
ABSTRACT: The objective of this study was to de-
termine the effects of diets containing crude glycerol 
on pellet mill production efficiency and nursery pig 
growth performance. In a pilot study, increasing crude 
glycerol (0, 3, 6, 9, 12, and 15%) in a corn-soybean meal 
diet was evaluated for pellet mill production efficiency. 
All diets were steam conditioned to 65.5°C and pelleted 
through a pellet mill equipped with a die that had an 
effective thickness of 31.8 mm and holes 3.96 mm in 
diameter. Each diet was replicated by manufacturing 
a new batch of feed 3 times. Increasing crude glycerol 
increased both the standard (linear and quadratic, P 
< 0.01) and modified (linear, P < 0.01; quadratic, P ≤ 
0.02) pellet durability indexes up to 9% with no further 
benefit thereafter. The addition of crude glycerol de-
creased (linear; P < 0.01) production rate (t/h) and pro-
duction efficiency (kWh/t). In a 26-d growth assay, 182 
pigs (initial BW, 11.0 ± 1.3 kg; 5 or 6 pigs/pen) were fed 
1 of 7 corn-soybean meal-based diets with no added soy 
oil or crude glycerol (control), the control diet with 3 or 
6% added soy oil, 3 or 6% added crude glycerol, and 6 
or 12% addition of a 50:50 (wt/wt) soy oil/crude glycerol 
blend with 5 pens/diet. The addition of crude glycerol 
lowered (P < 0. 01) delta temperature, amperage, motor 
load, and production efficiency. The addition of crude 

glycerol improved (P < 0.01) pellet durability compared 
with soy oil and the soy oil/crude glycerol blend treat-
ments. Pigs fed increasing crude glycerol had increased 
(linear, P = 0.03) ADG. Average daily gain tended to 
increase with increasing soy oil (quadratic; P = 0.07) or 
the soy oil/crude glycerol blend (linear, P = 0.06). Add-
ing crude glycerol to the diet did not affect G:F com-
pared with the control. Gain:feed tended to increase 
with increasing soy oil (linear, P < 0.01; quadratic, P 
= 0.06) or the soy oil/crude glycerol blend (linear, P < 
0.01; quadratic, P = 0.09). Nitrogen digestibility tended 
(P = 0.07) to decrease in pigs fed crude glycerol com-
pared with pigs fed the soy oil treatments. Apparent 
digestibility of GE tended (P = 0.08) to be greater in the 
pigs fed soy oil compared with pigs fed the soy oil/crude 
glycerol blends. In conclusion, adding crude glycerol 
to the diet before pelleting increased pellet durability 
and improved feed mill production efficiency. The addi-
tion of 3 or 6% crude glycerol, soy oil, or a blend of soy 
oil and glycerol in diets for 11- to 27-kg pigs tended to 
increase ADG. For pigs fed crude glycerol, this was a 
result of increased ADFI, whereas, for pigs fed soy oil 
or the soy oil/crude glycerol, the response was a result 
of increased G:F.
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INTRODUCTION

The Renewable Fuel Standards Program, which is 
part of the Energy Policy Act of 2005, mandates that a 
minimum level of renewable fuels be consumed in the 

