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Abstract

Thirty multiparous Holstein cows (29.80 * 4.01day in milk; 671.6 + 31.47 kg of body weight) randomly designed
to one of the control (no fat) or 4 diets with either raw soybean, extruded soybeans, roasted soybeans, or tallow,
added to provide 1.93% supplemental fat for 8 weeks. Cows fed fat diets had significantly (P<0.01) high NEL
intakes and FCM production (P<0.01) when compared to control with no fat. Milk fat yield and percentage of
cows fed fat-supplemented diets were significantly (P<0.01 and P<0.02 respectively) higher than control. There
was no significant effect of supplemental fat on the milk protein and lactose content and yield. Total saturated
fatty acids percentage in milk fat was significantly (P = 0.01) decreased by fat supplementation. Full fat soybeans
significantly (P<0.01) decreased concentration of short- to medium- chain (C6:0 to C16:0) saturated fatty acids
compared with control, with an outstanding value for extruded soybean. A tendency for lower C6:0 and C16:0
and higher C18:0 contents in the milk of cows fed the supplemental fat was detected (P = 0.14, P = 0.16 and P =
0.11 respectively). Mono unsaturated fatty acid, total C18:1 and trans-11 C18:1 proportion was significantly
(P<0.01) increased by supplemental fat. The concentration of milk fat cis-9 trans-11 C18:2 were also increased by
all fat sources, but it was only significant for extruded soybeans. There were no significant differences between
extruded and roasted soybeans oil in lactation performance and energy balance of dairy cows, as well as milk fatty
acid profile however, cows fed roasted soybean had numerically greater FCM production and fat content and yield
than cows fed extruded soybeans, and milk fat of cows fed extruded had numerically higher cis-9 trans-11 C18:2

content when compared milk fat of cows fed roasted soybeans (respectively P=0.19, P=0.054).

*Corresponding Author: Bassiri Sh P< sh_Bassiri@yahoo.com
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Introduction

Soybeans are excellent source of energy and protein
for dairy cows and depending on how they have
been processed can provide degradable,
undegradable and soluble protein, fat and fiber
(Ishler and Varga, 2000)). Full-fat soybeans have
been investigated mainly as a source of protein; but
recently a little attention has been given to the fat
portion of seeds (Chouinard et al., 1997a, b).
Inclusion of fat increases the energy content of the
diet and enhances the absorption of fat-soluble
nutrients in support of high milk production
without the negative effects associated with
increased dietary starch (Miller et al., 2009).
Moreover, feeding lipid sources rich in
polyunsaturated fatty acids as oilseeds to dairy cows
decrease the saturated fatty acids content of milk
fat. The ratio of saturated fatty acids to
polyunsaturated fatty acids in dairy fat has generally
been regarded as undesirable from a human
nutrition perspective because of a probable link
between dietary medium-chain saturated fatty acids
(C12:0, C14:0, and C16:0), serum cholesterol, and
heart disease (Gémez et al., 2009). Including
oilseed to dairy cows diets also leads to an increase
in milk cis- 9, trans-11-octadecadienoic acid
content, which is attributed to several health
benefits in human as anti-carcinogenic, anti-

atherogeni and anti-diabetagenic.

Soybeans may be successfully fed to dairy cows
whole, rolled or ground and raw or heated (Reddy et
al., 1994). Extrusion by rupturing the seeds and
liberation oil from the soybeans cells influenced the
metabolism of fatty acids in the rumen and the fatty
acid profile of milk fat (Chouinard et al., 1997b).
There are some investigations examining the effect
of heated soybeans on performance and milk fatty
acid of dairy cows (Chouinard et al, 1997a,
Chouinard et al, 1997b, Faldet and Satter, 1991,
Scott et al., 1991), however, all of them have been
primarily designed to examine the effect of heating
process on digestibility or protein degradability of
seeds; consequently, equality in degradability of

protein was ignored, thus the net effect of fat wasn’t

observed. In current experiment soybeans has been
evaluated merely as oil source, the objective of
study was to determine the effect of adding 1.93%
fat originated from extruded or roasted soybeans on
performance and milk fatty acids of dairy cows, in
compare with raw soybeans or tallow (as a reference
fat). In contrast to previous experiments, we tried to
provide the same levels of rumen degradable
protein in Raw and heated soybean treatments,
prohibition the confounding effect of differences in
RUP.

