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performance, carcass quality, and the palatability of pork’
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ABSTRACT: An experiment was conducted to investi-
gate pig performance, carcass quality, and palatability
of pork from pigs fed distillers dried grains with solu-
bles (DDGS), high-protein distillers dried grains (HP-
DDG), and corn germ. Eighty-four pigs (initial BW, 22
+ 1.7 kg) were allotted to 7 dietary treatments with 6
replicates per treatment and 2 pigs per pen. Diets were
fed for 114 d in a 3-phase program. The control treat-
ment was based on corn and soybean meal. Two treat-
ments were formulated using 10 or 20% DDGS in each
phase. Two additional treatments contained HP-DDG
in amounts sufficient to substitute for either 50 or 100%
of the soybean meal used in the control treatment. An
additional 2 treatments contained 5 or 10% corn germ,
which was calculated to provide the same amount of
fat as 10 or 20% DDGS. Results showed that for the
entire experiment, pig performance was not affected by
DDGS or HP-DDG, but final BW increased (linear, P <
0.05) as corn germ was included in the diets. Carcass
composition and muscle quality were not affected by
DDGS, but LM area and LM depth decreased (linear, P
< 0.05) as HP-DDG was added to the diets. Lean meat

percentage increased and drip loss decreased as corn
germ was included in the diets (quadratic, P < 0.05).
There was no effect of DDGS on fat quality except that
belly firmness decreased (linear, P < 0.05) as dietary
DDGS concentration increased. Including HP-DDG or
corn germ in the diets did not affect fat quality, ex-
cept that the iodine value increased (linear, P < 0.05)
in pigs fed HP-DDG diets and decreased (linear, P <
0.05) in pigs fed corn germ diets. Cooking loss, shear
force, and bacon distortion score were not affected by
the inclusion of DDGS, HP-DDG, or corn germ in the
diets, and the overall palatability of the bacon and pork
chops was not affected by dietary treatment. In conclu-
sion, feeding 20% DDGS or high levels of HP-DDG to
growing-finishing pigs did not negatively affect overall
pig performance, carcass composition, muscle quality,
or palatability but may decrease fat quality. Feeding
up to 10% corn germ did not negatively affect pig per-
formance, carcass composition, carcass quality, or pork
palatability but increased final BW of the pigs and re-
duced the iodine value of belly fat.

Key words: corn germ, distillers dried grain with solubles, high-protein distillers dried grain,
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INTRODUCTION

The digestibility of energy, P, and AA in distillers
dried grains with solubles (DDGS) fed to swine has
been reported (Fastinger and Mahan, 2006; Stein et
al., 2006b; Pedersen et al., 2007). Growth performance
and carcass characteristics have also been measured
in growing-finishing pigs fed diets containing different
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concentrations of DDGS (Whitney et al., 2006), but no
data are available on the palatability of pork from pigs
fed diets containing DDGS.

The Poet Company (Sioux Falls, SD) has introduced
a new biorefining ethanol technology called BFrac that
dehulls and degerms the corn before fermentation. Two
new coproducts that potentially can be fed to swine are
produced from this process. These 2 coproducts are
corn germ, originating from degerming of the corn,
and high-protein distillers dried grains (HP-DDG),
which is the distillers dried grains produced after the
dehulled and degermed corn has been fermented. Di-
gestibility of AA, P, and energy in these 2 products has
been measured (Widmer et al., 2007). However, there
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is no information on pig performance, carcass quality,
or palatability of pork from pigs fed diets containing
these ingredients. Therefore, the objective of this ex-
periment was to measure performance, carcass qual-
ity, and pork palatability of pigs fed diets containing
DDGS, HP-DDG, or corn germ.

MATERIALS AND METHODS
Animals and Housing

The Institutional Animal Care and Use Committee
at South Dakota State University reviewed and ap-
proved the protocol for the experiment.

Eighty-four growing pigs (initial BW, 22.1 = 1.7 kg)
originating from the matings of SP-1 boars to line 13
sows (Ausgene International Inc., Gridley, IL) were
allotted to 7 treatments based on BW, ancestry, and
sex 1n a randomized complete block design. Pigs were
housed in an environmentally controlled building, with
1 barrow and 1 gilt in each pen and 6 replicate pens per
treatment group. Treatments were randomized within
the building, and the experiment was conducted from
June to November 2006 with 2 replicates initiated on
each of 3 different days. Pens (1.2 X 2.4 m) had fully
slatted concrete floors, a 1-hole feeder, and a nipple
drinker.

Diets, Feeding, and Live Data Recording

Conventional DDGS, HP-DDG, and corn germ were
obtained from Poet Nutrition (Sioux Falls, SD). Com-
mercial sources of corn and soybean meal were also
used (Tables 1 and 2). Pigs were fed their respective
diets in a 3-phase sequence, with a grower diet being
provided during the initial 46 d of the experiment,
an early finisher diet during the next 40 d, and a late
finisher diet during the remaining 28 d. Within each
phase, 7 diets were formulated (Tables 3, 4, and 5). The
control treatment was based on corn and soybean meal
in all 3 phases. Two treatments were formulated us-
ing 10 or 20% DDGS in each phase, and 2 additional
treatments were formulated by including HP-DDG in
amounts sufficient to substitute either 50 or 100% of
the soybean meal used in the control treatment in each
phase. The diets in which HP-DDG substituted 50% of
the soybean meal contained 20, 15, and 10% HP-DDG
in the grower, early finisher, and late finisher phases,
respectively. The diets in which HP-DDG substituted
100% of the soybean meal contained 40, 30, and 20%
HP-DDG in the grower, early finisher, and late finisher
phases. The last 2 treatments were formulated using 5
or 10% corn germ in all 3 phases.

Diets were formulated to contain 0.83% standard-
ized ileal digestible (SID) Lys and 0.23% apparent
total tract digestible (ATTD) P in the grower phase,
0.67% SID Lys and 0.19% ATTD P in the early finish-
ing phase, and 0.52% SID Lys and 0.15% ATTD P in
the late finishing phase. Calculated concentrations of
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DE and ME were allowed to vary among diets. Digest-
ibility values for AA, P, and energy in corn and soybean
meal were from NRC (1998), but for DDGS, values
were obtained from Stein et al. (2006b) and Pedersen
et al. (2007). Digestibility values for energy and nutri-
ents in HP-DDG and corn germ were from Widmer et
al. (2007). Energy and all nutrients, including vitamins
and minerals, were included in all diets to meet or ex-
ceed the estimated requirements for growing and fin-
ishing pigs (NRC, 1998). Pigs had ad libitum access to
feed and water throughout the experiment.

