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ABSTRACT 

Four trials were conducted to determine the influence of feeding 200 ppb Cr 

as chromium picolinate (CrPic) on dry matter digestibility, nitrogen balance and 

leanness in growing-finishing pigs. In three similar trials, 12 crossbred barrows (litter- 

mate pairs) were used in each trial for two nitrogen balance periods (end of grower 

and end of finisher). After the second nitrogen balance period, all the barrows were 

killed and carcass data were collected. Growth rate was similar for control and CrPic- 

fed pigs in all trials. Absorption of N was increased by feeding CrPic (P < .07). 

Neither retained N nor apparent biological value (aBV) was affected by added CrPic. 

Dry matter digestibility was increased (P < .03) by feeding CrPic. Dressing percent 

and backfat thickness at the tenth and last rib were not different between pigs fed 

diets with or without CrPic. Longissimus muscle area was larger (P < .04) for pigs 

fed CrPic. For blood samples taken 30 min, 4 h, and 12 h after feeding, serum 

glucose, urea N, and cholesterol concentrations were similar for pigs fed diets with or 

without added CrPic. In Trial 4, 12 crossbred barrows (littermate pairs, initial 

BW=82.0 kg) were used in a switch-back design with an extra period. Dry matter



digestibility (P< .02) and N absorption (P<.06) were improved. No carryover effect 

was observed. These results showed that pigs fed 200ppb Cr from CrPic had larger 

longissimus muscle areas without their backfat thickness being affected and they 

appeared to have greater nitrogen absorption, although retained N and apparent 

biological value were not significantly greater than control pigs.
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CHAPTER 1 

INTRODUCTION 

In response to the consumer's desire for lean meat, the pork industry is 

becoming more and more interested in producing lean pigs. In addition to using 

genetic principles to produce leaner pigs through selection and breeding, chemical 

treatments are being evaluated for the purpose of producing lean pigs. Among them, 

porcine somatotropin (Machlin, 1972; Chung et al., 1985) and beta adrenergic 

agonists (Cunningham et al., 1963; Jones et al., 1985; Morser et al., 1986; Bergen 

et al., 1989) have proven effective in improving carcass characteristics. But the 

commercial use of porcine somatotropin and beta adrenergic agonists has not 

received governmental approval. Chromium (Cr), a trace element, is now being 

studied as a potential alternative for carcass improvement. 

Chromium has long been found to facilitate the utilization of glucose (Mertz et 

al., 1961) and the metabolism of lipids (Schroeder et al., 1962; Schroeder, 1968). 

Recently, various aspects of the effect of supplemental Cr on swine has been 

investigated, including growth performance, serum characteristics, and carcass 

traits. Chromium picolinate (CrPic), an organic compound of chromium, has been 

shown to increase longissimus muscle area and decrease backfat thickness in 

growing-finishing pigs (Page et al., 1993; Lindemann et al., 1995a). Such 

observations are desirable and require confirmation. The findings also raise the 

question of whether nitrogen metabolism is influenced by Cr, since nitrogen is one of 

the basic constituents of protein, which is a major component of muscle. The 

objective of this study was to determine the influence of supplementing Cr as CrPic



on nitrogen absorption and retention, as well as carcass traits, in growing and 

finishing pigs.



CHAPTER 2 

REVIEW OF LITERATURE 

Availability and Metabolism of Chromium 

In humans, serum chromium concentrations for normal individuals are usually 

around 6 yg /l (Newman et al., 1978; Siminoff et al., 1984). Data concerning levels 

of Cr in other human tissues are rare and are generally considered not reliable. 

According to Chang et al. (1992), Cr concentrations in rib lean, rib fat, liver, and 

kidney tissues from steers were similar, and ranged from 140 to 730 ppb, on a dry 

matter basis. In a turkey study, concentrations of Cr (on a wet weight basis) in 

breast, leg, gizzard, heart, spleen, pancreas, lung, liver and kidney were 1.1, 5.4, 

2.3, 2.2, 4.3, 12, 16 ,7.0, 6.0 yg /g, respectively (Anderson et al., 1989). 

Chromium levels in cured meat ranged from non-detectable to 1.27 ppm, averaging 

.06 ppm (Kirkpatrick and Coffin, 1974). Unpublished data (Lindemann, personal 

communication) reveal that Cr levels in pig muscle were in the range of 2.74 to 5.74 

ppb and that the level was not significantly influenced by supplemental Cr from CrPic, 

although picolinate was found to enhance Cr absorption in animals (Evans, 1982). 

Inorganic Cr compounds are poorly absorbed in animals and humans, generally 

less than 3%, regardless of dose and dietary Cr status. The site or mechanism of Cr 

absorption is poorly understood. In rodents the most diffusible segment of the 

gastrointestinal tract for Cr seems to be the midsection of the small intestine, 

followed by the ileum and duodenum (Chen et al., 1973). Absorption of Cr appears to 

be enhanced by deficiencies of zinc (Hahn and Evans, 1975) and iron (Hopkins and



Schwarz, 1964). Chen et al. (1973) also found that trivalent Cr transport through the 

rat intestine was increased by oxalate and decreased by phytate. 

Four days after an injection of .1 pg Cr /100g, all rat tissues contained 5!Cr but 

with wide differences; the heart, pancreas, lung, brain, and blood showed little 

retention while the spleen, kidney, liver, testis, and epididymis still contained more 

than half of the initial level (Hopkins, 1965). Some tissues retain Cr much longer than 

the plasma, which suggests that there is no equilibrium between tissue stores and 

circulating Cr. A large portion (49 %) of the Cr entering the various tissues was found 

in the nuclear fraction and a smaller portion (23 %) was found in the supernatant; the 

remainder was equally divided between the mitochondria and the microsomes 

(Edwards et al., 1961). 

Chromium and Glucose Metabolism 

Interest in Cr as a nutrient first stemmed from laboratory animal studies in the 

late 1950's, when trivalent Cr was found to be a major component of the glucose 

tolerance factor (GTF), a substance that was particularly abundant in brewer's yeast 

and was found to maintain normal glucose tolerance in rats (Schwarz and Mertz, 

1959). In vitro studies demonstrated that when trivalent chromium, as a neutralized 

solution of chrome alum, was added in vitro to the epididymal fat tissue of rats fed a 

Cr-deficient diet, a marked increase of glucose uptake was obtained with .1 pg of 

added Cr (Mertz et al., 1961). Small amount (.01 to ,1 yg /flask) of Cr also 

significantly increased the rate of entry of a nonutilizable sugar, D-galactose, into the 

epididymal fat cells, suggesting that the site of the Cr effect was at the entry 

mechanism of sugar into the cell (Mertz and Roginski, 1963). These studies showed 

a potentiation of the exogenous insulin dose-response curve in the presence of Cr.



Improvement of glucose tolerance by CrCl3‘6H20 supplementation was also 

reported in human studies by Glinsmann and Mertz (1966). Human subjects with 

mildly impaired glucose tolerance benefited from Cr supplementation in their diets 

(Anderson et al., 1983; Anderson et al., 1991). The effect of Cr on glucose utilization 

was shown to be associated with insulin binding to insulin receptors (Anderson et al., 

1987). However, as reviewed by Mertz (1993), although an impaired glucose 

tolerance can be improved or normalized by Cr supplementation or can be 

maintained in spite of a reduced insulin output, a normal glucose tolerance is not 

further improved. In other words, the effect of Cr depends on the nutritional status of 

the test subjects. 

