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lleal Amino Acid Digestibility in Different Cultivars of Chinese Rapeseed Meals
for Growing-finishing Pigs**

Xi Pengbin, Defa Li* and Liming Gong
China Agricultural University, National Feed Engineering Technology Research Center
Ministry of Agriculture Feed Industry Center, Beijing, P. R. China

ABSTRACT : Studies were conducted with nine barrows, average initial body weight 44.5+2.1 kg, fitted with a T-cannula at the distal
ileum, to determine the apparent ileal (and true) digestibility (AID and TID) of CP and AA in different cultivars of rapeseed meals and
soybean meal. The barrows were fed either a casein diet or one of eight corn starch-based semipurified diets, formulated to contain
17.0% CP (DM basis) with one of seven different cultivars of rapeseed meal or soybean mea as the sole source of dietary protein,
according to a six-period, nine-treatment, incomplete Latin Square. Chromic oxide (0.5%) was used as a digestibility marker. The pigs
were fed of 4% of body weight twice daily, at 08:00 and 20:00 h. Ileal digesta were collected at 2 h intervals daily from5d to 7 d. The
AID or TID vaues of CP and most AA (Cysteine excluded) were significantly lower in the rapeseed meals than in soybean meal
(p<0.05). There were significant differences in the AID or TID values of CP and AA among the seven different cultivars rapeseed meals
(p<0.05); the seven rapeseed meals were arranged according to the size of the AA digestibility values of the rapeseed meals from the
greatest to the least, as Zayou 59, Youyan 7, Ganyou 16, Qingyou 2, Huaza 3, Ningza 1 and Lianglou 586; differencesin CP, AA, NDF
and ADF contents in the rapeseed meals were mainly responsible for the variation in the AID or TID values of AA among rapeseed
meals. The AID value of CP can be used as an index of the AID or TID values of most AA in rapeseed meals. However, the AID value of
CP was less appropriate as a direct indicator of the AID or TID values for cysteine, methionine, tryptophan, phenylaanine and proline.

(Asian-Aust. J. Anim. Sci. 2002. Vol 15, No. 9: 1326-1333)
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INTRODUCTION

The CP content in rapeseed mea is abundant, about
32.0%-44.3%, and the profile of AA in the CP reflects a
good balance, so rapeseed mea is a valuable aternative
protein supplement to soybean meal in China (Li et 4.,
1995). However, the high levels of crude fiber (8.81%-
13.20%) and glucosinolates (4.0%-6.0%) in rapeseed meal
have negative effects on the digestibility and absorption of
CP and AA by single stomach animals (Rundgren et d.,
1985; Mitaru et a., 1984). Therefore, It is important to
mesasure not only the total AA content in rapeseed meal, but
also the corresponding AA digestibility values, in order to
formulate a balance diet containing rapeseed meal (Green
and Kiener, 1989). Determinations of the AID values in
feedstuffs provide better estimates for AA availability in
pigs than do fecal measurements (Sauer and Ozimek, 1986;
Tanksley and Knabe, 1993). But ileal cannula methods are
complex and expensive, so studies on the ileal digestibility
of AA in rapeseed meals are none in China, except for the
study determining AA ileal digestibility in Chinese rapeseed
meal using the regression technique (Li et al., 2000).

The objectives of this study were to investigate
differences among the AID and TID values of AA in seven
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cultivars rapeseed meals and to identify factors responsible
for the differences.

MATERIALS AND METHODS

Animals and housing

Nine crossbred barrows (DurocxLandrance), average
initial body weight 44.5+2.1 kg, were surgically fitted with
a smple T-cannula at the distal ileum according to
procedures adapted from Gargallo and Zimmerman (1980).
After surgery, the barrows were individually housed in cast
iron metabolic cages (50x150 cm) at a temperature of
22-25°C. During a 10 d recovery period, the barrows were
fed a piglet diet with 18.0% CP. A detailed description of
pre- and post- operative care was previously presented by
Zhu et al. (1998). Following recovery, the barrows were fed
one of the nine experimental diets, i.e. seven rapeseed meal
diets, one soybean meal diet and one casein diet. The
experiment was designed as a six-period, nine-treatment,
incomplete Latin Square. The barrows were fed 4% of body
weight twice daily, equal amounts each meal, at 08:00 and
20:00 h. Water was freely available. Average final body
weight of the barrows was 68.7+3.2 kg.

Rapeseed meals and diets

Seven different cultivars rapeseeds were collected from
the main provinces in China, where rapeseed is cultivated,
including Ganyou 16 (Jiangxi province), Ningza 1
(Jiangshu province), Liangyou 586 (Jiangxi province),
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Huaza 3 (Hubei province), Youyan 7 (Hunan province),
Qingyou 2 (Jiangshu province) and Zayou 59 (Hebei
province). These rapeseeds were manufactured into meals
in local oilseed processing plants using a prepress
extraction processing method (Tables 1 and 2). Corn starch-
based semipurified diets were formulated to contain 17.0%
CP (DM basis) with the specific rapeseed meals or one
soybean meal as the sole source of dietary protein (Tables 3
and 4). A low-protein casein diet was formulated to contain
5% casein and was used to estimate endogenous losses of
amino acids (Tables 3 and 4). Sucrose was included at a
level of 20% in the diets to improve palatability. Soybean
oil was included at alevel of 3% to reduce dustiness of the
diets. Vitamins and minerals were supplemented according
to NRC (1998) standard. Chromic oxide (0.5%) was
included in the diets as the digestibility marker.

