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ABSTRACT

A 3-week-growth trial was conducted to investigate the effects of chromium picolinate, L-carni-
tine, and thyroxine on the growth performance, nutrient digestibility, and N balance in starter pigs.
Eighty starter pigs (Landrace x Yorkshire x Duroc, 2142 days of age, 5.4 kg of average initial body
weight) were employed in a completely randomized block design with four treatments: 1. Control:
without additives, 2. CrP: control diet + 0.05% of chromium picolinate, 3. Carnitine: control diet +
0.5% of Carnifeed (10% of carnitine), 4. Thyroxine: control diet + L-thyroxine injection (0.1 mg/day/
head), 5 replications and 4 heads per pen. Although there were no significant differences (P>0.05) in
average daily gain (ADG) and average daily feed intake (ADFI), all of the pigs supplemented with
CrP, L-carnitine and thyroxine grew better than pigs in the control group. Pigs fed L-carnitine showed
the best ADG (15% of improvement compared with control group) through the entire experimental
period and feed/gain ratio was improved (P<0.05). Digestibilities of energy, dry matter, crude protein
and crude ash were improved (P<0.05) by the inclusion of L-carnitine, chromium picolinate or injec-
tion of thyroxine. Pigs fed chromium picolinate showed the best nutrient digestibilities. In a N ba-
lance trial. excreted N was lower (P<0.05) in pigs of all treated groups than in the control group. The
N in feed also was more efficiently retained in pigs of treated groups. The DNA content of the liver
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was higher (P<0.05) in all treated groups. Only the pigs fed L-carmitine shewed a higher (P<0.05)
RNA content. The protein content of the liver tended to be higher (P=0.05) in pigs fed chromium
picolinate or injected L-thyroxine. Total liver DNA, RNA and protein contents were higher (P<0.05)
in pigs fed L-carnitine. It may be concluded that chromivm picolinate, L-carnitine and thyroxine may
be useful for improving growth rate, nutrient digestibilities, and N balance in pigs weaned at 21 days
of age, although the feasibility of an economic retwrn seems quite weak.

KEY WORDS: chromium picolinate, L-camitine, thyroxine, growth, digestibility, N balance, starter
pig

INTRODUCTION

Postweaning growth lag has been regarded as a serious problem in the swme
industry. Thus, researchers have investigated means to improve post-weaning
growth. It has been reported that the Cr requirement could increase in humans and
in animals as a consequence of faciors usually described as “stressors’ such as
fatigue, trauma, pregnancy and several forms of nutritional, metabolic, physical,
environmental and also emotional stress (Burton, 1995). Mooncy and Cromwell
(1997) reported that supplementation of organic chromium (200 pg/kg in the dict)
from chromium picolinate resulted in a slightly better weight gain and feed con-
version ratio without significant difference. Furthermore, chromium picolinate may
improve N digestibility and N absorption (Konergay ct al., 1997).

Recently, researchers have been interested in the role of dietary L-camnitine in
swine nutrition. It is reported that inclusion of dietary L-carnitine could enhance
the growth performance of starter pigs (Weeden et al., 1990; Owen ct al., 1996;
Cho et al., 1999a,b). Furthcrmore, L-carnitine could improve N digestibility,
N retention ratc as well as biological valuc of feeds in pigs (Heo et al., 1999).
Numerous studies with starter pigs (Weeden et al., 1990; Newton and Burtle, 1992;
Owen et al., 1996) have shown that L-camitine might be beneficial when added to
diets for nconatal and starter pigs.

Thyroid hormones are necessary for normal growth, development, and a varic-
ty of metabolic functions including muscle protein synthesis and breakdown (Flaim
ct al., 1978; Brown and Millward, 1983; Hayashi ct al,, 1984), growth hormone
mctabolism (Harvey, 1983) and heat production (Bowen et al., 1984). Although it
is well established that thyroid hormones are required for normal growth, limited
research has been conducted with prgs. Furthermore, no further investigations were
found regarding pig production.

Though usc of chromium picolinate, L-carnitine and L-thyroxine has reccived
intensive interest in starter piglet nutrition, results from studies with chromium
picolinate and thyroxine have been inconsistent, and limited research with L-carni-
tine has been conducted only recently in the ficld of swine nutrition. Furthermore,
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information is scarce on nutrient digestibility and especially N balance and DNA,
RNA and protcin concentration in the liver of starter piglets. Therefore, the objec-
tive of the present study was to examine the nutritional valucs of chromium
picolinate, L-carnitine and thyroxine comparing the growth, nutrient digestibili-
tics, N balance, DNA, RNA and protein concentration in the liver of starter pigs.

