Agri. & Biosys. Eng. Vol. 6(1):27-33(2005)

The Processing Technology of Soy Protein Meat Analog Using

Twin—Screw Extruder
— Heat Transfer Analysis of Cooling Die —

G. H. Lee

Abstract: Soy protein meat analog was produced using a twin-screw extruder attached with a cooling die. Heat transfer
analysis was performed for cooling dies with various die sizes at the four different moisture contents of feed during
extrusion process. The experimental design consisted of two cooling die widths (30 and 60 mm), three cooling die lengths
(100, 200, and 300 mm), four product moisture contents (71.2, 67.0, 61.6 and 55.8%), and water and water plus ethylene
glycol as cooling material. When water was used as cooling medium, the values of equivalent overall heat transfer
coefficient (U,) for each die width of 30 and 60 mm were in the range of 187.0 — 341.4 and 358.5 — 191.6 W/m’C
depending on the size of die length. Convective heat transfer coefficients between cooling water and inside die wall of
cooling channel (4;) for both die widths of 30 and 60 mm were 588.5, 416.1, and 339.8 W/m’C for each die length
of 100, 200, and 300 mm. Convective heat transfer coefficients between product and inside die wall of product channel
(hy) for each die width of 30 and 60 mm were in the range of 434.6 — 888.1 W/m>C and 460.7 — 1014.5 W/m>C
depending on the size of die length. When water plus ethylene glycol was used as cooling medium, the values of U,
were in the range of 143.9 — 319.6 W/m”>C and 177.8 — 332.7 W/m**C for each die width of 30 and 60 mm depending

on the size of die length.
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Introduction

Extrusion cooking has been used for processing many
kinds of food products such as ready-to-eat cereals, various
snacks, confectionery products, texturized products from
vegetable proteins, dry or semimoist pet foods, etc. Twin-
screw extruders can effectively texturize and shape a wide
range of ingredients in a continuous operation. In recent
years, they have been used to produce fibrous soy protein
meat analog under high moisture (>50%) extrusion conditions.
A twin-screw extruder has many advantages for food extrusion
due to its characteristics of the screw (Harper, 1989). Its
greater conveying angle and self-wiping feature make it
possible to handle various ingredients. It also eliminates or
minimizes pressure and leakage flows by virtue of the
direction of screw rotation, screw shape, screw configuration,
and relative position of screw sections. These characteristics
of the twin-screw extruder allow processing of high-moisture
extrusion with improved texture and offer the possibility of
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taste modification (Noguchi, 1989).

Soy protein products such as meat analog could either be
texturized by twin-screw extruders at high moisture conditions
above 50% (Noguchi, 1989; Cheftel et al., 1992; Thiebaud
et al., 1996; Lin et al., 2000; Lin et al., 2002) or by
single-screw extruders at moisture conditions below 35%.
Texturized protein products produced at low moisture contents
by single-screw extruders have an expanded sponge-like
structure. These products need to be rehydrated with water
or flavored liquids. Their uses as a meat alternative are
very limited due to the time required for preparation and
the lack of fibrous, meat-like appearance. Extrusion cooking
by a twin-screw extruder at high moisture levels prevents
expansion of products, reduces viscous dissipation of energy
and is capable of producing fibrous meat analog with
improved texture.

Production of texturized soy protein products requires the
selection and control of extrusion variables such as extruder
barrel temperature, feed rate, screw speed, die cooling, etc.,
at suitable levels. Essentially three steps for soy protein
texturization are: (1) melting of the protein constituents
inside the extruder as a result of high shear and temperature;
(2) steady pumping of the food melt from the extruder into
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the die; and (3) development of a laminar flow in the
cooling die to initiate fiber formation (Cheftel et al., 1992).