Experimental procedure

Each experimental period comprised of 7 d, including
4 d for adaptation to the dietary treatments and 3 d for
collecting digesta, according to the recommendation by
Mitaru et al. (1984). |leal digesta were collected every other
2 h from 08:00 to 20:00 h daily during days 5, 6 and 7.
Sample collection was accomplished using a foam rubber
bag fastened to the cannula with a rubber band. The bag
was removed and replaced as soon as it was partidly filled
with digesta. Then digesta were immediately frozen at
-20°C following collection. At the end of collection period,
the three daily digesta collections for individual pigsin each
period were stirred and subsampled. Digesta samples were
freeze-dried at 30°C shelf temperature, then ground through
a 0.8 mm mesh screen in a sample mill (Tecator 1093,
America) and stored in plastic bottles at -20°C until
required for analyse of DM, CP, AA and chromium.
Samples of ingredients and diets were ground similarly.
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Chemical analyses

Analyses for DM, CP, ash, ether extract, calcium and
total phosphorus were assayed according to the methods of
the AOAC (1990). NDF and ADF were analyzed according
to the principles outlined by Goering and Van Soest (1970)
using ANKOM? Fiber Analyzer (ANKOM Technology
Corp. America). Chromic oxide was determined according
to the procedures of Fenton and Fenton (1979) using
Atomic Absorption Spectrometer (Hitachi Z-5000, Japan).
For AA andyses, with the exception of the sulfur-
containing AA and tryptophan, the samples were
hydrolyzed with 6 N HCL at 110°C for 24 h. The AA was
analyzed using an Automatic Amino Acid Analyzer (Hitachi
L-8800, Japan). Methionine and cysteine were determined
as methionine sulfone and cysteine acid after oxidation with
performic acid (1 ml hydrogen peroxide plus 9 ml formic
acid). The oxidation process was carried out according to
AOAC (1990) method. The oxidized samples were then
hydrolyzed and analyzed in the same manner as acid
hydrolysis. Tryptophan anaysis was determined after
hydrolysis with 4 N NaOH at 110°C for 24 h, according to
GB/T18246-2000 (2000) method using High Performance
Liquid Chromatography (Shimadzu LC-10A, Japan).
Glucosinolate was determined by the palladium chloride
method (Yu, 1992). Erucic acid was assayed according to
the procedure outlined by Pritam and Palmquist (1988)
using Gas Chromatography (HP 6890, America). Protein
solubility was determined by the method (Yang, 1993)
using 0.2% potassium hydroxide.

Calculations and statistical analyses

The apparent ilea digestibility values of DM, CP and
AA in the rapeseed meals and soybean meal were
calculated with the indicator technique (Fan and Sauer,
1996a). Endogenous amino acids losses (g/kg DM intake)
were determined using the low-protein casein diet that was

Table 1. Chemica composition of rapeseed meal and soybean meal samples (DM basis)

Items (%) . . Rapeseed meals . Soybean Casein
Ganyou 16 Ningzal Liangyou586 Huaza3 Youyan7 Qingyou?2 Zayou 59 meal

Dry matter 89.9 89.3 90.9 90.3 90.3 89.6 91.5 92.6 90.5
Organic matter 92.2 91.8 91.8 91.6 91.7 91.4 91.0 935 -
Crude protein 40.3 37.8 40.2 36.7 38.9 40.8 39.9 48.0 91.9
Ether extract 20 24 17 34 32 18 27 34 -
Acid detergent fiber 26.7 26.8 28.6 26.0 259 210 232 7.8 -
Neutral detergent fiber 384 38.8 40.9 39.3 36.8 320 34.7 12.8 -
Ash 7.8 8.2 8.2 8.4 8.3 8.6 8.9 6.5 -
Total phosphorus 12 11 11 11 12 12 11 0.2 -
Calcium 0.8 1.0 0.7 0.8 0.8 0.7 0.7 0.4 -
Gross energy (MJkg) 194 19.3 19.1 195 195 19.0 189 18.2 17.1
Protein solubility 50.9 60.5 55.7 49.8 55.8 59.4 54.4 - -
Erucic acid 0.7 0.3 0.7 0.9 0.7 04 0.7 - -
Glucosinolate (mg/g) 18.4 17.3 155 16.4 18.8 15.2 17.3 - -




1328

PENGBIN ET AL.

Table 2. Amino acid composition of rapeseed meal and soybean meal samples (DM basis)

Soybean

Amino acids (%) Ganyou 16 Ningzal Liangyou586 Huaza3  Youyan7 Qingyou?2 Zayou59 meal Casein
Arginine 2.40 212 250 2.04 2.39 2.50 1.90 343 3.37
Cysteine 0.88 0.77 0.79 0.79 0.86 0.83 0.92 0.58 0.80
Histidine 1.59 1.46 1.65 1.40 164 1.60 1.33 147 293
Isoleucine 1.65 1.40 1.74 1.36 1.63 1.70 137 2.08 4.80
Leucine 3.05 2.73 31 2.67 2.96 3.12 2.63 3.78 8.49
Lysine 2.30 235 235 2.06 2.38 2.59 2.08 314 7.78
Methionine 044 0.52 0.44 0.51 0.55 0.52 0.59 0.55 201
Phenylaanine 1.68 144 1.72 148 1.63 1.70 1.36 231 4.46
Threonine 1.94 1.72 2.03 1.66 1.87 1.95 1.66 2.06 4.09
Tryptophan 0.33 0.33 054 0.26 0.37 0.62 0.51 0.55 3.49
Valine 2.02 1.76 217 1.69 1.99 2.04 1.63 197 5.33

assumed to be 100% digestibility (Van Kempen et d.,
2002). This method was chosen because protein-free diets
were considered physiologically abnormal (Low, 1980), and
protein-free diet led to considerable underestimation of the
physiologicaly nitrogen norma level of endogenous
excretion (De lange et a., 1990). Casein has a high
digetibility, as the sole source of protein is an improved
method that supplies amino acids necessary for protein
synthesis in the gastrointestinal tract (Alpers, 1972). The
total endogenous outputs of CP and AA in the ileal digesta
are calculated from Eq.1. (Fan and Sauer, 1996a).