United States each year. In 2006, the minimum biofu-
els consumption level was set at 15 billion liters, with 
expectations of doubling consumption by 2012. Biodie-
sel is an alternative to petroleum-based diesel fuel and 
consists of monoalkyl esters formed through an alcohol-
based catalyzed reaction of triacylglycerides in oils and 
fats. According to the National Biodiesel Board, there 
are currently 105 biodiesel production facilities operat-
ing in the United States, and 77 facilities are in the 
planning or construction stage. If all of these facilities 
are realized, the estimated US biodiesel production ca-
pacity will exceed 9.5 billion liters (USEPA, 2007). This 
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level of production will yield nearly 1.2 million metric 
tons of crude glycerol, the primary co-product of the 
biodiesel production process. Purification of crude glyc-
erol to a chemically pure substance results in a valu-
able industrial chemical. However, purification is cost-
ly and the glycerol market is already saturated; thus, 
the price of crude glycerol continues to decline. This 
trend will continue as more biodiesel production facili-
ties begin production. Consequently, there has been 
much interest in using crude glycerol as a feed ingredi-
ent in animal diets to reduce diet costs. Lammers et al. 
(2007) fed 10% crude glycerol to pigs with little to no 
adverse effects on ADG, carcass composition, or meat 
quality. However, little is known about crude glycerol’s 
nutritional value or how it affects feed quality and feed 
processing efficiency. Therefore, the objective of these 
trials was to evaluate the effects of crude glycerol on 
pelleting efficiency, growth performance, and nutrient 
excretion in nursery pigs.

MATERIALS AND METHODS

The experimental protocol used in this study was ap-
proved by the Kansas State University Institutional 
Animal Care and Use Committee. 

Exp. 1
Experiment 1 included 6 treatments that were corn-

soybean meal-based swine grower diets formulated to 
contain 0, 3, 6, 9, 12, and 15% crude glycerol (Table 1).

The crude glycerol used in this study and Exp. 2 
contained 90.7% glycerol, 0.2% CP, 3.2% crude fat, 
and 5.53% ash. It had a peroxide value of 1.97 mEq 
of peroxide/kg of sample and 136 mg/kg of methanol. 
Diets were manufactured and pelleted, and data were 
collected at the Kansas State University Grain Science 
Feed Mill. All diets were steam conditioned to 65.5°C 
by adjusting the steam flow rate and pelleted using a 
pellet mill (Master Model HD, Series 2000, California 
Pellet Mill, Crawfordsville, IN) equipped with a die that 
had an effective thickness of 31.8 mm and holes 3.96 
mm in diameter. Pellets were cooled using a double-
pass perforated deck cooler (Wenger Manufacturing, 
Sabetha, KS). All experimental runs were performed 
using a warm die (65.5°C). Samples of corn, soybean 
meal, diet mash (before conditioning), and pellets were 
collected for each experimental run. Mean particle size 
of corn and soybean meal used in the diets was deter-
mined to be 667 and 1,025 μm, respectively (Standard 
319.1; ASAE, 1983).

Pellet mill production data were collected on all di-
ets. Each diet run was replicated by manufacturing a 
new batch of feed 3 times. Pellet mill electrical con-
sumption, production rate, hot-pellet temperature, 
motor load, feeder rate, conditioning rate, and pellet 
durability were measured. Conditioning temperature 
was measured through a stiff thermocouple placed in 
the stream of the conditioned mash as it moved from 
the conditioner to the pellet die. To measure hot pellet 
temperature, pellets were collected in a foam insulated 

Table 1. Composition of diets (Exp. 1; as-fed basis) 

Item

Added crude glycerol, % 

0 3 6 9 12 15

Ingredient, %
  Corn 63.54 60.30 57.06 53.82 50.57 47.33
  Soybean meal, 46.5% CP 32.57 32.81 33.06 33.30 33.54 33.78
  Crude glycerol1 — 3.00 6.00 9.00 12.00 15.00
  Monocalcium phosphate, 21% P 1.65 1.65 1.65 1.65 1.65 1.65
  Limestone 0.95 0.95 0.95 0.95 0.95 0.95
  Salt 0.35 0.35 0.35 0.35 0.35 0.35
  Vitamin premix2 0.25 0.25 0.25 0.25 0.25 0.25
  Trace mineral premix2 0.15 0.15 0.15 0.15 0.15 0.15
  l-lysine HCl 0.30 0.30 0.30 0.30 0.30 0.30
  dl-methionine 0.12 0.12 0.12 0.12 0.12 0.12
  l-threonine 0.12 0.12 0.12 0.12 0.12 0.12
Total 100.0 100.0 100.0 100.00 100.0 100.0
Calculated analysis
  Total lysine, % 1.38 1.38 1.38 1.38 1.38 1.38
  ME, kcal/kg 3,299 3,299 3,299 3,299 3,299 3,299
  CP, % 21.0 20.8 20.7 20.5 20.3 20.2
  Ca, % 0.80 0.80 0.80 0.80 0.80 0.80
  P, % 0.75 0.74 0.73 0.73 0.72 0.71
  Available P, % 0.42 0.42 0.42 0.42 0.42 0.42
  Lysine:calorie ratio, g/Mcal of ME 4.25 4.25 4.25 4.25 4.25 4.25