MATERIAL AND METHODS

Eighty starter piglets {Landrace x Yorkshire x Duroc) that averaged 2142 days
of age and 5.4 kg of body weight were weaned and housed in | x 2 m? pens with
concrete slat floor according to a completely randomized block design, Room tem-
perature was maintained at 29+1°C. For the first 2 days of the pre-experimental
period, pigs were fed a conunercial pre-starter dict for adaptation. Pigs were grouped
into 5 replications and 4 heads per replicate.

“Treatments were: 1. Control: without additives, 2. CrP: control diet + 0.05% of
chromium picolinate (200 ng/kg as chromium), 3. Camitine: control diet + 0.5%
of Carnifced (500 mg/kg as L-carnitine), 4. Thyroxine: control diet ~ L-thyroxine
solution injection (0.1 mg/day/head). Pigs in the Thyroxine group were injected
daily with L-thyroxine (Sigma Chemical Company, St. Louis, USA) solution that
was diluted in 100 pg/ml 0.04 N NaOH.

Experimental diets were formulated to contain 3.41 Mcal/kg diet of metabo-
lisable energy, 23.01% of crude protein, 1.65% of lysine, 0.47% of mecthionine,
0.9% of Ca and 0.8% of P (Table 1}, Adequate amounts of vitamins and mincrals
were used as suggested by the NRC (1998). Chromic oxide (Cr,0,) was added
(00.2% in the dict) as an indigestible marker to allow digestibility determinations
(McDonald et al., 1995).

Pigs werce allowed ad libitum access to water and dicts during the 21-day growth
trial, and all diets were given in mash form. Body weights and feed intakes were
measurcd at day 7, 14 and day 21 from the beginning of the experiment. Average
daily gain (ADG), average daily feed intake (ADFI) and fced/gain (F/G) were
calculated on a group basis at cach time point.

For the determination of nutrient digestibilitics and N balance. a metabolic trial
with 16 pigs (11.5 kg of average initial body weight) was conducted. Pigs with
similar body weights were allotted in a completely randomized block design. For
the first 10 days of the pre-experimental period, pigs were fed the experimental
dict for adaptation to the metabolic crates (45 x 55 x 47 cm® width x length x
height). Collccted (for 3 days) faccal samples were pooled after a 4-day introduc-
tion of the experimental diet, and dried in an air-forced drying oven at 60°C for 72 h
and ground with 1 mm (18 mesh) Wiley mill for further chemical analyscs. Indi-
vidual urinary samples were collected and pooled 3 times a day in a plastic bottle
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(2 liter) containing 50 mL of 25% sulphuric acid (H,SO,) to minimize the N loss
by cvaporation of ammonia and to maintain the pH of the urine below 2. Urine was
stored at -20°C and dried faeces at 4°C (Canh et al., 1997).

Proximate composition of diets, faeces, and urine were analyzed according to
AQAC (1990), and Cr was measured by an atomic absorption spectrophotometer
(Shimadzu, AA-6410F, Japan). Gross cnergy content was mecasured using an adia-
batic bomb calorimeter (Model 1241, Parr Instrument Co., USA).

TABLE1
Formula and chemical composition of the experimental dicts
Treatment
Control CrP Carmitine Thyroxine
Ingredients
maize. yellow 15.80 15.92 15.20 15.80
milk replacer 23.00 23.00 22,17 23.00
soyabcan meal 18.02 13.03 18.22 18.02
lactose 20.20 20.060 20,00 20.20
soya oil 4.27 4.30 4.61 4.27
fish meal 5.00 5.00 5.00 5.00
spray dried plasma protein 5.00 5.00 5.00 5.00
dried porcine soluble ¢.00 6.00 6.00 6.00
monocalcrumphosphate 1.02 1.02 1.02 1.02
limestone .66 0.66 .66 0.66
vitamin mixture! (120 (.20 0.20 .20
mineral mixture’ .30 .30 0.30 0.30
salt 0.30 .30 0.30 0.30
Avilamycin 0.05 0.05 0.05 0.5
L-lysine'HC] 0.09 (.09 0.00 0.09
DL-methionine 0.09 (.08 0.08 0.09
chromium picolinate 0.00 (.05 0.00 0.00
L-carnitine 0.00 0.00 0.50 0.00
Chemical composition®
metabolisable cnergy, Mcal/kg 341 341 34 34
crude protein 23.01 23.01 23.01 23.01
lysine 1.65 1.65 1.65 1.65
methionine 0.47 0.47 0.47 0.47
Ca 0.90 0.90 (.90 0.90
P 0.80 0.80 0.80 0.30

