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deposition and decreased the rate of fat deposition in pigs. Smith et al. (1994) also
reported decreased backfat thickness of pigs fed Cr nicotinate (CrNic).

Kitchalong et al. (1995) reported that dietary Cr as CrPic supplementation
decreased fat thickness over the tenth rib of lambs. Conversely, Claeys et al. (1994)
reported higher quality grades for steers fed CrNic (thus increased intermuscular fat)
and decreased ribeye area of steers fed 400 ppb Cr as CrCl or 800 ppb Cr as CrNic.
Hasten et al. (1992) reported that female students that were beginning weight
training had increased body weight (BW), primarily due to increased lean body mass
(LBM). However, male students showed no change in BW or body composition
due to Cr supplementation. Evans (1989) reported that male football players had
increased BW, LBM, and calf circumference when they combined dietary Cr
supplementation with weight training. However, Almada et al. (1995) reported no
beneficial effect of a nutrilional supplement that contained Cr as CrPic on males
during resistance training. Other authors have reported increased LBM (Hasten et
al., 1993) and decreased body fat (Hasten et al., 1994, 1995) in rats.

Metabolisﬁn

Introduction. The reason for the increased lean and decreased fat in the bodies
of humans and carcasses of animals given supplemental dietary Cr is not known.
However, Cr is known to be involved in a myriad of steps of metabolism, including
protein, carbohydrate, and lipid metabolism. Chromium is thought to exert its

effects through the potentiation of insulin action. However, the anabolic nature, and
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more specifically, the lipogenic nature of insulin makes the proposed mechanism of
action of Cr more puzzling. The mystery probably is confounded by the fact, that
after decades of research, the cellular mechanism of action of insulin is not well
established.

Protein. Apart from the multitude of reports from around the world of
increased muscling of animals and humans given supplemental dietary Cr, little
research has been conducted to determine the cellular or molecular mechanisms
behind this occurrence. Britton et al. (1968) reported that lambs fed molasses or Cr
as CrCl had increased N utilization. This would suggest that changes in lean
composition that have since been reported by other authors also may have occurred;
body composition was not determined in that experiment. Other investigators have
attempted to study the cellular mechanism of action of Cr. Ono et al. (1994)
reported that supplemental dietary Cr for pigs injected with porcine somatotropin
resulted in increased muscle fiber area compared to pigs injected with somatotropin
only. Dietary Cr alone did not affect muscle fiber area. Morris et al, (1994)
reported no effect of dietary Cr supplementation on cardiac growth, protein, or
myofibrillar protein content. Hasten et al. (1995) reported that rat skeletal
myoblasts had increased *H-leucine uptake, suggesting perhaps an enhancement of
protein synthesis. Rats treated with an intraperitoneal dose of Cr as CrCl had
increased nucleolar and ribosomal RNA synthesis (Okada et al., 1984), However,

the true implications of Cr for protein synthesis are not know.



Lipid. Low serum Cr has been correlated with coronary artery disease in
humans (Newman et al., 1978; Schroeder et al., 1970; Simonoff et al., 1984).
Riales (1979) reported that brewer’s yeast (containing Cr) increased HDL-
cholesterol and decreased LDIL-cholesterol without affecting total serum cholesterol.
These findings are consistent with others that have postulated that Cr is responsible
for such effects (Riales and Albrink, 1981; Elwood et al., 1982; Roeback et al.,
1991; Abraham et al., 1992). In fact, Abraham et al. (1980; 1991) reported that Cr
supplementation of rabbits reduced the surface area of aortic plaques that had been
induced by feeding cholesterol.

Press et al. (1990) reported that supplemental CrPic decreased total
cholesterol, LDL-cholesterol, and apolipoprotein B (the principal protein of the LDL
fraction). Supplemental Cr as CrPic also increased apolipoprotein A-1, the principal
protein of the HDL fraction, but did not significantly affect HDL-cholesterol -
concentration. However, Hermann et al. (1995) reported that Cr as CrCl was
effective in lowering serum total cholesterol but increased apolipoprotein B in adults
over age fifty. Lefavi et al. (1991) reported that a nicotinic acid-chromium complex
- was effective in reducing serum total cholesterol and increasing the total
cholesterol:HDL-cholesterol ratio in male athletes. In addition, Schroeder (1968)
and Schroeder et al. (1971) reported that supplemental Cr reduced serum total
cholesterol in rats and Kitchalong et al. (1995) reported that supplemental Cr

reduced serum cholesterol and NEFA in lambs. In addition, CrPic supplementation
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has been reported to decrease serum total cholesterol con;:entraﬁons in pigs (Page et
al., 1993b), lambs (Kitchalong et al., 1995), and calves (Bunting et al., 1994).
However, Rabinowitz et al. (1983) reported that CrCl, brewer’s yeast containing
glucose tolerance factor (GTF), and brewer’s yeast without GTP did not affect
plasma total cholesterol or triglycerides in diabetic men and Amoikon et al. (1995)
reported that CrPic increased serum total cholesterol in pigs. However, it is
possible that changes in the lipoprotein fractions did occur in that study but were not
detected (i.e., they were not measured). Other investigators also have reported a
lack of effect of dietary Cr on lipid measurements in humans (Gondy and Wilson,
1994; Thomas and Gropper, 1995), chickens (Maurice and Jensen, 1978), calves
(Bunting et al., 1994), and lambs (Kitchalong et al., 1995).

