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ABSTRACT

Limited data exist about the production of extruded linseed as a feed ingredient in farm
animal nutrition. The objective of this study was to produce and evaluate extruded linseed
mixed with alfalfa hay, pistachio by-products, and sugar beet pulp or corn grain in
different proportions of linseed: alfalfa hay: pistachio by-products at ratios of 70:15:15,
70:20:10, 70:10:20, and 80:10:10 for quality parameters and in sifu rumen Dry Matter
(DM) degradability. Using a completely randomized design, the treatment containing
alfalfa hay had higher Extrusion Effectiveness (EE), Water Holding Capacity (WHC),
and Angle of Repose (AR), but lower Oil Loss (OL) and Bulk Density (BD) than other
treatments (P< 0.05). There were no differences among extruded linseed products with
different ratios of linseed: alfalfa: pistachio by-products for EE, WHC, and AR (P> 0.05).
The treatment with an 80:10:10 ratio had the highest OL among all treatments and the
treatment with a 70:15:15 ratio had lower BD than the others (P< 0.05). The DM
degradability parameters of extruded products was affected by the absorbents and the
treatment containing alfalfa hay had higher potential DM degradability than other
treatments (P< 0.05). In conclusion, extruded treatment with alfalfa hay had the highest
EE, oil retention capacity and potential rumen DM degradability compared to other
treatments. In addition, extruded linseed product with an 80:10:10 ratio of linseed: alfalfa

hay: pistachio by-products had higher OL than the other ratios.
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INTRODUCTION

Consistent with the progress of studies on
the use of linseed in the diet of dairy cows
and increasing consumer interest in healthier
dairy products, dairy farmers became
interested in using linseed in the diet of
dairy cows to manipulate milk fatty acids.
Linseed is a rich source of linolenic acid,
averaging 18% of the total seed weight and
constituting 53% of the total Fatty Acid
(FA) (Gonthier et al., 2004). Since the
simplest way to modify milk fat composition

is to supplement cow diets with unsaturated
lipids (Chilliard et al., 2007),
polyunsaturated FA-rich feedstuffs, such as
linseed, are added to dairy cow diets to
modify milk FA profiles by increasing o-
linolenic acid and conjugated linoleic acid
content. Feeding whole, rolled, or extruded
linseed to  dairy cows  increases
concentration of milk unsaturated FA and
decreases the concentration of saturated FA,
particularly C16:0 (Mustafa et al., 2003a;
Akraim et al., 2007; Cattani et al., 2014).
However, feeding linseed produced
relatively small changes in the concentration
of C18:2 and C18:3 in milk due to the
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extensive biohydrogenation of these FA in
the rumen (Ferlay et al., 2011). Altering the
physical structure of linseed through heat
treatment may help to protect the dietary FA
of oilseeds from ruminal biohydrogenation
(Chouinard et al., 1997). Kennelly (1996)
suggested that the application of heat to high
fat feedstuffs, such as linseed, can denature
the protein matrix surrounding the fat
droplets and, therefore, protects fat from
ruminal biohydrogenation.

Extrusion is a heat treatment that has been
used extensively in the production of animal
feed and can be useful to protect oilseeds
from ruminal degradability (Pena et al.,
1986; Chouinard et al., 1997). Sterk et al.
(2010) reported that the extrusion of whole
linseed decreased the biohydrogenation of
C18:3n-3 in in vitro culture. Indeed, during
extrusion, several operations take place,
such as grinding, hydration, mixing,
shearing, thermal treatment, gelatinization,
protein  denaturation,  destruction  of
microorganisms and some toxic compounds,
shaping, expanding, and partial dehydration
(Riaz, 2005). During the oilseed extrusion
process, the rapid release of intracellular oil
may lead to considerable oil losses (Akraim
et al., 2007). Furthermore, when this oil is
extracted, it is exposed to high temperatures
and air, which may probably increase the
rate of oxidation and reduce the desirability
of the feed ingredient from a
farmer/producer perspective as it smells bad
and tastes rancid. Excess oil that is not
retained by the feed ingredient may be lost
during transport and storage, which can be
considered as an economic loss, as the
desired and health beneficial ingredient of
oilseed is its oil (Eggie, 2010). A successful
resolution of the problems is selection and
addition of a binder (absorbent) to oilseed
before extrusion process, that may help to
reduce oil losses during extrusion of oilseeds
(Akraim et al., 2007; Eggie, 2010).

