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Objective: This experiment evaluated the effect of dietary supplementation levels of rapeseed
meal (RSM) in gestation diets on reproductive performance, blood profiles, milk composition
of sows, and growth of their progeny.

Methods: A total of 55 mixed-parity sows (YorkshirexLandrace; average parity = 3.82) with
an initial body weight (BW) of 193.0 kg were used in this experiment. Sows were allotted to
one of 5 treatments at breeding based on BW and backfat thickness in a completely random-
ized design. Treatments consisted of dietary RSM supplementation levels (0%, 3%, 6%, 9%,
and 12%) in gestation diets. During lactation all sows were fed a common lactation diet with
no RSM supplementation.

Results: Body weight, backfat thickness, litter size, lactation feed intake, and milk compo-
sition of sows, and growth of their progeny were not different among dietary treatments. In
blood profiles, a quadratic increase (Quadratic, p<0.05) in serum triiodothyronine (T3)
concentration and a linear increase (Linear, p<0.01) in serum thyroxine (T4) concentration
were observed at d 110 of gestation as dietary RSM supplementation levels increased. How-
ever, serum T3 and T4 concentrations in lactating sows and their piglets were not affected
by RSM supplementation of gestation diets. Concentrations of serum total cholesterol and
low density lipoprotein cholesterol in sows were not influenced by dietary treatments, whereas
serum glucose level in sows decreased linearly at d 110 of gestation (Linear, p<0.05) by in-
creasing dietary RSM supplementation in gestation diets.

Conclusion: The RSM could be supplemented to gestation diets up to 12% with no detri-
mental effects on reproductive performance and growth of their progeny. However, increasing
supplementation levels of RSM in gestation diets may increase serum T3 and T4 concen-
trations and decrease serum glucose concentration of sows in late gestation.
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INTRODUCTION

Rapeseed meal (RSM) is a by-product of oil extraction from rapeseed and contains 33% to
40% of protein [1,2], which is one of the cost-eftective protein sources for pig diets [3]. Com-
pared with soybean meal (SBM), RSM has lower lysine (6.0% vs 6.2% of protein) but greater
methionine (1.8% vs 1.4% of protein) content [1]. Furthermore, because RSM has higher
content of crude fiber (12.4% vs 6.1%) than SBM, it could be supplemented in gestation diets
to increase dietary fiber content for gestating sows [1]. However, limited amount of RSM
has been used in sow diets because of anti-nutritional factors in RSM such as glucosinolates
(Gls) and erucic acid [4]. So, generally RSM supplementation is limited up to 3% in breed-
ing sow diets [5].

Halkier and Gershenzon [6] reported that Gls hydrolysis products are mainly toxic. Their
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degradation products such as isothiocyanates, thiocyanates,
oxazolidinethiones, and nitriles reduce lactation feed intake
of sows [3], and interfere with iodine uptake and synthesis of
the thyroid hormones [7]. In addition, Gls are associated with
a poor performance in reproduction such as delayed sexual
maturity, decrease of embryo survival rates, low conception
rate and fetal survival rates [3,8]. In the case of erucic acid, high
intake is also toxic, and may cause heart damage and lipidosis
in cardiac tissues [9] because it is poorly oxidized by mito-
chondrial B-oxidation system [10]. Therefore, the objective
of the present study was to evaluate the effect of dietary sup-
plementation levels of RSM on reproductive performance,
blood profiles and milk composition of sows and performance
of their progeny.

MATERIALS AND METHODS

Animals and diets

A total of 55 mixed-parity sows (YorkshirexLandrace, average
parity 3.82) with an initial body weight (BW) of 193.0 kg were
allotted to 1 of 5 dietary treatments in a completely random-
ized design. All sows were artificially inseminated (Darby Al
center, Choongju, Korea) by 3 times at 12 h interval. Rapeseed
meal (Brassica. Juncea) was an imported from India. Brassica.
Juncea had high content of gluconapin (36.64 umol/g) in RSM
and gluconapin represented approximately 77% of total Gls in
this study (Table 1). Five experimental diets containing dif-
ferent levels of RSM (0%, 3%, 6%, 9%, and 12%) were provided
to sows during gestation. During lactation all sows were fed
a common diet without RSM supplementation after farrow-

Table 1. Chemical composition and anti-nutritional factors content of rapeseed
meal (as dry matter basis)

Item Content

Analyzed chemical composition (%)

