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Abstract

A total of 335 lactating sows (Landrace X Large White) were used in two experiments to determine the optimum
ratio of standardized ileal digestible lysine (SID-Lys) to metabolizable energy (ME) for mixed parity sows during
lactation. In Exp. 1, 185 sows (weighing an average of 256.2 + 6.5 kg and having an average parity of 3.4 + 0.3)
were allocated to one of six experimental diets in a completely randomized block design within parity groups (1, 2,
and 3+). The experimental diets were formulated to contain 3.06, 3.16, 3.20, 3.25, 3.30 or 3.40 Mcal/kg of ME and
each diet was fed to the sows throughout a 28 day lactation. All diets provided a similar SID-lysine level (0.86%). As
a result, the diets provided a SID-Lys:ME ratio of 2.81, 2.72, 2.69, 2.65, 2.61 or 2.53 g/Mcal ME. Sow feed intake was
significantly (P < 0.01) affected by the energy content of the diet as well as by sow parity. Using regression
analysis, feed intake was shown to be maximized at 3.25, 3.21, 3.21 and 3.21 Mcal/kg of ME for parity 1, 2, 3+ sows
and the entire cohort of sows respectively (quadratic; P < 0.01). In addition, the result of feed intake can be
expressed as 2.65, 2.69, 2.69 and 2.68 g/Mcal based on analysis of SID-Lys:ME ratio. Litter weight gain was affected
by dietary treatment for parity 3+ sows and the entire cohort (P < 0.01). Based on regression analysis, litter weight
gain was maximized at 3.25 and 3.24 Mcal/kg of ME for parity 3+ (quadratic; P < 0.01) and the entire cohort
(quadratic; P < 0.01). Similarly, the result of litter weight gain could be expressed as 2.65 and 2.66 g/Mcal of SID-
Lys:ME ratio. Therefore, 3.25 Mcal/kg of ME was selected for Exp. 2 in which 150 sows (weighing 254.6 + 7.3 kg
and having an average parity of 3.4 + 04) were allocated to one of five treatments in a completely randomized
block design within parity (1, 2, and 3+). The experimental diets were formulated to contain 2.1, 24, 2.7, 3.0 or 3.3
g/Mcal of SID-Lys:ME ratio with all diets providing 3.25 Mcal/kg of ME. The diets were fed to the sows throughout
a 28 day lactation. Sow body weight loss was affected by dietary treatment (parity 3+ sows, P = 0.02; entire cohort,
P < 0.01) and by sow parity (P < 0.01). Litter weight at weaning and litter weight gain were affected by dietary
treatment for parity 1, 2, 3+ sows and the entire cohort (P < 0.01) as well as by sow parity (P < 0.01). Plasma urea
nitrogen (P < 0.01), creatinine (P < 0.01) and non-esterifide fatty acids (P = 0.04) were decreased as the SID-Lys:ME
ratio of the diet increased. Insulin-like growth factor-1 (P = 0.02), estradiol (P < 0.01) and luteinizing hormone (P =
0.02) were increased as the SID-Lys:ME ratio in diet increased. Based on a broken-line model, the estimated SID-Lys:
ME ratio to maximize litter weight gain was estimated to be 3.05 g/Mcal.
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Background

Inadequate nutrient intake of sows during lactation can
adversely affect their subsequent reproductive perfor-
mance [1]. Lysine is considered the first-limiting amino
acid in typical corn-soybean meal diets fed to lactating
sows [2]. For this reason, more research has focused on
identifying the lysine requirements of lactating sows
than for any other amino acid.

When formulating diets for lactating sows, it is com-
mon practice to provide lysine at a certain percentage of
the diet. However, feed intake decreases as the dietary
energy concentration increases [3-5] and as a result,
total lysine intake may decline as the energy concentra-
tion of the diet increases.

Energy restriction has a detrimental effect on sow
weight loss throughout lactation, weaning litter weight
and weaning-to-estrus interval [6,7]. Thus, an optimum
lysine to energy ratio is important to optimize sow
reproductive performance. At present, amino acid
requirements are often expressed as standardized ileal
digestible (SID) values for feed formulation [8]. There-
fore, the SID-lysine to ME ratio may be the optimum
method of expressing the lysine requirement of lactating
SOWS.

Studies of the optimum lysine to energy ratio have
mainly focused on young pigs [9-11]. Studies related to
lactating sows are relatively scarce. Therefore, the objec-
tive of these experiments was to determine the optimum
dietary SID-Lys:ME ratio in the diet of lactating sows
under local commercial pig farm conditions.

Materials and methods

The Animal Welfare Committee of China Agricultural
University (Beijing, China) approved the animal care
protocol used for this experiment.

Exp. 1

Animals, dietary treatment and management

A total of 185 sows (Landrace x Large White), including
36 first parity, 36 second parity, and 113 third-to-ninth
parity sows, were used in this experiment. When the
sows exhibited estrus, they were mated twice at 12 h
intervals using a mature Duroc boar. After mating, the
sows were provided 2 kg/day of a commercially pre-
pared gestation diet providing 3.05 Mcal/kg of ME and
0.65% total lysine from day O to 80 of gestation while 3
kg/day was provided from day 80 until day 110.