Ao=Ax(Ip/ 1)) (1)

Where A, is ileal endogenous outputs of CP and AA
(g/kg DM intake), A, is the concentration of CP and AA in
ileal digesta (g/kg DM ilea digesta), Ip is marker
concentration in the casein diet (g/kg DM diet) and |, is
marker concentration in ileal digesta (g/kg DM ileal
digesta)

The true ileal digestibility values of CP and AA were
calculated according to Eq.2. (Fan and Sauer, 1996a).

DT:DD+(A E/A D)xlOO (2)

Where Dt is the true ileal digestibility values of CP and
AA in the assay diets (%), Dp is the apparent ilea
digestibility values of CP and AA in the assay diets (%), Ae
is the mounts of endogenous CP and AA in ilea digesta
(g/kg DM intake), Ap is the concentrations of CPand AA in
the assay diets (g/kg DM diet).

Statistical analysis was performed by SPSS 6.0 software
(SPSS Inc., America). The digestibility values of DM, CP
and AA were subjected to analysis of variance (ANOVA) of
SPSS software. When ANOVA indicated a significant p
value, means were separated using Duncan’s multiple range
test of SPSS software. Pearson partial correlation analyses
were conducted to determine the relationships between the
apparent (or true) ileal digestibility (AID or TID) of CP or

AA and the contents of CP, AA, NDF and ADF in the assay
diets by using SPSS 6.0 software. Pearson partial
correlation analysis was conducted between the AID vaue
of CP and the AID or TID values of AA, then the Linear
Regression Analyses of SPSS 6.0 software were carried out
to establish the regressive equation between the AID of CP
value and AID or TID values of AA. The AID values of AA
in rapeseed meal were compared with the TID values of the
corresponding AA by using Pair-Sample T Test of SPSS 6.0
software.

RESULTS

The AID or TID values of CP and AA in different
cultivar srapeseed meals and soybean meal

The AID or TID vaues of CP and most AA (cysteine
excluded) were higher in soybean meal than seven rapeseed
meals (p<0.05, see Tables 5 and 6). The AID or TID values
of lysine, methionine, threonine and trytophan in rapeseed
meals were 63.6% or 65.5%, 88.1% or 90.1%, 68.3% or
70.2%, 75.3% or 78.8% of the AID or TID values of the
corresponding AA in soybean meal.

There were significant differences among the AID or
TID vaues of al AA in seven different cultivars rapeseed
meals (p<0.05, see Tables 5 and 6). Of the seven different
cultivars of rapeseed meal, Zayou 59 had the greatest AID
and TID values of AA. Ningza 1 and Liangyou 586 had the
least AID and TID values of AA. The AID and TID values
of AA in other four cultivars rapeseed meals were between
those of AA in Zayou 59 and Ningza 1. Seven rapeseed
meals were arranged according to the size of AID and TID
values of AA in the rapeseed meals from the greatest to the
least, as Zayou 59, Youyan 7, Ganyou 16, Qingyou 2,
Huaza 3, Ningza 1, Liangyou 586.

Comparing the AID of CP and AA with the TID of CP
and the corresponding AA by using Pair-Sample T Test, the
result indicated that the TID values were significantly
higher than the AID values (p<0.05). The differences
between the TID and AID values of AA were as follows,
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Table 3. Ingredients and chemical composition of the experimental diets (DM basis)

Ingredients (%) Ganyou 16 Ningzal Liangyou586 Huaza3 Youyan7 Qingyou2 Zayou 59 So%l;alean Casein
Soybean meal - - - - - - - 36.00 -
Rapeseed meal 43.80 47.00 43.40 4790 45.20 43.40 43.50 - -
Corn starch! 29.93 26.80 30.16 26.02 28.55 30.19 30.05 38.60 63.60
Casein’ - - - - - - - - 5.00
Cellulose acetate® - - - - - - - - 5.00
Soybean oil* 3.00 3.00 3.00 3.00 3.00 3.00 3.00 1.00 2.00
Sucrose® 20.00 20.00 20.00 20.00  20.00 20.00 20.00 20.00 20.00
Limestone 0.54 0.40 0.60 0.56 0.64 0.70 0.60 0.30 1.00
Dicalcium phosphate 0.93 1.00 1.04 0.72 0.81 0.91 1.05 2.30 1.60
Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Premix® 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Chromium oxide 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Chemical composition (%)
Dry matter 93.20 93.34 93.71 93.91 93.39 93.42 93.54 92.90 92.01
Organic matter 93.57 93.24 93.51 92.52 93.30 93.06 92.74 93.60 95.80
Crude protein 17.2 17.0 171 16.8 175 17.9 17.9 179 4.25
Acid detergent fiber 11.56 12.68 12.43 12.47 11.71 10.10 10.08 3.39 12.19
Neutral detergent fiber ~ 16.81 18.25 18.48 18.36 16.63 1491 15.09 4.61 27.96
Cacium 0.78 0.84 0.79 0.80 0.79 0.80 0.81 0.80 0.87
Total phosphorus 0.69 0.72 0.68 0.70 0.72 0.73 0.71 0.72 0.71
Gross energy (MJkQ) 17.72 17.47 17.68 18.27 17.85 17.60 17.97 16.85 16.84
Erucic acid 0.32 0.15 0.30 0.43 0.33 0.18 0.30 - -
Glucosinolate (mg/g) 8.07 8.13 6.72 7.87 8.51 6.59 7.54 - -

*Purchased from Beijing Redstar Starch Company with GE 14.84 MJkg, DM 87.30%, CP 0.40%, Calcium 0.074%, total phosphorus 0.0073%.