Crude protein 3338
Ether extract 1.52
Crude ash 9.34
Amino acids (% of protein)
Arginine (Arg) 8.64
Histidine (His) 3.30
Isoleucine (Ile) 4.28
Leucine (Leu) 5.23
Lysine (Lys) 5.51
Methionine (Met) 1.34
Phenylalanine (Phe) 4.54
Threonine (Thr) 4.71
Valine (Val) 4.65
Glucosinolates (umol/g)
Progoitrin 0.38
Sinigrin 10.28
Gluconapin 36.64
Total glucosinolates 47.30
Erucic acid (mg/g) 5.23
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ing regardless of the gestation treatments. Each diet in gestation
contained 3,265 kcal of metabolizable energy (ME)/kg, 12.9%
of crude protein (CP), 0.74% of total lysine and the assigned
levels of RSM, respectively. Rapeseed meal was supplemented
to the diets with replacement of corn, SBM, and tallow (Table
2). The lactation diet contained 3,269 kcal of ME/kg, 16.8%
of CP and 1.09% of total lysine. All nutrients met or exceeded
NRC [11] nutrient requirement estimates. The formula and
chemical composition of experimental diets were presented
in Table 2.

Housing and management

Gestating sows were housed in individual stalls (2.40x0.64 m),
which were installed on concrete floor in a temperature-con-
trolled room with automatic fans and individually fed a total
of 2.4 kg/d divided equally to two meals at 08:00 and 16:00
during the entire gestation period. Pregnancy of sows was
confirmed on d 35 after mating via ultrasound (Eagle scan,
Dong Jin BLS Co, LTD, Sungnam, Korea). After d 110 of ges-
tation, all sows were moved into individual farrowing crates
(2.5x1.8 m) and housed until weaning.

After parturition, a common lactation diet was provided to
all sows and gradually increased from 1 kg/d by 0.5 kg/d until
5 day postpartum with a free access to water. From 5 day post-
partum, feed and water were provided ad libitum to sows.
Within 24 h postpartum, Fe-dextran (150 ppm) injection, ear
notching, needle teeth clipping and tail docking were performed
on each piglet. Piglets were cross-fostered across treatments
within 3 days after birth to balance suckling intensity across
sows with equalization of litter size, thus to minimize any
impact of initial litter size potentially affecting litter growth.

Feeding trial

Body weight and backfat thickness of sows were measured at
mating, d 110 of gestation, 24 h postpartum and d 21 of lac-
tation. An ultra-sound device (Lean-meter, Renco Corp.,
Minneapolis, ME, USA) was used for measuring backfat thick-
ness at P2 position (mean value from both side of the last rib
and 65 mm away from the backbone). The number of total
born and born alive were recorded within 24 h postpartum
and the number of pigs was recorded after cross-fostering and
at 21 d of lactation. Lactation feed intake was recorded week-
ly. Piglet weight was recorded at 24 h postpartum, after cross-
fostering and at 21 day of lactation. Litter weight was calculated
by summing the individual piglet weights. Weaning to estrus
interval (WEI) was determined by monitoring for estrus from
3 to 10 day after weaning.

Blood profiles

For the initial level, blood samples were randomly taken from
13 sows immediately before mating. Colostrum, milk and
blood samples were collected from 5 sows with 7 to 12 piglets
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Table 2. The formula and chemical composition of experimental diets in gestation and lactation (as-fed basis)"

Treatment? )
Item Lactation
RSM 0 RSM 3 RSM 6 RSM 9 RSM 12
Ingredients (%)
Corn 78.68 7735 76.00 74.66 7335 67.51
Soybean meal, 45% crude protein 15.24 13.05 10.84 8.67 6.46 25.57
Tallow 0.74 1.37 2.01 2.64 3.26 0.00
Soy oil 0.00 0.00 0.00 0.00 0.00 1.30
Sugar molasses 1.00 1.00 1.00 1.00 1.00 1.00
Rapeseed meal 0.00 3.00 6.00 9.00 12.00 0.00
L-lysine-HCl 0.37 0.37 0.37 0.36 0.35 0.60
DL-methionine 0.05 0.03 0.02 0.00 0.00 0.00
Dicalcium phosphate 2.48 2.4 2.34 2.25 2.16 2.30
Limestone 0.84 0.82 0.82 0.82 0.82 0.85
Vitamin premix” 0.10 0.10 0.10 0.10 0.10 0.20
Mineral premix” 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30 0.30 0.42
Choline chloride-50 0.10 0.10 0.10 0.10 0.10 0.15
Analyzed chemical composition (%)
Crude protein 13.36 12.73 12.48 13.08 12.56
Ether extract 4.87 4.49 4.84 4.46 5.80
Crude ash 4.29 3.76 3.94 3.63 4.02
Amino acids (% of protein)
Arginine 6.45 6.92 6.91 6.13 6.54
Histidine 2.76 2.74 2.41 2.85 3.28
Isoleucine 3.57 3.98 3.70 3.77 3.79
Leucine 8.36 7.61 7.14 7.81 8.07
Lysine 8.07 8.68 8.38 8.68 781
Methionine 1.20 1.32 1.24 1.42 1.15
Phenylalanine 4.25 4.43 4.16 434 4.10
Threonine 343 3.66 3.21 3.45 3.56
Valine 4.46 471 421 4.63 451