contains per kg diet ; vit. A, 4,000,000 [U; vit. D, 800,000 TU; vit. E. 16,000 1U: vit. K,, 1,200 mg;
vit. By, 1,600 mg; calcium pantothenate, 4,000 mg; niacin, 8,000 mg; vit. B, 6 my; biotin, 32 my:
cthoxyquin, 6.000 mg

contains per kg diet: Mn, 12,000 mg; Zr, 15,000 mg; Co, 100 mg; Cu, 500 mg; Fe 4,000 myg;, BHT,
5,000 mg

' caleulated values

1
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Sixty pigs used in the metabolic trial were anaesthetized for the liver biopsy.
Liver samples were collected and frozen in liquid nitrogen and stored at -70°C
until they were analyzed for DNA and RNA contents (Sambrook et al., 1987,
Buskirk et al., 1996), and protein contents using the Bradford assay (Bollag and
Edelstein, 1991).

Statistical analysis of data was carricd out by comparing means using the LSD
(least significant difference) test, and the GLM procedure of the SAS (1990)
package program.

RESULTS AND DISCUSSION
Grrowth performance

There were no significant differences in ADG and ADFI (Table 2); however,
all treated pigs tended to grow better {(P>0.05) than pigs in the control group. Pigs
fed L-carnitine showed the best ADG (15% of improvement compared with con-
trol group) through the entire experimental period and the F/G was improved
{(P<0.05). For the first 7 days of the experimental period, supplementation of
L-carnitine did not improve (P>0.05) the ADG. Pigs in treated groups showed
improved feed conversion ratio (P>0.05) when comparcd with that of pigs mn the
control group. Similar trends were observed in the 2nd and 3rd week of the trial.
The ADG of pigs fed L-carnitine during days 7 to 14 day and 14 to 21 were im-
proved by 20 and 5%, respectively. Whilc pigs fed chromium picolinate did not
show improvements in ADG during days 7 tol4, pigs injected L-thyroxine showed
simitar improvement (17%) to that of pigs fed L-carnitine. For the last weck of the
rial (14 to 21 day), pigs fed chromium picolinate and those injected with L-thy-
roxine showced improvements in ADG by 11 and 13%, respectively.

In the limited literature on chromium i starter pigs, it is generally reported that
200 weskg of Cr does nrot impair the growth rate and feed intake or efficiency of
feed wtilisation of pigs (Page ct al., 1993). Lindmann et al. (1995) did not find any
improvements in growth rate with the supplementation of chromium picolinate,
while the I/G ratio was improved, which corresponds with the results of the present
study. In contrast, Mooney and Cromwell (1995} found an improvement in growth
rate but the F/G ratio was not influenced by the supplementation of dietary chro-
mium picolinate. Lein et al. (1996) reported an increase tn growth and feed intake
attributed to the supplementation of dictary chromium picolinate. Our previous
study (Cho ct al., 1999b) also indicated that inclusion of 200 peg/keg Cr as chro-
mium picolinate improved (P<0.035) the growth performance of starter piglets.
Mooncy and Cromwell (1997) reported that though there was no significant diffe-
rence, supplementation of organic Cr (200 pg/kg Cr) from chromium picolinate
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TABLE 2
Effect of chromium picelinate, carnitine and thyroxine on the performance of pigs weaned at 21 days
of age'

Control CrP Carnitine Thyroxine SE*

0-7 day

ADG 226.2 230.4 240.0 2258 10,10

ADFI 260.2 253.6 261.6 246.6 10.70

F/G L1ge 110t 1.09" L.Og" 0.011
7-14 day

ADG 2958 2936 3546 346.6 1326

ADFI 4218 419.0 471.8 479.0 17.46

E/G 1.42 1.43 133" 138 0.012
14-21 day

ADG 323.0 359.0 371.4 364.0 11.41

ADFI 507.0 5424 547.8 362.6 18.15

FiG 1.57° 150" 1.47% l.55% 0.013
0-21 day

ADG 28L.6 2944 3222 317.8 9.97

ADF] 399.2 405.0 427.0 429.6 13.41

F/G 1.42¢ 1.38" 1.33- 1.35m (.010

! average initial body weight of pigs was 5.4 kg and the final body weight was 11.7 kg
* standard error of the mean, n=20 pigs/treat
ab.e P<OA05

resulted in shightly better weight gain and feed conversion ratio. The present study
showed a slightly better growth rate and improved (P<0.05) F/G ratio through the
entire experimental period. These results suggest an inconsistent effect of Cr {as
chromium picolinate} on the growth performance of pigs.

