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Objective: The present study investigated the litter performance of multiparous sows fed 3%
and 6% densified diets at farrowing to weaning during summer with mean maximum room
temperature of 30.5°C.
Methods: A total of 60 crossbred multiparous sows were allotted to one of three treatments
based on body weight according to a completely randomized design. Three different nutrient
levels based on NRC were applied as standard diet (ST; metabolizable energy, 3,300 kcal/kg),
high nutrient level 1 (HE1; ST+3% higher energy and 16.59% protein) and high nutrient level
2 (HE2; ST+6% higher energy and 17.04% protein).
Results: There was no variation in the body weight change. However, backfat thickness change
tended to reduce in HE1 in comparison to ST treatment. Dietary treatments had no effects on
feed intake, daily energy intake and weaning-to-estrus interval in lactating sows. Litter size,
litter weight at weaning and average daily gain of piglets were significantly greater in sows in HE1
compared with ST, however, no difference was observed between HE2 and ST. Increasing
the nutrient levels had no effects on the blood urea nitrogen, glucose, triglyceride, and creatinine
at post-farrowing and weaning time. The concentration of follicle stimulating hormone, cortisol
and insulin were not affected by dietary treatments either in post-farrowing or weaning time.
The concentration of blood luteinizing hormone of sows in ST treatment was numerically less
than sows in HE2 treatment at weaning. Milk and colostrum compositions such as protein, fat
and lactose were not affected by the treatments.
Conclusion: An energy level of 3,400 kcal/kg (14.23 MJ/kg) with 166 g/kg crude protein is
suggested as the optimal level of dietary nutrients for heat stressed lactating sows with significant
beneficial effects on litter size.
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INTRODUCTION
High ambient temperatures during lactation above the evaporative critical temperature (i.e.,
22°C; 1), reduces average daily feed intake (ADFI) with negative consequences on farrowing
rates and reproductive performance in lactating sows due to their high nutrient requirements
[1,2]. The reduction in ADFI may be a natural mechanism to decrease metabolic heat production
associated with digestion and metabolism [2-4]. This decreased voluntary intake leads to increased
body reserves mobilization, increased weight loss at weaning, and reproductive performance of
the lactating sows in subsequent parity as well [5]. However, the reduced weaning litter size and
generally progeny growth because of decreased milk output may be an indirect effect associated
with reducing the feed intake [6]. Appropriate management of lactating sows nutrition has been
identified as a key determinant of productivity. The change in energy intake due to change in the
diet energy density regulates feed intake. Therefore the total energy intake remains almost constant
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with lower ADFI in heat stress, even though the diets have different energy density.
In the current study, we considered the lowest protein level
in the diet which was able to supply essential amino acids requirements. Several authors recommend reducing dietary protein levels
in order to decrease heat increment and tissue loss, even though
it has only a marginal benefit on litter size during heat stress [3].
It is important to ensure body protein mass preservation because
the body protein mass can decrease weaning-to-estrus interval
(WEI) and improve the subsequent litter size [7]. Therefore not
only increasing energy intake but also a balanced dietary protein
content need to be considered as an option in terms of decreasing
tissue loss and improving weaning litter size.
The subsequent parity also can be affected by amplifying the
inhibition of gonadotrophin releasing hormone and luteinizing
hormone (LH) secretion in lactation, which prolongs the WEI
[8]. In a previous study on the interaction between reproductive
performance and heat stress in sows, the number of embryonic
mortality significantly increased in sows exposed to heat [9]. The
extra energy amount in the current study has been provided by
the addition of fat to the diet. One of the first noticeable benefits
of dietary fat is increased energy intake that presumably decreases
the relative heat increment of feeding. The positive effects of die
tary fat becomes even more apparent if its lower heat increment
considers in digestion and metabolism processes [10,11]. Dietary
fat increase caloric intake of heat stressed lactating sows due to
high energy density [10], resulting the reduced body weight (BW)
loss [12] and increased litter growth [13,14]. Improved litter
weight may be expected if energy intake and milk output increase
[15,16]. Other micronutrients also require to be balanced in the
diet according to the increase in energy to avoid micronutrient
deficiencies due to less feed intake in high thermal condition.
Therefore micronutrients requires to be densely added to a high
energy level diet to maintain the animal requirements. The NRC
guidelines [17] have been considered as a reliable reference for
sow requirements in temperature below 30°C, however, they
suggest a 7% to 25% increase in maintenance requirement during
hot season [18]. From that point of view, although extensive productivity research has been conducted on lactating sows in tropical
climate, little information is available on the effects of different
energy levels based on the last issued NRC guidelines [17] concerning lactating sows exposed to heat. The NRC [17] is considered
as a general standard in swine nutrition and it seems that the
requirements need to change based on environmental condition.
The objectives of this experiment were to evaluate the influence of 3% and 6% densified diets on reproductive performance,
ADFI, blood metabolites and milk composition of lactating sows
in semi-hot ambient temperature.