" Daily feed provision of gestation was 2.4 kg/d and lactation feed was provided ad /ibitum.

? RSM 0: basal diet; RSM 3: basal diet+3% RSM; RSM 6: basal diet+6% RSM; RSM 9: basal diet+9% RSM; RSM 12: basal diet+12% RSM.
¥ Provided per kilogram of diet: vitamin A, 10,000 IU; vitamin D5, 1,500 IU; vitamin E, 35 1U; vitamin K, 3 mg; vitamin B,, 4 mg; vitamin B, 3 mg; vitamin B,,, 15 pg; pantoth-

enic acid, 10 mg; biotin, 50 pg; niacin, 20 mg; folic acid 500 pg.

% Provided per kilogram of diet: Fe, 75 mg; Mn, 20 mg; Zn, 30 mg; Cu, 55 mg; Se, 100 pg; Co, 250 mg; I, 250 mg.

from each treatment and 5 piglets (one piglet from one sow)
were used to collect blood. Blood samples were collected from
sows through jugular vein into serum separation tubes at d
110 of gestation as well as 24 h and 21 d postpartum and from
nursing piglets through anterior vena cava at 24 h and 21 d
after birth. Blood samples were centrifuged at 1,700 g at 4°C
for 15 min (Eppendorf centrifuge 5810R, Hamburg, Germany)
to separate serum. Serum triiodothyronine (T3) and thyroxine
(T4) concentrations were measured by electrochemilumi-
nescence immunoassay (T3 and T4 Kits, Roche, Mannheim,
Germany). Serum total cholesterol, low density lipoprotein
(LDL) cholesterol and high density lipoprotein (HDL) choles-
terol concentrations were analyzed using enzymatic colorimetric
assay (Cholesterol Kit; LDL-C plus 2nd generation Kit; HDL-C
plus 3nd generation Kit, Roche, Germany). Serum glucose and
blood urea nitrogen (BUN) concentrations were analyzed
using a kinetic UV assay (Glucose Hexokinase Kit; UREA/
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BUN Kit, Roche, Germany).

Milk composition

Colostrum and milk were collected from the first and second
teats at 24 h and 21 d postpartum after an intravascular in-
jection with 5 IU oxytocin (Komi oxytocin inj. Komipharm
International Co.,, Ltd., Siheung, Korea) in the ear. All samples
were stored at —20°C until analysis.

Feed analysis

Rapeseed meal and experimental diets were analyzed for CP
(976.05), ether extract (920.39, and crude ash (942.05) by
AOAC [12]. Proximate analysis of colostrum and milk was
conducted using Milkoscan FT 120 (FOSS Electric, Sungnam,
Korea). Amino acid content in RSM was carried out according
to Moore [13] and AccQ-Tag regent kits were used (Waters,
Milford, MA, USA). Performic acid was used in oxidizing
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amino acids and neutralized with sodium citrate dihydrate,
and then hydrolyzed with 6 N HCI for 24 h at 110°C to be lib-
erated from the protein. Amino acids were analyzed on high
performance of chromatography (HPLC; Waters 486, USA).
All of separations were generated on NOVA-Pak C18 (4 um)
column (Waters, USA) with temperature controlled at 37°C
and operated with flow rate of 1 mL/min).

