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Summary

Background: the relatively high concentration of polyunsaturated fatty acid in yellow corn may reduce 
the quality of pork fat, but feeding barley instead of yellow corn may increase pork quality. Objective: to 
determine the effects of feeding graded levels of barley on performance, carcass composition, and pork quality 
of finishing pigs. Methods: in experiment 1, diets containing 0, 20, 40, 60, or 80% barley were fed to pigs 
(initial BW: 67.9 kg) for 8 weeks. In experiment 2, a diet containing 60% barley was fed to pigs for 0, 2, 4, 
6, or 8 weeks prior to slaughter. Results: feeding diets with increasing levels of barley resulted in a linear 
decrease in daily gain (p<0.01) and backfat thickness (p<0.01). Dressing percentage linearly decreased with 
length of barley feeding (p<0.05), but the concentration of saturated fatty acids in backfat increased (linear, 
p<0.05) the longer the barley diet was fed. Conclusion: there was no effect of barley on loin muscle quality 
and barley did not consistently change fat color or belly and bacon quality.

Key words: belly traits, fatty acid composition, growth rate, swine nutrition.

Resumen

Antecedentes: la relativamente alta concentración de ácidos grasos poliinsaturados presente en el maíz 
amarillo puede reducir la calidad de la grasa del cerdo. Alimentar con cebada en lugar de maíz amarillo podría 
mejorar la calidad de dicha carne. Objetivo: determinar los efectos del suministro de niveles incrementales de 
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cebada sobre el rendimiento, composición de la canal y calidad de la carne de cerdos en ceba. Métodos: en 
el experimento 1 se suministraron dietas que contenían 0, 20, 40, 60, o 80% de cebada a cerdos en ceba (PV 
inicial: 67,9 kg) durante 8 semanas. En el experimento 2 se suministró una dieta con 60% de cebada a cerdos 
durante 0, 2, 4, 6, u 8 semanas antes del sacrificio. Resultados: el introducir mayores niveles de cebada en la 
dieta resultó en una disminución lineal de la ganancia diaria (p<0,01) y del espesor de la grasa dorsal (p<0,01). 
El porcentaje de rendimiento disminuyó linealmente con la duración del suministro de cebada (p<0,05), pero 
la concentración de ácidos grasos saturados en la grasa dorsal aumentó (lineal, p<0,05) a medida que se 
incrementó la duración del suministro de cebada. Conclusión: no hubo efecto de la cebada en la calidad del 
músculo del lomo. La cebada no cambió el color de la grasa ni la calidad del vientre o del tocino.

Palabras clave: calidad del vientre, composición de ácidos grasos, nutrición porcina, tasa de crecimiento .

Resumo

Antecedentes: a concentração relativamente elevada de ácidos gordurosos poli-insaturados presentes 
no milho amarelo pode reduzir a qualidade da gordura suína. Fornecendo cevada ao invés de milho amarelo 
poderia melhorar a qualidade da carne. Objetivo: determinar os efeitos de níveis crescentes de cevada sobre 
o desempenho, composição e qualidade da carne a da carcaça de suínos de engorda. Métodos: no primeiro 
experimento os suínos foram alimentados durante o período de engorda com dietas contendo 0, 20, 40, 60, ou 
80% de cevada (PV inicial de 67,9 kg) durante oito semanas. No segundo experimento se subministrou uma 
dieta com 60% de cevada aos suínos durante 0, 2, 4, 6 ou 8 semanas antes do abate. Resultados: a introdução 
de maiores níveis de cevada na dieta resultou em uma redução linear do ganho de peso diário (p<0,01) e da 
espessura de toucinho (p<0,01). A porcentagem de rendimento no período de engorda diminuiu linearmente 
com a duração de fornecimento de cevada (p<0,05), mas a concentração de ácidos gordurosos saturados do 
bacon aumentou enquanto se incrementou a duração de fornecimento de cevada (linear, p<0,05). Conclusão: 
não houve efeito de cevada na qualidade do olho de lombo. A cevada não mudou a cor da gordura nem a 
qualidade da barriga e do bacon.

Palavras chave: qualidade do ventre, composição de ácidos graxos, taxa de crescimento, nutrição de suínos .

