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Two experiments were conducted to determine the effects of deletion of vitamin and trace mineral
premixes on growth, feed efficiency, backfat thickness, hemoglobin content, muscle vitamin E content, and
fecal, serum and muscle trace mineral contents in finishing pigs raised under two different housing
conditions. In Exp. 1, three pens (or experimental units) of five pigs each (average weight £ s.e., 70 = 0.5
kg) were assigned to a control diet (with vitamin and trace mineral premixes) or diets with 50 or 100% of
the premixes deleted. Pigs were fed to market weight under sub-optimal housing conditions with
sawdust-covered concrete floor and no electrical ventilation. In Exp. 2, three pens of four pigs each
(average weight £ s.e., 56 = 1.1 kg) were assigned to a control (with vitamin and trace mineral premixes),
Diet-P (100% of the premixes deleted) or Diet-P+E (Diet-P plus 100 mg i-tocopherol acetate/kg diet fed for
the last 2 wk before slaughter). Pigs were fed to market weight under optimal housing conditions with
70%-slatted concrete floor, electrical ventilation and temperature control. No significant differences were
found in average daily gain (ADG), average daily feed intake (ADFI), and gain/feed among treatments in
both experiments, but in Exp. 2 done with younger pigs, ADG and ADFI tended to be higher in the control
group than in pigs fed diet without premixes. Hemoglobin content, hematocrit and red blood cell count were
not influenced by the deletion of premixes. Backfat thickness was not different among treatments. Fecal Mn
(twofold) and Zn (threefold) contents were higher in the control than in pigs fed diets without the premixes.
Serum trace mineral contents were not influenced by diets. n-Tocopherol content in gluteus maxima was
decreased (P < 0.01) by deleting the dietary premixes, but increased to the level higher than the control by
adding 100 mg i-tocopheryl acetate/kg diet fed for the last 2 wk before slaughter. Results indicate that: 1)
supplementary vitamins and trace minerals may not be necessary for optimum growth in finishing pigs, and
2) deletion of the dietary premixes reduces muscle vitamin E content, but the reduced content can be
reversed by adding n- tocopherol to diets fed for the last 2 wk before slaughter. The deletion may help to
alleviate the environmental load of certain minerals from manure.
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[. INTRODUCTION

Formulating pig diets, today’s feed manufac-
turers tend to ignore the amounts of vitamins
and trace minerals present in feed ingredients,
such as grains and oil meals, and also the
amounts of vitamins contributed to by intes-
tinal microflora, and rely on premixed sup-
plements to meet requirements for vitamins and
trace minerals. As a consequence, most commer-
cially manufactured feeds may contain these
micronutrients in excess of the requirements of

increasing unnecessary feed costs and

pigs,
environmental load of some minerals.

Studies have shown that supplementary vita-
mins and trace minerals in diets for finishing
pigs are not required (Patience and Gillis, 1995;
Mavromichalis et al., 1999; McGlone, 2000;
Shaw et al., 2002). These studies suggest that the
amounts of vitamins and trace minerals supplied
through other than premixed supplements are
sufficient to support optimum performance of late
finishing pigs. However, Edmonds and Arentson
(2001) reported that supplemental vitamins and
trace minerals should be provided in diets for
finishing pigs, because deleting vitamin and trace
mineral premixes from finishing diets lowered
the vitamin E content in the pork.

We carried out studies to assess further the
effect of deletion of supplementary vitamins and
trace minerals from diets on growth, feed effi-
ciency, backfat thickness, and muscle vitamin E
and fecal trace mineral contents in finishing pigs
raised under optimal or sub-optimal housing
conditions. In addition, the effect of feeding a
diet supplemented with m-tocopheryl acetate for
the last 2 wk before slaughter on muscle

vitamin E content was evaluated.

o. MATERIALS AND METHODS

1. Animals and diets

Pigs were blocked by initial body weight and
assigned to one of the pens. In Exp. 1, three pens (or
experimental units) of five cross-bred barrows each
(total 45 pigs of Yorkshire x Landrace x Duroc
purchased from a local pig farm at 70 £ 0.5 kg of
body weight (+ s.e.)) were randomly assigned to a
control diet with complete premixes that provided
vitamins and trace minerals in excess of the NRC
(1998) recommendations for finishing pigs, or diets
with 50 or 100% of the premixes deleted (Table 1).
Pigs were fed diets for 7 wk under sub-optimal
housing conditions with concrete floors (6.25 m*/pen)
covered with sawdust and no electrical ventilation,
and then slaughtered after 12-h fasting. The average
body weight (+ s.e.) at slaughter was 106.7 £+ 1.1 kg.