Anti-nutritional factor analysis

Glucosinolates were extracted from RSM with 2 mL of boiling
methanol solution (70% vol/vol) and 200 pL internal standard
spike solution of glucotropaeolin (ChromaDex, Irvine, CA,
USA) was added immediately [14] and extracted Gls were
purified on a DEAE Sephadex A-25 anion exchange column
(St. Louis, MO, USA). Three types of Gls in RSM were de-
termined by using (HPLC; Sunnyvale, CA, USA). Desulfo-
glucosinolates were separated using a Synergi Fusion-RP 80A
(100x3 mm, 4 pm, Phenomenex, Torrance, CA, USA) with
a flow rate of 1 mL/min. Glucosinolates (progoitrin, sinigrin,
and gluconapin) were confirmed by a Finnigan LCQ Deca XP
plus Ion Trap Mass Spectrometer system (Thermo Finnigan,
San Jose, CA, USA) which confirmed by LC-ESI-MS in posi-
tive mode.

Erucic acid content in RSM was analyzed on 7890 Agilent
gas liquid chromatograph (Agilent Technologies, Palo Alto,
CA, USA) and equipped with flame ionization detector and
the column was SP-2560 (i.d. 100 mx0.25 mmx0.20 um film).
Nitrogen was used as carrier gas, injector core temperature was
250°C, detector temperature was 260°C and column temper-
ature was programmed to begin at 170°C, and then increase
to 250°C remained at 240°C for 40 min. Chromatography was
calibrated with a mixture of 37 different fatty acids (FAME 37;
Supelco Inc., Bellefonte, PA, USA) and this standard contain-
ing fatty acids ranging from C4:0 to C24:1n9 and samples were
added 250 pL of internal standard spike solution (pentadec-
anoic acid; Sigma-Aldrich Co. LLC. St. Louis, MO, USA) by
the method of AOAC [12].

Statistical analysis

Three sows were excluded from data analysis for gestation due
to leg weakness during gestation (1 sow from each of 0%, 6%,
and 12% of RSM supplementation, respectively), and then 1
sow (12% of RSM supplementation) was excluded from data
analysis for lactation due to a lack of appetite after parturition.
Data were analyzed by analysis of variance for a completely
randomized design using the general linear model procedure
of SAS [15]. Least squares means were calculated for each
independent variable. Orthogonal polynomial contrasts were
used to determine linear and quadratic effects by increasing
dietary RSM levels in gestation for all measurements of sows
and piglets, blood profiles, and milk composition. Individual
sows and their litters were used as the experimental unit. Al-
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pha level used for the determination of significance for all
analysis was 0.05 and tendency for all analysis was p=0.05 and
p<0.10.

RESULTS

Rapeseed meal used in this study contained progoitrin (0.38
+0.17 pmol/g), sinigrin (10.28+1.54 pmol/g) and gluconapin
(36.64+ 6.89 pmol/g), resulting in 47.30+8.58 pmol/g of total
Gls on a dry matter (DM) basis (Table 1). Erucic acid content
in RSM was 5.23+2.57 mg/g on a DM basis. Glucosinolates
content in the diets was equivalent to 0, 1.41, 2.83, 4.25, and
5.67 umol/g and erucic acid content was equivalent to 0, 0.16,
0.31, 0.47, and 0.63 mg/g for 0%, 3%, 6%, 9%, and 12% of RSM
supplementation treatments, respectively (Table 3).

Body weight and backfat thickness at mating and d 110 of
gestation and during lactation were not affected by dietary
RSM levels in gestation diets, and there were no differences
in lactation feed intake and WEI as dietary RSM supplemen-
tation levels in the gestation diet increased (Table 4). Litter size,
piglet and litter performance were not affected by dietary RSM
levels in gestation diets (Table 5).

Serum T3 (Quadratic, p<0.05) and T4 (Linear, p<0.01) con-
centration of sows at d 110 of gestation increased by increasing
dietary RSM supplementation levels in the gestation diets (Ta-
ble 6) and the highest values of serum T3 and T4 concentration
were observed when sows were fed the diet containing 12%
RSM. However, concentrations of serum T3 and T4 in lactat-
ing sows and their piglets were not affected by dietary RSM
levels in gestation diets (Tables 6, 7).

Serum HDL cholesterol concentration at d 110 of gestation
and 24 h postpartum tended to decrease as dietary RSM sup-
plementation level in the gestation diets increased up to 6%
and 9%, respectively, and then increase as dietary RSM sup-
plementation level increased up to 12% (Quadratic, p = 0.08
and p = 0.09, respectively; Table 8), whereas concentrations of
serum total cholesterol and LDL cholesterol were not influ-

Table 3. Effect of rapeseed meal (RSM) supplementation levels in gestation diets
on glucosinolates (Gls) and erucic acid intake in sows during gestation period

Treatment"?

