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Amino Acid, Carbohydrate, and Fat Composition of Soybean
Meals Prepared at 55 Commercial U.S. Soybean Processing
Plants
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To quantify variation in U.S. soybean meals (SBM), samples were collected from 55 U.S. soybean
(SB) processing plants located in seven of the geographic SB maturity zones at three time points.
These samples were analyzed for crude and acid-hydrolyzed fat, oligosaccharide, and amino acid
concentrations. Acid-hydrolyzed fat concentrations were poorly correlated (r = 0.28) to crude fat
concentrations and were higher for SBM prepared in the southern zones (V—VII) as compared with
the northern zones (I and Il). Raffinose and verbascose concentrations were lowest (P < 0.05) for
SBM prepared in northern maturity zones, while stachyose concentrations were highest for SBM
prepared in central maturity zones (Ill and IV). Total essential, total nonessential, and total amino
acid concentrations were lowest for SBM prepared in northern zones. There was variation in
oligosaccharide and amino acid concentrations over time, probably due to variation in composition
of SB arriving at the plants within maturity zone.
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INTRODUCTION determine concentrations of crude and acid-hydrolyzed fat,
oligosaccharides, and amino acids in SBM produced at com-
Smercial SB processing plants located in maturity zonre¥l|

and to determine the relationship between crude and acid-
hydrolyzed fat concentrations.

Large variation exists in environmental conditions in which
soybeans (SB) are grown in the United States. These variation
led to the classification of maturity zones based on geographic
areas where SB are grown, with different genetic varieties bred
for optimal growth in these zones. Additionally, SB varieties
are categorized as northern (grown in zones\Q or southern MATERIALS AND METHODS
(grown in zones V-VIII) based on area of optimal growti),
Differences in genetic varieties and environmental conditions

usu?]”y reiult n IOV\;]er prOte!n .and hlghler oil co_nc_entr_auons n States) were used. A map of the maturity zones is presented by Grieshop
northern than southern varieties and less variation in protein ot 51 @), Each plant was visited at approximately 2-week intervals

and oil concentrations in northern S&)( over a 4-week period to collect a total of three samples from each plant.
Additionally, differences in processing conditions used to Samples from individual plants were not pooled but rather analyzed
prepare soybean meal (SBM), such as moisture, drying time, individually as a repeated measure within plant. During each visit,
and toasting or drying temperature, can result in differences in approximately 2 kg of SBM was collected for analysis. All samples
SBM composition and quality. Differences in the amounts of were collected while the plants were running normally, and no
oil refining byproducts added back to the SBM may result in Processing information was collected.
differences in fat concentrations in the resultant SBM. Oli-  Laboratory Analyses. Prior to analysis, SBM were ground through
gosaccharides found in SB are not removed during processing@ 2-Mmm screen using a Wiley Mill, model 4 (Thomas-Wiley, Swedes-
and can be concentrated, which can lead to decreased dry mattef°®: NJ)- Acid-hydrolyzed fat content of the samples was determined
digestibilities and increased microbial growth and potentially by acid hydrolysis4) followed by ether extraction according to Budde

. d trointestinal healt®)( It is i tant t fi (5), while crude fat concentrations were determined according to AOAC
improved gastrointestinal healt8)( It is important to quantify (6). Oligosaccharide (raffinose, stachyose, and verbascose) concentra-

the concentrations of key nutrients and antinutritional factors {jons of all samples were quantified by HPLC as described by Smiricky
n SBM In Order to de'[el’mlne thelr nutr|t|0nal Value for swine et al. (7) Soybean meal Samp|es were prepared for amino acid ana|yses
and poultry. Therefore, the objectives of this study were to by using both acid hydrolysi$) and oxidation method®). The amino

acid concentrations then were determined using ion-exchange chro-

* Corresponding author phone: (217)333-2361; fax: (217)244-3169; matography10) on a GoldDV711 chromatograph (Beckman, Fullerton,
e-mail: gcfahey@uiuc.edu. CA). If the error between duplicates of a sample was greater than 5%,