Exp. 2 was conducted to confirm the result of
Exp. 1 using younger pigs (Yorkshire) fed under
optimal housing conditions and also to investigate
the effect of deletion of the premixes from diets on
trace mineral and vitamin E contents in the ham
muscle (gluteus maxima) and fecal excretion of
trace minerals. Three pens (or experimental units)
of four Yorkshire barrows each (total 36 pigs with
average weight + s.e., 56 = 1.1 kg) were randomly
assigned to one of the following diets: control (with
complete premixes), Diet-P (with 100% of the
premixes deleted) or Diet-P+E (Diet-P plus 100 mg
n-tocopherol acetate/kg diet fed for the last 2 wk
before slaughter). Pigs were fed diets (Table 2) for
7 wk under optimal housing conditions with
automatic ventilation, temperature control and 70%
slatted concrete floor (16 m2/pen), and then
slaughtered after 12-h fasting. The average body
weight (£ s.e.) at slaughter was 101.7 £ 0.8 kg.
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Table 1. Composition of experimental diets
used for Exp. 1 (% as-fed basis)

Premixes deleted”

Ingredient Control
50% 100%

Corn 77.0 77.075 77.15
Soybean meal, 15.8 15.8 15.8

44% CP
Molasses 3.0 3.0 3.0
Lysine HCL 0.1 0.1 0.1
Limestone 0.6 0.6 0.6
Tricalcium 1.0 1.0 1.0

phosphate
Tallow 2.0 2.0 2.0
Premix” 0.15 0.075 0
Salt 0.35 0.35 0.35

Y Diets with 50 or 100% of the vitamin and trace
mineral premixes deleted.

? Provided the following per kg of diet: Fe, 120 mg;
Cu, 9 mg; Mn, 30 mg; Zn, 48 mg; I, 0.3 mg; Se,
0.15 mg; vitamin A, 7,500 IU; vitamin Ds, 1,500 IU;
vitamin E, 37.5 IU; vitamin Kj, 22.5 mg; vitamin
By, 1.5 mg; vitamin B,, 3.0 mg; vitamin Be, 1.5 mg;
vitamin B, 0.015 mg; pantothenic acid, 7.5 mg;
niacin, 30 mg; biotin, 0.075 mg; folic acid, 1.5 mg.

Table 2. Composition of experimental diets
used for Exp. 2 (% as-fed basis)

Ingredient Control Diet-P" Diet-P+E"
Corn 5823 5843 58.43
Soybean meal 2277 2277 22.77
Wheat 5.00 5.00 5.00
Wheat bran 5.00 5.00 5.00
Molasses 3.00 3.00 3.00
Tallow 425 425 425
Salt 030 030 0.30
Tricalcium phosphate  0.95 0.95 0.95
Limestone 0.30 0.30 0.30
Premix™” 0.20 - -

Y Diet without premixes (Diet-P) and Diet-P supple-
mented with o-tocopheryl acetate (100 mg/kg diet)
for the last 2 wk before slaughter (Diet-P+E).

? Provided the following per kg of diet: Fe, 60 mg;
Cu, 15 mg; Mn, 25 mg; Zn, 60 mg; I, 0.20 mg; Se,
0.25 mg; vitamin A, 8,000 IU; vitamin Ds, 1,500 IU;
vitamin E, 30 IU; vitamin K, 1.5 mg; vitamin By,
1.0 mg; vitamin B,, 4.0 mg; vitamin Bg, 2.0 mg;
vitamin B, 0.02 mg; pantothenic acid, 7.5 mg;
niacin, 20 mg; biotin, 0.1 mg; folic acid, 0.6 mg.

? Analyzed trace mineral contents (mgkg of control
and Diet-P): Mn, 57.8 and 36.9; Fe, 329 and 303;
Cu, 93.3 and 91.6; Zn, 179 and 89.

