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Abstract
The present study aimed to evaluate the effects of different supplemental fat sources (soyabean oil (SBO) as a source of n-6 fatty acid (FA) and
fish oil (FO) as a source of n-3 FA) in the starter feed of milk-fed dairy calves during the hot season. Forty Holstein calves (3 d of age; 39·67 kg of
body weight; ten calves per group) were randomly assigned to the experimental treatments as follows: (1) starter feed supplemented with no fat
source (CON), (2) starter feed supplementedwith 3 % SBO (DMbasis), (3) starter feed supplementedwith 3 % FO (DMbasis) and (4) starter feed
supplementedwith an equalmixture of SBO and FO (1·5 % each, DMbasis). Themilk feeding schedulewas constant for treatments and all calves
were weaned on day 65 of age. Results show that calves had greater starter intake, average daily gain and body length when fed SBO compared
with the other treatments. However, feed efficiency was increased and inflammatory indicators (TNF-α, serum amyloid A and haptoglobin)
concentrations were reduced in the calves fed FO compared with the other treatments. In summary, it was revealed that SBO rich in n-6
FA improved starter intake and growth performance, while FO rich in n-3 FA could improve the immune function of calves. Due to the current
experimental condition, an equal mixture of SBO and FO (1·5 % each, DMbasis) can be recommended to have an optimum growth performance
and immune function while the calves are reared under the heat conditions.
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Nutritional management during the pre-weaning period can
have short-term effects on health, mortality rate, growth effi-
ciency and farm economics, as well as long-term effects on milk
production(1). Therefore, it has been indicated that improving the
pre-weaning growth rate through providing more milk or
encouraging a greater intake of starter concentrate can have
long-term effects on the productivity of farm replacement
heifers(2). Conversely, implementation of the intensified or accel-
erated rearing programmes for dairy calves can increase rearing
costs due to the high milk consumption that may negatively
affect overall farm profitability(3). However, the calves have been
encouraged to feed more solid feed rather than liquid feed to
stimulate gastrointestinal development and reduce the potential
for diarrhoea and other diseases(4).

Generally, carbohydrates prepare the primary source of
energy in starter diets for young calves. Although some research

indicated negative effects of supplemental fat on dairy calf
growth performance, this was mainly due to the detrimental
effects of fat on nutrient digestibility, ruminal fermentation
and microbial activity(5,6); however, positive results have been
obtained when calves received different supplemental fat, such
as essential fatty acid (FA)(7) or n-3 FA, supplied through linseed
oil (LSO) in starter diets(8). Discrepancies among studies that
have evaluated fat incorporation in calves’ diets can be related
to many factors, such as fat feeding levels, fat delivery methods
through a liquid or solid feed, starter processingmethods or indi-
vidual FA profiles of the supplemented fat(2). Regardless of all the
aforementioned items, the availability rate of supplemented FA
to rumen microbes has a pivotal role in the responses of rumi-
nants to supplemented fat. The high ruminal availability of sup-
plemental FA for rumen microbes can reduce microbial activity,
microbial protein synthesis, fibre digestibility and even looser
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faecal score that can cause a high diarrhoea rate in milk-fed
calves(5). This can be more detrimental when calves are supple-
mented with ruminally unprotected unsaturated FA (UFA)(5,6)

that can mask the favourable effects of the UFA. Saponification
of FA with Ca salts is a strategy used to reduce the ruminal avail-
ability of supplemental FA for rumen microbes. This strategy
allows the animal to profit from UFA sources, such as soyabean
oil (SBO) and fish oil (FO), with few or no negative effects of sup-
plemented fats on ruminal fermentation and microbial activity.
To the best knowledge of the author, there is no work evaluating
the effect of FA supplied through SBO and FO in the form of FA
saponification with Ca salt in dairy calves in hot conditions.

Heat stress generally worsens the growth and health status of
the calves because of the increase in energy requirement as well
as a reduced appetite and weakness of the immune function(9).
Fat supplementation, especially rumen-protected sources, is one
of the leading nutritional strategies to combat the metabolic
effects of heat stress(9). Some researchers have reported that
increasing dietary fat supplied through essential FA in pregnant
cows could have positive growth responses in dairy calves in dif-
ferent metabolic and nutritional statuses(10). Recent studies have
indicated that exposure to high environmental temperatures trig-
gers some inflammatory signalling pathways in cattle(9,63). The
n-6 and n-3 FA are the essential FA and they are necessary for
normal plasma membrane fluidity and neural development(11)

which can be more critical in the hot season. These FA are also
considered to be the precursors to eicosanoids, which act as sig-
nalling molecules in regulating inflammatory pathways and
regulating the function and secretion of adipose tissue by
binding to PPAR(11). The n-3 FA are known for their anti-inflam-
matory properties, whereas the n-6 FA are pro-inflammatory
substances(12). Various studies, essentially performed in rodents,
have confirmed that the FA profile of the phospholipid portion of
immune cells is influenced by the diet, and also that alterations in
the ratio of n-6 and n-3 FA can alter the activity of immune
cells(13). Regardless of the favourable effect of high dietary n-3
FA on animal growth performance and immunity, this kind of
FA can also modulate pro-inflammatory agents produced
through adipose tissue in human studies(11). These findings
prompt animal nutritionists to incorporate higher n-3 FA sources
in animal diets to provide an optimised immune function, con-
sequently improving animal growth performance, especially in
high tension conditions.

Feeding a high quantity of maize grain and soyabean meal in
the starter diet of dairy calves can make a high n-6: n-3 FA ratio,
such as 15:1, as reported by Hill et al.(7). Based on this, it can be
hypothesised that supplemental linoleic acid may aid the critical
inflammatory response of the calf when exposed to environmen-
tal pathogens and stressors because linoleic acid works as a pre-
cursor of pro-inflammatory mediators such as cytokines and
eicosanoids(14). The minor replacement of coconut oil with
porcine lard in milk replacer increases the intake of linoleic
and α-linolenic acids and can improve calf growth performance
and some facet of immunity(10). Dairy calves suffer from diar-
rhoea in the early weeks of life due to the low immune function
and their high susceptibility to pathogens, and this is more
obvious in dairy farms during hot conditions(1,6,12). Thus, we
assumed that a greater n-3:n-6 FA ratio in starter feed of dairy

calves may improve the immunity of animals under hot
conductions.

The effect of supplementation of a UFA source (protected
through ruminal metabolism) in dairy calves experiencing heat
stress is unknown. Consequently, the present study aimed to
assess the effect of different UFA sources on Holstein’s calves
during thermal stress. We hypothesised that the rumen protec-
tion of UFA, such as by n-6 FA and n-3 FA, through saponifica-
tion would affect the calf’s response to heat-stress conditions.
Thus, the present study aims to evaluate and compare the effects
ofn-6 FA supplied through SBO andn-3 FA supplied through FO
and their equallymixed values on the growth performance, feed-
ing behaviour, blood metabolite, liver enzymes, acute-phase
proteins and inflammatory factors in dairy calves reared under
hot conditions.

Materials and methods

Animal welfare

All the study protocols, including animal welfare, manage-
ment and experimental procedures, and sampling methods,
in the present study, were approved by the International
Animal Care and Ethics Committee of the Iranian Council of
Animal Care(15).

Weather conditions

The temperature and humidity index (THI) was calculated
according to Herbut and Angrecka(16). The mean monthly THI
for the study location (Pars-Abad Moghan, Iran) in June, July
and August of 2018 was calculated as 78·8, 76·7 and 75·7, respec-
tively (Table 1). The highest and lowest monthly temperatures
were 37·68 and 20·47°C, respectively. This index is formulated
based on environmental temperature data and it is highly corre-
lated with the body temperature of cows exposed to heat
stress(17). Bohmanova et al.(18) reported that the use of the THI
index helps estimate cows’ milk production in the South East
of the USA. According to the THI data obtained, our calves were
kept in moderate thermal stress conditions(19). For the THI calcu-
lation, the daily temperature and relative humidity were col-
lected every 30 min using a data logging digital humidity/
temperature meter (TROTEC-BL30 Climate Data Logger;
Trotec GmbH).

