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Introduction

Manganese (Mn) is a divalent, transition metal cation that func-
tions as a co-factor of several enzymes crucial for carbohydrate, lipid
and protein metabolism; however, the dietary requirements for Mn
in swine diets are quite low and not well established, and, until
recently, little was known about the effects of supplemental Mn on
pork carcass composition or quality. In the first of two studies,
Roberts et al. (2002) found that including 350 ppm Mn from
AvailaMn (a Mn amino acid complex) in diets of growing-finishing
swine improved pork color. However, when lower dietary Mn inclu-
sion levels (0 to 320 ppm) from AvailaMn were included in swine
diets, Apple et al. (2003) noted no beneficial effects on pork quality
during retail display. 

In both previous studies, Mn was removed from the vitamin-
mineral premix included in the basal diets. Therefore, the objectives
of this study were to determine the effect of supplementing two dif-
ferent basal diets (diets devoid of Mn vs diets formulated to meet Mn
maintenance requirements) with 0 or 350 ppm Mn from either Mn
sulfate (MnSO4) or AvailaMn (AvMn) on pork quality of growing-
finishing swine.

Experimental Procedures

Crossbred barrows and gilts (n = 168) from the mating of line
348 sows to EB boars (Monsanto Choice Genetics, St. Louis, Mo.)
were blocked by weight and randomly allotted within blocks to pens
(six pigs/pen in blocks 1, 2, 5, and 6, whereas there were only four
pigs/pen in blocks 3 and 4) at an average weight of 48.8 lb. Within
blocks, pens were assigned randomly to one of six dietary treatments
arranged in a 2 x 3 factorial design: 1) negative control starter, grow-
er, and finisher diets devoid of Mn in the basal diet; 2) the negative

control diets supplemented with 350 ppm Mn from manganese sul-
fate (MnSO4); 3) negative control diets supplemented with 350 ppm
Mn from AvailaMn-80 (a Mn amino acid complex; Zinpro Corp.,
Eden Prairie, Minn.); 4) positive control starter, grower, and finisher
diets with Mn included in the basal diet; 5) positive control diets sup-
plemented with 350 ppm Mn from MnSO4; or 6) positive control
diets supplemented with 350 ppm Mn from AvailaMn-80 (AvMn).
For more details concerning feeding regimen, diet composition, and
pig housing refer to Apple et al. (2004). 

When the lightest block of pigs averaged 250 lb, all pigs were
transported to a commercial pork packing plant (Bryan Foods, Inc.,
West Point, Miss.), and slaughtered according to industry-accepted
procedures. After a 24-h spray-chilling period, carcasses were fabri-
cated, and right-side, bone-in pork loins were collected, paper-
wrapped, boxed, and transported to the Oklahoma State University
Meat Laboratory (Stillwater, Okla.) for pork quality data collection.

Upon arrival, the blade and sirloin ends of each loin were
removed, and the remaining center-cut portion of each loin was
processed into 1-in thick longissimus muscle (LM) chops, weighed,
and allowed to bloom for 15 min. Visual appraisal of color, firmness,
and discoloration was evaluated by a five-person trained and experi-
enced panel. Then, chops were packaged in a modified atmosphere
(80% O2:20% CO2) and displayed in coffin-display cases under con-
stant light (1,600 lx) at 34°F for 7 d. On each day of retail display,
chops were visually evaluated for lean color (1 = pale pinkish gray
to 6 = dark purplish red; NPPC, 1999), discoloration (1 = total
(100%) discoloration to 8 = no (0%) discoloration), and firmness (1
= very soft/very watery to 5 = very firm/very dry; NPPC, 1991) by
the trained, experienced panel. Additionally, on d 0 and 7 of display,
L*, a*, and b* values were determined from a mean of four readings
made with a Minolta Chromameter (Minolta Corp., Ramsey, N.J.)
using D65 illuminant. The saturation index, or chroma (C*), was cal-
culated as C* = (a*2 + b*2)1/2, and is a measure of the total color, or
vividness of the color, of the LM.
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On d 0 and 7, thiobarbituric acid reactive substances (TBARS)
were analyzed on duplicate samples according to the modified pro-
cedure of Witte et al. (1970) to measure the amount of oxidative ran-
cidity. Furthermore, on d 7 of display, chops were removed from
their packages and weighed, and the difference between the d 0 and
d 7 weights was used to calculate moisture loss percentage.