2purchased from Gansu Casein Company.

®Purchased from China Medicine and Reagent Company.

4 Purchased from market with GE 7.54 MJKg.

® Purchased from market with DM 99.999%, GE 15.84 MJkg.

€ The premix supplied per kilogram of feed: Vitamin A, 5,512 |U; Vitamin D5 2,200 |U; Vitamin E, 66.1 |U; Riboflavin, 5.5 mg; D-panthothenic
acid, 13.8 mg; Niacin, 30.3 mg; Choline, 551 mg; Vitamin By, 27.6 pg; Mn, 100 mg; Fe, 100 mg; Cu, 250 mg; Zn, 100 mg; |, 0.3 mg; Se,
0.3 mg; Co, 1.0 mg.

Table 4. Amino acid composition of the experimental diets (DM basis)

Amino acids (%) Ganyou1l6 Ningzal Liangyou586 Huaza3 Youyan7 Qingyou2 Zayou59 Sonyggalean Casein
Arginine 0.95 0.87 0.81 0.82 0.90 0.95 0.90 117 0.16.
Cysteine 0.42 0.39 0.42 0.33 0.36 0.34 0.32 0.22 0.00
Histidine 0.60 0.53 0.49 0.52 0.56 0.60 0.64 0.53 0.16
Isoleucine 0.64 0.54 0.59 0.58 0.64 0.61 0.64 0.76 0.25
Leucine 114 1.13 1.10 1.08 1.16 1.15 1.24 1.38 0.51
Lysine 0.86 0.98 0.80 0.83 0.88 0.95 0.98 115 0.41
Methionine 0.28 0.25 0.26 0.27 0.25. 0.22. 0.25. 0.17 011
Phenylaanine 0.59 0.54 0.60 0.60 0.63 0.60 0.63 0.84 0.26
Threonine 0.76 0.68 0.70 0.72 0.77 0.75 0.79 0.75 0.23
Tryptophan 0.27 0.26 0.29 0.27 0.32 0.28 0.26 0.31 0.21
Valine 0.79 0.71 0.70 0.71 0.80 0.75 0.77 0.72 0.27

for rapeseed meals, values for CPR, al indispensable AA, al Relationships between the AID or TID of CP and AA
dispensable AA, sum AA were 6.14%, 4.51%, 8.62% and and the concentration of CP, AA, NDF and ADF in diets
6.14%, respectively. The differences in indispensable AA There was a poor correlation between the AID or TID
were greater than those in dispensable AA. values of CP and the dietary CP concentrations (r=0.42 or
0.39, Table 7). However, the AID or TID values of most AA
(methionine and cysteine excluded) were positively
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Table 5. The AID values of DM, CPand AA in rapeseed meal and so
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ybean meal for pigs (DM basis)

Items (%) Ganyou 16 Ningzal Liangyou586 Huaza3 Youyan7 Qingyou2 Zayou59 Sonzte)alean SEM Pvaue
Dry matter 60.7° 46.7° 53.0% 53.6° 57.5% 56.5> 60.1° 7437 209 000
Crude protein 61.7% 51.22 53.4% 54.6%°  58.1% 59.5> 6799 81.3° 252 000
Arginine 77.7%* 66.8° 66.4° 72.4° 76.6™ 75.5% 79.3°  901% 176 0.0
Cysteine 65.3%° 59.9%° 55.8% 53.5° 60.2%° 54.8° 69.2° 680" 392 004
Histidine 71.7* 66.3° 60.0° 704  68.2° 70.7* 76.7° 8719 215 0.0
Isoleucine 66.4% 51.0° 51.5° 59.9° 68.2¢ 61.8* 708  87.2° 205 0.00
Leucine 71.3° 61.3 58.5° 68.0° 73.5% 68.6° 76.9° 872 183  0.00
Lysine 57.6° 54.1% 2407 483 585 60.3° 6797 87.7° 225 000
Methionine 81.7° 76.1% 73.5°2 79.3* 791 77.5%¢ 81.4° 89.0° 153  0.00
Phenylalanine ~ 70.3™ 62.0° 59.53% 69.3° 74.2 68.7° 76.1° 87.8° 202  0.00
Threonine 59.9% 46.0% 42.12 50.7*°  57.5% 54.1% 6415 784" 222  0.00
Tryptophan 61.3° 4.3 57.9° 53.0° 66.8 58.7° 579 759° 160 0.00
Valine 60.9% 4352 41.92 50.9° 61.2% 54.9% 64.19 776 224 000
* SEM means standard error of the mean (n=6).