Cooling die is a major component of extruder set-up,
which is responsible for the final shape and texture of
extruded products such as meat analog. It is attached at the
extruder outlet with circulation of cooling medium in the
die jacket. A long cooling die is often used at the end of
the twin-screw extruder to control the product temperature
and to facilitate the texturization or fiber formation of final
products. An important role of cooling die is the dissipation
of the thermal and mechanical energy accumulated in the
food mix with increasing the viscosity and reducing fluidity
of it, therefore maintaining necessary pressure and temperature
before the die and preventing steam flash at the die outlet.
Cooling of the protein dough inside the die allows the
condensation of steam within the product and the formation
of longitudinally oriented bubbles give the resulting product
the typical layered characteristic of meat (Harper, 1981).
The magnitude of heat transfer coefficient in the cooling
die will influence the die design for the process scale-up.
However, the study of heat transfer analysis for the cooling
die has not been carried out. The objectives of this study
were to estimate the equivalent overall heat transfer coeffi-
cient (U,) and convective heat transfer coefficient for cooling
die with various sizes of width and length.

Materials and Methods

1. Materials

Soy protein isolate (Pro Fam 974) was obtained from
ADM (Decatur, IL, USA) and unmodified wheat starch
(Midsol 50) and wheat gluten were purchased from Midwest
Grain Products (Atchison, KS, USA). Soy protein isolate
and wheat gluten were blended in 60:40 ratio with addition
of wheat starch (5% of protein blend) using an 18.9 L
Hobart Mixer (Model A-200-F, Hobart Corp., Troy, OH,
USA) for 10 min to ensure the uniformity of the feed
material.

2. Sample Preparation and Extrusion

A co-rotating, intermeshing, self-wiping twin-screw extruder
(Model MPF 50/25, APV Baker, Grand Rapids, MI, USA)
was used for producing meat analog. Only last 750 mm of
total barrel length of 1,250 mm was used in this study so
that the barrel length to diameter ratio (L/D) was 15:1. The
feed rate of dry blend was fixed at approximately 8 kg/h
for processes using water as die cooling medium. The screw
speed was fixed at 125 rpm for all extrusion processes.
Water was injected 0.108 m downstream from the center of
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the feed port to the extruder and adjusted to give the four
levels of moisture content in the feed (71.2, 67.0, 61.6, and
55.8%). The barrel temperature was set at 26, 50, 100, 150
and 170°C for each five zone.

3. Cooling Die

Cooling dies of various dimensions were fabricated with
carbon steel (Figure 1) and attached at the transition block
of the extruder end. The product channel of cooling die had
300, 200, and 100 mm length (L) with the section (W x H)
of 30 x 10 mm and 60 x 10 mm. Cooling die was com-
posed of upper and lower parts, both had a flow channel
for circulating cooling medium. Sectional dimension (W %
H) of flow channel for each upper and lower parts of
cooling die was 60 x 10 mm with the same length as the
product channel. In this study, water and water plus ethylene
glycol (1:1 ratio) were used as cooling medium for die
cooling. Initial setting temperatures of cooling fluid at
cooling system (Model FP50, Julabo USA Inc., Allentown,
PA, USA) were 5C for water and -10C for water plus
ethylene glycol. Cooling medium cooled from cooling system
was circulated in the die jacket of upper and lower parts
of die in opposite direction to the flow of extrusion product.
Cooling fluid passing through a PVC hose from cooling
system was divided into two flow lines using an adapter
for circulating cooling material into upper and lower parts
of cooling die. Cooling medium being passed through
upper and lower parts of cooling die was combined into
one flow line and returned to the cooling system. Ports for
inserting the temperature sensors were holed at the inlets
and outlets of product channel and cooling fluid channels.
Qutside surface of cooling die was insulated with glass
wool for preventing the heat exchange with environment.

4. Measurement of Temperature and Mass Flow Rate
Twin-screw extruder attached with a cooling die of a
specified length and width was operated at a level of feed
moisture content according to the experimental design. As
operational conditions of extruder were stable and meat
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Fig. 1 Cooling die fabricated for extrusion of meat analog.



analog was formed at the steady mass flow rate, the die
inlet and outlet temperatures of product and cooling medium
were recorded continuously with a data logger and product
was collected from the dic outlet for one minute. Sample
collections of product were carried out four times to obtain
an average mass flow rate of product (m:). After the tem-
perature measurements and product collections were completed
at a level of feed moisture content, water injection to
extruder was adjusted to another level of moisture condition.
As the extruder operation was stable for the meat analog
formation, the experimental processes for temperature mea-
surement and product collection were repeated. Operation
of extruder was continued until obtaining the experimental
data for all four levels of feed moisture conditions.