On day 110 of gestation, all sows were moved into a
farrowing room and allocated to one of six corn-soybean
meal based diets (Table 1) in a completely randomized
block design within parity groups. The experimental
diets containing 3.06, 3.16, 3.20, 3.25, 3.30 or 3.40 Mcal/
kg of ME were formulated using corn, soybean meal,
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Table 1 Ingredient composition and chemical analysis of
diets containing 3.06 to 3.40 Mcal/kg of ME fed to sows
in Exp. 1 (as fed basis)

ME level, Mcal/kg

3.06 3.16 3.20 3.25 3.30 3.40
Ingredient, %

Corn 60.00 6400 6401 6301 61.52 6401
Soybean meal (CP, 43%) 2281 27.00 2740 27.50 2800 2840
Wheat bran 13.00 500 400 400 400 000
Soybean oil - - 060 150 250 3.60
Limestone 164 164 164 164 164 164
Salt 060 060 060 060 060 060
Dicalcium phosphate 084 084 084 084 084 084
L-Lysine HCI (98%) 022 012 011 011 010 O0M
Methionine hydroxy 0.04 - - - - -
analogue'
L-Threonine (98.5%) 0.05 - - - - -

Vitamin-mineral premix? 080 080 080 080 080 080

Analyzed composition, %

Crude protein 1746 1744 1748 17.88 1794 17.89
Lysine 097 099 097 101 100 099
Threonine 066 067 065 066 068 067
Valine 080 084 084 083 08 084
Methionine + cysteine 056 057 057 058 057 056
Tryptophan 020 021 022 020 022 021
Calcium 096 097 097 097 097 097
Phosphorus 047 047 047 047 047 046
Calculated composition
ME, Mcal/kg? 306 316 320 325 330 340
SID-lysine, %" 086 086 086 086 086 086
SID-Lys:ME, g/Mcal 281 272 269 265 261 253

'DL-methionine hydroxy analogue (84%) provided by Novus International, St.
Louis, MO

2Premix supplied per kilogram of diet: Vitamin A, 12,000 1U; vitamin Ds, 2,000
IU; vitamin E, 24 |U; vitamin K3, 2.0 mg; vitamin B;, 2.0 mg; vitamin B,, 6.0 mg;
vitamin Bg, 4.0 mg; vitamin B;,, 24 pg; niacin, 30 mg; pantothenic acid, 20 mg;
folic acid, 3.6 mg; biotin, 0.40 mg; choline, 0.40 g; iron, 96 mg; copper, 8.0 mg;
zinc, 120 mg; manganese, 40 mg; iodine, 0.56 mg; selenium, 0.40 mg; and
phytase, 120 mg

3The metabolizable energy content of corn, soybean meal, and wheat bran
were determined previously in our laboratory (data not published).
Metabolizable energy of soybean oil was obtained from the Agriculture
Industry Standard of China (2004) and was calculated as 96% of DE
“Standardized ileal digestible lysine was determined previously using pigs
surgically equipped with a T-cannula in the distal ileum. The basal ileal
endogenous losses were measured by feeding a nitrogen-free diet (data not
published)

and wheat bran as their main ingredients. Increased ME
concentration was attained by using more corn, soybean
meal and soybean oil but less wheat bran. Crystalline L-
lysine was added to the diets to ensure that all diets
provided a similar SID-lysine level (0.86%). As a result,
the diets provided a SID-Lys:ME ratio of 2.81, 2.72,
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2.69, 2.65, 2.61 or 2.53 g/Mcal ME. Levels of all other
nutrients met or exceeded those recommended by the
Agriculture Industry Standard of China [12]. Each treat-
ment had similar numbers of sows in each parity group
(1, 2, and 3+, respectively) and the sows were fed the
experimental diets as a mash throughout a 28 day
lactation.

During lactation, the sows were housed in individual
farrowing crates (2.2 x 1.8 m?) equipped with a piglet
creep area which was fitted with a heating pad and an
infrared heat lamp. Litters were standardized to an aver-
age of 10.83 piglets within 48 h of birth by cross-foster-
ing. The experimental diets were provided three times
daily at 0630, 1200, and 1700 h. Starting the day after
farrowing, the amount of feed provided to the sows was
gradually increased until sow maximum intake was
reached 7 days postpartum. Any feed remaining in the
feed trough was weighed to determine actual daily feed
intake. Sows and piglets had free access to water pro-
vided by nipple drinkers throughout the experimental
period. Piglets were subjected to routine management
procedures including teeth clipping, tail docking, ear
notching and iron dextran injections (2 mL/pig) within
1 d of parturition. Male piglets were castrated within 7
d after birth and creep feeding was initiated starting 7
days from birth.

Measurements

Sows were weighed within 48 h of farrowing and at
weaning to assess weight change during lactation. Far-
rowing date and litter size (number after cross-fostering
and at weaning) were recorded. Piglets were weighed
and litter weight was recorded after cross-fostering and
at weaning.

After weaning at 28 days, sows were moved back to
the breeding barn and housed in individual gestation
stalls. Detection of estrus was conducted once a day fol-
lowing 15 min of boar stimulation. Estrus was recorded
when sows were first observed to show a positive
response to the back-pressure test (immobilization
reflex) and this value was used to calculate the weaning
to estrus interval.

Chemical analyses

Analyses for the proximate principles and calcium and
phosphorus were carried out according to the Associa-
tion of Official Analytical Chemists [13]. Amino acids
were quantified using an automatic amino acid analyzer
(L-8800, Hitachi Incorporated, Tokyo, Japan). Lysine,
threonine and valine were analyzed following acid
hydrolysis with 6 N HCI for 24 h at 110°C while
methionine and cystine were analyzed after cold formic
acid oxidation overnight with subsequent hydrolysis.
Tryptophan content was determined colorimetrically
after alkaline hydrolysis following the procedures
described by Miller [14].
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Exp. 2

Animals, dietary treatment and management

A total of 150 sows (Landrace x Large White), including
31 first parity, 32 second parity, and 87 third-to-eighth
parity sows were used in this experiment. When the
sows exhibited estrus, they were mated twice at 12 h
intervals using a mature Duroc boar. After mating, the
sows were provided 2 kg/day of a commercially pre-
pared gestation diet providing 3.05 Mcal/kg of ME and
0.65% total lysine from day O to 80 of gestation while 3
kg/day was provided from day 80 until day 110.