Data were analyzed as a randomized complete block design
with treatments arranged in a 2 x 3 factorial design. Analysis of vari-
ance was generated using the mixed model procedure of SAS (SAS
Inst., Inc., Cary, N.C.) with individual loin as the experimental unit
for pork quality data analyses. Dietary treatment, display day, and
the treatment x display day were the fixed effects included in the
repeated measures model for pork quality measures. Least squares
means were computed, and statistically separated by the PDIFF
option of SAS when P < 0.05. Additionally, preplanned contrasts
were used to make specific comparisons between the positive and
negative control diets, Mn sources (MnSO4 vs AvMn), and presence
or absence of Mn in the basal diet.

Results and Discussion

The main effects of dietary and supplemental Mn on pork qual-
ity traits are presented in Table 1. The LM from pigs fed diets sup-
plemented with 350 ppm Mn from MnSO4 received higher (P =
0.022) color scores than chops from pigs consuming diets supple-
mented with AvMn. Specifically, chops from pigs fed Mn in the
basal diet and supplemented with MnSO4 had higher (P < 0.05) color
scores than all other treatment combinations. The LM of pigs con-
suming diets with Mn in the basal diet and supplemented with
MnSO4 was also darker (lower L* values; P < 0.05) than the LM
from pigs fed the unsupplemented (NC and PC) diets, as well as
from pigs fed basal diets containing Mn and supplemented with
AvMn. Additionally, chops of pigs fed MnSO4 were redder (larger a*
values; P = 0.022) and more vivid (P = 0.037) than those of pigs fed
AvMn. Neither firmness scores nor b* values were (P > 0.10) altered
by either dietary or supplemental Mn. 

There was a dietary treatment x display day interaction (P =
0.038) on discoloration scores (Figure 1). Discoloration scores were
similar (P > 0.10) during the first 4 d of retail display. However, on
d 5 and d 6 of retail display, chops from pigs fed basal diets includ-
ing Mn and supplemented with MnSO4 were less (P < 0.05) discol-
ored than chops from pigs fed basal diets devoid of Mn or basal diets
with Mn and supplemented with AvMn. Furthermore, chops from
pigs fed Mn-diets supplemented with AvMn were more (P < 0.05)
discolored on d 6 of display than chops from pigs fed diets lacking
Mn and supplemented with either MnSO4 or AvMn, as well as pigs
fed basal diets including Mn. By d 7, chops from the pigs fed diets
containing Mn and supplemented with MnSO4 were still the least (P
< 0.05) discolored, whereas chops from pigs fed the basal diet with
Mn and supplemented with AvMn were discolored the most (P <
0.05), to the point of total consumer discrimination.

Roberts et al. (2002) reported that loin chops from pigs fed diets
containing 350 ppm Mn from AvMn received higher American and
Japanese color scores than pigs fed diets devoid of Mn or diets con-
taining 350 ppm Mn from MnSO4, as well as diets containing 700
ppm Mn from either AvMn or MnSO4. Furthermore, these authors
indicated that including 350 ppm Mn from AvMn tended to produce
darker (lower L* values) and less yellow (lower b* values) LM
chops. On the other hand, lower dietary inclusion levels (0 to 320
ppm) of Mn from AvMn did not affect subjective and objective color
measures, nor was the amount of discoloration during retail display

affected by dietary Mn level (Apple et al., 2003).
Moisture loss over the 7 d of retail display was not (P > 0.27)

altered by either dietary or supplemental Mn (Table 1). However,
chops from pigs fed basal diets devoid of Mn had lower (P = 0.045)
TBARS values than chops of pigs fed basal diets with Mn. 

Manganese is a co-factor of superoxide dismutase, a free-radi-
cal scavenging enzyme that catalyzes superoxide anion radicals into
hydrogen peroxide and water. Ellis et al. (1971) found inhibited lipid
oxidation when pork lard was treated with low levels of Mn chloride;
however, when methyl linoleate (a lipid model) was treated with
very high levels of Mn, lipid oxidation actually increased (Tjhio and
Karel, 1969). Moreover, Roberts et al. (2002) noted that TBARS val-
ues for pork of pigs fed 350 ppm Mn from MnSO4 were lower than
pork from pigs fed control diets or supplemented with 700 ppm Mn
from MnSO4 or AvMn. It is important to note that TBARS values of
chops in the present study were considerably lower than 1.0 mg/g,
which is the threshold where humans detect rancidity; therefore, the
statistical difference among the dietary treatments may not be detect-
ed by either trained evaluators or consumers.