A data logger attached to an IBM compatible personal
computer was used to record the inlet and outlet tem-
peratures (T2, T3i; Tho, T30) of cooling medium for upper
and lower parts of cooling die. Averaged inlet and outlet
temperatures of cooling medium (7, Ts) for upper and
lower parts of cooling die were used to calculate the
overall heat transfer coefficient. Temperatures of extruded
product were also measured by a data logger system at the
center and near the bottom wall of each die inlet and outlet
of the product channel. These measured temperatures were
averaged and used as the die inlet and outlet temperatures
of product (Thi, Tio).

Mass flow rate of cooling medium circulating in the die
jacket was calculated by measuring the volume of retuming
cooling medium to cooling system from die outlet for 30
sec. A half amount of calculated value was considered as
the mass flow rate of cooling medium (2 = m3) circulating
gach upper and lower part of cooling die. The average
mass flow rates of cooling medium for each part of cooling
die were 1315 kg/h and 106+5 kg/h for water and water
plus ethylene glycol, respectively.

5. Thermal Properties

Specific heat of cooling water (c,; = cp3) was obtained
at an average value of die inlet and outlet temperatures of
water {Incropera and Dewitt, 2002). Specific heat of water
plus ethylene glycol (cp2 = ¢p3) was measured by the
thermal properties analyzer (KD2, Decagon, USA) around
the cooling medium temperature. Specific heat of product
{cp1) was calculated from an equation, which is applicable
‘or temperatures above freezing for food as a function of

composition as follows (Singh and Heldman, 2001):

¢, = 1.424X,+1.549X, +1.675.X, +0.837X, +4.187X, (1)

w
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where X, X, Xr, X, and X, present mass fractions of food
components with subscripts referring to carbohydrate, protein,
fat, ash, and moisture, respectively.

6. Analysis of Overall Heat Transfer Coefficient

In the cooling die, the extrusion melt is in the central
channel (channe! no. 1) and cooling fluids are in the
opposite direction of the two side channels (channels no. 2
and no. 3) as shown in Figure 2. The mass flow rates and
specific heats in channels are denoted as mi, m», ms and
Cpl, Cp2s Cp3, Tespectively. The inlet and the outlet temperatures
of fluid in each channel are denoted as Ty, T», 75 and T,
T2, T3. The flow capacity rate, C = mc,, for fluid of each
channel no. 1, 2, and 3 is represented as Ci = micp, G
= mycp and C; = macps. The length of the cooling die is
designated as L. The overall heat transfer coefficient and
the transverse heat transfer rate between fluids in channel
no. 1 and channel no. 2 are specified as U and Qi,
respectively. The overall heat transfer coefficient and the
transverse heat transfer rate between fluids in channel no.
1 and channel no. 3 are specified as U3 and Qus. These
coefficients are based on reference surface areas, 41, and
Ais, which can be represented by the multiplication of their
corresponding reference perimeters, P, and Pys (die width,
W) with the die length, L.

The cooling die is considered as a special case of the
triple channel heat exchanger with the same inlet temperature
in channel no. 2 and 3, T = T3 and the following rela-
tionship is established (Ko and Wedekind, 1996) as

Uv12P12 _ U13P13 (2)
G G

For a three-channel split-flow heat transfer, the flows in
channel no. 2 and 3 can be treated as the split shell flows.
Thus, we can define the equivalent overall heat transfer
coefficient, U., based on an equivalent parameter, P, as

follows:
UP, =U,P,+UsPy, 3)
Toi ——s ( Cw M, ——>  Channel?2 U, > Ty
4 h |
Q| Chafinel 1 ]
Tio +— Q13| ahv <|_ M1, Cor T
v hc |
Ty — Cym; —  Channel 3 Us — T
|

Fig. 2 Schematic representation of heat transfer channels
for the cooling die.
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The equivalent shell flow temperature, T, and the total
flow capacity rate, C;, of the split flow are defined as the
following equations:

T, =1T,=1, 4
C =G+¢, (5)

Based on the heat balance between the cold fluid with
temperature T, in the split shell flows and the hot fluid
with temperature 7, in central channel, the total heat
exchanger heat transfer rate can be expressed as follows:

Q: Os(Tsn_jli):Cl(Tli_Tlo) (6)

For the case of C; # C), the LMTD (log mean tem-
perature difference) formulation of the total heat transfer
rate for the counter flow configuration is expressed as

@=UPLAT, (N
where

[(Tlo_ Tsz)_ (Tu_ Tso)]
ATm: ]}o_Tsi (8)
In Tli_Trso

Under the condition of C; #= C,, the fluid temperatures
T10, Tso at the flow outlets of a counter flow heat exchanger
can be obtained by manipulating equations (6) and (7) as

follows:
1-exp[UePeL( 61’ - L }
T,=T,—(T,— T, s 9
lo 1é ( 1 sz) - C'l UPL 1 _—1_ ()
A R Yol
1 1
l—exp[UEPeL( 7} — ?1)}
T,= Tsz'f'(Tu_Tsz) 1 1 (10)
el vl g |

The equivalent number of transfer units (NTU) which is
identical to that for the classical two-channel heat exchanger
can be expressed as

vrL (-1,

NTU= ===~ 11 G < (11
UFL (T,-T,)
NTU= —Z—= =724 G > (12)

Therefore, if the inlet and outlet fluid temperatures of
heat exchanger are known, the NTU can be determined
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from equation (11) or (12). Then, the equivalent overall
heat transfer coefficient, U, can be estimated.

7. Analysis of Convective Heat Transfer Coefficient

Convection heat transfer is occurred between cooling
medium and inside wall of cooling channel and between
product and inside wall of product channel. Calculation of
convective heat transfer coefficients between water as
cooling medium and inside wall of cooling channel (4.)
and between product and inside wall of product channel
(h,) were calculated as the following equations (Incropera
and Dewitt, 2002):

N =hL/k; = 0.664(Re)"/? (Pr)!/? (13)
he=(Nxkp)/L (14)
1
W1 A (15)
U h, k

The values of physical and thermal properties of water
at 20°C were used to calculate convective heat transfer
coefficients (Pr = 7.0, viscosity = 1027.4 x 10° Ns/m?,
density = 9982 kg/m’, water thermal conductivity, kr =
0.603 W/mK). Thermal conductivity of steel (k) used in
equation (15) was 48.0 W/mK and the thickness of cooling
die wall, Ax was 5 mm.

Results and Discussion

Table 1 presents the calcuiation results of the equivalent
overall heat transfer coefficients (U,) for cooling die, con-
vective heat transfer coefficient between water as cooling
medium and inside wall of cooling channel (/4.) and between
product and inside wall of product channel (4,) for cooling
die of 100, 200, and 300 mm length with the widths of 30
and 60 mm achieved during extrusion process at the four
different moisture contents of feed. Generally, mass flow
rate of product affecting the value of U, was decreased as
the feed moisture content was decreased. It was caused by
the decrease of water added to feed for lowering the
moisture content. It would be expected that lower moisture
condition has higher shear stress in the extruder barrel and
the product channel of cooling die due to its higher viscosity
(Cheftel et al., 1992). Temperature differences of cooling
water at the die inlet and outlet (AT,) were varied in the
range of 1.6 — 2.8°C and 2.1 - 3.2°C for each die width
of 30 and 60 mm. Temperature differences of product at
the die inlet and outlet (A7,) were varied in the range of
10.1 - 25.0C and 12.1 - 29.8°C for each die width of 30



and 60 mm. These temperature differences at the die inlet
and outlet for cooling water and product would be due to
the operational conditions of extruder, moisture content of
feeding material, mass flow rate of product, die width, etc.
However, these temperature differences of the die inlet and
outlet under various extrusion conditions were not expected
to affect determining the values of U., k., and A,, because
the die inlet and outlet temperatures of cooling water and
product were essentially influenced by the heat gain or loss
between each other in the die channels.