Introduction

Corn-based diets fed to finishing pigs may result 
in soft fat due to the high levels of unsaturated 
fatty acids in corn oil, and the carotenoids in corn 
may result in deposition of yellow fat in pigs (Carr 
et al ., 2005; Madsen et al ., 1992; NPPC, 2000). 
Yellow fat is undesirable by some customers in Asia. 
Feeding barley instead of yellow corn often results 
in whiter and firmer pork fat with reduced iodine 
values (Lampe et al ., 2006; Opapeju et al ., 2006; 
Ringkob, 2003) because of the low concentration of 
carotenoids and PUFA in barley. However, feeding 
barley may reduce pig growth performance due to 
the greater fiber and the lower energy concentration 
compared with corn. Inclusion of barley in diets fed 
to pigs is, therefore, a balance between obtaining 
a desirable fat quality and color, and maintaining 
the best possible growth performance. Thus, the 
optimum level of barley in diets fed to finishing 
pigs, and the length that this diet needs to be fed 

to improve pork fat color and quality, need to be 
determined. 

Therefore, the hypothesis tested in the present 
experiments was that feeding barley to finishing 
pigs may improve pork quality but also negatively 
affect pig growth performance. The objective was to 
determine an optimum inclusion level of barley in 
finishing diets for pigs and the period that is necessary 
to feed barley to obtain a desired pork quality without 
impairing pig growth performance. 

Materials and methods

General procedures

Two experiments were conducted using crossbred 
pigs (SP-1 sires × Line 13 dams; Ausgene, Gridley, 
IL). Protocols for both experiments were reviewed 
and approved by the Institutional Animal Care and 
Use Committee at South Dakota State University 
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where the experiments were conducted. Pigs were 
housed in an environmentally controlled finishing 
building with temperatures maintained at 18° C. Each 
pen (1.2 × 2.4 m) was equipped with a feeder and a 
nipple drinker and had a fully slatted concrete floor. 
Pigs had unlimited access to feed and water.

Experiment 1

In an 8-week growth assay, a total of 60 pigs with an 
average initial body weight (BW) of 67.9 ± 5.52 kg were 
used. Animals were grouped by BW into six blocks 
and randomly assigned to five treatment groups with 
two pigs (one barrow and one gilt) per pen and six 
replicate pens per treatment group in a randomized 

complete block design. The control diet contained 
80% corn, 17.5% soybean meal, and 0.34% corn 
starch (Table 1). Four additional diets were formulated 
by adding 20, 40, 60, or 80% barley to the control 
diet by replacing equal amounts of corn in the diets. 
The concentration of soybean meal was reduced and 
the concentration of cornstarch was increased as the 
concentration of barley in the diets was increased 
because of the greater concentration of digestible 
AA in barley than in corn (NRC, 1998). All diets 
were formulated to contain similar concentrations 
of crude protein and lysine. Vitamins and minerals 
were added to meet or exceed requirement estimates 
for finishing pigs (NRC, 1998). Response variables 
were pig performance and carcass traits. 

Barley (%)a

Item 0 20 40 60 80

Ingredient (%)

Ground corn 80.00 60.00 40.00 20.00 —

Ground barley — 20.00 40.00 60.00 80.00

Soybean meal, 44% CP 17.50 16.50 15.50 14.50 13.50

Ground limestone 0.75 0.75 0.80 0.80 0.85

Dicalcium phosphate 0.65 0.60 0.55 0.50 0.45

L-Lysine∙HCl 0.06 0.05 0.03 0.02 —

Salt 0.40 0.40 0.40 0.40 0.40

Vitamin premixb 0.05 0.05 0.05 0.05 0.05

Trace mineral premixc 0.25 0.25 0.25 0.25 0.25

Cornstarch 0.34 1.40 2.42 3.48 4.50

Total 100.00 100.00 100.00 100.00 100.00

Calculated nutrient composition

MEd (kcal/kg)  3,306  3,214  3,121  3,030  2,937 

Crude protein (%) 14.3 14.5 14.7 14.9 15.1

Lysine (%) 0.75 0.75 0.75 0.75 0.75

Calcium (%) 0.51 0.50 0.51 0.50 0.51

Phosphorus (%) 0.46 0.46 0.45 0.45 0.45

Table 1. Ingredient composition of experimental diets (as-fed basis).

aIn experiment 1, all 5 diets were used, whereas in experiment 2, only the diet with 80% corn without barley and the diet with 20% corn and 60% barley were used. 
bVitamins supplied per kilogram of diet: vitamin A, 5,495 IU as vitamin A acetate; vitamin D3, 824 IU as D-activated animal sterol; vitamin E, 28 IU as alpha tocopherol 
acetate; vitamin K3, 2.2 mg as menadione dimethylpyrimidinol bisulphite; thiamin, 1.7 mg as thiamine mononitrate; riboflavin, 5.0 mg; pyridoxine, 1.7 mg as 
pyridoxine hydrochloride; vitamin B12, 0.022 mg; D-pantothenic acid, 17 mg as calcium pantothenate; niacin, 28 mg; folic acid, 0.6 mg; and biotin, 0.09 mg.
cProvided the following quantities of minerals per kilogram of complete diet: Cu, 26 mg as copper sulfate; Fe, 125 mg as iron sulfate; I, 0.31 mg as potassium 
iodate; Mn, 26 mg as manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 130 mg as zinc oxide.
dME: metabolizable energy.
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Experiment 2