Materials and methods

Experimental cows, housing management, diets,
laboratory analyses, milking and experimental
design for performance have been given in bassiri et
al. (2012) paper. Sampling of milk for fatty acid
determination was conducted on 27 June. Samples
were stored in ice and immediately were sent to
Chemistry Faculty of Tabriz University for fatty acid
analysis. Milk fat was extracted by the method of
Bligh and Dyer (1959). The derivation of fatty acids
was done by the method of Shanta and Decker
(1993). Milk fatty acid was analyzed in a gas
chromatograph. The fatty acid composition of milk
fat is expressed as amount of each individual fatty

acid per total fatty acid present.

Extraction of lipids

Milk fat was extracted using a modification of the
Bligh and Dyer method (1959). In brief, a sample of
milk (10 g) was mixed (vortexed for 2 min) with
methanol (10 ml) and dichloromethane (5 ml) in a
polyethylene  centrifuge  tube (50 ml).
Dichloromethane (5 ml) and NaCl (0.1 g) was then
added and mixed (vortexed for 30 s). The mixture
was centrifuged (1780 x g, 20 min, 0°C) to partition
into two distinct solvent layers separated by a white
gelatinous layer. The bottom layer
collected. A

dichloromethane wash (5 ml) was added to the

(dichloromethane) was

gelatinous layer, mixed (vortexed for 1 min) and
centrifuged (1780 x g, 10 min, 0°C).
Dichloromethane wash was combined with the

original extract, and then the lipid samples were
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stored in amber-coloured glass vials with screw-top
lids fitted with PTFE/silicone inserts at —20° until

analysed.

Table 1. Ingredient and nutrient composition of experimental diets.

Item, % of DM 1 2 3 4 5
Ingredient
Alfalfa hay 27.38 27.38 27.37 27.42 27.45
Corn silage 22,56 22,56 22.55 22.01 22.04
Corn, ground 24.29 22.36 22.36 23.56 23.58
Tallow - 1.93 - - -
Corn gluten feed 6.94 6.94 6.94 8.11 8.10
Soybean meal 8.10 8.10 - - -
Raw soybean - - 10.02 - -
Extruded soybean - - - 10.03 -
Roasted soybean - - - - 10.03
Fishmeal 4.78 4.78 4.96 1.85 1.74
Meat meal 0.77 0.77 0.77 0.77 0.77
Calcium PhosDi 0.39 0.39 0.39 0.39 0.39
Molasses 3.86 3.86 3.86 2.70 2.70
Fish oil - - - 0.186 0.186
Urea 0.15 0.15 - 0.62 0.64
Mineral-vitamin mix 0.78 0.78 0.78 0.78 0.78
Wheat straw - - - 1.55 1.55
Nutrient
DM, % 55.4 56.33 56.27 57.04 57.00
CP, % of DM 18.6 18.5 18.5 18.5 18.5
RDP*, % of CP 58.9 59 58.7 58.4 58.4
RUP*,% of CP 41.1 41 41.3 41.6 41.6
NDF,% of DM 28.9 28.8 28.9 29.6 29.6
NFC,1% of DM 44.3 42.8 42.8 43.2 43.3
Ether extract,% of DM 3.5 5.4 5.1 5.3 5.3
Calcium,% of DM 0.9 0.96 0.9 0.73 0.72
Phosphorus.% of DM 0.61 0.55 0.63 0.54 0.52
NEL*, Mcal/kg DM 1.69 1.75 1.74 1.72 1.72

1, 2, 3, 4 and 5 are respectively: control and diet containing 1.93% tallow, 10% raw soybeans, 10% extruded

soybeans and 10% roasted soybeans. *Calculated using the CPM-DairyV3computer program from composition of

feedstuffs. INFC = 100 — (NDF + CP + ether extract + ash)

