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Abstract

Chromium (Cr) is an essential mineral element aad been used in pig diets to
improve growth performance, insulin sensitivity,nmane response, carcase traits and
to reduce heat or other stress responses. Theadithis study were to determine the
impact of nano-sized chromium tripicolinate (nC)Pom growth performance, feed
efficiency and carcase characteristics of finispids during the summer period. A
total of sixty finisher Large White x Landrace gilivere stratified on initial weight
and then within strata randomly allocated into tveatment groups in three replicates
during mid-summer for 28 days. All pigs were houseéhdividual pens and haad
libitum access to feed and water. Pigs were fed eith@enaa finisher diet (wheat
based diet containing 13.8 MJ DE/kg and 0.56 glabks lysine/MJ DE) or a control
diet containing 400 ppb Cr as nCrPic. Dietary n€Ripplementation increased feed
intake by 6% over the entire study (P=0.05). Intipalar, dietary nCrPic increased
ADFI by 8% (P=0.02) during the final 2 weeks of 8tady. Moreover, dietary nCrPic
tended to improve ADF over the entire study (P=pD.®fowever, there were no
significant effects of nCrPic on FCR, final weightpt standard carcase weight
(HCWT), P2 depth or dressing percentage. Plasmtiscbwas decreased by 25%
(P=0.06) by dietary nCrPic supplementation. Howgevtbere were no effects of
nCrPic on plasma glucose, insulin and nonesterifigty acids (NEFA), might
because of the higher feed intake. In conclusiois, $tudy demonstrates that dietary

nCrPic supplementation at 400 ppb can increase ifgalle in finisher gilts during
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mid-summer suggesting that nCrPic can ameliorateesof the negative effects of

heat stress in pigs, possibly via decreased dileiting cortisol.

I ntroduction

A hot environment has negative impacts on prodagtreproduction, metabolism,
health status and immune response. Despite advamtles construction and design
of animal housing facilities and cooling technokxyi(Armstrong. 1994), animal
production can still be severely affected by heegss (St-Pierre et al. 2003). The
heat-induced economic burden is due to a combimatfoincreased mortality and
decreased growth performance, nutrient utilizatisoyw performance, and carcase
quality (St-Pierre et al. 2003). Consequently, elienchange threatens the global
protein supply chain and may decrease the comymiitiss of the pig industry
(Godfray et al. 2010). Heat-stressed animals dserdeir feed intake, presumably in
an effort to reduce heat production and the resultaduced nutrient intake is
responsible, at least in part, for the reductiompénformance (Quiniou et al. 2000).
Finishing pigs are particularly susceptible to higlmperatures due to their decreased
evaporative critical temperature and the high starklensity often found during this

phase of production (Kouba et al. 2001; Spencat. 005).

Cr is an essential mineral and has been includedigndiets to improve growth

performance, insulin sensitivity, immune resportacase traits and to reduce the
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impact of heat or other stressors (Hung et al. POIthe interest in Cr
supplementation during the finisher phase of pigdpction is primarily for its
potential impact to improve body composition, amd & lesser extent, for any
associated improvement in performance. However, dffect of Cr on growth
performance is inconsistent. For example, Cr supeteation studies conducted with
pigs have been shown to either result in improagéPet al. 1993; Lindemann et al.
1995; Mooney and Cromwell, 1995, 1997), or haveeffect (Evock-Clover et al.
1993; Xi et al. 2001; Matthews et al. 2003) on ditoywerformance. A meta-analysis
conducted by Sales and 3ddn(2011) reported that dietary Cr can increasaane
daily gain (ADG) and feed efficiency (FCR), wherdhsre is no effect on average
daily feed intake (ADFI). At least some of the wion in response to Cr may be
related to the low and variable digestion, absorpéind availability of Cr and there is
potential to improve this by producing nano- or misized Cr. Lien et al. (2009)
reported that nano-sized Cr had 1.66 fold greatgestibility than normal size.
Gonzales-Eguia et al. (2009) also indicated thatilability of copper is higher in
nano sized particle copper. Moreover, the studpntep by Hung et al. (2014) also
found benefits of Cr inclusion in finisher dietsrppcularly when CrPic was ground to
a small particle size (nCrPic). Carcase P2 wasedsed and longissimus muscle area
increased when gilts were fed a high-fat finishext dupplemented with 400 ppb
nCrPic. A meta-analysis conducted by Hung et @12 reported that dietary nCrPic

