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Introduction

Audrdian research has shown that including magnesium aspartate in the diet of pigs during the find five
days of the finishing period before daughter reduced the incidence of Pae, Soft, and Exudative (PSE)
pork thus improving the color and water holding capacity of the pork (D-Souza et d., 1998). Ina
follow up study (D-Souza et d., 1999), magnesum sulfate and magnesium chloride were found to be as
effective as magnesum aspartate in reducing both the incidence of PSE and muscle drip loss. However,
these studies were carried out with entire males daughtered at relatively light weights (less than 90
kilogram live weight). Research isrequired to vaidate the effect of magnesium supplementation on pork
quality under US production conditions which includes casirated maes and heavier daughter conditions.

Thus, the objective of this study was to compare the effect of time feeding before daughter of afixed
leve of supplemental magnesum on pork qudlity.

Materialsand M ethods
Sudy design. The study was carried out as a completely randomized design with four dietary
trestments:

Control: Control diet-no added magnesium sulfate heptahydrate

5d: Magnesum sulfate heptahydrate-fortified diet fed for 5 days pre-daughter
3d: Magnesium sulfate heptahydrate-fortified diet fed for 3 days pre-daughter
2d: Magnesum sulfate heptahydrate-fortified diet fed for 2 days pre-daughter

The magnesum sulfate-fortified diet was formulated to supply 3.2 grams of magnesium per pig per day
(assuming adaily feed intake of 2.72 kilograms/pig and that the magnesium content of sulfate was 9.6%
asandyzed). Diet composition and caculated andysis are presented in Table 1.

Animals. A total of 144 pigs were used in the study which was carried out in three replicates with 36
pigsin each of replicates 1 and 2 and 72 pigsin replicate 3. The pigs used were the progeny of PIC
line 326 sres mated to C22 dams (Replicates | and 2) and PIC line 406 sires mated to C22 dams
(Replicate 3). Barrows (n = 50) and gilts (n = 94) were balanced across magnesium treatments. Prior to
the start of the study, pigs were reared under standard commercia conditions. Pigs for each replication
were selected one week prior to the sart of the study period a approximately 105 kilograms live
weight. They were alotted to trestment on the basis of sex, weight, Rendement Napole (RN)

genotype, Halothane genotype and feed intake (determined in the acclimation phase).



RN and Hal othane genotype determination. The pigs used in replicates| and 2 were from a
population within which the RN gene was segregating. Animas used in replicate 3 were from a
population within which the RN and Hal othane genes were segregating. Both of these genes are known
to have amgor impact on pork quality and, consequently, only Ha othane negative pigs were sdected
for replicate 3. Pigs were dlotted across treatments on the basis of RN genotype for al replicates. The
RN and Ha othane genotypes were determined from a biopsy sample of skin, fat and muscle taken from
the longissmus a gpproximately 40 kg live weight using spring loaded biopsy equipment (Biotech PPB-
U, Nitra, Sovakia). The muscle sample was used to determine glycolytic potentia which isthe basis for
predicting RN genotype while the skin was used to determine Halothane genotype. A frequency
digtribution for the glycolytic potential values for the population tested was plotted and animals were
classfied as having low or high glycolytic potentid on the bass of this digtribution.  Samples with
glycolytic potentiad greater than 200 Fmol/g for replicates 1 and 2 and greater than 210 Fmol/g for
replicate 3 were considered to be RN carriers (RNrn’); those with glycolytic potentias below 200
Fmol/g for replicates 1 and 2 and below 210 Fmol/g for replicate 3 were consdered to be homozygous
normal (rm'rn’) for the RN gene.

Housing and Feeding. Animaswere housed in one of two identical buildings with 36 individud pens
in eech building. The environment within the building was controlled using athermodtat and fan
ventilation. Pen dimensions were .91 x 1.83 meters giving a floor space dlowance of 1.67 meters’/pig.
Pigs were moved into the building seven days prior to the start of the study. Feed in the form of a
standard pelleted finisher diet (Control diet; Table 1) was offered ad libitum prior to the sart of the
study from a single-space feeder and water was fredy available from anipple waterer. A restricted
feeding regime was used with pigs being given 2.75 kg/pig/day throughout the trid period.