It is reported that weaning pigs might be deficient in ascorbic acid, which 18
crucial for endogenous carnitine synthesis (Mahan ct al., 1994). In general, carni-
tine is low in feed ingredients of plant origin and high in animal sources (Owen et
al., 1997). Grains and oilsced mcals arc low in carnitine whereas feed ingredients
from animal sources (such as milk products) do contain carnitine. However, plas-
ma protein that is universally used in weaner diets has a low carnitine content
{Lonza, 1996; Neumann, 1996).

Regardless of the different inclusion level of dictary L-carnitine, our previous
studics (Cho et al., 1999a,b) reported that use of L-carnitine was benctficial for the
carly growth of starter piglets. Similarly, the growth rate tended to be improved
(P>0.05) through the entire experimental period with the inclusion of dietary
L-carnitine. While Ewan (1987) and Hoffman ct al. (1993) reported no improve-
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ment in growth rate with the supplementation of dietary carnitine, Owen et al.
(1994, 1996) reported that dictary L-carnitine addition (1,000 mg/kg) improved
growth performance when fed during the nursery phase. Similarly, Fremaut (1993)
and Galvez et al. (1996) also found an improved F/G ratio in their experiments
with starter piglets. Li ct al. (1999) reported that carnitine had no effect in the first
2 weeks after weaning (35 days of age); however, there was a highly significant
ctfect of increasing growth during the period of 14 to 28 days after weaning. Some
studies (Weeden et al., 1990, 1991; Galvez ct al.,, 1996; Owen ct al., 1996) sup-
ported that L-carnitine seemed to improve the growth of starter piglets after three
to four weeks post weaning; however, Galvez ct al. (1996) explained that this
might be due to the L-carnitine from sow milk during lactation and biosynthesis by
the piglets after weaning being enough to uttlize solid post-weaning diets.

Scarce information 1s available on the effect of thyroxine in pips. Kaciuba-
Uscitko et al. (1970} reported a reduced growth rate following three successive
injections of thyroxine. They observed that thyroxine-treated animals were lower
(P<0.05) in weight gain than the saline controls at 2-4 weeks after injection
(300 ug kg/kg body weight) in new-born piglets. Suthama ct al. (1989) reported
that dietary inclusion of thyroxine (1.2 mg/kg) in broiler’s diet did not tmpair the
growth rate: however, feed consumption was lowered by 6% and feed cfficiency
was improved by 11%. They (Suthama et al., 1991) also reported that if broilers
were fed adequate dictary protein, thyroxine did not impair the growth of broiler
chickens. Similarly, Kim ct al. (1993} obscrved no difference in growth rate of
broiler chickens fed 1.5 mg/kg of dietary thyroxine, but when the level of thyroxi-
ne was increased to 3.0 mg/ke, the growth rate was lowered (P<0.05). Marple et al.
(1981) noted the importance of thyroxine for growth of pigs. They investigated the
relationship between thyroxine secretion and growth rate and showed that higher
concentrations of thyroxine at 14 and 18 wecks of age coincided with the period in
which the most rapid relative growth was observed; that is, body weight had
approximately doubled from 10 to 14 and 14 to 18 weeks of age. The changes in
relative growth rate and thyroxine concentrations support the classical obscrva-
tions that thyrotd hormones arc necessary for growth. Galton (1975) observed
increased growth rate in rats recciving thyroxine in doses ranging from 1.5 to
30 pg/day (approximately 1 to 20 ug/100 g body weight). Rats given the higher

"doses continued to gain weight, although at a slower rate than did thosc given the
low doscs of thvroxine.

Nutrient digestibility
Digestibilities of energy, dry matter, crude protein and crude ash were improved

(P<c0.05) by the inclusion of L-carnitine, chromium picolinate or injection of thy-
roxine. No difference was found in crude fat digestibility between pigs in Control
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and Thyroxine groups. Pigs fed chromium picolinate showed the best nutrient
digestibilities. Though there were no significant differences, elevated growth rates
of pigs and feed conversions scemed to be explained by the higher nutrient digesti-
bilities (Tablc 3).