1Contained 90.7% glycerin and 136 mg/kg of methanol. Diets were formulated using nutrient values from NRC (1998) except for a ME value 
of 3,420 kcal/kg for crude glycerol.

2Provided (per kilogram of complete diet): 11,025 IU of vitamin A; 1,654 IU of vitamin D; 44 IU of vitamin E; 4.4 mg of vitamin K (as mena-
dione dimethylpyrimidinol bisulfate); 55.1 mg of niacin; 33.1 mg of pantothenic acid (as d-calcium pantothenate); 9.9 mg of riboflavin; 0.044 mg 
of vitamin B12; 16.5 mg of Cu as CuSO4·5H2O; 165.4 mg of Fe as FeSO4H2O; 39.7 mg of Mn as MnSO4·H2O; 0.30 mg of Se as Na2SeO3; 165.4 
mg of Zn as ZnO; and 0.30 mg of I as C2H2(NH2)2·2HI.
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pail, and the temperature was measured using a stiff 
thermocouple after the temperature reading reached 
equilibrium. Conditioning temperature and production 
rate were held constant. Pellet production efficiency, 
expressed as kilowatt-hours per metric ton (kWh/t), 
was determined from changes in voltage and amper-
age meter readings. Standard and modified pellet du-
rability index (PDI) was evaluated for each experimen-
tal run using 500 g of cold pellets (Standard S269.3; 
ASAE, 2003).

Exp. 2

Before beginning the experiment, pigs were fed stan-
dard early weaning and transition diets (DeRouchey et 
al., 2007). A total of 182 nursery pigs (approximately 
14 d after weaning and initial BW of 11.0 ± 1.3 kg) 
were used in a 26-d growth assay. Pigs were blocked 
by initial BW and randomly allotted to 1 of 7 dietary 
treatments with 5 or 6 pigs/pen and 5 pens/treatment. 
Experimental diets included a control with no added 
soy oil or crude glycerol, the control diet with 3 or 6% 
added soy oil, the control diet with 3 or 6% added crude 
glycerol, and the control diet with 6 or 12% of a 50:50 

(wt/wt) soy oil/crude glycerol blend (Table 2). The same 
batch of crude glycerol from Exp. 1 was used in Exp. 
2. All diets were formulated to the same total Lys:ME 
ratio. Chemical composition of all ingredients except 
crude glycerol was derived from NRC (1998). All diets 
were formulated using the ME value of corn (3,420 
kcal/kg) as the ME value for crude glycerol. Similar to 
Exp. 1, pellet mill production data were collected dur-
ing diet manufacturing.

Pigs were housed in an environmentally controlled 
nursery at the Kansas State University Segregated 
Early-Weaning Facility. Each pen measured 1.2 × 1.2 m 
and contained 1 self-feeder and 1 cup waterer to provide 
ad libitum access to feed and water. Pigs were weighed 
and feed disappearance was determined on d 0, 8, 19, 
and 26 to determine ADG, ADFI, and G:F. From d 14 to 
21, an indigestible marker (Cr2O3) was added at 0.5% 
to all treatment diets. On d 19, grab samples of feces 
were collected from a minimum of 2 pigs/pen. Concen-
trations of Cr (Kimura and Miller, 1957; Williams et 
al., 1962), DM and N (AOAC, 1995), and GE (adiabatic 
bomb calorimetry, Parr Instruments, Moline, IL) in the 
feces and diet were determined to calculate apparent 
digestibility of DM, N, and GE.