MATERIAL AND METHODS
Animals and management

All sows used in this study were artificially inseminated 2 times
after onset of estrus, and pregnancy was detected and confirmed
at d 30 post breeding using a Pharvision B-mode ultrasound
machine (AV 2100V; Ambisea Tech. Corp, Shenzhen, China).
All sows were placed in farrowing crates (2.14×2.15 m) on d 109
of gestation. Each crate had a single feeder, and water was always
available through a nipple drinker. Heating pads for piglets were
located on either side of the farrowing crates and maintained at
36°C. Piglets were treated according to routine management
practices that included teeth clipping, tail docking, ear notching,
and subcutaneous iron dextran injections (50 mg/pig) within
24 h. The feeders were checked 3 times per day to be refilled when
required.
A total of sixty multiparous crossbred sows (Yorkshire×Lan
drace; average initial BW, 245.3 kg and 3.65 parity) were selected
based on BW. Sows were divided into three treatments (20 sows/
treatment) on d 109 of gestation. The Three different nutrient
levels were applied as: standard diet (ST), high nutrient level 1
(HE1; ST+3% higher energy and 16.59% protein), and high nutrient level 2 (HE2; ST+6% higher energy and 17.04% protein).
Starting from the day after farrowing, the ration was gradually
increased by one kg per day until maximum ration was reached
(2 kg+ 0.6 kg per piglet) about seven days post-partum. Unconsumed feed was weighed daily to determine actual feed intake.
All the sows were fed a common corn-soybean meal based diet
as per NRC [17] requirements for lactation (Table 1). The average minimum and maximum ambient temperatures observed
in the conventional farrowing rooms (24.5°C±3.7°C and 30.5°C
±3.6°C) frequently exceeded 24°C.
Measurements and data collection
Live weight was measured on d 109 (pre-farrowing) during gestation, and d 24 (weaning) during lactation. Sow backfat thickness
at the 10th rib was monitored at d 109 of gestation, and at weaning (d 24±1 of lactation) using an ultrasonic device (Agroscan
A16, Angouleme, France). Changes in backfat thickness of sows
during lactation were estimated by calculating the difference
between backfat thicknesses at d 109 of gestation and backfat
thickness at d 24 of lactation. Standard litter traits such as number
born and born alive, BW (kg) at birth and weaning, and numbers
weaned were detected. Feed intake (kg/d) of each sow and WEI
(d) were also recorded. The value of average daily gain (ADG)
of piglets was calculated by final BW minus the first BW divided
by weaning date (d) multiplied by the number of weaned piglets.
Blood metabolites
On days 1 (post-farrowing) and 24 (weaning, after piglet removal)
of lactation, a 10-mL blood sample was collected by jugular vein
puncture from all the sows between 0830 and 0930 using a disposable vacutainer tube without anticoagulant (Becton Dickinson,
Franklin, NJ, USA). After centrifugation (3,000×g for 15 min at
4°C), serum samples were separated and stored at –20°C and
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Table 1. Formula and chemical composition of lactation sow diets (as-fed basis)
Treatments
Ingredients (g/kg)
Corn
Wheat
Soybean meal
Animal fat
Molasses
L-lysine · HCl (78%)
DL-methionine (88%)
L-threonine (98.5%)
L-tryptophan (10%)
L-valine (98.5%)
Choline chloride (50%)
Limestone
Tricalcium phosphate
Salt
Vitamin premix2)
Mineral premix3)
Phytase
Total
Calculated composition (g/kg)
ME (kcal/kg)
Crude protein
Calcium
Available phosphorus
SID. Arginine
SID. Histidine
SID. Isoleucine
SID. Leucine
SID. Lysine
SID. Methionine
SID. Methionine+cysteine
SID. Threonine
SID. Tryptophan
SID. Valine