This experiment also lasted 8-weeks and was 
conducted to evaluate the effect of feeding diets 
containing 60% barley to finishing pigs for 0, 2, 4, 
6, or 8 weeks prior to slaughter. Sixty pigs with an 
initial BW of 70.7 ± 2.86 kg were randomly allotted to 
five treatment groups with two pigs (one barrow and 
one gilt) per pen and six replicate pens per treatment 
group in a randomized complete block design based 
on initial BW. The control diet was based on corn 
and soybean meal and was similar to the control diet 
used in experiment 1. The barley diet was similar to 
the 60% barley diet used in experiment 1. For the 
first treatment group, the control diet was offered 
for 8 weeks; for the second group, the control diet 
was fed for 6 weeks followed by the barley diet for 
2 weeks; for the third group, the control diet was 
fed for 4 weeks followed by the barley diet for 4 
weeks; for the fourth group, the control diet was fed 
for 2 weeks followed by the barley diet for 6 weeks; 
and for the last treatment group, the barley diet was 
fed for the entire 8-week experimental period. Pigs 
were humanely slaughtered at the conclusion of the 
experiment. Response variables included growth 
performance, carcass traits, pork fat quality and color, 
and fatty acid composition of backfat. 

Growth trials and carcass measurements

In both experiments, animal BW and feed 
disappearance were determined every other week. 
Average daily gain (ADG), average daily feed intake 
(ADFI), and gain:feed ratio (G:F) were calculated 
at the conclusion of the experiment. All pigs were 
slaughtered at the Meat Science Laboratory at South 
Dakota State University following an overnight fast. 
Pigs were electrically stunned and dressed using 
standard operating procedures. After recording hot 
carcass weights, carcasses were placed in a cooler 
at 4 °C. Dressing percentage was calculated by 
dividing the hot carcass weight by the live BW. Loin 
muscle depth and 10th rib fat depth were measured, 
and carcass lean percentage was calculated (NPPC, 
2000).

Pork quality and belly traits

Subjective marbling and color scores of the loin 
muscle were determined in pigs from experiment 2 
based on the standards suggested by NPPC (2000). 
Sampling procedures, pork quality measurements, 
and backfat color determination were similar to the 
procedures described by Stein et al . (2006). Hue angle 
was calculated in degrees as tan-1 (b*/a*), and saturation 
index was calculated as [(a*)2 + (b*)2]0.5 (Little, 1975).

Bellies were removed from the right side of every 
carcass at 24 h postmortem. Belly traits, belly fat 
color, and bacon quality traits were measured using 
the procedures described by Stein et al . (2006). Fatty 
acid concentration in backfat samples was analyzed 
according to the method described by Sukhija and 
Palmquist (1988).

Statistical analysis

Data were analyzed as a randomized complete 
block design using the Generalized Linear Model 
procedure of SAS (SAS Inst. Inc., Cary, NC), and 
the pen was the experimental unit. Orthogonal 
polynomials were used to determine linear and 
quadratic effects of treatments. In experiment 2, belly 
thickness was used as a covariate in the analysis for 
backfat composition, belly angle, color, traits, and 
sensory scores of belly fat. The alpha level used for 
determination of statistical significance was 0.05.

Results

Experiment 1

Substitution of corn with barley resulted in a linear 
decrease (p<0.01) in ADG (Table 2). Feed intake also 
tended to decrease (linear, p=0.06) with increasing levels 
of dietary barley, but G:F was unaffected by the levels 
of dietary barley. Carcass weights linearly decreased 
(p<0.001) and loin muscle depth was reduced (quadratic, 
p<0.05) with increasing levels of barley in the diets. 
Increasing levels of barley in the diet also resulted in 
thinner backfat (linear, p<0.01) and greater carcass lean 
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aEach least squares mean represents six pens of two pigs per pen. 
bLean percent values were estimated using the equation from NPPC (2000).