Derivation of fatty acids

The fatty acids were derived by Shanta and Decker
(1993) method. Frozen samples were melted at
40°C water bath and were dried using nitrogen
injection, and then 2 ml of hexane were added to
dried samples. Next, 100 pL of samples were
transferred to new tubes and 25 pL of internal
standard (heneicosanoic acid) was added to them.
This was followed by an addition of 400 pL of
methanol and 100 pL methyl guanidine. Samples
were dried using nitrogen and boiled for 10 min,
after which the tubes were recapped. After cooling
the mixture to room temperature, 5 cc of saturated
saline were added to the tubes, and then 2 cc

petroleum ether were added to the mixture and

dried using nitrogen. In the next stage, the mixture
was shaken for 3 min and was centrifuged for 5 min
to partition into two distinct layers. Afterward, the
bottom layer was omitted and the top layer was
dried by nitrogen. Finally, 5cc hexane was added to
the mixture and samples were dried again by

nitrogen and transferred to freezer.

Experimental design

Fatty acid data were analyzed using a general linear

model (SAS Institute Inc., Cary, NC), according to:
Yi=U+Pi+ai+ &

Where, yj is the jth observation in ith group; f; is

the fixed effect of treatment; a; the random effect of

cow and & is the residual error. Tukey’s test was
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used to test treatment means (P < 0.05) of the

experiment (Table 2).

Table 2. Least squares means and significance of differences in dry matter intake; milk production and

composition from cows fed diets containing 4 fat sources and control diet.

traatment P-value
Item 1 2 3 4 5 SEM metreat fatvs week treatme
nt  control nt*week
DMI, kg/d 24.27 23.91 24.20 24.41 24.91 0.25 0.1916 0.7148 <.0001 0.5434

Milk yield, Kg/d 43.66 45.55 45.55 45.77 46.11 0.57 0.0850 0.0087 0.0005 0.0337
3.5% FCM* 41.46b 43.57a 43.87a 43.28a 44.25a 0.48 0.0208 0.0022 0.0006 0.0442

Milk fat, % 3.10 3.23 3.30 3.17 3.31 0.05 0.1089 0.0304 0.1429 0.3316

Milk fat, Kg/d 1.35b 146a 149a 145a 1.51a 0.022 0.0039 0.0004 0.0038 0.5276

Milk protein, % 3.04 3.03 3.06 2.86 2.83 0.08 0.3364 0.3584 0.4013 0.5576

Milk protein, Kg/d  1.32 1.38 139 1.31 1.30 0.04 0.5728 0.6889 0.0691 0.0612

Milk lactose, % 5.07 4.73 5.05 4.88 4.70 0.13 0.2324 0.1485 0.0074 0.0010

Milk lactose, Kg/d 2.20 2.14 2.30 2.23 2.17 0.004 0.3150 0.3824 0.0894 0.0021

1, 2, 3, 4 and 5 are respectively: control and diet containing 1.93% tallow, 10% raw soybeans, 10% extruded

soybeans and 10% roasted soybeans. 13.5% FCM = 0.432 (kilograms of milk) + 16.2 (kilograms of fat).

Table 3. Fatty acid profile (g/100 g of total fatty acid) in milk fat from cows fed diets containing 4 fat sources and

control diet.