1)

1)

1)

ST

HE1

HE2

620.45
50.0
222.2
31.0
30.0
2.83
0.72
1.28
4.37
1.95
0.50
6.0
20.2
5.00
1.50
1.50
0.50
1,000

581.0
50.0
239.7
52.2
30.0
2.67
0.78
1.26
4.07
1.99
0.51
6.37
20.7
5.15
1.55
1.55
0.50
1,000

541.4
50.0
257.1
73.6
30.0
2.52
0.82
1.27
3.90
2.05
0.53
6.51
21.3
5.30
1.60
1.60
0.50
1,000

3,300
161.5
9.10
4.60
8.58
3.50
5.25
12.13
9.10
2.66
4.90
5.80
1.80
7.70

3,400
165.9
9.40
4.70
9.00
3.61
5.47
12.31
9.37
2.76
5.05
5.97
1.85
7.93

3,500
170.4
9.70
4.80
9.39
3.71
5.67
12.47
9.65
2.85
5.19
6.15
1.91
8.16

SID, standardized ileal digestibility; ME, metabolizable energy.
1)
ST, standard diet; HE1, high nutrient level 1, ST+3% higher energy and 16.59%
protein; HE2, high nutrient level 2, ST+6% higher energy and 17.04% protein.
2)
Supplied per kilogram of vitamin premix: 7,000,000 IU vitamin A, 2,400,000 IU
vitamin D3, 132,000 IU vitamin E, 1,500 mg vitamin K3, 3,000 mg vitamin B1, 11,250
mg vitamin B2, 3,000 mg vitamin B6, 60 mg vitamin B12, 36,000 mg pantothenic acid,
30,000 mg niacin, 600 mg biotin, 4,000 mg folic acid.
3)
Supplied per kilogram of mineral premix: 80,000 mg Fe, 170 mg Co, 8,500 mg Cu,
25,000 mg Mn, 95,000 mg Zn, 140 mg I, 150 mg Se.

later analyzed for blood metabolites (triglyceride, blood urea nitrogen, glucose, and creatinine) and insulin. Commercial kits
(Fujifilm Corp., Saitama, Japan) were used for analysis of blood
metabolites using an automated chemistry analyzer (Fuji Drichem 3500i, Fujifilm Corp., Japan).
Hormones
On day 1 (post farrowing), and day 24 (weanling, after piglet
removal) of lactation, 10-mL blood samples were collected before
feeding (before 0900) at 60-min intervals for 4 h from 0900 to
1300 for analysis of follicle stimulating hormone (FSH), LH,
www.ajas.info
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cortisol and insulin. Swine LH, FSH, cortisol, and insulin kits
(Endocrine Technologies Inc., Newark, CA, USA) were used and
their concentrations were determined in duplicate by enzymelinked immunosorbent assay using Biolog MicroStation system.
Colostrum and milk composition
Approximately 25 mL of colostrum and milk samples were
manually collected from each sow on days 1 and 10 postpartum
respectively to evaluate their composition. Sows were given 1 mL
of oxytocin (1 U/mL) intravenously to stimulate milk release.
Milk was manually collected from all functional teats after alcohol
swabbing. Milk samples were immediately frozen at –20°C and
analyzed using an infrared milk analyzer (Milko Scan 133B. Analyser; Foss Electric, Hillerød, Denmark).
Statistical analyses
Data generated in the present study was subjected to statistical
analysis using the general linear model procedure of SAS package
[19] (SAS Inst. Inc., Cary, NC, USA) in a complete block design.
When significant difference were identified among treatment
means, they were separated using Tukey’s honestly significant
difference test. Individual sow was used as experimental unit for
analysis of all variables. Probability values of ≤0.05 were considered significant in both experiments.