Barley (%) p-value

Item 0 20 40 60 80 SEM Linear Quadratic

Growth performance

 Initial body weight (kg) 67.2 68.0 68.8 68.6 67.3 0.5 0.539 0.011

Final body weight (kg) 129.4 125.5 128.5 124.8 117.0 2.6 0.006 0.151

Average daily gain (kg/d) 1.07 0.99 1.03 0.97 0.86 0.05 0.007 0.378

Average daily feed intake (kg/d) 3.51 3.41 3.73 3.33 3.19 0.12 0.062 0.084

Gain:feed ratio 0.31 0.29 0.28 0.29 0.27 0.01 0.129 0.862

Carcass traits

Carcass weight (kg) 95.6 92.0 94.1 90.9 83.3 2.1 <0.001 0.101

Loin muscle depth (cm) 5.97 6.10 6.21 6.17 5.71 0.15 0.338 0.023

10th rib fat depth (cm) 2.01 1.72 1.82 1.62 1.52 0.09 0.001 0.781

Leanb (%) 50.8 52.7 52.2 53.3 53.8 0.6 0.001 0.520

Table 2. Effects of feeding different levels of barley to finishing pigs on performance and carcass traits (Experiment 1a).

percentage (linear, p<0.01) compared with pigs fed diets 
containing more corn and less barley.

Experiment 2

Pigs tended to consume more feed (linear, p=0.06) 
and to have less G:F (linear, p=0.06) the longer the 
barley diet was fed, but there was no effect of barley 
on ADG (Table 3). The dressing percentage linearly 
decreased (p<0.05) with increasing time of feeding 
barley, but all other carcass traits were unaffected by 
feeding the barley diet.

Loin muscle marbling, color, pH, drip loss, and 
shear force were not affected by feeding the barley 
diet (Table 4). However, lightness of backfat increased 
(quadratic, p<0.05) and redness decreased (quadratic, 
p<0.01) with increasing time of feeding the barley 
diet. Hue angle was the least and saturation index 
was the greatest in pigs fed the barley diet for 4 weeks 
(quadratic, p<0.05). 

Total saturated fatty acids (SFA) tended to increase 
(linear, p=0.09) whereas total polyunsaturated fatty acids 
(PUFA) decreased (linear, p<0.01) with increasing time 

of feeding the barley diet (Table 5). Longer periods of 
feeding the barley diet prior to slaughter also resulted in 
linear decreases (p<0.01) in total n-6 fatty acids, n-6:n-3 
ratio, PUFA:SFA ratio, and calculated iodine value. 
Bacon quality criteria -including physical traits, color, 
and sensory traits- were not influenced by feeding the 
barley diet (Table 6).

Discussion

Pigs fed corn-based diets may produce darker 
fat than pigs fed barley-based diets because of the 
relatively high levels of carotenoids in corn. The 
high levels of PUFA in corn may also result in pigs 
depositing more soft fat if they are fed corn-based 
diets than if they are fed barley-based diets (Carr 
et al ., 2005; NPPC, 2000). Thus, feeding a barley-
based diet may solve these fat quality issues because 
barley contains lower levels of carotenoids and less 
PUFA than corn. However, feeding barley may reduce 
growth performance because of the high fiber content. 
It is, therefore, important to determine the inclusion 
level of barley in diets fed to finishing pigs that is 
needed to improve pork quality without negatively 
impacting growth performance.
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Barley feeding (weeks) p-value

Item 0 2 4 6 8 SEM Linear Quadratic

Growth performance

Initial body weight (kg) 70.6 70.3 70.8 70.9 70.7 0.3 0.497 0.812

Final body weight (kg) 124.6 121.8 121.6 123.5 122.7 2.2 0.757 0.472

Average daily gain (kg/d) 1.04 0.96 0.98 1.01 1.00 0.04 0.868 0.301

Average daily feed intake (kg/d) 3.29 3.25 3.22 3.53 3.45 0.09 0.058 0.489

Gain:feed ratio 0.32 0.30 0.30 0.29 0.29 0.01 0.064 0.502

Carcass traits

Slaughter weight (kg) 121.1 118.8 118.3 119.8 121.6 1.9 0.763 0.161

Hot carcass weight (kg) 92.5 90.1 88.9 89.8 91.1 1.7 0.585 0.172

Dressing percent (%) 76.4 75.8 75.2 75.0 74.9 0.5 0.040 0.495

Loin muscle depth (cm) 6.06 6.00 5.96 5.85 6.12 0.09 0.876 0.103

Loin muscle area (cm2) 43.1 43.5 42.5 43.4 44.0 1.1 0.623 0.570

10th rib backfat (cm) 2.15 2.02 1.89 2.15 2.00 0.11 0.636 0.403

Leanb (%) 51.6 52.3 52.8 51.7 52.5 0.6 0.567 0.528

Table 3. Effects of barley consumption period (weeks) prior to slaughter on growth performance and carcass traits (Experiment 2a).

aEach least squares mean represents six pens of two pigs per pen.
bLean percentage values were estimated using an equation from NPPC (2000).