treatments
Faify acid 1 T 3 4 3 EEM  P-value f@EfvE SOVVE Ex s Ro
conizol Tallow

Cqo 31 316 3.09 299 T o7 oiz odooo omb 07054 Qo105
cho 150 230 TG 2 18 T 3T oof oy ool 07440 ozl
cho L5 Lzt Lag® 118® 132%™ ooy oamiz ooosr  obol7 O 0
Ciuxo 355 311F 3132 3.10E 330* QO 2 OO04 00004 03209 o 1281
Cix o 4127 324" Jaq° 318" 341" 015 0z OO0 o7l o3zl
Ciy o 1100 s = 101G wmait  ingzE oub Qo405  OuOdz 04840 o887
Cifio Fo0.08 2081 28 74 2823 2877 057 01323 0059 X L3152
Cil:o o052 1152 1234 1205 1199 bz 02943 O04E 04132 o949
Cig1 106 Qg2 o953 aig 0oz Qo5 020y oozgd LO00 a7 fgh
Caboi 188 igi 175 177 17 Qo5 03350 2 o24dn o.ogh o5355
Cillz1 2138 1322 2340~ 2408 2260° 027 OOOD1L  OUOO04 055835 OO0
Cill: 1 tmans-11 1385 186= 19432 2262 208 011 ©OD0E  Ou001 o.o8 55 01445
gis-g,  TEns-11 o525 — — agBe - ooé Qo007 0001 OO0 o057
Cill:z

SEAF® G654* 6489 = G444t G35 647" o067 ooy oooby o3l oLOoge4
B UFAH 24 17 26.09 2512 2650 2541 b4 @ 1439 2 Qogi7 05845 02441

Short-medimm ### 55682 5341 52.1° F1o5° 5266 ob; oooobf oOwoood oo631 ool

*Saturated fatty acids **Mono unsaturated fatty acids: Ciz:1, Ci6:1, Ci8:1 *** Cg:0—Cis:o
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Results

Dry matter intake, milk yield and composition, and
FCM were shown in Table 2. Dry matter intake was
similar among diets, but milk production and FCM
was greatest (P < 0.01) for cows consuming fat
supplemented diets. Milk fat yield and content from
cows fed the fat supplements was higher (P <0.01
and P <0.05 respectively) than that of cows fed the
control (Table 2), but milk protein yield and lactose

contents were not affected by fat supplementation.

Milk fatty acid composition (g/100g fatty acid) from
cows fed different diets is presented in Table 2. As
shown, the concentration of total saturated fatty
acid in milk fat was significantly (P=0.01) decreased
by extruded soybeans. Full fat soybeans
significantly (P<0.01) decreased proportion of
short- to medium- chain (C6:0 to C16:0) saturated
fatty acids in milk fat. A tendency for higher C18:0
and lower Cig:1 in milk fat of cows fed
supplemental fat observed (P=0.19 and P=o0.11
respectively). The concentration of milk fat of
vaccenic acid (trans-11 C18:1) and conjugated
linoleic acid (cis-9, trans-11C18:2) were increased by
all fat sources, but only extruded soybeans caused
significant increase in milk fat content of conjugated

linoleic acid(cis-9, trans-11C18:2).

Discussion

The lack of negative effect of feeding fat sources on
DMI has been previously reported in previous
research (Rong Yan et al., 2010, Miller et al., 2009,
AbuGhazaleh et al., 2004, Grummer et al., 1993,
Bernard et al., 1990) although a decrease in DMI
was reported with others (Chilliard et al., 2009,
Mercedes et al., 1997). Tree factors may explain this
lack of effect in current experiment: 1) low level of
fat was used in experiment (Petit et al., 2010), 2)
encapsulation of anti microbial fatty acids within
hard outer soybeans coat (Jenkins and Lundy,
2001), 3) the negative effect of lipid
supplementation on dry matter intake would be
more important in mid and late stage of lactation

than first stage (Petit et al., 2010).

In certain cases, added fat may elevate milk yield
and milk fat, but different types and sources of fat
may have divergent effects on these parameters
(Chouinard et al.,, 1997a). The improved milk
production and FCM by cows fed fat supplement
diets in current study may be resulted from a
numerical increase in DMI and consequently NEI
intakes. Moreover, the direct incorporation of fatty
acids into milk cause a decrease in de novo
synthesis of fatty acids and a greater proportion of
available glucose being used for lactose synthesis
(Hammon et al., 2008). Milk fat depression has
been observed when cows have been fed high-
concentrate diets, fat-supplemented diets, or
combinations of both (Miller et al., 2009).
Increased milk fat content for cows fed fat
supplemented diets may be due to increased dietary
fatty acids being taken up by the mammary gland
for milk fat synthesis (Knapp et al., 1991).