can increase loin muscle area and decreased ftt thep greater extent than normal



86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

(ca. 0.5 mm) sized CrPic. Previous studies haveodstrated the potential of Cr to
reduce the negative effects of heat stress indraihd layer poultry (Sahin et al.
2002a; Sahin et al. 2002b; Al-Saiady et al. 20@D5). In a rodent model, dietary
nCr improved growth rate and feed efficiency inthsteessed rats (Zha et al. 2009).
The risk of high rigour temperature of beef careasacreases with increasing insulin
resistance (Warner et al. 2014) and it has beepoged that the ability of dietary Cr
to improve insulin sensitivity may provide a meafsmeliorating heat shortening in
beef cattle (DiGiacomo et al. 2014) and heat stmesdairy cattle (Dunshea et al.
2013). However, there are no studies investigatiegeffect of Cr on heat stress or
during hot condition in finishing pigs. Therefotkis study was conducted the impact
of nCrPic on growth performance, feed efficiencyd ararcase characteristics of

female finisher pigs during summer.

Methods and Materials

Animals and treatments

All animal procedures were approved by the RivalRig Ltd. Corowa, NSW,
Australia (Rivalea Australia) Animal Ethics Comre#t Sixty Large White x
Landrace cross breed finishing gilts (Prime®rdsenetics) from the Research and
Development facility at Rivalea Australia were s¢del at approximately 17 weeks of
age (initial live weight 67.7+ 0.46 kg, meanz stard error (SE), kg). Pigs were

stratified on weight and then within strata randpmllocated into two treatments in
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three replicates during the mid-summer (Januarytigel, 2011). The average
maximum temperature during the experiment was 29, #ith a total of 24 days
where the daily maximum temperature was above@8All pigs were housed in
individual pens in a shed with no additional coglamd hadd libitumaccess to feed
and water. The experiment included one-week actima@on and 28 days
experimental period. During the acclimatization ipér pigs were fed with
commercial standard grower diet (Rivalea Australlyring experimental period,
pigs were fed a control finisher diet (wheat baded containing 13.9 MJ digestible
energy (DE)/kg and 0. 52 g available lysine/MJ BEgontrol diet plus 400 ppb Cr as
nCrPic (Tablel). The nCrPic was prepared accortbngur previous study (Hung et
al. 2014). Briefly, the raw CrPic material was gnduand then passed through

appropriate sized end-plates sieves to collect kCrP

Husbandry and management

Pigs were housed in individual pens in the Rivdesearch and Development boar
test facility. Individual live weights were obtamhat day O, 14 and 28 of the study.
Feed intake was recorded weekly throughout therérpatal period as estimated by
feed disappearance. In addition back fat thickreas measured via real time

ultrasound (Pork Scan Pty. Ltd. Australia) at tResRe (65 mm from the midline over

the final rib) and leg (60 mm to the right of thé&dfime base of the tail) on day 0 and

28. At the end of experiment, pigs were slaughteat& commercial abattoir to
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determine hot carcase weight (HCWT) and dressingcepgage. HCWT was
standardized as head on (including tongue); kidmegsoved (kidney fat remaining),

fore and hind trotters on.

Blood sampling

Pigs were fasted for 16 hours prior to blood coitet Fifteen animals were selected
randomly from each treatment (five pigs/ replicét®) blood collection on day 27.

After collection of blood, the samples were plaocedce for 1 h, and then centrifuged
for 15 min at 1,500xg. Plasma was collected andefno(-20°C) until subsequent

analysis for glucose, insulin, and NEFA concentrai Plasma insulin (Millipore

Corporation, USA) and cortisol (Diagnostica, Firdaevels were used commercial
kit and determined by radioimmunoassay. Plasmaogki¢Thermo Fisher Scientific
Inc. USA), and NEFA (NEFA-C kit, Wako Chemical Irsites Ltd, Osake, Japan)

concentrations were determined by enzymatic coletriim procedures.