RSMO RSM3 RSM6 RSM9 RSM 12

Gestation feed intake (kg/d) 2.40 2.40 2.40 2.40 2.40
Gls in diet (umol/g) - 1.41 2.83 4.25 5.67

Item

Daily Gls intake (umol/g) - 102 408 918 1633
Erucic acid in diet (mg/g) - 0.16 0.31 0.47 0.63
Daily erucic acid intake (mg/g) - 384 744 1128 1512

" RSM 0: basal diet; RSM 3: basal diet+3% RSM; RSM 6: basal diet+6% RSM;
RSM 9: basal diet+9% RSM; RSM 12: basal diet+12% RSM.

? Gls content in the diets was equivalent to 0, 1.41, 2.83, 4.25, and 5.67 pmol/g
and erucic acid content in the diets was equivalent to 0, 0.16, 0.31, 0.47, and 0.63
mg/q for 0%, 3%, 6%, 9%, and 12% of RSM supplementation groups, respec-
tively.
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Table 4. Effect of rapeseed meal (RSM) supplementation levels in gestation diets on body weight, backfat thickness, lactation feed intake and weaning to estrus interval of
gestation and lactation

Treatment” p-value
Item SEM
RSM 0 RSM 3 RSM 6 RSM 9 RSM 12 Lin. Quad.
No. of sows” 10 11 10 11 10
Body weight (kg)
At mating 193.8 194.3 192.3 191.0 195.7 5.78 0.799 0.564
110 d of gestation 246.5 252.5 241.8 246.3 246.9 4.71 0.867 0.554
Gestation gain (d 0 to 110) 52.6 58.2 49.5 55.3 51.1 1.98 0.857 0.911
24 h postpartum 220.0 2303 220.6 225.1 2245 4.79 0.964 0.602
21 d of lactation 214.9 228.5 215.5 223.5 2147 5.26 0.780 0.340
Lactation change (d 0 to 21) -5.1 -1.8 -5.0 -1.6 -9.8 1.49 0.413 0.235
Backfat thickness (mm)
At mating 18.9 18.8 18.7 19.1 19.6 1.98 0.624 0.703
110 d of gestation 22.7 22.7 22.5 22.2 22.6 0.57 0.962 0.833
Gestation gain (d 0 to 110) 3.8 3.9 3.8 3.0 3.0 0.65 0.527 0.872
24 h postpartum 21.8 22.2 223 21.9 22.2 0.68 0.828 0.937
21 d of lactation 20.1 214 21.1 21.0 203 0.74 0.891 0.443
Lactation change (d 0 to 21) -1.7 -0.9 -1.3 -0.9 -1.8 0.47 0.610 0.285
Lactation feed intake (kg/d) 5.03 4.77 5.01 4.67 4.56 0.137 0.296 0.805
Weaning to estrus interval (d) 5.1 49 4.6 5.1 5.3 0.16 0.414 0.142

SEM, standard error of mean; Lin., linear; Quad., quadratic.
" RSM 0: basal diet; RSM 3: basal diet+3% RSM; RSM 6: basal diet+6% RSM; RSM 9; basal diet+9% RSM; RSM12: basal diet+12% RSM.
? Sows were excluded from data analysis due to leg weakness in gestation (1 sow from each of RSM 0, 6, and 12).

enced by dietary RSM levels in gestation diets. Serum glucose compositions were not affected by dietary RSM levels in ges-
level at d 110 of gestation decreased linearly as dietary RSM tation diets at 24 h postpartum and weaning (Table 9).
supplementation levels increased (Linear, p<0.05), whereas

at 24 h postpartum and weaning it was not difterent by dietary DISCUSSION

RSM levels in gestation diets (Table 8). Serum urea nitrogen

was not affected by RSM levels in the gestation diets during It was previously reported that a high level of Gls from RSM
gestation and lactating periods (Table 8). Colostrum and milk in the gestation diet resulted in poor reproductive performance,

Table 5. Effect of rapeseed meal (RSM) supplementation levels in gestation diets on litter size and litter performance of sows