Table 2. Composition of diets (Exp. 2; as-fed basis) 

Item Control

Crude glycerol, % Soy oil, % Blend,1 %

3 6 3 6 6 12

Ingredient, %
  Corn 53.71 50.44 47.18 47.92 42.55 44.67 35.91
  Soybean meal, 46.5% CP 41.98 42.23 42.47 44.62 46.86 44.86 47.54
  Crude glycerol2 — 3.00 6.00 — — 3.00 6.00
  Soybean oil — — — 3.00 6.00 3.00 6.00
  Monocalcium phosphate, 21% P 1.60 1.61 1.61 1.71 1.81 1.71 1.77
  Limestone 0.95 0.95 0.95 0.95 0.95 0.95 0.95
  Salt 0.35 0.35 0.35 0.35 0.35 0.35 0.35
  Vitamin premix3 0.25 0.25 0.25 0.25 0.25 0.25 0.25
  Trace mineral premix3 0.15 0.15 0.15 0.15 0.15 0.15 0.15
  l-Lysine HCl 0.30 0.30 0.30 0.30 0.30 0.30 0.30
  dl-Methionine 0.11 0.12 0.13 0.13 0.15 0.14 0.16
  l-Threonine 0.10 0.11 0.11 0.12 0.13 0.12 0.13
  Antibiotic4 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Calculated analysis
  Total lysine, % 1.38 1.38 1.38 1.45 1.50 1.45 1.51
  ME, kcal/kg 3,283 3,283 3,283 3,429 3,574 3,429 3,574
  CP, % 20.9 20.8 20.6 21.7 22.3 21.6 22.1
  Analyzed CP,5 % 19.5 20.5 19.8 21.7 22.2 20.4 21.7
  Ca, % 0.79 0.79 0.79 0.81 0.84 0.81 0.83
  P, % 0.74 0.73 0.72 0.76 0.78 0.76 0.76
  Available P, % 0.41 0.41 0.41 0.44 0.46 0.44 0.45
  Lysine:calorie ratio, g/Mcal of ME 4.18 4.18 4.18 4.18 4.18 4.18 4.18

1Contained a 50:50 blend of soy oil and crude glycerol.
2Provided 90.7% glycerin and contained 136 mg/kg of methanol. Diets were formulated using a ME value of 3,420 kcal/kg for crude glyc-

erol.
3Provided (per kilogram of complete diet): 11,025 IU of vitamin A; 1,654 IU of vitamin D; 44 IU of vitamin E; 4.4 mg of vitamin K (as mena-

dione dimethylpyrimidinol bisulfate); 55.1 mg of niacin; 33.1 mg of pantothenic acid (as d-calcium pantothenate); 9.9 mg of riboflavin; 0.044 mg 
of vitamin B12; 16.5 mg of Cu as CuSO4·5H2O; 165.4 mg of Fe as FeSO4H2O; 39.7 mg of Mn as MnSO4·H2O; 0.30 mg of Se as Na2SeO3; 165.4 
mg of Zn as ZnO; and 0.30 mg of I as C2H2(NH2)2·2HI.

4Provided 140 g of neomycin sulfate and 140 g of oxytetracycline HCl per ton of complete feed.
5Analyzed by the AOAC method 990.03 (AOAC, 1995).
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Statistical Analysis

