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{Abstract)

Various coagulants, such as caloum sulfate, gluconodelta lactone and calcium chloride, are
incorporated 1o the soyv milk to charactetize the texture, qualily and microstructute of soybean
curd. Chemical components of the soybean curd varied depending upon the type of coagulants
used, The product prepared [rom gluconodelta lactone has lower chemical conlents, such as
moisture, protein and calcium levels, than any others. The calcium level was higher suggesling
that more protein precipitates with higher levels of calcium as a coagulant. Thus, the type of
coagulant was predicted to influence the precipitation of the protein. In application of Tukey's
range tcst for various soybean curds, gluconodelta lactone soyhean curd for hardness and accepta-
bility was significantly ditferent trom the calcium compound soyhean curds, whule the soybean
curds for cohesiveness were not sjgnificantly differenl. Photomicrographs by SIEM showed that
the walls of the calcium compound soybean curd are mare compact and denser than the gluconodelta
lactone product, which illustraies an even matrix that protein are aggregates in a uniform manner.
From the resulls of this study help predict that the coagulant effects the microstructural and
textural behavior ol the protein lamella.
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I. Introduction
Soybean curd is one of the important
nonfermented soybean products which have
been widely used in a variety of dishes by
oricntal people for many centuries. Tofu, like
soy sauce and soy milk, are unique soy protein
foods consumed to provide good nutritional and
digestibility  qualities®®,  The traditional
manufacting processes ol soybean curd involve
first a soy milk manufacturing process, a
coagulation process, and then a pressing
process. Soybean cake involves the curd of
ground soybeans which is precipitated by adding
coagulant to the soy milk and draining the
whey. Various coagulants are incorporaled 10
the soy milk but the

considered 1o yield a more preferred tcxtiure.

caleium salts are

Calcium sulfate®® is the most widely used and
produces the higher quality product. The use
of calcium sulfate, however, causes some
problems. The salt is practically insoluble but
the salt could be added as a dry powder to
achieve the desirable result. Gluconodelta
lactone has no salting out potential but does
precipitate the protein. The coagulant causes
proteins to associate by [orming salt bridges
and by lowering the pH causing the proleins
to become more neutral. Disagreement exists
as to the relative importance of the two effects.
One study point out that the soy protein started
to coagulate as the pH fell below 6.0. However,
the proteins did not precipitate al all concentra-
tions of calcium carbonate which has a higher
pH range.

The conclusion was that pH and not calcium
ion concentration is the overwhelming cause of
coagulation of the soy protcin. The soybean
curd is considered to be a soy isolate having
an isoclectric point of 6.0¢%, Nonetheless, the
calcium does bind to the protein chain facilita-
ting precipilation and yield high levels of
calcium in the {inal product.
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This study was undertaken to elucidate the
textural and microstructural profile of the
soybean curd coagulated by calcium salts and

non calcium salt.

fi. Malerials and Methods

1. Preparation of soybean curd

Soybeans (T'racy variety) were soaked 1n
water overnight, then ground with water in a
waring blender for 6 min. at high speed.
Additional water was added to obtain soy
slurry. The soy slurry was boiled for 5 min.
and strained through a filter cloth for soy
milk. The soy milk was cooked for 10 min. at
100°C and then cooled to 72°C. The coagulant
was added slowly while stirring until the soy
protein started to coagulate. The curd was
transferred to a plastic hox lined with cheese
cloth to drain off the water. The curd was
pressed by a 200g weight placed on top of the
curd for 1 hr.. The resultant is called soyhean
curd(Clolu).

2. Coagulating agents

Reagent grade calcium sulfate and calcium
chloride from Tisher Scientific Co. and gluco-
nodelta lactone from Merck Co. were used.

3. Chemical analysis

Moisture determinations were made in
duplicate on two gram samples by freeze
drying. Ash content was determined by the
AQAC®, The concentration of calcium was
determined using Atomic Absorption Spectro
photometry. Protein content was determined by
the Boric Acid Modification of the Kjeldahl

nitrogen method?®,
4. Textural property and sensory evaluation

Texiural properties” such as hardness and
cohesiveness were cvaluated using the Instron
Universal Testing Instrument (model 100),
evaluatiton for

Sensory acceptability was
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evaluated by the sensory panel. The scale for
acceptability was arranged from 1 (very low)
to 10 (very high). Sensory cvaluaiion was
modified from the method described by Lu cl.

ale,
5. Scanning electron microscope (SEM)

Small sample cubes were fixed in glutara-
ldehyde overnight, quickly frozen in liquid
nitrogen, and dehydrated by freeze drying.
Samples were placed on stubs and coated with
gold/palladium to be viewed under the scanning

clectron microscope.

