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EFFECTS OF SOURCE AND LEVEL OF ADDED
CHROMIUM ON GROWTH PERFORMANCE AND CARCASS

S CHARACTERISTICS OF GROWING-FINISHING PIGS '?

P. R. O’Quinn, J. W. Smith, 11, J. L. Nelssen, M. D. Tokach?,
@ R. D. Goodband, K. Q. Owen’, and S. A. Blum

Summary

A growth trial was conducted to evaluate
the effects of added chromium nicotinate
(CrNic) on growth performance and carcass
composition of growing-finishing pigs (80 to
230 1b) and to compare 200 ppb of CrNic and
chromium picolinate (CrPic). Few statistical
responses were observed for growth perfor-
mance, carcass characteristics, or serum
chemistry profiles. These data suggest no
beneficial responses to supplemental chro-
mium in diets for growing-finishing barrows
and gilts.

(Key Words: Growing-Finishing Pigs, Chro-
mium Nicotinate, Growth, Carcass Quality.)

Introduction

Chromium is a trace mineral that is
involved actively in the metabolism of carbo-
hydrates, lipids, proteins, and nucleic acids in
the body. Chromium is most widely recog-
nized as a potentiator of the actions of insu-
lin. In animal studies, Cr supplementation is
reported to increase rate and efficiency of
gain and degree of muscling and decrease fat
deposition. Chromium also is thought to
improve the immune status in stressed ani-
mals. Several forms of Cr have been evalu-
ated in swine studies, including yeast cul-
tures, chromium chloride, and CrPic, which

has received the most attention in the scien-
tific literature. Recent chromium work with
human subjects has suggested that CrNic
may be more biologically available than
CrPic. For these reasons, a feeding trial was
designed to evaluate the efficacy of CrNic
supplementation and to compare growth
performance and carcass characteristics of
pigs fed equal concentrations of CrNic and
CrPic.

Procedures

A total of 144 crossbred barrows and
gilts (initially 80.7 1b) was used in the
growth trial. Pigs were blocked on the basis
of initial weight, sex, and ancestry and ran-
domly allotted to dietary treatments with six
replications per sex per treatment.

All diets were fed in meal form (Table 1).
Barrows and gilts were fed separate diets
within each phase to more accurately meet
changes in their lysine requirements. All
diets contained .1% L-lysine.HCl. Diets
were fed in three phases (80 to 130, 130 to
180, and 180 to 230 Ib BW), and diets were
changed when the average weight of pigs in
a pen reached the upper limit of the weight
interval. Chromium was added to the basal
diets at 50, 100, 200, or 400 ppb Cr as CrNic
or 200 ppb Cr as CrPic. The Cr additions
first were prepared as a 20-lb premix and

' Appreciation is extended to Lonza Inc., Fair Lawn, NJ for partial financial support and
for providing the chromium nicotinate used in this experiment.

2The authors thank Colin Bradley of the London Health Sciences Centre, London,
Ontario, Canada, for conducting the serum and dietary chromium analyses.

3Northeast Area Extension Office, Manhattan, KS.

“Lonza Inc., Fair Lawn, NJ.



then blended with the other dietary ingredi-
ents to ensure proper mixing.

Pigs were housed in an environmentally
controlled finishing barn with two pigs in
each 5-ft x 5-ft totally slatted-floored pen.
Pigs were allowed ad libitum access to feed
and water through one single-hole seif-feeder
and a nipple waterer.

Pigs were weighed every 2 weeks to
determine ADG, ADFI, and feed efficiency
(F/G). The day before slaughter, blood
samples were taken from each pig to deter-
mine serum Cr concentrations after a 3-h
fast. Blood samples were pooled for each
pen and stored frozen until the analyses were
conducted.

Pigs were slaughtered when the average
weight of pigs in a pen reached 230 Ib.
Standard carcass measurements; visual anal-
yses of the longissimus for coloring, mar-
bling, and firmness; drip loss; and Minolta
colorspectrometry (Hunter L*, a*, and b*)
were taken for each pig 24-h postmortem
(drip loss at 48-h postmortem).