Statistical analysis was performed using the MIXED 
procedure (SAS Inst. Inc., Cary, NC). Data from Exp. 
1 were analyzed as a completely randomized block de-
sign with batch (n = 3) as the experimental unit. Con-
trasts were used to test for linear and quadratic effects 
of crude glycerol. In Exp. 2, pellet mill production data 
were analyzed as a completely randomized block design 
with batch (n = 3) as the experimental unit. Contrasts 
were used to test for linear and quadratic effects of soy 
oil, crude glycerol, and the blend of soy oil and crude 
glycerol. All possible pairwise comparisons were used 
to test among soy oil, crude glycerol, and the soy oil/
crude glycerol blend production data. Pig growth data 
were analyzed as a completely randomized block with 
block based on initial BW. The pen was the experi-
mental unit for growth and digestibility data analyses. 
Contrasts used included linear and quadratic effects 
of soy oil, crude glycerol, and the blend of soy oil and 
crude glycerol. In addition, all possible pair-wise com-
parisons were used to separate the means of pigs fed 
soy oil, crude glycerol, and the soy oil/crude glycerol 
blend.

RESULTS AND DISCUSSION

Exp. 1

There was no effect of crude glycerol on conditioning 
temperature, indicating that conditioning temperature 
was indeed held constant at 65.5°C (Table 3). Hot pellet 
temperature and delta temperature decreased (linear, 
P = 0.03 and 0.02, respectively) with increasing crude 
glycerol. Delta temperature should follow a similar pat-
tern to hot pellet temperature, as delta temperature 
is calculated as the difference between hot pellet tem-
perature and conditioning temperature. There was no 

difference in voltage (V) with increasing crude glycerol 
content. Amperage (Amps) decreased (linear, P < 0.01) 
with the addition of crude glycerol. The greatest de-
creases in Amps occurred with the addition of 3% crude 
glycerol and again at the 12% crude glycerol additions; 
however, all diets with crude glycerol had lower Amps 
than the control. Motor load also decreased (linear, P 
< 0.01) with the addition of crude glycerol. Voltage, 
Amps, and motor load are measures of energy usage 
by the pellet mill. Amperage values followed a similar 
trend as motor load values. Amperage measures the 
electrical current demanded by the pellet mill, and mo-
tor load measures energy required by the pellet mill 
to rotate the pellet die. Motor load will increase with 
increased friction in the die and decrease as friction 
is decreased. The decrease in motor load when crude 
glycerol was added to the diet indicated a decrease in 
pellet die friction.

Pellet durability index also increased up to 9% added 
crude glycerol for both the standard (linear and qua-
dratic, P < 0.01) and modified (linear, P < 0.01; qua-
dratic, P = 0.02) PDI, resulting in a 2 to 6% improve-
ment in PDI compared with the control. These results 
differ from previous research reporting that broiler di-
ets pelleted with 10% crude glycerol had visibly poorer 
pellet quality; however, PDI was not measured in that 
study (Cerrate et al., 2006). The addition of crude glyc-
erol decreased (linear, P < 0.01) production rate despite 
the attempt to hold production rate constant. Due to 
the lack of information available with crude glycerol on 
pellet quality, adjustments were continuously made to 
steam pressure to hold the conditioning temperature 
constant. These slight adjustments may have caused 
a decrease in production rate. The production efficien-
cy also decreased (linear, P < 0.01) with added crude 
glycerol. A reduction or improvement in production ef-
ficiency will result in a direct economical savings for 
the feed mill by reducing total energy usage of the pel-
let mill.

Table 3. Effects of added crude glycerol on pellet mill production efficiency, Exp. 11,2 

Item

Added crude glycerol, %

SE

P-value 

0 3 6 9 12 15 Linear Quadratic

Conditioning temperature, °C 65.4 65.6 65.7 65.7 65.4 65.5 0.20 0.97 0.16
Hot pellet temperature, °C 76.1a 75.4a 74.5a 76.6a 72.2b 72.8b 1.20 0.03 0.50
Delta temperature, °C 10.5a 9.6a 8.6a 10.6a 6.4b 7.0b 1.14 0.02 0.60
Voltage 250.4 250.0 248.9 252.3 250.1 250.3 1.94 0.84 0.95
Amperage 29.3a 25.2b 23.6b 22.9b 19.5c 18.1c 0.85 <0.01 0.45
Motor load, % 54.7a 45.7b 41.7b 41.0b 33.3c 30.3c 2.00 <0.01 0.42
Pellet durability
  Standard, % 90.1a 92.1b 93.5bc 95.7c 94.9c 94.7c 0.73 <0.01 <0.01
  Modified, % 87.5a 89.4b 91.2bc 93.9c 92.3c 91.6c 1.14 <0.01 0.02
Production rate, t/h 1.20a 1.15a 1.13a 1.00b 0.99b 1.00b 0.04 <0.01 0.25
Production efficiency, kWh/t 8.41a 7.51bc 7.12bc 7.81ab 6.72c 6.12d 0.28 <0.01 0.63