Barley feeding (weeks) p-value

Item 0 2 4 6 8 SEM Linear Quadratic

Loin muscle quality

Marbling scoreb 0.92 1.13 1.17 0.96 1.12 0.177 0.688 0.607

Color scorec 2.88 2.75 2.75 2.58 2.78 0.146 0.451 0.403

Minolta L*value 57.7 57.9 58.0 58.3 58.3 0.84 0.531 0.947

45-min pH 6.20 6.31 6.10 6.19 6.29 0.080 0.797 0.339

24-h pH 5.41 5.44 5.45 5.45 5.42 0.021 0.720 0.132

Drip loss (%) 2.62 2.43 2.96 2.84 2.90 0.394 0.459 0.914

Purge loss (%) 2.77 2.33 2.87 2.52 2.38 0.290 0.543 0.807

Cooking loss (%) 27.5 24.7 25.1 26.0 27.2 1.34 0.871 0.109

Shear force (kg) 3.58 3.30 3.54 3.22 3.59 0.182 0.934 0.293

Backfat color

Lightness (L*)d 79.2 79.0 78.2 79.6 79.9 0.38 0.098 0.037

Redness (a*)d 6.08 6.73 6.85 6.28 5.81 0.257 0.245 0.007

Table 4. Effects of barley consumption period (weeks) prior to slaughter on loin muscle quality and backfat color (Experiment 2a).

Continues
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Barley feeding (weeks) p-value

Item 0 2 4 6 8 SEM Linear Quadratic

Saturated fatty acids (%)

Capric acid (10:0) 0.059 0.057 0.059 0.058 0.072 0.0054 0.180 0.161

Lauric acid (12:0) 0.064 0.063 0.065 0.064 0.065 0.0026 0.665 0.897

Myristic acid (14:0) 1.13 1.18 1.16 1.19 1.20 0.029 0.064 0.600

Pentadecanoic acid (15:0) 0.026 0.032 0.030 0.033 0.034 0.0043 0.127 0.987

Palmitic acid (16:0) 23.66 24.18 23.38 24.46 24.29 0.279 0.078 0.962

Heptadecanoic acid (17:0) 0.257 0.284 0.297 0.306 0.297 0.0167 0.039 0.380

Stearic acid (18:0) 14.99 16.02 14.68 16.38 15.47 0.299 0.273 0.205

Arachidic acid (20:0) 0.324 0.344 0.317 0.331 0.312 0.0090 0.324 0.307

Total SFA 40.51 42.16 39.98 42.82 41.74 0.494 0.089 0.353

Monounsaturated fatty acid (%)

Myristoleic acid (14:1) NDb ND 0.006 ND 0.004 0.0020 0.262 0.744

Palmitoleic acid (16:1) 1.73 1.63 1.83 1.71 1.86 0.068 0.165 0.299

Heptadecenoic acid (17:1) 0.214 0.220 0.268 0.245 0.256 0.0143 0.019 0.618

Oleic acid (18:1) 43.07 42.34 43.45 42.21 43.20 0.328 0.861 0.471

Eicosenoic acid (20:1) 0.931 0.957 0.985 0.969 0.985 0.0323 0.459 0.294

Total MUFA 45.94 45.15 46.53 45.13 46.30 0.306 0.37 0.454

Polyunsaturated fatty acids (%)

Linoleic acid (18:2n6) 11.08 10.44 10.74 9.47 9.25 0.340 0.001 0.705

α-linolenic acid (18:3n3) 0.647 0.621 0.682 0.641 0.639 0.0261 0.522 0.858

Eicosadienoic acid (20:2) 0.557 0.539 0.555 0.487 0.484 0.0194 0.003 0.784

Eicosatrienoic acid (20:3n3) 0.027 0.007 0.039 ND 0.007 0.0079 0.121 0.666

Table 5. Effects of barley consumption period (weeks) prior to slaughter on the fatty acid composition of backfat (Experiment 2a).