Glucose and Insulin. It is difficult to separate the effect of Cr on glucose and
insulin metabolism. However, the glucose and insulin responses to dietary Cr will
be separated. One of the first defined roles of Cr in mammals was the alleviation of
hyperglycemia in rats (Mertz et al., 1961, 1965, 1969; Schrocder, 1966). The most
striking evidence for the efficacy of Cr in alleviating hyperglycemia is in total
parenteral nutrition (TPN) patients (Jeejeebhoy et al., 1977; Freund et al., 1979).
These patients required insulin injections to lower their blood glucose levels.
However, following the addition of Cr to the TPN solution, the requirement for
insulin was dramatically decreased, if not completely negated. The symptoms of

diabetes also were alleviated. Further evidence of a role for Cr in glucose
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homeostasis was found for Turner’s syndrome patients. Supplemental Cr was
effective in decreasing hyperglycemia in these patients (Saner et al., 1983).

Other investigators have reported equivocal responses from supplementing the
diets of the elderly with Cr. Offenbacher and Pi-Sunyer (1980) reported that
chromium-rich brewer’s yeast improved glucose tolerance of elderly subjects.
Similarly, Potter et al. (1985) reported that Cr as CrCl was effective in lowering the
plasma glucose response to an oral glucose tolerance test, but plasma insulin levels
were not affected. Bourn et al. (1985) reported that Cr supplementation was
effective in lowering plasma glucose and insulin concentrations in post-menopausal
women., However, Martinez et al. (1985) and Offenbacher et al. (1985) reporied
that supplemental Cr did not change glucose tolerance or insulin status in eldesly
subjects. Mossop (1983) and Vinson and Bose (1984) reported that diabetic patients
had lower fasting plasma glucose concentrations when they received supplemental
dietary Cr. However, other investigators have found no response to supplemental
Cr in diabetic patients (Sherman et al., 1968; Uusitupa et al., 1983, 1992), The
reasons for these different results are not clear. Some investigators have suggested
that only those patients with abnormal glucose tolerance will respond to Cr
supplementation. However, previously in the text it was noted that diabetic patients
did not always respond to Cr supplementation. The unknown factors of diabetes and
its associated complications makes it a challenging subject. Glinsmann and Mertz

(1966) reported that diabetic patients responded to Cr supplementation, but patients
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with normal glucose tolerance did not. Freiberg et al. (1975) reported that diabetic
or “doubtful” (marginal diabetics) patients had lowered plasma glucose after
supplementation with brewer’s yeast, presumably due to its Cr content. Anderson et
al. (1991), Liu et al. (1977, 1978), and Polansky et al. (1991) reported similar
findings comparing patients with normal and abnormal glucose tolerance. Anderson
et al. (1985, 1987) reported that both hypoglycemic and hyperglycemic subjects had
improved glucose status when they received supplemental Cr. However, Evans
(1989) and Levine et al. (1968) reported that some patients with abnormal glucose
tolerance responded to Cr supplementation, but other patients with abnormal glucose
tolerance did not respond to Cr supplementation. The unknown cause(s) of
"responders” and “nonresponders” further complicate the study of Cr nutrition in man
and animals.

The animal data with glucose response to Cr supplementation are just as
' variable as the human data. Some investigators have found that supplemental Cr
decreased plasma glucose concentrations, whereas others have reported no effect of
supplemental Cr on glucose status of animals. Stoecker and Oladut (1985) reported
that Cr supplementation lowered the plasma glucose response 60 min after a glucose
tolerance test in guinea pigs. This may indicate that glucose was cleared from the
plasma at a faster rate; however, clearance rate was not determined. Similarly,
Amoikon et al, (1995) reported that supplemental Cr as CrPic increased the

clearance rate and decreased the half-life of glucose from the plasma of pigs during
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an intravenous glucose tolerance test AVGTT). In a like fashion, Cr as CrPic has
been reported to increase glucose clearance rate in calves (Bunting et al., 1994) and
lower glucose response to IVGTT in lambs (Kitchalong et al., 1995). Evock-Clover
et al. (1993) also reported that supplemental dietary Cr as CrPic was effective in
“normalizing” the plasma glucose levels of pigs injected with porcine somatotropin.
However, other investigators have found no effect of supplemental Cr on the glucose
tolerance of steers (Claeys et al., 1994), lambs (Fornea et al., 1994; Samsell and
Spears, 1989), or hens (Jensen et al., 1978).