The breed of pigs and the composition of diets
used in Exp. 2 were different from those used in
Exp. 1, because modern housing facilities were used
for Exp. 2 and defined protocols of the farm for pig
management including the pig breed and dietary
regime had to be used.

In both experiments, pigs were allowed to have
free access to diets and water during the entire
feeding period. Feed consumption and body weight
were recorded at 3 wk and at the end (7 wk) of
feeding experiments, average daily gain (ADG),
average daily feed intake (ADFI) and gain/feed

over the 3-or 7-wk feeding period were calculated.

2. Collection of blood, feces and muscle sam-
ples and determination of backfat thickness

Blood samples were collected into EDTA-
treated tubes from the vena cava after a 12-h fast-
ing period at the end of Exp. 1. Aliquots were
used for determination of hemoglobin content,
hematocrit and red blood cell counts, respectively.
In Exp. 2, blood samples were taken into tubes
without EDTA after a 12-h fasting period at the
end and centrifuged, and serum samples were
collected. To assess potential contribution of fecal
trace minerals to environmental pollution, we
collected three spot samples of feces from the
floor of each pen on d 49 and pooled samples of
each pen were used to analyze trace mineral
contents in the feces. Gluteus maxima samples
were taken right after slaughter. Samples were
Backfat depth

was manually measured at the 1lth, 12‘h, 13" and

stored at —20°C for later analysis.

14" ribs on the midline and their average was
used for backfat thickness (Exp. 1 and 2).

3. Determination of hemoglobin concentra-
tion, red blood cell count and hematocrit

Right after blood samples were collected from
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pigs used in Exp. 1, hemoglobin (Hb) concentra-
tion, red blood cell (RBC) count and hematocrit
(Hct) were determined using an automatic analyzer
of quantitative hematology (Sysmex K-1000, TOA
Medical Electronics, Kobe, Japan) according to the

manufacturer’s instruction.

4. Determination of trace mineral concentra-
tions in diet, serum and feces, and a-
tocopherol contents in gluteus maxima
and serum

Trace mineral contents in diet, feces, serum and
muscle were measured by the AOAC proce-
(1996) using an coupled
plasma atomic (ICP-
AES; SPECTRO Analytical Instruments, GmbH,
Kleve, Germany) in Exp. 2. Alpha-tocopherol

dures inductively

emission spectrometer

contents in gluteus maxima (on a wet basis)
and serum were determined at 280 nm by the
method developed by Liu et al. (1996) using
HPLC (model no 616/626, Waters, Miliford, MA)
equipped with a [Poracil column (3.9 x 300mm,
10im) and UV detector (model no 486, Waters).

5. Statistical analysis

Data were subjected to analysis of variance
(ANOVA) in a randomized complete block de-
sign on SAS package (SAS Inst. Inc., Cary,
NC). The main source of variation for all
variables was dietary treatments in ANOVA.
Duncan’s multiple-range test was used to
compare mean values of individual treatments,

when F-value was significant (P < 0.05).

. RESULTS

In both experiments, average daily gain, aver-
age daily feed intake, gain/feed and backfat
thickness were not significantly different among
(Tables 3 and 4).

However, average daily gain tended to decrease

the dietary treatments

with the deletion of supplementary vitamins and
minerals, especially in Exp. 2, in which the
average daily gain was reduced 8% by deleting
the premixes. Hemoglobin content, hematocrit
and red blood cell count were not influenced by
the deletion (Table 3).

Gluteus maxima n-

Table 3. Effect of deletion of supplementary vitamins and trace minerals on weight gain, feed
intake, feed efficiency, backfat thickness and hemoglobin concentration in finishing pigs

(Exp. 1)
Premixes deleted”
Item Control
50% 100%

ADG”, kg 0.78 + 0.023 0.73 + 0.017 0.74 + 0.028
ADFI”, kg 3.00 £ 0.057 285 + 0.028 297 + 0.121
Gain/feed” 026 + 0.02 026 + 0.01 0.25 + 0.005
Backfat thickness”, mm 237 + 0.64 245 + 120 253 + 125
Hemoglobin”, g/100 mL 142 + 0.17 134 + 027 13.7 + 032
Red blood cell”, no”/mL 734+ 108 697 + 203 719 + 178
Hematocrit”, % (vol/vol) 445 + 0.50 026 + 092 442 + 1.04

" Diets with 50 or 100% of the vitamin and trace mineral premixes deleted.
? Values are means with SE of three pens of five pigs each; average initial weights were 70.5, 69.6 and 70.3 kg
for control and diets with 50 or 100% of the premixes deleted, respectively.