RESULTS
Sow and litter performance
The effects of dietary nutrient levels on sow reproductive performance are shown in Table 2, 3. There was no variation in the
BW at farrowing and weaning, BW change during lactation, and
backfat change during lactation, however, the backfat thickness
change was tended to reduce (p = 0.09) in HE1 in comparison
to ST treatment. Dietary treatments had no effects on ADFI, daily
energy intake and WEI of the sows. Mean initial litter size, initial
litter weight, number of weaned piglets and survivability were
not different (p>0.05) in the three nutrient levels, whereas final
weaning weight tended to increase (p = 0.10) by 9% in sows in
HE1 compared with ST. Sows in HE1 treatment presented the
greatest weaning weight per piglet (p<0.05). Moreover, total weight
gain at weaning was tended to increase in HE1 (49.83, 56.21, and
53.05 for ST, HE1, and HE2, respectively). The average weight
gain was higher (12.2%, p<0.05) when sows were received HE1
diet than ST diet.
Blood metabolites
Blood metabolites data are presented in Table 4. Increasing the
nutrient levels had no effect on the blood metabolites (Blood urea
nitrogen, glucose, triglycerides, and creatinine) at post-farrowing
and weaning. However, the concentration of triglycerides, and
creatinine were higher at post-farrowing than weaning.
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Table 2. Effects of different nutrient levels on backfat thickness changes, feed intake and weaning to estrus interval in sows during summer season
Items

ST1)

HE11)

HE21)

SEM

p-value

Parity
Sow body weight (kg)
Gestation, d 109
Weaning (24 d old)
Body weight change
Sow Backfat thickness (mm)
Gestation, d 109
Weanling (24 d old)
Backfat thickness change
Daily feed intake (kg/d)
Daily ME intake (Mcal/d)
Weaning-to-estrus interval (d)

3.65

3.60

3.70

0.29

0.971

242.4
218.5
–23.93

238.7
219.1
–19.64

239.4
218.7
–20.67

4.70
3.87
1.49

0.838
0.995
0.119

20.30
15.40
–4.90
5.04
16.64
5.05

19.45
15.50
–3.95
5.19
17.66
4.75

20.62
16.40
–4.22
4.91
17.20
4.85

0.68
0.53
0.31
0.14
0.48
0.32

0.468
0.348
0.093
0.395
0.342
0.798

SEM, standard error of means; ME, metabolizable energy.
1)
ST, standard diet, NRC [19]; HE1, high nutrient level 1, ST+3% higher energy and 16.59% protein; HE2, high nutrient level 2, ST+6% higher energy and 17.04% protein.

Table 3. Effects of different nutrient levels on litter size and piglet performance in sows during summer season
Items
Litter size
Initial litter size
Piglets weaned
Survivability (%)
Litter weight (kg)
Initial (1 d old)
Initial, kg/pig (1 d old)
Weaning (24 d old)
Weaning weight kg/pig (24 d old)
Total weight gain
Average weight gain (g/pig)

ST1)

HE11)

HE21)

SEM

p-value

10.39
9.94
95.94

10.22
9.98
97.91

10.21
9.67
94.98

0.24
0.21
1.92

0.851
0.557
0.586

16.51
1.59
66.34
6.68b
49.83
203.6b

15.88
1.56
72.09
7.28a
56.21
228.6a

15.59
1.54
68.65
7.10ab
53.05
222.8ab

0.42
0.04
1.84
0.16
1.78
6.71

0.298
0.521
0.099
0.035
0.055
0.032

SEM, standard error of means.
1)
ST, standard diet, NRC [19]; HE1, high nutrient level 1, ST+3% higher energy and 16.59% protein; HE2, high nutrient level 2, ST+6% higher energy and 17.04% protein.
ab
Values with different superscripts of the row significantly differ (p < 0.05).