a–dMeans in the same row with different superscripts differ, P < 0.05.
1All diets were corn-soybean meal-based swine grower diets.
2Each experimental diet was replicated by manufacturing a new batch of feed 3 times.
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Exp. 2

Similar to Exp. 1, a conditioning temperature of 
65.5°C was targeted for pelleting. There was a tenden-
cy (P = 0.08) for the 3% crude glycerol, 3% soy oil, and 
the 6% blend treatments to have a greater conditioning 
temperature (66.2°C) compared with all other treat-
ments (65.9°C; Table 4). Although statistically signifi-
cant, this small difference is of little practical impor-
tance. Hot pellet temperature and delta temperature 
decreased (linear, P < 0.01) with the addition of crude 
glycerol, soy oil, and the soy oil/glycerol blend. Delta 
temperature, however, decreased only slightly with 
the greatest addition of crude glycerol or the soy oil/
crude glycerol blend (quadratic, P = 0.03 and P < 0.01, 
respectively). The addition of the soy oil/glycerol blend 
resulted in a similar response in hot pellet tempera-
ture (quadratic, P < 0.01). A lower delta temperature 
is an indication of reduced die friction. As die friction 
increases, delta temperature would be expected to in-
crease. The greatest improvement occurred with the 
initial liquid addition of crude glycerol or the soy oil/
crude glycerol blend, and decreasing only slightly with 
the addition of either the 6% crude glycerol or the 12% 
blend addition. Hot pellet temperature and delta tem-
perature had a greater decrease (P < 0.01) for the soy 
oil/crude glycerol blend when compared with soy oil and 
crude glycerol additions, indicating that crude glycerol 
and soy oil combined can reduce die friction more than 
when either ingredient is added to the diet individu-
ally. There was no difference in hot pellet temperature 
and delta temperature between the crude glycerol and 
soy oil treatments, indicating that crude glycerol had 
a lubrication effect on the pellet die similar to that of 
soy oil.

There was no difference in V among any of the treat-
ments. Amperage and motor load decreased (linear, P < 
0.01) with the addition of soy oil. Adding crude glycerol 
decreased Amps (linear and quadratic, P < 0.01) and 
motor load (linear, P < 0.01; quadratic, P < 0.05) with 
the greatest decrease occurring with the addition of 3% 
crude glycerol to the diet, with little to no additional 
improvement with the 6% crude glycerol addition. The 
addition of the soy oil/crude glycerol blend reduced mo-
tor load (linear, P < 0.01) and Amps (linear, P < 0.01; 
quadratic, P = 0.03) with the greatest decrease occur-
ring with the 12% soy oil/crude glycerol blend. The ad-
dition of crude glycerol or soy oil resulted in greater (P 
< 0.01) Amps and motor load compared with the blend, 
indicating that the soy oil/crude glycerol blend had the 
greatest reduction in pellet die friction.