Glucose Tolerance Factor 

The chemical composition of GTF remained totally unidentified until trivalent Cr 

was found to be an indispensible component of it (Schwarz and Mertz, 1959). 

Purification of the insulin-potentiating activity from brewer's yeast produced 

preparations of high biological activity, which were pinpointed to the compounds in 

which nicotinic acid and amino acids (glutamic acid, glycine, and cysteine) are 

coordinated to Cr (Toepfer et al., 1977). They managed to synthesize GTF in vitro , 

and found that the synthesized compounds were similar in their physico-chemical 

characteristics to active, purified yeast preparations. In genetically obese diabetic 

mice in which simple Cr compounds such as chromium chloride (CrCl3-6H20) were 

ineffective, those synthetic compounds decreased plasma glucose concentrations of 

the rats by 9 to 20% with different preparations (Tuman et al., 1978). 

The close relationship between Cr and nicotinic acid have also been shown in 

other studies. In fact, nicotinic acid was shown to have an “insulin-like” effect on rat



epididymal fat pad tissue by increasing the rate of glucose metabolism and 

lipogenesis (Lee et al., 1961). Taylor and Halperin (1979) also reported that nicotinic 

acid increased rate of glucose disappearance from incubation medium in isolated rat 

adipocytes. Human volunteers improved their glucose tolerance when 4 umol of Cr 

and 0.8 mmol of nicotinic acid were supplemented together, but not with either 

nutrient alone (Urberg and Zemel, 1987). This further provides evidence for the 

synergism between Cr and nicotinic acid in the control of glucose tolerance. 

However, GIF is not the only compound in which Cr can be biologically active. 

Two research groups in Japan observed that Cr, injected either intraperitoneally or 

intravenously into rats, was incorporated into two chemical species. One of the 

chemical species was a high molecular weight (70-kDa) protein, which is induced in 

regenerating liver by administration of Cr to partially hepatectomized rats. Chromium 

in this form can bind to nucleolar chromatin, resulting in a significant increase in RNA 

synthesis (Okada et al., 1989). These observations suggest that trivalent Cr in the 

protein-bound form may play a regulatory role in nucleic acid synthesis, in contrast to 

the toxicity caused by hexavalent Cr when it interferes with genetic material. The 

other chemical species of Cr was a low-molecular weight (1500 Da) Cr-binding ligand 

isolated from human urine, mouse liver and bovine colostrum (Yamamoto et al., 

1989). This smaller chemical species of Cr was composed of Cr, aspartic acid, 

glutamic acid, glycine and cysteine and another substance not clearly identified 

(possibly nicotinic acid). The smaller molecule probably provides the basic structure 

for the glucose tolerance factor, since it has a similar composition to that of 

preparations from brewer's yeast that has insulin potentiating activity.



Chromium and Lipid Metabolism 

It was hypothesized by Schroeder (1968) that a Cr deficiency represented a 

significant risk factor for cardiovascular disease. This hypothesis was based on the 

observation that the Cr concentration in the aortas of subjects dying from heart 

disease was lower than that of subjects killed by accidents (Schroeder et al., 1962). 

This hypothesis was also supported by the observation that daily CrCl3-6H20 

injections reversed the established atherosclerosis in the aorta of cholesterol-fed 

rabbits (Abraham et al., 1991). Two independent investigations have been carried 

out in search of a relationship between Cr level and coronary artery disease in man. 

The mean serum Cr concentrations in patients of coronary artery disease were lower 

by 41% (Newman et al., 1978) and 12% (Simonoff et al., 1984), compared with the 

corresponding healthy controls, which were around 6.1 and 8.5 pg A), respectively. 

The effect of Cr on lipid metabolism was also observed in some of the 

controlled studies of serum characteristics. Twelve subjects with elevated total 

cholesterol levels reacted to an oral dose of CrCI3-6H20 (200 pg Cr /d, 5 days a 

week for 12 weeks), with a significant increase of their high density lipoprotein 

cholesterol (HDL-C). The total cholesterol concentrations remained stable in the Cr- 

supplemented group and increased slightly in the placebo group (Riales and Albrink, 

1981). These results were supported by a much more recent study (Abraham et al., 

1992). In the latter study, although neither serum glucose nor total cholesterol was 

improved, there was a significant increase in HDL-C in subjects receiving the 

supplement. To the contrary, Wang et al. (1989) reported that Cr supplementation 

led to a 6% reduction of total cholesterol production. When Cr picolinate, an organic 

compound of Cr, was given to subjects with elevated serum cholesterol for six 

weeks, total cholesterol was reduced 6.9% and low density lipoprotein cholesterol



(LDL-C) was reduced 10.9%, whereas HDL-C was increased 5.7% (Press et al., 1990). 

These findings strongly suggest that Cr plays a significant role in regulating lipid 

metabolism. 

Chromium Experiments in Farm Animals 

Chromium has been studied in livestock and poultry including swine, cattle, 

lambs, chickens and turkeys. The studies of Cr in pigs will be discussed in the next 

section. 

The use of Cr in cattle has been extensively investigated, with most of the 

studies dealing with stress problems and immunological functions. Chang and Mowat 

(1992) supplemented Cr to feeder calves during an initial 28-d stress period. High-Cr 

yeast supplemented to corn-silage diets significantly improved ADG by 30 % and the 

ratio of gain : DM intake by 27% when long-acting injectable oxytetracycline (LAOTC) 

was not provided. But when LAOTC was injected, the Cr effect was not observed. 

LAOTC alone increased ADG by 30 % and DM intake by 15 %. At the later growth 

period (70 d), steers were rerandomized within Cr groups to urea-corn vs. soybean 

meal supplementation of corn silage. Chromium was found to decrease serum 

cortisol and to increase serum immunoglobulin M and total immunoglobulins in calves 

fed diets with soybean meal but had no effect in calves with ureacorn 

supplementation. These results suggest that calves fed corn silage after market- 

transit stress may be deficient in Cr and that supplemental Cr will decrease serum 

cortisol and improve immune response. 

In support of these observations, Moonsie-Shageer and Mowat (1993) found 

that several measurements, including ADG, hematocrit, dry matter intake and serum 

cortisol level were favorably changed when .2 or 1.0 ppm of Cr from high-Cr yeast



were fed to the stressed feeder calves. Burton et al. (1993) found that Cr 

supplemented as a chelate (Metalosate) also improved immune responses of 

periparturient and early lactation dairy cows. Morbid animals had lower peripheral 

blood lymphocytes blastogenic response than healthy animals. Supplemental Cr 

increased this response in morbid animals but not in healthy animals (Chang et al., 

1994). Using high-Cr yeast as the Cr source, Chang et al. (1992) did not find any 

effect of Cr on ADG, DM intake, feed efficiency and carcass characteristics including 

dressing percentage, longissimus muscle area, backfat thickness, marbling score, 

kidney fat and liver weight, in unstressed growing-finishing steers. Chromium from Cr 

picolinate was found to increase glucose clearance rates and to decrease total 

plasma cholesterol in calves (Bunting et al., 1994). 