Soybean Meals.Fifty-five SB processing plants located in SB
maturity zones | (northern United States) through VII (southern United
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Table 1. Crude and Acid-Hydrolyzed Fat Concentrations (%, dry
matter basis) of Soybean Meals Prepared at Commercial U.S. 8 - .
Soybean Processing Plants That Were Sampled at Three Collection 7
Times 8
g6 . .
H N
soybean maturity zone ? 5 .o . . .
item 1 2 3 4 5 & 1 3, RIS :’:“3‘00“ . .
n 4 10 2 6 3 4 2 £ =¥ s‘,?g £ IR
Crude Fat "‘: 3 se? @ T

mean withinzone  1.87 160 176 227 194 182 150 =5

collection 1 145 155 185 203 189 253 126

collection 2 216 161 164 217 213 158 177 1

collection 3 200 163 180 260 1.8 136 148 0 : : , : ,
SEM? 033 021 015 027 037 032 047 0 1 2 3 4 5

Acid-Hydrolyzed Fatt.¢ % crude fat

meanwithinzone 392 362 379 407 403 420 A% Figure 1. Correlation between crude fat and acid hydrolyzed fat
collection 1 407 361 362 376 424 475 354 . 0 : -
collection 2 444 367 405 448 405 406 458 concentrations (%, dry matter) in U.S. soybean meal samples (y = 0.26x
collection 3 326 358 369 396 379 381 469 +339; r=0.28).

SEM 030 019 013 024 034 030 042

of SBM in the current study were also similar to those (range,
4 SEM = pooled standard error of mean across collection times within a zone. 3.3-4.5% of dry matter) of Grieshop et aB)(

b Interaction between maturity zone and collection time (P < 0.05). ¢ Northern zones Crude fat and acid-hydrolyzed fat concentrations were poorly
(1-and 1) vs southern zones (V=VIl) (P < 0.05). correlated ( = 0.28; Figure 1), with acid-hydrolyzed fat
concentrations being 1-5.3 times higher than the correspond-
ing crude fat concentration. Crude fat is the industry standard
for fat measurement in the feed industry. However, crude fat
analysis does not quantify phospholipids and sphingolipids.

the assay was repeated in duplicate, with the exception of crude and
acid-hydrolyzed fat where a variation of less than 10% was accepted.
Statistical Analysis. Statistical comparisons were made using the

mixed models procedure of SAS (SAS Institute, Cary, NC). Because Acid-hvdrolvzed fat analvsis allows for measurement of all
the variance and covariance matrix met the Huynh-Feldt condition, data Yy Yy Y

were analyzed as a split-plot in time. The fixed effects of maturity IIpIdS,. which is why it is the St?”darq methOdIOf fat gnaly3|s
zone, collection time, and the interaction between zone and collection USed in the human and companion animal food industries. Gums
time were examined. If the interaction was not significaht=( 0.05), and soapstocks commonly added to the SBM during processing
then the main effects of zone and collection time were examined. contain fat in the forms of soaps, triglycerides, and phosphatides;
Orthogonal polynomial contrasts were used to determine if there was therefore, a large percentage of the fat in these additives is not
a linear or quadratic effect of collection time. To make comparisons quantified by the crude fat procedur&3f. However, the fat
among maturity zones, the following contrasts were used: northern from these sources is partially available to meet the animal’s
maturity zones (I and Il) vs central zones (Il and 1V); northern zones energy needs. On the basis of the poor correlation between the
\(/Isagc()jultlr)levr?\ Szzfgserg{\zlﬂ?ezlfvc\i/;& 2?3 cf;;;' tégnaes Iggsatmsd L\Qres two analytical procedures, it would be beneficial to analyze acid-

: P N hydrolyzed fat concentrations rather than crude fat concentra-

means. The correlation coefficient for crude versus acid-hydrolyzed |. in SBM i d d | datab
fat concentrations was determined using the correlation procedure of 1ONS IN In order to develop a more accurate database on

