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The effects of feeding calcium salts of poultry oil as fat supplement on feed intake, nutrient digestion,
feeding behavior and milk production of dairy cows were investigated. Twenty four Holstein cows
(BW = 589 ± 41 kg; DIM = 105 ± 26.7 d [range of 60–147 d]; milk production = 41.1 ± 3.9 kg/d; mean ±
SD) were used in a completely randomized design for 4 weeks. Three treatment diets were evaluated
with measurements obtained from 8 cows per treatment. Treatments included (1) a diet supplemented
with calcium salts of poultry oil (Ca-PO; Lador fat, Sepahan Aala Oil co., Isfahan, Iran); (2) a diet supple-
mented with a palmitic acid-enriched fat supplement (PA; Energizer RP-10, IFFCO, Johor, Malaysia); and
(3) a diet supplemented with 50% Ca-PO and 50% PA (POPA). Oleic acid was the main fatty acid of Ca-PO,
whereas palmitic acid was the major fatty acid of PA. The fat types were supplemented at 1.74% of dietary
dry matter and the diets were fed ad libitum as TMR, twice daily. Dry matter intake (DMI) was greater for
cows fed Ca-PO and POPA than cows fed PA, but dry matter digestibility tended to be greater in PA than
other treatments. Chewing activity, expressed as min per day and min per kg of dry matter intake, was
not affected by dietary treatments. Cows fed Ca-PO had greater milk production than cows fed PA, and
cows fed POPA were intermediate (41.0, 39.7, and 38.9 kg/d for Ca-PO, POPA, and PA, respectively).
Protein yield was greater for Ca-PO treatment than PA, whereas POPA was intermediate (1.22, 1.14,
and 1.09 kg/d for Ca-PO, POPA, and PA, respectively). The percentage of milk protein also tended to be
greater in Ca-PO than PA, whereas fat yield tended to be lower in POPA than other treatments.
Production of FCM and the percentage of milk fat, however, were not affected by treatment. Feed
efficiency expressed as milk production per kg DMI was greater for PA than other treatments, but feed
efficiency determined by fat corrected milk production did not differ significantly among treatments.
In conclusion, feeding calcium salts of poultry oil improved production by mid-lactation dairy cows
but decreased feed efficiency.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Fat supplements are commonly supplemented into rations for
high milk-producing dairy cows. Several studies have explored
different strategies for feeding fat to dairy cows (Rabiee et al.,
2012). One popular source of supplemental fat is granulated palmi-
tic acid, which has been documented to improve milk production
and milk fat percentage under certain study conditions (Piantoni
et al., 2013; de Souza et al., 2017b). However, few alternatives to
granulated palmitic are commercially available for use in dairy
cow diets.

Poultry oil is extensively produced world-wide as a byproduct
of chicken processing and thus is available as an alternative to
granulated palmitic acid in ruminant diets. Approximately 488.2
thousand tons were produced in the United States alone in 2014
(Swisher, 2015) and relative value for Iran is around 144 thousand
tons (Towhidi, 2017). It can be used as biodiesel, but this
al-tract
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Table 1
Ingredient composition of the formulated diet and chemical composition of compos-
ited TMR samples.

Dietsa

Item Covariate Ca-PO POPA PA

Ingredient composition, % of DM
Alfalfa hay 17.8 17.0 17.0 17.0
Corn silage 21.8 23.0 23.0 23.0
Beet pulp 2.75 0.79 0.79 0.79
Corn grain, ground 10.4 11.1 11.1 11.1
Barley grain, ground 17.3 22.3 22.3 22.3
Wheat grain, ground 2.5 – – –
Soybean meal, pelleted 8.2 13.1 13.1 13.1
Cottonseed 3.5 2.41 2.41 2.41
Canola meal 3.5 1.74 1.74 1.74
Wheat bran 2.3 – – –
Corn gluten meal 1.5 1.74 1.74 1.74
Ca-POb – 1.74 0.87 –
PAb – – 0.87 1.74
Fat supplementc 1.92 – – –
Fish meal 1.2 1.57 1.57 1.57
Meat meal 2.5 – – –
Sodium–bicarbonate 0.98 1.08 1.08 1.08
MgO 0.26 0.28 0.28 0.28
Calcium carbonate 0.39 0.44 0.44 0.44
Dicalcium phosphate 0.20 0.21 0.21 0.21
Vitamin–mineral premixd 0.81 0.92 0.92 0.92
Salt 0.13 0.28 0.28 0.28
Additives 1.36 – – –