Pellet quality was not affected with the addition of 
crude glycerol; however, 6% added crude glycerol diet 
had the greatest PDI compared with all other treat-
ments. Soy oil is typically added to nursery diets to aid 
in pelleting and reduce diet friction; however, the addi-
tion of soy oil results in poor quality pellets (Briggs et 
al., 1999). As expected, the addition of soy oil decreased 
(linear and quadratic, P < 0.01) PDI. The soy oil/crude 

glycerol blend decreased (linear; P < 0.01) PDI; howev-
er, PDI of the blend was greater (P < 0.01) than soy oil 
alone. The addition of the 6 and 12% soy oil/crude glyc-
erol blends resulted in a 5 to 37% improvement in PDI 
compared with the addition of 3 or 6% soy oil alone. 
Similar to Exp. 1, the addition of crude glycerol im-
proved PDI. The addition of crude glycerol improved (P 
< 0.01) PDI by an average of 15% when compared with 
the soy oil/crude glycerol blends and 26% compared 
with the soy oil treatments. These data indicate that 
crude glycerol added to a diet before pelleting, with or 
without added soy oil, will result in an improved PDI.

Diets containing soy oil had increased (P < 0.01) pel-
let production rate compared with diets containing 
the addition of crude glycerol. Production rate was not 
different between crude glycerol and the soy oil/crude 
glycerol blend or the control, and the soy oil/crude glyc-
erol blend was not different from any of the other treat-
ments. Production efficiency improved (linear, P < 0.01; 
quadratic, P ≤ 0.04) with the addition of soy oil, crude 
glycerol, or the soy oil/crude glycerol blend compared 
with the control diet. However, the greatest benefit 
occurred with the initial addition of any of the liquid 
sources. The control diet had the poorest production, 
and the soy oil/crude glycerol blend had the largest im-
provement compared with the control diet, requiring 
the least total production energy. Pelleting of soy oil/
crude glycerol blend diets had improved (P < 0.01) pro-
duction efficiency compared with soy oil or crude glyc-
erol. Improvement in production efficiency results in 
energy savings by the feedmill, and the results of the 
present study demonstrated the importance of liquid 
addition to meal diets before pelleting.

Several studies have evaluated the use of crude glyc-
erol in swine and poultry diets (Bernal et al., 1978; 
Kijora et al., 1995; Simon et al., 1996). However, the 
majority of these studies used a glycerol by-product 
of biodiesel production from rapeseed oil. The crude 
glycerol used in those studies should be similar to the 
crude glycerol used in our studies; however, the impu-
rities will likely vary among sources. In our study, pigs 
were fed a crude glycerol source containing 90.7% glyc-
erol and 136 mg/kg of methanol from a Midwestern US 
biodiesel plant, which used soy oil as the initial feed-
stock (Minnesota Soybean Processors, Brewster, MN).

For the overall period (d 0 to 26), pigs fed diets with 
increasing crude glycerol had increased (linear, P = 
0.03) ADG (Table 5). Pigs fed diets containing soy oil 
had a tendency for increased (quadratic, P = 0.07) ADG, 
with the greatest improvement occurring with the ad-
dition of 3% soy oil and no additional improvement ob-
served with 6% soy oil. The improvement in ADG with 
diets containing added fat are consistent with findings 
of Ratliff et al. (2004), where 3% added fat optimized 
growth in 10- to 23-kg pigs. In addition, pigs fed in-
creasing soy oil/crude glycerol blend had a tendency 
for increased (linear, P = 0.06) ADG. The increase in 
ADG of pigs in our study is in contrast to the data of 
Lammers et al. (2007) who observed no difference in 
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growth of pigs fed 0, 5, or 10% glycerol. One possible 
explanation for the slightly different response might be 
that in our study, the crude glycerol was 90.7% pure vs. 
84.5% pure for the crude glycerol used by Lammers et 
al. (2007).

Pigs fed diets with crude glycerol had a tendency for 
increased ADFI or increased ADFI compared with pigs 
fed diets containing soy oil (P = 0.08) or the soy oil/
glycerol blend (P = 0.03). The increased ADG of pigs 
fed glycerol seems to be the result of increased feed in-
take.