To date, limited data exist about the
production of extruded linseed as a feedstuff
for animal nutrition. The primary objective
of the current study was the production of
extruded linseed mixed with alfalfa hay,
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pistachio by-products, sugar beet pulp or
corn grain and in different proportions of
linseed: alfalfa hay: pistachio by-products at
ratios of 70:15:15, 70:20:10, 70:10:20, and
80:10:10. The secondary objective was to
evaluate the extruded products for quality
parameters and in situ rumen DM
degradability.

MATERIALS AND METHODS

This study was conducted in four phases:
(1) Fat Absorption Capacity (FAC)
evaluation of absorbent materials; (2)
Extrusion trial; (3) Analysis of quality
parameters, and (4) In situ rumen DM
degradability.

Fat Absorption Capacity Evaluation

In this step, at first, alfalfa hay, pistachio
by-products, sugar beet pulp and corn grain
were ground using a coffee grinder. These
materials were ground within relative
consistency of each other by visual
assessment. In the following steps, FAC was
determined using the method of Lin et al.
(1974).

Extrusion Process

For the extrusion trial, a mixture with a
mass ratio of 70:30 of linseed and different
absorbents (alfalfa hay, pistachio by-
products, and sugar beet pulp or corn grain)
was prepared. The extrusion was performed
in a double screw extruder (DS56-II1, Jinan
Saixin Machinery Co., Shandong, China),
consisting of three independent zones of
controlled temperature in the barrel. The
temperature profiles in the first and second
zones were kept constant at 70 and 80°C,
respectively, and the die head temperature
was about 110°C. The extruded material was
cut with a die face cutter as it left the
extrusion die. After stable conditions were
established, about 700 g of extruded product
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was collected and dried in air oven at 40°C
for 24 hours. Extruded material was stored
at 4°C in plastic bags for further analysis. In
another step of this experiment, we produced
extruded linseed using a mix of alfalfa hay
and pistachio by-products as absorbents. In
fact, in this step, a mixture of linseed, alfalfa
hay, and pistachio by-products in different
mass ratios (70:15:15; 70:20:10; 70:10:20
and 80:10:10) was prepared and extruded as
described above, and the final products were
evaluated for quality parameters. All
experiments were conducted in duplicate.

Analysis for Quality Parameters

Extrusion Effectiveness (EE) is the ability
of the extruder to grind whole seeds,
measured by comparing the number of
whole seeds in a sample before and
extrusion. In this study, EE was determined
using the method of Eggie (2010). The Oil
Retention (OR) was measured using the
method of Eggie (2010). Water Holding
Capacity (WHC) was determined using a
modified version of the AACC 56-30.01
method (AACC International, 1999) as
modified by Eggie (2010). Bulk Density
(BD) was determined using a modified
version of ASAE Standard S269.4 DEC
01(ASAE, 2007) as modified by Eggie
(2010). Angle of Repose (AR) was
measured using the established method for
the Carr Angle of Repose (Carr, 1965) and
described by ASTM D6393-99 (ASTM,
2006). According to Carr (1965), low angles
of 30° to 40° indicate a material with
relatively easy flowing characteristics and
high angles of 50° to 60° represent materials
with difficult flowing conditions (Ganesan et
al., 2005).

In situ Rumen Dry Matter
Degradability

A measurement of in situ DM
degradability of the treated samples was
performed in 4 rumen-fistulated dairy cows
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using the nylon bag technique (@rskov and
McDonald, 1979). The nylon bags (9x18
cm’, pore size 50 um) were filled with 5 g of
samples and put into the rumen. Table 1
shows the ingredient composition of the
Total Mixed Ration (TMR) offered to the
dairy cows in two equal feedings at 08:00
and 16:00 hours.

The bags were removed at 2, 4, 8, 12, 24
and 48 hours after the start of incubation,
and each bag was washed immediately with
cold tap water until color disappeared.

For disappearance at #, time, the un-
incubated bags were simply washed in
water. All washed bags were dried in a
forced-air oven at 65°C for 48 hours.
Disappearance of DM at each incubation
time was estimated from the proportion
remaining after incubation in the rumen.