Statistical analyses

Data were analysed by analysis of variance usintNEEETAT release 11.1 (VSN
International Ltd. UK). Initial live weight was udes a covariate for ADG, final live
weight and HCWT and initial P2 were used as covafiiar final P2.The quantitative
insulin sensitivity check index (QUICKI baselinepsvcalculated using the formula,

QUICKI=1/ (log fasting insulinuU/ mL + log fasting glucose, mg/dL) (Katz et al.,
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2000). Normal QUICKI values are around 0.45 wittues closer to 0.30 indicating
insulin resistance, an increase in QUICKI is assed with increased insulin
sensitivity (Katz et al., 2000). The homeostaticdeloassessment (HOMA) was
calculated using the formula, HOMA= (fasting insuk fasting glucose)/ 22.5 (Katz

et al., 2000). A decrease in HOMA is associateth vétduced insulin resistance.

Results

Growth performance

While there were no significant effect of nCrPic ADFI during the first 14 days
(2.31 vs 2.37 kg/day for control and nCrPic diespectively, P=0.43), as the study
progressed dietary nCrPic increased ADFI such dbang the final 2 weeks of the
study ADFI was 9% higher in pigs supplemented wdidgtary nCrPic (2.53 vs 2.75
kg/day, respectively, P=0.02) (Table 2). ConsedueADFI over the entire study was
increased by 6% by dietary nCrPic (2.42 vs 2.56l&g/ respectively, P=0.05). There
were no significant effects of nCrPic on ADG durithg first 14 days (0.88 vs 0.95
kg/day, respectively, P=0.12) or over the periaoirfrl4 to 28 days (1.00 vs 1.02
kg/day, respectively, P=0.59). However, ADG tendede increased by 5% dietary
nCrPic when measured over the entire study (0.98.98 kg/day, P=0.09). Dietary

nCrPic had no effect on FCR in the current st(itable 2).

Carcase characteristics
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In line with effects on ADFI and ADG, dietary nCcRended to increase live weight
at the completion of the study (94.0 vs 95.4 kgpeesively, P=0.09) (Table 3).
However, dietary nCrPic did not significantly altdSCW (70.2 vs 71.1 kg, P=0.14)
or dressing percentage (74.4 vs 74.4 %, P=0.738.dEpth of back fat at the P2 site
(P=0.94) or over the leg (P=0.45) at the end ofstliely did not differ with treatment

(Table 3).

Plasma metabolites

Dietary nCrPic tended to decrease cortisol levél§vs 15.2 nM/L, for control and
nCrPic diet, respectively, P=0.06) (Table 4). Hoer\there was no effect of dietary
nCrPic on plasma glucose (P=0.48), insulin (P=0.8dFA (P=0.69) concentration
or the HOMA (P=0.91) and QUICKI (P=0.98) measuresday 27 of the study

(Table 4).

Discussion

Thermal stress reduces animal productivity andesesas ADFI in farm animals and
therefore it is desirable to develop nutritionahtdgies, likely based on physiological
and/or metabolic adaptations to help maintain @ggymance during summer. The
major finding from the present study was that dietgCrPic supplementation during
a hot summer period can increase ADFI with resulsprovements in ADG and

slaughter weigh. High ambient temperatures can ceedthe efficiency and
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profitability in pig production (Nardone et al. ZD1with pigs being particularly
susceptible during the late finishing phase duehwr lower evaporative critical
temperature. Evaporative heat loss from the retspyrdaract is the major mechanism
by which pigs dissipate heat (Giles et al. 1988raMat al. 2007). When pigs reach
the point where evaporative heat loss from theiragpy tract and skin is at a
maximum, the upper critical temperature is alsehed (Giles et al. 1988). Beyond
this point, pigs will voluntarily reduce ADFI in der to reduce their heat production.
For example, Le Bellego et al. (2002) reported fligs reduced ADFI by 55 g p&C
above 22°C and ceased eating when their body temperatuchedaabout 41.8C.
The reduction in ADFI during high ambient temperasuwas more pronounced in
pigs during the finishing phase than during theaging phase (78 vs 35 g /day P&
above 22C for finishing phase and growing phase pig, resyely) (Le Bellego et al.
2002). This is because the upper critical tempesatiecreases with the increasing of
live weight (Giles et al. 1988; Quiniou et al. 2000hich may explain why the
improvement in ADFI became more pronounced as thsemt study progressed. An
improvement in growth performance, after CrPic sepentation during heat stress,
also been observed in poultry. For example, dietsupplementation of CrPic
ameliorated the detrimental effects of heat stomsgrowth and egg production (Sahin
et al. 2002a; Sahin et al. 2005). Also, supplentemtaf CrPic at levels from 200 to
1200ug/kg linearly increased feed intake, live weighingand egg production rate of
laying quail reared under heat stress conditiohi(Bet al. 2002a). Finally, dietary Cr
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Yeast (4 g/head per day) increased feed intakedlstein cows under heat stress
(Al-Saiady et al. 2004). These data suggesteddietary Cr may be able to use in