The same finisher diet formulation used in the acclimation period was used for dl trestments during the
tria period (Table 1). Magnesum sulfate heptahydrate was used as the magnesum source. The
magnesium-supplemented diet was subgtituted for the control diet on days 1, 3 and 4 of the tria period
for the five-, three-, and two-day treatments, respectively. Figs on the control treatment were fed the
control diet for the entire tria period; pigs on the five-day treatment were fed the magnesum diet on
days1to5 of thetrid period; pigs on the three-day treatment were fed the control diet on days 1 and 2
and the magnesium diet on days 3to 5 of thetrid period; pigs on the two-day treatment were fed the
control diet for days 1 to 3 and the magnesium diet on days 4 and 5 of thetria period. The pigson the
magnesium sulfate heptahydrate-fortified diets were offered the experimenta diet at 6:00 am on the day
they started their respective treatment. During the experimental period, feed additions and refusas were
measured on adaily basis. All pigs on test were weighed at the start of each feeding period (days 1, 3,
and 4) and at end of the experimenta period immediatdly prior to transport for daughter. All pigs were
hedlth checked and feca consistency scores were taken (1 = norma; 2 = dight looseness; 3 =
moderate looseness, 4 = sgnificant scouring) on adaily basis. Generd comments concerning pig
behavior were aso recorded throughout the trid period.



Saughter and carcass evaluation. Saughter was performed a a commercid packing facility with
animals being trangported to the plant on the morning of the find day of the experimenta period. Pre-
daughter handling was standardized and reflected commercia conditions. Pigs were mixed and loaded
onto alivestock trailer at 6:00 am, and trangported directly to the packing facility. Slaughter took place
on the same day as soon as possible after arrivd at the plant. Pigsfor dl replicates were taken to the
kill floor gpproximatdy 15 minutes after arriva in order to minimizethetimein lairage. Hot carcass
weights and carcass Fat-o-Meater measurements were collected on the daughter line.

Following overnight chill, carcass measurements were taken, including carcass length (measured from
the cranid tip of the aitch bone to the cranid edge of the first rib adjacent to the thoracic vertebra),
midline fat measurements (opposite the first rib, last rib, and last lumbar vertebra), 10" rib fat depth
(measured a one-half the distance from the midling) and loin eye area at the 10" rib.

At 24-h postmortem the loin from the left side of each carcass was removed and transported to the
University of Illinois Mesat Science Laboratory for meat quality assessment. Subjective color, firmness,
and marbling were evaluated on the cut surface of the longissimus a the 10™ rib using the procedures of
NPPC (1991), based on five point scales (1 = pae, soft and devoid of marbling; 5 = dark, firm, and
moderately abundant or greater marbling). Hunter color (L*, a*, and b*) was aso measured on the cut
surface of the loin section at the 10™ rib using a Hunter LabScan Spectrocol ormeter. Two loin chops
were cut from the longissmus immediately posterior to the 10™ rib and trimmed of epimysium and
external fat. One chop was weighed, placed in a Whirl-pak bag, suspended in a cooler (4EC) for 48
hours, reweighed, and drip |oss was recorded.

A 5-gram sample was removed from the second chop, homogenized in 15 milliters of distilled water,
and the pH measured. The remainder of the chop was homogenized, placed in a Whirl-pak bag, and
frozen (-20EC) for subsequent proximate analyss. The remaining loin sections (anterior and posterior
to the 10" rib) were weighed, vacuum packaged, and stored in acooler (4EC) for six days, reweighed
and purge loss calculated.

Results and Discussion

The results relating to the diet compaosition, growth performance, carcass characteristics, and meat
qudity for dl animas used in the study are presented in Table 1, 2, 3 and 4, respectivdy.  Generdly
gpeaking, the treatment effects were smilar across the replicates and, therefore, only the combined
results for al replicates will be discussed in this report.

Magnesium Treatment Effects. Diets were andyzed in duplicate for crude protein, lysine, cacium,
phosphorus, and magnesium. Both diets were smilar in crude protein, lysine, calcium and phosphorus.
Anayzed magnesum levels in the control and magnesium sulfate-supplemented diets were .12% and
.24%, respectively (Table 1). This equatesto adaily magnesium intake of 3.3 and 6.6 g for pigs on the
control and magnesium-sulphate supplemented diets, respectively.

No differences were found between magnesium treatments for growth performance (Table 2) or
carcass characteristics (Table 3). Barrows had heavier hot carcass weights, and were fatter at the 10"
rib and last lumbar vertebrae than gilts, resultsthat are in line with most other studies.



Treatment and sex means for fresh meat quality measurements are presented in Table 4. No
interactions between magnesium trestment and sex were detected for any of the meat quaity
measurements. There were no treatment differences for ultimate pH, marbling scores, Hunter & and b*
vaues, and purge loss. Pigs on the three-day supplementation trestment had lower subjective color
scores, indicating paler mesat, compared to the other trestments which were smilar in this respect.
Subjective firmness scores were lower for pigs on the control and three-day treatments indicating softer
muscle compared to the other two treatments.