Individual pig BW were recorded at the beginning of
the experiment and at the end of each phase. Feed al-
lotments were recorded daily on a pen basis, and feed in
the feeders was weighed each time pigs were weighed.
Average daily feed intake, ADG, and G:F were calcu-
lated for each pen, treatment, and phase and for the
entire experimental period at the conclusion of the ex-
periment.

Chemical Analysis of Ingredients and Diets

All samples were analyzed in duplicate. Diets and
feed ingredients (corn, soybean meal, DDGS, HP-DDG,
and corn germ) were analyzed for DM, CP, crude fat,
P, Ca, and AA as previously outlined (Widmer et al.,
2007). Diets and ingredients were also analyzed for io-
dine value (cyclohexane method, procedure Cd 1b-87;
AOCS, 2004), and ingredients were analyzed for fatty
acid composition (Sukhija and Palmquist, 1988).

Carcass Evaluation

Pigs were slaughtered on 3 d in the same order as
which they began the experiment, and all replications
were fed experimental diets for 114 d. Final pig BW
and feed left in the feeders were recorded the afternoon
before the pigs were slaughtered. These weights were
used to calculate ADFI, ADG, and G:F. Pigs were re-
moved from feed and fasted overnight. The next morn-
ing, pigs were transported approximately 3 km to the
South Dakota State University Meats Laboratory
where they were slaughtered and processed within 6
h after arrival, in a randomized order among treat-
ments.

Pigs were electrically stunned to render them uncon-
scious before exsanguination. All slaughter procedures
were conducted using standard procedures and were in
compliance with guidelines from South Dakota State
Meat Inspection. Carcasses were placed in the chiller
at 4°C approximately 45 min after stunning. The left
side of each carcass was ribbed between the 10th and
11th rib at 24 h postmortem, and LM area, LM depth,
and fat thickness were measured at the 10th rib using
standard procedures (NPB, 2000). Lean meat percent-
age for each pig was also calculated (NPB, 2000).

The LM was removed without fat from the left side
of each carcass. A 0.635-cm-thick chop was cut from
the LM between the 10th and 11th rib. This chop was
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Table 1. Analyzed nutrient composition of corn, soybean meal, distillers dried grains
with solubles (DDGS), high-protein distillers dried grains (HP-DDG), and corn germ

(as-fed basis)!

Nutritional value of ethanol coproducts

Item Corn Soybean meal DDGS HP-DDG Corn germ
DM, % 85.20 87.80 91.40 87.50 90.60
CP, % 6.93 43.95 27.46 42.51 15.56
Crude fat, % 2.24 1.25 9.49 3.01 17.32
Ca, % 0.02 0.48 0.28 0.02 0.01
P, % 0.22 0.66 0.74 0.38 1.31
Todine value 109.50 107.20 123.90 110.90 120.70
Indispensable AA, %
Arg 0.32 2.99 1.16 1.50 1.11
His 0.19 1.11 0.73 1.06 0.43
Ile 0.24 1.90 0.99 1.70 0.44
Leu 0.85 3.27 3.06 6.03 1.11
Lys 0.22 2.76 0.88 1.11 0.78
Met 0.18 0.61 0.58 0.89 0.27
Phe 0.34 2.12 1.31 2.46 0.59
Thr 0.25 1.67 1.04 1.56 0.53
Trp 0.05 0.57 0.22 0.27 0.10
Val 0.33 2.06 1.37 2.11 0.74
Dispensable AA, %
Ala 0.52 1.87 1.83 3.24 0.91
Asp 0.47 4.79 1.71 2.67 1.14
Cys 0.16 0.68 0.61 0.81 0.33
Glu 1.26 7.58 4.01 7.27 2.05
Gly 0.27 1.82 1.03 1.32 0.77
Pro 0.60 2.08 2.10 3.58 0.97
Ser 0.33 1.91 1.18 1.95 0.61
Tyr 0.22 1.60 1.11 2.02 0.43

'DDGS, HP-DDG, and corn germ were from Poet Nutrition (Sioux Falls, SD).
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cut into small cubes, and a 10-g sample (trimmed of fat
and connective tissue) was homogenized with 90 mL of
distilled water using a Janke & Kunkel Blender Ultra
Turrax T25 (IKA Laborechnik, Staufen, Germany). Ul-
timate LM pH was measured using a PerPHecT LogR
pH Meter Model 330 (Thermo Orion, Beverly, MA) and
a Corning pH Electrode Model 476286 (Corning Inc.,

Corning, NY). Drip loss, purge loss, and subjective col-
or and marbling scores of the LM were measured as
previously outlined (Stein et al., 2006a).

Belly firmness was measured on all belly primals
with the spareribs removed using the procedures re-
ported by Whitney et al. (2006). Belly temperature was
measured immediately before the belly firmness test

Table 2. Analyzed fatty acid composition (% of total fat) of corn, soybean meal, distill-
ers dried grains with solubles (DDGS), high-protein distillers dried grains (HP-DDG),

and corn germ (as-fed basis)'

Item Corn Soybean meal DDGS HP-DDG Corn germ
Caprylic acid, C8:0 0.00 0.12 0.16 0.00 0.00
Myristic acid, C14:0 0.00 0.18 0.00 0.00 0.00
Palmitic acid, C16:0 12.80 14.00 13.40 14.40 11.00
Palmitoleic acid, C16:1 0.14 0.19 0.12 0.19 0.11
Heptadecanoic acid, C17:0 0.00 0.17 0.00 0.00 0.10
Stearic acid, C18:0 2.01 4.62 2.37 2.72 1.90
Oleic acid, C18:1 28.60 16.80 27.00 24.80 26.80
Linoleic acid, C18:2 52.80 50.40 52.80 52.40 57.20
Linolenic acid, C18:3 1.30 9.34 1.38 1.66 1.10
Arachidic acid, C20:0 0.46 0.31 0.45 0.43 0.41
11-Eicosenoic acid, C20:1 0.36 0.19 0.27 0.29 0.28
Eicosadienoic acid, C20:2 0.00 0.00 0.18 0.00 0.00
Eicosadienoic acid, C20:3 0.00 0.00 0.12 0.31 0.00
Arachidonic acid, C20:4 0.00 0.13 0.00 0.00 0.00
Behenic acid, C22:0 0.18 0.48 0.19 0.19 0.15
Lignoceric acid, C24:0 0.24 0.32 0.27 0.26 0.19
Saturated fat, total 15.60 20.10 16.80 17.80 13.60