Table 1. Minimum and maximum temperature and temperature–humidity
index (THI) during experimental period (from June until August 2018)

Month

Temperature (°C) Humidity (%)

Mean THI*Min Max Min Max

June 21·13 37·68 30·75 69·16 78·8
July 22·67 35·58 30·41 67·94 76·7
August 20·47 35·29 28·76 72·35 75·7

*THI Tdb þ (0.36 * Tdp)þ 41.2 (Tdb = dry bulb temperature, T dp = dew point
temperature).
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Calves and experimental design

The present studywas conducted at Moghan Agro-Industrial and
Livestock Co. during June, July and August of 2018 (Table 1). The
animals were cared for according to the Guide for the Care and
Use of Agricultural Animals in Research and Teaching(20). Forty
Holstein calves with a mean body weight (BW) of 39·67 (SD
3·5 kg), ten calves per group, from healthy multiparous dams
with a normal dry period, were randomly kept in separate
bedded hutches (2·2 × 1·1 m) in an open area equipped with
sunshade, from 3 to 65 d of age. High-quality colostrum was
fed to the amount of 6 l within the first 12 h of life (3 l of colostrum
within 2 h of life and 3 l in a second feeding). The calves were
checked to have normal health conditions and randomly
assigned to the experimental diets on day 3 of age. The exper-
imental diets were formulated to meet the current NRC(21)

nutrient requirements. The treatments were: (1) no fat supple-
mentation (CON); (2) the starter feed supplemented with SBO
rich in n-6 FA (3 %, DM basis); (3) the starter feed supplemented
with FO rich in n-3 FA (3 %, DM basis) and (4) the starter feed
with an equal amount of SBO and FO (1·5 % each, DM basis)
(MIX). To avoid the negative effects of various FA sources on
ruminal fermentation and microbial activity, both supplemented
SBO (PersiaFat-Omega-6®) and FO (PersiaFat-Omega-3®) were
ruminally protected, obtained through saponification with Ca
salts that were provided by the Kimiya Danesh Alvand Company
(Table 2).

Themilkwas fed two times per day (at 08.00 and 16.00 hours)
via pre-washed and sanitised stainless-steel buckets. The calves
had unlimited water and starter diet possession throughout the
experimental period. They received 4 l of the whole milk/d from
days 3 to 30, 6 litre/d from days 31 to 50, 4 litre/d from days 51 to
60 and 2 litre/d milk (once a day), during the morning feeding,
from days 61 to 64 of age. Eventually, they were weaned at 65 d
of age. All of the calveswereweaned on day 65 of age based on a
gradual 5-dweaning schedule. The daily offeredmilk (38°C)was

weekly analysed for nutrients (MilkoscanTM S50-75610; FOSS,)
and the average milk composition was as follows: 3·3% fat,
3·5 % crude protein (CP), 4·2 % lactose and 13% total solids.

The ingredients, chemical composition and FA profile of the
experimental diets are presented in Table 3. Weekly samples of
starter feed were collected and analysed for DM (protocol no.
934·01), CP (protocol no. 988·05) and ether extracts (protocol
no. 954·02), according to AOAC(22). Dietary fibre fractions (neu-
tral-detergent fibre and acid-detergent fibre) were analysed
according to Van Soest et al.(23). Medium chopped alfalfa hay
(containing 16·6 % CP, 46·3 % neutral-detergent fibre and
1·72 % ether extract, DM basis) was added to the starter feed
(10 % based on starter DM basis) at 21 d of age for all experimen-
tal groups. The starter diets were presented at 09.00 hours after
the refusals were weighed to compute the feed intake through-
out the study.

Measurements and analytical methods

Calf starter intake was recorded daily by weighing the
differences between how much starter diet was offered and
howmuch refused. BWwasmeasured immediately after birth,
at the beginning of the study (day 3) and then at 7-d intervals
using a digital weighbridge. Feed efficiency (FE; kg of BW
gain/kg of total DM intake (starter DM intake þ milk DM
intake)) was also calculated.

Body length, body barrel, wither height, pin height and hip
width, and hip to pin width were measured using a caliper
and were recorded at days 3, 30 and 65 of the experiment.

The respiratory rate (breaths/min) was recorded by counting
the movements of the abdominal muscles in the flanks during
respiration(24), while the calves were in a lying posture, over
4 h during two consecutive days leading to 30 and 65 d of the
experiment(25). After each of the respiratory rate recordings, rec-
tal and ear skin temperature was also measured using a digital
and IR thermometer, respectively (ZOTEK-GM320; Zotek tools).
In addition, the rectal temperature was measured weekly before
the morning milk feeding meal.

The health score of the calves was recorded daily according
to Wisconsin Madison’s calf health chart (2003). Faecal samples
were collected by rectal palpation into sterile containers on days
58–60 to count the colony number of Lactobacillus, E. coli and
Salmonella species(26) using specific growth media in a veteri-
nary microbiology laboratory (Mabna Laboratory). Faecal sam-
ples were also obtained twice a day before a.m. and p.m. milk
feeding time on six consecutive days (from days 55 to 60)
through rectal palpation to determine apparent nutrient digest-
ibility. Faecal samples were dried at 60°C for 48 h, mixed and
ground to pass through a 1 mm screen for further nutrient analy-
sis. Samples were analysed for CP (22), ash (4 h at 550°C), ether
extract (22) and neutral-detergent fibre using an ANKOM200
fibre analyser (Ankom Technology) according to the procedures
described in Van Soest et al.(23). Acid-insoluble ash was used as
an internal marker to estimate the apparent total tract digestibility
of DM, organic matter, CP, neutral-detergent fibre and ether
extract(27).

Feeding (standing, lying, eating and drinking) and non-nutri-
tive oral behaviourswere recorded by direct monitoring of all the

Table 2. Chemical composition and fatty acid profile for supplemental fat
sources in the present study*
(Mean values and standard deviations)

Items

Soyabean oil† Fish oil

Mean SD Mean SD

DM (%) 97·11 1·13 97 1·41
Ash (% DM) 13·12 1·15 14·57 1·12
Ca (% DM)‡ 11·24 0·57 12·02 0·47
NEl (Mcal/kg DM)† 5·8 5·8
Total fat (% DM) 85·34 1·34 84·67 1·05
Fatty acid profile (g/100 fat)
C16:0 15·11 1·06 19·63 0·11
C16:1 2·57 0·24 3·38 0·18
C18:0 5·47 0·11 5·67 0·09
C18:1 24·06 1·44 28·21 0·67
C18:2 48·12 2·11 25·11 1·11
C18:3 2·37 0·31 2·12 0·06
C20:5 ND 6·11 0·24
C22:5 ND 1·24 0·03
C22:6 ND 8·27 0·21

* Chemical composition and fatty acid profiles were determined in three replicates.
† Provided by the manufacturer based on digestibility studies and calculations based
on NRC (2001) equations.

‡ Ca salts of fatty acids were provided by Kimiya Danesh Alvand Co.
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calves for 24 h every 5 min on two consecutive days during two
consecutive weeks (50–64 d)(28).

