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Abstract

Color characteristics of thawed samples of frozen cooked soybean puree of selected cultivar (Gomultong)
depending upon cooking temperature and time as well as freezing conditions were evaluated. Samples were
either cooled in 4°C refrigerator (control), or frozen at —40°C deep freezer for 12 hrs and then stored in 4°C
refrigerator, or immersed in liquid nitrogen (LN») and then each samples were cooked for 5, 10, 20 and 40
min at 65, 80 and 95°C, respectively. Freezing effect was not significant for all color characteristics except
for b". Significant cooking temperature by cooking time interactions were found for all color characteristics

except for 1"
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INTRODUCTION

Soybeans have long been recognized as a rich source
of protein with a high lysine content {1) and remain one
of the most widely consumed vegetables (2). They also
provide significant amount of carbohydrates, vitamins
and minerals to the diet and have for a long time been
of economic importance. In 1995, Japan imported 56,000
tons, 709 of total consumpticn, of frozen soybeans from
Taiwan which was valued at over 85 million doliars.
Despite better sovbean cultural environment in Korea as
compared to Talwan, frozen soybean export from Korea
to Japan was not successful due to their low grade. It
seems hecause of the fact that freezing has not been
extensively applied to sovbeans produced in Korea.

Freezing has been widely used for a long-term pres-
ervation of variety of foods including fruit and vegetables,
fish, poultry, and meat (3) and is the most satisfactory
method currently available. Freezing, if conducted prop-
erly, is effective for retaining quality of foods: for
example, flavor, color, and nutritive value, and has a
moderate effect on the preservation of texture. Despite
its superiority te other preservation methods, it is almost
inevitable to avoid some detrimental effects (3). One of
the challenges to the frozen food industry 1s to minimize
these detrimental effects, meanwhile providing an extended
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shelf-life. In order to achieve these goals, it is necessary
for food researchers to understand the freezing process
and study the influence of process conditions on the
quality of food.

Color of fond :s of great importance to product quality
and acceptance (4) and is an Important component of
visual appearance (5). Several researchers measured the
color changes of fruit ang vegetables such as asparagus
{6}, beans (7-9), broceodi (10-12), cucumber (12), green peas
(9,13,14), green tomatoes (15), pea puree {16-13), spinach
(12,17} and watermelons (18). Hayakawa and Timbers
{13) studied the changes in visual green color as a quality
of vegetables and Browning {14) investigated sensory
evaluation of color of new vining pea cuitivars. Color
changes in HTST processed green pea puree was stud-
ied by Buckle and Edwards (16) and Shin and Bhowmik
{18) reported the thermal kinetics of color changes in
pea puree heated at 110~125°C. A review of the liter-
ature shows that there are, however, limited detailed
systematic studies on the effect of freezing and cooking
conditions of soybeans produced in Korea, Therefore, the
objectives of this study weres (1) to compare color char-
acteristics of soyvhean puree from 2 selected cultivar and
(2) to study the effects of freezing and cooking con-
ditions and thelr interactions on the color characteristics
of soybean puree.
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MATERIALS AND METHODS

Soybean saraples

Selected cultivar of soybeans {(Gomultong) were ob-
tained locally and stored at 4°C for less one week until
processed. Fresh materials were purchased after each use.

Physico-chemical analysis

Soyhean samples were analysed for weight, size,
density, moisture, proteins, fat, carbohydrates and ash
contents. Size of 100 randomly selected soybean samples
were measured by a caliper and expressed in terms of
diameter in mm for both long and short axes. Density
was determined by the water displacement method.
Proximate analyses were performed in accordance with
the standard methods of the AQAC (20). Moisture
content was determined by an air oven method. Concen-
trations of protein and fat were measured by the Kjeldhal
method and the Soxhlet extraction, respectively. The
percentage of ashes was determined by burning in a
furnace at 600°C and the amount of carbohydrates by
subtraction. All measurements were conducted in triplicate.