Data were analyzed as a randomized .

complete block. The pen was the experimen-
tal unit for all calculations. The trial was
analyzed as two separate experiments (one
for barrows and one for gilts) because of the
different lysine levels fed to barrows and
gilts.
dietary chromium concentrations, a regres-

Because of the unequal spacing of .

sion model was fit to the data. Thus, the
REG procedure of SAS was used to deter- -

mine the linear and quadratic effects of
supplementation with CrNic, whereas the
GLM procedure of SAS was used for the
single degree of freedom contrast between
pigs fed 200 ppb CrNic and 200 ppb CrPic
and between pigs fed the control diet and the
diet containing 200 ppb CrPic. No
covariates were used in the statistical model
for the carcass analyses because of the simi-
lar ending test weight of all pigs.

Results and Discussion

Growth Data. From 130 to 180 lb,
increasing CrNic tended (linear, P = .09) to
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decrease ADG in barrows (Table 2). This
resulted in an overall (80 to 230 1b) tendency
for decreased ADG (linear, P = .09) for pigs
fed increasing CrNic. Otherwise, neither
source of Cr nor level of increasing CrNic
had an effect (P>.10) on ADG, ADFI, or F/G
for any of the growth intervals or the total
trial.

Neither source of Cr nor level of increas-
ing CrNic had any effect (P>.20) on gilt
growth performance during any of the
growth intervals or over the entire trial.
Although not compared statistically, gilts fed
50 ppb Cr as CrNic grew on average 7%
faster and converted feed to gain approxi-
mately 5% better than did control gilts.

Carcass Characteristics. Other than a
quadratic response (P = .10) in last lumbar
backfat, neither source of Cr nor level of
increasing CrNic had any effect (P>.10) on
carcass characteristics for barrows (Table 4).

Gilts fed increasing levels of CrNic had
greater first rib fat depths (linear, quadratic,
P<.05; Table 5) than control gilts. Chro-
mium source affected (P = .05) longissimus
muscle visual color, with gilts fed 200 ppb
CrPic having a darker colored longissimus
muscle than gilts fed 200 ppb CrNic. Drip
loss percentage in gilts was increased (P =
.02) with increased CrNic supplementation.
An explanation for this response is not
readily apparent, because Cr has no known
function with membrane permeability. The
effects of supplemental Cr on longissimus
muscle quality were not consistent.

Serum Analysis. Source of Cr affected
barrow serum Cr levels (Table 6), with bar-
rows fed CrPic having a higher (P = .05)
concentration than CrNic-supplemented
barrows. Neither source of Cr nor level of
increasing CrNic had an effect (P>.10) on
gilt serum Cr concentrations (Table 6).

General. Differences between pigs fed
the control diets or the diets containing 200
ppb CrPic were few. Barrows fed 200 ppb
CrPic grew slower (P =.02) from 180 to 230
Ib BW. Gilts fed 200 ppb CrPic ate more
feed (P = .04) from 130 to 180 1b BW. Gilts



fed the control diet had more marbled
longissimus muscle (P = .02) and a higher
drip loss (P = .07) than pigs fed the 200 ppb
CrPic diet. Barrows fed 200 ppb CrPic had
a higher (P = .03) serum Cr level than pigs
fed the control diet.

Dietary chromium is absorbed from the
GI tract, converted to trivalent Cr upon entry
into the bloodstream, and rapidly taken up
into the tissues. Because the blood and
tissue levels of Cr are not in equilibrium,
serum values may not be good indicators of
Cr status. Any Cr not used or stored by the
tissues is excreted back to the blood for
excretion from the body via the urine. Thus,
24-hr urinary Cr measurements may be better
indicators of Cr stores than serum Cr levels
are.

Two small assays were undertaken later
to help explain some of the serum Cr differ-
ences noted herein and in an earlier nursery
trial with CrNic and CrPic. First, 20 finish-
ing weight pigs from a commercial farm in
Northeast Kansas were bled for serum Cr
analysis. This farm had never fed Cr through
any of their barns. The mean value for these
pigs was 11.17 £ 3.63 nmol/L of Cr (data not
shown). This value is considerably lower
than that for the control pigs not fed Cr in the

Table 1. Composition of Basal Diets (As-Fed Basis)®

present experiment. These results could
indicate a difference in Cr content of the
dietary ingredients. The diets fed on this
farm were typical grain-soybean meal-based
diets, but they were not assayed for Cr con-
tent.