On day 110 of gestation, all sows were moved into a
farrowing room and allocated to one of five corn-soy-
bean meal based diets (Table 2) in a completely rando-
mized block design within parity groups. The diets
contained SID-Lys:ME ratios of 2.1, 2.4, 2.7, 3.0 or 3.3
g/Mcal. All diets provided 3.25 Mcal/kg ME chosen
based on the results of Exp. 1. The requirements for
other essential amino acids were met using crystalline
amino acids according to the Agriculture Industry Stan-
dard of China [12] lactating sow model. Each treatment
had a similar number of sows in each parity group (1, 2,
and 3+, respectively) and the sows were fed the experi-
mental diets as a mash throughout a 28 day lactation.
Sow management, measurements and chemical analyses
of diets were conducted as described in Exp. 1.

Blood sample collection and processing

Blood samples were collected from 10 sows per treat-
ment via jugular vein puncture on day 21 of lactation
immediately prior to the morning feeding. Approxi-
mately 8 mL of blood was collected for analysis of blood
metabolites and hormones. Blood samples were col-
lected in lithium heparin coated vacuum filled tubes
(Greiner Bio-One GmbH, Kremsmiinster, Australia),
placed in an ice box for transportation to the laboratory
and centrifuged at 3000 x g for 15 min at 4°C. Plasma
samples were stored at -20°C until needed for analysis.

Plasma concentrations of glucose, creatinine, urea
nitrogen and non-esterified fatty acids were analyzed
using commercial colorimetric kits (BioSino Bio-Tech-
nology and Science Incorporated, Bejing, China) and an
Automatic Biochemical Analyzer (Hitachi 7160, Hitachi
Incorporated, Tokyo, Japan). Plasma insulin, insulin-like
growth factor-1, estradiol, luteinizing hormone and folli-
cle-stimulating hormone kits (Beijing Sino-uk Institute
of Biological Technology, Beijing, China) were used and
their concentrations were measured by radioimmunoas-
say using an Automatic Radioimmunoassay Counter (R-
911, University of Science and Technology of China
Industrial Incorporated, Hefei, China).

Statistical analysis

Data were analyzed as a randomized complete block
design using the General Linear Models (GLM) proce-
dure of SAS V8.2 [15]. Sows were assigned to dietary
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Table 2 Ingredient composition and chemical analysis of
diets containing 2.1 to 3.3 g/Mcal of SID-Lys:ME ratio fed
to sows in Exp. 2 (as fed basis)

SID-Lys:ME ratio, g/Mcal
2.1 24 27 3.0 33

Ingredient, %

Corn 5870 6450 6432 64.06 64.60
Soybean meal, (CP, 43%) 23.00 2480 2477 2500 24.30
Wheat bran 1156 514 492 447 401
Soybean oil 280 150 160 170 190
Limestone 164 164 164 164 164
Salt 060 060 060 060 060
Dicalcium phosphate 084 084 084 084 084
L-Lysine HCI (98%) - 008 021 034 048
Methionine hydroxy analogue' 002 006 014 021 029
L-Threonine (98%) - - 003 010 018
L-Valine (98%) - - 008 017 026
L-Tryptophan (98%) - - 001 003 006
Vitamin-mineral prerm><2 084 084 084 084 084
Analyzed composition, %
Crude protein 1745 1763 1769 1770 1767
Lysine 080 089 1.00 108 121
Threonine 065 068 070 079 085
Valine 077 077 086 093 101
Methionine + cysteine 052 058 066 070 078
Calcium 095 095 09% 09% 094
Phosphorus 046 047 045 046 047
Calculated composition
ME, f\/lcal/kg3 324 325 325 324 324
SID-lysine, %" 068 077 087 098 107
SID-Lys:ME raio, g/Mcal 2.1 24 2.7 30 33

'DL-methionine hydroxy analogue (84%) provided by Novus International, St.
Louis, MO

2Premix supplied per kilogram of diet: Vitamin A, 12,000 IU; vitamin D, 2,000
|U; vitamin E, 24 IU; vitamin K3, 2.0 mg; vitamin B;, 2.0 mg; vitamin B,, 6.0 mg;
vitamin Bg, 4.0 mg; vitamin By,, 24 pg; niacin, 30 mg; pantothenic acid, 20 mg;
folic acid, 3.6 mg; biotin, 0.40 mg; choline, 0.40 g; iron, 96 mg; copper, 8.0 mg;
zinc, 120 mg; manganese, 40 mg; iodine, 0.56 mg; selenium, 0.40 mg; and
phytase, 120 mg

3The metabolizable energy content of corn, soybean meal, and wheat bran
were determined previously in our laboratory (data not published).
Metabolizable energy of soybean oil was obtained from the Agriculture
Industry Standard of China (2004) and was calculated as 96% of DE
“Standardized ileal digestible lysine was determined previously using pigs
surgically equipped with a T-cannula in the distal ileum. The basal ileal
endogenous losses were measured by feeding a nitrogen-free diet (data not
published).

treatment within parity. There was no treatment x parity
interaction (P > 0.10) and therefore the interaction effect
was removed from the model. Sow body weight at far-
rowing, lactation length, and weight of the litter after
fostering were used as covariates in the analysis. Treat-
ment means were separated using the LSMEANS state-
ment and the PDIFF option in SAS. Linear and
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quadratic treatment effects were performed using the
solution statement in the GLM procedure of SAS. In
Exp. 2, a broken-line regression model using the
NLMixed procedure of SAS with a random component
included for parameter L was used to estimate a break-
point according to Robbins et al. [16]. All values are
reported as least square means. P-values of less than
0.05 were considered statistically significant and P-
values less than 0.10 were considered as indicative of a
significant trend.

Results

Exp. 1

Sow characteristics

Sow body weight at weaning and body weight change
during lactation were affected by parity (P < 0.01). First
parity sows showed greater body weight loss compared
with parity 2 and 3+ sows. Dietary ME level influenced
sow body weight loss in parity 1 (P = 0.06), 2 (P = 0.07)
and in the overall cohort of sows (P = 0.06). Sow body
weight loss decreased quadratically (P = 0.01) with
increasing levels of ME for the overall cohort of sows.
Based on regression analysis, sow body weight loss in
the overall cohort of sows was minimized at 3.25 Mcal/
kg of ME. Dietary ME level did not affect sow body
weight at weaning (Table 3).