Chemical composition, % of DM unless stated
DM, % of as-fed – 58.8 59.1 59.2
OM – 91.9 92.0 92.0
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application has been limited due to the constrain related to the
solidification at cold temperatures (Ramalho et al., 2012). In con-
trast, calcium-saponified poultry oil is better suited for some
commercial applications (Strohmaier and Frederiksen, 2001).
Calcium-saponified poultry oil as fat supplement for dairy cows
is therefore a potentially sustainable outlet for byproduct poultry
fat. In addition, because of limited degree of unsaturation the sup-
pressing effect on dry matter intake, nutrient digestion
(Beauchemin et al., 2009), and milk fat percentage could be mini-
mal when feeding oleic enriched fat types like poultry oil relative
to 18:2 and 18:3 (de Souza et al., 2017a; Lopes et al., 2017; He
et al., 2012). Also, due to a high transmitting efficiency of oleic acid
to milk (Enjalbert et al., 1998) dietary supplementation has been
along with the increasing in the concentration of this fatty acid
in milk (Purushothaman et al., 2008; He et al., 2012) as well as
improving concentration of cis-9, trans-11 conjugated linoleic acid
(CLA) in milk (He et al., 2012).

Several studies have explored feeding animal fat to dairy cows
(Rabiee et al., 2012) but we are not aware of scare published work
that has documented the effects of feeding calcium salts of poultry
oil to high milk producing dairy cows. Therefore the objective of
the current study was to observe performance, nutrient digestion,
and feeding behavior of dairy cows when supplemented with
calcium salts of poultry oil in place of a palmitic acid-enriched
fat supplement. We hypothesized that calcium salts of poultry oil
could be added to diet of dairy cows in place of a palmitic
acid-enriched fat supplement without any unfavorable effects on
performance and digestion of nutrients.
CP – 16.8 16.6 16.8
EE – 3.55 4.00 4.25
NDF – 28.0 27.2 26.3
NFCe – 43.6 43.4 44.7

a Ca-PO = a diet supplemented with a calcium salts of poultry oil; PA = a diet
supplemented with a palmitic acid-enriched fat supplement; and POPA = a diet
supplemented with 50% Ca-PO and 50% PA (for all treatments supplementation was
at 1.74% dietary DM).

b The composition of fatty acids of C14:0, C16:0, C16:1, C18:0, C18:1, C18:2,
C18:3, and others were 0.6, 26.0, 7.1, 6.3, 41.2, 15.3, 0.8, and 2.7 g/100g total fatty
acids for Ca-PO and 0.6, 89.4, 0.2, 6.9, 2.5, 0, 0, and 0.4 g/100g total fatty acids for PA,
respectively. Total fatty acids were 85 and 95% supplement for Ca-PO and PA,
respectively.

c a commercial Ca-protected fat supplement for which fatty acid composition is
not available.

d Vitamin–mineral premix contained (DM basis) 400,000 IU/kg of vitamin A;
100,000 IU/kg of vitamin D3; 200 IU/kg of vitamin E; 180 g/kg of Ca; 70 g/kg of P;
30 g/kg of Mg; 200 g/kg NaHCO3; 5 g/kg of Mn; 3 g/kg of Zn; 0.3 g/kg of Cu; 0.1 g/kg
of I; 0.1 g/kg of Co; 4 g/kg of Fe; 0.02 g/kg of Se; 0.4 g/kg antioxidant.

e NFC = 100 � [CP + NDF + EE + ash].
2. Materials and methods

The experiment was carried out at the dairy barn of the Depart-
ment of Animal Science of the University of Tehran and cows were
cared according to Iranian Council of Animal Care (1995). Also, the
experiment was approved by the Institutional Animal Care Com-
mittee for Animals Used in Research.