In ruminants, the quantity of glucose absorbed and utilized is minimal unless the 

animal is fed a diet high in starch or sugar. Adult ruminants generally derive a major 

portion of their glucose requirement from hepatic gluconeogenesis. Samsell and 

Spear (1989) conducted a study to determine the effects of Cr (from CrCl3-6H20) 

supplementation on plasma glucose, serum free fatty acid and serum cholesterol 

concentrations in lambs fed a low or high fiber diet. They reported that plasma 

glucose and insulin were not affected by Cr when lambs were restricted or ad libitum 

fed. Chromium lowered fasting plasma glucose concentrations in lambs fed the low 

fiber diet. Serum free fatty acid concentration tended to be lowered by Cr in lambs 

fed the high fiber diet, but not the low fiber diet. These results suggest that 

chromium can affect certain metabolic characteristics in lambs but the effects were 

variable and diet dependent. 

In turkeys, Steele and Rosebrough (1979) found that both Cr (20 ppm, from 

CrCl3-6H20) and nicotinic acid improved rate of gain, but found no additive effects of



Cr and nicotinic acid supplementation. Feed efficiency was not significantly affected 

by Cr supplementation. Results from an in vitro study (Steele and Rosebrough, 1981) 

designed to further characterize the metabolic adaptation attributable to Cr revealed 

that hepatic lipogenesis from glucose was increased about 60 % by 20 ppm Cr (from 

CrCl3-6H20) supplementation. The majority of glucose incorporation was for fatty 

acid synthesis. The rate of conversion of glucose to acetyl-CoA was also increased. 

Chromium (from CrCl3-6H20)has also been shown to be biologically active in 

the laying hen; improvement of interior egg quality (measured as Haugh unit) by 

adding 10 ppm Cr to the diet was observed (Jensen et al., 1978). Adding 20 ppm 

vanadium to a pratical laying diet resulted in a marked reduction in Haugh unit values 

(Berg et al., 1963), and the deleterious effect of vanadium on interior egg quality was 

counteracted by dietary Cr Jensen and Maurice, 1980), indicating that Cr may be 

essential for maintenance of the normal physical state of egg albumen. 

Biological Activity of Chromium in Swine 

The pig has a natural tendency to become obese (Hood and Allen, 1973), 

where obesity is defined as the increase in the percentage contribution of body fat to 

total body weight (Bray and York, 1971). Fat accumulation in swine has been found 

to be due to both hypertrophy and hyperplasia of adipocytes (Anderson and 

Kauffman, 1973). The authors also found that cell volume, cell density and total cell 

number were highly correlated with backfat mass. Since adipose tissue is the site for 

virtually all de novo lipogenesis in swine (O'Hea and Leveille, 1969), research on the 

effect of Cr on adipocytes should be very meaningful. In addition, the pig is 

considered to have poor control over glucose homeostasis, which resembles mild 

human diabetics (Machlin et al., 1968). 

10



Using in vitro techniques, Steele et al. (1977) showed no influence of a 

synthetic GTF over glucose utilization for oxidative metabolism or lipogenesis. This 

may not be a surprise when we consider the finding that, in contrast to glucose 

utilization by rat tissue, in vitro glucose utilization by swine adipose tissue does not 

respond to insulin (O'Hea and Leveille, 1968). Likewise, results from their in vivo 

study gave no evidence that GTF has an effect on glucose clearance rate or peak 

insulin response following an intravenous glucose challenge. Nevertheless, they did 

observe that GIF potentiated the hypoglycemic response following an intravenous 

insulin challenge. A recent study found that dietary Cr from CrPic increased glucose 

clearance rate and decreased glucose half-life in growing pigs, implying an 

enhancement in insulin sensitivity in these animals (Amoikon et al., 1995). Chromium 

picolinate was also shown to normalize the increase in glucose and insulin resulting 

from pituitary porcine somatotropin (ppST) treatment (Evock-Clover et al., 1993). 

Inorganic Cr (CrCl3-6H20) supplementation of diets for pigs was reported to have no 

effect on serum glucose, urea nitrogen, and cholesterol (Page et al., 1990). In two of 

the three experiments conducted by Page et al. (1993), cholesterol was reduced by 

supplemental Cr from CrPic, although triglyceride, urea nitrogen and glucose were 

not affected in any of the three experiments. These results strongly suggest a 

biological role of Cr in pigs. 

Chromium and Swine Production Traits 

Both inorganic (CrCI3-6H20) and organic (CrPic) forms of Cr have been 

investigated for their influence on swine production traits including feed intake, body 

weight gain and feed efficiency, and carcass characteristics including longissimus 

muscle area (LMA), tenth rib backfat thickness (TRBF), percentage of muscle (MUS) 

11



and other measurements. The use of CrPic instead of CrCl3-6H20 was based on the 

observation that picolinate enhanced absorption of Cr in animals (Evans, 1982). 

Performance 

In a pioneer study, supplemental Cr as CrCl3-6H20 at levels of 0, 30 or 60 ppm 

did not affect daily gain, feed intake, or feed efficiency (Page et al., 1990). Results 

from three experiments reported by Page et al. (1993) with growing-finishing pigs 

were not consistent with regard to either average daily gain or average feed intake. 

In Exp.1 (0, 25, 50, 100, or 200 ppb of Cr as CrPic added to the diets), average daily 

gain was increased by the 50 and 200 ppb of Cr but was reduced by 100 ppb of 

added Cr while feed intake was not affected. In Exp.2 (0, 100, 200, 400, or 800 ppb 

of Cr as CrPic added to the diets), both feed intake and daily gain were reduced 

linearly by incremental Cr addition. In Exp.3 (0, 100 ppb Cr from CrPic, 200 ppb Cr 

from CrCl3 -6H20 or CrPic, 1467 ppb picolinate, or 1467 ppb picolinate plus 200 ppb 

Cr from CrCl3-6H20 added to the diet), feed intake was increased in pigs fed both the 

100 and 200 ppb of Cr from CrPic compared with pigs fed the basal diet, but daily 

gain was not affected by any of the treatments. Feed efficiency was not affected by 

Cr from CrPic alone in any of the three experiments but was increased by Cr from 

CrCl3 -6H20, and the response was greater in the absence of picolinate. Mooney and 

Cromwell (1993) reported that supplemental Cr (200 ppb as CrPic) increased body 

weight gain but did not affect feed intake or feed efficiency. The influence of lysine 

levels in the diets on Cr response was evaluated by Lindemann et al. (1995a). They 

found that addition of 200 ppb Cr (as CrPic) at normal (100 % of NRC recommended) 

lysine level improved feed efficiency but not at a higher (120% of NRC recommended) 

lysine level. Mooney and Cromwell (1994a) reported that the effect of Cr (200 ppb 

12



from CrPic or 5 ppm from CrCl3-6H20) was not significant for performance data. 

Daily gain and feed intake were reduced when Boleman et al. (1994) fed 200 ppb Cr 

from CrPic. 

Carcass traits 

In studies by Page et al. (1990, 1993), chromium chloride did not affect 

carcass characteristics of pigs. In the first of the three experiments conducted by 

Page et al. (1993), TRBF, LMA and MUS were not significantly affected by CrPic, but 

TRBF tended to be lower, and LMA and MUS tended to be higher. In Exp. 2, TRBF 

was reduced, and dressing percentage, LMA and MUS were increased by Cr addition. 