'DDGS, HP-DDG, and corn germ were from Poet Nutrition (Sioux Falls, SD).
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Table 3. Composition of grower diets (as-fed basis)"

Diet
DDGS HP-DDG Corn germ
Item Control 10% 20% Low High 5% 10%
Ingredient, %
Corn 67.15 62.78 58.41 61.03 54.90 66.07 64.96
Soybean meal 28.50 23.90 19.30 14.25 — 25.50 22.50
DDGS — 10.00 20.00 — — — —
Corn germ — — — — — 5.00 10.00
HP-DDG — — — 20.00 40.00 — —
Soybean oil 2.00 1.00 — 2.00 2.00 1.00 —
Limestone 0.90 0.99 1.07 1.06 1.21 0.93 0.96
Monocalcium phosphate 0.87 0.65 0.44 0.79 0.71 0.85 0.84
L-Lys-HCl — 0.10 0.20 0.27 0.54 0.07 0.14
L-Thr — — — — — — 0.02
L-Trp — — — 0.02 0.06 — —
NaCl 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Vitamin premix® 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Micromineral premix® 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Energy and nutrients®
ME, kcal/kg 3,371 3,333 3,295 3,636 3,700 3,333 3,295
DM, % 88.40 88.80 88.50 88.80 89.80 88.30 88.40
CP, % 17.19 17.70 17.90 18.85 21.30 16.34 15.34
Crude fat, % 4.55 4.35 3.84 4.73 4.71 4.26 4.31
Ca, % 0.61 0.65 0.63 0.60 0.64 0.65 0.61
P, % 0.51 0.52 0.50 0.46 0.43 0.54 0.58
ADF, % 3.22 3.76 4.29 4.04 4.85 3.31 3.40
NDF, % 8.58 10.20 11.82 10.04 11.51 9.24 9.89
Todine value 116.3 113.7 115.8 117.2 118.5 116.9 1154
Indispensable AA, %
Arg 1.09 1.03 0.96 0.90 0.78 1.06 0.94
His 0.46 0.47 0.47 0.47 0.53 0.45 0.40
Ile 0.75 0.73 0.70 0.69 0.83 0.71 0.60
Leu 1.52 1.64 1.71 2.14 2.86 1.48 1.33
Lys 0.97 0.96 0.98 0.90 1.03 1.01 0.89
Met 0.27 0.29 0.29 0.36 0.41 0.27 0.24
Phe 0.85 0.90 0.84 0.99 1.16 0.83 0.72
Thr 0.64 0.65 0.65 0.70 0.74 0.62 0.56
Trp 0.18 0.18 0.16 0.17 0.17 0.16 0.16
Val 0.80 0.80 0.88 0.81 1.04 0.85 0.75

'DDGS = distillers dried grains with solubles; HP-DDG = high-protein distillers dried grains. Distillers
dried grains with solubles, HP-DDG, and corn germ were from Poet Nutrition (Sioux Falls, SD).

*The vitamin premix provided the following quantities of vitamins per kilogram of complete diet: vitamin
A, 6,594 IU as acetate; vitamin D3 989 IU as D-activated animal sterol; vitamin E, 33 IU as a tocopherol
acetate; vitamin Kj, 2.6 mg as menadione dimethylpyrimidinol bisulfite; thiamin, 2.0 mg as thiamine mono-
nitrate; riboflavin, 5.9 mg; pyridoxine, 2.0 mg as pyridoxine hydrochloride; vitamin B;,, 0.026 mg; D-pan-
tothenic acid, 20 mg as calcium pantothenate; niacin, 33 mg; folic acid, 0.66 mg; and biotin, 0.1 mg.

*The micromineral premix provided the following quantities of microminerals per kilogram of complete
diet: Se, 0.18 mg as sodium selenite; I, 0.22 mg as potassium iodate; Cu, 9.5 mg as copper sulfate; Mn, 26.5
mg as manganese sulfate; Fe, 99 mg as iron sulfate; and Zn, 99 mg as zinc oxide.

*Values for ME, ADF, and NDF were calculated; all other values were analyzed.

to confirm that all bellies had a similar temperature.
Fat samples for analysis of iodine were taken midway
between the cranial and caudal ends of the belly at
a point just dorsal to the scribe line. Iodine values in
these samples were measured as described for the diets
and ingredients. Bellies were frozen at —20°C for palat-
ability testing at a later date.

Shear Force Testing and Evaluation of
Palatability

Cooking loss and peak shear force of LM samples
were measured as previously outlined (Stein et al.,

2006a). Likewise, 2 LM chops (2.54-cm thick) per pig
were cooked for palatability testing as described by
Stein et al. (2006a). Bellies were allowed to thaw and
were injected with a brine that consisted of 0.907 kg
of a commercial bacon cure per 3.785 L of water. The
bellies were pumped to 112% of the beginning weight
using an Inject Star Injector Model BI-72 (Inject Star
of the Americas Inc., Brookfield, CT). They were then
smoked in a Fessmann single-truck smokehouse (Fess-
mann LP, Kansas City, MO) for approximately 5 h,
with the smokehouse schedule consisting of the follow-
ing steps: step 1 was 20 min on high smoke with the
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Nutritional value of ethanol coproducts

Table 4. Composition of early finisher diets (as-fed basis)'