In the present study, 24 Holstein cows (BW = 589 ± 41 kg, DIM
= 105 ± 26.7 d [range of 60–147 d]; milk production = 41.1 ± 3.9
kg/d; mean ± SD) were individually fed and were used in a com-
pletely randomized design for 4 weeks. Four of the cows were
primiparous but similar in milk production (40 ± 1.6 kg/d), DIM
(92 ± 23), and BW (561 ± 54) to the multiparous animals.

The six-week study was divided into a two-weeks at covariate
measurements (d -14-1), an adaptation period (d 1-14), and a data
collection period (d 15-27). After calving and prior to the adapta-
tion period, cows were fed a common diet (Table 1) in a grouped
condition. Two weeks before the adaptation period of the study,
cows were fed the same diet individually for 2 weeks. Dry matter
intake (DMI) and milk production were measured during the final
four days prior to the adaptation period and body weight was mea-
sured on each of the final two days prior to adaptation. Cows were
then randomly allocated to one of three treatments for four weeks.
Upon allocation to treatment, cows were adapted to the treatment
diets for 14 d, and then were subject to observation during the data
collection period (d 15–27).

Three treatments diets were evaluated: (1) a diet supplemented
with a calcium salts of poultry oil (Ca-PO; Lador fat, Sepahan Aala
Oil co., Isfahan, Iran); (2) a diet supplemented with a palmitic acid-
enriched fat supplement (PA; Energizer RP-10, IFFCO, Johor, Malaysia);
(3) a diet supplemented with 50% Ca-PO and 50% PA (POPA). Oleic
acid was the main fatty acid of Ca-PO, whereas palmitic acid was
the major fatty acid of PA. The Ca-PO, PA, or POPA supplements
were included in rations at approximately 1.74% of dietary dry
matter and the diets were fed ad libitum twice daily as a total
mixed ration (TMR). Diets were formulated to meet or exceed
Please cite this article in press as: Zali, A., et al. Short term effects of feeding
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the Cornell Net Carbohydrate and Protein System (version 5.0;
Fox et al., 2000) nutrient allowance for a dairy cow with a mature
weight of 660 kg, DIM of 130 d, and producing 40 kg/d of milk with
3.7% milk fat (Table 1). Cows were placed in individual pens within
a roofed facility with open sides. Clean plastic mats were used for
bedding and manure was cleaned from the pens daily. Feed was
supplied twice daily at 0700 and 1600 h in amounts that allowed
5–10% refusals. Approximately 60% of the daily allocation was
provided at the morning feeding, and 40% at the afternoon feeding.

The amounts of TMR that were offered and refused were mea-
sured daily for each cow for 13 days (d 15–27) immediately after
the 14 d adaptation period, and daily DMI for each cow was calcu-
lated. Data from the final four days were not considered because
several cows developed mastitis based on measured Somatic Cells
Counts (SCC) system and direct evaluation. Representative samples
of TMR diets and individual refusals were taken immediately
before the morning feeding for 7 d during the sample collection
period on days 16, 17, 19, 20, 21, 22 and 23 of the experiment.
All samples were immediately frozen at �10 �C until they were
calcium salts of poultry oil as fat supplement on feed intake, total-tract
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Table 2
Dry matter intake and apparent digestibility of nutrients.