The values of U, for 30 mm die width were in the range
of 313.7 - 341.4, 232.1 - 262.4, and 187.0 - 199.9 W/m*C
for each die length of 100, 200, and 300 mm. For the die
width of 60 mm, the values of U, were in the range of
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330.8 — 358.5, 207.2 - 258.6, and 191.6 — 206.1 W/m’C
for each die length of 100, 200, and 300 mm. The values
of U, were increased with increasing the moisture content
of feed in all of different die size. It was shown that larger
length of die had smaller value of U, compared with that
of shorter die. These results present that the moisture
content and die length affect significantly on the value of
overall heat transfer coefficient. Convective heat transfer
coefficients between cooling water and inside die wall of
cooling channel (%) for both die widths of 30 and 60 mm
were 588.5, 416.1, and 339.8 W/m’'C for each die length
of 100, 200, and 300 mm. The value of h. was decreased
with increasing the die length for the die width of 30 and
60 mm. Convective heat transfer coefficients between product

Table 1 Heat transfer analysis obtained for cooling die using water as cooling medium

Dic  Die Moisture  Product DT (%)
e o pie  VOSIe . HTOQUCt s e Coolin AT U he h
\(Yr'lf:s L(f;‘mgt)h C(Ef;f;m 1}\{/{;? (ig;:; WKy (35K) Viodiom Produet )y VU wmtC) (WinC) (WintT)
AT, AT,
712 | 00073 |1526] 250 | 17 | 101 |61.5]0.164] 3414 | 5885 | 888.1
670 | 00063 |1526| 208 | 18 | 134 |686|0.195| 3374 | 5885 | 861.7
100 06 | 00054 | 1526 170 | 17 | 155 |673]0230] 3259 | 5885 | 7904
558 | 00047 | 1526 141 | 1.6 | 177 |66.1|0267| 3137 | 5885 | 7226
712 | 00073 | 1523 | 250 | 22 | 132 |524]0252| 2624 | 4161 | 7668
w0 | 200 |70 | 00063 |1s23] 208 | 19 | 137 [480[0285| 2468 | 4161 | e474
616 | 00054 |1523| 170 | 17 | 155 |462/0336| 2385 | 4161 | 5932
558 | 00047 | 1523 | 141 | 1.6 | 174 |440]0395| 2321 | 4161 | 5550
712 | 00073 | 1523 | 250 | 28 | 173 |599]0288| 1999 | 3398 | 5114
o |_670 | oo0es [1523] 208 | 26 [ 188 [560[0337] 1944 | 3398 | 4769
61.6 | 00054 |1523 | 170 | 26 | 229 |57.1]0401| 1894 | 3398 | 4482
558 | 00047 | 1523 | 141 | 23 | 250 |524|0478| 1870 | 3398 | 4346
712 | 00073 | 1526 | 250 | 21 | 121 |745|0.163| 3585 | 5885 | 10145
0o 670 [ 00063 [1526] 208 | 21 | 157 [764]0206] 3564 | 5885 | 9980
616 | 00054 |1526] 170 | 21 | 188 |779|0242| 3428 | 5885 | 8976
558 | 00047 | 1526 | 141 | 21 | 222 |788]0282] 3308 | 5885 | 8198
712 | 00073 | 1523 | 250 | 30 | 182 |73.1|0249| 2586 | 4161 | 7356
o | 200 670 | 00063 |1523 208 | 28 | 208 [727]0286] 2478 | ate1 | esd2
61.6 | 00054 |1523 | 170 | 27 | 242 |755]0321] 2278 | 4161 | 5314
558 | 00047 | 1523 | 141 | 26 | 283 |803|0353| 2072 | 4l61 | 4310
712 | 00073 | 1523 | 250 | 32 | 193 |650|0297| 2061 | 3398 | 5550
o 1670 | 00063 |1s23] 208 | 30 | 217 [10]03s5| 2052 | 3398 | 5478
61.6 | 00054 | 1523 | 170 | 29 | 256 |61.7/0415| 1961 | 3398 | 4873
558 | 00047 | 1523 | 141 | 28 | 298 |609]0490| 1916 | 3398 | 4607
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and inside die wall of product channel (A,) for each die
width of 30 and 60 mm were in the range of 434.6 — 888.1
W/m”C and 460.7 ~ 1014.5 W/m>C depending on the size
of die length. The value of %, was also decreased with
increasing die length for the die widths of 30 and 60 mm.