Implications

Results of the present study indicate that pork color can be
improved by supplementing swine diets with 350 ppm of manganese
from manganese sulfate above maintenance requirements. More
importantly, supplementing basal diets containing manganese with
350 ppm of manganese from manganese sulfate effectively delayed
pork discoloration during retail display.

Acknowledgments

The authors wish to express their appreciation to the Zinpro
Corporation (Eden Prairie, Minn., USA) for donation of Availa®Mn-
80 and financial support of this project. Additionally, the authors
gratefully acknowledge the assistance of Keith Richardson and the
employees at Bryan Foods (West Point, Miss., USA) for their hospi-
tality and assistance with pig slaughter, carcass fabrication, and pork
loin procurement. Finally, the authors wish to thank Jennifer Leach,
Juan Jimenez, Abby Keener, Wendy White, and Angela Collins for
assistance in loin fabrication and data collection

Literature Cited

Apple, J. K., et al. 2004. Ark. Anim. Sci. Rep. 522:151.
Apple, J. K., et al. 2003. Ark. Anim. Sci. Rep. 509:148.
Ellis, R., et al. 1971. J. Am. Oil Chemist’s Soc. 48:640.
NPPC. 1991. Procedures to Evaluate Market Hogs (3rd Ed.).

National Pork Producers Council Publication, Des Moines,
Iowa.

NPPC. 1999. Official Color and Marbling Standards. National Pork
Producers Council, Des Moines, Iowa.

Roberts, W. J., et al. 2002. J. Anim. Sci. 80(Suppl. 2):51. (Abstr.)
Tjhio, K. H., and Karel, M. 1969. J. Food Sci. 34:540.
Witte, V. C., et al. 1970. J. Food Sci. 35-582.

 



158

AAES Research Series 522

Ta
bl

e 
1.

 E
ffe

ct
 o

f m
an

ga
ne

se
 (M

n)
 in

 th
e 

ba
sa

l d
ie

t a
nd

 M
n 

su
pp

le
m

en
ta

tio
n 

on
 p

or
k 

qu
al

ity
 d

ur
in

g 
re

ta
il 

di
sp

la
y.

Ba
sa

l d
ie

t w
ith

ou
t M

na  (-
M

n)
Ba

sa
l d

ie
t w

ith
 M

na  (+
M

n)
P-

va
lu

eb

Ite
m

NC
35

0 
pp

m
M

nS
O

4

35
0 

pp
m

Av
M

n
PC

35
0 

pp
m

M
nS

O
4

35
0 

pp
m

Av
M

n
SE

M
PC

 v
s

NC
M

nS
O

4
vs

 A
vM

n
+M

n 
vs

-M
n

Le
an

 c
ol

or
 s

co
re

c
3.

2y
3.

2y
3.

2y
3.

1y
3.

4x
3.

1y
0.

06
0.

20
9

0.
02

2
0.

93
9

Fi
rm

ne
ss

 s
co

re
d

4.
7

4.
8

4.
7

4.
8

4.
9

4.
8

0.
07

0.
19

9
0.

09
7

0.
18

2
Li

gh
tn

es
s 

(L
*)e

50
.2

7x
49

.4
1xy

49
.0

1xy
50

.0
8x

48
.2

5y
50

.3
6x

0.
58

5
0.

79
5

0.
11

8
0.

99
7

Re
dn

es
s 

(a
*)

e
7.

47
7.

71
7.

46
7.

57
8.

07
7.

25
0.

23
4

0.
73

2
0.

02
2

0.
63

8
Ye

llo
wn

es
s 

(b
*)e

12
.0

1
11

.8
9

11
.7

8
11

.8
3

11
.8

1
11

.5
9

0.
16

7
0.

45
9

0.
32

7
0.

28
3

Ch
ro

m
af

14
.2

1
14

.2
7

14
.0

4
14

.1
4

11
4.

37
13

.7
6

0.
19

7
0.

81
4

0.
03

7
0.