Calculations and Statistical Analysis

The rate and extent of DM degradation
were estimated according to the equation:
P= a+b (I - e), where P is the
disappearance rate at time #, a is rapidly

Table 1. Ingredient of the total mixed ration
for fistulated dairy cow.

Ingredients DM (%)
Alfalfa 20
Corn silage 17
Extruded Linseed mixture 8
Corn grain 18
Barley grain 10
Soybean meal 10.5
Rapeseed 7
Meat powder 3.5
Sugar beet pulp 4.6
Calcium carbonate 0.5
Vitamin-mineral mix 0.7
Sodium chloride 0.2
Chemical composition gkg' DM
CP 17.5
NDF 30
Forage NDF 17.8
ADF 19
Ether extract 4.6
Ca 1.2
P 0.6
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degradable DM fraction, b is slowly
degradable DM fraction in the rumen, c is
the rate constant of degradation of b, and ¢
represents the time of incubation.

Effective Degradability of DM (EDDM)
was calculated as EDDM= a+(b x c)/(c +
Kp), where k is the fractional outflow rate
(k= 0.05) from the rumen (per hour), with a,
b, and ¢ as described above (@rskov and
McDonald, 1979).

Data were analyzed in a completely
randomized design using the general linear
model procedure of SAS 9.2 (2003).

The statistical model wused, was as
following:

Yij= H+Ti+eij

Where, Y; is the observation; u is the
overall mean; 7T; is the effect of treatments
and e; is the random error. Significant
differences between individual means were
identified using Duncan's multiple range test
at a 0.05 probability level.

RESULTS AND DISCUSSION

Data on FAC for different common
feedstuffs as absorbent indicated that alfalfa
hay had the highest FAC (P<0.05) as

compared to the other materials, and

pistachio by-products, sugar beet pulp and
corn grain had similar quality for oil
absorption (Table 2). Eggie (2010)
compared the FAC of several absorbents and
reported that this parameter was higher in
alfalfa in contrast to soy hulls, corn gluten,
ground wheat, beet pulp and corn grain.

Quality Parameters

Extruded linseed products containing
different absorbents (Table 3) had different
quality parameters (P< 0.05).

Extrusion Effectiveness

Extruded product with alfalfa hay had the
highest (100%) EE compared to the other
treatments (P< 0.05). Therefore, it may
probably improve the digestibility of
extruded linseed product in total digestive
system of animals (Colovic et al., 2010) and,
subsequently, a reduced amount of whole
linseed can be observed in animal feces.
Indeed, linseeds are quite small and the
mucilage present in the outer coating lends
the seed a very slippery quality; the
combination of which makes them difficult

Table 2. Fat Absorption Capacity (FAC) of different feedstuffs.

Feedstuffs SEM “
Item Alfalfa hay  Pistachio by-products Sugar beet pulp Corn grain
%FAC 295.66° 207.83 204.5" 179.66° 9.597

“ Standard Error of Mean. Means whit different superscripts (a and b) are significantly different (P< 0.05).

Table 3. Quality parameters of extruded linseed products with different absorbents.

Extruded linseed mixture ¢ SEM ?
Itemns® 70:30 AL 70:30 PIS 70:30 SBP 70:30 CG
EE (%) 100°* 98.76° 97.92° 98.93° 0.104
OL (g)¢ 0.10° 1.03° 1.52° 0.93° 0.043
WHC*® 6.81° 6.12° 237° 3.64° 0.531
BD (g cm™)/ 0.74° 1.14%® 1.12° 1.16* 0.009
AR (°)¢ 46.23 39.01 40.82 35.3 -

“ Extruded linseed mixture with 70% linseed and 30% AL (Alfalfa hay), PIS (Pistachio by-products),
SBP (Sugar Beet Pulp), ” Standard Error of Mean. Means whit different superscripts (a, b, and c) are
significantly different , © Extrusion Effectiveness; ¢ Oil Lost; ¢ Water Holding Capacity (Measured in g
H,O per gram dry matter) ;’ Bulk Density, ¢ Angle of Repose.
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to handle and process (Eggie, 2010).
Therefore, it seems that in the linseed
extrusion process, whatever the initial
mixture (linseed: absorbent) be better able to
create friction between the screws and seeds,
consequently, the screws can be better able
to crush the grains, so that, in the final
product, fewer whole seeds will be
observed.