SAS (SAS Institute, Cary, NC). this important ingredient.
Oligosaccharide Composition.Concentrations of the oli-
RESULTS AND DISCUSSION gosaccharides, raffinose and verbascose, were loRes(05)
in northern maturity zones, while stachyose concentrations were
Comparison of Acid Hydrolyzed Fat to Crude Fat highest in central maturity zones'gble 2). There was a
Concentrations. There were no differences in crude fat significant interaction between maturity zone and collection time
concentrations among maturity zones or collection tirfedble for stachyose concentrations, indicating differences in the

1). Crude fat concentrations were much lower than 3.3%, the variation of stachyose concentrations in SBM among collection
value reported by the NRCL{), but were similar to values times and maturity zones. There was a decreBse (.05) in
reported by Grieshop et al3) for SBM collected from nine raffinose concentration over time with concentrations of 12.7,
solvent extraction processing plants in the United States (range,12.0, and 11.9 mg/g for collections—B, respectively, most
0.07-2.3% of dry matter) and Baizé ) for dehulled (1.48%) likely a result of variation in the SB arriving at the plant on
and nondehulled (1.67%) SBM produced at 18 and 20 U.S. specific collection days. Oligosaccharide concentrations were
processing plants, respectively. The difference between the NRChigher than those of 5:07.4, 30.8-41.3, and 1.21.7 mg/g
values and other published values may be due to variation infound by Grieshop et al.3} for raffinose, stachyose, and
analytical procedures used. verbascose, respectively, in SBM from nine commercial solvent
An interaction existedR < 0.05) between maturity zone and extraction processing plants in the United States. The higher
collection time for acid-hydrolyzed fat concentrations, indicating concentrations found in the current study may be more
that changes in concentration among collection times were notrepresentative of SBM oligosaccharide concentrations because
consistent among maturity zones. These differences in acid-a larger proportion of SBM processing plants were surveyed in
hydrolyzed fat concentrations among collection times is perhapsthe current study.
due to variation in composition of the SB reaching the  While SBM processed in northern maturity zones had lower
processing plant as well as to processing conditions used.concentrations of raffinose and verbascose, they also had higher
Additionally, acid-hydrolyzed fat concentrations were higher concentrations of total dietary fibeB)( which would be less
(P < 0.05) in SBM processed in southern maturity zones than fermentable than oligosaccharides. This may indicate a lower
in northern maturity zones. Acid-hydrolyzed fat concentrations digestibility SBM is available from processing plants located
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Table 2. Oligosaccharide Concentrations (mg/g, dry matter basis) of Table 3. Concentrations (%, dry matter basis) of Individual Essential
Soybean Meals Prepared at Commercial U.S. Soybean Processing Amino Acids in Soybean Meals Prepared at Commercial U.S. Soybean
Plants That Were Sampled at Three Collection Times Processing Plants That Were Sampled at Three Collection Times
soybean maturity zone soybean maturity zone
item 1 2 3 4 5 6 7 item 1 2 3 4 5 6 7
Raffinose®b Arginine2?
mean within zone 1052 10.81 1271 1233 1252 1379 1347 mean withinzone ~ 3.77 377 398 393 389 405 393
collection 1 1055 11.01 13.02 1335 1231 1443 1394 collection 1 369 367 388 372 390 403 375
collection 2 991 1076 1261 11.84 1298 1375 13.46 collection 2 394 381 401 39 399 398 4.09