Sow feed intake was affected by parity (Table 4; P <
0.01). Higher parity sows consumed more feed during
lactation. Dietary ME concentration had a significant
effect on feed intake in parity 1 (P = 0.07), 2 (P < 0.01),
3+ (P < 0.01), and the overall cohort of sows (P < 0.01).
Using regression analysis, it was estimated that feed
intake (5.40, 5.77, 5.87, and 5.77 kg for parities 1, 2, 3+,
and the overall cohort, respectively) was maximized at
3.25, 3.21, 3.21 and 3.21 Mcal/kg of ME (quadratic, P <
0.01). In addition, the result of feed intake can be
expressed as 2.65, 2.69, 2.69 and 2.68 g/Mcal based on
analysis of SID-Lys:ME ratio,

Litter characteristics

Litter size at weaning and piglet mortality was not influ-
enced by dietary ME level in the overall cohort of sows
(Table 5; P > 0.10). Dietary ME level did not affect litter
weight at weaning and litter weight gain in parity 1 and
2 sows (Table 6; P > 0.10). In parity 3+ and the overall
cohort of sows, litter weight at weaning and litter weight
gain were affected by dietary ME level (P < 0.01). Based
on regression analysis, litter weight at weaning (80.56
and 78.66 kg) and litter weight gain (2.28 and 2.23 kg/d)
were maximized at 3.25 and 3.24 Mcal/kg of ME for
parity 3+ (quadratic, P < 0.01) and the overall cohort of
sows (quadratic, P = 0.07, P = 0.05, and P < 0.01,
respectively). Similarly, the result of litter weight gain
can be expressed as 2.65 and 2.66 g/Mcal of SID-Lys:
ME ratio.
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Table 3 The effect of dietary ME level on sow body weight change in lactation (Exp. 1)
Item Parity  No. ME level, Mcal/kg P-value
306 3.16 320 325 330 3.40 Mean'® SEM Treat Linear Quadratic
Initial sow body weight, kg 1 36 2026 2089 2058 2094 2016 2143 2068 60 070 - -
2 36 2353 2319 2226 2242 2390 2141 2273 77 019 - -
3+ 113 2738 2641 2776 2746 2742 2799  2740° 58 051 - -
Overall® 185 2559 2527 2566 2559 2575 2585 2562 65 091 - -
Sow body weight at weaning, kg 1 36 1785 1853 1884 1905 1819 1943  1863° 61 048  0.12 087
2 36 2172 2118 2077 2102 2235 1960 2107 78 019 020 039
3+ 113 2586 2502 2641 2607 2600 2644 2596 60 061 032 073
Overal® 185 2387 2364 2423 2413 2423 2419 2405 69 083 080 091
Sow body weight change, kg' 1 36 -243% -235% -175° 188°%° 200%° -197%°° 197 19 006 007 0.08
2 36 -180°° 2007 -149°¢ -140°¢ -154°¢ -182°° 162 16 007 051 0.07
3+ 113 152 -136  -136 -139 142  -157 -148 10 065 080 0.10
Overal® 185 -17.2° -163% -143° -146° -152® -166° -157 09 006 056 0.01

"Initial sow body weight was used as a covariate in the analysis

2Parity effect was included in the model

3Parity effect; treatment effect was included in the model

2 b <Within a row, values with no common superscript differ significantly (P < 0.05)

* Y- 2Within a column, values with no common superscript differ significantly (P < 0.05)

Subsequent sow performance

The average weaning-to-estrus interval for this experi-
ment was 5.55 + 0.25 d (Table 7). There was no effect
of dietary ME level on the weaning-to-estrus interval for
any of the parity groups of sows (P > 0.10). Parity 3+
sows had the shortest weaning-to-estrus interval (P <
0.01).

Exp. 2

Sow characteristics

Sow body weight loss was affected by parity (P < 0.01).
First parity sows had greater body weight loss compared
with parity 2 and 3+ sows. Dietary SID-Lys:ME ratio
influenced sow body weight loss in parity 3+ (P = 0.02)
and the overall cohort of sows (P < 0.01) and sow body

weight loss decreased linearly (P < 0.01) with increasing
SID-Lys:ME ratio (Table 8).

Sow feed intake was affected by parity (Table 9; P <
0.01). Higher parity sows consumed more feed during
lactation. Dietary lysine intake increased linearly (P <
0.01) with increasing SID-Lys:ME ratio as targeted.

Litter characteristics

Dietary SID-Lys:ME ratio did not influence litter size at
weaning and piglet mortality in overall cohort of sows
(Table 10; P > 0.10). Litter weight at weaning and litter
weight gain were affected by dietary SID-Lys:ME ratio
for parity 1, 2, 3+ sows and the overall cohort of sows
(Table 11; P < 0.01). The data were fitted to a straight
line regression equation: y = 2.27 - 0.25 x (3.05 - x) +
LVAR (R* = 0.98, adjusted R* = 0.96). Parameter LVAR

Table 4 The effect of dietary ME level on sow feed intake in lactation (Exp. 1)

Item Parity No. ME level, Mcal/kg P-value
3.06 3.16 3.20 3.25 3.30 3.40 Mean? SEM Treat Linear Quadratic
Feed intake, kg/d 1 36 5170 518%  543°  546°  539°%¢ 537 531 010 007 039 001
2 36 557 539 600° 582° 565 530° 563 012 <001 025 <001
3+ 113 561°  568°  598°  592°  570°¢ 5.40° 572 009 <001 018 <001
Overall! 185 5532 554°  590°  582°  564° 535° 563 007 <001 017 <001
Lysine intake, g/d 1 36 5011 5022°¢ 5321° 53550 5281%  5107%°° 5184 101 002 023 001
2 36 54079 52259 5881° 5700 5541°¢  5199¢ 5495 125 <001 039 <001
3+ 113 5446 55089 5860° 5799%° 5587°¢ 5201 5582 094 <001 038 <001
Overalll 185 52865 5298° 5696° 5628 5449° 51655 5420 072 <001 042 <001