Oil Retention

The OL test determined that treatment
with alfalfa hay generated the best quality
for OL (P< 0.05), as anticipated from the
data of the FAC experiment (Table 2).
Indeed, it improved the OL of extruded
linseed compared to treatments with
pistachio by-products, sugar beet pulp and
corn grain by 10, 15, and 9 times,
respectively, and this result was similar to
the finding of Eggie (2010). It seems that
there is a positive relationship between the
FAC of absorbent materials and the OL of
final extruded linseed (Eggie, 2010). In fact,
OL is the ability of the extruded products to
retain oil, which is related to the type of
absorbent and the ratio of oilseed: absorbent
in the extrusion process (Eggie, 2010).
Eggie (2010) reported that the extruded
product made with a mixture of linseed and
alfalfa (75:25) had higher OL than the
mixture of linseed and soy hulls or corn
gluten.

Water Holding Capacity

Water holding capacity was tested to
observe how the behavior of the material
would be changed due to extrusion in the
presence of water. This test demonstrated
that treatments with alfalfa hay and pistachio
by-products had higher WHC than treatment
with sugar beet pulp and corn grain (P<
0.05). Water holding capacity is closely
related to the fiber content of a material and
the WHC of that fiber (Eggie, 2010). Thus,
it seems that the differences in WHC
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between these treatments were related to
differences in fiber content and the type of
fiber of their absorbents.

Bulk Density

Bulk density was affected by the type of
absorbent, such that extruded samples
containing corn grain, pistachio by-products,
and sugar beet pulp had a higher density
than extruded samples containing alfalfa hay
(P< 0.05). Eggie (2010) reported that there
was significant difference between extruded
linseed products produced with alfalfa, soy
hulls, or corn gluten. Extruded material with
corn gluten had the highest BD compared to
the other two products.

Angle of Repose

There were slight differences in AR
among extruded linseed products. This index
indicated that product samples containing
corn grain, pistachio by-products, and sugar
beet pulp had relatively easy flow
characteristics, while the product with
alfalfa hay had a little more difficulty with
flow than the other products.

Eggie (2010) observed no differences
among extruded linseed products containing
25% alfalfa, soy hulls, or corn gluten for the
AR parameter and all of these products had
acceptable flow characteristics.

Quality parameters for extruded linseed
products with different proportions of
linseed: alfalfa hay: pistachio by-products
(Table 4) indicated that there were no
differences among treatments for EE, WHC
and AR (P> 0.05). Oil lost was higher in
treatment with an 80: 10: 10 ratio compared
to other treatments (P< 0.05), but there were
no differences among other three treatments
for this factor (P> 0.05). Therefore, it can be
concluded that with a decrease in the ratio of
absorbents, the FAC of final product
decreased and, therefore, the OL increased.
Furthermore, data showed that BD was
higher for treatment with a 70: 15: 15 ratio
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Table 4. Quality parameters of extruded linseed mixed with alfalfa hay and pistachio by-products.

Extruded linseed mixture “ SEM ?
Ttems 70:15:15 70:20:10 70:10:20 80:10:10
EE (%) € 98.62 98.55 98.53 99.46 3.110
OL (g)¢ 0.071° 0.066" 0.068° 0.103* 0.0034
WHC*® 6.02 7.04 6.64 6.98 0.002
BD (g cm™)/ 0.65° 0.74* 0.72° 0.72° 0.011
AR (°) ¢ 44.87 47.07 46.16 46.68 0.699

“ Extruded linseed mixture with different proportions of linseed: alfalfa hay: pistachio by-products. * Standard
Error of Mean. Means whit different superscripts (a and b) are significantly different (P< 0.05). © Extrusion
Effectiveness; ¢ Oil Lost; ¢ Water Holding Capacity (Measured in g H,O per gram dry matter);/ Bulk Density, ¢

Angle of Repose.

compared to the other treatments (P< 0.05),
but there were no differences among the
other treatments for this parameter.