Dietsa

Item Ca-PO PA POPA SE P-Value

DMIb; kg/d 26.5a 24.7b 26.6a 0.50 <0.01

Digestibility (g/kg)
DM 686 745 694 19.5 0.09
NDF 522 584 496 33.1 0.17
CP 737 774 732 21.0 0.31

a,bLeast squares means within a row with different superscripts differ significantly
(P < 0.05).

a Ca-PO = a diet supplemented with a calcium salts of poultry oil; PA = a diet
supplemented with a palmitic acid-enriched fat supplement; and POPA = a diet
supplemented with 50% Ca-PO and 50% PA (for all treatments supplementation was
at 1.74% dietary DM).

b Covariates were initial DMI and initial BW.
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analyzed. After thawing, TMR samples were composited by
treatment, whereas samples of feed refusals were analyzed indi-
vidually. Dry matter percentage was determined for each sample
by drying at 60 �C in a forced-air oven for 48 h. All samples were
ground using a Wiley mill through a 1-mm screen (Arthur H.
Thomas, Philadelphia, PA) and analyzed for CP using the Kjeldahl
method (Kjeltec 1030 Auto Analyzer, Tecator, Höganäs, Sweden;
AOAC, 2002, method 955.04), ether extract (EE; AOAC, 2002,
method 920.39), ash (AOAC, 2002; method 942.05), and NDF using
heat stable a-amylase and sodium sulfite (Van Soest et al., 1991).
Non-fibre carbohydrate was calculated as 100� (CP + NDF + EE + ash).

The measurement of apparent digestibility was conducted on
days 21 and 22 of the experiment. Fecal samples were taken from
each cow (all cows on both days) after the morning feeding and
frozen at �10 �C until they were analyzed. After thawing, the sam-
ples were pooled by cow, dried and ground similar to TMR sam-
ples, and analyzed along with TMR samples for acid-insoluble
ash (AIA) as an internal marker to calculate apparent digestibility
using the 2 N HCl procedure of Van Keulen and Young (1977).

Fatty acid composition of the Ca-salts of poultry oil was deter-
mined in the oil before saponification by gas chromatography. The
gas chromatograph system (Youngling-Acme 6000 series, Agilent
6890, Seoul, South Korea) was equipped with a flame ionization
detector and capillary column (50 m � 0.25 mm � 0.2 mm). The
fatty acid composition of RP-10 was reported according to manu-
facturer’s reports.

On d 17 of the experiment, chewing activity was monitored
visually for all cows over a 24-h period except for milking time.
Eating and ruminating activities were noted by an observer at
5-min intervals, and each activity was assumed to persist for the
entire 5-min interval (Colenbrander et al., 1991). Total time spent
chewing was calculated as the total time spent eating and ruminat-
ing. The times of eating, rumination and total chewing activities
per kg of DMI were also reported. A period of rumination was
defined as at least 5 min of rumination occurring after at least
5 min without rumination. A meal or period of eating was defined
as at least one observation of eating activity occurring after at least
20 min without eating activity.

Milking times were 0800, 1600, and 2400 h and cows were
milked using herringbone milking parlor and using an automated
Westfalia milking system (Westfalia Separator AG, Oelde,
Germany). Teat preparation, consisted of teat cleaning with warm
water, removal of foremilk, and teat drying. Milk yield for all cows
was recorded from d 15–27, but data collected during the final
4 days were not considered because several cows developed mas-
titis. Milk from all cows was sampled at each milking on d 18, 19,
21, and 22. Milk samples were composited in proportion to milk
yield, preserved with potassium dichromate, and stored at 4 �C
until analysis of fat and protein contents using an infrared
analyzer (MilkoScan 134 BN; Foss Electric, Hillerød, Denmark).
The yield of 3.5% fat corrected milk (FCM) was calculated as
(0.432 �milk yield + 13.23 � fat yield), according to Gaines
(1928). Finally, cows were weighed on d 25 to determine weight
gain or loss.