Treatment” p-value
Item SEM
RSM 0 RSM 3 RSM 6 RSM 9 RSM 12 Lin. Quad.
No. of sows” 10 1 10 1 9
Litter size, no. of piglets
Total born 12.56 12.00 10.10 11.14 10.38 0.520 0.111 0.521
Born alive 10.67 10.55 8.80 10.43 10.22 0.420 0.765 0.674
After cross-fostering 10.78 11.00 10.70 10.38 10.13 0.187 0.160 0.412
Weaning pigs (d 21) 9.89 9.64 10.00 9.63 9.25 0.254 0.470 0.371
Litter weight (kg)
At birth 16.96 16.27 13.61 15.35 15.97 0.550 0.398 0.518
After cross-fostering 17.19 16.85 16.82 15.84 15.50 0.036 0.640 0.855
21 d of lactation 54.71 50.95 57.99 52.74 51.63 1.910 0.777 0.357
Weight gain (d 0 to 21, kg/d) 1.79 1.62 1.96 1.76 1.72 0.089 0.879 0.405
Piglet weight (kg)
At birth 1.59 1.54 1.55 1.47 1.56 0.041 0.555 0.891
After cross-fostering 1.60 1.53 1.57 1.53 1.53 0.351 0.115 0.649
21 d of lactation 5.53 5.29 5.80 5.48 5.58 0.126 0.757 0.800
Weight gain (d 0 to 21, kg/d) 0.19 0.18 0.20 0.19 0.19 0.005 0.599 0.716

SEM, standard error of mean; Lin., linear; Quad., quadratic.
"RSM 0: basal diet; RSM 3: basal diet-+3% RSM; RSM 6: basal diet+6% RSM; RSM 9: basal diet+9% RSM; RSM 12: basal diet+12% RSM.
? Sows were excluded from data analysis due to leg weakness in gestation or no appetite after parturition or (1 sow from each of RSM 0, and 6; 2 sows from RSM 12).
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Table 6. Effect of rapeseed meal (RSM) supplementation levels in gestation diets on serum triiodithyronine (T3) and thyroxine (T4) concentrations in sows

Treatment” p-value
Item SEM
RSM 0 RSM 3 RSM 6 RSM 9 RSM 12 Lin. Quad.
No. of sows 5 5 5 5 5
Triiodithyronine (ng/mL)
Initial 1.10 - - - - - - -
110 d of gestation 0.68 0.68 0.60 0.64 0.76 0.020 0.359 0.029
24 h postpartum 1.10 0.93 0.85 0.95 1.05 0.060 0.829 0.097
21 d of lactation 0.70 0.60 0.63 0.65 0.60 0.025 0.449 0.667
Thyroxine (ng/mL)
Initial 4.40 - - - - - - -
110 d of gestation 1.72 2.10 1.96 2.38 2.62 0.097 0.004 0.709
24 h postpartum 3.13 2.40 2.43 3.00 3.18 0.212 0.653 0.216
21 d of lactation 2.28 2.20 2.45 3.03 2.23 0.135 0.479 0.357

SEM, standard error of mean; Lin., linear; Quad., quadratic.

" RSM 0: basal diet; RSM 3: basal diet+3% RSM; RSM 6: basal diet+6% RSM; RSM 9: basal diet+9% RSM; RSM 12: basal diet+12% RSM.

low palatability and high piglet mortality [16,17]. Addition-
ally, in gestating sows, feeding a high Gls rapeseed diet without
iodine addition accelerated the incidence of iodine deficiency
[7] with prolonged pregnancy and piglets being stillborn with
impaired viability [16,18]. In the results of the current study,
however, RSM supplementation in the gestation diet had no
effects on sow BW, backfat thickness, WEI, and growth of their
progeny. In contrast, previous studies reported impaired re-
productive performance such as poor fetal development, low
survival rate, poor conception rates and litter size when sows
were fed the diet containing 7% to 8% of RSM with 4 umol/g
Gls [8,16,18]. Although, there was no clear evidence to fully
describe the possible reasons of negative effects of Gls on
animal reproduction, it has been reported that Gls led to mal-
nutrition due to thyroid dysfunction, transfer of goitrogenic
compounds to fetus and reduced nutrient transfer to fetus
through placenta [8]. Therefore, Canada and EU regulated the
inclusion level of RSM up to 3% and the Gls content below 2
umol/g in sow diets even though gilts and breeding sows were
more susceptible to these Gls and RSM levels [5,8].