In Situ Rumen Dry Matter
Degradability

The data of DM degradation parameters for
treatments containing alfalfa hay, pistachio
by-products, and sugar beet pulp are given
in Table 5. Dry matter degradability
parameters were different among treatments
(P< 0.05), and the treatment with alfalfa hay
had lowest a and c fraction and highest b
fraction among all treatments (P< 0.05). In
addition, treatment with alfalfa hay and
sugar beet pulp had higher potential DM
degradability compared to treatment with
pistachio by-products (P< 0.05). Effective
DM degradability was affected by different
absorbents and it was lowest in the extruded
product containing alfalfa hay (P< 0.05).

In our study, it seems that the DM
degradability parameters of these extruded
products conformed to their absorbents
degradation. Since extruded linseed with
alfalfa hay had the highest slowly
degradable DM, it can increase the
advantages of this product for using in
ruminant nutrition. Because this fraction can
move to other parts of gastrointestinal
system, poly-unsaturated fatty acids content
in extruded linseed can pass from rumen
biohydrogenation. In fact, this property can
be useful for increasing the CLA content of
milk and meat in ruminants (Griinari and
Shingfield, 2002).

Mustafa et al (2003b) reported that
extrusion increased ruminal DM and crude
protein degradability of linseed. In addition,
Eggie  (2010)  indicated that the
disappearance of DM in the rumen
significantly increased by extrusion, but in
contrast to our data, the percentage of this
parameter among different extruded linseed

Table 5. Degradation parameters for different extruded linseed products.

Extruded linseed mixture * SEM ?
Degradation parameter ° 70:30 AL 70:30 PIS 70:30 SBP
a(mggh) 14.29° 21.72° 21.96* 0.424
b(mgg") 69.33" 55.26¢ 61.04° 0.301
c (h'%) 0.046° 0.119° 0.114° 0.001
Potential degradability (a+b) (mg g')  83.63" 76.98" 83.01* 0.611
Effective degradability (%) 47.83° 60.70° 64.52° 0.327

“ Extruded linseed mixture with 70% linseed and 30% AL (Alfalfa hay), PIS (Pistachio by-products),
SBP (Sugar Beet Pulp). ” SEM: Standard Error of Mean. Means whit different superscripts (a, b, and
c) are significantly different (P<0.05). © a is rapidly degradable DM fraction, b is slowly degradable
DM fraction in the rumen, c is the rate constant of degradation of b.
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products (containing 25% alfalfa, soy hulls
or corn gluten) was the same.

CONCLUSIONS

In conclusion, alfalfa hay had the highest FAC
compared to the other feedstuffs and the
extruded treatment with alfalfa hay had highest
EE, oil retention capacity and potential in situ
rumen DM degradability compared to the
other treatments. It seems that among these
treatments, the treatment with alfalfa hay is the
best extruded linseed product for ruminant
nutrition, because of its highest oil retention
capacity; it can prepare more benefical effect
of linseed oil in the diet of ruminants. In
addition, although the extruded linseed with an
80:10:10 ratio of linseed:alfalfa hay:pistachio
by-products had higher OL than treatments
with other ratios, it can be the best
combination for using in ruminant nutrition
because it can prepare 10% linseed more than
the other treatments, while its OL is not much
higher than other ratios.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge M.
Akbarpour for assisting in the laboratory
analyses, G. A. Gol Movahed for his skilled
technical assistance in the extrusion process,
and S. Skies for editing this article.

REFERENCES

1. AACC International. 1999. Water Hydration
Capacity of Protein Materials: AACC 56-
30.01 Method. In: “Approved Methods of
Analysis”. 1® Edition, AACC International,
St. Paul, MN.

2. Akraim, F., Nicot, M. C., Juaneda, P. and
Enjalbert, F. 2007. Conjugated Linolenic Acid
(CLnA), Conjugated Linoleic Acid (CLA) and
Other Biohydrogenation Intermediates in
Plasma and Milk Fat of Cows Fed Raw or
Extruded Linseed. Anim., 1(6): 835-843.

3. ASAE. 2007. Cubes, Pellets, and Crumbles.
Definitions and Methods for Determining
Density, Durability, and Moisture Content:

343

10.

11.

12.

13.

14.