Secondly, analysis of such diets not
containing supplemental Cr indicated that
background Cr levels range well into the
ppm range (data not shown). No work has
been conducted to define the bioavailability
of this background Cr. Even if only a small
fraction is bioavailable, the high levels could
mask any potential treatment responses,
especially when dietary inclusion levels are
only in the low-to-mid ppb range.

In conclusion, supplemental Cr (either as
CrNic or CrPic) had no beneficial effects on
growth performance or carcass characteris-
tics of growing-finishing pigs. Because of
consistent numerical improvements in ADG
and F/G with gilts fed 50 ppb Cr as CrNic,
further research should be conducted to
evaluate lower concentrations of CrNic in
diets fed to finishing gilts. These results
further suggest that the responses to supple-
mental Cr may be related directly to the level
of background Cr already present in the diet.

Period 1I¢

Period I° Period ITI¢

Ingredient, % Barrows Gilts  Barrows Gilts Barrows Gilts

Comn 70.09 66.52 78.02 7446 83.65 80.08
Soybean meal, 46.5% CP 24.77 2839 1747  21.09 12.02 15.64
Soybean oil 2.00 2.00 2.00 2.00 2.00 2.00
Monocalcium phosphate 1.15 1.09 - .80 73 .65 .59
Limestone 1.06 1.07 .88 .89 .85 .86
Vitamin/trace mineral premix 35 35 25 25 25 25
Salt 35 35 .35 .35 35 35
Antibiotic® 13 A3 13 13 13 13
L-LysinesHCI .10 .10 10 .10 .10 .10
Total 100.00  100.00 100.00 100.00 100.00 100.00

*Graded levels of Cr were added to the basal diets to achieve levels of 50, 100, 200, or 400 ppb
Cr. "Period I diets were fed from 80 to 130 Ib BW and were formulated to contain .70% total
Ca, .60% total P, and either 1.00% (barrows) or 1.10% (gilts) lysine. “Period II diets were fed
from 130 to 180 1b BW and were formulated to contain .55% total Ca, .50% total P, and either
.80% (barrows) or .90% (gilts) lysine. “Period III diets were fed from 180 to 230 1b BW and
were formulated to contain .50% total Ca, .45% total P, and either .65% (barrows) or .75%
(gilts) lysine. “Provided 100 g/ton tylosin.
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Table 2. Growth Performance of Barrows Fed Graded Levels of Chromium®

CrNic CrPic " Probability
Item 0 50 100 200 400 200 CV Lin® Quad® Coni’

80 to 130 Ib BW

ADG,Ib 237 250 227 227 242 230 846 .15 14 23
ADFL,Ib 553 575 540 556 554 534 773 .78 .82 .95
F/IG 234 231 238 244 230 233 681 .14 12 13
130 to 180 Ib BW

ADG,Ib 262 254 235 244 245 240 887 .09 14 .96
ADFLlb 733 738 692 7.08 702 6.88 840 .32 45 .86
F/G 281 291 296 290 289 287 838 46 47 .92
180 to 230 1b BW

ADG, b 237 239 227 227 208 229 9.15 .54 .88 14
ADFLLIb 780 797 741 7.74 741 790 8.17 .70 95 37
F/G 330 334 326 344 357 346 868 .82 .76 44
80 to 230 1b BW

ADG,Ib 245 249 230 232 233 234 698 .09 18 93
ADFLIb 689 7.03 658 6.79 666 671 720 .51 .68 .64
F/G 281 283 286 292 286 287 519 .16 22 48

*Values are means for two pigs/pen and six replications/treatment.

®Contrasts refer to the linear and quadratic comparisons of CrNic supplementation.
*Contrast refers to the comparison of supplementation with 200 ppb CrNic against that of 200
ppb CrPic.

dControl differs from 200 ppb CrPic (P = .02). All other contrasts between the control diets
and diets containing 200 ppb CrPic were nonsignificant (P>.10).

Table 3. Growth Performance of Gilts Fed Graded Levels of Chromium?