Blood samples were collected from the jugular vein of the
calves into 10 ml pre-evacuated tubes on days 30 and 60 three
hours after the morning feeding meal. Two separate tubes were
used for each calf to obtain serum (no-additive tubes) and
plasma (heparinised tubes with sodium fluoride and potassium
oxalate to prevent glycolysis) samples. The blood samples were
clotted on ice and immediately centrifuged (3000 rpm for 15 min
at 4°C) for serum separation. The heparinised tubes were
immediately centrifuged (3000 rpm for 15 min at 4°C) and
plasma samples were collected. The serum and plasma samples
were stored at –20°C until subsequent analysis. The plasma sam-
ples were analysed to determine the glucose, TAG, cholesterol,
blood urea nitrogen, creatinine, albumin, total protein and liver
enzymes, including aspartate aminotransferase, alanine amino-
transferase and lactate dehydrogenase levels with a spectropho-
tometric autoanalyser (UNICCO, 2100; Zistchemi Co.), using the

commercially available clinical investigation kits (Pars-Azmun
Co. Ltd) according to the manufacturers’ instructions. Serum
samples were used to measure the bovine serum amyloid A
(Bioassay), TNF-α, IFN-γ and IL-6 (Karmania Pars Gene, Elisa
kits) and haptoglobin (immunoturbidimetric assay; Biorex-
Fars) levels. ELISA measurements were done according to the
manufacturer’s instructions by an ELISA reader (DANA 3200;
Garny). Malondialdehyde (MDA, Nalondi™-Lipid Peroxidation
Assay Kit-MDA; Navand-salamat) was also measured in the
serum samples using a plate reader (DANA 3200; Garny)
at 550 nm.

The FA profile of the plasma samples was determined on day
60 of the experiment. For this purpose, lipid extraction was car-
ried out three times with chloroform/methanol (C/M, 2/1, v/v) to
a final volume of 100 ml administered under an argon gas blan-
ket (Folch et al.)(29). The flasks were centrifuged (1800 g for
10 min), and the organic fraction was separated and treated with
anhydrous sodium sulphate and then vaporised using a rotary

Table 3. Ingredient and nutrients composition of starter and mixed diets in experimental groups*,†,‡

Items

Treatment§

CON SBO FO MIX

Starter Mix Starter Mix Starter Mix Starter Mix

Ingredients (%)
Alfalfa hay – 10 – 10 – 10 – 10
Maize grain, cracked 48 43·2 45 40·5 45 40·5 45 40·5
Barley grain, cracked 15 13·5 15 13·5 15 13·5 15 13·5
Soyabean meal 29 26·1 29·5 26·5 29·5 26·5 29·5 26·5
Wheat bran 5·3 4·77 5·0 4·5 5·0 4·5 5·0 4·5
Soyabean oil Ca salt (n-6 FA) – – 3·0 2·7 – – 1·5 1·35
Fish oil Ca salt (n-3 fatty acid) – – – – 3·0 2·7 1·5 1·35
Dicalcium phosphate 0·4 0·36 0·4 0·36 0·4 0·36 0·4 0·36
Calcium carbonate 1·2 1·08 1·0 0·9 1·0 0·9 1·0 0·9
Sodium bicarbonate 0·8 0·72 0·8 0·72 0·8 0·72 0·8 0·72
Vitamins and minerals premix 0·5 0·45 0·5 0·45 0·5 0·45 0·5 0·45
White salt 0·2 0·18 0·2 0·18 0·2 0·18 0·2 0·18

Chemical composition|| DM basis
CP (%) 20·0 19·7 19·9 19·7 19·8 19·6 20·0 19·7
Ether extract (%) 3·1 3·0 5·7 5·6 5·8 5·6 5·7 5·6
NDF (%) 15 18 14·7 17·9 14·7 17·9 14·6 17·9
ADF (%) 7·4 10 7·3 10·1 7·4 10·0 7·4 10·1
Ash (%) 7·5 7·6 7·7 7·7 7·7 7·8 7·8 7·9
Ca (%) 0·15 0·15 0·17 0·18 0·18 0·18 0·17 0·18
P (%) 0·6 0·58 0·58 0·57 0·58 0·57 0·58 0·58
ME (Mcal/kg of DM) 3·15 3·10 3·18 3·12 3·19 3·13 3·20 3·14

Fatty acids (%)
C16:0 14·0 13·8 14·4 14·3 17·3 17·1 15·9 15·8
C16:1 0·2 0·2 1·2 1·0 1·6 1·5 1·3 1·3
C18:0 2·6 2·7 2·8 2·8 4·04 4·0 3·9 4·1
C18:1 25·2 25·7 25·7 26·0 25·6 25·5 25·7 25·6
C18:2 53·3 52·8 53·1 52·7 40·8 40·4 45·2 45·0
C18:3 2·8 3·0 2·7 2·8 2·6 2·7 2·7 2·9
EPA, DPA and DHA ND ND ND ND 7·7 7·4 3·8 3·6
Others 1·9 1·8 0·1 0·4 0·36 1·4 1·5 1·7
SFA 17·3 17·1 17·2 17·2 21·46 21·7 20·2 20·4
Unsaturated fatty acids 82·7 82·9 82·8 82·8 78·54 78·3 79·8 79·6

EPA (20:5n-3); DPA (22:5n-3); DHA (22:6n-3).
* Calculations based on NRC (2001) equations.
† The Ca salts of soyabean oil and Ca salts of fish oil (Persia fat) were kindly provided by Kimiya Danesh Alvand Co.
‡Mineral–vitamin pre-mix contains: 75mg as Retinolof vitamin A, 1.25mg of vitamin D, 1.25mg of vitamin E, 120 g of Ca, 20 g of P, 20.5 g of Mg, 186 g of Na, 7.7 g of Zn, 2.25 g of Mn,
1.25 g of Fe, 3 g of S, 14 mg of Co, 1.25 g of Cu, 56 mg of I and 10mg of SE.

§ Treatments were: (1) no supplemented fat in starter diet (CON), (2) the starter diet supplementedwith soyabean oil rich in n-6 FA (SBO), (3) the starter diet supplementedwith fish oil
rich in n-3 FA (FO) and (4) the starter diet supplemented with an equal amount of soyabean oil and fish oil (MIX).

|| Chemical composition and fatty acid profiles of the starter and mix diets were laboratory analysed in three replicates.
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evaporator (Büchi) at 40°C under vacuum conditions. Usingmild
methanolysis/methylation via methanolic hydrochloride acid
(HCl/MeOH), fatty acid methyl esters were prepared by a
method explained in Ichihara and Fukubayashi(30). Hexane
was utilised as a solvent for extraction, and nonadecanoic acid
was utilised as an internal standard. For FA analysis, Agilent
6890 gas chromatograph equipped with an autoinjector
(Agilent 7683 series) and Flame Ionization Detector (FID) detec-
tor was used. Samples (1 μl) were injected in split mode, 50:1,
into a RESTEK column for fatty acid methyl esters (Rtx®-2330,
105 m × 250 μm × 0. 2 μm; Cat#10 729; Serial#1 525 353,
Restek Corporation). The detector and injector temperatures
were set at 250°C. N2, with a constant flow of 1 ml/min, was
chosen as the carrier gas. Based on the method described by
Lee et al.(31), the oven temperature was set at the gradient tem-
perature rise with some modifications, starting at 70°C for 1 min,
and then it was increased by 5°C/min to 100°C and was kept
there for 2 min. Then, the column temperature was increased
by 10°C/min to 175°C and was maintained for 35 min.
Eventually, the temperature was increased by 4°C/min to 225°
C and was kept there for 35 min. Based on a fatty acid methyl
esters standard mix (GLC 463; Nu-Chek Prep Inc.; reference
mixture 47 885, Supelco Inc., Bellefonte PAGLC 463 reference
mixture, http://www.nu-chekprep.com/10 11 catalog.pdf), indi-
vidual peaks were specified.

Statistical analysis

Collected data were analysed using the ‘lme’ procedure of R
(Version 0.99.483, 2009–2015 Rstudio, Inc.)(32). Feed intake,
ADG and FE data were considered as the repeated measure-
ments over time and analysed in three separate intervals (days
3–30; days 31–65 and days 3–65). They were divided into three
periods in the ‘Results’ section as the early stage of growth
(days 3–30), close to the weaning period (days 31–65) and the
entire experimental period (days 3–65). The following model
was used: Yijk= μþ Fati þ Tjþ (Fat × T)ijþ β(Xi−

-
X)þ ϵijk,

where Yijk is the dependent variable; μ is the overall mean;
Fati is the effect of FA source supplementation (SBO, FO or their
MIX); Tj is the effect of sampling time; (Fat × T)ij is the interac-
tion between the supplemental FA source and sampling time;
β(Xi−

-
X) is the covariate variable and ϵij is the overall error term.