Rdative to controls, feeding the magnesum-supplemented diets for five and two days prior to daughter
resulted in a decrease in Hunter L* values. In addition, drip loss was reduced for al of the periods of
magnesium supplementation compared to the control trestment (Table 4).

Rendement Napole Gene Effects Generdly spesking, the effects of the RN gene found in this study
were Smilar to those observed in most other research carried out at this and other centers. Thewas no
effect of the gene on growth performance (Table 2). Backfat thickness at the last lumbar vertebra and
tenth rib was lower for RN carriers (RNrn’) than for homzygous recessive animds (r'rn”; Table 3). In
addition, RN carriers had lower ultimate pH and increased purge and drip loss compared to
homozygous recessive pigs (Table 4). Most other sudies have shown that the dominant dlde of the

RN gene (RN) is associated with alower muscle pH and reduced water holding capacity.

There were no satigticaly significant interactions between magnesium trestment and RN genotype for
any of the variables measured in this study (Tables 2, 3 and 4) suggesting that the improvements in pork
quality resulting from supplementary magnesium would be smilar across the range of RN genotypes
currently found in the US industry.

General observations. Asaconsequence of the restricted feeding regime that was used in this study,
al pigs consumed the mgority of their daily feed dlowance in the morning, resulting in an average time
off feed prior to daughter of approximately 18 to 24 hours. No differences between the trestments
were observed in the genera hedlth of the animas and the fecal consistency was considered normd for
al animds throughout the study period.

Conclusions.

1. Theresults of this study suggest that the feeding of afixed level of magnesium (3.3 g/pig/day) to
finishing pigs for periods of up to five days prior to daughter has no effect on anima hedlth, feca
consistency, growth performance or carcass characteristics.

2. Feeding supplemental magnesium sulfate heptahydrate for periods of two, three, and five days
resulted in areduction in drip loss; objective muscle reflectance (Hunter L*) was reduced for the five-
and two-day treatments only.

3. Despite these improvements in color and water holding capacity, purge loss, as measured in this
study, was not influenced by magnesium supplementation, aresult that requires further investigation.



4. Thelack of agatigica interaction between magnesium trestment and RN genotype suggests that the
improvement in pork quality resulting from the supplemental magnesium trestment would be smilar for
al RN genotypes. The RN gene has only been observed in the Hampshire breed where the incidence
of the dominant dleleis generdly high in US populations. This sudy suggests that any beneficid effect
of magnesium supplementation will be independent of the RN gene satus of the population in which it is
used.

5. Overdl, these results support the hypothesis that feeding supplementa magnesium (at alevd of 3.3
g/pig/day) for periods between two and five days prior to daughter can improve pork color and drip
loss. However, further studies are required to establish the optimum combination of leve of
supplementation and time of feeding to improve these quality attributes.
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Table 1. Percentage composition® and calculated analysis of experimental finisher diets.

Control Diet Magnesum Sulfate Diet
Ingredient
Corn 81.12 79.65
Soybean medl (dehulled) 15.70 15.95
Fat 1.00 1.00
Limestone 0.85 0.85
Di-cacium phosphate 0.80 0.80
Trace mineral salt” 0.30 0.30
Vitamin mix°© 0.10 0.10
L-Lysine HCI 0.13 0.13
Magnesium sulfate heptahydrate - 1.22
Composition Cdculated Analyzed Caculated Analyzed
Crude protein, % 14.55 13.75 14.55 14.38
Lysine, % 787 .83 791 .89
Calcium, % .55 .56 .55 .55
Phosphorous, % .21¢ 52¢ 21° 52¢
Magnesium, % - 12! - 24
ME, kcal/kg 3,346 - 3,305 -

@ Asfed basis.

b Each kilogram of mix contained the following: Se, 85.7 mg; I, 100 mg; Cu, 2.3 g; Mn, 5.7 g; Fe, 25.7 g;

Zn, 28.6 g; NaCl, 855 g.

¢ Each kilogram of mix contained the following: vitamin A, 3,000,000 U; vitamin D3, 330,000 IU; vitamin
E, 44,000 1U; vitamin K, 2.2 g; vitamin B12, 17.9 mg; riboflavin, 4.4 mg; d-pantothenic acid, 12.1 g;

niacin, 16.5 g; choline chloride, 165 g; and roughage products to 1 kg.
9 Expressed as % of available phosphorus.
®Expressed as % of total phoshorus.

"% magnesium determined using an Inductively Coupled Plasma (ICP) spectrometry assay.






Table 2. Least square means of growth performance for replicates 1,2 and 3 (barrows and gilts n = 139).