** Means within the same row followed with different letters differ (p<0.05). The following tables are same.

Table 6. The TID values of CPand AA in rapeseed meal and soybean meal for pig (DM basis)

Items (%) Ganyou 16 Ningzal Liangyou586 Huaza3 Youyan7 Qingyou2 Zayou 59 Sorxgalean SEM Pvalue
Crudeprotein ~ 67.8% 57.5° 59.7% 61.1%° 639%™ 55> 73.9° 87.3¢ 2.52 0.00
Arginine 81.5> 71.18 70.8° 76.7° 80.6™ 79.7%° 83.2° 93.2¢ 1.76 0.00
Cysteine 70.6% 65.2% 61.0° 60.0°% 66.2% 61.4° 76.0° 68.0% 3.92 0.09
Histidine 74.9% 69.8% 64.0°7 740 717 73.9%* 79.7° 90.9¢ 216 0.00
Isoleucine 70.8* 56.2° 56.3 64.8" 72.6° 66.5° 75.3° 91.0¢ 2.05 0.00
Leucine 74.4% 64.5° 61.7° 71.3° 76.5% 71L7° 79.8° 89.91 1.83 0.00
Lysine 61.1° 57.4% 47.7% 51.8%  619° 63.5° 70.9° 90.3° 2.25 0.00
Methionine 83.4° 77.8% 75.3° 81.0°  80.9% 79.6%°  83.2° 89.0° 1.53 0.01
Phenylalanine  73.4% 65.2% 62.6% 72.3° 77.1% 71.7° 79.0° 90.0° 1.90 0.00
Threonine 64.9% 51.2% 47.42 559"  624%¢  59.1™ 68.9° 83.4f 2.22 0.00
Tryptophan 70.8% 54.12 66.6™ 62.4° 74.7 67.7° 67.7° 84.1° 1.60 0.00
Valine 66.3 49.6% 47.9 56.8° 66.5™ 60.6™ 69.6° 83.5° 2.24 0.00

correlated with the corresponding AA contents in the diets
(r=0.54-0.79, Table 7). The AID or TID values of CP and
most AA (methionine, cystionine and tryptophan excluded)
were negatively correlated with the dietary NDF content
(r=-0.69~-0.95, Table 7). The AID or TID vaues of CP and
lysine were negatively correlated with the dietary ADF
concentrations (r=-0.81~-0.84, Table 7).

The result of Pair-Sample T Test indicated that there
were correlations between the AID values of CP and the
AID or TID vaues of most AA in rapeseed meals
(r=0.77-0.85). Table 8 illustrates the linear relationships
between the AID value of CP and the AID or TID values of
al AA in rapeseed meals. With the exception of methionine,
cysteine, phenylalanine, tryptophan, proline and tyrosine,
regressive equations were established between the AID
values of CP and the AID or TID values of the other AA in
rapeseed meals (r’=0.59-0.72). Therefore, these linear
regression equations can be applied to estimate the AID or

TID values of most AA in rapeseed meals, excluding
methionine, cysteine, phenylaanine, tryptophan, proline
and tyrosine.

DISCUSSION

In our studies, the AID or TID vaues of CP and most
AA were lower in rapeseed meals than soybean meal
(p<0.05). This result was in agreement with the reports by
Rowan and Lawrence (1986), Partidge et a. (1987) and
Green and Kiener (1989). The lower digestibility of canola
meal may be attributed to its higher fiber content, as aresult
of a larger proportion of hulls and protein associated with
hulls which are of low digestibility (Sauer et a., 1982). In
our studies, the contents of NDF and ADF in rapeseed
meals were more than three times of those in soybean meal
(Table 1).

In our studies, there were significant differences among
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Table 7. Correlation coefficients between the AID or TID vaues of CP and AA and the concentrations of CP, AA, NDF and ADF in the

experimental diets

Correlation coefficients between AID of CPand AA and

the dietary CP, AA, NDF and ADF contents

Correlation coefficients between TID of CPand AA and
the dietary CP, AA, NDF and ADF contents

CPor AA NDF ADF CPor AA NDF ADF

r* P r* P r* P r* P r* P r* P
Crude protein 0.42 *k -0.83 * -0.84 * 0.39 ** -0.82 * -0.83 *
Arginine 0.61 *x -0.80 * -0.72 NS 0.59 ** -0.79 * -0.71 NS
Cysteine 0.02 NS -0.44 NS -0.41 NS 0.05 NS -0.51 NS -0.48 NS
Histidine 0.59 *x -0.71 NS -0.70 NS 0.56 *k -0.70 NS -0.69 NS
Isoleucine 0.75 ** -0.73 NS -0.64 NS 0.74 e -0.73 NS -0.63 NS
Leucine 0.62 ** -0.73 NS -0.64 NS 0.61 ** -0.72 NS -0.63 NS
Lysine 0.72 ** -0.89 *k -0.81 * 0.71 *k -0.89 *x -0.81 *
Methionine 0.09 NS -0.51 NS -0.45 NS 0.06 NS -0.55 NS -0.49 NS
Phenylalanine 0.57 ** -0.69 NS -0.58 NS 0.56 *k -0.69 NS -0.59 NS
Threonine 0.78 *x -0.76 * -0.69 NS 0.77 ** -0.76 * -0.69 NS
Tryptophan 0.62 e -0.46 NS -0.35 NS 0.56 ** -0.50 NS -0.40 NS
Valine 0.77 *x -0.75 * -0.65 NS 0.76 *k -0.75 * -0.65 NS

I*: Pearson partial correlation coefficients; P: Probability of significance.