Table 2 presents the calculation results of the equivalent
overall heat transfer coefficients (U.) for cooling die of
100, 200, and 300 mm length with the widths of 30 and
60 mm achieved during extrusion process at the four
different moisture contents of feed, when water plus ethylene
glycol was used as cooling medium. For the die width of
30 mm, the values of U, were in the range of 306.4 -
319.6, 222.8 - 280.5, and 143.9 - 166.9 W/m*C for each
die length of 100, 200, and 300 mm. The values of U, for

the die width of 60 mm were in the range of 3069 -
332.7, 200.2 - 244.4, and 177.8 - 200.7 W/m**C for each
die length of 100, 200, and 300 mm. The values of U,
were increased with increasing the moisture content of feed
in all of different die size as the use of water as cooling
medium, when water plus ethylene glycol was used as
cooling medium. However, it is considered that the size of
die width does not significantly affect the values of U..

Conclusions
During extrusion of soy protein meat analog, texturization
takes place as a result of lamella flow in the cooling die,
which dissipates the thermal and mechanical energy accu-
mulated in the extrusion melt. The heat transfer analysis for

Table 2 Heat Transfer analysis obtained for cooling die using water plus ethylene glycol as cooling medium

Di Di Moisture  Product M AT (©)
die ie oisture  Product Mass S c Cooling AT U,
\(anl(rirtl;l Izzllit)h C(E?/fsm Flcz:(vg/fsi)ate (JsK)  (/sK)  Medium Product () NTU (WC)
AT AT,
71.2 0.0109 117.2 373 2.7 8.6 83.1 | 0.103 319.6
67.0 0.0095 117.2 31.4 2.8 10.3 85.5 | 0.121 3153
100 61.6 0.0082 117.2 259 2.8 12.5 87.1 | 0.143 308.3
55.8 0.0071 117.2 21.3 2.8 15.2 88.0 | 0.173 306.4
71.2 0.0109 117.2 373 4.1 12.9 69.8 | 0.181 280.5
30 200 67.0 0.0095 117.2 314 3.7 13.8 68.7 | 0.201 262.6
61.6 0.0082 117.2 259 3.7 15.3 68.5 | 0.223 240.0
55.8 0.0071 117.2 213 3.1 17.0 67.7 | 0.251 222.8
71.2 0.0109 117.2 373 3.5 11.0 68.4 | 0.161 166.9
67.0 0.0095 117.2 314 33 12.3 67.7 | 0.182 158.3
300 61.6 0.0082 117.2 259 32 14.6 699 | 0.209 150.0
55.8 0.0071 117.2 21.3 3.2 17.5 71.7 | 0.243 1439
71.2 0.0109 117.2 373 3.0 9.4 87.8 | 0.107 3327
100 67.0 0.0095 117.2 314 3.0 11.0 89.1 | 0.124 3233
61.6 0.0082 117.2 259 29 12.9 88.4 | 0.146 314.8
55.8 0.0071 117.2 213 2.8 13.5 90.4 | 0.150 306.9
71.2 0.0109 117.2 373 3.9 12.1 77.0 | 0.157 244.4
60 200 67.0 0.0095 117.2 31.4 3.6 13.4 74.1 | 0.181 237.0
61.6 0.0082 117.2 25.9 33 14.7 73.7 | 0.200 215.6
55.8 0.0071 117.2 21.3 3.0 16.6 73.5 | 0.226 200.2
71.2 0.0109 117.2 373 43 13.5 69.4 | 0.194 200.7
67.0 0.0095 117.2 31.4 3.7 13.8 65.7 | 0.210 182.9
300 61.6 0.0082 117.2 259 3.6 16.2 65.0 | 0.250 178.8
55.8 0.0071 117.2 21.3 3.6 19.6 652 | 0.301 177.8 -
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cooling die in this study is valuable for the die design and
the prediction of product temperature at the die outlet -
both are important for the texturization process and the
control of meat analog quality during process scale up. The
moisture content and die length affect significantly on the
value of equivalent overall heat transfer coefficient (U.),
and convective heat transfer coefficients between water as
cooling medium and inside wall of cooling channel (%)
and between product and inside wall of product channel
(h,) were decreased with increasing the die length. Similarly,
the values of U, were also increased with increasing the
moisture content of feed in all of different die size, when
water plus ethylene glycol was used as cooling medium.
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problem and present objectives (including a description of the subject, scope, and purpose) along with a plan of
development of the subject matter.