Diet
DDGS HP-DDG Corn germ
Item Control 10% 20% Low High 5% 10%
Ingredient, %
Corn 74.36 69.79 65.22 69.88 65.37 73.07 71.78
Soybean meal 21.60 17.20 12.80 10.80 — 18.80 16.00
DDGS — 10.00 20.00 — — — —
Corn germ — — — — — 5.00 10.00
HP-DDG — — — 15.00 30.00 — —
Soybean oil 2.00 1.00 — 2.00 2.00 1.00 —
Limestone 0.77 0.85 0.94 0.88 1.00 0.80 0.82
Monocalcium phosphate 0.69 0.48 0.27 0.64 0.59 0.68 0.67
L-Lys -HCl — 0.10 0.19 0.21 0.41 0.07 0.13
L-Thr — — — — — — 0.02
L-Trp — — — 0.01 0.05 — —
NaCl 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Vitamin premix® 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Micromineral premix® 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Energy and nutrients®
ME, kcal/kg 3,398 3,359 3,320 3,522 3,645 3,360 3,321
DM, % 86.60 87.00 87.00 87.60 88.30 87.60 87.60
CP, % 14.78 15.03 16.44 16.10 18.76 13.74 13.80
Crude fat, % 4.00 3.72 3.85 4.56 4.99 4.27 4.23
Ca, % 0.49 0.48 0.55 0.50 0.44 0.51 0.51
P, % 0.42 0.44 0.43 0.42 0.37 0.47 0.53
ADF, % 3.03 3.57 4.11 3.64 4.24 3.12 3.22
NDF, % 8.61 10.23 11.85 9.71 10.80 9.27 14.43
Todine value 114.4 117.0 117.6 119.0 118.1 117.4 119.0
Indispensable AA, %
Arg 0.86 0.89 0.83 0.82 0.68 0.79 0.84
His 0.38 0.41 0.42 0.42 0.45 0.35 0.36
Ile 0.56 0.62 0.61 0.63 0.68 0.52 0.48
Leu 1.30 1.48 1.63 1.86 2.40 1.27 1.24
Lys 0.73 0.98 0.83 0.77 0.84 0.72 0.79
Met 0.24 0.26 0.30 0.30 0.37 0.23 0.25
Phe 0.70 0.77 0.79 0.82 0.97 0.65 0.64
Thr 0.54 0.57 0.59 0.61 0.65 0.50 0.55
Trp 0.15 0.14 0.14 0.14 0.16 0.15 0.13
Val 0.71 0.79 0.79 0.81 0.87 0.67 0.65

1823

'DDGS = distillers dried grains with solubles; HP-DDG = high-protein distillers dried grains. Distillers
dried grains with solubles, HP-DDG, and corn germ were from Poet Nutrition (Sioux Falls, SD).

2The vitamin premix provided the following quantities of vitamins per kilogram of complete diet: vitamin
A, 6,594 TU as acetate; vitamin D3, 989 IU as D-activated animal sterol; vitamin E, 33 IU as a tocoph-
erol acetate; vitamin K, 2.6 mg as menadione dimethylpyrimidinol bisulfite; thiamin, 2.0 mg as thiamine
mononitrate; riboflavin, 5.9 mg; pyridoxine, 2.0 mg as pyridoxine hydrochloride; vitamin B,,, 0.026 mg; D-
pantothenic acid, 20 mg as calcium pantothenate; niacin, 33 mg; folic acid, 0.66 mg; and biotin, 0.1 mg.

*The micromineral premix provided the following quantities of microminerals per kilogram of complete
diet: Se, 0.18 mg as sodium selenite; I, 0.22 mg as potassium iodate; Cu, 9.5 mg as copper sulfate; Mn, 26.5
mg as manganese sulfate; Fe, 99 mg as iron sulfate; and Zn, 99 mg as zinc oxide.

“Values for ME, ADF, and NDF were calculated; all other values were analyzed.

dry bulb temperature at 54.4°C and with 0% humidity;
step 2 was 3 h and 40 min on low smoke with the dry
bulb temperature at 57.2°C and with 34% humidity;
and step 3 lasted until the bellies reached an internal
temperature of 53.3°C on low smoke with a dry bulb
temperature of 65.6°C and with 54% humidity. The
bellies were removed from the smokehouse and placed
in a 1.4°C cooler overnight. The bellies were sliced, and
8 slices were selected from the middle of the belly and
were vacuum-packaged and placed in a 1.4°C cooler
until taste panels were conducted.

An 8-member, trained sensory panel evaluated the
palatability of bacon and pork LM chops according to
published guidelines (AMSA, 1995). Fifteen samples
were evaluated per session, and 2 sessions were con-
ducted per day. A nonexperimental warm-up sample
was used to initiate each session. Panelists were se-
cluded in partitioned booths under red incandescent
lights.

Bacon slices were cooked using a microwave oven,
and initial testing was conducted to determine the
length of time that was required to cook the bacon to
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Table 5. Composition of late finisher diets (as-fed basis)

Diet
DDGS HP-DDG Corn germ
Item Control 10% 20% Low High 5% 10%
Ingredient, %
Corn 81.03 76.66 72.27 78.37 75.71 79.75 78.45
Soybean meal 15.10 10.5 5.90 7.55 — 12.30 9.50
DDGS — 10.00 20.00 — — — —
Corn germ — — — — — 5.00 10.00
HP-DDG — — — 10.00 20.00 — —
Soybean oil 2.00 1.00 — 2.00 2.00 1.00 —
Limestone 0.77 0.85 0.93 0.84 0.92 0.79 0.82
Monocalcium phosphate 0.52 0.31 0.10 0.49 0.45 0.51 0.50
L-Lys -HCI — 0.10 0.20 0.15 0.30 0.07 0.13
L-Thr — — — — — — 0.01
L-Trp — — 0.02 0.02 0.04 — 0.01
NaCl 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Vitamin premix2 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Micromineral premix® 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Energy and nutrients®
ME, kcal/’kg 3,419 3,381 3,343 3,502 3,585 3,381 3,342
DM, % 87.90 87.40 87.70 87.60 86.80 87.20 87.10
CP, % 11.66 12.07 12.59 13.16 13.64 11.89 11.24
Crude fat, % 4.11 3.75 3.57 3.81 4.01 3.64 3.61
Ca, % 0.57 0.51 0.49 0.47 0.52 0.53 0.56
P, % 0.41 0.39 0.38 0.38 0.37 0.45 0.49
ADF, % 2.84 3.38 3.91 3.24 3.63 2.99 3.03
NDF, % 8.64 10.25 11.87 9.37 10.09 9.29 9.95
Todine value 116.6 119.0 116.5 119.0 120.2 119.0 116.6
Indispensable AA, %
Arg 0.71 0.65 0.66 0.64 0.53 0.66 0.63
His 0.32 0.33 0.35 0.33 0.33 0.31 0.29
Ile 0.48 0.47 0.47 0.46 0.46 0.44 0.41
Leu 1.13 1.27 1.37 1.42 1.75 1.13 1.06
Lys 0.61 0.57 0.70 0.63 0.60 0.58 0.62
Met 0.20 0.21 0.26 0.24 0.27 0.19 0.19
Phe 0.58 0.59 0.60 0.63 0.68 0.54 0.51
Thr 0.44 0.45 0.49 0.48 0.49 0.43 0.41
Trp 0.13 0.12 0.14 0.13 0.13 0.11 0.13
Val 0.56 0.57 0.63 0.54 0.57 0.54 0.51

'DDGS = distillers dried grains with solubles; HP-DDG = high-protein distillers dried grains. Distillers
dried grains with solubles, HP-DDG, and corn germ were from Poet Nutrition (Sioux Falls, SD).