In Exp. 3, TRBF was again reduced and LMA and MUS increased in pigs fed Cr from 

CrPic. In agreement with these findings, Lindemann et al. (1995a) reported that the 

addition of 200 ppb Cr from CrPic reduced TRBF and increased LMA in growing- 

finishing pigs. 

To the contrary, Mooney and Cromwell (1993) found no difference in either LMA 

or TRBF, but supplementing Cr as CrPic led to an increase in the percentage of 

muscling and a decrease in the percentage of fat in the carcass. Total amount of 

dissected muscle, bone and skin were not affected, but that of dissected fat was 

decreased. Mooney and Cromwell (1993) also reported that daily accretion rates of 

muscle and bone were promoted by supplemental Cr while that of fat or skin 

remained unchanged. In another experiment, the same researchers observed no 

main effect of Cr on the carcass traits, ham composition and accretion rates of 

muscle, fat, bone, and skin (Mooney and Cromwell, 1994b). According to Harper et 

al. (1995), supplementing 200 ppb Cr from CrPic tended to decrease back fat 

thickness, but did not affect LMA, in finishing pigs. Boleman et al. (1994) reported 

13



that tenth rib backfat was higher in pigs fed CrPic from 20 to 103 kg but was lower in 

pigs fed CrPic from 55 to 103 kg. 

In a study that combined pituitary porcine somatotropin (ppST) treatment with 

dietary Cr from CrPic, Cr (300 ppb) alone did not affect backfat or LMA, and had no 

significant effect on any carcass trait, even though pigs in the combined Cr + ppST 

treatment group exhibited a 15 % lower carcass fat accretion compared with those 

treated with ppST alone (Evock-Clover et al., 1993). 

Reproduction 

The first evidence of the effect of supplemental Cr on swine reproduction was 

provided by Lindemann et al. (1995a). In that study, sows fed added Cr from CrPic 

had larger litters than sows which had not received any supplemental Cr throughout 

life. Supplementing CrPic to the sow’s diet also increased total and live litter weight 

born. Sows fed Cr also tended to gain more weight during gestation. When further 

assessing the effect of Cr on these parameters, Lindemann et al. (1995b) observed 

similar trends, but the differences were not statistically significant. 
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CHAPTER 3 

INFLUENCE OF SUPPLEMENTAL CHROMIUM PICOLINATE 

ON NITROGEN BALANCE, DRY MATTER DIGESTIBILITY, 

AND CARCASS TRAITS IN GROWING-INISHING PIGS 

ABSTRACT 

Four trials were conducted to determine the influence of feeding 200 ppb Cr as 

chromium picolinate (CrPic) on dry matter digestibility, nitrogen balance and carcass 

traits in growing-finishing pigs. In three similar trials, 12 crossbred barrows (litter- 

mate pairs) were used in each trial for two nitrogen balance periods (end of grower 

and end of finisher). After the second balance period, all the barrows were killed and 

carcass data were collected. Growth rate was similar for control and CrPic-fed pigs in 

all trials. Absorption of N was increased by feeding CrPic (P < .07). Neither retention 

nor apparent biological value (aBV) of N was affected by added CrPic. Dry matter 

digestibility was significantly increased by feeding CrPic (P < .03). Dressing percent 

and backfat thickness at the tenth and last rib were not different between pigs fed 

diets with or without CrPic. Longissimus muscle area was larger (P < .04) for pigs 

fed CrPic. For blood samples taken 30 min, 4h, and 12h after feeding, serum 

glucose, urea N and cholesterol concentrations were similar for pigs fed diets with or 

without added CrPic. In Trial 4, 12 crossbred barrows (littermate pairs, initial 

BW=82.0 kg) were used in a switch-back design with an extra period. Digestibility of 

DM (P< .02) and absorption of N (P< .06) were improved. No carryover effect was 

observed. In summary, these findings confirm that pigs fed 200 ppb Cr from CrPic 

had larger longissimus muscle area without their backfat thickness being affected 
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and appeared to have greater nitrogen absorption, although retained N and aBV were 

not significantly greater. 

Key words: Pigs, Chromium, Nitrogen, Carcass, Serum 

Introduction 

Trivalent chromium, when fed as an inorganic compound or in brewer's yeast, 

has been reported to play a role in regulating glucose and lipid metabolism in humans 

and laboratory animals ( Mertz, 1993). Facilitation of Cr absorption by picolinate has 

been shown previously (Evans, 1982). Feeding diets containing Cr as chromium 

picolinate (CrPic) increased insulin sensitivity in growing pigs (Amoikon et al., 1993), 

and normalized the increase in glucose and insulin resulting from pituitary porcine 

somatotropin treatment (Evock-Clover et al., 1993). These results demonstrated Cr 

is biologically active in swine. 

Page et al.(1993) concluded from results of experiments in which various levels 

of Cr were fed to growing-finishing pigs that providing 200 ppb of Cr as CrPic 

reduced tenth rib back fat thickness and increased longissimus muscle area and total 

muscling. Improvement in gain/feed as well as improvements in carcass traits were 

reported for growing-finishing pigs fed diets containing 200 ppb Cr as CrPic 

(Lindemann et al., 1995). However, Mooney and Cromwell (1993, 1994b) did not 

find 200 ppb Cr from CrPic to be effective in increasing longissimus muscle area or 

decreasing backfat thickness, although they reported that CrPic increased the 

percentage of muscling, daily muscle tissue accretion rate and dissected ham muscle 

mass, and decreased the percentage of fat in the carcass. Results reported by 
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Harper et al. (1995) also showed no difference in longissimus muscle area between 

the Cr-treated and the control pigs, but showed that tenth rib back fat thickness 

tended to be decreased. 

The increase in the percentage of muscle suggests an increase in protein 

synthesis, and thus in the retention of dietary nitrogen. The object of this study was 

to determine the influence of supplementing Cr as CrPic on nitrogen absorption and 

retention as well as carcass traits in growing-finishing pigs. 

Materials and Methods 

Trials 1 through 3. Three similar trials were conducted using 12 crossbred 

barrows (six litter-mate pairs) in two total collection periods for each trial. A corn- 

soybean meal grower or finisher basal diet (Table 1) was fed with or without 200 ppb 

Cr as CrPic. Floor space allowances, care of pigs, and ambient temperatures were 

consistent with published recommendations (Consortium, 1988). Chromium 

picolinate was obtained as Chromax II™ (containing 12.3% Cr) from Nutrition 21 

(1010 Turquoise Street, La Jolla, CA 92109). Barrows were started on test at an 

average BW of 26.3 kg in Trial 1, 13.2 kg in Trial 2, and 30.9 kg in Trial 3. Pigs had 

ad libitum access to feed, except during the collection periods. At an average BW of 

55.5 kg in Trial 1, 69.9 kg in Trial 2, and 58.6 kg in Trial 3, barrows were moved to 

stainless steel metabolism crates and given a 7-d adjustment to crates, followed by a 

total collection of feces and urine for 7 days. Pigs were fed 3% of BW while in the 

metabolism crates. Feces were collected once a day and frozen at -20 °C. Urine 
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collections were kept neutral by adding 200 ml of 20% H2S04 to each collection. 