CrNic CrPic Probability
Item 0 50 100 200 400 200 CV  Lin® Quad’® Cont®

80 to 130 1b BW

ADG,Ib 2.05 225 212 214 210 221 645 47 41 .65
ADFLIb 4.88 5.16 5.07 4.85 4.5 508 517 94 .68 .99
F/G 239 230 240 227 231 229 496 32 45 .59
130 to 180 1b BW

ADG,Ib 218 234 220 202 210 214 939 27 47 54
ADFL I 6.10 6.16 6.12 571 5.73 620 535 .19 S1 92
F/G 283 265 278 283 275 290 865 .87 .86 57
180 to 230 1b BW

ADG,lb 2.14 223 215 208 206 218 1074 .77 98 .86
ADFLIb 635 691 6.61 647 629 691 677 .58 35 .50
F/G 301 3.13 3.09 313 3.06 3.17 879 47 47 67
80t0 230 1b BW

ADG,Ib  2.11 227 215 207 208 217 7.03 .66 .90 .86
ADFLIb 5.78 6.08 594 568 5.63 6.06 4.01 .77 .70 1
F/G 276 2.68 276 275 270 279 591 .79 72 .60

*Values are means for two pigs/pen and six replications/treatment.

*Contrasts refer to the linear and quadratic comparisons of CrNic supplementation.
“Contrast refers to the comparison of supplementation with 200 ppb CrNic against that of 200
ppb CrPic.

“Control differs from 200 ppb CrPic (P =.04). All other contrasts between the control diets
and diets containing 200 ppb CrPic were nonsignificant (P>.20).
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Table 4. Carcass Characteristics of Barrows Fed Graded Levels of Chromium®®

CrNic CrPic Probability

Item 0 50 100 200 400 200 CV Lin° Quad*° Cont.%®
Shrink loss, % 270 259 254 239 239 230 15.50 .16 34 .96

Backfat, in:

First rib .50 1.52  1.59 1.52 151 153 534 40 34 .89

Tenth rib .94 .96 98 90 93 .90 11.79 .64 .73 .55

Last rib .76 78 81 .75 g3 77 9.5 .61 40 57

Last lumbar 72 5 82 75 J0 .71 11.16 .18 10 29

Average' 99  1.01 1.07 1.01 98 1.00 646 .29 17 49
LMA, in? 527 520 497 501 530 537 797 .14 g1 24
Lean %* 49.88 49.24 48.73 49.66 49.98 50.54 4.05 .62 51 79
Dressing % 72.07 72.24 7122 72.09 72.75 71.30 1.63 42 24 34
Visual color" 242 238 271 246 258 233 1264 .53 .66 .50
Firmness" 263 263 321 275 258 263 19.10 .25 19 .58
Marbling" 271 267 3.3 292 275 263 17.75 20 19 57
Hunter L* 52.75 53.42 5033 51.96 53.60 53.66 5.55 .18 12 34
Hunter a*! 1148 11.28 11.59 1241 1247 11.86 12.85 41 .68 .94
Hunter b* 773 7.88 7.16 8.14 853 8.18 1936 .93 .67 .67
Hue angle’ 45.70 48.28 40.82 43.52 46.86 47.34 12.71 .15 13 32
Saturation index’ 13.86 13.77 13.63 14.87 15.12 1443 1456 .62 .92 .84
A:B ratio' 152 144 163 159 147 148 872 .10 .07 A3
Drip loss, % 333 392 225 285 449 373 6156 .28 A7 .19

3V alues are means for two pigs/pen and six replications/treatment.

®Carcass length (mean = 31.74 in) and muscle score (mean = 2.51) were not affected (P>.20) by
dietary treatment.

*Contrasts refer to the linear and quadratic comparisons of CrNic supplementation.

dContrast refers to the comparison of supplementation with 200 ppb CrNic against that of 200 ppb
CrPic.

°All contrasts between the control diets and diets containing 200 ppb CrPic were nonsignificant
(P>.15).

fAverage backfat is the average of the first and last rib and last lumbar fat depths.