TABLE 3
Effcct of chromium picolinate, carnitine and thyroxine on the nutrient digestibility of pigs weaned at
21 days of age

Control CrP Carnitine Thyroxine SE!
Encrgy 86.52¢ 89.24 88.58" 87.67 0.27
Dry matter 86.864 89.83" §9.200 B8.40¢ 0.29
Crude protein 80.41¢ 85.20° 83.38" 83.54% 0.45
Crude fat 86.41¢ 88.88" 87.69" 86.91¢ 0.26
Crude ash 54.62¢ 68.49° 6886 64.06° 1.49

!standard error of the mean, n=4 pigs/treat
ebed Py (05

Our previous study (Cho et al., 1999b) showed that supplementation of chro-
mium picolinate and L-carnitine improved (P<0.05) nutrient digestibility, Koner-
gay et al. (1997) reported that inclusion of chromium picolinate improved the
digestibility of dry matter by 1.3% (87.7%) compared with countrols. Scarce infor-
mation is available on the effect of chromium picolinate, L-carnitine and thyroxi-
ne on nutrient digestibilities in pigs. Hoffman et al. (1993) reported no improve-
ment in energy utihisation m neonatal and young pigs fed L-carmitine. However,
previous studies (Broquist, 1982; Borum, 1983; Bremer, 1983; Rebouche and Paul-
son, 1986). showed that added L-carnitinc improved fat utilisation, cspecially fat-
ty acids in B-oxidation in mammals. Also Cho et al. (1999a) reported that L-carni-
tine improved the crude fat and gross energy digestibility in starter piglets.

Nitrogen balance

As shown in Table 4, excreted N via faeces and urine were lower (P<0.05) in
all trcated pigs than in controls. Feed N was also morc cfficiently retained in
pigs of the treated groups. These higher N effictencics also could explain the
higher crude protein digestibility and growth rate effects.

Generally, chromium picobinate has been regarded as a carcass modificr. Page
et al. (1993), Lindmann and Purser (1997) and Porter (1997) reported that organic
chromium stimulated protein growth, resulting in higher lean percentage. Further-
more, recently Konergay et al. (1997) reported that N absorption of pigs fed chro-
mium picolinate was improved (P<0.05). Similarly L-carnitine was reported to
imprave daily protein accretion (Heo et al., 1999). They noted two possible ways.
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TABLE 4
Effect of chromium picolinate, camnitine and thyroxine on the N balance of pigs weaned at 21 days of
age

Control CrP Carmnitine Thyroxine SE!
N intake, g 22.47 22.91 22.36 22.59 G.41
Faecal N, g 4.4¢0° 3.39 3720 3.72% 0.12
Urinary N, g 3.00¢ 2.40° 2.40° 2.430 0.12
Retained N/N intake 67.12 74.88° 72.66" 72.76% .80
Biological value* 8347 87.900 87.14¢ g7.100 0.59
N digestibility 80.41° 85.20¢ 83.38" 83.54" .45

* retained Nfabserbed N
" standard error of the mean, n=4 pigs/treat
oheP(Lgs

Onc is that L-carnitine increased [-oxidation of fatty acids which could supply
morc cnergy for protein synthesis. Or lysine degradation was reduced by the in-
creased energy from fat, and more dietary amino acids could be directed toward
protein synthesis. Kim et al. {1993} reported that an incrcased level of dictary
thyroxine (0 to 3.0 mg/kg) resulted in higher protein accrction, while crude fat
content was decreased in brotler chickens. Wilson ct al. {1983) obscrved a de-
crease in abdominal fat content when broilers fed dictary thyroactive odinated
cascin, and 1t could be assumed that the clevated level of thyroxine induced by the
iedinated casein in the diet increased muscle mass and decreased body fat content,