Hormone profiles
Regarding the insignificant trend of blood hormones among the
Table 4. Effects of different nutrient levels on blood metabolites of lactating sows
during summer season
Items

ST1)

Blood urea nitrogen (mmol/L)
Post farrowing
5.1
Weanling 24 d
6.04
Glucose (mmol/L)
Post farrowing
5.11
Weanling (24 d old)
5.13
Triglyceride (mmol/L)*
Post farrowing
0.63
Weanling (24 d old)
0.3
Creatinine (mmol/L)*
Post farrowing
0.18
Weanling (24 d old)
0.166

HE11)

HE21)

SEM

p-value

5.72
6.42

5.75
6.48

0.31
0.25

0.986
0.371

5.06
5.04

5.08
4.95

0.212
0.22

0.962
0.823

0.62
0.33

0.62
0.34

0.03
0.02

0.939
0.213

0.181
0.155

0.185
0.153

0.005
0.006

0.876
0.391

SEM, standard error of means.
1)
ST, standard diet, NRC [19]; HE1, high nutrient level 1, ST+3% higher energy and
16.59% protein; HE2, high nutrient level 2, ST+6% higher energy and 17.04% protein.
* Significant difference in values between post farrowing and weanling (p < 0.05).

treatments, the average of 5 blood samples were applied for stati
stical analysis. The concentration of FSH, cortisol, and insulin
were not affected by dietary treatments either in post farrowing
or weaning period (Table 5). The concentration of blood LH at
weaning was numerically lower in sows in ST than sows in HE2
(0.61 vs 0.68 ng/mL; p = 0.10). All hormone biochemistry analyses
showed the effect of sampling time (post farrowing and weaning)
on hormone levels. The blood concentration of LH and FSH were
increased (p<0.05) at weaning, whereas insulin and cortisol levels
were decreased at weaning.
Colostrum and milk composition
As presented in Table 6, milk and colostrum compositions such
as protein, fat and lactose were not affected by the treatments.

DISCUSSION
The results of BW, as well as changes in backfat thickness obtained in our study, were not affected by the different nutrient
density. Although nutrient levels in increased ambient temperawww.ajas.info  1601
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Table 5. Effects of different nutrient level on hormone profiles of lactating sows
during summer season
ST1)

HE11)

HE21)

SEM

p-value

6.55
9.60

6.52
9.82

6.49
9.89

0.13
0.10

0.892
0.204

1.68
1.94

1.62
2.07

1.56
2.16

0.06
0.06

0.217
0.098

17.51
12.41

16.66
11.83

17.05
11.39

1.20
0.56

0.879
0.444

143.1
121.1

141.9
125.4

145.6
128.2

6.31
4.39

0.913
0.538

Items
FSH (nmol/L)*
Post farrowing
Weanling (24 d old)
LH (nmol/L)*
Post farrowing
Weanling (24 d old)
Cortisol (nmol/L)*
Post farrowing
Weanling (24 d old)
Insulin (pmol/L)*
Post farrowing
Weanling (24 d old)

SEM, standard error of means; FSH, follicle stimulating hormone; LH, luteinizing hormone.
1)
ST, standard diet, NRC [19]; HE1, high nutrient level 1, ST+3% higher energy and
16.59% protein; HE2, high nutrient level 2, ST+6% higher energy and 17.04% protein.
* Significant difference in values between post farrowing and weanling (p < 0.05).