ASAE S 269.3 DEC 1991. ASABE Standards,
St. Louis, MI.

ASTM. 2006. Standard Test Method for Bulk
Solids Characterization by Carr Indices:
ASTM-D6393. West Conshohocken, PA,
USA.

Carr, R. L. 1965. Evaluating Flow Properties
of Solids. Chem. Eng., 72(1): 163-168.

Cattani, M., Mantovani, R., Schiavon, S.,
Bittante, G. and Bailoni, L. 2014. Recovery of
n-3  Polyunsaturated Fatty Acids and
Conjugated Linoleic Acids in Ripened Cheese
Obtained from Milk of Cows Fed Different
Levels of Extruded Flaxseed. J. Dairy Sci., 97
:123-135.

Chilliard, Y., Glasser, F., Ferlay, A., Bernard,
L., Rouel, J. and Doreau, M. 2007. Diet,
Rumen Biohydrogenation and Nutritional
Quality of Cow and Goat Milk Fat. Europ. J.
Lipid. Sci. Technol., 109:828-855.

Chouinard, P. Y., Lévesque, J., Girard, V. and
Brisson, G. J. 1997. Dietary Soybeans
Extruded at Different Temperatures: Milk
Composition and In situ Fatty Acid Reactions.
J. Dairy Sci., 80: 2913-2924.

Colovic, R., Vukmirovic, D., Ivanov, D.,
Levic, J., Jovanovic, R., Kokic, B., Sredanovic,
S., Duragic, O. and Spasevski, N. 2010. In
Proceedings of 2" Workshop of Extrusion
Technology in Feed and Food Processing,
IFIF Meeting, Novi Sad.79 PP.

Eggie, K. 2010. Development of an Extruded
Flax-based Feed Ingredient. MSc. Thesis,
McGill University, Montreal.

Ferlay, A., Glasser, F., Martin, B., Andueza, D.
and Chilliard, Y. 2011. Effects of Feeding
Factors and Breed on Cow Milk Fatty Acid
Composition: Recent Data. Bull. UASVM Vet.
Medic., 68(1): 137-145

Ganesan, V., Rosentrater, K. A. and
Muthukumarappan, K. 2005. Flowability and
Handling Characteristics of Bulk Solids and
Powders: A Review. In proceedings of ASAE
Annual International Meeting, Tampa.
Gonthier, C., Mustafa, A. F., Berthiaume, R.,
Petit, H. V., Martineau, R. and Ouellet, D. R.
2004. Effects of Feeding Micronized and
Extruded Flaxseed on Ruminal Fermentation
and Nutrient Utilization by Dairy Cows. J.
Dairy Sci., 87:1854-1863.

Griinari, M. and Shingfield. K. J., 2002. Effect
of Diet on Rumen Biohydrogenation and
Composition of Milk Fat. In Proceedings of
Atti dei Convegni Scientifici, Cheese Art, PP.
207-216.


https://dorl.net/dor/20.1001.1.16807073.2016.18.2.23.3
https://jast.modares.ac.ir/article-23-11576-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-29 ]

[ DOR: 20.1001.1.16807073.2016.18.2.23.3 ]

Kordi et al.

15.

16.

17.

18.

19.

20.

Kennelly, J. J. 1996. The Fatty Acid
Composition of Milk Fat as Influenced by
Feeding Oilseeds. Anim. Feed Sci. Technol.,
60: 137-152.

Lin, M. J. Y., Humbert, E. S. and Solsulski, F.
W. 1974. Certain Functional Properties of
Sunflower Meal Products. J. Food Sci., 39(2):
368-370.

Mensink, R. P., Zock, P. L., Kester, A. D. M.
and Katan, M. B. 2003. Effects of Dietary
Fatty Acids and Carbohydrates on the Ratio of
Serum Total to HDL Cholesterol Andon
Serum Lipids and Apolipoproteins: A Meta-
analysis of 60 Controlled Trials. Am. J. Clin.
Nutr.,77: 1146-1155.

Mustafa, A. F., Chouinard, P. Y. and
Christensen, D. A. 2003a. Effects of Feeding
Micronized Flaxseed on Yield and
Composition of Milk from Holstein Cows. J.
Sci. Food Agric., 83: 920-926.