'Parity effect was included in the model

2Parity effect; treatment effect was included in the model
2 b < dyithin a row, values with no common superscript differ significantly (P < 0.05)
* YWithin a column, values with no common superscript differ significantly (P < 0.05)
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Table 5 The effect of dietary ME level on litter size (Exp. 1)
ME level, Mcal/kg P-value
Item Parity No. 3.06 316 320 325 330 340 Mean'> SEM Treat Linear Quadratic
No. piglets suckling 1 36 10.80 10.25 10.60 1040 1040 1040 1049 032 0.89 - -
2 36 10.00 10.40 11.00 1.7 10.83 11.00 10.77 034 0.16 - -
3+ 113 10.89 11.26 10.67 10.90 10.95 10.83 10.92 025 0.69 - -
Overall? 185 10.73 10.97 10.73 10.88 10.84 10.81 10.83 0.18 094 - -
No. piglets weaned' 1 36 9.32 9.94 9.86 9.67 8.88 9.52 9.52 040 0.10 0.29 0.76
2 36 933% 1065° 9.17° 9.88° 9.62°¢ 9.84° 9.73 036 <001 0.09 0.19
3+ 113 9.61 9.28 991 9.77 9.89 946 9.65 024 0.24 0.85 033
Overall? 185 9.52 9.58 9.75 9.76 9.67 9.56 9.64 0.18 0.83 0.67 0.16
Mortality, %' 1 36 1097 521 575 7.70 1545 9.30 9.22 275 0.10 048 033
2 36 13.22°¢ 0.65° 1419 827 1077°¢ 871 946 264 <001 0.82 0.83
3+ 113 11.14 14.46 895 10.58 9.24 1297 11.22 2.09 0.28 0.70 053
Overall? 185 1144 10.90 957 9.81 10.56 1134 9.52 1.51 091 093 034

"Number of piglets suckling and lactation length were used as a covariate in the analysis

2Parity effect was included in the model
3Parity effect and treatment effect was included in the model

2 b <Within a row, values with no common superscript differ significantly (P < 0.05).

represents the parity effect and produced different lines
for the respective parities. Based on a broken-line model
analysis, the estimated SID-Lys:ME ratio to optimize lit-
ter weight gain was 3.05 g/Mcal for mixed parity sows
during lactation (Figure 1).

Subsequent sow performance

The average weaning-to-estrus interval for this experi-
ment was 5.89 + 0.17 d (Table 12). Dietary SID-Lys:ME
ratio affected the weaning-to-estrus interval for parity 1
(P < 0.01), 3+ (P = 0.06) and the overall cohort of sows

(P < 0.10). Weaning-to-estrus interval decreased linearly
as the SID-Lys:ME ratio of the diets increased (P <
0.01). Parity 3+ sows had the shortest weaning-to-estrus
interval (P < 0.01).

Plasma characteristics

Dietary treatment did not affect plasma glucose levels.
Plasma urea nitrogen (P < 0.01), creatinine (P < 0.01)
and non-esterifide fatty acids (P = 0.04) decreased as the
SID-Lys:ME ratio of the diets increased and a linear
response was observed (Table 13; P < 0.01). The dietary

Table 6 The effect of dietary ME level on litter growth (Exp. 1)

Item Parity  No. ME level, Mcal/kg P-value
306 316 320 325 330 340 Mean'> SEM Treat Linear Quadratic
Initial litter weight, kg 1 36 1398 1335 1310 1344 1392 1337 1354° 035 045 - -
2 36 1434 1476 1484 1534 1579 1547 1512 081 086 - -
3+ 1131643 1681 1651 1675 1646 1625 1653 043 095 - -
Overal® 185 1568 1594 1565 1598 1596 1569 1582 038 091 - -
Litter weight at weaning, kg' 1 36 7257 7463 7299 7364 7335 7340 7335 189 083 064 0.18
2 36 7669 7665 7663 7658 7493 7474 7594 225 068 086 071
3+ 113 7733° 7794°% 8266° 8064° 7924 78630 7939 143 <001 097 <001
Overal® 185 7642° 7719 8006° 7883° 7735 7695 7780 114 <001 091 007
Litter weight gain, kg/d' 1 36 208 216 210 212 211 211 211 004 082 067 046
2 36 217 218 217 217 212 210 215 005 066 056 041
3+ 113 216 218 235°  228° 223 2210 223 003 <001 029 <001
Overal® 185 215° 218" 228° 223° 218 2170 220 002 <001 069 <001

"Initial litter weight, number of piglets suckling and lactation length were used as covariate in the analysis

2Parity effect was included in the model
3Parity effect; treatment effect was included in the model

2 b < dyithin a row, values with no common superscript differ significantly (P < 0.05)
* Y ZWithin a column, values with no common superscript differ significantly (P < 0.05)
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Table 7 The effect of dietary ME level on the weaning-to-estrus interval of sows' (Exp. 1)
Item Parity No. ME level, Mcal/kg P-value
306 3.16 320 325 330 340 Mean® SEM Treat Linear Quadratic

Weaning to estrus interval, d 1 26 6.50 6.50 6.00 6.25 6.20 5.60 6.16* 0.54 0.87 0.23 0.72

2 25 6.25 6.00 5.50 5.50 560 575 5777 045 0.86 0.35 0.35

3+ 79 569 562 5.15 5.14 5.15 531 5347 0.32 0.72 0.25 0.35

Overall? 130 593 582 535 5.39 542 540 5.55 0.25 0.38 0.09 0.34

'Data on 130 sows. Sows which did not exhibit estrus within 20 days were excluded (not induced by the treatment effect). The sows were washed out largely

caused by other factors (such as leg problems, mastitis)
2Parity effect was included in the model
3Parity effect and treatment effect was included in the model

* YWithin a column, values with no common superscript differ significantly (P < 0.05)

SID-Lys:ME ratio influenced plasma insulin-like growth
factor-1 (P = 0.02), estradiol (P < 0.01) and luteinizing
hormone (P = 0.02) content and these indices increased
linearly as the SID-Lys:ME ratio in the diet increased
(Table 14; P < 0.01).