Previous researchers (Choinard et al., 2001, Kim et
al., 1993) pointed decrease in proportion of short-
and medium- chain saturated fatty acid of milk
from cows fed dietary fat supplements. Fatty acids
from C6:0 to C14:0 are synthesized de novo in the
mammary gland, whereas C16:0 is derived from
both diet and de novo synthesis (Gémez et al.,
2009). The decrease in short- and medium-chain
fatty acids can be attributed to the ruminal
production of trans isomer inhibitors of de novo
synthesis (trans-10 C18:1 and trans-10, cis-12 CLA).
Linoleic acid (Ci18:2 cis-9, cis-12) and oleic
acid(C18:1 cis-9), the major fatty acid present in
soybeans and tallow respectively, both are
precursors for synthesis mentioned isomers
(AbuGhazaleh et al., 2004). Decrease in milk fat of
C16:0 were minimal for tallow diets, as substantial
amounts of C16:0 fatty acids are provided by tallow.
The C4:0 concentration of milk fat was not affected
substantially by supplemental fat, this may originate
in C4:0 synthesis from beta hydroxyl butyrate,
which is less susceptible to inhibition by long-chain

fatty acid (Glasser et al., 2008).
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Decrease in concentration of 14:1 and 16:1 by fat
supplements were previously reported (Glasser et
al., 2008). Glasser et al. (2008) stated trans-16:1
percentage was not significantly affected, possibly
because of its ruminal origin, whereas cis-16:1 and
cis-14:1 probably arising from mammary A9-
desaturation of 16:0 andi4:0 respectively, was
inhibited, by most of the fat supplements.

The concentration of 18:0 and all of C18 fatty acids
was increased by fat supplementation in
experiments (Glasser et al., 2008, Dhiman et al.,
1999, Chouinard et al., 1997a). Increase in milk fat
of 18:0 was lower for extruded soybean than raw
soybean in current experiment. This was
unexpected, as the extrusion by rupturing the seeds
makes more oil available for microbial
hydrogenation (Chouinard et al., 1997a), which
would causes more 18:0 production. Chouinard et
al.(1997b) proposed free oil at the level of each
extruded soybean particle might inhibit the activity
of microorganisms that were responsible for the last
step of biohydrogenation. The trans intermediates,
thus accumulated, left the rumen without further
modification, which could explain the lower
proportion of 18:0 and the higher proportion of
vaccenic acid found in milk of cows fed extruded

soybean (Chouinard et al., 1997b).

Oleic, linoleic, and linolenic acids are all precursors
for synthesis of vaccinic acid and conjugated linoleic
acid during the ruminal biohydrogenation process
(AbuGhazaleh et al., 2004). Soybean contain
approximately 53% linoleic acid and tallow contain
43% oleic acid, which may explain the increase in
conjugated linoleic acid and vaccinic acid in milk fat
from cows fed full fat and tallow diets. Milk fat of
cows fed extruded soybeans had higher
concentration of conjugated linoleic acid and
vaccinic acid than raw, possibly because of low
release of oil from raw seeds in the rumen compared
with heat-treated seeds, which may lead to complete
biohydrogenation of linoleic acid to stearic acid in

the rumen (Khanal and Olson, 2004).

Conclusion

In conclusion, the addition of 1.93% oil from
extruded or roasted soybeans added to the to diet of
early lactation dairy cows, beside supporting equal
or higher milk and milk composition, compared to
raw soybean or tallow and help to minimizing the
dietary level of imported bypass protein sources
such as fish meal increased milk fat functional and
healthy properties when compared the tallow and
raw soybeans. Decrease in short- to medium- chain
(C6:0 to C16:0) fatty acids was significant both for
raw and extruded soybeans, but decrease in total
saturated fatty acids was only significant for
extruded soybeans. All fat sources significantly
increased milk fat content of wvaccenic acid
compared with control. Proportions of conjugated
linoleic acid in milk fat of cows fed extruded
soybeans were significantly higher than control. The
decrease of baneful fatty acids proportion and
increasing functional fatty acids by the result of fat
supplementation, specially extruded soybean, in
current experiment has high value in standpoint of

health concerns.
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