Total urine volumes from individual pigs were measured. 

After the first collection period ended, barrows were returned to finishing pens 

and continued on the same supplemental Cr treatment, except that the finisher basal 

diet was fed for the remainder of the trial. At an average BW of 97.1 kg in Trial 1, 

103.9 kg in Trial 2, and 95.8 kg in Trial 3, barrows were returned to the metabolism 

crates for a second total collection of feces and urine. Feeding level, adjustment 

period and collection period were the same as in the first collection period. 

Blood samples were taken by vena cava puncture at the end of Trial 1(4 h after 

feeding) and Trial 3 (12 h after feed withdrawal and 30 min after feeding). The 

samples were analyzed at the Virginia/Maryland Regional College of Veterinary 

Medicine for serum chemical levels, using a Kodak Ektachem 700 analyzer (Eastman 

Kodak, Rochester, NY). Nitrogen concentration of feed, feces and urine were 

determined using the Kjeldahl method (AOAC, 1984). At the second collection period 

of the first trial, representative samples were taken from collected feces of each pig 

and freeze-dried. The nitrogen content on a DM basis was compared to the oven- 

dried (60 °C) samples. No difference (P = .62) in N concentration was observed 

between oven-dried (3.47 %) and freeze-dried (3.43 %) feces. Thus oven drying was 

continued in Trials 2 through 4. After the second collection period in each trial, all the 

barrows were killed in the Virginia Tech Meats Laboratory for carcass measurements. 

Carcass weight was measured before carcass were placed in the cooler. Other 

measurements were taken on the chilled carcass. Backfat thickness was measured 

at the 10th and the last ribs at a point approximately 7.5 cm from the backbone, 

perpendicular to the skin. Longissimus muscle area was measured by the dot grid 
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method. Total lean muscle (kg) was estimated using hot carcass wt, longissimus 

muscle area at the 10th rib and 10th rib backfat thickness (NPPC, 1991). 

Analysis of variance was performed on all data sets using the GLM procedure of 

SAS (1990). Data from two collections of each trial were combined because 

treatment by collection period interaction was not significant. For all variables except 

serum characteristics, data from all trials were pooled after testing for homogeneity 

of variance. The final model included trial, diet and pair for all pooled data and also 

included collection period for the balance data. Hot carcass weight was used as 

covariance for longissimus muscle area and backfat thickness, and live weight was 

used as covariance for total lean. During the second collection of Trial 2, two 

littermate pigs , one on the control diet and one on the treatment diet, were dropped 

from the analysis due to very low feed intake; these pigs were unable to adjust to the 

metabolism cages. 

Trial 4. A switch-back design with an extra period (Lucas, 1957) was used to 

enhance the efficiency of the balance trial and to measure carry-over effects. Twelve 

crossbred barrows (6 littermate pairs, initial BV=82.0 kg) were randomly assigned 

from pairs to two treatment groups (0 and 200 ppb CrPic) and were put into 

metabolism cages. Pigs were given 7 d of adjustment to the cages, immediately 

followed by three consecutive 12-d periods with total collection of feces and urine 

during the last 5 d of each period. Pigs were fed the finisher corn-soybean diets 

(Table 1) at a rate of 2.5 % of BW daily with or without 200 ppb Cr from CrPic. In 

period 1, one pig of a pair was fed the Cr diet and the other pig was fed the control 

diet; in period 2, the treatments were switched between pigs in a pair; in period 3, 

pigs were fed the same diets as in period 2. The collections were processed and N 

and DM was analyzed as in the previous three trials. The individual data were 
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analyzed using the GLM procedure of SAS (1990), with pair, period, prediet, and diet 

in the model. Prediet was used to test for any carryover effect. 

Results 

Trials 1 through 3. Growth rate was similar between the control and CrPic-fed 

pigs (Table 2). Hot carcass weight, dressing percent, backfat thickness at the tenth 

and last rib, and total lean were not different between pigs fed diets with and without 

CrPic, but longissimus muscle area was increased (P < .04) by the added Cr (Table 

2). Carcass scores of firmness, marbling, and color did not differ between diets (data 

not shown). Nitrogen absorption (P < .06) and dry matter digestibility (P < .03) were 

increased by feeding CrPic, but nitrogen retention and apparent biological values 

were not significantly affected (Table 3). Absorption, retention, and aBV were lower 

(P < .05) in the second collection period than in the first collection period; however, 

collection x diet interactions were not significant (P > .05). Digestibility of DM did not 

differ between two collections (data not shown). 

For blood taken 4 h after feeding (Trial 1), serum glucose concentrations were 

similar for pigs fed diets with and without added CrPic, but serum urea N tended to be 

higher (P < .10) for pigs fed CrPic compared with the controls (Table 4). For blood 

taken after 12 h of fasting (Trial 3a) or 30 min post feeding (Trial 3b), there was no 

difference between control and Cr-fed pigs for glucose, urea nitrogen ,and 

cholesterol. Other tested serum items, including creatinine, Nat, Kt, Cr, Ca2t, 

phosphorus, CO2, total protein, albumin, alkaline phosphotase, and total bilirubin, 
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were not affected by supplemental Cr, and all values were within the reference ranges 

(Duncan and Prasse, 1986). 

Trial 4. Chromium improved digestibility of dry matter (P< .02 ) and nitrogen 

absorption (P< .06) without affecting retained N or aBV (Table 5). No carryover effect 

of Cr was observed. Dry matter digestibility, N absorption, N retention and aBV did 

not differ between the collections. Pigs had an average gain of BW of .48 kg /d 

during the trial. 

Discussion 

Body weight gain in our studies was similar between control and Cr-treated 

groups, whether in the growing, finishing or the overall period. Results from 

Lindemann et al. (1995a) supports this observation. However, Harper et al. (1995) 

reported that supplemental Cr (200 ppb from CrPic) increased body weight gain. A 

negative effect of CrPic was reported by Boleman et al. (1994). Results reported by 

Page et al. (1993) and Mooney and Cromwell (1993; 1994a; 1994b) concerning the 

effect of CrPic on gain were not consistent. Therefore, results in this regard remain 

inconsistent. 

In previous studies (Page et al., 1993; Mooney and Cromwell, 1994a; 

Lindemann et al., 1995a), supplementing 200 ppb Cr as chromium picolinate resulted 

in an increase in longissimus muscle area of the pigs. Our results support that 

observation. In contrast, Mooney and Cromwell (1994b) and Harper et al. (1995), 

using the same source and level of Cr, did not find an effect of Cr on the longissimus 

muscle area. In the present study, the effect of increasing longissimus muscle area 
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was most apparent in the second trial, when pigs were put on trial at a smaller BW 

than in the other two trials, suggesting an early effect of Cr on muscle accretion or a 

relationship between length of treatment and magnitude of effect. However, Harper 

et al. (1995) did not find an effect of Cr on LMA when pigs were fed diets containing 

200 ppb Cr from CrPic from weaning through the end of finisher phase. 

A decrease in backfat by Cr supplementation observed by Page et al. (1993) 

and Lindemann et al. (1995a) was not seen in our study. Boleman et al. (1994) 

reported that 10th rib backfat was higher in pigs fed CrPic from 20 to 103 kg but 

was lower in pigs fed CrPic from 55 to 103 kg; whereas, Harper et al. (1995) 

reported that 10th rib backfat tended to be lower for pigs fed 200 ppb Cr from CrPic 

than for controls. The results remain highly variable concerning the effect of CrPic on 

the backfat thickness. 