. Results and Discussion

The qualily of soybean curd is mainly indica-
ted by chemical compounds, textural behavior
and general acceptability. ® Table 1 shows the
The

calcium compounds(calcium sulfate and calcium

values for the analyses of the products.

chloride) and gluconodelta lactone all precipita-
ted soy protein. Result shows that the protein
content of gluconodella lactone soybean curd

was lower than that of all calcium compound
products. The moisture content of soybean
curds prepared [rom various coagulanis ranged
[rom 84—85% with an average value ol 84.7.
The soybean curd is actually classified as soft
or hard according to moisture content®. The
product prepared from gluconodelta lactone has
lower moisture than any others. The calcium
level was also higher suggesting that more
protein precipitates with higher Ievels of calcium
as a coagulant, llowever it is not possible to
make a definite conclusion since the glucono
delta lactone is generally used as a coagulant
to make the commercial product. The calcium
level of the gluconodelia lacione soybean curd
has a much lower but the amount of protein
precipitated was similar. Thus, the type of
coagulant and the processing conditions will
influence the precipitation of the protein. It is
desirable for soybean curd to have bland taste,
smooth and softer texture. The qualities of
soybean curd, especially texture and accepta-
bility are betier determined by the physical
properties rather than by chemical compositions.

Acceptability and characteristics of the soybean

Table 1. Chemical comparison of soybean curd*

coagulant

soybean curd .

made with ‘ added(%) ‘ protein(%)
calcium sulfate 1.5 8,02
gluconodclta .

lactone 1.5 7.82
calcium chloride 1.5 7.89

calcium(mg/g)

moisture(%) ‘ ash(%)
84,6 1.12 0.31
84, 2 1,05 0.09
85.2 ‘

1.08 0.29

*mean of three batches

Table 2. Textural and Sensory profiles of soybean curds**

soybean made with Textiural parameters Sensory parameter
cohesiveness Hardness(kg) acceptability
calcium sulfate 0. 200 0. 26% 5ax
gluconodelta lactone 0. 242 0, 13v% av
calcium chloride 0.212 0,19* 6°

* means with the same letter are not signilicantly different in a conflidence of 0.95

**mean of three batches
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curd prepared from calcium sullate, glucono-
delta

compared, and results are shown in Table 2

lactone  and calcium chloride were
It was observed that the gluconodelia lactone
soybean curd had a smooth and solt, and the
hardness was increased in order ot calcium
chloride and calcium sulfate. The soybean curd
prepared from calcium sulfate had a hard and
firm testure bul it was not evhibited coarse.
Tabhle 2 also illustrates the ellcct of coagulant
source on the textural measurements. In applica-
tion ol Tukey's range test {or various svybean
curds, 1L 1s very clear that gluconodelta Jactone
soybean ¢urd for hardness was significantly
different hrom the calcium compound soybean
curds, while the soybean curds tor cohestveness
were not significantly dilfercnt. Taste panel

score showed that the caldum compound
soybean curds were clasgified into same grouping
for acceptability with no significant dif{erences
the 5% levels.

gluconodelta lactone soybean curd

at the 1% o However, Lhe

score  for

was shown much higher than calcium compound

»
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products. The resulting score values arc not
the of
product. However, the score of general accep-

necessarily corrclated with quality

tability is somewhat related to the product
quality.

Further studies were done using different
coagulants to determine it there are differcnces
in the appearance of the protein lamella under
the scanning electron microscope. PPhotomicrog-
raphs (Fig.1) of the soybean curd under the
SEM reveal that how the protein malrix entraps
the water, fat globules and calcium ions.

The protein malrix appears analogous to a
struclure. obvious

the

sponge [t js immediately

irom micrographs that the walls of the

calctum  compound  soyhean curd are more

compact and denser than the gluconodelia

lactone product, which illustrates an cven

matrix thal protein are aggregates in a uniform
manner. The gluconodelta lactone product
showed a uniform, cell-like matrix and an open,
tibrous, and porous malrix presumably corresp-
characteristic

onding to the unique surface

Fig. 1. Microstructure of soybean curds coagulated with different coagulants.
D. calcium sullate (™3, G00)

L. gluconodelta lactone (3, 600)

¥, calcium chloride (3, 600)

A. calcium sulfate (x900)
B. gluconodelta laclone (>(900)
C. calcium chloride (900)
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of agglomerated protein gels. The calcium
compound soybean curd showed that matrix
strands appeared Lo be overlapped and interwo-
ven 1n the gel network. From the results of
this study help predict that the calcium bridging
of the protein chains alflects the structure of
the lamella. The addition ol a salt such as
calcium forms a bridge between iwo negative
side chain. This cation dissipates the repulsive
forces which were preventing the chains from
associating and forms a Ik belween the two.
The pll effect trends to decrease the repulsive
forces as the prolein chains become neutral
overall. This allows hydrogen hbonds to form.
The uncharged nature of the side chains leads
to hydrophobic cifect drawing the prolein
chains closer together and squeczing out unbound
water molecules.  Thus coagulant such as
gluconodelta laclone can precipitate the protein
without the presence ol a cation. Together,
however, the salt acls synergistically with the
pH etfect to give more efficient precipitation
of 1the soy protein,
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