Freezing and cooking conditions

Subsamples (800g) of soybeans were frozen in polv-
ethylene bags using two different freezing methods.
Samples were either cooled at 4°C {controb}, frozen at
-40°C deep freczer for 12 hrs and then stored at 4°C, ar
frozen in liquid nitrogen (LN2) and then stored at 4°C
refrigerator. Samples were blanched at 82°C for 1 min in
a water bath prior to cooking. Each S0g of blanched
samples was cooked in a 250 ml flask with 60% (w/w)
distilled water in a water bath set at 65, 80 and 95°C for
5, 10, 20 and 40 min. Cooked samiples were Immeciately
cooled in an jce-water bath, then pureed with 60% (w/w)
fresh distilled water using a mixer (Moulinex Vita
mixtrio, Mode! Y44, France) prior to color measurement.
Freezing and cooking were duplicated for each treatrnent.

Color measurement

Each samples were placed in a Minolta Granular-
Material Attachment CR-AS0, Color (L', a’ and b’
values) of the samples was measured by a Minolta
Chroma Meter 200 (Minolta Camera Co., Lid., Osaka,
Japan} using the CIE 1976 Chromameter L'a'h” color
scale equipped with a standard C illuminant., Triplicate

measurements were conducted on the same samples in
duplicate. Hue zngle and chroma were calculated as
fallows:

Hue angle: tan” (b'/a")

Chroma: [ (@")* + (0"

Statistical analysis

Statistical analyses were performed using the Statistical
Analysis System (21). Analysis of variance (ANOVA)
and means among samples prepared by various treatments
were calculated and Duncan’s multiple range test was
used to determine significant differences (p<0.05). Main
effect means were reported when no significant inter—
actions were found. When a significant interaction resulted,
mnteraction means were reported.

RESULTS AND DISCUSSION

Sample description

Mean weight of the sample was 0.24L0.02 g and the
mean diameters were 823050 and 7.54%0.40 mm for
long and short axes, respectively, Density was 1.19+0.04
kg/m’. Proximate analysis indicated that all cultivars con-
tained high amount of carbohydrates and proteins and
were relatively low in fat and ash{Table 1).

Statistical analysis

A summary of ANOVA resuits for color measurements
was presented in Table 2. Freezing effect was not

Table 1. Chemical compositions of a selected cultivar
(Gomultong) of soybeans

(%) (9%) o op M
)

DLA9T07H 2145118 16427057 4581025 361

Table 2. Analysis of variance resuits for color mea—
surements of soybean puree {(Gumultong)

Statistical significance’

Variable L' & B Chroma Hue angle
Freezing condition (F) NS NS % NS NS
Cooking temperature (T) ##% % *®kx ok Ak
Cooking time (1) dokk okk dokk bRk Fofesie
FxT NS NSNS NS NS
Fxt NS NSNS NS NS
Txt NS kb odokxr wops E Y
FXTxt NS NSNS NS NS

UNS: Not significant at p=0.05, * p=0.05, & p<0.001
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significant for all color characteristics except for b’ It
was found that mean values of b” for the samples frozen
at —40°C were significantly less than those for control
and samples frozen in LN regardless of cooking con-
ditions {Table 3}. Cooking temperature and time effects
were all significant for all color characteristics (p<0.05
or p<0.001). Significant cooking temperature by cooking
time interactions were found for all color characteristics
except for L7, Mean values of L” for the sampiles cooked
at B5°C were significantly higher {i.e, lighter) regardless
of cooking time and freezing conditions. Mean values of
L’ significantly increased as cooking time increases
regardless of cocking temperature and freezing conditions
(Table 3). The cooking temperature hy cooking time in-
teraction effect signified that the color characteristics of
the sovbean puree at different cocking temperatures
were not consistent over cooking time. No other sig-
nificant interaction between freezing condition and cooking
temperature, freezing condition and cooking time and
3-way interaction among freezing condition, cooking tem-
perature and time was not found (n<0.05).

Effect of process conditions

Effect of process conditions on the color characteris-
tics where thelr respective interaction was insignificant
is shown in Table 3. Significantly lower mean b" reading
of ~40°C frozen sample indicates that -40°C freezing de-
creased vellowness of the sample, however, LN frozen
sample sustained their yvellowness compared to control
(4°C stored sample). As cooking temperature increased,
mean L reading was decreased indicating that the color
of the sample became darker. Similar results were indicated
by Hayakawa ancé Timbers (13) and Buckle and Edwards
(18). Cocking time also significantly affected the mean
L" reading. The reading increased significantly as the
cocking time increased, which indicates that the color
of the sampile became lighter with cooking time as ex-
pected. This was due to the break down of chlorophylis
on the exposure to heat during cooking processing (16,22).