¢[ean percentage was derived from NPPC equations.

bScoring system of 1 to 5: 2 = grayish pink, traces to slight, or soft and watery; 3 = reddish pink,
small to modest, or slightly firm and moist; and 4 = purplish red, moderate to slightly abundant,
or firm and moderately dry for color, firmness, and marbling, respectively.

iMeans were derived from three sample readings per loin. Measures of dark to light (Hunter L*),
redness (Hunter a*), yellowness (Hunter b*), red to orange (hue angle), or vividness or intensity
(saturation index).
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Table 5. Carcass Characteristics of Gilts Fed Graded Levels of Chromium®®

CrNic CrPic Probability
Item 0 50 100 200 400 200 CV Lin® Quad.° Cont.®

Shrink loss, % 220 245 228 225 239 240 16.61 .96 .88 54
Backfat, in:

First rib 140 146 149 152 146 150 661 .03 .04 27
Tenth rib g7 .80 .80 g8 .75 .82 1072 .73 55 54
Last rib 69 71 73 69 .69 .69 1048 .96 .87 .88
Last lumbar 65 .70 .69 71 71 .70 12,01 33 47 .95
Average* 91 .96 .97 97 95 .97 8.01 .20 23 .65
LMA, in? 593 570 6.04 578 609 559 810 .74 .57 26
Lean %f 53.46 52.40 52.84 52.60 54.05 51.60 327 .35 21 .16

Dressing % 72.02 72.04 72.66 73.09 7224 72.81 1.20 .02 .02 10
Visual color® 250 263 246 242 263 258 686 .15 .09 .05

Firmness® 292 3.04 296 275 275 279 1210 .52 .81 99
Marbling®" 288 246 279 246 246 258 11.65 .17 37 99
Hunter L* 51.18 50.65 51.90 51.02 52.05 4985 432 .99 82 43
Hunter a*' 11.41 10.87 10.06 11.04 11.84 1086 991 .14 .06 21
Hunter b*' 747 691 686 7.17 769 6.81 1346 32 18 .36
Hue angle' 43.71 4271 46.71 42.83 43.63 4023 10.75 .85 .80 a7
Saturation index' 14.00 12.89 12.19 13.19 14.13 1241 996 .10 .05 22
A:B ratio’ 1.55 1.58 149 162 156 169 922 .72 75 47

Drip loss, %/ 219 2.17 238 3.00 356 2.04 52.01 .51 .94 A7

*Values are means for two pigs/pen and six replications/treatment. *Carcass length (mean=32.15
in) and muscle score (mean = 2.53) were not affected (P>.20) by dietary treatment. “Contrasts
refer to the linear and quadratic comparisons of CrNic supplementation. ‘Contrast refers to the
comparison of supplementation with 200 ppb CrNic against that of 200 ppb CrPic. “Average
backfat is the average of the first and last rib and last lumbar fat depths. ‘Lean percentage was
derived from NPPC equations. £Scoring system of 1 to 5: 2 = grayish pink, traces to slight, or
soft and watery; 3 = reddish pink, small to modest, or slightly firm and moist; and 4 = purplish
red, moderate to slightly abundant, or firm and moderately dry for color, firmness, and marbling,
respectively. "Control diet differs from diets containing 200 ppb CrPic (P =.02). ‘Means were
derived from three sample readings per loin. Measures of dark to light (Hunter L*), redness
(Hunter a*), yellowness (Hunter b*), red to orange (hue angle), or vividness or intensity
(saturation index). iControl diets differ from diets containing 200 ppb CrPic (P =.08). All other
contrasts between the control diets and diets containing 200 ppb CrPic were nonsignificant

(P>.15).

Table 6. Serum Chromium Levels of Pigs Fed Graded Levels of Chromium*

CrNic CrPic Probability
Item 0 50 100 200 400 200 CV Lin® Quad® Cont®
Barrows:
Chromium®® 49.78 57.60 48.05 50.72 65.65 64.28 22.08 .48 21 .05
Gilts:
Chromium?® 4545 46.80 5098 41.42 4525 63.85 16.63 .71 .83 42

aValues represent the pooled results of two pigs/pen and six replications/treatment. All pigs were
bled following a 3-h fast. ®Contrasts refer to the linear and quadratic comparisons of CrNic
supplementation. °Contrast refers to the comparison of supplementation with 200 ppb CrNic
against that of 200 ppb CrPic. ‘Chromium values are expressed as nmol/L. Control diets differ
from diets containing 200 ppb CrPic (P =.03). All other contrasts between the control diets and
diets containing 200 ppb CrPic were nonsignificant (P>.20).
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