The apparent nutrient digestibility, growth indices, feeding
behaviours and blood parameters were analysed with the same
mixed model described above but without the effect of the time.
Faecal and health score data were analysed using amultivariable
logistic mixed model. For BW and skeletal growth, the initial val-
ues were considered to be covariates. The differences between
means were separated using the Tukey test. The threshold of
significance was set at P≤ 0·05; trends were declared at
0·05< P≤ 0·10.

Results

Intake of starter and fatty acids

The results for calf starter intake, total DMI (milk þ starter) and
calculated intake of essential FA are reported in Table 4. The

starter intake was the highest for the SBO diet compared with
the other treatments during days 30–65; however, results
showed that the supplementation of FO significantly decreased
starter intake compared with the CON (P= 0·01). Because the
milk feeding value was constant among the experimental treat-
ments, the differences in total DMI (P= 0·04) were attributed to
the different starter intake among the experimental diets.

The intake of EFA was affected by the different fat supple-
ments. The intake of linoleic acid (C18:2) was increased in the
SBO and MIX groups but decreased in the FO group compared
with the CON group (P< 0·05). Even though the daily starter
intake was reduced in the FO diet, the intake of n-3 FA increased
compared with the CON diet. The intake of EPA, DPA and DHA
increased compared with the other treatments when the calves
received the FO supplement in the starter diet (P< 0·01).

Growth indices, feed efficiency and nutrient digestibility

The BW, ADG, FE and nutrient digestibility results are reported
in Table 5. The greatest BW at the weaning date was observed in
the SBO diet (P= 0·001). However, the FO supplementation
reduced the ADG during the entire study period compared with
the other groups; thus, the calves fed the FO supplemented
starter diet had a lower BW compared with the other experimen-
tal treatments. The calves which received FO showed the highest
FE among the experimental diets during all the experimental
periods (P< 0·05).

Regarding the time effect, the results show that the starter
intake and different FA intake were increased in the different
fat-supplemented calves compared with the CON diet as calves
aged. Moreover, the ADGwas increased during days 31–65 com-
pared with days 3–30 for the calves receiving the SBO and MIX
diets compared with the CON and FO diets.

Other than a tendency for organic matter improvement in
fat in the supplemented diets compared with the CON group
(P= 0·09), none of the other nutrients’ digestibility has been
influenced by the experimental treatments in the present study.

Fat supplementation did not impact wither height, body bar-
rel, hip width, pin width and hip to pin dimensions (Table 6).
However, the SBO supplementation showed improved body
length compared with the FO and CON groups (P= 0·05).

Health indices and microbial counts in faeces

The health indices, including faecal scores, days with diarrhoea
and calf’s appearance scores, are presented in Table 7. Our
results show that the SBO supplemented calves had fewer days
with diarrhoea in comparison with the other groups (P> 0·05).
There was no significant difference in nasal, ear and eye scores
among the treatments (P> 0·05).

Results regarding the body response to heat, including
rectal and ear skin temperatures and respiratory rate, are
presented in Table 7. Fat supplementation significantly
reduced rectal temperature compared with the CON group.
Accordingly, FO supplemented calves had the lowest rectal
temperature (P = 0·05) and ear skin temperature (P = 0·04)
among the dietary treatments. In addition, fat supplementa-
tion decreased the respiratory rate compared with the CON
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Table 4. Effects of different fat sources (soyabean oil, fish oil or their mix) on intake of starter and fatty acid in Holstein calves during heat stress

Item

Treatments*

SEM

P

CON SBO FO MIX Fat Time Fat × time

Starter intake (g/d)
Days 3–30 108·8b 187·0a 65·00c 114·8b 22·74 0·05 <0·01 0·55
Days 31–65 1061a 1061a 764·0b 1059a 45·49 <0·01 <0·01 0·15
Days 3–65 579·8b 625·1a 411·6c 585·6b 37·06 0·01 <0·01 <0·01

Total DMI (milk þ starter) (g/d)
Days 3–30 582·1b 665·3a 547·0c 595·5b 31·98 0·05 <0·01 0·30
Days 31–65 1777a 1782a 1471b 1776a 64·49 <0·01 <0·01 0·15
Days 3–65 1179b 1223a 1009c 1185b 46·66 0·04 <0·01 <0·01

Fatty acid intake from starter (g/d)
Days 3–30

C16:0 0·464b 1·532a 0·653b 1·050a,b 0·170 <0·01 <0·01 0·07
C18:0 0·088b 0·298a 0·152a,b 0·265a 0·052 0·03 <0·01 0·08
C18:1 0·849b 2·755a 0·971b 1·699a,b 0·424 <0·01 <0·01 0·11
C18:2 1·770b 5·649a 1·543b 2·988b 0·829 <0·01 <0·01 0·04
C18:3 0·096b 0·292a 0·101b 0·185a,b 0·045 <0·01 <0·01 0·12

EPA, DPA and DHA 0·00 0·00 0·286a 0·245a 0·052 0·21 <0·01 <0·01
Days 31–65

C16:0 4·393c 8·461a 7·138b 9·200a 0·349 <0·01 <0·01 <0·01
C18:0 0·859c 1·656b 1·669b 2·387a 0·115 <0·01 <0·01 <0·01
C18:1 8·182c 15·38a 10·64b 14·90a 0·922 <0·01 <0·01 <0·01
C18:2 16·18c 31·18a 16·86c 26·20b 1·782 <0·01 <0·01 0·02
C18:3 0·952b 1·656a 1·127b 1·688a 0·100 <0·01 <0·01 <0·01

EPA, DPA and DHA 0·00 0·00 3·089a 2·096b 0·106 <0·01 <0·01 <0·01
Days 3–65

C16:0 2·647c 5·381a,b 4·256b 5·578a 0·378 <0·01 <0·01 <0·01
C18:0 0·516c 1·053b 0·995b 1·444a 0·080 <0·01 <0·01 <0·01
C18:1 4·923b 9·771a 6·345b 9·037a 0·661 <0·01 <0·01 <0·01
C18:2 10·12c 19·38a 10·05c 15·88b 1·295 <0·01 <0·01 <0·01
C18:3 0·573b 1·050a 0·671b 1·020a 0·071 <0·01 <0·01 <0·01

EPA, DPA and DHA 0·00 0·00 1·843a 1·273b 0·067 <0·01 <0·01 <0·01

a,b,cMean values within a row with unlike superscript letters were significantly different (P< 0.05).
* Treatments were: (1) no supplemented fat in starter diet (CON), (2) the starter diet supplementedwith soyabean oil rich in n-6 FA (SBO), (3) the starter diet supplementedwith fish oil
rich in n-3 FA (FO) and (4) the starter diet supplemented with an equal amount of soyabean oil and fish oil (MIX).

Table 5. Effects of different fat sources (soyabean oil, fish oil or their mix) on average daily gain, body weight, feed efficiency and nutrient digestibility in
Holstein calves during heat stress

Item

Treatments*

SEM

P

CON SBO FO MIX Fat Time Fat × time

BW (kg)
Day 3 39·67 39·69 39·70 39·72 0·47 0·973 – –
Day 30 51·00 51·67 49·56 50·81 0·81 0·091 – –
Day 65 70·62b,c 74·02a 68·47c 72·17a,b 0·07 0·006 – –
Weaning 73·93b,c 77·70a 71·81c 75·73a,b 0·98 0·001 – –

ADG (g/d)
3–30 d 0·381 0·387 0·337 0·378 0·144 0·08 <0·01 0·18
31–65 d 0·650b 0·763a 0·638b 0·710a 0·023 0·01 <0·01 0·24
3–65 d 0·519a,b 0·572a 0·487b 0·543a,b 0·018 0·02 <0·01 0·01

FE2

3–30 d 0·652a 0·583b 0·616a,b 0·634a,b 0·023 0·01 <0·01 0·33
31–65 d 0·366b 0·427a 0·433a 0·399a,b 0·012 0·05 <0·01 0·12
3–65 d 0·440b 0·468a,b 0·483a 0·458a,b 0·157 0·05 <0·01 <0·01

Nutrient digestibility, from day 55 until day 60
DM 66·74 67·11 69·26 68·42 2·033 0·14 – –
OM 67·66 70·01 73·05 70·21 2·587 0·09 – –
NDF 49·65 48·15 45·92 46·50 2·059 0·21 – –
CP 65·86 63·36 64·92 65·30 1·084 0·11 – –
Ether extract 69·02 71·08 73·94 72·70 1·518 0·13 – –

a,b,cMean values within a row with unlike superscript letters were significantly different (P< 0.05).
* Treatments were: (1) no supplemented fat in starter diet (CON), (2) the starter diet supplementedwith soyabean oil rich in n-6 FA (SBO), (3) the starter diet supplementedwith fish oil
rich in n-3 FA (FO) and (4) the starter diet supplemented with an equal amount of soyabean oil and fish oil (MIX).

