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EFFECTS OF OIL ADDITION AND TRANSFORMATION OF RAW MATERIALS IN
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Abstract Introduction
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significantly prevented formation of well-aligned Japanese food industries and have been rapidly
cuctures in the extrudates. During developed and applied in the |
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the feed section but gross cellular structures Japanese food industries because of its potential
remained up to the cooking zone. After being to operate for diverse purpose including
introduced into the cooking zone, protein and compression, mixing, kneading, reaction,
carbohydrate were plasticized and appeared to be textu tion, sterilization and inactivation of
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and long cooling die induced formation of a B
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single screw extruders (Faubion and Hoseney,
b; Neumann et a 1984; Noguchi et

al., 1981; Rhee et al., 31; Simonsky and
Stanley, 1982). However, few papers have
Initial paper received July 14, 1986 reported effects of lipid content (Faubion and
Manuscript received December 30, 1986 Hoseney, 1982b), because a single screw extruder
Direct inquiries to K. Saio does not permit use of high lipid contents as a
Telephone number: 81-2975-6-8008 result of its design where materials are

transported by frictional force between the
barrel and screw. We have therefore examined the
effects of o0il addition on mi
soybean extrudates and describe our results here.

Secondly, this paper deals with micro-
structural transformations of the raw materials
as they progress through the

rostructure of

arrel o an

extruder. Aguilera et al. (1976) set up 7
Key words: Microstructure, soybean, texturized sampling points in a Wenger X-5 single screw
vegetable protein, extruder, extrudate, oil, extruder and investigated the progressive changes
protein, twin screw, barrel in soybean grits as they passed through the

extruder. Our experiments were similar but used
a Creusot-Loire BC-45 twin screw extruder with a
long oling die and our starting materials were
full-fat soy meal plus a small amount of potato
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starch in order to better understand the tra
formation or deformation of cellular structures
and added starches.

Materials and Methods

Materials

Effects of oil addition on microstructure of
extrudates were studied with defatted soybean
meal (Nisshin FT) containing 55% crude protein
and 10.5% moisture and having a Nitrogen
Solubility Index (NSI) of 31.1. It was premixed
with 5, 10 or 15% soybean oil in a kneader and
chopper.

A full-fat soyflour-starch mixture used to
determine the transformation of materials in the
extruder was made by grinding whole soybeans,
sieving to 0.5 mm, and then mixing with 5% potato
starch.

Extrusion-cooking conditions

A Creusot-Loire BC-45 co-rotating twin screw
extruder with a long cooling die attached was
used. Screw speed was 60 rpm except for the
defatted flour containing 15% o0il which was
extruded at 120 rpm. Feed rate was 15 kg/hr.
The barrel temperature in normal operation was
180°C. Screw geometry was Reverse-Forward-
Reverse-Forward-Forward from the die side as
shown in Fig. 1. Moisture contents of the sample
flours were 60%.

Preparation of microscopic specimens

The initial soybean flours were mixed with
lukewarm agar sol and coagulated. A small piece
of the agar was then fixed with 1% osmium
tetroxide in phosphate buffer (pH 7), dehydrated
with an ethanol series, and then embedded in Epon
resin. The resin was sliced, placed on glass
slides and stained with Coomassie Brilliant Blue
(CBB) for protein or periodic acid Schiff reagent
(PAS) for carbohydrates; the samples were
examined under a light microscope. The
extrudates were treated the same as the initial
flours except for the embedding in agar gel. The
extrudates were examined lengthwise (along the
direction of extrusion) and crosswise (at right
angles to the direction of extrusion). The
extruder contents were removed at locations A-G
shown in Fig. 1 at 5 to 7 min. after stopping the
extruder. The extruder contents and extrudates
were treated as described above.

Rheological measurement of extrudates

The extrudates were punched out in the form
shown in Fig. 2, and used to measure the maximum
breaking strength with a Fudo Rheometer (model
NRM-300 2D). The deformation rate was 6 cm/min.
The values obtained were averages of a minimum of
8 samples.
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Fig. 1. Configuration of the extruder and
sampling positions (A-G).

Cooling Die

Direction of Extrusion

Fig. 2. Sample preparation for texture
measurements.

Results and Discussion

Figure 3 shows micrographs of the initial
defatted flours with varying levels of added
soybean o0il. Gross cell disruption including
agglomerated protein bodies and cell walls as
observed. Added oil was not associated with
protein but was scattered in big and small
amorphous drops.

After extrusion cooking, the extrudates
observed in lengthwise sections show well aligned
fiber-like structures as shown in Fig. 4 (A - D).
However, the lengthwise orientation of the fibers
decreased, thickness of the fibrils increased and
size of the air cells increased as the oil
content increased. The fat globules observed in
the fibrous protein matrix were smaller and more

spherical than o0il droplets in the initial
flours. Under these extrusion cooking
conditions, all of the added oil existed in this

state.

The microstructures in crosswise sections
also clearly show fibrous-like networks (Fig. 4 E
- H). As in the lengthwise sections, thickness
of the fibrils increased and size of the air
cells increased as oil content of the extrudates
increased.

The maximum breaking strengths of the
extrudates is shown in Fig. 5. The values of
breaking strength of the extrudates in lengthwise
samples, decreased rapidly as o0il content
increased. In contrast, the crosswise samples
decreased slightly at 5 and 10% but increased
significantly at 15% added oil. These results,
obtained by rheological measurement, agree with
the microstructural changes observed on varying
0il content; namely, the orientation of fibrils
changed from lengthwise to crosswise at more than
10% oil. Under the extrusion cooking conditions
used in this experiment, oil was expressed during
cooking when more than 20% oil was present and
light micrographs showed large oil drops outside
of the protein matrix (data not shown).

Figure 6 shows the full-fat flour before (A)
and after it had progressed through the forward
(long and short pitch) and reverse screws (B-1
and B-2). In the raw flour, the added potato
starch granules were clearly observed, whereas
after mixing and kneading by the screws, no
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