? Values are means with SE of three pens of 5 pigs each.

¥ Values should be multiplied by 10° for cell numbers.

—546—



Lee et al. ; Deletion of Vitamins and Trace Mineral Premixes in Pig Diets

tocopherol content was reduced by removing the slaughter (2.45 vs 4.59).
premixes (3.74 vs 2.45 mg/kg wet muscle), but A significant (P < 0.01) reduction in fecal Mn

was increased 81% by adding 0-tococopheryl and Zn (Table 5) was found in pigs fed diet

acetate to the diet fed for the last 2 wk before  yithout the premixes compared to the control.

Table 4. Effects of deletion of supplementary vitamins and trace minerals on weight gain,
feed intake, feed efficiency, backfat thickness and serum and muscle vitamin E
concentrations in finishing pigs (Exp. 2)

Item Control Diet-P" Diet-P+E"
ADG”, kg 0.99 + 0.04 0.91 + 0.034 0.90 + 0.011
ADFI?, kg 3.10 + 0.069 2.95 + 0.034 2.94 + 0.028
Gain/feed” 0.32 + 0.011 031 + 0.014 0.31 + 0.005
Backfat thickness”, mm 199 +13 190 + 1.0 187 +0.5
Serum vitamin E”, mg/L 1.50 + 0.20 1.18 + 0.18 1.65 + 0.10
Muscle vitamin E”, mg/kg” 3.74 + 0.15” 245 + 0.12° 459 + 0.24"

" Diet without premixes (Diet-P) and Diet-P supplemented with s-tocopherol acetate (100 mg/kg diet) for the last
2 wk before slaughter (Diet-P+E).

? Values are means with SE of three pens of four pigs each; average initial weights were 55.9, 55.4 and 57.4 kg
for control, Diet-P, Diet-P+E, respectively.

* Values are means with SE of three pens of four pigs each.

Y Muscle n-tocopherol contents in gluteus maxima (on a wet basis).

¢ Within a row, means without common superscript letters differ (P < 0.01).

Table 5. Effects of deletion of supplementary vitamins and trace minerals on fecal, muscle
and serum trace mineral contents in finishing pigs (Exp. 2)

Trace mineral Control Diet-P" Diet-P+E"

Feces”, mg/kg dry matter

Mn 345+ 19.8° 146 + 46° 166 + 10.3°

Fe 1,723 £ 20.0 1,556 £ 89.0 1,545 £ 29.1

Cu 520 + 263 458 + 34.0 502 + 26.8

Zn 1,086 =+ 39.3° 301+ 25.7° 312 +213°
Gluteus maxima’), mg/kg wet weight

Mn 0.10 £ 0.002 0.09 =+ 0.002 0.09 = 0.002

Fe 7.84 £ 0.46 8.14 = 045 793 £ 041

Cu 1.26 £ 0.08 1.32 + 0.07 1.14 + 0.10

Zn 144 £+ 0.72 14.1 + 051 13.1 + 0.66
Serum”, mg/L

Mn 020 £ 0.008 021 = 0.008 021 = 0.008

Fe 11.8 + 0.88 121 + 0.65 10.8 + 0091

Cu 1.68 £ 0.08 1.87 £ 0.13 1.82 £ 0.08

Zn 266 £ 0.15 249 £ 0.14 263 £ 0.17

" Diet without premixes(Diet-P) and Diet-P supplemented with n-tocopherol acetate(100mg/kg diet) for the last
2 wk before slaughter(Diet-P +E).

 Values are means with SE of three pens(each from pooled samples of three spot feces).

% Values are means with SE of three pens of four pigs each.

* Within a row, means without common superscript letters differ(P < 0.01).
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However, removing vitamin and trace mineral
premixes from diets had no effect on serum

levels of all minerals determined (Table 5).