Page et al. (1993) reported that increasing Cr (from CrPic) levels from 0 to 200 

ppb linearly decreased serum cholesterol levels in growing-finishing pigs but had no 

effect on serum glucose or urea N. No effect of Cr from CrPic on serum glucose, 

cholesterol, or urea N was observed by Mooney and Cromwell (1994b) or Lindemann 

et al. (1995a). The only notable observation in the present study about the serum 

chemical profiles is the tendency of serum urea to be higher in Cr-treated pigs than in 

the control pigs in the first trial. This, however, was not supported by results in the 

third trial. No difference in cholesterol was found between the two treatments. 

Nitrogen absorption, along with the digestion of dry matter, was improved in the 

present study by Cr supplementation. This may provide the first evidence of Cr of 

any form influencing the absorption of nutrients. The major goal of this study was to 

determine whether nitrogen balance was influenced by supplementing chromium 

picolinate in the pig diets. Although retained N and aBV were improved in the first 
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trial, they were not improved in the second and third trials. There was no interaction 

between diet and trial in terms of retained N and aBV, and the combined statistical 

analysis showed no effect of Cr on either measurement. In Trial 4, a switch-back 

design with an extra period was used to obtain additional DM and N balance data. 

The results from this trial supported the observation from the first three trials since 

the absorption of N and digestibility of DM were enhanced by Cr. In agreement with 

the pooled data of Trials 1, 2 , and 3, no improvement in N retention was observed. 

In designing this experiment we speculated that N retention must increase 

when the muscle mass increases, since muscle tissues are the largest pool of protein 

deposition. However, results from the present study does not support such 

speculation. Chromium has been typically described as being efficient in mobilizing 

glucose into liver tissues. An in vitro study with turkeys (Steele and Rosebrough, 

1981) demonstrated a 60 % increase in hepatic lipogenesis by Cr supplementation. 

It has been shown that intramuscular lipid content of the longissimus could be 

increased 50 % by pGH administration (Chung et al, 1985). These results suggest 

that lipid increment may at least partially contribute to the increase of muscle mass. 

However, the possibility can not be ruled out that N balance did not change while N 

distribution in the body was reshaped by Cr supplementation. 

Implication 

The results of this investigation confirm that supplemental dietary chromium, 

provided by chromium picolinate, can improve longissimus muscle area in growing- 

finishing pigs but that the effect of chromium picolinate on the backfat thickness of 
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these animals was not consistently reduced. The results demonstrated an increase in 

nitrogen absorption and an increase in dry matter digestibility, but no influence of 

chromium picolinate on nitrogen retention was observed. These findings suggest 

that change in protein metabolism may not be the major factor leading to the 

improvement in carcass traits. 
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Table 1. Composition of basal diets 
  

  

  

Diets 

ltem Growera FinisherD 

% % 

Ground corn 78.65 84.20 

Soybean meal (44% CP) 19.10 13.45 

Dicalcium phosphate 87 1.00 

Ground Limestone 78 75 

Salt 25 25 

Vitamin premix© 25 25 

Trace mineral premixd 05 05 
Selenium premix€ 05 05 

  

aCalculated to contain 15 % CP, .75 % lysine, .60 % Ca and .50% P. Analyzed to 
contain 531 ppb Cr. 

bCalculated to contain 13 % CP, .60 % lysine, .60 % Ca and .50% P. Analyzed to 

contain 1000 ppb Cr. 

CSupplies per kg of diet: 7,197 IU vitamin A, 460 IU vitamin D3, 28.8 IU vitamin E, 
2.3 mg vitamin K (as menadione), 4.6 mg riboflavin, 23 mg pantothenic acid, 23 mg 

niacin, 23 wg vitamin B12, 576 mg choline, 288 yg biotin and 2.3 mg folic acid. 
dsupplies per kg of diet: 75 mg Zn, 87.5 mg Fe, 30 mg Mn, 8.75 mg Cu and 1 mg |. 
€Supplies .3 mg Se per kg diet. 
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Table 2. Average daily gains and carcass traits of growing-finishing pigs fed a diet 
with or without 200 ppb Cr from Cr picolinate (Trials 1 through 3). 

  

  

Treatments@ 

tem Control CrPic SEM P-value 

Average daily gain, kg 

Growing period 78 15 .050 50 
Finishing period 1.00 1.06 091 40 
Overall periodb 80 82 049 72 

Carcass traits© 
Hot carcass weight, kg 76.9 78.3 1.18 41 

Dressing % 74.2 73.7 28 33 

Backfat thickness (10th rib), cm 3.10 3.22 .081 34 
Backfat thickness (last rib), cm 2.79 2.90 .100 46 

Longissimus muscle area,cm2 29.3 31.3 62 04 
Total lean, kg@ 34.8 34.9 34 9] 
  

aFach treatment mean represents three trials of six pigs each. Initial and final 

weights were 23.5 and 98.9 kg, respectively. 

OCovering the growing period, the finishing period, and the period in between 
i.e. the first balance period. 
CHot carcass weight used as covariance for longissimus muscle area and backfat 

thickness . Liveweight used as covariance for total lean. 

dEstimated using the equation from Procedures to Evaluate Market Hogs (NPPC, 

1991): 7.2314+.437*adj. hot carcass wt, lb.-18.746*10th rib fat depth, in.+3.877* 

10th rib LMA, in2. 
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Table 3. Nitrogen absorption and retention and dry matter digestibility of growing- 

finishing pigs fed a diet with or without 200 ppb Cr from Cr picolinate (Trials 1 
through 3). 

  

  

Treatment@ 

ltem Control —_CrPic SEM P-value 

Nitrogen 

Daily N Intake, g 48.6 49.6 92 43 
Daily Fecal N, g 7.3 6.8 25 18 
Daily Urine N, g 17.6 17.8 59 18 
Daily Absorbed N, g 41.3 42.8 87 21 
Absorbed N,% 85.0 86.4 48 05 

Daily Retained N, g 23.7 25.0 56 ll 
Retained N,% 49.2 50.8 79 14 
Apparent BVb, % 57.8 58.8 90 AG 

Dry matter 

Daily DM Intake, g 1933 1974 29.0 32 
Daily Fecal DM, g 235 217 7.7 10 

Daily Digested DM, g 1698 1757 27 12 
DM Digestibility, % 87.8 89.0 3] 02 

  

aFach mean represents 36 pigs (three trials of six pigs each with two collection 

periods in each trial). 
bApparent biological value. 
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Table 4. Serum glucose, urea N, and cholesterol pigs fed a diet with or without 200 

ppb Cr from Cr picolinate (Trials 1 and 3). 