Discussion

In the present experiment, it would appear that sows
were able to breakdown body tissues to meet the nutri-
ent needs for lactation even when their dietary energy
intake was inadequate. The relationship of sow weight
loss to dietary energy intake observed during lactation
in Exp. 1 agrees with previous reports [17,18]. This sug-
gests that increasing dietary energy concentration could
be an important factor to alleviate sow body weight loss
during lactation. First parity sows lost more body weight
compared with multiparous sows. Primiparous sows are
physiologically younger and undergo an intense lactation
period which may result in large body tissue catabolism.

Sow body weight loss was minimized at 3.25 Mcal/kg
of ME for the overall sow cohort used in Exp. 2. At this
energy level, the body weight losses observed in sows
during lactation were related to a reduced SID-Lys:ME
ratio suggesting that diets with a low SID-Lys:ME ratio
may not meet the sow’s nutrient requirements for main-
tenance and milk production. Previous studies reported
that an increased lysine intake can minimize body
weight loss of lactating sows [19-21]. Sows did not
mobilize body tissue as their nutrient intake increased
and a lysine intake of 74 g/d did not affect sow body
weight change [22].

An increase in feed intake of sows during lactation has
been shown, at least partly, to reduce body weight and
backfat loss and thereby alleviate the negative impacts
of nursing a large litter [23]. However, in Exp. 1, feeding
a high dietary energy concentration (3.40 Mcal/kg of
ME) reduced feed intake, a finding which is in agree-
ment with previous reports [5,24]. Pettigrew and Moser

Table 8 The effect of dietary SID-Lys:ME ratio on sow body weight change in lactation (Exp. 2)

Item Parity  No. SID-Lys:ME ratio, g/Mcal P-value
2.1 2.4 2.7 3.0 33 Mean SEM Treat Linear Quadratic
Initial sow body weight, kg 1 31 200.2 204.0 199.1 2018 2078 202.3" 427 0.71 - -
2 32 2289 2208 2212 236.1 2270 2266 6.58 0.50 - -
3+ 87 2894 2846 286.0 2785 2791 2835° 557 0.60 - -
Total 150 2565 2536 2557 252.1 255.0 254.6 7.34 0.99 - -
Sow body weight at weaning, kg 1 31 1785 184.7 179.9 1822 1903 182.6" 4.69 0.50 0.19 0.53
2 32 209. 2034 2038 2209 2118 20977 661 035 032 091
3+ 87 2723 2686 2719 2640 2649 2683 565 0.77 030 098
Total 150 2378 2366 2398 2363 2401 238.1 765 0.99 084 0.90
Sow body weight change, kg’ 1 31 -21.8 -19.3 -19.3 -19.7 -174 -19.2 1.83 0.66 0.16 0.90
2 32 -19.8 -17.7 -176 -14.8 -152 -16.8” 144 0.11 0.01 049
3+ 87  -172° 160%™ -142°°  -144%  141° -154° 080 002 <00 0.14
Total® 150 -185° -168™ -156® 155 -149°  -163 074 <001 <00 023
"Initial sow body weight was used as a covariate in the analysis

2Parity effect was included in the model

3Parity effect and treatment effect was included in the model
b Wjithin a row, values with no common superscript differ significantly (P < 0.05)

* Y ZWithin a column, values with no common superscript differ significantly (P < 0.05)
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Table 9 The effect of dietary SID-Lys:ME ratio on sow feed intake in lactation (Exp. 2)
Item Parity No. SID-Lys:ME ratio, g/Mcal P-value
2.1 24 2.7 3.0 33 Mean? SEM Treat Linear Quadratic
Feed intake, kg/d 1 31 540 542 543 5.36 541 540" 0.12 1.00 0.89 0.98
2 32 553 551 5.50 548 549 550" 0.12 1.00 0.80 0.90
3+ 87 575 562 5.66 5.74 5.78 571 0.07 042 0.38 0.19
Total’ 150 567 560 561 5.64 567 5.64 0.06 0.80 0.58 0.33
Lysine intake, g/d 1 31 42.68¢ 48.20° 54.29° 57.86° 6541° 53.70" 3.32 < 001 <001 0.85
2 32 4367° 49.00° 54.96° 59.20° 66.39° 54.64* 342 < 001 < 001 0.89
3+ 87 45.44° 50.03¢ 56.62° 62.03° 69.91° 56.817 2.19 < 001 < 001 0.39
Total’ 150 44.95¢ 49884 56.14° 60.91° 68.54° 56.08 1.64 < 001 < 001 0.62

'Parity effect was included in the model
2Parity effect and treatment effect was included in the model

2 b < d eyithin a row, values with no common superscript differ significantly (P < 0.05)

* YWithin a column, values with no common superscript differ significantly (P < 0.05)

[25] summarized 19 experiments and found that feed
intake was reduced in 16 of the studies in which sows
were fed high energy diets. Feed intake was also reduced
for the sows fed the lowest ME level, in which the diet
was high in wheat bran (3.06 Mcal/kg of ME). In Exp. 2,
dietary energy intake was similar to the optimum ME
level obtained from Exp. 1 and lysine intake in the
groups differed as targeted. The responses to the differ-
ent SID-Lys:ME ratio diets obtained are mainly a func-
tion of the lysine intake of lactating sows.