*The vitamin premix provided the following quantities of vitamins per kilogram of complete diet: vitamin
A, 6,594 IU as acetate; vitamin D3 989 IU as D-activated animal sterol; vitamin E, 33 IU as a tocopherol
acetate; vitamin Kj, 2.6 mg as menadione dimethylpyrimidinol bisulfite; thiamin, 2.0 mg as thiamine mono-
nitrate; riboflavin, 5.9 mg; pyridoxine, 2.0 mg as pyridoxine hydrochloride; vitamin B;,, 0.026 mg; D-pan-
tothenic acid, 20 mg as calcium pantothenate; niacin, 33 mg; folic acid, 0.66 mg; and biotin, 0.1 mg.

*The micromineral premix provided the following quantities of microminerals per kilogram of complete
diet: Se, 0.18 mg as sodium selenite; I, 0.22 mg as potassium iodate; Cu, 9.5 mg as copper sulfate; Mn, 26.5
mg as manganese sulfate; Fe, 99 mg as iron sulfate; and Zn, 99 mg as zinc oxide.

“Values for ME, ADF, and NDF were calculated; all other values were analyzed.

yield 37.5% of the raw weight. After cooking, a distor-
tion score for each slice was given on a 5-point scale (5
= the most distortion and 1 = the least distortion). The
samples were stored in a 50°C oven until served. All
panelists received half of a slice of bacon. The panel
evaluated crispiness, tenderness, and bacon flavor in-
tensity on an 8-point scale (8 = extremely crispy, ten-
der, or intense and 1 = extremely soft, tough, or bland).
The panel also evaluated fattiness, rancid flavor, piggy
flavor, or fishy flavor on a 5-point scale (5 = extremely

fatty, rancid, piggy, or fishy and 1 = not fatty, rancid,
piggy, or fishy).

Statistical Analysis

Growth performance data were analyzed using the
MIXED procedure (Littell et al., 1996; SAS Inst. Inc.,
Cary, NC). Homogeneity of the variance was verified
using the UNIVARIATE procedure of SAS. The residu-
al vs. the predicted plot procedure was used to analyze
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data for outliers (greater than 2X the SD). Treatment
means were calculated using the LSMEANS statement
in PROC MIXED. Orthogonal polynomials were used
to determine linear and quadratic effects of dietary
DDGS, HP-DDG, and corn germ concentrations. Data
for pigs fed diets containing DDGS were compared with
data for pigs fed corn germ and with data for pigs fed
HP-DDG using orthogonal contrasts. The pen was the
experimental unit, and an a level of 0.05 was used to
assess significance among means.

Data for carcass composition, muscle quality, fat
quality, and bacon and pork chop palatability were also
analyzed using the MIXED procedure of SAS. Homoge-
neity of the variance and the analysis for outliers were
performed as described for performance data. Treat-
ment means were calculated using the LSMEANS
statement in PROC MIXED. Belly firmness was ad-
justed by using belly thickness as a covariate. Orthogo-
nal polynomials and orthogonal contrasts were used to
analyze treatment effects as described for the perfor-
mance data. The pig was used as the experimental unit
for these analyses (Stein et al., 2006a), and an a level of
0.05 was used to assess significance among means.

RESULTS
Pig Performance

One pig on the HP-DDG diet became sick 10 d into
the experiment and was removed from the study. All
other pigs remained healthy throughout the experi-
ment. There was no difference in initial BW among di-
etary treatments (Table 6), and there was no difference
in ADG, ADFI, G:F, and final BW in any phase or for
the entire experiment among pigs fed the control, 10%
DDGS, or 20% DDGS diets with the exception that G:F
in the late finishing period decreased at 10% inclusion
of DDGS and then increased at 20% inclusion (qua-
dratic, P < 0.05). In the early finisher phase, a trend
(quadratic, P = 0.06) for an increase in ADG and final
BW was observed as DDGS was included in the diet.

In the grower phase, ADG, ADFI, and final BW de-
creased (linear, P < 0.05) as the concentration of HP-
DDG increased in the diet. A trend (linear, P=0.10) for
a decrease in G:F was also observed as HP-DDG was
included in the grower diets, but no differences were
observed in ADG, ADFI, G:F, and final BW in the early
finisher, late finisher, or for the entire experimental
period among pigs fed the control diet and the 2 HP-
DDG-containing diets. A trend for a decrease in final
BW in the early finisher phase (linear, P = 0.07) and
in ADFI for the entire experimental period (linear, P
= 0.08) was, however, observed, for pigs fed diets con-
taining HP-DDG. A trend (quadratic, P = 0.06) for a
decrease in G:F was also observed in the early and late
finisher phases as the dietary concentration of HP-
DDG increased.

No differences were observed among pigs fed the con-
trol, 5% corn germ, and 10% corn germ diets for ADFI or
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G:F in any phase or for the entire experimental period.
However, final BW and the ADG in the early finisher
phase increased as corn germ was added to the diets
(linear, P <0.05). Trends for a linear decrease in G:F in
the grower phase (P =0.06) and for a linear increase in
final BW in the early finisher phase (P = 0.08) were also
observed as corn germ was included in the diet. There
was also a trend (linear, P = 0.09) for pigs to increase
ADFT in the late finishing phase as the concentration
of corn germ was increased in the diet, and ADG for the
entire experimental period tended (linear, P = 0.06) to
increase as corn germ was added to the diet.

There was no difference between pigs fed the corn
germ and DDGS diets for ADG, ADFI, G:F, and final
BW in any phase or for the entire experimental period.
However, ADG was decreased (P < 0.05) for pigs fed
HP-DDG-containing diets compared with pigs fed the
DDGS-containing diets in the grower phase and for the
entire experimental period. In the grower phase, early
finisher phase, and the entire experimental period,
ADFI was greater (P < 0.05) for pigs fed the DDGS di-
ets than for pigs fed the HP-DDG diets, but G:F was
greater (P < 0.05) for pigs fed the HP-DDG diets in the
early finisher phase than for pigs fed the DDGS diets.
In the grower and early finisher phases, final BW was
greater (P < 0.05) for pigs fed the DDGS diets than for
pigs fed the HP-DDG diets.