Some investigators have suggested that Cr directly affects the endocrine
pancreas. However, therc is a lack of agreement about the direction of these effects.
Ghafghazi et al. (1980) reported that Cr decreased insulin secretion in isolated
pancreatic islets, However, Striffler et al. (1993) reported that dietary Cr enhanced
insulin secretion in perfused rat pancreas. Hubner et al. (1989) reported that dietary
Cr decreased insulin response to an i.p. glucose tolerance test in gestating rats,
Furthermore, the insulin content of the entire pancreas of these dams was decreased,
but the insulin content of the entire pancreas from the neonatal rats (from the Cr
supplemented dams) was increased. It is interesting that these rats supplemented
with Cr did not have a change in their glucose tolerance, yet insulin secretion was
obviously affected by Cr.

Some investigators have reported that supplemental dietary Cr differentially

affects insulin binding in tissues. Ward et al. (1994) reported that dietary Cr as



13
CrPic decreased insulin binding to plasma membranes of pig liver cells. Berrio et
al. (1995), from the same laboratory, reported that dietary Cr as CrPic increased
insulin binding in isolated pig fat cells and erythrocyte membranes. These data may
indicate that Cr decreases glucose utilization by the liver, and therefore more
glucose is available for uptake by peripheral tissues. However, Steele et al. (1982)
reported that dietary Cr as CrCl did not affect insulin binding in hepatic tissues.
The discrepancy between these findings and those of Ward et al. (1994) might be
explained by the difference in forms of dietary Cr. Ward et al. (1994) used an
organic source of Cr (CrPic).

Other investigators have indicated that Cr may act on the enzymes of
gluconeogenesis and glycolysis. Shiau and Chen (1993) reported that supplemental
dietary Cr lowered glucose-6-phosphatase activity in tilapia, but phosphofructokinase
activity was higher in tilapia supplemented with Cr. These same investigators found
that Cr supplementation increased weight gain, energy deposition, and liver
glycogen content in fish fed glucose as a carbohydrate source. Campbell et al.
(1989) reported that dietary Cr enhanced liver glycogen synthase activity in
sedentary rats but not in exercise-trained rats.

Stress and Immune Function, Some investigators have postulated that some
type of “stress” must be imposed before a subject will respond to Cr
supplementation (Anderson, 1994; Waddington, 1994). Indeed, Meriz and Roginski

(1967) found that rats fed a low-Cr, low-protein diet had depressed growth and this
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growth depression was alleviated by supplementing the diet with Cr. Subjecting the
rats to exercise or excessive bleeding also improved growth and survivability in
response to supplemental Cr. Exercise, physical trauma, and high sugar intake have
been reported to increase Cr losses in man (Anderson, 1982, 1988, i989). Other
investigators also have shown a negative correlation between plasma Cr and plasma
glucose levels (Morris et al., 1988a,b).

The relationship between Cr status and glucose utilization may be further
strained by physiological stress. Pekarek et al. (1975) reported that acute infection
with sandfly fever dramatically decreased serum Cr levels and glucose disappearance
rates in humans. Investigators in the animal sciences also have indicated that
supplemental Cr may be beneficial in the presence of stressors. Chang and Mowat
(1992) reported that transport-stressed feeder calves had reduced serum cortisol
when they were provided supplemental dietary Cr. In addition, supplemental dietary
Cr increased serum immunoglobulin M and total immunoglobulins in calves fed
diets with soybean meal but had no effect in calves fed urea-com supplementation.
Mowat et al. (1993) and Wright et al. (1993) reported that dietary Cr decreased
morbidity in transport-stressed feeder calves. The improvements in gain and
morbidity have been linked to immune status of these animals. Moonsie-Shageer
and Mowat (1993) reported that supplemental dietary Cr decreased morbidity and
increased antibody titers and immunoglobulin G, in stressed feeder calves.