60
5

M
oi

st
ur

e 
lo

ss
, %

7.
76

6.
15

6.
08

6.
34

5.
75

6.
52

0.
99

3
0.

27
9

0.
69

8
0.

53
7

TB
AR

S,
 m

g/
gg

0.
41

0.
37

0.
29

0.
36

0.
33

0.
49

0.
04

5
0.

42
1

0.
38

9
0.

04
5

a 
NC

 =
 n

eg
at

ive
 c

on
tro

l (
ba

sa
l d

ie
t d

ev
oi

d 
of

 M
n)

; M
nS

O
4 =

 m
an

ga
ne

se
 s

ul
fa

te
; P

C 
= 

po
sit

ive
 c

on
tro

l; 
an

d 
Av

M
n 

= 
Av

ai
la

M
n-

80
.

b 
Si

gn
ific

an
ce

 o
f o

rth
og

on
al

 c
on

tra
st

s 
fo

r: 
po

sit
ive

 c
on

tro
l (

PC
) v

s.
 n

eg
at

ive
 c

on
tro

l (
NC

); 
m

an
ga

ne
se

 s
ul

fa
te

 (M
nS

O
4) 

vs
. A

va
ila

M
n-

80
 (A

vM
n)

;
an

d 
ba

sa
l d

ie
ts

 c
on

ta
in

in
g 

M
n 

(+
M

n)
 v

s.
 b

as
al

 d
ie

ts
 a

bs
en

t o
f M

n 
(-M

n)
.

c 
1 

= 
pa

le
 p

in
kis

h 
gr

ay
 to

 6
 =

 d
ar

k 
pu

rp
lis

h 
re

d 
(N

PP
C,

 1
99

9)
.

d 
1 

= 
ve

ry
 s

of
t/v

er
y 

we
t t

o 
5 

= 
ve

ry
 fi

rm
/v

er
y 

dr
y 

(N
PP

C,
 1

99
1)

.
e 
L*

 =
 m

ea
su

re
 o

f l
ig

ht
ne

ss
 to

 d
ar

kn
es

s 
(la

rg
er

 n
um

be
r i

nd
ica

te
s 

a 
lig

ht
er

 c
ol

or
); 

a*
 =

 m
ea

su
re

 o
f r

ed
ne

ss
 (l

ar
ge

r n
um

be
r i

nd
ica

te
s 

a 
m

or
e 

in
te

ns
e

re
d 

co
lo

r);
 a

nd
 b

* =
 m

ea
su

re
 o

f y
el

lo
wn

es
s 

(la
rg

er
 n

um
be

r i
nd

ica
te

s 
a 

m
or

e 
in

te
ns

e 
ye

llo
w 

co
lo

r).
f Ch

ro
m

a 
is 

a 
m

ea
su

re
 o

f t
ot

al
, o

r v
ivi

dn
es

s 
of

, c
ol

or
 (l

ar
ge

r n
um

be
r i

nd
ica

te
s 

a 
m

or
e 

viv
id

 c
ol

or
).

g 
TB

AR
S 

= 
th

io
ba

rb
itu

ric
 a

cid
 re

ac
tiv

e 
su

bs
ta

nc
es

 a
re

 re
pr

es
en

ta
tiv

e 
of

 lip
id

 o
xid

at
io

n 
(la

rg
er

 n
um

be
r i

nd
ica

te
s 

gr
ea

te
r o

xid
at

ive
 ra

nc
id

ity
).

x,
y 
W

ith
in

 a
 ro

w,
 le

as
t s

qu
ar

es
 m

ea
ns

 la
ck

in
g 

a 
co

m
m

on
 s

up
er

sc
rip

t l
et

te
r d

iff
er

 (P
 <

 0
.0

5)
.



159

Arkansas Animal Science Department Report 2004

Fig. 1. Interactive effect of dietary and supplemental manganese (Mn) on longissimus muscle chop discoloration
scores (1 = total (100%) discoloration to 8 = no (0%) discoloration) during 7 d of retail display (treatment x display

day; P = 0.038). Within a display day, bars lacking a common letter differ (P < 0.05). Treatment abbreviations include:
-Mn = no Mn included in the basal diet; +Mn = basal diet included Mn; NC = negative control diets; PC = positive

control diets; MnSO4 = manganese sulfate; and AvMn = AvailaMn-80 (a Mn amino acid complex).

 