Information about materials and methods should be provided in sufficient details so that the work may be
repeated. You should referece all methods previously used and specify whether the methods had been modified
and, if so, how.

The results should include a solution to the problem stated in the introduction Use tables, charts, graphs,
diagrams, and photographs to visually supplement the presentation of your results. The main data values may be
restated in the text to emphasize evidence on which the conclusions are based. Do not omit important negative
results.

Any conclusions must be stated that can be drawn from your data and present them carefully to avoid confusion
by the readers. You may include the conclusion in the discussion section, or you may have a scparate section
for the conclusion. The summary, however, must be kept separate and data or statements must have been stated
previously in the text.

Acknowledgments will appear at the end of the printed article and should run no more than approximately five
sentences in length.

The references should aid the reader, librarian, or indexer to retrieve the items cited.

Place all bibliographic references together at the end of the text in the references section. Arrange the list
alphabetically by the last name of the first author. List two or more articles by the same author (or authors)

chronologically from the oldest to the most recent. Indicate two or more articles by the same authors in the

34



Vol. 6(1):34-37(2005)

same year by the letters a, b, etc. For example: 1987a, 1987b, etc.

A few of the more common types of references follow. Always double-space references in the manuscript you

are preparing. Include the complete title of the publication being cited.

Book

Allen, J. S. 1988. The Complete Dictionary of Abbreviations. New York: MacMillan & Sons, Inc.

Cool, J. C., F. J. Schijff and T. J. Viersma. 1991. Regeltechniek (Control Engineering). Overburg, Germany:
Delta Press.

Part of a Book
Overstreet, H. A. 1925. The psychology of effective writing. In Effective Report Writing: Principles and
Practices, ed. W. H. Pierre, ch. 3, 87-109. Chicago: Graphic Publishing Co.

Bulletin
James, D. 1980. United States fruit and vegetable harvest projections D. 1990. USDA-1007. Washington, D.C.:
GPO. '

Computer Documentation and Programs

(The year of publication and trademark symbol are unnecessary.)

Lotus 1-2-3 Rel. 2, ch. 6. Cambridge, Mass.: Lotus Development Corp.

SAS User’s Guide: Statistics Ver. 5, pp. 60-70. Cary, N.C.: SAS Institute, Inc.

Dissertation or Thesis

Weed, D. J. 1992, Effect of tillage and crop rotation on soil nitrate and moisture. M.S. thesis. Ames: lowa State
Univ., microfiche.

Workman, S. R. 1990. Development and application of a preferential flow model. Ph.D. diss., Biological and
Agricultural Engineering Dept., North Carolina State Univ., Raleigh.

Government

U.S. House Committee on Conservation Needs and Opportunities. 1986. Soil conservation: Assessing the
national resource inventory, vol. 1. Washington, D.C.: National Academy Press.

Arizona Water Commission. 1992. Arizona State Water Plan, Phase I, Inventory of resources and uses. Phoenix:

State of Arizona.

Patent

Boulart, J. 1983, Process for protecting a fluid product and installations for the realization of that process.
French Patent No. 2513087 (In French).