Table 8. Results of regression analysis of the AID or TID values of AA (Y or Y;) on the AID value of CP (X) as: Y =axX+b

Y1 (AID of AA) =a;xX (AID of CP)+b,

Y,(TID of AA) = a x X (AID of CP)+b,

& b, R, % b, R,
Arginine 0.64 36.21 0.65 0.63 41.11 0.65
Cysteine 0.94 5.00 0.51 0.97 9.26 0.52
Histidine 0.67 30.10 0.59 0.65 34.60 0.59
Isoleucine 0.84 1251 0.59 0.82 18.25 0.59
Leucine 0.71 26.91 0.59 0.70 30.57 0.58
Lysine 0.92 2.61 0.65 0.91 6.61 0.66
Methionine 0.38 56.52 0.44 0.38 58.13 0.45
Phenylalanine 0.63 32.29 0.49 0.62 35.58 0.49
Threonine 0.94 -0.86 0.70 0.92 4,95 0.70
Tryptophan 0.52 27.02 0.30 0.53 35.64 0.35
Valine 0.99 -3.62 0.66 0.97 31 0.66

Note: For all values, p<0.01; &, &: Slope; by, b,: Intercept.

the AID or TID values of AA in the seven cultivars of
rapeseed meal (p<0.05). In general, processing methods and
cultivars of rapeseed were responsible for the variability of
the AID or TID of AA values. Seven rapeseed meals were
manufactured using prepress-extraction processing methods
with similar conditions. Moreover, protein solubility in
seven rapeseed meals ranged from 49.8% to 60.5%
(Table 1), indicating that processing factors have less effect
on the AA ilea digestibility of the rapeseed meadls.
Therefore, the cultivars of rapeseed meal might be
responsible for the variability of their AID and TID of AA,
which was proved by the correlation coefficients between
the AID or TID values of CPand AA and the contents of CP,
AA, NDF and ADF in diets (Table 7). The AID or TID
values of CP and most AA in rapeseed meas were
positively correlated with the dietary CP and corresponding
AA contents (r=0.56-0.78), but negatively correlated with

the dietary NDF and ADF contents (r=-0.69~-0.95 or
-0.81~-0.84). Our findings agreed with the results reported
by Grala et al. (1998) and Fan et al. (1996), indicating that
the dietary AA, NDF and ADF contents were responsible
for the variability of AID or TID of CP and most AA in
rapeseed meals. The high fiber content in rapeseed meal
comes mainly from a hull content of about 25%-30%.
Rapeseed hulls contain about 60% NDF, of which lignin
and cellulose constitutes almost 50% and 24.1% (Grala et
al., 1998; Siddiqui and Wood, 1977). The fiber of rapeseed
hulls decreased the ileal digetibilities of al nutrients in
pigs (Mitaru et a., 1984). Particularly, the lignin present in
rapeseed hulls may have contributed to this negative effect
(Blair and Reichert, 1984; Bjergegaard et a., 1991). Of the
carbohydrates present in the hulls, pectin, cellulose,
hemicellulose and B-glucans are the most important from
the viewpoint of their nutritional value for nonruminant
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animals, because the carbohydrates are not digested by
intestinal  enzymes (Bell and Shires, 1982). As a
consequence, the above-mentioned constituents may
decrease the apparent and true ileal digestibility values of
CP (Mosenthin et a., 1994; Bjergegaard et al., 1991). As
was discussed by De Lange et al. (1989) and Schulze et a.
(1995), the dietary inclusion of water-insoluble fiber
increased the levels of endogenous CP and AA at the distal
ileum, therefore reducing the AID values. However, the
increases in recovery of endogenous AA become
quantitatively important only when a threshold level of
water-insoluble fiber is exceeded (Li et al., 1994). Pectin is
a water-soluble fiber. The inclusion of dietary pectin
decreased the AID values of AA (Mosenthin et al., 1994).
Anderson et al. (1990) showed that the gelling and viscosity
properties of water-soluble fiber decreased the digestion
and absorption of nutrients by reducing the mixing of
intestinal contents, blocking enzyme-substrate interaction
and by forming an unstirred water layer, thereby creating a
physical barrier to nutrient absorption. Furthermore, this
variation of the AID values of AA may be related to
differences in the content of hullsin canolameal (Fan et d.,
1996), since differences in the content of hulls in different
cultivars of canola meal have been reported (Bell and Shires,
1982).

Within each rapeseed meal sample, of the indispensable
AA, the AID or TID values of methionine, arginine and
histidine were greatest, while the AID or TID values of
valing, threonine and lysine were least (Tables 5 and 6); Of
the dispensable AA, the AID or TID values of glutamic acid
was greatest, but the AID or TID values of proline, glycine
and serine were least. Our experimental results agreed with
the results reported by Green and Kiener (1989), Fan et a.
(1996), Sauer et a. (1982) and Knabe et a. (1989). The
relatively high digestibility of arginine may result from
enzyme specificity, an important determinant in protein
digestion; data considered below on the absorption of free
amino acids mixtures from isolated intestina loops
indicated that the amino acids appearing first after enzymic
hydrolysis (based on the known specificity of the proteases
and peptidases involved) was arginine (Low, 1980).
Glutamic acid in canola meal was contained mainly in
storage proteins having relatively high digestibility, which
explains the high ileal digestibility of glumatic acid (Fan et
a., 1996). The relatively low ilea digestibility values of
glycine, threonine, serine and proline in rapeseed meals
may result from their relatively high concentration in
endogenous secretions. Holmes et al. (1974) and Sauer et al.
(1977) showed relatively high contents of threonine,
glycine and proline in digesta from the distal ileaum of
growing pigs fed a protein-free diet. Cetta et a. (1972)
reported that, compared with al other AA, threonine had
the lowest AID value in the rapeseed meal diet and the low
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AID of threonine could result from an increased passage of
mucus glycoproteins, which contain a large amount of
threonine. The relatively low digestibility of tryptophan in
canola meal may largely result from the fact that a large
proportion of tryptophan in canola meal is located in the
hull fraction, which is high in fiber and of low digestibility
(Fan et al., 1996).