Supplemental Cr also increased indicators of cell-mediated immunity in



periparturient dairy cows and in dairy cows during early lactation (Burton et al. ,
1693). Other investigators have noted positive effects of Cr supplementation on
immune status of calves (Chang et al., 1994; Lindell et al., 1994; Wright et al.,

1994) and pigs (van Heugten and Spears, 1994),
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CHAPTER I
EFFECT OF DiEl‘ARY CHROMIUM SOURCE ON GROWTH, CARCASS
CHARACTERISTICS, TISSUE CHROMIUM CONCENTRATIONS, AND
PLASMA METABOLITE AND HORMONE CONCENTRATIONS IN
’ GROWING-FINISHING PIGS
Introduction
Page et al. (1993a) reported no effect of Cr chloride hexahydrate {CrCl) on

body composition or metabolites in pigs; however, Cr tripicolinate (CrPic) was
reported to decrease tenth rib backfat thickness and increase longissimus muscle area
(Page et al , 1993a,b). Other authors have aiso reported improvements in body
composition of swine from supplemental dietary CrPic (Renteria and Cuarén, 1993;
Mooney and Cromwell, 1994; Boleman et al., 1995; Lindemann et al., 1995;
Mooney and Cromwell, 1995). At least one possible reason for the difference in
response to supplemental dietary Cr may be the form of Cr. The chemical
coniposition of Cr compounds has been reported to affect the biological activity of
these compounds (Evans and Pouchnik, 1993). Page et al. (1993b) reported no
effect of CrCl, picolinic acid, or the combination of CrCl and picolinic acid on body
composition of pigs. However, the chemical complex of Cr and picolinic acid in
CrPic increased the proportion of muscle and decreased the proportion of fat in pigs
(Page et al., 1993a,b). Thus it appears that the complex of Cr and picolinic acid (or

perhaps some other organic molecule) is necessary for Cr to elicit beneficial effects

on carcass composition of pigs. Therefore, the objective of this experiment was to

16
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determine the effects of different Cr sources (inorganic and organic complexes) on
growth, carcass characteristics, metabolite and hormone concentrations, and tissue
mineral concentrations in growing-finishing pigs.

Materials and Methods
Animals and Dietary Treatments

Crossbred (Yorkshire x Hampshire x Duroc) pigs were used [avg. initial body -
weight (BW)=18.1 kg]. The pigs were allotted to treatment on the basis of BW in
a randomized complete block design; ancestry was equalized across treatments.

Each treatment was replicated four times with four pigs per replicate pen. There
were four pens of four pigs each which were fed a control diet (no Cr
supplementation). Sex (two gilts and two barrows) was equalized within pea.

The pigs were fed a corn-soybean meal basal diet (Table 3.1) formulated to
provide 120% of the (NRC, 1988) lysine requirement during both the grower and
finisher phases of production. The dietary treatments consisted of an
unsupplemented control diet (Basal) and the Basal diet supplemented with 200 ug
Cr/kg diet as either chromium chloride hexahydrate (CrCi; Sigm Chemical Co.,
St.Louis, MQ), Cr acetate (CrAc), Cr oxalate (CrOx), Cr nicotinate (CrNic), Cr
tripicolinate (CrPic-1; USDA source), Cr nicotinate-glycine-cysteine-glutamate

complex (CrNGCG), or Cr tripicolinate (CrPic-2; commercial source, Nutrition
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Table 3.1. Composition of the basal diets, as-fed basis

Item Grower Finisher
%
Corn 73.28 80.38
Soybean meal, 44% CP 24,72 17.90
Defluorinated rock phosphate .75 33
Oyster shell flour .70 .84
Salt .25 25
Vitamin premix* .25 25
Trace mineral premix® .05 .05

*Provided the following per kilogram of diet: riboflavin, 4.4 mg; d-
pantothenic acid, 22 mg; niacin, 22 mg; vitamin By, 22 ug; d-biotin, 220 ug;
choline chloride, 440 mg; vitamin A, 4400 IU; vitamin D,, 440 IU; vitamin E, 11
IU; menadione dimethylpyrimidinol bisulfite, .25 mg; Se, .1 mg.

*Provided the following per kilogram of diet: Zn, 75 mg; Fe, 87.5 mg; Mn,

30 mg; Cu, 8.75 mg; I, 1 mg; Ca, 9 mg.
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21, San Diego, CA). Chromium acetate, CrOx, CrNic, CrPic-1, and CrNGCG were
supplied by Dr. Richard Anderson, Nutrient Requirements and Function Laboratory,
USDA, Beltsville, MD. These particular compounds were chosen based on the
ability to obtain them, the use of some of them in previous research (CrPic, CrNic,
and CrCl), and the need to evalvate additional organic compounds. The pigs were
allowed to consume the treatment diets on an ad libitum basis. During the grower
phase of production the pigs were penned in 1.8-1n x 2.4-m pens in an enclosed
facility with totally slatted floors. During the finisher pﬁase of production the pigs
were penned in 1.5-m x 2.9-m pens in a curtain-sided facility with totally slatted
floors. Pigs were switched to finisher diets when the average BW of a block was
approximately 55 kg. This experiment was conducted from January through April
of 1988.
Blood Sampling