Personal Communication

In the text, include references to correspondence or to conversations either in person or by telephone. 1t is
unnecessary to include personal communications in the reference list since they are not usually available to the
public. For example:

C. Williams, personal communication, St. Joseph, Mich., 22 November 1991.

Proceedings

Cundiff, J. S., D. H. Vaughan and D. J. Parrish. 1985, Pith separation procedure for processing whole-stalk
sweet sorghum, In Proc. 5th Annual Solar and Biomass Workshop, 133-136. Atlanta, Ga., 23-25 April.
Miller, F. R. and R. A. Creelman, 1980. Sorghum -- A new fuel. In Proc. 35th Annual Corn and Sorghum
Industry Research Conf., eds. H. D. Londen and W. Wilkinson, 219-232. Washington, D.C.:Am. Seed Trade

Assoc.
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Series

Agricultural Engineers Yearbook of Standards. 1983. S358.1. Moisture measurement -- Grain and seeds. St.
Joseph, Mich.: ASAE.

Anthony, W. S. 1989. Performance characteristics of cotton ginning machinery. ASAE Paper No.89-1010. St.
Joseph, Mich.: ASAE.

ASAE Standards, 36th Ed. 1989. S352.1. Moisture measurement -- Grain and seeds. St. Joseph, Mich.: ASAE.
Burner, A. D. 1989. Driveline design considerations. Agricultural Engineering 70(July/August):16-19.

Griffin Jr., A. C. 1977. Cotton moisture control. In Cotton Ginners Handbook. Agricultural Handbook No. 503,
USDA, Washington. D.C.

Jacobson, L. D. 1989. Reluctance to drink, stray voltage symptom. Int. Pigletter 8(12):47-48.

Slaughter, D. C. and R. C. Harrell. 1989. Discriminating fruit for robotic harvest using color in natural outdoor
scenes. Transactions of the ASAE 32(2):757-763.

Unpublished Information

Unpublished references include personal communication, interviews, mimeographed reports, theses or dissertations.
Identify these as well as unpublished results and other source material in the text within parentheses; include the
source, the year (if available), title, location, or other information needed to establish the authenticity of the
reference. For example, (Alan Smith, personal communication with author, Gainesville, Fla., 21 June 1987) or
(William Chancellor, interview by author, Davis, Calif.,, 1 August 1995).

If the information is included in the reference section, use the form (Smith, 1987) in the text and the following
format as with other references:

Smith, A. 1987. Personal communication with author. Gainesville, Fla., 21 June.

Chancellor, W. 1995. Interview by author. Davis, Calif, 1 August.

Unpublished results would appear in the text (James E. Jones, unpublished data, 1990) as shown here.

A thesis or dissertation in the text should be written [Mark D. Campbell, “The lower limit of soil water
potential for potato growth” (Ph.D. diss., Washington State Univ., 1991), 32-35] like this. Of course, the author
of the work in which this type of source appears must be prepared to provider be able to easily locate these
materials as might be requested by a reader.

When an unpublished item is referred to more than once in the text, it should be placed in the reference
section:

Campbell, M. D. 1991. The lower limit of soil water potential for potato growth, 32-35, Ph.D. diss. Pullman:
Washington State Univ.

If a work appears in Dissertation Abstracts International, the citation should appear as:

Campbell, M. D. 1991. The lower limit of soil water potential for potato growth. Ph.D. diss., Washington State
Univ. Abstract in Dissertation Abstracts International 60:2405A-2406A.

Preparation of Tables

Each table should have explanatory title and sufficient experimental detail to be intelligible without reference to
the text. Limit horizontal rules; do not use vertical rules. Use superscript lowercase italic alphabets for footnotes.
Supply an appropriate heading for each column. Include units in which the data are expressed at the top of each

column. Do not use ditto marks.
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Preparation of illustrations.

A complete set of figures, with prints approximately the same size as manuscript pages, should accompany each
copy of the manuscript. Identify all figures with figure number.

You should include figures to emphasize points made in the text, not merely to illustrate tabular material
graphically. Illustrations attract the reader’s attention, clarify the text, and should not be included unless
discussed in the text. Graphs and charts should be designed to improve the general presentation of a technical
publication by reporting data in a manner easy to comprehend. The decision to select and use charts of graphs
should be governed by the writer’s message and the points to be brought out in the illustration. Graphs

primarily show trends; therefore, it is not necessary for you to show all the coordinate rulings in most graphs.
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