Data were analyzed for normality using the Shapiro-Wilk test.
The ANOVA was performed using the MIXED procedure of SAS
(2002; version 9.0, SAS Institute Inc., Cary, NC). A repeated-
measures statistical model was applied which included fixed effect
of treatment and random effect of cow. Block (initial milk produc-
tion) was considered as a fixed effect but removed from the final
model because it was not significant. The mathematical definition
of the model was:

Yij ¼ lþ Ti þ Cj þ eij

where Yij was the response variable, m was the common mean, Ti
was the fixed effect of treatment (i = 3), Cj was the random effect
Please cite this article in press as: Zali, A., et al. Short term effects of feeding
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of cow (j = 24), and eij was the residual error. The covariance
structure of the repeated measurements was unstructured accord-
ing to the lowest values of the fit statistics. The effects of parity
and days in milk were considered as co-variables for all responses
if significant (P � 0.1). For data on milk production and composi-
tion, initial milk production also was considered as a co-variable
if significant (P � 0.1). Initial BW and initial DMI were considered
as co-variables for all data pertaining to BW and DMI. The PDIFF
option was used to establish multiple comparisons among treat-
ments. The significance level was set at P � 0.05, and a trend was
considered when 0.05 < P � 0.10. Data that were not compatible
with a repeated-measures model were examined by the above
model without the random effect of cow.
3. Results

Chemical composition of TMR samples was similar among
treatments (Table 1). Fatty acid composition of two type of fat sup-
plement, however, revealed considerable differences. The concen-
tration of palmitic acid (C16:0) was 3.4 time greater in RP-10
than in Lador fat (89 vs. 26%). In contrast, the concentration of oleic
acid (C18:1) was about 17 times greater in Lador fat than in RP-10.
Lador fat contained 15.3% and 0.8% of linoleic acid (C18:2) and
linolenic acid (C18:3), respectively, that were not detectable in
RP-10.

Mean DMI was 1.9 kg/d greater for cows fed CA-PO and POPA
than those fed PA (Table 2). Compared with other treatments, diets
supplemented with PA tended to have greater digestibility of DM
(P = 0.09). Supplementation of fat, however did not affect apparent
digestibility of NDF or CP.

Chewing activity, expressed either daily or per kg of feed intake,
was not affected by treatment. Cows on average spent 244, 349,
and 593 min for eating, rumination and total chewing, respectively
(Table 3). Also, the number of meals and rumination were similar
between treatments.

Compared with PA, feeding Ca-PO increased mean milk produc-
tion by 2.1 kg, whereas milk production by cows were fed POPA
was intermediate (Table 4). The production of 3.5% FCM did not
differ among treatments, but protein yield was greater in Ca-PO
than for other treatments and fat yield tended to be lower in POPA
(P = 0.10). The percentage of milk protein also tended to be greater
in Ca-PO than PA. Percentage of milk fat, however, was not affected
by dietary treatments. Feed efficiency expressed as milk yield per
DMI was greater for PA than for other treatments, but was not dif-
ferent among treatments when expressed as FCM/DMI. Body
weight change was not affected by treatment.
calcium salts of poultry oil as fat supplement on feed intake, total-tract
he Saudi Society of Agricultural Sciences (2018), https://doi.org/10.1016/j.

https://doi.org/10.1016/j.jssas.2018.06.003
https://doi.org/10.1016/j.jssas.2018.06.003


Table 3
Eating, rumination, and chewing activities.

Dietsa

Item Ca-PO PA POPA SE P-value

Time, min
Eating 233 241 258 17 0.56
Rumination 336 357 355 18 0.64
Chewing 569 599 612 26 0.44

Time, min/kg of DMI
Eating 8.51 9.14 9.93 0.70 0.35
Rumination 12.2 13.6 13.7 0.66 0.21
Chewing 23.6 22.7 23.6 1.03 0.13

Meal, no./d 7.38 9.00 8.63 0.87 0.37
Rumination, no./d 10.1 10.9 9.88 0.58 0.45

a Ca-PO = a diet supplemented with calcium salts of poultry oil; PA = a diet supplemented with a palmitic acid-enriched fat supplement; and POPA = a diet supplemented
with 50% Ca-PO and 50% PA (supplemented at 1.74% dietary DM).