Barley feeding (weeks) p-value

Item 0 2 4 6 8 SEM Linear Quadratic

Yellowness (b*)d 6.57 6.68 6.70 6.39 6.33 0.221 0.295 0.433

Hue anglee 47.1 44.9 44.6 45.4 47.7 1.16 0.648 0.035

Saturation indexe 8.99 9.52 9.60 8.97 8.61 0.284 0.170 0.031
aEach least square mean represents six pens of two pigs per pen.
bMarbling score; 1 = 1% to 10 = 10% i.m. fat (NPPC, 2000).
cColor score; 1 = pale pinkish gray to white to 6 = dark purplish red (NPPC, 2000). 
dGreater L*, a*, and b* values indicate greater lightness, more intense red color, and more yellow color, respectively.
eHue angle was calculated in degrees as tan-1 (b*/a*), and saturation index was calculated as [(a*)2 + (b*)2]0.5 (Little, 1975).

Table 4. Continued

Continues
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aEach least squares mean represents six pens of two pigs per pen.
bND = not detectable.
cTotal n-3 fatty acids = [C18:3n3] + [C20:3n3] + [C22:5].
dTotal n-6 fatty acids = [C18:2n6] + [C20:3n6] + [C20:4n6].
en-6:n-3 ratio = total n-6 fatty acids / total n-3 fatty acids.
fPUFA:SFA ratio = total PUFA / total SFA.
gIodine value = 0.95 × [C16:1] + 0.86 × [C18:1] + 1.732 × [C18:2] + 2.616 × [C18:3] + 0.785 × [C20:1] (AOCS, 1998).

Barley feeding (weeks) p-value

Item 0 2 4 6 8 SEM Linear Quadratic

Dihomo-γ-linolenic acid (20:3n6) 0.127 0.125 0.137 0.129 0.133 0.0046 0.226 0.813

Arachidonic acid (20:4n6) 0.195 0.175 0.193 0.173 0.177 0.0089 0.149 0.286

Docosatetraenoic acid (22:4) 0.084 0.082 0.088 0.078 0.076 0.0041 0.087 0.366

Docosapentaenoic acid (22:5) 0.068 0.069 0.075 0.073 0.070 0.0037 0.294 0.345

Docosahexaenoic acid (22:6) 0.008 0.008 0.005 0.002 0.002 0.0033 0.084 0.526

Total PUFA 12.79 12.06 12.52 11.05 10.83 0.394 0.001 0.826

Other fatty acid peaks (%) 0.762 0.622 0.967 0.999 1.121 0.2111 0.001 0.741

Total n-3 fatty acidsc (%) 0.741 0.697 0.796 0.714 0.716 0.0310 0.588 0.908

Total n-6 fatty acidsd (%) 11.40 10.74 11.07 9.77 9.56 0.350 0.001 0.708

n-6:n-3 ratioe 15.48 15.45 13.98 13.70 13.39 0.294 0.001 0.519

PUFA:SFA ratiof 0.319 0.287 0.315 0.260 0.262 0.0131 0.001 0.585

Iodine valueg 60.29 58.42 60.26 56.76 57.37 0.740 0.003 0.454

Table 5. Continued

Continues

Table 6. Effects of barley consumption period (weeks) prior to slaughter on color, traits, and sensory scores of belly fat (Experiment 2a).

Barley feeding (weeks) p-value

Item 0 2 4 6 8 SEM Linear Quadratic

Belly traits

Thickness (cm) 3.79 3.37 3.33 3.92 3.57 0.137 0.805 0.155

Flat length (cm) 24.1 24.5 24.6 24.3 24.8 0.26 0.335 0.631

Folded length (cm) 6.93 6.54 5.97 8.34 6.31 0.691 0.600 0.200

Belly angle (degree) 33.7 31.7 28.0 40.7 29.7 3.48 0.749 0.227
Average number of shatters  
per bacon slice 12.17 11.25 9.75 14.08 11.91 1.011 0.791 0.783

Average shatter length (cm) 1.64 1.75 1.41 1.67 1.53 0.136 0.314 0.599

Cooking yield of bacon (%) 43.4 44.9 43.9 43.8 44.5 1.30 0.591 0.662

Length shrink by cooking (%) 19.9 18.6 21.2 19.9 19.8 1.23 0.871 0.596

Width shrink by cooking (%) 32.3 33.2 35.9 34.8 32.2 2.81 0.838 0.107

Distortion score of baconb 2.48 2.57 2.53 2.44 2.41 0.134 0.771 0.705
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The reduction of growth performance observed 
in experiment 1 as the inclusion level of barley 
increased is in agreement with data from McConnell 
et al . (1975) who reported that pigs fed barley-based 
diets gained weight more slowly and less efficiently 
than those fed corn-based diets. Chung et al . (1998) 
reported decreased ADG during the early finishing 
period (52 to 86 kg BW), but not during the late 
finishing period (86 to 104 kg BW) if 36% of corn 
was replaced with barley. However, more recent 
experiments indicated that feeding barley instead 
of corn resulted in only numerical reductions of 
weight gain (Carr et al ., 2005; Opapeju et al ., 2006). 
Inclusion levels of barley and consumption period 
may influence growth performance. It is also possible 
that barley variety and its growing conditions 