2 Feed efficiency = kg of ADG to kg of total DMI.
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diet (P < 0·01), with no differences being recorded between
different fat sources.

Regarding the microbial population evaluated in the faeces,
the results report the counts of Lactobacillus species did not

differ among treatments (P= 0·45; Table 8). However, FO sup-

plementation reduced the E. coli population compared with

the CON (P= 0·05). Notably, salmonella was not detected in

any faecal samples.

Table 6. Effects of different fat sources (soyabean oil, fish oil or their mix) on skeletal growth indices in Holstein calves during heat stress

Item

Treatments*

CON SBO FO MIX SEM P

Skeletal growth (cm)
Wither height

Day 30 88·17 87·81 85·51 84·77 1·56 0·293
Day 60 94·22 94·46 93·61 93·59 1·35 0·451

Body length
Day 30 71·35a 74·21a 70·11b 71·51a 0·75 0·050
Day 60 82·50a 83·33a 79·24b 81·45a 0·74 0·050

Body barrel
Day 30 85·18 87·62 84·73 86·15 1·43 0·226
Day 60 97·41 98·03 96·52 96·60 1·27 0·373

Hip width
Day 30 23·31 23·19 23·55 22·85 0·58 0·547
Day 60 26·47 26·25 25·71 26·16 0·82 0·165

Pin width
Day 30 9·52 9·59 9·23 9·41 0·30 0·448
Day 60 10·34 11·15 11·17 10·85 0·43 0·061

Hip to pin
Day 30 28·41 28·55 27·72 27·45 0·64 0·368
Day 60 31·07 31·38 30·59 30·34 0·32 0·282

a,b,cMean values within a row with unlike superscript letters were significantly different (P< 0.05).
* Treatments were: (1) no supplemented fat in starter diet (CON), (2) the starter diet supplementedwith soyabean oil rich in n-6 FA (SBO), (3) the starter diet supplementedwith fish oil
rich in n-3 FA (FO) and (4) the starter diet supplemented with an equal amount of soyabean oil and fish oil (MIX).

Table 7. Effects of different fat sources (soyabean oil, fish oil or their mix) on faecal scores, days with diarrhoea, general appearance indices, body
temperature and respirator rate in Holstein calves during heat stress

Item

Treatments*

CON SBO FO MIX SEM P

Faecal score†
Days 3–30 1·06 1·04 1·08 1·04 0·02 0·57
Days 31–65 1·00 1·00 1·00 1·00 0·01 0·76
Days 3–65 1·03 1·01 1·03 1·02 0·07 0·58

Days with diarrhoea 3·51a 2·13d 2·97b 2·54c 0·122 0·04
Nasal discharge‡
Days 3–30 0·06 0·05 0·06 0·07 0·02 0·49
Days 31–65 0·03 0·01 0·04 0·02 0·02 0·76
Days 3–65 0·05 0·03 0·05 0·04 0·01 0·42

Eye scores§
Days 3–30 0·04 0·03 0·05 0·06 0·04 0·67
Days 31–65 0·27 0·20 0·27 0·22 0·05 0·22
Days 3–65 0·18 0·15 0·19 0·15 0·05 0·39

Ear scores||
Days 3–30 0·75 0·61 0·63 0·61 0·07 0·24
Days 31–65 0·47 0·42 0·43 0·43 0·06 0·15
Days 3–65 0·57 0·53 0·55 0·54 0·06 0·19

Body temperature and respiratory rate
Rectal temperature (°C) 39·95a 39·65a,b 39·10b 39·31b 0·064 0·05
Ear skin temperature (°C) 36·85a 35·64a,b 34·84b 35·20a,b 0·538 0·04
Respiratory rate (times/min) 60·60a 58·00b 54·80c 55·60c 0·832 0·004

a,b,cMean values within a row with unlike superscript letters were significantly different (P< 0.05).
* Treatments were: (1) no supplemented fat in starter diet (CON), (2) the starter diet supplementedwith soyabean oil rich in n-6 FA (SBO), (3) the starter diet supplementedwith fish oil
rich in n-3 FA (FO) and (4) the starter diet supplemented with an equal amount of soyabean oil and fish oil (MIX).

† Faeces score scale: 0 = firm faeces, no diarrhoea; 1 = soft faeces, no diarrhoea, 2 = mild diarrhoea and 3 = watery, severe diarrhoea.
‡ Nasal discharge (0= normal serous discharge; 1= small amount of unilateral cloudy discharge; 2= bilateral, cloudy or excessive mucus discharge and 3= copious bilateral muco-
purulent discharge).

§ Eye scores (0= normal; 1= small amount of ocular discharge; 2=moderate amount of bilateral discharge and 3= heavy ocular discharge).
|| Ear scores (0= normal; 1= ear flick or head shake; 2= slight unilateral droop and 3= head tilt or bilateral droop).
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Feeding behaviours

Total eating time, ruminating, lying, standing times and non-
nutritional behaviours were the same across the experimental treat-
ments (P> 0·05; Table 9). Supplementation of the dietswith FO sig-
nificantly decreased the feeding rate and increased the time spent
for rumination per kg of starter DM (P= 0·03).

Blood metabolites, inflammatory markers and fatty acid
profile

Fat supplementation did not affect blood urea nitrogen and
albumin concentrations (Table 10). Calves receiving the
supplemental fat sources tended to have lower blood glucose
concentration (day 60; P = 0·09) and total protein concen-

Table 8. Effect of different fat sources (soyabean oil, fish oil or their mix) on faecal viable microbial counts in Holstein calves during heat stress

Item

Treatments*

CON SBO FO MIX SEM P

Lactobacillus 6·17 × 107 6·39 × 107 6·35 × 107 6·28 × 107 1·9 × 106 0·451
E. coli 6·07 × 106 a 5·36 × 106 a,b 4·51 × 106 4·69 × 106 b,c 3·02 × 105 0·05
Salmonella ND ND ND ND – –

a,b,cMean values within a row with unlike superscript letters were significantly different (P< 0.05).
* Treatments were: (1) no supplemented fat in starter diet (CON), (2) the starter diet supplementedwith soyabean oil rich in n-6 FA (SBO), (3) the starter diet supplementedwith fish oil
rich in n-3 FA (FO) and (4) the starter diet supplemented with an equal amount of soyabean oil and fish oil (MIX).

Table 9. Effect of different fat sources (soyabean oil, fish oil or their mix) on feeding behaviours in Holstein calves during heat stress

Item

Treatments*

CON SBO FO MIX SEM P

Standing (min) 415·3 426·5 426·7 422·6 19·14 0·93
Lying (min) 525·1 535·3 530·4 534·1 26·19 0·47
Eating (min) 241·3 227·3 230·4 229·5 15·41 0·85
Ruminating (min) 187·1 182·7 184·9 185·4 13·27 0·55
Non-nutritional behaviours (min) 71·91 69·13 68·44 69·18 7·25 0·41
Feeding rate (g/min) 2·391a,b 2·773a 1·786b 2·559a 0·22 0·03
Rumination time/100 g of starter (min) 35·03b 29·60b 45·71a 33·75b 3·64 0·03

a,b,cMean values within a row with unlike superscript letters were significantly different (P< 0.05).
* Treatments were: (1) no supplemented fat in starter diet (CON), (2) the starter diet supplementedwith soyabean oil rich in n-6 FA (SBO), (3) the starter diet supplementedwith fish oil
rich in n-3 FA (FO) and (4) the starter diet supplemented with an equal amount of soyabean oil and fish oil (MIX).