All pigs were bled via the anterior vena cava following 20 h without access to
feed and then again at 2 h postfeeding on days 21 and 77 of the experiment. Blood
for serum glucose and nonesterified fatty acid (NEFA) analysis was placed into
tubes containing 15 mg sodium fluoride, whereas blood for other serum metabolite
and hormone analyses was placed into tubes without the glycolytic inhibitor. The
blood samples were centrifuged for 20 min at 1,600 X g at 4°C. Serum was

collected and frozen (-20°C) for later analyses.
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Carcass Traits

Pigs were removed from the experiment when their BW was approximately
100 kg (actual final average BW = 98.1 kg). Pigs were killed via stunning
(electrical or captive bolt) followed by exsanguination at the Louisiana State
University Agricultural Center Animal Science Department Meats Laboratory or a
commercial facility. Hot carcass weights were taken with heads on the carcass aad
leaf fat in the carcass. Longissimus muscle area (LMA) at the tenth rib interface
and tenth rib fat (TRF) thickness three-fourths the distance from the midline were
measured after approximately 20 h at 2°C. Longissimus muscle area and TRF were
adjusted to 104.3 kg (National Swine Improvement Federation, 1987), and
percentage of muscling (PM) was calculated by methods described by the National
Pork Producers Council (1991).

Tissue samples were collected from common sections of the liver, kidney,
pancreas, and heart of two pigs from two replicate pens (four replicate pens for CrCl
and CrPic-2 treatments) at the time of slaughter for tissue Cr, Zn, Cu, and Fe
analyses. In addition, the tenth rib portion of the longissimus muscle was removed
from the same pigs for Cr, Zn, Cu, and Fe analyses.

Chemical Analyses

Serum was analyzed for glucose (Sigma Chemical Co, 1990) and NEFA

(NEFA-C Kit, ACS-ACOD Method; Wako Chemicals USA, Inc., Richmond, VA)

conceatrations using spectrophotometric procedures outlined in commercially-
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available kits. Serum was analyzed for total cholesterol, urea N, and triacylglycerol
concentrations by automated “centrifichem” procedures (conducted by USDA
personnel, Nutrient Requirements and Function Laboratory, Beltsville, MD). Tissue
mineral analysis was conducted according to the procedure of Hiil et al. (1986)
(conducted by USDA personnel, Nutrient Requirements and Function Laboratory,
Beltsville, MD).

Serum insulin was assayed by the RIA method of Amoikon et al. (1995).
Guinea pig anti-bovine insulin antiserum (Code No. 65-101, Lot No. GP616; ICN
ImmunoBiologicals, Lisle, IL) was used at a 1:60,000 final dilution. Purified
porcine insulin (26.1 xU/ng; Sigma Che@ical Co.) and bovine '*I-insulin ICN
Biomedicals, Inc., Costa Mesa, CA) were used as the standard and radioligand,
respectively. Sheep anti-guinea pig antiserum produced in our laboratory was used
at a 1:4 dilution as the precipitating antibody. The intraassay CV for the insulin
RIA as determined by a pooled bovine plasma sample was 7.7%.

Serum GH was measured by a double-antibody RIA technique based on
antiserum (AFP-10318545; A.F. Parlow, Pituitary Hormone and Antisera Center,
Harbor-UCLA Medical Center, Torrance, CA) against porcine GH (pGH). Highly
purified pGH was radioiodinated via the chloramine-T method (Greenwood et al.,
1963; 2.5 ug of chloramine-T/ug of GH, 0 °C for 30 sec). The antiserum was
diluted 1:150,000 in PBS containing .033 M EDTA, .112% normal rhesus monkey

serum (Calbiochem, San Diego, CA), and 33% noninhibitory horse serum; 300 uL
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of this solution was used per tube. The horse serum was added to minimize and to
stabilize nonspecific binding of radioiodinated pGH to the assay tubes. Antiserum
(Calbiochem) against rhesus monkey immunoglobulin-G was diluted 1:21 and was
used at 200 L per tube to precipitate the primary antibody. Cross-reactivities of
other porcine pituitary hormones in the assay were as follows (percentage relative to
pGH): prolactin, .08; FSH, .12; LH, .001; and thyroid-stimulating hormone, .004
(A.F. Parlow, personal communication). Inhibition curves produced by serial
dilutions of porcine sera and pituitary extracts were parallel to those produced by the
reference standard (USDA-pGH-B1; National Hormone and Pituitary Agency,
Baltimore, MD). | Sensitivity of the assay averaged .1 ng; the sample size was 200
uL in a typical assay. Intra- and interassay CV in the GH RIA were 9.6 and 9.8%,
respectively.
Statistical Analyses