Dietary Treatment® Sex RN Genotype
Ave P Ave P Ave P
VARIABLE Control 5 day 3 day 2 day SE  Vdue Barows Gilts SE  Vaue mm RN SE  Vaue
Start wel ghtb, kg 122.7 1213 1221 1194 153 42 122.0 120.7 113 44 1230 119.7° 112 .03
End weight®, kg 1249 1238 1252 122.2 143 41 124.2 1239 105 .86 1253 122.7 104 07
Average daily gain®, kg 465 504 629 578 0945 61 433 655 0696 .03 A74 614 0690 .14
Average daily feed intake, kg 272 275 275 275 010 .07 274 275 007 .40 275 274 .007 A3

% Dietary treatment: Control = standard finisher diet fed 5 days before slaughter.
5 Day = magnesium diet fed 5 days before slaughter.
3 Day = magnesium diet fed 3 days before slaughter.
2 Day = magnesium diet fed 2 days before slaughter.

® Start of trial period (Day 1).

¢ End of trial period (Day 6 before shipping).

4 Calculated using start and end weights from trial period.

® Means with common superscript do not differ (P>.05).



Table 3. Least square means of carcasstraits for replicates 1,2 and 3 (barrows and gilts, n = 139).

Dietary Treatment® Sex RN Genotype
Ave Ave Ave P

VARIABLE Control  5day 3 day 2 day SE  Vadue Barows  Gilts SE  Vaue mm* RN'm”* SE  Vdue

Slaughter weight, kg 1264 1243 1251 1240 137 60 126.8° 1231° 101 .02 126.7° 1232 100 01
Hot carcass weight, kg 938 9.0 9.2 25 129 74 9%.1° 9. 97 .00 94.9 R4 96 06
Dressing percent 742 749 747 745 58 80 75.0 74.2 44 25 748 744 43 43
Carcass length, cm 85.5 84.2 83.8 84.5 54 .16 84.3 84.7 40 45 84.5 84.4 40 83
First rib backfat, cm 414 387 412 409 185 7 416 39% 139 35 416 3% 139 40
Last rib backfat, cm 283 2.90 2.87 269 136 65 292 272 102 20 2.89 276  .100 35
Last lumbar backfat, cm 201 2.16 1.99 227 123 26 223 198 091 .06 223" 198 090 04
10" rib backfat, cm 2.2 248 217 221 127 30 245" 209° 0% 01 243" 211° 0% 01
Loin eye area, cnt’ 40.76 40.96 42.99 4104 836 22 40.70 217 654 13 41.09 4178 648 44
Carcass muscle score” 21 21 23 22 .09 26 22 22 .06 88 22 22 .06 78

@ Dietary treatment: Control = standard finisher diet fed 5 days before slaughter
5 Day = magnesium diet fed 5 days before slaughter
3 Day = magnesium diet fed 3 days before slaughter
2 Day = magnesium diet fed 2 days before slaughter

® Carcass muscle score: 1=thin to 3=thick

¢ Means with common superscript within the same row do not differ (P>.05).



Table 4. Least square means of fresh meat quality traitsin the longissimus for replicates 1,2 and 3 (barrows and gilts, n = 139).

Dietary Treatment® Sex RN Genotype
AveSE P Ave P Ave P

VARIABLE Control ~ 5day 3 day 2 day Vaue Barows  Gilts SE  Vaue mm* RN'm* SE  Vaue

Ultimate pH 5.38 543 5.40 542 023 33 541 540 017 76 5.45° 536° 017 .00
Color 2657 2.81° 239 276" 112 02 266 264 082 90 2.70 260 .08 39
Firmness’ 202 242 220°° 258" 124 01 223 238 001 25 237 225 001 33
Marbling® 218 219 2.09 199 155 76 222 199 114 18 211 211 113 97
Hunter L* 55.7¢ 539°¢ 555 528 738 02 54.8 54.2 54 46 54.1 54.9 54 26
Hunter a* 74 73 73 77 2 51 74 74 16 85 74 74 16 70
Hunter b* 153 149 15.1 15.0 2 69 152 15.0 16 33 151 151 16 91
Drip loss, % 8.98" 741° 7.89" 729 447 04 7.86 793 .39 89 743 835" 327 04
Purgeloss, % 212 201 2.25 203 131 51 204 216 0% 40 191° 228" 0% 01

@ Dietary treatment: Control = standard finisher diet fed 5 days before slaughter
5 Day = magnesium diet fed 5 days before slaughter
3 Day = magnesium diet fed 3 days before slaughter
2 Day = magnesium diet fed 2 days before slaughter

® Subjective score: 1 = extremely pale, soft, and devoid of marbling to 5 = extremely dark, firm, and abundant marbling

¢4 Means with common superscript within the same row do not differ (P>.05)