collection 3 1112 1066 1251 1181 1227 1318 13.02 collection 3 369 38 405 410 379 415 396
SEM¢ 111 070 048 090 128 111 156 SEMe 014 009 006 011 015 014 019
Stachyose?®e Histidineabd
mean within zone  51.72 53.10 5562 5514 5247 5110 5116 mean within zone ~ 1.36  1.37 143 143 140 146 142
collection 1 5177 52.82 5636 5676 47.47 4593 5134 collection 1 134 131 139 134 137 142 136
collection 2 4894 5412 5542 5439 5570 5373 5091 collection 2 137 142 143 143 144 147 147
collection 3 54.45 5236 5507 5427 5424 5365 5124 collection 3 136 138 147 153 139 149 143
SEM 177 112 077 144 204 177 250 SEM 0.05 003 002 004 005 005 006
Verbascose?? Isoleucine®
mean withinzone 133 146 187 217 178 222 199 mean withinzone 228 228 237 233 232 237 236
collection 1 138 144 190 240 159 249 209 collection 1 214 207 221 207 217 220 220
collection 2 129 152 192 212 1.9 234 218 collection 2 234 237 239 236 243 241 244
collection 3 131 142 18 200 181 18 171 collection 3 236 241 250 255 238 249 245
SEM 014 009 006 011 016 014 018 SEM 0.08 005 004 007 009 008 010
Leucined
aNorthern zones (I and I1) vs central zones (Il and 1V) (P < 0.05). ? Northern mean withinzone 410  4.09 426 424 414 423 430
zones (I and 1) vs southern zones (V=VII) (P < 0.05). ¢ SEM = pooled standard collection 1 405 395 415 401 409 401 404
error of mean across collection times within a zone. ¢ Interaction between maturity collection 2 412 415 427 425 421 427 456
zone and collection time significant (P < 0.05). € Central zones (lll and IV) vs collection 3 414 418 436 446 412 441 429
southern zones (V-VII) (P < 0.05). fLinear effect of collection time (P < 0.05). SEM 013 008 006 010 014 012 017
Lysined
in th h iallv d diff . b mean withinzone 323 323 331 336 330 337 330
In the nort el'r_l -Zones,- pOtentIa y due to di erences-ln carpo- collection 1 319 311 327 3.20 3.22 3.24 321
hydrate deposition during SB seed development. Environmental collection 2 321 328 317 333 336 339 337
differences in the northern maturity zones compared to the collection3 330 331 348 357 330 350 333
central and southern zones, such as cooler temperatures, shorteP=™ 01 010 007 012 017 015 o021
photoperiod, and shorter growing season, may result in different ) Methionineadf
; ; ; iti mean withinzone 080 075 086 082 077 077 0.78
rates of fl.ber and 0I|.gosacchar|de deposition. ' collection 1 082 06 081 071 060 060 061
Soy oligosaccharides are thought to be poorly digested, collection 2 074 080 08 08 078 085 0.80
resulting in poor utilization of energy from SBM. Studies  collection 3 084 084 090 08 093 08 094
examining the effects of adding soy oligosaccharides on ileal SEM 006 004 003 005 007 006 008
nutrient digestibilities by swine resulted in equivocal outcomes. - Phenylalanine
Addition of 3.50 or 4.78% soy oligosaccharides to purified swine me”a” ‘,’V'th'ln zone ggg 5&53?1 ggz ggg ggé g;g ggg
diets containing casein as the protein source led to a 5% unit & ection ' ' ' ' i ' '
. . . o ) collection 2 276 262 270 267 270 267 278
decrease in ileal dry matter and nitrogen digestibilit®s\hile ~  cgjlection 3 267 260 267 280 256 280 269
supplementation of 1.3% oligosaccharides to a swine diet SEM 0.09 006 004 007 010 009 012
containing SBM (3.74% total oligosaccharides) did not decrease Threonined
digestibility of dry matter or nitrogen as compared to results meanwithinzone 167 175 182 18 183 18 182
obtained for swine fed semipurified diets containing SBM or  collection 1 154 163 175 156 187 172 174
soy protein isolate as the sole protein soure A 0.04 and I 176 181 18 18 178 190 190
. . X . . collection 3 173 181 18 202 184 185 181
0.08 kg/d decrease in weight gain by weanling pigs was noted gy, 008 005 004 007 010 008 041