Barley feeding (weeks) p-value

Item 0 2 4 6 8 SEM Linear Quadratic

Belly fat color

Lightness (L*)c 80.9 80.7 81.3 81.0 81.0 0.43 0.647 0.529

Redness (a*)c 5.50 6.44 5.76 5.87 5.72 0.291 0.734 0.292

Yellowness (b*)c 5.75 6.48 6.10 5.66 5.95 0.351 0.805 0.763

Hue angled 46.3 45.2 46.7 44.0 45.9 1.50 0.937 0.376

Saturation indexd 8.00 9.20 8.41 8.18 8.29 0.403 0.732 0.467

Bacon quality traits

Crispinesse 4.17 4.17 4.32 4.24 3.93 0.198 0.644 0.350

Tendernessf 5.17 5.02 4.85 4.98 5.05 0.174 0.477 0.280

Bacon flavor intensityg 5.55 5.53 5.54 5.84 5.58 0.142 0.435 0.693

Fattinessh 2.75 2.80 2.58 2.73 2.76 0.090 0.787 0.510

Pigginessi 1.05 1.05 1.09 1.02 1.01 0.025 0.221 0.316

Rancid flavorj 1.19 1.20 1.24 1.17 1.20 0.051 0.964 0.798

aEach least squares mean represents six pens of two pigs per pen.
bDistortion score; 1 = the least distortion to 5 = the most distortion.
cGreater L*, a*, and b* values indicate greater lightness,  more intense red color, and  more yellow color, respectively.
dHue angle was calculated in degrees as tan-1 (b*/a*), and saturation index was calculated as [(a*)2 + (b*)2]0.5 (Little, 1975).
eCrispiness; 1 = extremely soft to 8 = extremely crispy.
fTenderness; 1 = extremely tough to 8 = extremely tender. 
gBacon flavor intensity; 1 = extremely bland to 8 = extremely intense.
hFattiness; 1 = not fatty to 5 = extremely fatty.
iPigginess; 1 = not piggy to 5 = extremely piggy.
jRancid flavor; 1 = not rancid to 5 = extremely rancid.

Table 6. Continued

influence the outcome because these factors may 
impact its nutritional composition, considering that 
relatively large variability in the nutritional value of 
barley has been reported (Castell and Bowren, 1980; 
Fairbairn et al ., 1999). 

The reduced backfat depth in pigs fed barley-based 
diets observed in experiment 1 agrees with data by 
McConnell et al . (1975). The reason for this reduction 
is most likely that pigs do not increase feed intake 
sufficiently to compensate for the reduced energy 
concentration in the barley-based diets, which results 
in the barley-fed pigs consuming less energy than 
the corn-fed pigs. The reduced energy intake in pigs 
fed the barley-based diets resulted in less backfat 
deposited. However, results of previous experiments 
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observed. The results obtained in this experiment, 
therefore, support the data reported from other 
experiments in which pork fat color was also not 
changed as barley was introduced in the diets (Carr 
et al ., 2005; Lampe et al ., 2006). It is not clear why 
different results have been obtained in terms of the 
consequence for pork fat of feeding barley-based 
diets, but it is possible that there are differences 
among varieties of barley in their ability to 
influence pork fat color. Nevertheless, results of this 
experiment and of other recent experiments indicate 
that inclusion of barley in diets fed to finishing pigs 
is not an effective procedure to change the color of 
pork fat and thereby, produce pork with a whiter and 
more desirable color. 

The fatty acid composition of pork fat is influenced 
by the fatty acid composition of the lipids in the diet 
(Apple et al ., 2007; Averette et al ., 2002; Weber et 
al ., 2006). The increased concentrations of SFA, the 
reduced concentrations of PUFA, and the reduced 
PUFA:SFA ratio that were observed in the present 
experiment as barley was included in the diet were, 
therefore, expected and likely reflect the differences in 
fatty acid composition between fat in barley and fat in 
corn. The depression in the concentration of total n-6 
fatty acids, the n-6:n-3 ratio, and the calculated iodine 
values as barley was included in the diets for longer 
periods of time also reflect differences in fatty acid 
composition between the fat in barley and the fat in 
corn. The lowered iodine values in pigs fed the barley 
diet indicate that more desirable and firmer fat is 
deposited if pigs are fed barley instead of corn. These 
observations are in agreement with data indicating 
that feeding barley results in increased saturation of 
backfat and reduced iodine values compared with 
feeding corn (Lampe et al ., 2006; Opapeju et al ., 
2006). Based on the data for PUFA and iodine values, 
it is concluded that feeding a diet containing 60% 
barley for 6 weeks prior to slaughter most efficiently 
modifies PUFA and saturation of backfat compared 
with other feeding periods. 