There was a linear relationship between the AID value
of CP and the AID or TID values of most AA in rapeseed
meals (Table 8). For all the rapeseed meals, digestion by the
pigs of CP was fairly similar to those of most AA.
Regression equations were established between the AID
value of CP and the AID or TID vaues of most AA
(methionine, cysteine, phenylaanine, typtophan and proline
excluded). So the AID value of CP can be used to estimate
the AID or TID values of most AA in rapeseed meals. This
avoids the need for expensive AA anaysis of digesta.
However, the AID value of CP was less appropriate when
applied to estimate the AID or TID values of methionine,
cysteine, phenylalanine, tryptophan and proline.

IMPLICATIONS

The AID or TID vaues of CP and most AA were
significantly lower in rapeseed meals than soybean meal.
There were significant differences in the AID or TID values
of CPand AA among seven cultivars of rapeseed meals; the
seven rapeseed meals were arranged according to the size of
the AA digestibility values from the greatest to the lowest,
as Zayou 59, Youyan 7, Ganyou 16, Qingyou 2, Huaza 3,
Ningza 1 and Lianglou 586; the differencesin CP, AA, NDF
and ADF of rapeseed meals were mainly responsible for the
variation of the AID or TID values of AA among rapeseed
meals. The AID value of CP may be used as an index of the
AID or TID values of AA in rapeseed meals. However, the
AID value of CP was less appropriate as a direct indicator
of the AID or TID vaues for cysteine, methionine,
tryptophan, phenylalanine and proline.

REFERENCES

Alpers, D. 1972. Protein synthesis in intestinal mucosa: the effect
of route of administration of precursor amino acids. J. Clin.
Invest. 51:167-173.

Anderson, J. W., D. A. Deskins, T. L. Floore, B. M. Smith and S. E.
Whitis. 1990. Dietary fiber and coronary heart disease. Food
Sci. Nutr. 29:95-147.

AOAC. 1990. Official Methods of Analysis. 15th Ed. Association
of Official Analytical Chemists, Arlington, Virginia.

Bell, J. M. and A. Shires. 1982. Composition and digestibility by
pigs of hull fractions from rapeseed cultivars with yellow and
brown seed coats. Can. J. Anim. Sci. 62:557-565.

Bjergegaard, C., B. O. Eggum, S. K. Jensen and H. Sorensen.
1991. Dietary fibers in oilseed rape: Physiologica and



ILEAL DIGESTIBILITY OF AMINO ACIDS IN RAPESEED MEAL FOR SWINE

antinutritional effectsin rats of isolated |DF and SDF added to
astandard diet. J. Anim. Physiol. Anim. Nutr. 66:69-79.

Blair, R. and R. D. Reichert. 1984. Carbohydrate and phenolic
constituents in a comprehensive range of rapeseed and canola
fractions: Nutritional significance of animals. J. Sci. Food
Agric. 35:29-35.

Cetta, G, G Padlavicini, A. Calatroni and Castellani. 1972.
Glycoproteins from bovine duodenal mucosa. Ital. J. Biochem.
21:275-288.

Cichon, R. M. and W. C. Sauer. 1980. Nutritional evaluation of
soybean and rapeseed hulls by rats. J. Anim. Sci. 51(Supp!. 1):
206.

De lange, C. F. M., W. B. Souffrant and W. C. Sauer. 1990. Real
ileal protein and amino acid digestibilities in feedstuffs for
growing pigs as determined with the *N-isotope dilution
technique. J. Amin. Sci. 68:409-418.

De Lange, C. £ M., W. C. Sauer, R. Mosenthin and W. B.
Souffrant. 1989. The effect of feeding different protein-free
diets on the recovery and amino acid composition of
endogenous protein collected from the distal ileum and feces
in pigs. J. Anim. Sci. 67:746-754.

Fan, M. Z. and W. C. Sauer. 1996a. Determination of true ileal
amino acid digestibility in feedstuffs for pigs with the linear
relationships between distal ileal outputs and dietary inputs of
amino acids. J. Sci. Food Agric. 73:189-199.

Fan, M. Z., W. C. Sauer and V. M. Gabert. 1996. Variability of
apparent ileal amino acid digestibility in canola mea for
growing-finishing pigs. Can. J. Amin. Sci. 76:563-569.

Fenton, T. W. and M. Fenton. 1979. An improved procedure for
determination of chromic oxide in feed and feces. Can. J.
Anim. Sci. 59:631-634.

Gargallo, D. V. M. and D. R. Zimmerman. 1980. Simple intestinal
cannulafor swine. Am. J. Vet. Res. 41:618.

GB/T 18246-2000. 2000. Measurement of amino acids in feed.
China Quality and Technology Supervision Office, Beijing,
China

Goering, H. K. and P. J. Van Soest. 1970. Forage fiber analysis
apparatus, reagents, procedures and some application. In:
Agriculture Handbook. No. 379. ARS, USDA, Washington.
DC.

Grala, W., M. W. A. Verstegen, A. J. M. Jansman, J. Huisman and
P. Van Leeusen. 1998. lleal apparent protein and amino acid
digestibilities and endogenous nitrogen losses in pigs fed
soybean and rapeseed products. J. Anim. Sci. 76:557-568.

Green, S. and T. Kiener. 1989. Digestibilities of nitrogen and
amino acids in soybean, sunflower, meat and rapeseed meals
measured with pigs and poultry. Anim. Prod. 48:157-179.

Holmes, J. H. G, H. S. Gayley and P. A. Leadbeater. 1974.
Digestion of protein in the small and large intestine of the pig.
Br. J. Nutr. 32:479-489.

Knabe, D. A., D. C. LaRue, E. J. Cregg, G M. Martinez and T. D.
Jr. Tanksley. 1989. Apparent digestibility of nitrogen and

amino acids in protein feedstuffs by growing pigs. J. Anim. Sci.