when 1 and 2% stachyose, respectively, was added to SBM- Valinee
free diets, but growth rates were similar to when SBM was eanwitinzone 238 237 246 243 241 248 246

included in the diet14). The results of these studies indicate  collection 1 224 215 231 216 226 235 229
that oligosaccharides at concentrations found naturally in a CO::ect?OHZ 244 246 248 247 254 251 256

ical m-SBM di m have littl ff n nutrien collection 3 246 248 260 266 243 258 253
typical com-S diet may have little effect on nutrient SEM 009 006 004 007 010 009 011
digestibilities.

. Amino Acid (;0mposmon. Arglnlne, histidine, and methion- . aNorthern zones (I and Il) vs central zones (Il and IV) (P < 0.05). ® Northern

ine concentrations were different among SBM prepared in zones (1 and Il) vs southern zones (V-VI) (P < 0.05). ¢ SEM = pooled standard
different maturity zonesTable 3). Concentrations of arginine  error of mean across collection times within a zone. @ Linear effect of collection

and histidine were lowesP(< 0.05) for SBM processed in the  time (P < 0.05). ¢ Quadratic effect of collection time (P < 0.05). ’ Central zones (lll
northern zones (means, 3.77% arginine and 1.37% histidine forand IV) vs souther zones (V-VII) (P < 0.05).

zones | and Il vs 3.96 and 1.43% for zones—\ll).

Concentrations in the SBM processed in the northern zones alsa.84% for zones Il and IV vs 0.78% for zones I, 11, V, VI, and
were less than those reported by the NRO) (for dehulled, VII) and were higher than the 0.74% value reported in the NRC
solvent extracted SBM (3.87 and 1.42% of dry matter for (11).

arginine and histidine, respectively). Methionine concentrations  Concentrations of histidine, isoleucine, leucine, lysine,
in SBM processed in the central zones were highest (mean,methionine, threonine, and valine varied among collection times.
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Table 4. Concentrations (%, dry matter basis) of Individual
Nonessential Amino Acids in Soybean Meals Prepared at Commercial
U.S. Soybean Processing Plants That Were Sampled at Three
Collection Times
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Table 5. Concentrations (%, dry matter basis) of Total Essential, Total
Nonessential, and Total Amino Acids in Soybean Meals Prepared at
Commercial U.S. Soybean Processing Plants That Were Sampled at
Three Collection Times

soybean maturity zone

soybean maturity zone

item 1 2 3 4 5 6 7 item 1 2 3 4 5 6 7
Alaninga? Total Essential Amino Acids?—¢
meanwithin zone  2.27 228 241 238 232 243 240 meanwithin zone 223 222 232 230 227 237 230
collection 1 229 224 237 223 233 240 231 collection 1 216 210 224 213 221 235 217
collection 2 227 230 239 240 234 240 248 collection 2 227 227 232 232 232 234 240
collection 3 223 231 245 250 230 250 241 collection 3 225 229 240 246 227 211 234
SEME 007 004 003 005 008 007 010 SEM? 068 043 030 055 075 068 0.9
Aspartate Total Nonessential Amino Acids??
mean within zone  6.09  6.15 6.39 6.40 6.29 6.43 6.28 mean withinzone 285 288 301 300 294 302 29.6
collection 1 606 606 641 613 638 641 6.16 collection 1 287 285 300 290 296 300 285
collection 2 6.17 6.20 6.37 6.40 6.35 6.38 6.50 collection 2 286 291 301 300 298 298 30.6
collection 3 604 619 640 668 614 650 6.9 collection 3 283 288 302 310 288 310 296
SEM 020 013 009 016 022 019 026 SEM 088 056 039 069 096 088 124
Cysteingade Total Amino Acids?—¢
mean within zone  0.86  0.81 0.92 0.87 0.83 0.85 0.83 mean withinzone 508 510 533 530 521 53.9 52.6
collection 1 088 070 089 079 067 069 066 collection 1 502 495 524 503 516 535 503
collection 2 0.80 0.86 0.94 0.90 0.86 0.94 0.87 collection 2 513 518 533 532 531 532 546
collection 3 0.90 087 0.93 0.92 0.96 0.94 0.97 collection 3 509 517 542 556 516 550 530
SEM 0.06 004 002 005 006 006 0.08 SEM 148 094 065 118 167 148 209
Glutamate®?
mean withinzone 939 948 998 997 971 1015 997 2Northern zones (1 and Il) vs central zones (1l and V) (P < 0.05). ® Northern
collection 1 948 956 10.02 966 10.07 1014  9.68 zones (I and I1) vs southern zones (V-VII) (P < 0.05). ¢ Linear effect of collection
collection 2 935 944 997 997 967 999 1025 time (P < 0.05). ¢ SEM = pooled standard error of mean across collection times
collection 3 933 944 994 1028 941 1031  9.99 within a zone
SEM 031 019 014 024 034 029 040 '