Table 10. Effect of different fat sources (soyabean oil, fish oil or their mix) on blood metabolites in Holstein calves during heat stress

Item

Treatments*

CON SBO FO MIX SEM P

Glucose (mg/dl)
Day 30 104·8 107·1 104·3 107·8 1·44 0·12
Day 60 76·83 67·16 70·83 63·66 3·14 0·09

TAG (mg/dl)
Day 30 22·33 19·66 20·16 20·83 2·15 0·18
Day 60 17·16 21·50 17·33 21·66 1·94 0·08

Cholesterol (mg/dl)
Day 30 117·1 110·3 115·2 115·7 6·72 0·85
Day 60 68·11b 73·41a 67·50b 65·66b 3·18 0·03

Creatinine (mg/dl)
Day 30 1·02 0·97 1·05 0·98 2·27 0·24
Day 60 0·91 0·98 1·12 1·01 3·31 0·09

Urea (mg/dl)
Day 30 20·40 19·12 20·93 20·46 1·48 0·11
Day 60 16·75 15·45 20·50 19·14 4·75 0·26

Total protein (g/dl)
Day 30 5·64 5·13 5·37 5·02 1·27 0·08
Day 60 6·41 5·39 5·54 5·62 2·42 0·31

Albumin (g/dl)
Day 30 2·77 2·48 2·80 2·62 1·29 0·44
Day 60 3·07 2·47 2·67 2·73 1·01 0·51

a,b,cMean values within a row with unlike superscript letters were significantly different (P< 0.05).
* Treatments were: (1) no supplemented fat in starter diet (CON), (2) the starter diet supplementedwith soyabean oil rich in n-6 FA (SBO), (3) the starter diet supplementedwith fish oil
rich in n-3 FA (FO) and (4) the starter diet supplemented with an equal amount of soyabean oil and fish oil (MIX).
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trations (day 30; P = 0·08) but tended to have higher creatinine
concentration (day 60; P = 0·09) compared with the other
experimental treatments. The calves fed SBO had higher
cholesterol levels compared with the CON diet (day 60;
P = 0·03).

Fat supplementation did not affect alanine aminotransferase
and lactate dehydrogenase concentrations, but the aspartate
aminotransferase concentration was significantly reduced in
the SBO supplemented calves (day 60; P= 0·01) (Table 11).
The serum levels of IL-6 were not affected by the dietary treat-
ments; however, the serum levels of haptoglobin, serum amyloid
A, TNF-α, and IFN-γ were higher in the CON compared with the
fat supplemented diets (P< 0·05). Results showed that FO sup-
plemented calves showed the lowest levels of pro-inflammatory
cytokines and acute-phase proteins. The levels of MDA as the
lipid peroxide marker were reduced in the plasma of calves
receiving FO supplement in the starter diet (P< 0·05).

Table 12 summarises the results of the FA profiles in the
plasma of the experimental calves. Supplemented fat sources
increased C16:0 compared with the CON group (P= 0·04).
Feeding FO to the dairy calves increased the plasma concentra-
tions of C20:3, C20:4; C20:5; C20:6 compared with the other
experimental treatments (P< 0·05). Feeding SBO resulted in
slightly higher plasma levels of linoleic (P= 0·09) and linolenic
acid (P= 0·08).

Discussion

Nowadays, heat stress is one of the environmental conditions
that negatively affect a calf’s intake, growth performance, wel-
fare and well-being. As indicated in Table 1, the THI in our
experimental period was above the normal range of a thermo-
neutral zone during the rearing period, such that it could be con-
sidered putting the animals under heat-stress conditions(29,33).

Intake of starter and individual fatty acids

Because the quantity and schedule of themilk feeding were con-
stant across the experimental treatments, no difference was
observed in the DM provided by the milk. However, the starter
intake and subsequent total DM intake (milk DM þ starter DM)
were greater in SBO-fed calves compared with those fed the
CON diet but were lower in FO-fed calves compared with those
fed the CONdiet. Comparing the effect of different FA sources on
intake, previous studies have stated that UFA has the potential to
reduce DMI, whereas SFA has little effect on it(34). Doppenberg
and Palmquist(35) have shown that fat supplementation in liquid
feed reduces calf starter intake and, consequently, reduces the
ADG in fat-supplemented calves. Similar to our results,
Kadkhoday et al.(36) have reported that calf starter intake
increases when palm FA or a combination of palm and flaxseed
oil is given to the calves near weaning time (42–56 d of age). Our

Table 11. Effect of different fat sources (soyabean oil, fish oil or their mix) on liver enzymes, oxidative markers and inflammatory cytokines in Holstein calves
during heat stress

Item

Treatments*

CON SBO FO MIX SEM P

AST (U/l)
Day 30 38·41 36·88 36·44 36·33 3·23 0·79
Day 60 49·00a 31·16b 38·71a,b 39·58a,b 0·98 0·01

ALT (U/l)
Day 30 8·16 8·24 7·99 8·04 1·79 0·14
Day 60 10·13 8·96 8·37 8·50 0·85 0·08

LDH (U/l)
Day 30 611·2 572·5 553·7 561·4 37·41 0·19
Day 60 675·4 626·3 616·5 628·8 41·73 0·17

TNF-α (pg/ml)
Day 30 454·70a 430·19a 367·35b 401·80a,b 9·930 0·04
Day 60 575·09a 452·09b 379·83c 434·85b 7·758 0·01

IFN-γ (ng/ml)
Day 30 157·69a 153·95a 119·40c 136·22b 2·201 0·04
Day 60 176·34a 168·10b 124·43d 143·92c 4·905 0·05

Haptoglobin (μg/ml)
Day 30 17·85a 14·60b 10·07c 11·81c 0·545 0·01
Day 60 27·70a 21·64a,b 14·13c 17·43b,c 1·491 0·01

SAA (mg/l)
Day 30 18·35a 15·71a,b 6·07c 13·15b 0·613 < 0·01
Day 60 17·39a 16·44a 8·10c 14·65b 0·449 < 0·01

IL-6 (pg/ml)
Day 30 123·63 126·51 117·13 127·38 6·898 0·51
Day 60 125·57 121·51 113·61 118·53 6·215 0·62

MDA (mmol/ml)
Day 30 21·98a 20·19a 15·93b 19·79a 0·607 0·04
Day 60 24·60a 19·90a 14·71b 17·91a,b 1·383 0·05

AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; IFN-γ, interferon-gamma; SAA, serum amyloid A; MDA, malondialdehyde.
a,b,cMean values within a row with unlike superscript letters were significantly different (P< 0.05).
* Treatments were: (1) no supplemented fat in starter diet (CON), (2) the starter diet supplementedwith soyabean oil rich in n-6 FA (SBO), (3) the starter diet supplementedwith fish oil
rich in n-3 FA (FO) and (4) the starter diet supplemented with an equal amount of soyabean oil and fish oil (MIX).
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results clarify that, in addition to the starter fat content, the FA
profile can also influence starter intake in dairy calves during
heat stress. Generally, it has been verified that lipids exert lower
metabolic heat production than carbohydrates and proteins and
that they can be incorporated into the diet with little heat produc-
tion(37). Discrepancies regarding the starter intake responses to
supplemented fat sources may be related to differences in milk
feeding amount and offering regimens, calf starter ingredients,
the level of supplemented fat and climate. In addition, Hill
et al.(7) found that FA composition and the ratio of individual
FA in supplemented fat sources can affect the starter intake
and animal growth performance. Ghasemi et al.(38) have also
reported higher starter intake in cold stressed calves fed SBO
diets compared with the CON diets, but supplementation of
FO in that study caused a reduction in the starter intake.
McDonnell et al.(39) have noted a reduction in starter intake in
calves that received FO supplemented through milk replacer.
With respect to the individual FA, our results show an increase
in dietary consumption of specific FA in experimental animals
compared with the control group (linoleic and linolenic
acid in the SBO diet and EPA and DHA in the FO diet).
Kadkhoday et al.(36) and Hill et al.(40) have written of an
increased linolenic acid intake in flaxseed supplemented calves.
Increased individual FA consumption was expected because of
the supplemented diets with various fat sources. It is also notable
here that starter intake and the individual FA intakes were
increased by the calves ageing, which was related to the greater
nutrient requirements of elder calves during days 31–65 com-
pared with younger calves during days 3–30 of the current
experiment.