Effect of cooking temperature and time interactions

Mean changes in a" as influenced by cooking temper-
ature and time interactions for soybeans stored at 4°C
(controi), frozen at —40°C and immersed in LNz are
shown in Fig. 1. There were no significant differences
in a (positive value indicates redness while negative
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Fig. 1. Effect of cooking temperature and time interaction

ona of soybean puree for (a) 4°C stored {control),
{b) —40°C frozen and (c) LN; frozen samples.

Table 3. Effect of process conditions on the color characteristics where their respective interaction was in-

significant

Ffeezing condition Cooking Eemperature Lonkmg time
Color : ) L~ S ~_ {min)

AT -40°C LN 65 80 % 0 3 U W
v 5287 000 5178 30300 32107 523%F 52457 53O0
L 1427 13810 143

*Means in the same column within main effect with the same superscript are not significantly different (p<0.05)
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Fig. 2. Effect of cooking temperature and time interaction
on b’ of soybean puree for {a) 4°C stored (control),
(b) -40°C frozen and {c) LN, frozen samples.

vaiue indicates greenness) as cooking time increased for
all samples cooked at 65°C. The greenness increased up
o D min cocking and then decreased gradually as cooking
time increased for all sampies cooked at 80°C. For all
samples cooked at 95°C, greenness increased rather
sharply up to 10 min cooking and then decreased sharply
as cooking time increased. This was probably due to the
temperature dependence on the break down of chlo-
rophylis in soybeans. These results support the earlier
finding that a significant interaction existed between
cooking time and temperature existed but not with
freezing conditions.

Fig. 2 presents the effect of cooking temperature and
time interaction on b” of soybean puree depending on
freezing conditions. With the increase in cocking time,
b" (positive value indicates vellowness while negative
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Fig. 3. Effect of cooking temperature and time interaction
on chroma of soybean puree for {(a) 4°C stored
(control), (b)Y ~40°C frozen and {c)} LN: frozen
samples.

value indicates blueness) increased significantly for the
samples cooked at 8) and 95°C after Smin cooking
regardiess of freezing conditions; however, the increase
was not significant for the samples cooked at 65°C. This
also indicates significant interaction between cooking
time and temperature. Fig. 3 presents the same inter-
action effect on chroma of soybean puree. A significant
increase in chroma (brightness) with the increase in
cooking time after 5min for the samples cooked at &0
and 95°C regardless of freezing conditions. Results were
similar to those of b" since gain of brightness of those
samples was mainly due to an increase of b

Fig. 4 shows the cooking temperature and time
interaction effect on hue angle of soybean puree. Hue
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Fig. 4. Effect of cooking temperature and time interaction
on hue angle of soybean puree for (a) 4°C stored
(control), (b) -40°C frozen and (c) LN: frozen
samples.

angle is defined as starting at the +a axis and is
expressed in degrees; 0° would he 4a” (red), 90" would
be +b" {yeliow), 180° would be -a" {green) and 27" would
he ~4" (blue). Samples with higher hue angles were maore
green while those with lower angles represented more
orange-red. Hue angles significantly decreased (i.e., lose
of greenness) as cocking temperature increased for the
control cooked for 20 and 40 min, -40°C frozen samples
cooked for 5, 20 and 40 min, LN frozen samples cooked
for 40 min. Significant decreases in hue angle were found
as cooking time increased for the samples cooked at 95°C
regardless of freezing condition as well as 80°C cooked
samples of the control and frozen at -40°C.

CONCLUSIONS

Soybeans used in this study (Gomultong) contained
high amount of carbohydrates and proteins and were
relatively low in fat and ash. Significant cooking tem-
perature by cooking time interactions were found for all
color characteristics except for L. This cooking tem—
perature by cooking time interaction effect signified that
the color charactenistics of the soybean puree at different
cooking temnperatures were not consistent over cooking
time, No other significant interaction was found between
freezing condition and cooking temperature, freezing
condition and cooking time and 3~way interaction among
freezing condition, cooking temperature and time (p<0.05).
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