67:441-458.

Li, D. F, S. Y. Qiao, G F. Yi, J. Y. Jiang, X. X. Xu, P. Thacker, X.
S. Piao and In K. Han. 2000. Nutritional evaluation of Chinese
non-conventional protein feedstuffs for growing-finishing pigs.
2. Rapeseed meal. Asian-Aus. J. Anim. Sci. 13(1):46-52.

Li, J F, Z. C. Jan, Y. X. Jang and Z. Qi. 1995. Chemical
characteristics in the Chinese rapeseed meal or cake. Chinese
Journal of Animal and Veterinary Sciences. 26 (3):193-199.

Li, S., W. C. Sauer and R. T. Hardin. 1994. Effect of dietary fiber
levels on amino acid digestibility in young pigs. Can. J. Anim.

1333

Sci. 74:327-333.

Low, A. G 1980. Nutrient absorption in pigs. J. Sci. Food Agric.
31:1087-1130.

Mitaru, B. N., R. Blair, R. D. Reichert and W. E. Roe. 1984. Dark
and yellow rapeseed hulls, soybean hulls and a purified fiber
source: Their effects on dry matter, energy and amino acid
digestibilities in cannulated pigs. J. Anim. Sci. 59:1510-1518.

Mosenthin, R., W. C. Sauer and F. Ahrens. 1994. Dietary pectin’'s
effect on ileal and fecal amino acid digestibility and exocrine
pancreatic secretions in growing pigs. J. Nutr. 124:1222-1229.

National Research Council. 1998. Nutrient Requirements of Swine.
10" Ed. National Academic Press, Washington, DC.

Partridge, I. G, A. G Low and J. J. Matter. 1987. Double-low
rapeseed meal for pigs: Ileal apparent digestibility of amino
acids in diets containing various proportions of rapeseed meals,
fish meal and soya-bean meal. Anim. Prod. 44:415-420.

Pritam, S. S. and D. L. Pamquist. 1988. Rapid method for
determination of total fatty acid content and composition of
feedstuffs and feces. J. Agric. Food. Chem. 36(6):1202-1206.

Rowan, T. G and T. L. Lawrence. 1986. llea apparent
digestibilities of amino acids, growth and tissue deposition in
growing pigs fed low glucosinolate rapeseed meal. J. Agric.
Sci. Cambridge. 107:493-504.

Rundgren, M., S. Askbrant and S. Thomke. 1985. Nutritional
evaluation of low and high glucosinolate rapeseed meals with
pigs, laying hens and rats. Swedish J. Agric. Res. 15(2):61-609.

Sauer, W. C. and L. Ozimek. 1986. Digestibility of amino acids
swine: Results and their practical application. Lives. Prod. Sci.
15:367-388.

Sauer, W. C,, R. Cichon and R. Misir. 1982. Amino acid
availability and protein quality of canola and rapeseed meal for
pigs and rats. J. Anim. Sci. 54:292-301.

Sauer, W. C., S. C. Stothers and R. J. Parker. 1977. Apparent and
true availabilities of amino acids in wheat and milling by
products for growing pigs. Can. J. Anim. Sci. 57:775.

Schulze, H., P. Van Leeuwen, M. W. A. Verstegen and J. W. O. Van
Den Berg. 1995. Dietary level and source of neutral detergent
fiber and ileal endogenous nitrogen flow in pigs. J. Anim. Sci.
73:441-448.

Siddiqui, I. R. and P. J. Wood. 1977. Carbohydrates of rapeseed: A
review. J. Sci. Food Agric. 28:530-538.

Tankdley, T. D. Jr. and D. A. Knabe. 1993. lleal digestihilities of
amino acids in pig feeds and their use in formulating diets. In:
Recent Developments in Pig Nutrition, 2nd Ed. (Ed. D. J. A.
Cole, W. Haresing and P. C. Garnsworthy). Nothinghan
University Press, Loughborough, UK. p. 85.

Van Kempen, T. A. T. G, |. B. Kim, A. J. M. Jansman, M. W. A.
Verstegen, J. D. Hancock and D. Mahan. 2002. Regional and
processor variation in the ileal digestibility amino acid content
of soybean meals measured in growing swine. J. Anim. Sci.
80:429-439.

Yang, S. 1993. Measuring method of protein solubility. In: Feed
Analyses and Supervision Technology of Quality of Feed
(Ed. S. Yang). Beijing Agricultural University Press, Beijing,
China. pp183.

Yu, Y. H. 1992. Measuring method of glucosinolate-palladium
chloride method. In: Feed Toxicology and Analysis of Toxicant
(Ed. Y. H. Yu). Agricultural University Press, Beijing, China. p.
221.

Zhu, X. P, D. F. Li, S. Y. Qiao, C. T. Xiao, Q. Y. Qiao and C. Ji.
1998. Evaluation of HP 300 soybean protein in starter pig diets.
Asian-Aust. J. Anim. Sci. 11(2):201-207.



1334 PENGBIN ET AL.



ILEAL DIGESTIBILITY OF AMINO ACIDS IN RAPESEED MEAL FOR SWINE 1335



1336 PENGBIN ET AL.



1337



1338 PENGBIN ET AL.



ILEAL DIGESTIBILITY OF AMINO ACIDS IN RAPESEED MEAL FOR SWINE 1339



1340 PENGBIN ET AL.



ILEAL DIGESTIBILITY OF AMINO ACIDS IN RAPESEED MEAL FOR SWINE 1341



1342 PENGBIN ET AL.