Litter growth rate was improved for sows fed a higher
energy diet during lactation [5]. In Exp. 1, litter perfor-
mance was influenced as dietary ME level changed for
parity 3+ and the overall cohort of sows. However, a
ME level of 3.30 or 3.40 Mcal/kg did not improve litter

performance. Pluske et al. [26] also reported that when
metabolizable energy intake increased from 75 to 104
MJ/d (17.93 to 24.86 Mcal/d) there was no additional
weight gain of the litter. At a ME content of 3.25 Mcal/
kg obtained from Exp. 1, the litter weight gain increased
as the SID-Lys:ME ratio increased in Exp. 2 and the
estimated SID-Lys:ME ratio to optimize litter weight
gain was 3.05 g/Mcal in mixed parity lactating sows.
Other studies reported that litter weight gain was
improved by higher lysine intake as well [20,27,28].
Weaning-to-estrus interval is an important factor
affecting the overall reproductive efficiency of sows. A
short interval is necessary to maximize the number of
pigs marketed per sow per year [6]. A high energy
intake of sows resulted in a short weaning-to-estrus

Table 10 The effect of dietary SID-Lys:ME ratio on litter size (Exp. 2)

SID-Lys:ME ratio, g/Mcal P-value
Item Parity No. 2.1 24 2.7 3.0 3.3 Mean'> SEM  Treat Linear  Quadratic
No. piglets suckling 1 31 1043 10.67 10.67 10.71 10.60 10.61 0.27 0.95 - -
2 32 10.83 1014 1083 1083 1114 10.75 039 044 - -
3+ 87 1112 10.94 1072 1094 1078 10.90 023 078 - -
Total 150 1098 10.77 1078 1092 1085 10.86 017 089 - -
No. piglets weaned' 1 31 202 9.17 932 898 942 924 021 062 036 094
2 32 935 956 927 924 956 9429 030 077 0.25 0.10
3+ 87 918°  952%° 958 9897 9647 953 019 008 0.14 032
Total? 150 928 944 945 958 9,64 948 014 028 0.03 099
Mortality, %' 1 31 1468 1324 1183 1535 1097 1417 266 059 0.84 055
2 32 1241 10.55 1304 1396 1136 1250Y 256 082 062 049
3+ 87  1532°  1173® 1179 9197 1137° 1148 178 009 0.03 0.12
Total? 150 1356 11.92 1212 1131 1078 11.94 129 044 0.09 051

"Number of piglets suckling and lactation length were used as a covariate in the analysis

2Parity effect was included in the model
3Parity effect and treatment effect was included in the model

 PWithin a row, values with no common superscript differ significantly (P < 0.05)

* YWithin a column, values with no common superscript differ significantly (P < 0.05).
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Table 11 The effect of dietary SID-Lys:ME ratio on the growth of the litter (Exp. 2)
Item Parity  No. SID-Lys:ME ratio, g/Mcal P-value
2.1 24 27 3.0 3.3 Mean'® SEM Treat Linear Quadratic
Initial litter weight, kg 1 31 1357 13.68 14.26 1341 1337 13.65% 053 0.81 - -
2 32 1544 16.30 15.17 16.15 15.59 1574 0.77 0.85 - -
3+ 87 16.59 16.35 1648 16.13 16.24 16.36" 045 0.96 - -
Total 150 15.66 15.80 15.77 15.50 1561 1567 0.38 0.98 - -
Litter weight at weaning, kg' 1 31 68399 7181 7301 7528% 7615 7440° 217 <001 <001 0.84
2 32 7405% 7507 7730° 7999 7891 7666’ 163 <001 <001 096
3+ 87 77565 8031° 81.86° 85.02° 84.92° 81537 1.31 <001 <001 < 001
Total® 150 7574%  7833° 79.85° 82.60° 82.34° 79.77 116 <001 < 001 0.06
Litter weight gain, kg/d’ 1 311965 209° 213 2217 223 2117 005 <001 <001 0.13
2 32 2.09¢ 2.12°¢ 220 229° 2.25° 219" 004 <001 < 001 0.03
3+ 87 2.20¢ 2.30° 2.36° 247° 247° 236 004 <001 < 001 0.20
Total® 150 2.16¢ 2.25¢ 2.30° 2.40° 240° 2.30 003 <001 < 001 0.08

nitial litter weight, number of piglets suckling and lactation length were used as covariate in the analysis
Ynitial litt ight ber of piglet: kling and lactation length d fate in th lysi
2Parity effect was included in the model

3Parity effect and treatment effect was included in the model

2 b < dwithin a row, values with no common superscript differ significantly (P < 0.05)

* Y- 2Within a column, values with no common superscript differ significantly (P < 0.05)

interval in previous studies [17,18]. Higher-parity sows
demonstrated a shorter weaning-to-estrus interval in
Exp.1l and 2. The weaning-to-estrus interval was shor-
tened as the SID-Lys:ME ratio increased in Exp.2. Other
studies have reported that increasing lysine intake did
not affect weaning-to-estrus interval of sows [21,29,30].
These results may be due to the large lactation weight
loss for sows rather than the low lysine intake. Vesseur
et al. [31] found that sows losing more than 7.5% of
their body weight during lactation exhibited a prolonged
weaning-to-estrus interval. Similar results were reported

by Koketsu et al. [32]. Thaker and Bilkei [33] evaluated
data from 1677 sows and observed that the subsequent
reproduction performance of sows decreased as weight
loss increased during lactation.

Plasma urea nitrogen can represent a sensitive
response criterion for protein utilization [34] and its
concentrations decreased quadratically with increasing
dietary lysine intake [35]. Similar results were found in
Exp. 2. These results indicate that sows require a higher
dietary SID-Lys:ME ratio to minimize plasma urea nitro-
gen concentrations and presumably to minimize body
protein mobilization.