Data from these experiments were analyzed by ANOVA (Steel and Torrie,
1980) using the general linear model (GLM) procedure of SAS (1985). The data
were analyzed as a randomized complete block design with initial BW as the
blocking factor. The pen of pigs was the experimental unit for all data, Statistical
analysis of dressing percentage included final BW in the model as a covariate. Data
are presented as means with LSD means separation procedures to indicate treatment

differences at P < .05, unless otherwise indicated. In addition, a single degree-of-
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freedom contrast was done to compare the main effect of Cr supplementation (i.e.,
the basal diet vs all Cr diets).
Results
Growth Performance

During the grower phase of production, average daily gain (ADG) was
reduced (P < .01) in pigs fed Cr (basal diet vs all Cr diets, Table 3.2). Average
daily gain was reduced (P < .05) in pigs fed CrCl, CrAc, or CrOx compared with
the pigs fed the basal diet (Table 3.2). Chromium supplementation as CrNic, CrPic-
1, CINGCQG, or CrPic-2 resulted in intermediate ADG. The decreased ADG did not
result (P > .05) from differences in feed intake, although there was a tendency
(P < .12) for Cr to decrease feed intake; therefore, differences in feed efficiency
were observed. Pigs fed CrCl were less efficient (P < .05) than pigs fed CrAc,
CrOx, CrNic, CrPic-1, or CrPic-2, However, pigs fed the basal diet or C-NGCG
had intermediate gain:feed.

During the finisher phase of production the main effect of Cr was opposite of
that observed during the grower phase. Pigs fed diets containing Cr tended to eat
more feed (P < .17) and gain more weight (P < .10). Average daily gain was
lower (P < .05) for pigs fed CrOx than for pigs fed CrPic-2; pigs fed the other
dietary treatments had intermediate (P > .05) ADG. The response to supplemental
Cr was more variable during the finisher phase compared with the grower phase.

Pigs fed CrCl had greater (P < .05) average daily feed intake (ADFI) than pigs fed
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the basal diet or CrAc¢, CrOx, or CrPic-1. Pigs fed CrPic-1, CrPic-2, and CINGCG
had greater (P < .05) ADFI than pigs fed CrAc or CrOx.

During the overall combined grower and finisher phases there was no main
effect of Cr (P > .20). Average daily gain of pigs fed CrOx was lower than ADG
of pigs fed CrNic, CtINGCG, or CrPic-2. Pigs fed the basal diet or CrCl, CrAc, or
CrPic-1 had intermediate ADG. Pigs fed CrCl or CrNGCG had greater ( P < .05)
ADFI than pigs fed CrAc, CrOx, or CrPic-1. Pigs fed the basal diet, CrNic, or
CrPic-2 had intermediate ADFI. Feed efficiency was less (P < .05) in pigs fed
CrCl compared with pigs fed CrAc, CrOx, CrNic, CrPic-1, or. Cri’ic-z. Pigs fedl
the basal diet or CrNGCG had intermediate feed efficiency.

Carcass Traits

Longissimus muscle area, TRF, and PM were not affected (P' > .05) by
dietary treatment (Table 3.2). Dressing percentage was less (P <.05) in pigs fed
CrAc or CrOx compared with pigs fed CrCl. Pigs fed the basal diet, CrNic, CrPic,
or CINGCG had intermediate DP, There was no (P > .20) main effect of Cr
supplementation on carwss traits.

Serum_Metabaolites and Hormones

Day 21. In pigs that had not had access to feed for 20 h, semmglucosewas
lower (P < .05) in pigs fed Cr (main effect). Serum glucose was lower (P < .05)
in pigs fed CrNic, CrNGCG, or CrPic-2 than in pigs t_‘ed thq basal diet; pigs fed

other Cr sources had intermediate serum glucose conéentraﬁons (Table 3.3). Serum



Table 3.2. Effect of dietary chromium source on growth performance and carcass characteristics of growing-finishing pigs*

Chromium source Pooled

Criterion Basal Chloride ~ Acetate Oxalate  Nicotinate CrPic-1  Complex  CrPic-2 SEM
Grower phase _