Lee and Hill [19] reported that low palatability of RSM was
due to smell and bitter taste. The decrease in feed intake re-

sulted from high content of erucic acid, bitter taste of sinapine,
and an astringent effect in mouth due to tannin [4,5]. Besides
progoitrin could be converted to oxazolidinethion, one of Gls
hydrolysis products, and feed intake was significantly reduced
when progoitrin levels were 2.30 to 4.65 pmol/g in the animal
diet [10,20, 21]. In this experiment, because progoitrin levels
(0,0.0113, 0.0227, 0.0341, and 0.0455 pmol/g DM basis) in the
gestation diets were less than 2.30 pmol/g, feed intake during
whole experimental period was not affected by dietary RSM
supplementation in gestation diets.

High Gls RSM diet without iodine addition caused iodine
deficiency disease in gestating sows with increased thyroid
activity and serum T4 concentration [7]. In the present experi-
ment, serum concentrations of T3 and T4 increased atd 110
of gestation as dietary RSM levels increased. The hydrolysis
products of Gls, thiocyanates, were strongly related with goi-
trogenic substance, which interfered with iodine uptake and
inhibited the synthesis of thyroid hormones T3 and T4 [7,8,17,
22]. Schone et al [23] reported that serum iodine concentration
was associated with change of hormone turnover, hormone
requirement for tissues, and thyroid activity related with serum
T3 and T4 concentrations. High serum T4 concentration re-

Table 7. Effect of rapeseed meal (RSM) supplementation levels in gestation diets on serum triiodithyronine (T3) and thyroxine (T4) concentrations in piglets

Treatment”

p-value
Item SEM
RSM 0 RSM 3 RSM 6 RSM 9 RSM 12 Lin. Quad.

No. of nursing pigs 5 5 5 5 5
Triiodithyronine (ng/mL)

24 h postpartum 0.70 0.60 0.63 0.65 0.60 0.025 0.448 0.666

21 d of lactation 1.13 1.18 1.15 1.15 1.15 0.040 0.940 0.850
Thyroxine (ng/mL)

24 h postpartum 2.28 2.20 2.45 3.03 2.23 0.135 0.478 0.365

21 d of lactation 4,53 5.00 5.00 5.03 5.23 0.180 0.390 0.786

SEM, standard error of mean; Lin., linear; Quad., quadratic.

" RSM 0: basal diet; RSM 3: basal diet+3% RSM; RSM 6: basal diet+6% RSM; RSM 9: basal diet+9% RSM; RSM 12: basal diet+12% RSM.
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Table 8. Effect of rapeseed meal (RSM) supplementation levels in gestation diets on blood profiles of sows

Choi et al (2018) Asian-Australas J Anim Sci 31:386-394

Treatment”

p-value
Item SEM
RSM 0 RSM 3 RSM 6 RSM 9 RSM 12 Lin. Quad.
No. of sows 5 5 5 5 5
Total cholesterol (mg/dL)
110 d of gestation 53.40 46.20 49.40 52.20 56.60 1.53 0.244 0.311
24 h postpartum 52.75 38.50 43.25 33.50 44.50 3.04 0.338 0.183
21 d of lactation 78.50 64.75 76.50 80.00 74.00 2.56 0.744 0.749
Serum low density lipoprotein cholesterol (mg/dL)
110 d of gestation 27.60 21.8 25.20 26.80 21.20 1.04 0.459 0.125
24 h postpartum 33.00 21.25 26.75 19.75 27.50 2.45 0.492 0.228
21 d of lactation 44.25 37.00 47.75 45.00 43.25 1.64 0.617 0.860
Serum high density lipoprotein cholesterol (mg/dL)
110 d of gestation 21.00 18.80 18.00 18.80 21.00 0.62 1.000 0.077
24 h postpartum 18.50 13.50 14.50 11.75 16.25 1.03 0.381 0.085
21 d of lactation 30.25 27.00 29.25 36.00 30.50 134 0.336 1.000
Serum glucose (mg/dL)
110 d of gestation 79.80 83.20 78.60 76.40 72.80 1.35 0.020 0.264
24 h postpartum 80.75 85.50 83.75 91.75 94.00 3.26 0.202 0.871
21 d of lactation 71.25 85.00 81.25 82.75 79.25 1.96 0.914 0.377
Blood urea nitrogen (g/dL)
110 d of gestation 9.58 10.22 9.48 9.26 8.86 0.29 0.297 0.562
24 h postpartum 11.18 11.70 9.83 12.88 9.15 0.72 0.479 0.457
21 d of lactation 12.05 14.40 14.38 15.15 14.43 0.49 0.134 0.211

SEM, standard error of mean; Lin., linear; Quad., quadratic.