" Glycine2® As regards nonessential amino acids, concentrations of
meanwithinzone 220 221 232 228 228 236 232 alanine, cysteine, glutamate, and glycine varied among maturity
collection 1 220 218 232 226 233 235 225 i the | ‘ irati £ alani lut 1 d
collection 2 218 223 232 233 227 232 238 Zzones, with the Jowest concentrations of alaniné, giutamate, an
collection 3 221 225 232 226 223 241 233 glycine occurring for SBM processed in the northern zones and
SEM 0.06 004 003 005 007 006 008 the highest concentrations of cysteine occurring for SBM

Proline’ processed in the central zondgble 4). Additionally, concen-
meanwithinzone 293 309 307 307 316 296 295 trations of cysteine increased and serine decreased from col-
gg::gg:gg; gg‘l‘ gg? g?i égi gig ggg ﬂg lection times 13, and concentrations of proline were highest
collection 3 293 306 315 330 312 312 290 for coI_Iectl_on time 2 The_ linear and _quadrauc ef_fects of
SEM 015 009 007 012 016 014 0.9 collection time on amino acid concentration are most likely due

Serinee to changes in composition of the SB arriving at the processing
meanwithinzone 3.08 303 317 320 305 323  3.05 plant over time rather than changes in processing conditions
collection 1 323 315 327 330 315 329 3.06 within the plant. Because the samples were collected at 2-week
collection 2 302 297 313 309 306 311  3.07 i ; ; ; it ithi

intervals, no major changes in processing conditions within the
collection 3 298 297 310 319 294 330 302 lant lik |] to h 9 P d 9
SEM 013 008 006 010 014 012 017 plant were likely to have occurred. _

Tyrosine Concentrations of total essential (TEAA), total nonessential
meanwithinzone 175 174 182 181 178 185 181 (TNEAA), and total amino acids (TAA) were lowes? (< 0.05)
collection 1 170 173 180 174 182 189 175 in northern maturity zonesr@ble 5). Additionally, concentra-
collection 2 184 176 181 182 182 179 187 tions of TEAA and TAA increased from collection times-3.
collection 3 Lr1 173 184 187 171 188 181 Total essential amino acids concentrations in zone3/ll were
SEM 007 004 003 005 007 007 008

aNorthern zones (I and I1) vs central zones (Il and 1V) (P < 0.05). ? Northern
zones (I and 1) vs southern zones (V=VII) (P < 0.05). ¢ SEM = pooled standard
error of mean across collection times within a zone. 9 Central zones (lll and IV) vs
southern zones (V-VII) (P < 0.05). ¢ Linear effect of collection time (P < 0.05).
fQuadratic effect of collection time (P < 0.05).

similar to the 23.8% value reported in NRC1j.

Soybean seed protein concentrations can be affected by
environmental conditions in which the SB are grown. Protein
percentage increases linearly as the temperature in which the
SB are grown increases above 28, a temperature that is
reached in the growing season in central and southern maturity
zones. A sharp increase in SB protein and methionine concen-

Concentrations of histidine, leucine, lysine, methionine, and trations from 34 to 42% and from 0.99 to 2.53%, respectively,

threonine increased linearly from collections 3, while iso-

was noted when daytime growing temperature was increased

leucine and valine concentrations were highest during collection from 30 to 33 °C (15). Westgate et al. 16) noted that

2. There was an interactio® (< 0.05) between maturity zone

temperature had a direct effect on sucrose uptake and utilization

and collection time for methionine concentrations. The differ- by the plant. At high temperatures, the carbon from sucrose is
ences in concentrations between collection times is an indicatorincorporated into protein, while at lower temperatures, the
of variation in the composition of SB arriving at the same carbon from sucrose is incorporated into oil within the seed.
processing plants on different days. This variation could be due The differences in temperatures among maturity zones may play
to variations in genetic variety of the SB and (or) to differences a role in the protein concentrations found in the SB and,

in management practices employed by the SB producer.

therefore, in the resultant SBM. In addition, variation in
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management practices used during SB growth (such as amount (3) Grieshop, C. M.; Kadzere, C. T.; Clapper, G. M.; Flickinger, E.

of nitrogen fertilizer applied, use of irrigation, and planting date) A.; Bauer, L. L.; Frazier, R. L.; Fahey, G. C., Jr. Chemical and
also may result in differences in protein and oil concentrations nutritional characteristics of United States soybeans and soybean
in the SB seed. meals.J. Agric. Food Chem2003 51, 7684-7691.