Growth performance, feed efficiency and total tract
digestibility

The supplementation with SBO caused calves to achieve the
greatest ADG during days 31–65 compared with other calves,
which can be partly related to higher starter intake. This resulted

in the higher BW for calves receiving SBO compared with the
other experimental groups on day 65 of the experiment.
Garcia et al.(41) have reported that total BWgain by female calves
during the first 30 d tended to increase linearlywith the increased
intake of essential FA. Kazemi-Bonchenari et al.(8) showed that
the final BW was greater in calves fed on the LSO rich in n-3 FA
compared with the un-supplemented calves. Ghasemi et al.(38)

also noted higher than average ADG during the pre-weaning
period and subsequent higher BW at weaning for SBO diets
compared with control treatment under cold stress.
Kadkhoday et al.(36) and Hill et al.(40) measured higher ADG
and higher weaning weight for flaxseed oil supplemented
calves and attributed it to the beneficial health and immunity
improvement effects of the UFA. Kazemi-Bonchenari et al.(8)

reported ADGwas increasedwith LSO supplementation that is
rich in C18:3 FA content. However, supplementation of FO
reduced the ADG and BW of calves at weaning, which is in
line with total DMI reduction in these calves. Agreeing with
our results, Ghasemi et al.(38) stated that the ADG was lower
when the FO was incorporated into the starter diet of dairy
calves. McDonnell et al.(39) found a tremendous reduction
in weaning weight in calves fed FO supplemented through
milk replacer. It seems that the lower ADG in FO-fed calves
is mostly related to lower starter intake, as observed in the
present study or the above-mentioned studies. However, it
is notable that environmental conditions (heat stress, cold
stress and thermo-neutral conditions) and method of oil deliv-
ery (mixed with milk replacer or mixed with a starter such as
Ca salt) can also influence the obtained results(5,6).

In the present study, supplementation of FO increased FE
compared with the CON diet. Because the calves supplemented
with FS had a lower starter intake and the amount of starter con-
sumed is an important factor in calculating the FE, the increased
FE in FO supplemented calveswould seem to be partly related to
a lower starter intake. In addition, from the individual FA supple-
mentation point of view, it could have been related to the ben-
eficial effects of the essential FA found in the FO on health and

Table 12. Effect of different fat sources (soyabean oil, fish oil or their mix) on plasma concentration of selected fatty acid methyl esters in Holstein calves
during heat stress

Item

Treatments*

CON SBO FO MIX SEM P

C16:0 15·54b 16·96a,b 17·77a 17·10a,b 0·566 0·04
C16:1 0·60 0·61 0·71 0·66 0·069 0·35
C18:0 11·67 11·58 11·82 11·47 0·878 0·27
C18:1 10·23 10·31 10·45 10·38 1·050 0·44
C18:2, n-6 41·84 44·00 40·60 42·52 1·028 0·09
C18:3, n-3 0·65 0·76 0·71 0·74 0·066 0·08
C20:0 0·24 0·26 0·33 0·30 0·037 0·57
C20:1 0·66 0·71 0·75 0·77 0·068 0·61
C20:2 0·19 0·20 0·23 0·21 0·023 0·41
C20:3 0·40b 0·63b 0·93a 0·89a 0·087 0·05
C20:4 0·42b 0·51b 1·53a 1·40a 0·130 0·04
C20:5 0·70c 0·86c 3·13a 2·02b 0·101 0·01
C22:5 0·35c 0·36b,c 0·62a 0·45b 0·038 0·01
C22:6 0·18c 0·24c 0·86a 0·53b 0·035 0·01

a,b,cMean values within a row with unlike superscript letters were significantly different (P< 0.05).
* Treatments were: (1) no supplemented fat in starter diet (CON), (2) the starter diet supplementedwith soyabean oil rich in n-6 FA (SBO), (3) the starter diet supplementedwith fish oil
rich in n-3 FA (FO) and (4) the starter diet supplemented with an equal amount of soyabean oil and fish oil (MIX).
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immune function in heat stress. Ghasemi et al.(38) reported
that supplementation with different oil sources did not affect
the FE. However, some other studies have noted higher FE in
calves fed with C18:3 FA compared with the un-supplemented
calves(8,36,40), although some previous studies used a similar
number of animals while evaluating fat sources in dairy
calves(38,40,49). Further research is warranted using a greater num-
ber of experimental animals to evaluate the influence of various
FA sources on the weight gain and FE of dairy calves in different
environmental conditions.

Body length was increased by supplementation of SBO in the
present study. Kadkhoday et al.(36) reported that calves treated
with flaxseed oil had higher hip height compared with the con-
trol animals. Having said this, positive(42), negative(43) or no
effects(38) have previously been noted when considering the
growth indices following the supplementation of different fat
sources in dairy calves. Kazemi-Bonchenari et al.(8) have
described how calves supplemented with LSO had greater
wither and hip heights compared with the un-supplemented
calves. Maggio et al.(44), in a comprehensive review, supported
an idea about the beneficial effect of PUFA, such as linoleic, lino-
lenic acid and CLA, on bone metabolism and their regulatory
effect on osteoblastogenesis and osteoclast activity. Although,
according to this perspective, FA supplied through SBO supple-
mentation increased body length in dairy calves, FA supplied
through FO was not effective in bone growth. This is probably
related to a lower starter intake and, hence, fewer nutrients being
available for growth in the FO calves rather than the SBO sup-
plemented calves.

Health indices and microbial faecal counts

Regardless of the FA source supplemented in the present study,
the CON group recorded the highest rectal temperature among
the experimental treatments. Higher rectal temperature and
increased respiratory rate were reported as a routine sign of heat
stress that was reduced in fat supplemented treatments in the
present study. The lower rectal temperature found in the fat sup-
plemented groups can be related to the alleviation of nutrient
metabolism effects on heat increment value. Fat sources have
lower heat increment than carbohydrates and proteins and lower
metabolic heat load in the body(37).

The beneficial effects of essential FA supplementation, espe-
cially linolenic acid, on the immune system function and health
indices of dairy calves have been noted in previous studies(36,42).
In the present study, rectal temperature and respiratory ratewere
reduced while calves received FO or a mixed diet containing
both SBO and FO. Previous work on dairy calves has demon-
strated that supplementation of a C18:3 FA source (LSO) reduced
rectal temperature comparedwith an un-supplemented group(8).
Hill et al.(7) stated that the inclusion of a mixture of FA sources
(butyrate, medium-chain FA and α-linolenic acid) in the starter
diet of dairy calves reduced the inflammatory effects of vaccina-
tion. In addition, McDonnell et al.(39) reported lower rectal
temperatures for FO supplemented calves compared with the
non-supplemented calves.

Supplementing the starter diets with FO rich in n-3 FA
resulted in the lowest E. coli counts in the faeces compared with

other treatments. Previous studies have indicated that faecal
microbial counts can be used as a proper index for a lower
gut microbial population(45). The E. coli population, which is
an important pathogen in the gut of dairy calves, is responsible
for some infectious diseases and lowering the efficiency in calf
production(45). It is notable here that FO supplementation has
been used for treating the canine chronic enteropathies due to
the lucrative effects of the FA content of FO(46). The present study
results clarify that, in addition to the fat level in the starter diet that
can lessen the heat load and E. coli population during heat stress,
the individual FA profile can also be an important issue in driving
a healthier condition in calves during this kind of environmental
stress.