ADG, kg 81° 70 74% 1% 76" 758 T I 02

ADFI, kg 2.34 2.31 2.03 2.02 2.16 2.06 2.28 2.11 A2

Gain/feed 348> 307 368° 3540 354° 366" 340> .365° 015
Finisher phase

ADG, kg 82> 89> .88 .8lc .89% 88> 90> 91t .03

ADFI, kg 3.10* 3.49° 3.09* 2.89° 3.29>4 3.18¢ 3.40> 3.39% .09

Gain/feed .263 256 284 280 272 277 265 270 .011
Overall

ADG, kg 81 9= 81 76 .82 81 .84° 84 02

ADFI, kg 2.69™ 2.87 2.53% 2.44° 2.69% 261%% 2.84° 2.73% 07

Gain/feed 301> 276° 3190 kil 305° 3128 .2085% 307 009
Carcass characteristics

LMA, cm? 29.6 30.4 30.1 31.2 29.3 29.9 29.4 29.9 8

TREF, cm 3.0 3.0 29 2.9 3.2 29 3.1 2.9 |

M, % 45.2 45.9 46.0 46.8 44,6 - 459 44,7 45.5 7

DP, % 81.1% §1.3% 80.2° 80.2° 80.7™ 80.3% 80.5% 80.9% 4

*Data are means of four replicates of four pigs per replicate; average initial BW = 18.1 kg. The pigs were fed a comn-soybean
meal diet without (Basal) or with 200 xg Cr/kg diet as Cr chloride, Cr acetate, Cr oxalate, Cr nicotinate, Cr tripicolinate
(CrPic-1;USDA synthesized), Cr nicotinate-glycine-cysteine-glutamate complex, or Cr tripicolinate (CrPic-2; Commercial source);
LMA =longissimus muscle area, TRF=tenth rib fat thickness, PM=percentage of muscling, DP=dressing percentage.

®*Means in the same row with uncommon superscripts differ, P<.05. ‘

Y4



26
glucose was not different (P > .05) between treatments in samples collected 2 h
postfeeding. Serum NEFA levels were not different (P > .05) between treatments
for pigs that had not had access to feed for 20 h. However, 2-h postfeeding serum
NEFA levels were lower (P < .05) in pigs fed CrPic-1 than pigs fed CrCl. Other
treatment diets resulted in intermediate serum NEFA levels. Serum cholesterol was
not affected (P > .05) by dietary treatment in pigs that had not had access to feed
for 20 h (Table 3.4). However, 2 h postfeeding serum cholesterol was less |
(P < .05) in pigs fed CrNGCG than in pigs fed CrCl, CrAc, or CrPic-1; other
treatments resulted in intermediate cholesterol concentrations. Serum triacylglycerol
concentrations for pigs that had not had access to feed for 20 h were lower
@® < .05)in pigs' fed CrNic, CINGCG, or CrPic-2 than pigs fed CrOx; pigs fed
other dietary treatments had intermediate serum triacylglycerol concentrations.
Serum urea N, insulin, and GH concentrations were not different (P > .05) between
dietary treatments for both the 20 h without access to feed and 2 h postfeeding
samples. In addition, there was no main effect of Cr (P > .10) on any serum
metabolite (except glucose) or hormone on Day 21.

Day 77. In pigs that had not had access to feed for 20 h, serum NEFA
concentrations were lower (P < .09) in lpigs fed Cr (main effect). Serum NEFA
concentrations were lower (P < .05) in pigs fed CrPic-2 than pigs fed the basal diet
(Table 3.3). All other dietary treatments resulted in intermediate NEFA

concentrations. For the 2 h postfeeding blood samples, serum NEFA concentrations



Table 3.3. Effect of dietary chromium source on serum glucose, NEFA, insulin, and growth hormone concentrations in growing-

finishing pigs®
_ Chromium source Pooled
Criterion Basal Chloride Acetate Oxalate  Nicotinate CrPic-l  Complex  CrPic-2 SEM
Glucose, mmol/L
_Day 21
Unfed 4.4° 4.2% 43" 4.3* 4.0° 4.1% 4.0¢ 40 1
Fed 9.7 9.5 10.5 10.8 11.3 11.2 10.7 9.8 8
Day 77
Unfed 4.1 4.2 4.2 4.3 4.3 4.1 4.1 4.3 2
Fed 6.0 5.6 5.6 5.6 57 5.9 5.7 5.7 4
NEFA, mEq/L
Day 21
Unfed 1.050 944 .883 986 1.060 1.036 1.034 984 .065
Fed A7 170™ .104% .109° .183% .160° .165% 167™ 013
Day 77 :
Unfed .669° S21x 441 625% 459> 581% 539" 433 .080
Fed 159% 246" .163% A72% 144° 220% 146° 245° 032
(table con’d) ‘
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Insulin, pU/mL

Day 21
Unfed 49 .56 28 .60 .10 28 31 .16 20
Fed 64.0 53.1 43.6 52.6 56.0 61.7 58.7 52.4 9.7
Day 77
Unfed 1.93% 1.84° 2.34% 2.05> 2.10% 2.66™ 3.01* 4.20° a7
Fed 32.7 334 25.9 21.7 44.1 44.8 39.2 27.6 9.2
Growth hormone, ng/mL
Day 21
Unfed 5.2 3.5 6.6 4.3 5.0 4.5 4.4 4.6 1.1
Fed 4.7 4.5 4,7 4.4 3.8 4.4 3.8 3.8 B
Day 77
Unfed 1.5 1.2 1.0 2.4 7 1.9 1.1 .6 .6
Fed 1.2 2.3 2.3 2.2 1.5 2.5 2.6 1.6 7