IV. DISCUSSION

Our data support findings of other studies that
no supplementary vitamins and trace minerals in
grain-oil meal-based diets are required for opti-
mum growth and feed efficiency in finishing
pigs. Patience and Gillis (1995, 1996) found no
adverse effect on growth performance and backfat
thickness of pigs when vitamin and trace mineral
premixes were omitted from wheat-barley-canola
meal-based diets during the last 3 to 5 wk
before marketing. Recent reports have shown that
omitting vitamin and trace mineral premixes from
diets during the late finishing period had no
effect on average daily gain, feed efficiency or
carcass quality in pigs (Mavromichalis et al.,
1999; McGlone, 2000; Shaw et al., 2002).

By contrast, Edmonds and Arentson (2001)
reported that pigs fed diets with vitamin and trace
mineral premixes showed higher (P < 0.05) weight
gain and greater (P = 0.07) feed intake than did
pigs fed diets without supplements over the last
12-wk period in one (using 58-kg pigs) of the two
experiments, but not in the other experiment (using
54-kg pigs). Spurlock et al. (1998) also reported
that withdrawal of premixes for 44 d from diet fed
finishing pigs resulted in a significant decrease in
Although not
significant, weight gain and feed intake tended to

weight gain and feed intake.
be higher in pigs fed the control diet than in pigs
fed diet without the premixes in Exp. 2 of our
study. Our data together with others’ suggest that
the amount of trace minerals supplied through
grain-oil meal-based diets without supplements and
some vitamins supplied through the basal ingre-
dients and intestinal microbial synthesis may be on
Thus,

borderline in meeting the requirements.

supplementary vitamins and trace minerals can be
a safe guard to warrant maximum growth of finish-
ing pigs under certain environments, especially
during early finishing periods.

Hemoglobin content, red blood cell count and
hematocrit values (Table 3) found in our study
were considered to be adequate, clearly demon-
strating no need of supplemental iron for finish-
ing pigs. Fecal Mn and Zn contents of the
control pigs were two to three times as high (P <
0.01) as in pigs fed diets without premixes,
mainly due to their increased dietary intake
(about 1.5 to 2 times) (see footnote to Table 2).

Edmonds and Arentson (2001) showed that
muscle Cu level was reduced by feeding diet
without premixes for 6 wk compared to a control
in one (determined in ham) of the two experi-
ments, but not in the other (in longissimus).
They also determined muscle Zn and Fe contents,
which were not affected by removing the pre-
(2002) also

reported that withdrawal of premixes from diets

mixes from diets. Shaw et al
during late finishing phase markedly decreased
fecal mineral concentration. All trace minerals,
except for Zn, supplied by the corn-soybean
meal-based diet without the premixes used in our
study exceeded the NRC (1998) recommended
levels for finishing pigs, not considering their
bioavailability. These data along with our fecal
mineral excretion data indicate that supple-
menting diets with trace minerals for finishing
pigs is likely to increase unnecessary feed costs
and soil contamination by certain minerals (e.g.,
Mn and Zn) from manure.

The lowered vitamin E concentration in the
pork has been an issue when finishing pigs are
fed diets without premixes. Edmonds and Arentson
(2001) reported that muscle (longisssimus) vitamin
E level in pigs fed a diet without vitamin and
trace mineral premixes for 12 wk was lower

(61%) than was the case for pigs fed diet with
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supplements. This lower muscle vitamin E level
can be reversed by feeding diets supplemented
with vitamin E for the last 2 wk before slaugh-
ter, as shown in Table 4. Many other studies
(Dove and Ewan, 1991; Anderson et al., 1995;
1996; Soler-Velasquez et al., 1998;
1999) have shown that addition of

n-tocopherol to diets increases its tissue concen-

Cannon et al.,

Corino et al.,

trations and can be beneficial for improving pro-
duct quality, such as shelf life and nutritional
value.

In conclusion, supplementary vitamins and trace
minerals may be unnecessary for optimum growth
in finishing pigs, and vitamin E content in the
muscle reduced by deletion of premixes can be
reversed by adding a-tocopherol to diets fed for

the last 2 wk before slaughter.
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