  

  

Treatmentsab 

ltem Control CrPic SEM P-value 

Glucose, mg/dL 

Trial 15 94.3 94.7 2.01 .90 
Trial 3a€ 87.7 89.2 3.48 68 

Trial 3b 117.5 110.2 4.06 26 

Urea N, mg/dL 

Trial 15 10.7 13.5 99 10 
Trial 3a 8.3 9.3 48 .20 

Trial 3b¢ 8.7 9.5 67 A2 

Cholesterol, mg/dL 

Trial 15 72.3 73.8 1.98 62 
Trial 3a 84.3 81.5 4.52 .68 

Trial 3b¢ 81.3 77.5 4.64 58 

  

aSix pigs per treatment mean in each trial. 
bin Trial 1, blood samples were collected 4 h after feeding. 

Cin Trial 3, blood samples were collected after 12 h fast (shown as Trial 3a) and 
30 min. after feeding (shown as Trial 3b). 
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Table 5. Nitrogen absorption and retention and dry matter absorption of finishing 

pigs fed a diet with or without 200 ppb Cr from Cr picolinate (Trial 4). 

  

  

Treatment 

tema Control CrPic SEM P-value 

Nitrogen 

Daily N Intake, g 29.3 29.5 13 46 
Daily Fecal N, g 5.2 4.8 14 .06 

Daily Urine N, g 12.4 12.3 29 .68 

Daily Absorbed N, g 24.2 24.7 .20 .08 
Daily Retained N, g 11.7 12.4 33 16 

Absorbed N, % 82.4 83.8 47 .06 
Retained N, % 39.9 41.8 98 22 

apparent BVP, % 48.4 49.9 1.07 36 

Dry matter 

Daily DM Intake, g 1359 1365 6.0 46 
Daily Fecal DM, g 182 168 3.6 .016 
Daily Digested DM, g 1177 1197 7.2 .065 
DM Digestibility, % 86.6 87.7 a1 014 
  

aThe prediet effect for all of the items was not significant. 

bApparent biological value 
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APPENDIX 

Table 1. Average body weight gains of growing-finishing pigs fed a diet with or 

without 200 ppb Cr from Cr picolinate (Trials 1 through 3). 

  

  

  

Treatments 

tem Control CrPic SEM P- value 

Growing period 

Trial 1 80 80 021 85 

Trial 2 J] 70 011 54 

Trial 3 83 18 .048 45 

Combined 78 715 .050 52 

Finishing period@ 

Trial 1 1.06 1.11 025 18 
Trial 2 92 89 .035 62 

Trial 3 1.06 1.17 .083 35 

Combined 1.00 1.06 091 40 

Overall period@b 
Trial 1 79 83 .018 32 

Trial 2 74 74 .013 J1 

Trial 3 87 90 047 74 

Combined 80 82 049 72 

  

aMeasured in kg /d. 

bCovering the growing period, the finishing period, and the period in between 

(i.e. the first balance period).



Table 2. Nitrogen absorption and retention of growing-finishing pigs fed a diet with or 
without 200 ppb Cr from Cr picolinate (Trials 1 through 3). 

  

  

Treatment@ 

Item Control _—CrPic SEM P-value 

Daily N Intake, g 

Trial 1 55.7 57.9 65 .03 

Trial 2 48.0 47.6 73 .68 

Trial 3 42.0 43.4 65 17 

Combined 48.6 49.6 94 43 

Daily Fecal N, g 

Trial 1 7.46 7.76 391 59 
Trial 2 8.16 6.64 429 02 

Trial 3 5.96 5.69 161 25 

Combined 7.27 6.77 249 18 
Daily Urine N, g 

Trial 1 19.3 18.3 +7 40 

Trial 2 17.8 18.7 50 23 

Trial 3 15.7 16.4 .66 49 

Combined 17.6 17.8 59 18 
Daily Absorbed N, g 

Trial 1 48.2 50.1 12 07 

Trial 2 39.8 40.9 .66 125 
Trial 3 36.1 37.7 65 10 

Combined 41.3 42.8 87 21 

Absorbed N,% 

Trial 1 86.9 86.9 07 98 

Trial 2 82.9 85.8 76 02 

Trial 3 85.7 86.9 44 .06 

Combined 85.0 86.4 48 05 

  

aE ach trial mean represents two collections of six pigs each. 
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Table 2. Nitrogen absorption and retention of growing-finishing pigs fed a diet with or 

without 200 ppb Cr from Cr picolinate (Trials 1 through 3) (Continued). 

  

  

Treatment@ 

Item Control CrPic SEM P-value 

Daily Retained N, g 

Trial 1 29.0 31.9 88 .03 

Trial 2 20.0 22.2 74 83 

Trial 3 20.4 21.3 43 14 

Combined 23.7 25.0 56 11 

Retained N,% 

Trial 1 52.5 56.1 1.33 07 

Trial 2 46.7 47.5 1.13 65 

Trial 3 48.6 49.5 1.15 .60 

Combined 49.2 50.8 79 14 
Apparent BV, % 

Trial 1 60.3 64.5 1.44 06 

Trial 2 56.5 55.3 1.01 42 

Trial 3 56.7 56.9 1.28 93 

Combined 57.8 58.8 90 46 

  

aE ach trial mean represents two collections of six pigs each. 

40



Table 3. Dry matter absorption in growing-finishing pigs fed a diet with or without 
200 ppb Cr from Cr picolinate (Trials 1 through 3). 

  

  

Treatment@ 

Item Control  CrPic SEM P-value 

Digested DM, % 
Trial 1 89.7 89.8 54 87 

Trial 2 86.1 88.3 48 .005 

Trial 3 87.9 89.3 28 .002 

Combined 87.8 89.0 37 02 

Daily DM Intake, g 
Trial 1 2007 2087 23.4 .03 

Trial 2 1973 1952 31.1 64 

Trial 3 1819 1880 28.2 15 

Combined 1933 1974 29.0 32 

Daily Fecal DM, g 

Trial 1 210 220 11.8 56 

Trial 2 268 220 11.7 01 
Trial 3 220 202 5.2 .03 

Combined 235 217 7.7 10 

Daily Absorbed DM, g 

Trial 1 1797 1867 25 07 

Trial 2 1705 1733 27 A8 

Trial 3 1599 1678 26 05 

Combined 1698 1757 27 12 

  

aEach trial mean represents two collections of six pigs each.



Table 4. Carcass characteristics of pigs fed a diet with or without 200 ppb Cr from 

Cr picolinate. (hot carcass weight as covariance )@ 

  

  

TreatmentbD 

Iteme Control CrPic SEM P-value 

Backfat thickness (10th rib), cm 

Trial 1 3.57 3.56 144 98 

Trial 2 2./7 3.05 .104 14 

Trail 3 2.81 3.20 051 01 

Combined 3.10 3.22 081 34 

Backfat thickness (last rib), cm 

Trial 1 3.18 3.00 .204 61 

Trail 2 2.74 2.89 113 43 
Trail 3 2.43 2.82 213 30 

Combined 2.79 2.90 .100 46 

Longissimus area, cm2 
Trial 1 30.6 31.4 1.40 72 
Trail 2 29.5 33.1 1.00 07 

Trial 3 28.9 28.4 1.05 J7 

Combined 29.3 31.3 62 04 

  

dHot carcass weight effect was significant for 10th rib backfat thickness (P < .01) 
but not significant for last rib backfat thickness (P > .10). 

bSix pigs per treatment mean in each trial 
CLongissimus muscle area and backfat thickness unadjusted. Hot carcass weight 

used as covariance in the analysis of variance. 
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Table 5. Carcass characteristics of pigs fed a diet with or without 200 ppb Cr from 