*Data are means of four replicates with four pigs per replicate; average initial BW = 18.1 kg. The pigs were fed a com-soybean
mezl diet without (Basal) or with 200 pg Cr/kg diet as Cr chloride, Cr acetate, Cr oxalate, Cr nicotinate, Cr tripicolinate
(CrPic-1;USDA synthesized), Cr nicotinate-glycine-cysteine-glutamate compiex, or Cr tripicolinate (CrPic-2; Commercial source).
*“Means in the same row with uncommon superscripts differ, P < .05. .

8¢



Table 3.4. Effect of dietary chromium source on serum urea nitrogen, cholesterol, and triacylglycerol concentrations of growing-
finishing pigs"

Chromium source Pooled
Criterion Basal Chloride Acetate  Oxalate  Nicotinate CrPic-l1 Complex CrPic-2 SEM
Urea nitrogen, mmol/L ' '

Day 21

Unfed 10.6 10.4 9.8 10.0 9.7 9.1 9.5 10.0 S

Fed 9.8 9.8 9.9 2.9 9.8 9.9 9.4 9.8 ]

Day 77 '

Unfed 8.6™ " 11.6 10.0> 9.6* 8.8% 8.9% 8.9% 1.6 1.0

Fed 10.3 124 10.8 16.1 10.0 10.1 10.6 8.9 1.2
Cholesterol, mmol/L

Day 2i ’ :

Unfed 2.8 2.9 2.9 2.9 2.7 2.9 2.7 2.8 ¥ |

Fed 2.9% kX1 4 3.1° 2.5% 2.8% 3.0° 2.T 2.9* 1

Day 77 ,

Unfed 2.5% 2.5% 2.7 2.4 2.5" 2.6 2.5% 2.6 A
" Fed 2.7 2.7 2.6 2.6 2.5 2.7 2.6 2.7 .1
Triacylglycerol, mg/dL

Day 21

Unfed 98.6™ 99.8> 102.5% 139.5° 82.8° 103.2% 90.0¢ 01.8° 15.1

Fed 56.1 53.6 .4 59.3 66.2 72.1 53.5 63.7 8.0

Day 77

Unfed 29.3 36.6 38.3 - 395 32.8 37.8 38.7 27.9 4,7

Fed 28.6 32.4 27.8 31.6 24.6 30.9 31.7 24.3 2.9
(tzble con'd)
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‘Data are means of four replicates with four pigs per replicate; average initial BW = 18.1 kg. The pigs were fed a corn-soybean
meal diet without (Basal) or with 200 ug Cr/kg diet as Cr chloride, Cr acetate, Cr oxalate, Cr nicotinate, Cr tripicolinate
(CrPic-1;USDA synthesized), Cr nicotinate-glycine-cysteine-glutamate complex, or Cr tripicolinate (CrPic-2; Commercial source).
*“Means in the same row with uncommon superscripts differ, P < .05.
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31
were lower (P < .05) in pigs fed CrNic or CrNGCG than in pigs fed CrC) or ’
CrPic-2 forms; other dietary treatments resulted in intermediate NEFA
concentrations. In pigs that had not had access to feed for 20 h, serum ihsulin
.concentrations were greater (P < .05) in pigs fed CrPic-2 than in pigs fed Cr(l;
other dietary treatments resulted in intermediate serumn insulin concentrations. In
pigs that had not had access to feed for 20 h, pigs fed CrPic-2 had lower serum urea
- N concentrations than in pigs fed CrCl. All other dietary treatments resulted in
intermediate serum urea. N concentrations for the. 20 h without access to feed and no
differences (P > .05) were observed between treatments for the 2 h postfeeding
samples. In pigs that had not had access to feed for 20 h, plasma cholesterol was
lower (P < .05) in pigs fed CrOx than in pigs fed CrAc. In the 2 h postfeeding
samples, no diffemno& (P > .05) between treatments were observed. Serum
glucose, GH, and triacylglycerol concentrations were not affected (P > .05) by
dietary treatments in either the 20 h without access to feed or 2 h postfeeding
samples. There was no main effect of Cr (P > .10) on any serum metabolite
(except NEFA) or hormone on Day 77,

Tissue Minerals

Chromium. Chromium supplementatioi (basal diet vs all Cr diets) increased
heart (P < .10), kidney (P < .11), liver (P < .03), and pancreas (P < .09) Cr
concentrations but not (P > .10) longissimus muscle Cr concentration (Table 3.5).

Heart Cr concentration was greater (P < .10) in pigs fed CrOx compared with pigs