Increasing crude glycerol had no effect on G:F, but 
pigs fed diets with increasing soy oil or the soy oil/
crude glycerol blend had increased (linear, P < 0.01) 
G:F. Although both responses to increasing soy oil or 
the soy oil/glycerol blend were linear, the greatest im-
provement occurred with the first 3% added soy oil or 
6% of the soy oil/glycerol blend (quadratic, P = 0.06 and 
0.09 for soy oil and the blend, respectively). Pigs fed 
soy oil or the soy oil/crude glycerol blend had greater 
(P = 0.03) G:F compared with pigs fed diets containing 
crude glycerol. In our study, we assigned glycerol an 
energy value equal to that of corn. However, Lammers 
et al. (2008) have observed crude glycerol to contain 95 
and 94% the DE and ME, respectively, of corn. There-
fore, the differences in G:F may be related to the en-
ergy content of the diets.

Other than the data of Lammers et al. (2008), who 
evaluated the DE and ME content of glycerol, few stud-
ies have examined the effects of crude glycerol on nutri-
ent digestibility in pigs. Fecal excretion of DM tended to 
increase in pigs fed crude glycerol compared with pigs 
fed soy oil (P = 0.07) or the soy oil/crude glycerol blend 
(P = 0.10; Table 6). Percentage of N digested tended (P 
= 0.07) to decrease in pigs fed diets containing crude 
glycerol compared with pigs fed diets containing soy 
oil. However, previous research by Simon et al. (1997) 
showed that N retention in broilers increased as crude 
glycerol inclusion increased up to 20%. Gross energy 
intake tended (P = 0.10) to decrease in pigs fed the soy 
oil/crude glycerol blend compared with pigs fed crude 
glycerol. This was expected, as pigs fed the soy oil/crude 
glycerol blend had decreased ADFI compared with pigs 
fed crude glycerol. Fecal excretion of GE tended (P = 
0.10) to decrease in pigs fed the soy oil/crude glycerol 
blend compared with pigs fed crude glycerol. Gross en-
ergy retention tended (P = 0.08) to increase in pigs fed 
soy oil compared with pigs fed the soy oil/crude glycerol 
blends. Pigs fed the added soy oil treatments tended 
(P = 0.07) to have increased GE digestibility compared 
with pigs fed crude glycerol.

Previous research conducted by Lammers et al. (2007) 
showed that the addition of crude glycerol to swine di-
ets did not affect growth performance. Our data differ 
slightly from these previous data because crude glyc-
erol tended to increase ADFI compared with pigs fed 
the control diets. Lammers et al. (2007) reported no dif-
ference in ADG, ADFI, G:F, or carcass composition in 
pigs fed 5 or 10% crude glycerol. Lammers et al. (2008) Ta
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estimated that the apparent DE of crude glycerol in a 
nursery pig diet is 3,344 ± 8 kcal/kg. This energy value 
of crude glycerol for nursery pigs is approximately 95% 
of the DE value for corn (3,525 kcal/kg; NRC, 1998). 
Additional research has also shown that crude glyc-
erol can be used as a feed ingredient without altering 
growth performance criteria in both swine and poultry 
(Bernal et al., 1978; Kijora et al., 1995; Simon et al., 
1996). All of these previous studies focused on using 
crude glycerol as an energy source for replacing cereal 
grains in the diet. It seems that crude glycerol can re-
place part of cereal grains in swine diets without nega-
tively affecting ADG. Our studies indicated that add-
ing crude glycerol may have positive effects on ADFI. 
Additional research is needed to further evaluate crude 
glycerol in swine diets, as well as crude glycerol stor-
age and oxidation. Further evaluation of crude glycerol 
product variability, and storage of feed manufactured 
with crude glycerol also needs to be conducted.

Adding crude glycerol to a corn-soybean meal diet be-
fore pelleting seems to be a management strategy that 
can enhance the overall pelleting process by improving 
total production efficiency (kWh/t) and pellet quality 
without compromising growth performance. Our data 
indicated that up to 6% crude glycerol can be included 
in diets for pigs weighing 11 to 27 kg to improve the 
pelleting process without reducing pig performance.
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