Table 4
Milk production and composition, feed efficiency, and body weight changes.

Dietsa

Itemb Ca-PO PA POPA SE P-value

Yield, kg/d
Milk 41.0a 38.9b 39.7ab 0.55 0.05
3.5% FCMc 35.7 35.8 34.6 0.56 0.25
Fat 1.39 1.40 1.30 0.03 0.10
Protein 1.22a 1.09b 1.14b 0.01 <0.01

Composition, g/kg
Fat 33.1 33.9 34.7 1.0 0.60
Protein 28.4 26.9 27.7 0.4 0.07

Feed efficiencyd

Milk yield/DMI 1.46b 1.54a 1.47b 0.02 0.05
FCM/DMI 1.31 1.35 1.35 0.02 0.22
BW, kg 601 599 598 6.0 0.87
BW change, kg/month 12.1 8.1 8.75 5.25 0.83

a,bLeast squares means within a row with different superscripts differ significantly (P < 0.05).
a Ca-PO = a diet supplemented with calcium salts of poultry oil; PA = a diet supplemented with a palmitic acid-enriched fat supplement; and POPA = a diet supplemented

with 50% Ca-PO and 50% PA (supplemented at 1.74% dietary DM).
b Covariates DIM and parity for milk yield, parity for FCM, parity and initial milk production for protein yield, DIM, parity, and initial milk production for milk and FCM feed

efficiencies, and initial BW for BW and BW change.
c Yield of 3.5% FCM = 0.432 �milk yield + 13.23 � fat yield (Gaines, 1928).
d Calculated for 9 d of recorded milk divided by average DMI.
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4. Discussion

In the present study, feeding calcium salts of poultry oil
increased feed intake of dairy cows. This finding contrasts the
expectation that supplementation of unsaturated fats, even in
Ca-protected form, should decrease feed intake of dairy cows
(Allen, 2000; Rabiee et al., 2012). Additional literature, however,
documents inconsistent responses to supplementation of unsatu-
rated fats that range from decreasing (de Souza et al., 2017a) or
not affecting DMI (Ganjkhanlou et al., 2009) to increasing
(Beauchemin et al., 2009) DMI. Although the exact reason for such
inconsistencies is not clear, differences may be explained by fat
types and constituent fatty acids. For example, using mid lactation
dairy cows, He et al. (2012) demonstrated that increasing concen-
trations of linoleic acid fat sources linearly decreased feed intake,
whereas increasing the amount of dietary oleic acid did not
suppress feed intake. Supplemental oleic acid in the form of oil
seed also increased feed intake of dairy cows (Beauchemin et al.,
2009). Sources of oleic acid such as poultry oil may therefore have
no negative effect on feed intake. Greater DMI in cows supple-
mented with Ca-salts of poultry oil in the present study was not
accompanied by greater eating time, so this finding is not
corroborated by behavioral observations. Also, lower DMI in cows
Please cite this article in press as: Zali, A., et al. Short term effects of feeding
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supplemented with PA might cause the tendency of increasing DM
digestibility in this treatment.

Feeding calcium salts of poultry oil also did not affect milk fat
composition which was in agreement with a study that fed
ca-protected unsaturated fat (Rico et al., 2014b) but was inconsis-
tent with other (Rico et al., 2014c). The reason for such discrepancy
was not clear that was because a number of expected complex
interactions of dietary factors (e.g., NDF, digestibility, and particle
size), environment (e.g., season), production level, and fat supple-
ment (Rico et al., 2014b) perhaps explain the disparity between
our findings and findings by Rico et al. (2014c). Season could have
considered as a possible explanation; in deed the study reported
decreased milk fat in response to unsaturated fatty acid supple-
mentation during the summer (Rico et al., 2014b), whereas our
study and another trial by Rico et al. (2014b) reported no effect
and were conducted in a cooler season. Increased respiration dur-
ing heat stress may cause rumen pH to be depressed (Kadzere
et al., 2002), whereby unsaturated fatty acids may disassociated
from calcium to induce milk fat depression (Demeyer and
Doreau, 1999). Our personal observation in commercial dairy
farms also agrees with this explanation.