ture in the present study did not influence the total energy intake,
it did numerically decrease the backfat loss. A beneficial outcome
of feeding sows diets supplemented with fat has been observed
in heat stress [6]. The potential benefits of supplementing fat contributed to the greater energy intake and low heat increment in
sows [11], which is especially beneficial when sows are experiencing heat stress. The loss of body reserve during lactation in
sows is attributed to limited feed intake [7], which may improve
by increasing diet energy level with supplementing fat. The insignificant BW change in the current study was similar to Rosero
et al [20] who reported that BW at placement, farrowing and
weaning was not affected by either 2% or 4% and 6% inclusion
of animal-vegetable blend fat in lactating sows. However, they
reported a linear backfat loss by decreasing dietary fat level.
The results of changes in ADFI obtained in our study, were
not affected by the energy levels. It is generally documented that
Table 6. Effects of different nutrient levels on colostrum and milk composition of
lactating sows during summer season
Items

ST1)

Colostrum (%)
Total solid
22.51
Protein
15.55
Fat
5.54
Lactose
3.65
Milk (%) (10 d postpartum)
Total solid
17.43
Protein
5.69
Fat
7.14
Lactose
5.20

HE11)

HE21)

SEM

p-value

22.41
15.39
5.43
3.61

22.71
15.79
5.65
3.73

0.64
0.51
0.21
0.16

0.945
0.860
0.759
0.881

18.38
6.03
7.59
5.56

18.73
6.16
7.74
5.79

0.67
0.17
0.30
0.20

0.396
0.151
0.358
0.149

SEM, standard error of means.
1)
ST, standard diet, NRC [19]; HE1, high nutrient level 1, ST+3% higher energy and
16.59% protein; HE2, high nutrient level 2, ST+6% higher energy and 17.04% protein.
www.ajas.info
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ADFI of lactating sows is not adequate to cover nutrient requirements of maintenance, body growth and milk production [4].
However, we did not detect significant differences in energy intake, there was a numerical tendency for a greater total energy
intake. Insignificant results might be attributed to low number
of sows, which was only 20 sows per group. Muns et al [2] found
significant differences on backfat thickness when the number of
sows were over than 30 sows per treatment. The total ADFI in
a high energy level diet may decrease but the total energy intake
increase [11]. O’Grady et al [10] demonstrated that supplementation of fat to lactating sow diets increased the caloric intake in
hot environment. Several authors recommend increasing energy
density [3,21] affect sow feed intake and litter performance during
hot weather. Even the same energy intake in fat supplemented
diet may be more beneficial in heat stress condition because of
lower total heat increment. The discrepancy between the results
of current study may be explained by the imposed heat stress condition that was only 25°C, whereas the temperature in the study
of Rosero et al [20] was a higher average temperature (25°C), and
also sows were exposed to higher temperature (29°C) in the work
of Renaudeau et al [3]. Silva et al [22] reported that ADFI of lactating sows were significantly lower in hot environment (26.1°C)
compared with warm environment (23.7°C). The amount of feed
intake determine the value of produced heat from digestion and
metabolism process [4,23]. It seems that a dense diet in a chronic
semi-hot environment cannot be as effective as hot environment.
Recently, few studies have investigated the benefits of diet dense
manipulation based on new requirement standards in semi-hot
environment of sows.
There has been an increase in litter size in modern sows over
the last years [24]. Therefore, there is a greater demand for milk
production, which may be supported by the diet and operating
advanced feeding programs to ensure optimal nutrients requirements. The ADG of piglets was lower in ST, nevertheless the body
fat mobilization tended to be greater in lactating sows in ST group.
A possible explanation for our finding is that the efficiency of
received energy from the feed is higher than energy mobilized
from body reserve during heat stress. Lauridsen and Danielsen
[25] reported a 19% increased litter weight in sows fed 8% of
animal fat, coconut oil, palm oil, or sunflower oil than sows without supplementary fat. Another experiment confirmed that both
medium-chain triglycerides and choice white grease increased
a 6% litter growth performance when adding 10% in the diet [15].
The higher energy intake in sows enhanced litter growth by increasing milk production [15,16]. Rosero et al [20] reported that
supplementation of a mix of animal and vegetable increased litter
weight at weaning only in multiparous sows and it could not affect