The PUFA concentrations in backfat (less than 13%) 
for all treatments indicates that regardless of the dietary 
treatment used in this experiment, the concentration of 
PUFA was acceptable for salami production (Warnants 
et al ., 1998). Although fatty acids of belly fat were not 
determined in the present study, the concentrations of 

indicated that inclusion of barley in the diets instead 
of corn resulted in no change in backfat depth (Carr 
et al ., 2005; Lawrence, 1977; Opapeju et al ., 2006). 
The energy concentration also varies among varieties 
of barley (Fairbairn et al ., 1999), which may be the 
reason for the different responses to barley inclusion in 
the diets. However, the fact that no changes in muscle 
depth were observed for pigs fed diets containing 20, 
40, or 60% barley indicate that dietary amino acids 
did not limit protein synthesis. The reduction in loin 
depth in pigs fed the diet containing 80% barley may 
be a result of pigs deaminating some of the dietary 
amino acids for ATP synthesis because of the reduced 
energy intake in these pigs compared with pigs fed 
the diet with no barley. 

Based on the results of experiment 1, it was 
concluded that 60% barley in the diets resulted in 
acceptable pig performance and this level of barley 
was, therefore, used in the barley diet that was 
prepared for experiment 2. The fact that pig growth 
performance was not impacted by the inclusion of 
barley in the diets in experiment 2 confirmed that the 
diet with 60% barley was adequate to support pig 
performance. 

The reduction of dressing percentage that was 
observed as pigs were fed barley is likely a result of 
the greater fiber concentration in barley compared 
with corn because increased concentrations of dietary 
fiber usually results in a reduced dressing percentage 
(Kass et al ., 1980). The observation that loin muscle 
quality was not affected by inclusion of barley in 
the diets is in agreement with previous data (Carr 
et al ., 2005; Lampe et al ., 2006; McConnell et al ., 
1975) and indicates that the quality of the loin is not 
compromised if pigs are fed diets based on barley 
rather than corn.

It was, however, expected that the color of backfat 
would be less yellow as barley was included in the diets 
because of the low concentration of carotenoids in 
barley compared with corn. Feeding a barley-based 
diet has been reported to result in whiter and less 
yellow backfat (Ringkob, 2003), but results of this 
experiment did not support the result of Ringkob 
(2003) because the yellowness of the backfat was 
unaffected by inclusion of barley in the diet and 
only small changes in lightness and redness were 
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linoleic acid and PUFA in belly fat were likely within 
the recommended ranges of 14 and 15%, respectively 
(NPPC, 2000), because concentrations of linoleic 
acid and PUFA are less in belly fat than in backfat 
(Opapeju et al ., 2006). The iodine values in the 
present experiment were also less than the upper limit 
(e.g. less than 70 to 73) for desirable fat (Lea et al ., 
1970; Madsen et al ., 1992). Thus, although expanded 
periods of feeding barley improve backfat quality, the 
backfat from pigs fed no barley had adequate quality 
to meet current quality standards. However, if feed 
ingredients with greater concentrations of unsaturated 
fatty acids are used, backfat with iodine values greater 
than the desirable levels are often observed (Benz et 
al ., 2010; Xu et al ., 2010). Under such circumstances, 
inclusion of barley in the diets rather than corn may 
help ameliorate the negative impact of using ingredients 
with unsaturated fatty acids in the diets. 

The fact that bacon quality was not influenced 
by inclusion of barley in the diets indicates that 
consumers would not be able to tell if bacon is 
produced from pigs fed corn- or barley-based diets. 
We are not aware of other experiments in which the 
influence of feeding barley on the quality of bacon 
has been reported. 

In conclusion, as the level of dietary barley 
increased, weight gain was depressed, backfat 
thickness was decreased, and lean percentage was 
increased. However, pigs fed diets containing barley 
did not have whiter backfat or bacon fat, which 
indicates that inclusion of barley in the diet is not 
an effective way of changing the color of pork fat. 
Nevertheless, inclusion of 60% barely in the diets 
at the expense of corn resulted in acceptable animal 
performance and improved pork fat quality. The 
improved pork fat quality can be obtained if the diet 
containing 60% barley is provided for 6 weeks prior 
to slaughter. 
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