The improvement in milk production with supplemental
calcium salts of poultry oil was predictable based on the feed
calcium salts of poultry oil as fat supplement on feed intake, total-tract
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intake response. However, another interesting observation was
improved protein yield despite similar production of 3.5% FCM.
In previous studies, protein yield has been rarely affected by sup-
plemental fat and only a few studies have reported decreased per-
centage of milk protein in dietary supplementation with palmitic
acid (Lock et al., 2013; de Souza et al., 2017b). The improved milk
protein yield in cows supplemented with Ca-salts of poultry oil
compared with palmitic acid in the present study likely reflects
improved total milk production with a numerical increase in milk
protein percentage. Rico et al. (2014a) suggested a mechanism of
nutrient partitioning that is related to supplemental fatty acids.
The suppression of de novo fatty acid synthesis in the mammary
gland may occur when long-chain fatty acids (i. g. oleic and linoleic
acid) supplant the oxidative use of glucose to generate reducing
equivalents for milk fat synthesis (Rico et al., 2014a; Storry et al.,
1973). This could occur through direct inhibition of acetyl CoA car-
boxylase by long-chain fatty acids, resulting in a decreased use of
glucose through the pentose phosphate pathway to yield NADPH
(Palmquist and Jenkins, 1980). The spared glucose can be used
for synthesis of milk and other components such as protein. Also,
the type of basal diet and the physiological status of cows can
explain part of the discrepancy between present and previous
studies. For example, Lock et al. (2013) used dairy cows in mid
stage of lactation (DIM = 249 d) fed a diet contained ingredients
considerably different form present experiment.

The efficiency of production was lower when supplemental
Ca-salts of poultry oil were compared with supplemental granu-
lated palmitic acid. Supplemental palmitic acid-enriched fat has
been documented to improve feed efficiency when compared with
supplemental unsaturated fat (de Souza et al., 2017a), stearic acid-
enriched fat (Rico et al., 2014a), and diets not supplemented with
fat (Ganjkhanlou et al., 2009). Although the fatty acid constituents
of milk were not measured in the present study, previous investi-
gators concluded that the improved efficiency of palmitic acid-
supplemented diets was attributed to incorporation of palmitic
acid into milk fat (Enjalbert et al., 1998; Lock et al., 2013;
Piantoni et al., 2013). Our findings indicate that decreased DMI
could also account for improved efficiency. However, because
using Ca-salts of poultry oil can help to manage wastage of other
proceeding industries, using this sort of fat is reasonable even in
a condition of slightly diminishing feed efficiency. It is because of
availability and pric of this source of fat as well as a cleaner and
safely production.

Because feeding a fat supplement contained high oleic acid can
be along with some beneficiary on the change in milk fat composi-
tion (Enjalbert et al., 1998) future studies are warranted to explore
if using Ca-salts of poultry oil can improve milk fatty acid compo-
sition. Also, exploring the change in digestibility of individual fatty
acids as well as the amount of ruminal biohydrogenation of these
fatty acids can add some valuable information on the knowledge
of using wastage oils as feed for dairy cows.

In conclusion, calcium salts of poultry oil in comparison with
granulated palmitic acid increased DMI, milk yield, and milk pro-
tein yield without any negative effects on nutrient digestion or
chewing activity. Feeding granulated palmitic acids, however,
resulted in greater feed efficiency (normalized to total milk yield)
with no effect on efficiency of feed conversion to FCM. We con-
clude that calcium salts of poultry oil effectively replaced palmitic
acid-enriched supplemental fat in dairy cow diets in our study.
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