive method for preserving the quality of saskatoons. The
upper ratio limit reflected the freezing of larger size berries and
the increased resistance to the CO2 flow caused by condensation
on the berry support screens. Fresh Smoky and Thiessen berries
of the 700g sample size required freezing times in the range of
205 to 265 s and 220 s to 275 s, respectively, to cool and freeze
berries from approximately 20°C to −15°C. Anthocyanin
content of fresh, frozen berries ranged from 113.3 to 309.2 ppm
and decreased by 50% over a storage period of 3 to 4 wk kept
at −16°C. Benzaldehyde values of CO2 frozen berries ranged
from 6.4 to 14.0 ppm. Results for benzaldehyde content were
inconclusive indicating increases and decreases in the rage of
±30% over the storage period. Total acidity was expressed as
percent malic acid and was found to be between 0.32 and 0.40%
and the storage time of frozen berries had an observable effect
on decreasing percent malic acid. Soluble solids was expressed
as percent sucrose and ranged between 3.0 and 14.4%. A four-
week storage period at −16°C reduced the percent sucrose value
by half. The ‘L’, ‘a’, and ‘b’ values for dry-ice, frozen whole
berries after 3 d storage were 21.4, 0.4, and 1.7, respectively,
while ‘L’, ‘a’, and ‘b’ values for chest-frozen berries after 3 d
storage were 15.3, −0.5, and −0.5, respectively, indicating the
loss in brightness, redness, and blueness, respectively. A
difference of 25 d storage after chest-freezing reduced
anthocyanin content from 289.0 to 212.7 ppm, benzaldehyde
content from 14.6 to 5.5 ppm, and percent sucrose from 14.6 to

4.5%. Negligible effects due to the rate of freezing were
reported from chest-freezing trials on percent malic acid. Even
considering the capital cost of on-farm blast freezers, dry-ice
freezing could be used in emergency situations from an
economic point of view.
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