DNA, RNA and protein concentrations in liver

Hepatic DNA, RNA and protein concentrations were also investigated (Table
5). The DNA contents were higher (P<0.05) 1n all treated groups. Only the pigs fed
L-carnitine showed higher (P<0.05) RNA content. The protein contents seemed
higher i pigs fed chromium picolinate or injected L-thyroxine. Liver DNA, RNA
and protein concentrations were all higher (P<(.05} in pigs fed L-carnitine com-
pared with centrols. According to the report from Wilsen et al. (1990), total Liver
DNA, RNA and protein content implies more cells and greater liver protein syn-
thetic capacity in the L-camitine group in the present study. Total DNA levels
could be equated to the number of nuclei and ccfl number (Encsco and Leblond,
1962). Winick and Noble (1965) and Scornim (1982) reported that changes in total
protein (and to some extent total RNA) may reflect changes in both ecll number
and cell size and the protein:DNA ratio generally reflects changes in cell size.
According to the results previously cited, dietary L-camitine could increase the
number of cells as well as their size. These could support the higher growth ratc,
nutrient digestibility and the N absorption of the present study.
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TABLE 5
Lffect of chromium picolinate, carnitine and thyroxine on the DNA. RNA and protein concentrations
m the liver of pigs weaned at 21 days of age

Control CrP Carnitine Thytoxine SE!
DNA, mg/g liver [.013¢ i.741" 22710 1.828" 0.1437
RNA. mg/g liver 1.528" 1.411° 5.1100 1.506 0.4824
Protein, mg/g liver 0.184" 0.203" 0.273* 0.248" 0.0132
RNA/DNA. mg/mg 1.507% 0817 2277 0.823¢ 0.0002
Protein/DNA, mg/mg 0.181° o117 0121k 0.136° 0.0085
Protein/RNA, mg/mg 0.120° 0.143% 0.054¢ 0.165 0.0126
standard error of the mean, n=4 pigs/treat
wred P<0) 03
CONCLUSIONS

Conclusively, 200 pg/kg of chromium picolinate, 500 mg/kg of L-carnitine and
0.1 mg/day/hcad of thyroxine injection may be useful in terms of growth and nu-
tricnt utilisation in pigs weaned at 21 days of age. Furthermore, the nitrogen
balance sustains the growth promoting cffect of L-carnitine, chromium picolinate
and the L-thyroxine in starter pigs. Howcever, further studies arc needed to obtain
biochemical and economic values as well.
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STRESZCZENIE

Wplyw pikolinianu chremu, L-karnityny i tyroksyny na rezwdj, strawnos¢ skladnikéw pekar-
mowych i bilans azotu u prosiat odsadzenych w 21 dniu Zycia

Trzytygodniowe doswiadezenie wzrostowe przeprowadzeno na 80 prosigtach (Landrace x York-
shire x Duroc), 2142 dniowych o poczatkowej m.c. 5.4 kg, stosujac uktad kompletnych blokow
losowych: 1. grupa kontrolna - bez dodatkow; 2. CrP: dicta kontrolna + 0,05% pikolinianu chromu;
3. karnityna: dieta kontrolna + 0,5% “Carnifced” (10% karnityny): 4. tyroksyna: dieta kontrolna +
miekeja L-tyroksyny (0,1 mg/dzien/sztuke), pied powtdrzen po 4 prosigta w grupie. Cho¢ nie byto
istotnych réznic (P>0,05) w dzicnnym pobraniu paszy i przyrostach dziennych {ADG), ADG prosiat
wszystkich grup dodwiadczalnych byly lepsze niz grupy kontrolngj; przez caty okres doswiadczalny
ADG prosigt otrzymujacych dodatek L-karnityny byty o {5% lepsze niz kontrolnych, podobnie jak
1 wykorzystanice paszy (P<0,05). Przy zastosowaniu wszystkich dodatkow poprawita sig (P<0,05)
strawnosc energil, s.m.. biatka ogdlnego 1 popiotu, przy czym najlepsze wyniki uzyskano u prosigt
otrzymujacych pikelinian chremu. Podobnie bilans N byt lepszy (P<0,05) u prosiat z grup dodwiad-
czalnych, jak 1 zawartosé DNA w watrobie byla wigksza (P<0,05) niz u prosiat kontrolnych. Zawar-
tos¢ RNA byla wieksza tylko w watrobie prosiat otrzymujacych L-kamnityne (P<0,05), a zawartoéé
biatka byla nieco wieksza (P>0.05) u prosigt otrzymujacych pikolinian chromu lub tyroksyne.

Stwierdzono. ze zastosowane dodatki moga by<¢ preydatne jako zwiagzki poprawiajace przyrosty,
strawnosc skladnikéw pokarmowych i bilans N u prosiat odsadzonych w 21 dniu 7ycia, lecz pod
znakiem zapytania stoi ckonomika ich stosowania.