Carcass Composition

Hot carcass weight, dressing percentage, and carcass
composition were not affected by the addition of DDGS
to the diets (Table 7). Likewise, there was no effect
of including HP-DDG in the diets for HCW, dressing
percentage, lean meat percentage, or 10th rib backfat.
However, there was a decrease (linear, P < 0.05) in LM
area and LM depth as HP-DDG was added to the diets.
Hot carcass weight, dressing percentage, LM area, and
LM depth were not affected by the inclusion of corn
germ in the diets. There was, however, an increase in
lean meat percentage (quadratic, P < 0.01) and a trend
for a decrease in 10th rib backfat as corn germ was in-
cluded in the diets (quadratic, P = 0.052).

There were no differences between pigs fed HP-DDG
and DDGS for any carcass composition traits. Likewise,
no differences were observed between pigs fed DDGS
and corn germ diets with the exception that lean meat
percentage and LM area were greater (P < 0.05) for
pigs fed corn germ diets than for pigs fed DDGS diets.

Muscle and Fat Quality

For LM marbling, color, L*, a*, drip loss, and purge
loss, no effects of including DDGS in the diets were
observed. There was a decrease (linear, P < 0.05) in
LM b* value as the concentration of DDGS in the diet
increased, and there was a trend (linear, P = 0.09) for
an increase in LM pH as the concentration of DDGS
increased. Longissimus muscle marbling, color, L*, a*,
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pH, and drip loss were not affected by the inclusion of
HP-DDG in the diets. However, there was a decrease
(inear, P < 0.05) in LM b* color as HP-DDG was added
to the diet. In addition, there was a trend for an in-
crease in purge loss as HP-DDG was included in the
diets (quadratic, P = 0.09). There was no effect of corn
germ on LM marbling, color, L*, a*, pH, and purge loss.
However, drip loss decreased for pigs fed diets contain-
ing 5% corn germ but increased for pigs fed diets con-
taining 10% corn germ (quadratic, P < 0.05). There was
also a trend for a decrease in LM b* as corn germ was
included in the diet (quadratic, P = 0.05), but no differ-
ences in muscle quality traits were observed when pigs
fed diets containing DDGS were compared with pigs
fed diets containing HP-DDG or corn germ.

There was no effect of DDGS on fat a*, belly thick-
ness, or iodine value, but belly firmness score and ad-
justed belly firmness score decreased as DDGS was
added to the diet (linear, P < 0.05). A trend for a de-
crease in fat L.* was also observed as DDGS was added
to the diet (linear and quadratic, P = 0.06 and 0.07).
Fat color (L*, a*, and b*) and belly thickness were not
affected by the inclusion of HP-DDG in the diets, but
iodine value increased (P < 0.05) as HP-DDG was in-
cluded in the diets. A trend (linear, P = 0.06) for a de-
crease 1in belly firmness score and adjusted belly firm-
ness score was also observed as HP-DDG was included
in the diet. There was no effect of corn germ on fat color
(L*, a*, and b*), belly thickness, belly firmness score,
and adjusted belly firmness score, but iodine value de-
creased as corn germ was added to the diet (linear and
quadratic, P < 0.05). There was no difference between
pigs fed diets containing HP-DDG and diets contain-
ing DDGS in fat quality. No differences were observed
between pigs fed the DDGS and corn germ diets with
the exception that iodine value was lower (P < 0.05) for
pigs fed corn germ diets than for pigs fed DDGS diets
(67.3 vs. 70.9).

Palatability

Cooking loss, shear force, and bacon distortion were
not affected by the addition of HP-DDG or corn germ to
the diets (Table 8). However, there was a tendency for
a linear decrease in cooking loss (P =0.09) and in bacon
distortion (P = 0.07) as DDGS was added to the diet.

The trained taste panelists did not detect any dif-
ferences in bacon flavor intensity, piggy taste, or fishy
taste among the control, 10% DDGS, or 20% DDGS
diets. A decrease (linear and quadratic, P < 0.05) in
bacon tenderness, a trend for a decrease in bacon fatti-
ness and rancid taste (linear, P=0.06 and 0.07, respec-
tively), and a trend for an increase (quadratic, P=0.07)
in bacon crispiness was observed as DDGS inclusion
in the diet increased. Bacon crispiness, tenderness, fla-
vor intensity, rancid taste, piggy taste, and fishy taste
were not affected by the inclusion of HP-DDG in the
diets, but there was a trend for an increase in bacon
fattiness taste as HP-DDG was added to the diet (qua-

Widmer et al.

dratic, P = 0.08). There was no effect of corn germ on
bacon crispiness, flavor intensity, fattiness taste, piggy
taste, or fishy taste. A trend for a decrease in bacon
tenderness (quadratic, P = 0.06) and in rancid taste
(linear, P = 0.08) was observed as the concentration of
corn germ in the diets increased.

Pork chop tenderness decreased as 10% DDGS was
included in the diet but increased at the 20% inclusion
level (quadratic, P < 0.05). The metallic taste of the
pork chops increased as 10% DDGS was included in
the diet but decreased as 20% was included in the diet
(quadratic, P < 0.05). There was also a tendency for an
increase in pork flavor intensity (linear, P = 0.08) and
for a decrease in off-flavor intensity (P = 0.09) and in
total off-flavors as the inclusion of DDGS in the diets
increased. There was no effect of DDGS on pork chop
juiciness, piggy taste, or other off-flavors.

There was an increase (linear, P < 0.05) in pork chop
juiciness and a trend (linear, P = 0.09) for a decrease
in pork chop metallic taste and total off-flavors (linear,
P =0.07) as the concentration of HP-DDG increased in
the diet. For the remaining pork chop palatability mea-
sures, however, no effects of HP-DDG were observed.
Likewise, the palatability of pork chops was not affect-
ed by the inclusion of corn germ in the diets.

DISCUSSION

The concentrations of CP, crude fat, P, and AA in corn
and DDGS correspond with published values (Stein et
al., 2006b; Pedersen et al., 2007), and concentrations of
CP, crude fat, Ca, P, and AA in HP-DDG and corn germ
are consistent with values reported by Widmer et al.
(2007). Corn and DDGS had similar fatty acid composi-
tion, which indicates that fatty acids are not hydroge-
nated during fermentation of the corn. The fatty acid
profile of HP-DDG 1is also similar to DDGS, but corn
germ has a greater concentration of linoleic acid and a
decreased concentration of saturated fatty acids than
DDGS, HP-DDG, and corn. This observation is consis-
tent with the profile reported for corn germ meal ex-
peller INRA-AFZ-INAPG, 2004). Soybean meal has a
greater concentration of linolenic acid than corn, which
also corresponds with published values (INRA-AFZ-
INAPG, 2004).