the performance of sows in their first parity. On the other hand,
the high levels of dietary fat (Above 5.6%) severely decrease pellet
durability and increase fines in the diet [26], which can decrease
the feed physical quality and marketability. Regarding the greater
ADG of piglets, it seems that the additional energy supplied in
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the current experiment was not applied for sow BW or backfat,
but probably stimulated mammary glands to increase the output
of milk. Therefore, from a practical perspective, the supplemented
fat in multiparous sows diet seems more important to maintain
the requirement due to the greater body reserve mobilization,
litter size and milk output.
The concentration of blood triglyceride increased after farrowing and then declined at the end of lactation. The increase
in triglyceride after farrowing suggests that the sows were mobilizing energy for milk production due to low feed intake. As lactation
progressed, the decrease in triglyceride concentrations might be
due to less body fat mobilization in a more positive energy balance. A more positive energy balance at weaning may decrease
body reserve mobilization, consequently showing lower protein
degradation and blood creatinine levels. High concentrations
of creatinine in the plasma is considered an indicator of negative
energy balance and excess catabolism of lean body mass [27]. This
difference in body energy balance and amount of feed, together
with the environmental factors, probably resulted in the discre
pancies between post farrowing and weaning.
Different authors have observed that sows exposed to hot environment would be more in negative energy balance and return
to estrus with delay due to decrease in releasing of LH [28]. It has
been confirmed that the subsequent reproductive performance
and WEI interval can be affected by the amount of body reserve
mobilization in lactation period [29]. Therefore, it shows the
importance of a balanced diet, particularly in high-producing
lactating sow when heat stressed, to meet the nutrient requirements of lactating sows in order to reduce body tissue loss, increase
milk output, which finally may result a greater reproductive performance.
Research investigating the effect of energy levels on the mammary gland uptake and milk composition of lactating sows in
hot environment is very limited. In agreement with Renaudeau
and Noblet [21] and Silva et al [22], our results showed no effects
on protein, fat, lactose, or total solid content of milk in sows exposed to hot climatic conditions. On the other hand, Boyd et al
[15] reported that the increasing dietary fat increases the milk
fat content as well. Considering the similar milk composition,
it may be hypothesized that the output of milk can be the reason
for the greater piglets’ daily gain in the hot environment, as earlier
studies also reported the greater milk production positively affect
the litter weight in sows [30].
Lactating sows fed high density diet in the hot environment
had a tendency for elevated levels of plasma LH compared with
sows lactating in ST. Increasing LH secretion and follicular growth
may have contributed to feed intake, since energy received through
feeding has a significant effect on increasing LH [31]. The reduced LH secretion at elevated temperatures decreases follicle
growth in lactation period and restrict follicle development after
lactation [8]. Our study showed an insignificant effect of energy
levels on weaning to estrus interval, whereby the sows fed high

energy tended to have a greater blood LH. The diminished secretion of LH and increased the rate of postweaning anestrus occur
when the mobilization of protein increased in lactating sows [32].
According to Flowers et al [33], increase in ambient temperature
negatively influence the return to estrus of sows after weaning
by decreased secretion of LH. Therefore, the tendency in a greater
LH in high energy diets may refer to less negative energy balance. However, the total energy intake were not significantly
different between groups, the efficiency of high fat diets might
be greater due to less heat increment of high fat diet. Although
the WEI duration was not different among the groups.

CONCLUSION
In conclusion, the present study demonstrates that the use of
HE1 diet (3,400 kcal/kg metabolizable energy [ME] and 166 g/kg
crude protein (CP) in lactation improves litter growth and tended
to decrease the negative effects of high ambient temperature on
backfat thickness change compared with ST diet (3,300 kcal/kg
ME and 161 g/kg CP). However, HE2 diet (3,500 kcal/kg and
170 g/kg CP) was not able to improve litter performance of lactating sows.
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