(4) AACC. Approved Methods8th ed.; American Association of
Cereal Chemists: St. Paul, MN, 1983.
(5) Budde, E. F. The determination of fat in baked biscuit type of

Differences in the proportions of the storage proteins, glycinin
and B-conglycinin, of SB could result in differences in the

proportions of amino acids found in the Sg-Conglycinin is dog foods J. Assoc. Off. Agric. Cheni952 35, 799-805.
thought to be more nutritious as it contains higher amounts of  (6) AOAC. Official Methods of AnalysjsL5th ed.; Association of
the sulfur amino acids. Differences in proportion of glycinin Official Analytical Chemists: Arlington, VA, 1995.

and -conglycinin and their subunits found in SB were noted  (7) Smiricky, M. R.; Grieshop, C. M.; Albin, D. M.; Wubben, J.
among 14 different cultivars and among seven different growing E.; Gabert, V. M.; Fahey, G. C., Jr. The influence of soy
locations within one maturity zonelT). Perhaps differences oligosaccharides on apparent and true ileal amino acid digest-
exist in the proportion and type of the storage proteins among ibilities and fecal consistency in growing pigs.Anim. Sci2002

80, 2433-2441.
(8) Spitz, H. D. A new approach for sample preparation of protein
hydrolyzates for amino acid analysisnal. Biochem1973 56,

cultivars grown within and among maturity zones, which would
affect the amino acid composition of the SB and, therefore, the

SBM. _ _ _ y 66-73.

Oligosaccharide and amino acid composition of SBM pre-  (9) Moore, S. On the determination of cystine as cysteic atid.
pared at commercial soybean processing plants located in Biol. Chem 1963 23, 235-237.
different maturity zones in the United States varied, both among (10) Speckman, K. H.; Stein, W. H.; Moore, S. Automatic recording
maturity zones and over time. The SBM prepared in northern apparatus for use in the chromatography of amino adidsl.

zones was somewhat unique as compared to that from the central Chem.1958 30, 1190-1206.

and southern zones, having lower concentrations of raffinose (11) National Research Coundilutrient Requirements of Swirdth
and verbascose, higher concentrations of dietary fiber, and lower ed.; National Academy Press: Washington, DC, 1998.
concentrations of total essential, total nonessential, and total (12 Baize, J. C. Results of USB study on SBM quality released.
amino acids. While variation in SB and SBM composition is to Soybean Meal Infosourct997, 1 (4), 1, 4.

o . (13) Woerfel, J. B. Soybean oil processing byproducts and their
be expected, it is important that current data on the composition utilization. In Practical Handbook of Soybean Processing and

of SBM specific to each maturity zone be available for use in Utilization; Erickson, D. R., Ed.; AOCS Press: Champaign, IL,
formulation of diets fed to nonruminants. By further character- 1995; pp 297-313.

izing composition of U.S. SBM, a more accurate description (14) Liying, Z.; Li, D.; Qiau, S.; Johnson, E. W.; Li, B.; Thacker, P.
of its overall value in animal diets is possible. Additionally, it A.; Han, |. K. Effects of stachyose on performance, diarrhoea
is important that accurate measures of compositional analysis incidence and intestinal bacteria in weanling pigech. Anim.

be employed to ensure that the animal is provided the proper Nutr. 2003 57, 1-10. _

amounts of nutrients at the lowest cost to the producer. (15) Wolf, R. B.; Cavins, J. F.; Leiman, R.; Black, L. T. Effect of

temperature on soybean seed constituents: Oil, protein, moisture,
fatty acids, amino acids, and sugarsAm. Oil Chem. Sod.982
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