Pig Performance

Growth performance was not affected by the addi-
tion of 10 or 20% DDGS to diets fed to growing-finish-
ing pigs. This observation is in agreement with Cook et
al. (2005), DeDecker et al. (2005), and Xu et al. (2007),
who reported that the inclusion of up to 30% DDGS
in diets fed to growing-finishing pigs had no effect on
pig performance. However, Fu et al., (2004), Whitney
et al. (2006), and Linneen et al. (2007) included up to
30% DDGS in diets fed to growing-finishing pigs and
reported a decrease in pig performance as DDGS con-
centration increased in the diet. One possible reason
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for these conflicting observations may be that differ-
ent qualities of DDGS were used. The digestibility of
AA varies among sources of DDGS (Fastinger and Ma-
han, 2006; Stein et al., 2006b), and if a source of DDGS
that has a low digestibility of AA is used, pig perfor-
mance may be reduced. In addition, the diets in the
present experiment were formulated based on SID AA,
whereas the diets used in some of the experiments in
which poor pig performance was observed were formu-
lated based on concentrations of total AA. Crystalline
Lys was also added as DDGS was included in the di-
ets used in this experiment, and these diets, therefore,
contained only slightly more CP than the control diet.
In many of the experiments in which poor performance
of pigs fed DDGS-containing diets was reported, diets
containing DDGS also contained much more CP than
the control diet. In such diets, it may not be possible
to determine if the poor performance is a result of the
inclusion of DDGS in the diet or of the excess CP in
the diets, because extra CP requires more energy for
deamination of AA.

Values for ADG, ADFI, and final BW in the grower
phase were lower for pigs fed HP-DDG compared with
pigs fed conventional DDGS. Hastad et al. (2005) re-
ported that decreased feed palatability amplifies with
greater concentrations of DDGS in the diet. Therefore,
the high inclusion levels (20 and 40%) of HP-DDG may
have negatively affected ADFI in the grower phase.

Pigs fed corn germ diets had performance that was
not different from pigs fed the control or DDGS diets.
This observation demonstrates that corn germ is an ex-
cellent feed ingredient for pigs and that corn germ can
be included in diets up to at least 10% without nega-
tively affecting pig performance, provided that diets
are formulated based on concentrations of digestible

AA.

Carcass Composition

The carcass composition of pigs did not differ between
pigs fed the control diets and pigs fed the DDGS or corn
germ-containing diets. A decrease in dressing percent-
age as a result of dietary DDGS has been observed in
some previous experiments (Cook et al., 2005; Whit-
ney et al., 2006; Hinson et al., 2007), but in the current
experiment, dressing percentage was not affected by
the concentration of DDGS in the diet. The reason for
this observation is unknown, but it may be related to
the quality of DDGS that was used. The reason for the
reduced LM area and LM depth in pigs fed diets con-
taining HP-DDG is most likely that pigs fed these diets
were smaller than the control pigs at slaughter.

Muscle and Fat Quality

The linear decrease in LM b* values for pigs fed di-
ets containing DDGS or HP-DDG indicate that muscle
color became more blue as these ingredients were in-
cluded in the diets. To our knowledge, there are no oth-
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er reports on LM b* values for pigs fed DDGS or HP-
DDG, but the increased blueness in LM from pigs fed
diets containing DDGS or HP-DDG could be a result of
the numerical increase in LM pH that was observed for
pigs fed these diets.

The decrease in belly firmness and adjusted belly
firmness as the concentration of DDGS increased in
the diet is in agreement with data from Whitney et al.
(2006). However, no difference in belly thickness and
iodine value was observed in this experiment. This is
in contrast to Whitney et al. (2006), who reported a
decrease in belly thickness and an increase in iodine
value as the concentration of DDGS increased. How-
ever, Whitney et al. (2006) only decreased the inclu-
sion of soybean oil by approximately 0.5% for each 10%
increase in DDGS in the diets. In the present experi-
ment, 1% soybean oil was removed from the formula
for each 10% DDGS in the diet, and the concentration
of fat in the DDGS-containing diets was slightly low-
er than in the control diet. This may explain why no
increase in the iodine value was observed for pigs fed
the DDGS-containing diets. The iodine value of bellies
increased as the concentration of HP-DDG increased
in the diet, which was expected because belly firmness
and adjusted belly firmness had a tendency to decrease
as the concentration of HP-DDG increased.

For pigs fed diets containing corn germ, the belly io-
dine value decreased at the 10% inclusion level but not
at the 5% inclusion level. One possible explanation for
this observation is that 2, 1, and 0% soybean oil was
added to the control, 5% corn germ, and 10% corn germ
diets, respectively. Soybean oil was added to the diets
to ensure that all diets were formulated to contain the
same amount of total fat. Therefore, the total fat in the
diets did not increase when corn germ was included in
the diets. However, fat in corn germ has a relatively low
digestibility (Kil et al., 2007). This results in less fat
being absorbed in pigs fed diets containing corn germ
than in pigs fed control diets or DDGS-containing diets
even if the concentration of fat in the diet is similar
among these treatments. Pigs fed the corn germ diets
may, therefore, have absorbed less of the unsaturated
dietary fat, which in turn explains the reduction in io-
dine values for these pigs.

Palatability

The palatability of pork from pigs fed diets contain-
ing DDGS, HP-DDG, and corn germ has not been pre-
viously reported. Tenderness of bacon seemed to de-
crease with increasing levels of DDGS in diets, which
may be a result of the tendency for reduced distortion
of bacon from pigs fed DDGS-containing diets. Overall,
the palatability of bacon and pork chops was not nega-
tively affected by dietary treatments, which indicates
that consumers would not be able to determine the
difference among samples of pork obtained from pigs
fed a corn-soybean meal-based diet or diets containing
DDGS, HP-DDG, or corn germ.
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In conclusion, including 20% DDGS in diets fed
to growing-finishing pigs has no negative effects on
growth performance, carcass composition, muscle
quality, or pork palatability when diets are formulated
based on SID AA and ATTD P. Belly firmness is nega-
tively affected if 20% DDGS is included in the diet. The
dietary inclusion of HP-DDG does not affect final pig
performance, but belly firmness and iodine values are
negatively affected by the addition of HP-DDG in the
diet. Inclusion of up to 10% corn germ in diets fed to
growing-finishing pigs has no detrimental effects on
growth performance, carcass quality, or pork palatabil-
ity, but the iodine value of belly fat is reduced if corn
germ 1is included in the diet.