Mustafa, A. F., Gonthier, C. Y. and Ouellet, D.
R. 2003b. Effects of Extrusion of Flaxseed on
Ruminal and Postruminal Nutrient
Digestibilites. Arch. Anim. Nutr., 57(6): 455 —
463.

@rskov, E. R, and McDonald, 1. 1979. The
Estimation of Protein Degradability in the

21.

22.

23.

24.

25.

Rumen from Incubation Measurements
Weighted According to Rate of Passage.
Journal of Agricultural Science, 92 (2): 499-
503.

Parodi, P. W. 2005. Dairy Product
Consumption and the Risk of Breast Cancer.
Am. J. Clin. Nutr., 24: 556S-568S.

Pena, F., Tagari, H. and Satter, L. D. 1986. The
Effect of Heat Treatment of Whole Cottonseed
on Site and Extent of Protein Digestion in
Dairy Cows. J. Anim. Sci., 62: 1423-1433.
Riaz, M. N. 2005. Extrusion Processing of
Oilseed Meals for Food: In: “Bailey’s
Industrial Oil and Fat Products”, (Ed.):
Shahidi, F.. John Wiley and Sons, New York,
533 PP.

Statistical Analysis System (SAS). 2003. User
Guide: Statistics, Version 9.2. SAS institute
Inc., Cary, NC, USA.

Sterk, A., Hovenier, R., Vlaeminck, B., van
Vuuren, A. M., Hendriks, W. H. and Dijkstra,
J. 2010. Effects of Chemically or
Technologically Treated Linseed Products and
Docosahexaenoic Acid Addition to Linseed
Oil on Biohydrogenation of C18:3n-3 In vitro.
J. Dairy Sci., 93: 5286-5299.

O3> dlgo b bglowe O ygua oud 39 g | LS 418 A8 Slwogas Soap
Ol el 5o il

Ol jio .p g owlogb .o £ 03y J9. 5Ol yol & .E835

ol

S99 rb wdi 5o eslatwl (gl odd 35 7S OLS Wls U 5 0ol a3 (5390w Dl

2 sl 03,57 )5 WS ag b bglie O guas 0dd 59 ST OUS Wls (i ol 5o ayls

LQ[:{M‘J&L:—W‘}LMGPJQLSLAQAJJTJBCLJLMW}Q)JQ‘JE)J&JM‘M

5 Calides 45 Slaogas 6l 5 U A el s Ve e e Vet e (vVenNono gl s
sl Db o dalai Nl 2 b oS LB s 23S 5 Sl s sl 4eSE ks
a5 saxls s (WHC) OT ()l o b (BE) 055,281 ST 5 5L oSt aomiyy
bl o b awlie 5315, (BD) (g o 2 5 (OL) (25, OW1 015 o 28 5 (AR) i
(oS iy e £ Sl 0351 5 Calibes gls S (g5l sl ks o (P<0.05) 5 10


https://dorl.net/dor/20.1001.1.16807073.2016.18.2.23.3
https://jast.modares.ac.ir/article-23-11576-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-29 ]

[ DOR: 20.1001.1.16807073.2016.18.2.23.3 ]

Qualitative Properties of Extruded Linseed J’A\S][‘

AV i b les (P>0.05) el 525 S5 AR s WHC EE L 5l (ks «ls
oS VNN i b les s OL o i (OLS” @ils 1eKist aos g0 ity 83 SUs 03557 )
55 7S OLS &Iy (gl 4 (6 pds 4 2o (P<0.05) Lsg 1yls bajles »lo b awlis 451, BD
L sads 4 Joily o YL oS iy (ol e 5 35 15 O3l g5 U S ol
K s b EE o 5V hyls ¢SKis amig sl les o plul ol (P<0.05) 5 11
Dl o 53 oDy 55 ls s Hles ple b aslie 53 1) (ol 4SS 6 pdy 4520 Jemily 5 805
A o) e Sles QLS @il eSias an g tatey o5 Gl 0351 5 Caliis sbd e (g5l (sl

13 1y sy O Ol e o 5L

345


https://dorl.net/dor/20.1001.1.16807073.2016.18.2.23.3
https://jast.modares.ac.ir/article-23-11576-en.html
http://www.tcpdf.org