Plasma creatinine is an indicator of muscle catabolism
[28]. Its concentrations decreased when the dietary SID-

iig: N N Lys:ME ratio increased. This is likely a reflection of the
= 2401 fact that sows fed higher lysine lost less weight in lacta-
B 5354 tion and therefore were presumably catabolizing less
= 2.30 . muscle tissue. Sows body weight loss was positively cor-
-5 225 | related with non-esterified fatty acid concentrations and
> 2.20 4 their concentration has commonly been used as a post-
E" 2.15 4 partum measure of fat catabolism [21]. The lower con-
g 2.10 4 centrations could be a sign of a low capacity of the sows
5 2.05] to catabolize body fat tissue thus having lower body
£ 2004 weight loss [36]. Both implications are verified by the
= 9s] © good body condition of sows in Exp. 2.
T T T T T T T T T T T Plasma insulin-like growth factor-1 level plays an
2.02.1222324252.62.728293.03.1323334 . . - s
important role in determining nutritional status [37].
SID Lys:ME ratio, g/Mcal Insulin-like growth factor-1 concentrations increased as
Figure 1 Fitted broken-line of weight gain as a function of SID- the lysine intake of lactating sows increased [21,29].
Lys:ME ratio (Exp. 2). Observed mean values in each treatment Therefore, the increased concentrations of plasma insu-
(squares reprgsent parity 1, dots represent parity 2, triangles lin-like growth factor-1 observed in Exp. 2 suggest an
represent parity 3+) are shown.

improved metabolic state with a high SID-Lys:ME ratio.
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Table 12 The effect of dietary SID-Lys:ME ratio on the weaning-to-estrus interval of sows’ (Exp. 2)

Item Parity No. SID-Lys:ME ratio, g/Mcal P-value
2.1 24 2.7 3.0 33 Mean®  SEM Treat Linear  Quadratic
Weaning to estrus interval, d 1 24 700°  680° 5.75° 560° 560 6.16* 042 <001 <001 0.29
2 26 6.80 6.33 5.80 5.60 5.60 6.03* 045 0.14 0.01 037
3+ 79 586 575°° 541" 519" 525 550 020 006 <00 051
Total’ 129 644° 6.23° 5737 551° 5.55° 5.89 0.17 < 001 < 001 0.15

'Data on 129 sows. Sows which did not exhibit estrus within 20 days were excluded (not induced by the treatment effect). The sows were washed out largely

caused by other factors (such as leg problems, mastitis)
2Parity effect was included in the model
3Parity effect and treatment effect was included in the model

2 P jithin a row, values with no common superscript differ significantly (P < 0.05)
* YWithin a column, values with no common superscript differ significantly (P < 0.05)

Table 13 The effect of dietary SID-Lys:ME ratio on plasma metabolites of mixed parity sows (Exp. 2)

Item SID-Lys:ME ratio, g/Mcal P-value

2.1 2.4 2.7 3.0 3.3 SEM Treat Linear Quadratic
Glucose, mmol/L 574 578 530 533 541 0.26 0.55 0.18 0.55
Plasma urea nitrogen, mmol/L 594° 592° 579° 492° 480° 027 <001 <001 0.28
Creatinine, pmol/L 1223° 120.1° 118.8° 107.6° 109.8% 319 <007 <001 0.92
Non-esterifide fatty acids, mmol/L 053° 053° 0.50°° 048 048° 002 0.04 <001 0.95

2 PWithin a row, values with no common superscript differ significantly (P < 0.05)

Table 14 The effect of dietary SID-Lys:ME ratio on plasma metabolic hormones of mixed parity sows (Exp. 2)

Item SID-Lys:ME ratio, g/Mcal P-value

2.1 2.4 2.7 3.0 33 SEM Treat Linear Quadratic
Insulin, plU/mL 1855 1842 1868 19.49 1893 047 055 023 086
Insulin-like growth factor-1, ng/mL 1854° 185.0° 192.5% 2004 1984° 432 0.02 <001 0.86
Estradiol, pg/mL 23.69° 2444P 27.91° 28.18° 28.29° 117 <001 <001 0.25
Luteinizing hormone, miU/mL 6.11° 6.13° 6.46°° 752° 742 041 0.02 <001 0.74
Follicle-stimulating hormone, mIU/mL 10.69 10.61 11.29 11.21 11.23 0.51 0.81 0.30 0.78

2 PWwithin a row, values with no common superscript differ significantly (P < 0.05)

Estradiol is secreted mainly from the ovarian follicles
[29]. Sows fed higher SID-Lys:ME ratio diets had higher
plasma estradiol concentrations implying that lysine
intake could modulate follicular development during
lactation. Similar results were found by Yang et al. [29]
where the authors found that a high lysine intake
increased serum estradiol concentrations during late lac-
tation. Furthermore, a high lysine intake enhanced the
proportion of large follicles during proestrus [38]. In
Exp. 2, it can be concluded that increasing plasma estra-
diol may provide a positive effect on ovarian function
during late lactation. The shorter weaning-to-estrus
interval observed supports this hypothesis.

Luteinizing hormone plays an important role in the
reproductive performance of sows. Tokach et al. [39]
and Shaw and Foxcroft [40] reported that increased
plasma luteinizing hormone concentrations shortened

the weaning-to-estrus interval in sows. The shorted
duration to return to estrus after weaning was presumed
to be associated with an increased secretion of luteiniz-
ing hormone. However, inadequate lysine intake might
decrease the release of luteinizing hormone during lacta-
tion [28,29]. Our data showed that a high SID-Lys:ME
ratio in the diet increased luteinizing hormone concen-
tration on d 21 of lactation which might explain the
shorter weaning-to-estrus interval.

In conclusion, feeding lactating sows a diet with an
optimal ME concentration improved body condition and
voluntary feed intake of sows and increased litter
growth. Litter growth rate was maximized when ME
was 3.25 and 3.24 Mcal/kg for parity 3+ sows and the
overall cohort of sows, respectively. This result can be
expressed as 2.65 and 2.66 g/Mcal of SID-Lys:ME ratio.
Parity had significant effects on body weight loss,
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voluntary feed intake, and weaning-to-estrus interval of
sows. Based on the results obtained in the present stu-
dies, the optimum SID-Lys:ME ratio appears to be 3.05
g/Mcal for lactating sows fed at the ME level of 3.25
Mcal/kg in the diets.
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