Cr picolinate. (live weight as covariance) 

  

  

Treatment 

Item¢ Control  CrPic SEM P-value 

Backfat thickness (10th rib), cm 

Trial 1 3.53 3.61 .168 80 
Trial 2 2.82 3.00 112 .36 
Trial 3 2.82 3.18 .056 01 
Combined 3.10 3.23 .086 39 

Backfat thickness (last rib), cm 
Trial 1 3.12 3.05 231 81 
Trial 2 2.77 2.84 114 62 
Trial 3 2.44 2.79 211 32 
Combined 2.79 2.90 102 A8 

Longissimus area, cm2 
Trial 1 30.6 31.3 1.35 71 
Trial 2 29.6 32.9 1.03 .08 
Trial3 28.8 28.4 1.03 .80 
Combined 29.3 31.2 62 .04 

Total lean, kg 

Trial 1 34.1 34.3 07 .08 
Trial 2 36.2 36.1 .58 87 
Trial 3 34.8 33.7 4] 44 
Combined 34.8 34.9 34 91 

  

alive weight effect was significant for 10th rib backfat thickness (P < .01) 
but not significant for last rib backfat thickness and longissimus area (P > .10). 

bSix pigs per treatment mean in each trial 
CBack fat and longissimus area unadjusted. Live body weight used as covariance 

in the analysis of variance



Table 6. Carcass characteristics of pigs fed a diet with or without 200 ppb Cr from 

Cr picolinate. (adjusted using NFIF recommendation)@ 

  

  

Treatment® 

Item Control CrPic SEM P-value 

Dressing % 

Trial 1 74.6 74.7 81 .96 

Trial 2 74.5 73.4 40 1 

Trial 3 73.2 73.3 23 91 

Combined 74.1 73.8 28 40 

Backfat thickness (10th rib), cm 

Trial 1 3.54 3.51 .150 89 

Trial 2 2.81 2.93 129 52 

Trial 3 2.97 3.09 121 47 

Combined 3.10 3.18 087 54 
Backfat thickness (last rib), cm 

Trial 1 3.11 3.00 .188 70 

Trial 2 2.75 2.83 120 .66 

Trial 3 2.55 2.74 197 53 

Combined 2.80 2.86 .104 73 

Longissimus muscle area, cm2 
Trial 1 30.3 31.3 1.15 57 

Trial 2 29.4 32.8 .96 05 

Trial 3 28.6 29.0 93 78 

Combined 29.4 31.0 65 09 

Lean percent 

Trial 1 43.4 43.5 44 89 

Trial 2 46.1 46.9 85 55 

Trial 3 45.6 44.7 61 38 

Combined 45.0 45.0 54 .98 

  

aBack fat and longissimus muscle area adjusted to a common body weight of 

104.3 kg using NSIF and NPPC formulas. 
bSix pigs per treatment mean in each trial 
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Table 7. Serum characteristics of pigs fed a diet with or without 200 ppb Cr 

from Cr picolinate. 

  

  

Treatments@> 

Item Control CrPic SEM P-value 

Glucose, mg/dL 

Trial 1 94.3 94.7 2.01 90 

Trial 3a 87.7 89.2 3.48 68 

Trial 3b 117.5 110.2 4.06 .26 
Urea N, mg/dL 

Trial 1 10.7 13.5 99 10 

Trial 3a 8.3 9.3 48 .20 

Trial 3b 8.7 9.5 67 A2 

Cholesterol, mg/dL 

Trial 1 72.3 73.8 1.98 62 

Trial 3a 84.3 81.5 4.52 .68 

Trial 3b 81.3 775 4.64 58 

  

ain Trial 1, blood samples were collected 3 hr after feeding. For Trial 3, 

blood samples were collected after 12 hr fast (shown as Trial 3a) and 

30 min. after feeding (shown as Trial 3b). 

DSix pigs per treatment mean in each trial 
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Table 8. Serum characteristics (other than glucose, cholesterol and urea nitrogen) of 

pigs fed a diet with or without 200 ppb Cr from CrPic. 

  

  

ltem Trial 1 Trial 3a Trial 3b 

Creatinine, mg /dl 1.60 +.047 1.68 +.051 1.78 +.077 

Na+, mmol / 143.8+.633 1456+4.205 144.7+41.96 
K+, mmol / 4.44 +.171 5.11 +.091 4.88 +.114 

Cr, mmol / 99.83 +.976 105.4+1.78 103.3+1.60 

Ca2+, mg /dl 10.47+.082 10.66+.150 10.50+4.098 

PHOS, mg / 7.13 +.043 7.75 +.140 7.99 +.075 

C02, mmol / 30.9 +.359 33.3 +.767 34.3 +.514 

TP, g/dl 6.92 +.055 7.48 +.111 7.43 +.135 

ALB, g /dl3.86 3.86 +.064 3.92 +.060 3.88 +.081 

ALKP, U 126.8 126.8 412.19 130.1411.29 128.2 +9.67 

TBIL, mg /dl.13 13 +.035 .20 +.015 22 +.015 

  

412 pigs per trial mean. 
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Table 9. Firmness, marbling and color scores of the longissimus muscles at 
the tenth rib of pigs fed diets with or without 200 ppb Cr from CrPic.4 

  

  

Treatment 

tem Control  CrPic SEM P-value 

Firmness 

Trial 1 2.01 1.83 139 43 

Trial 2 2.00 1.67 .263 42 

Trial 3 2.00 2.00 .00 N/A 

Combined 2.01 1.82 .108 24 

Marbling 

Trial 1 1.83 1.83 .00 N/A 

Trial 2 1.84 1.66 105 30 

Trial 3 2.00 2.00 00 N/A 

Combined 1.91 1.81 077 39 

Color 

Trial 1 2.00 2.00 .00 N/A 

Trial 2 1.83 1.67 129 42 

Trial 3 1.86 1.98 .262 78 

Combined 1.93 1.85 115 65 

  

aScores: Firmness (1=very soft), 3=firm); Marbling (1=devoid, 3=abundant); 
Color (1=pale, 3=dark). 
bSix pigs per treatment mean in each trial. 
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Table 10. Nitrogen absorption and retention and dry matter digestibility in the two 

collection periods of the first three trials. 

  

  

Period@ 

Item l 2 SEM P-value 

N absorption, % 

Trial 1 88.3 85.4 67 .007 

Trial 2 82.4 84.3 1.05 21 

Trial 3 88.3 84.3 44 0001 

Combined 86.4 84.7 49 02 

N retention, % 

Trial 1 58.2 50.3 1.33 07 

Trial 2 51.2 39.0 1.93 .0004 

Trial 3 53.1 45.1 1.15 .0002 

Combined 54.2 44.8 91 .0001 

Apparent biological value, % 

Trial 1 65.9 58.9 1.44 .06 

Trial 2 62.1 45.9 1.84 .0001 

Trial 3 60.2 53.5 1.28 002 

Combined 62.7 52.8 1.04 .0001 

DM Digestibility, % 

Trial 1 90.7 88.7 54 02 

Trial 2 84.8 88.7 59 .0003 

Trial 3 89.3 87.9 28 .003 

Combined 88.29 88.45 37 18 

  

aTwelve pigs per period mean. 
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