" RSM 0: basal diet; RSM 3: basal diet+3% RSM; RSM 6: basal diet+6% RSM; RSM 9: basal diet+ 9% RSM; RSM 12: basal diet+12% RSM.

flected high thyroid activity that induced liver and thyroid
hypertrophy, and reduced contents of serum zinc and red blood
cell counts [5]. Therefore, the result of the current study in-
dicated that RSM supplementation in gestation diets could
alter thyroid functions in sows during gestation. However, no
differences were observed in sera T3 and T4 concentrations
among dietary treatments during lactation period either in

sows or in piglets, suggesting that RSM supplementation in the
gestation diets had no influences in thyroid function of sows
and their progeny during lactation.

Thyroid hormone was an important modulator of interme-
diary metabolism by hypercholesterolemia of hypothyroidism
and was associated with altered lipoprotein metabolism and
increased serum LDL cholesterol [24]. Mckinnon and Bowland

Table 9. Effect of rapeseed meal (RSM) supplementation levels in gestation diets on milk composition of sows”

Treatment?

p-value
Item SEM
RSM 0 RSM 3 RSM 6 RSM 9 RSM 12 Lin. Quad.
Colostrum at 24 h postpartum (%)
Casein 8.41 6.18 7.50 6.29 6.53 0.403 0.216 0.469
Fat 7.38 9.24 7.91 6.53 6.21 0.467 0.340 0.484
Protein 11.09 7.96 9.78 8.19 8.54 0.562 0.238 0.441
Lactose 3.75 4.27 4.06 4.20 417 0.096 0.298 0.316
Total solid 25.32 23.94 22.72 21.25 21.30 0.659 0.185 0.738
Solid not fat 15.21 12.49 14.21 12.79 13.12 0.483 0.261 0.462
Milk at 21 d of lactation (%)
Casein 4.68 434 4.48 4.55 4.42 0.048 0.365 0.382
Fat 1.23 7.38 1.24 7.65 6.71 0.177 0.569 0.381
Protein 5.43 494 5.14 5.11 5.00 0.066 0.155 0.339
Lactose 5.79 6.02 5.89 6.06 5.98 0.036 0.117 0.362
Total solid 20.04 19.78 19.83 20.17 18.98 0.211 0.289 0.484
Solid not fat 11.30 10.93 11.05 11.10 11.06 0.055 0.404 0.215

SEM, standard error of mean; Lin., linear; Quad., quadratic.
" Colostrum and milk samples were collected from 5 sows in each treatment.

2 RSM 0: basal diet; RSM 3: basal diet+3% RSM; RSM 6: basal diet+6% RSM; RSM 9: basal diet+9% RSM; RSM 12: basal diet+12% RSM.
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[25] demonstrated that hypothyroid condition was related to
increase serum total cholesterol concentration in weaning pigs
fed the diet containing high Gls RSM and double low RSM
(low Gls and erucic acid in rapeseed) compared with those
fed the diet with no RSM supplementation. However, in this
study, there were no differences in total and LDL cholesterol
concentrations by RSM supplementation. These results demon-
strated that sows fed RSM diet were less sensitive to Gls than
piglets and its effects were not observed by short supplemen-
tation period (gestation 0 to 110 day).

In this study, a linear decrease of serum glucose was obser-
ved at d 110 of gestation as dietary RSM level increased. Due
et al [26] reported that high monounsaturated fatty acid diets
reduced serum glucose concentration. From results of Kracht
et al [27], RSM contained high amount of monounsaturated
oleic acid (51.3% of total fatty acid) and polyunsaturated lin-
oleic acid (26.8% of total fatty acid). This could be a possible
reason for decrease of serum glucose levels in sows in late
gestation by increasing RSM supplementation level in the
gestation diets.

Blood urea nitrogen depended on quality and quantity of
protein in animal diets [28]. Biological value of RSM protein
was 95% of SBM protein and protein digestibility was lower in
RSM compared with SBM [29]. In this study, however, serum
BUN concentration was not affected by dietary treatments
during gestation and lactation periods and protein availability
of RSM was not differ compared to that of SBM.

The results of milk composition in the current study were
supported by previous studies. Mawson et al [8] reported that
sows fed RSM containing diets did not affect milk composi-
tion during four reproductive cycles. Fisher and Walsh [30]
also reported that milk composition of fat, protein and solid
not fat were not changed by RSM supplementation. In the
current study, increasing dietary RSM supplementation levels
did not affect milk composition of lactating sows.
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