LITERATURE CITED

AMSA. 1995. Research Guidelines for Cookery, Sensory Evaluation
and Instrumental Tenderness Measurements of Fresh Meat.
Am. Meat Sci. Assoc. and Natl. Livest. Meat Board, Chicago
1L.

AOCS. 2004. Official Methods and Recommended Practices of the
American Oil Chemists Society. 5th ed., 2nd printing. Am. Oil.
Chem. Soc., Urbana, IL.

Cook, D., N. Paton, and M. Gibson. 2005. Effect of dietary level of
distillers dried grains with solubles (DDGS) on growth perfor-
mance, mortality, and carcass characteristics of grow-finish
barrows and gilts. J. Anim. Sci. 83(Suppl. 1):335. (Abstr.)

DeDecker, J. M., M. Ellis, B. F. Wolter, J. Spencer, D. M. Webel, C.
R. Bertelsen, and B. A. Peterson. 2005. Effects of dietary level
of distiller’s dried grains with solubles and fat on the growth
performance of growing pigs. J. Anim. Sci. 83(Suppl. 2):79.
(Abstr.)

Fastinger, N. D., and D. C. Mahan. 2006. Determination of the il-
eal amino acid and energy digestibilities of corn distillers dried
grains with solubles using grower-finisher pigs. J. Anim. Sci.
84:1722-1728.

Fu, S. X., M. Johnston, R. W. Fent, D. C. Kendall, J. L. Usry, R. D.
Boyd, and G. L. Allee. 2004. Effect of corn distiller’s dried grains
with solubles (DDGS) on growth, carcass characteristics, and
fecal volume in growing-finishing pigs. J. Anim. Sci. 82(Suppl.
2):80. (Abstr.)

Hastad, C. W., J. L. Nelssen, R. D. Goodband, M. D. Tokach, S. S.
Dritz, J. M. DeRouchey, and N. Z. Frantz. 2005. Effect of dried
distillers grains with solubles on feed preference in growing
pigs. J. Anim. Sci. 83(Suppl. 2):73. (Abstr.)

Hinson, R., G. Allee, G. Grinstead, B. Corrigan, and J. Less. 2007.
Effect of amino acid program (Low vs. High) and dried distiller’s

1831

grains with solubles (DDGS) on finishing pig performance and
carcass characteristics. J. Anim. Sci. 85(Suppl. 1):437. (Ab-
str.)

INRA-AFZ-INAPG. 2004. Tables of composition and nutritional val-
ue of feed materials. D. Sauvant, J.-M. Perez, and G. Tran, ed.
Wageningen Acad. Publ., Wageningen, the Netherlands.

Kil, D. Y., T. E. Sauber, and H. H. Stein. 2007. Effect of form of fat
and NDF addition on apparent ileal and apparent total tract
digestibility of fat in diets fed to growing pigs. J. Anim. Sci.
85(Suppl. 1):438. (Abstr.)

Linneen, S. K., M. D. Tokach, J. M. DeRouchey, S. S. Dritz, R. D.
Goodband, J. L. Nelssen, R. O. Gottlob, and R. G. Main. 2007.
Effects of dried distillers grain with solubles on grow-finish pig
performance. J. Anim. Sci. 85(Suppl. 2):96. (Abstr.).

Littell, R. C., G. A. Milliken, W. W. Stroup, and R. D. Wolfinger. 1996.
SAS Systems for Mixed Models. SAS Inst. Inc., Cary, NC.
NPB. 2000. Pork Composition and Quality Assessment Procedures.

4th ed. Natl. Pork Board, Des Moines, IA.

NPPC. 1999. Pork Quality Standards. Natl. Pork Prod. Council, Des
Moines, TA.

NRC. 1998. Pages 110-142 in Nutrient Requirements of Swine. 10th
rev. ed. Natl. Acad. Press, Washington, DC.

Pedersen, C., M. G. Boersma, and H. H. Stein. 2007. Digestibility of
energy and phosphorus in ten samples of distillers dried grain
with solubles fed to growing pigs. J. Anim. Sci. 85:1168-1176.

Stein, H. H., A. K. R. Everts, K. K. Sweeter, D. N. Peters, R. J. Mad-
dock, D. M. Wulf, and C. Pedersen. 2006a. The influence of di-
etary field peas (Pisum sativum L.) on pig performance, carcass
quality, and the palatability of pork. J. Anim. Sci. 84:3110—
3117.

Stein, H. H., M. L. Gibson, C. Pedersen, and M. G. Boersma. 2006b.
Amino acid and energy digestibility in ten samples of distill-
ers dried grain with solubles fed to growing pigs. J. Anim. Sci.
84:853—-860.

Sukhija, P. S., and D. L. Palmquist. 1988. Rapid method for determi-
nation of total fatty acid content and composition of feedstuffs
and feces. J. Agric. Food Chem. 36:1202—-1206.

Whitney, M. H., G. C. Shurson, L. J. Johnston, D. M. Wulf, and B.
C. Shanks. 2006. Growth performance and carcass characteris-
tics of grower-finisher pigs fed high-quality corn distillers dried
grain with solubles originating from a modern Midwestern eth-
anol plant. J. Anim. Sci. 84:3356-3363.

Widmer, M. R., L. M. McGinnis, and H. H. Stein. 2007. Digestibility
of energy, phosphorus, and amino acids in high protein distillers
dried grains with solubles and corn germ fed to growing pigs. J.
Anim. Sci. 85:2994-3003.

Xu, G., S. K. Baidoo, L. J. Johnston, J. E. Cannon, and G. C. Shurson.
2007. Effects of adding increasing levels of corn dried distill-
ers grains with solubles (DDGS) to corn-soybean meal diets on
growth performance and pork quality of growing-finishing pigs.
J. Anim. Sci. 85(Suppl. 2):76. (Abstr.)

Downloaded from jas.fass.org at Veterinary Med Lib E on February 10, 2011.


http://jas.fass.org

References This article cites 15 articles, 7 of which you can access for free at:
http://jas.fass.org/cgi/content/full/86/8/1819#BIBL

Citations This article has been cited by 10 HighWire-hosted articles:
http://jas.fass.org/cgi/content/full/86/8/1819%#otherarticles

Downloaded from jas.fass.org at Veterinary Med Lib E on February 10, 2011.


http://jas.fass.org/cgi/content/full/86/8/1819#BIBL
http://jas.fass.org/cgi/content/full/86/8/1819#otherarticles
http://jas.fass.org

