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Abstract

To develope a process by which liquid foods can be stored in the liquid state at the frozen
storage temperature, suitable cryoprotectants were selected. Orange juice, chosen as an exam-
ple of liquid foods, was stored with combined cryoprotectants at — 15°C, and quality changes
of orange juice during storage were evaluated. Among 7 cryoprotectants tested, NaCl solution
had lower initial freezing point than others, and initial freezing points of glucose, fructose,
glycerol, propylene glycol and citric acid were close to each other. Considering flavor quality
of orange juice, cryoprotectants suitable for reducing freezing point of orange juice were
glucose, fructose, glycerol, and citric acid. Combined cryoprotectants for reducing freezing
point of 3 and 4 folds concentrated orange juice to -15°C consisted of 10% glucose, 8% frutose,
4.6% glycerol and 3% citric acid, and 5.5% glucose, 4.5% fructose, 4.6% glycerol, and 3% cirtric
acid, respectively. When destruction of ascorbic acid, sedimentation volume and sensory flavor
score of orange juice stored with combined cryoprotectants at -15°C and the control stored
at -18°C were compared, there were no significant differences. These results indicated that
liquid foods with suitable combined cryoprotectants could be stored at -15°C or below in the
liquid state without adverse effect on quality of the stored products.
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Table 1. Initial freezing points of single and
combined cryoprotectant solutions

Concentration
Solute 0.5-m 1-m 2-m

Sucrose -097 206 -48
Glucose -095 -194 -39
Fructose -095 —-19 40
Glycerol -093 -192 -40
Propylene glycol ~094 -191 4.1
Citric acid -094 -1.88 -3.7
Sodium Chloride ~1.68 -336 -7.2
Glucose + Fructose
6:4)* -0.9 -19~ -4

Sucrose + Glucose (6:4) -1 -2.1 44
Sucrose + Fructose (6:4) ~1 -21 45
Sucrose + Glucose +

Fructose (6:2:2) -1 ~21 45

* Numbers in ( ) are mixing ratio in w/w.
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Table 2. Concentration of combined cryoprotectants to store orange juice in the liquid state

at -15°C or below

Folds of Conc. of added Initial freezi int
concentration cryoprotectants (w/v %) nitial treezing poin
Single fold glucose (22%) + fructose (18%) o

juice + glycerol (4.6%) + citric acid (3%) -155°C

. gluocse (16%) + fructose (13%)

2 fold juice + glycerol (4.6%) + citric acid (3%) -150
. glucose (10%) + fructose (8%)

3 fold juice + glycerol (4.6%) + citric acid (3%) -153
. glucose (5.5%) + fructose (4.5%)

4 fold juice + glycerol (4.6%) + citric acid (8%) -16.2

5 fold juice — -16.0

o, glucose, fructose, 42| glycerol, propylene
glycol ¥ citric acid® A3atdc},
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Table 3. Percent retention of ascorbic acid in
stored orange juice with combined cryoprotec-
tants

Storage
period 3 fold juice 4 fold juice  Control
(weeks)
.0 100 100 100
2 99.2 98.1 99.4
4 97.5 97.9 98.5
6 96.5 97.7 98.2
8 95.1 97.4 97.2
10 93.6 95.5 96.5
12 95.2 96.9 94.6
14 934 954 95.1
16 94.5 95.6 96.6
X 96.1 97.2 97.3
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Table 4. Stability of orange juice pulp stored
with cryoprotectants at-15°C (ml of sedimenta-
tion /50ml in 12 hrs.)

Storage
period 3 fold juice 4 fold juice  Control
(weeks)
0 29 30 28
2 30 30 28
4 30 30 29
6 31 34 30
8 31 34 30
10 33 34 34
12 28 30 31
14 27 29 32
16 32 30 31
X 30.1 31.2 30.1
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Table 5. Sensory flavor quality of orange juice, measured by 9 points Hedonic scale, stored

with combined cryoprotectants at-15°C

Storage period

(weeks) Control 3 fold juice Control 4 fold juice

4 6.2 £1.23 6.6 £0.97 5.2 £0.92 5.5 £1.19

8 6.6 +1.07 6.4 +1.26 5.8 £1.03 5.5 +0.97

12 5.8 +1.69 5.8 £1.69 5.2 £1.03 54 +1.07

16 5.6 +0.97 5.6 £1.58 5.5 +1.34 6.2 £ 0.81
X 6.1 6.1 5.4 5.6
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