Feeding behaviours

In our experiment, the different fat supplements did not affect
the feeding behaviour and the total time spent standing or lying.
However, considering the feeding rate (total minutes spent to
consume 1 kg of starter diet), the results indicate that FO supple-
mented calves eat more slowly than the SBO supplemented and
CON groups. In addition, FO supplemented calves had shown to
expend more rumination time per kg of starter DM intake.
Kadkhoday et al.(36) reported that the supplementation of differ-
ent FA sources did not affect the feeding behaviour of milk-fed
calves. However, concurring with our results, some others have
reported that feeding a UFA source reduced the feeding rate in
dairy cows(47). More research is required to evaluate fat feeding
levels and the sources of feeding behaviour in dairy calves.

Blood metabolites, fatty acid profiles and inflammatory
markers

Supplemental fat sources in the present study tended to reduce
the plasma glucose concentrations on day 60 compared with the
CON group. Kadkhoday et al.(36) detailed how supplementing
the starters with different FA sources did not influence the blood
glucose concentration. Moreover, Garcia et al.(41) reported that
linoleic and α-linolenic acid supplementation did not exert
any differences in plasma concentrations of glucose, insulin
and IGF-1 in dairy calves. However, some studies have noted
that FO supplementation or feeding microalgal DHA in the
starter diet or milk replacer reduced serum glucose and insulin
levels in calves(38,39). It can be postulated that because starch is
the main influencer of blood glucose concentration in dairy
calves(48), the replacement of fat sources with a starch source
(maize grain, in the present study) had the potential to reduce
blood glucose concentrations, thanks to the reduced ruminal
propionate concentration(5,48).

The measured blood metabolites were in the normal ranges
found in the dairy calves(8,48,49). The blood concentration of cho-
lesterol was affected by the supplementation of fat. The supple-
mentation of SBO increased the blood cholesterol concentration,
which is consistent with previous studies in dairy calves(5). High-
fat diets, in pre-ruminant diets, have been reported to stimulate
the secretion of TAG-rich lipoproteins (such as chylomicrons) as
well as HDL(50). Our results indicate that feeding a starter diet
supplemented with an equal amount of SBO and FO reduced
the blood concentration of cholesterol but not TAG.
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Kadkhoday et al.(36) have reported that feeding SBO and tallow
increased the concentrations of blood lipids, such as cholesterol,
TAG and HDL, and palm fat increased blood concentrations of
cholesterol and HDL at the post-weaning period. Our results
indicate that, regardless of the fat level in the starter diet, the
FA source can play a pivotal role in fat-derived metabolite con-
centrations in the blood of dairy calves which, consequently,
may impact the animal whole-body metabolism during heat-
stress conditions.

Considering the results for liver enzyme activity in the present
study, no effect was found for alanine aminotransferase and lac-
tate dehydrogenase but the highest concentration for blood
aspartate aminotransferase was found in the CON group.
Hepatotoxicity, or liver damage, has been reported to occur in
heat-stressed rats(51), chickens(52) or ruminants(53). Our results
show that regardless of the FA sources supplemented in the
present study, an increased fat level in heat stress has the poten-
tial to reduce the aspartate aminotransferase concentration, indi-
cating amore favourable function of the liver in the heat-stressed
dairy calves supplemented with fat compared with those on an
un-supplemented diet. Previous research has indicated lower
hepatic enzyme activity in plasma for animals supplemented
with fats compared with animals who do not receive fat in their
diet(54). This may be partly related to the bio-conversion of eight-
een-carbon FA, both of linoleic and linolenic acid, to long-chain
PUFA, such as EPA and DHA(55). Higher EPA and DHA levels in
plasma that were found in the present study are in line with this
postulation. More work is needed to evaluate the fat level and
source supplementation on the liver function of dairy calves
in different rearing conditions.

High ambient temperature has been reported as a potent
inducer of oxidative stress and, consequently, inflammation in
animals(56). Different stressors, such as nutritional and envi-
ronmental stresses, lead to the overproduction of free radicals,
a disturbance of the redox balance, and the subsequent effects
of oxidative stress(57). In the present study, the levels of MDA
as a lipid peroxides marker and total antioxidant capacity
were higher in the CON group and were not affected by the
dietary supplementation of SBO. However, FO supplementa-
tion reduced MDA in the present study. Kargar et al.(58)

claimed that in heat-stressed dairy cows, FO supplementation
did not influence the plasma levels of MDA and total antiox-
idants compared with an SBO diet. From the biological studies
perspective, Li et al.(59) have reported that FO is involved in
the maintenance of epithelial tight junction integrity and the
recovery of gut microbiota in humans. Krizak et al.(60) have
also stated that FO can protect endothelial barrier function
during lipopolysaccharide-induced inflammation and exert
an anti-inflammatory effect and reduced oxidative response
compared with the non-supplemented LPL-infused rats. Liu
et al.(61) have indicated that FO alleviates E. coli LPS-induced
intestinal injury and enhances intestinal integrity in weaned
piglets. In another study, Zhang et al.(51) claimed that FO
can reduce inflammation and gut permeability in severe cases
of immune system failure. In addition, Beguin et al.(62) have
noted that DHA supplementation limited the effect of inflam-
matory stimulus tight junctions and barrier function of intes-
tinal cells. Despite the many available studies regarding the

FO effects in different biological experiments that are men-
tioned above, little knowledge exists regarding the effects
of PUFA supplementation and heat-stressed pre-weaned
calves.

Serum levels of haptoglobin, serum amyloid A, TNF-α and
IFN-γ were higher in the CON diet and reduced with fat sup-
plementation in the starter diet. The effects of heat stress
on inflammatory cytokines have been reported in previous
studies(63). Min et al.(63) concluded that long-term moderate
heat stress caused an inflammatory response in dairy cows,
and that plasma levels of TNF-α and IL-6 were increased.
Increased adrenocortical function has also been positively
associated with circulating haptoglobin concentrations in cat-
tle(64). Accordingly, Kim et al.(53) stated that plasma haptoglo-
bin concentrations would increase in heat-stressed calves.
From a practical perspective in dairy farms, most of the starter
diets offered for dairy calves are formulated based on maize
grain and soyabean meal. Hence, the deficiency of n-3 FA
is clear in dairy calved fed diets with a high ratio of n-6:n-3
FA at 15:1. As was noted in Hill et al.(40), this high ratio can
be more critical during heat-stress conditions. Therefore,
our results indicate that supplementing the starter diets with
FO rich in n-3 FA can improve calf immunity status in heat
stress. Greater EPA and DHA in FO supplemented calves show
that elevated n-3 FA in the blood can support an improvement
in the immune function. In line with our results, McDonnell
et al.(39) have reported a significant increase in plasma levels
of EPA and DHA in calves fed FO supplemented milk replacer
compared with a control group. Lower inflammatory signs in
FO supplemented calves can be related to higher long-chain
PUFA contents of the plasma(39,41).

Conclusions

The findings of the present study suggest that supplementing
SBO, rich in n-6 FA, in a starter diet (3 %, DM basis) during
heat-stress conditions increased starter intake, daily gain, wean-
ing weight and some growth indicators compared with the FO
supplemented or un-supplemented starter feeds. However, sup-
plemented FO (3 %, DM basis), rich in n-3 FA, increased the
immune function of calves during heat stress and increased
FE, which was partly due to the reduced starter intake. To con-
clude, the results show that a mixture of n-6 and n-3 FA sources
(1·5 % SBO and 1·5 % FO, DM basis) may be recommended for
milk-fed calves which are being reared under heat-stress condi-
tions to avoid the reduction in starter intake and improve
immune system performance.
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