farm animals to alleviate the negative effectsighlenvironment temperature.

The results from our previous study (Hung et all®0 in conjunction with other
literatures (Wang and Xu, 2004; Wang et al. 200@nugVvet al. 2009a) suggested that
dietary nano Cr could reduce the body fat contanpigs. However, in the present
study, there was no effect of dietary nCrPic onbB2kfat and leg fat depth of pigs.
Verstegen et al. (1973) indicated that pigs reamekot environment typically yield
carcasses with a higher percent lean. The reductidat content of pigs under heat
stress was due to a reduction in total energy eniakthe hot environment. Dietary
NnCrPic increased feed intake during the day 148tinZhis study suggested that pigs
feed with nCrPic increased total energy intakehia tate finishing period compared
with the control group. Increased energy intakénaut changed the P2 back fat and
leg fat depth implied that pigs fed with nCrPic hmatter efficiency to metabolized fat.
It should be noted that, by commercial standaifus,pigs in the current study were

already very lean and had a low P2 backfat.

Heat stress likely affects many aspects of metatmliincluding alterations in
substrate uptake and utilization, much of whichas yet fully understood. Metabolic
adaptations during high ambient temperatures liketgur in order to increase

11
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survival probability. Denbow et al. (1986) reporiadulin concentration are lower in
summer than in winter and spring in Holstein cattlessibly as a result of reduced
feed intake. In lactating sows, plasma insulin wawer during high ambient
temperature compared to sows housed under theroteaheonditions despite similar
glucose concentrations (de Braganca and Pruni®®)1Zonversely, Achmadi et al.
(1993) reported that heat-exposer had no effediasting insulin level. Circulating
glucose concentrations were increased in pigs (@ruet al. 1997) and cattle
(Denbow et al. 1986), but decreased in sheep (Adhretal. 1993) and cattle
(Shwartz et al. 2009; Wheelock et al. 2010), anchanged in pigs in another study
(de Braganca and Prunier, 1999) under hot conditidteat exposure increased
plasma NEFA in sheep (Sevi et al. 2002), but dse@dNEFA in lactating cattle (Itoh
et al. 1998; Shwartz et al. 2009; Wheelock et @lL0. These differences between
basal hormone and metabolite concentrations mayptereko differences in
experimental conditions such as ambient temperatanel feeding manner,
physiological status, and animal species. Impdstarnit worth to understand the
degree to which feed intake is impacted by highianttiemperatures as reduced feed
intake generally results in increased NEFA and elesed glucose and insulin. Also,
insulin resistance increase with fatness and tteeafafat deposition in pigs (Dunshea
and Cox et al. 2008). There in now increasing ewdethat insulin resistant and
diabetic individuals suffer from thermal intoler@n@xhibiting an inability to control
body temperature (Ohtsuke et al. 1995). In pad ihibecause skin blood flow and

12
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skin thickness are reduced in diabetic individdetsrst et al. 2006), thereby reducing
the ability of thermoregulation. If dietary nCrRian improve insulin sensitivity then
it may explain why feed intake is improved with tdiy NnCrPic during summer and

that the effect was greater during latter partefstudy when the pigs would be fatter.

Chromium is a trace mineral that is widely disttémi throughout the body, being
necessary for maintenance of insulin function aldase uptake by insulin-sensitive
tissues (Anderson et al. 1985). However, the effettdietary Cr on fasting glucose
concentrations in pigs are inconsistent. Some esudeported that dietary Cr
significantly reduces fasting glucose (Lien et2fl01; Wang et al. 2001; Wang et al.
2009b), whereas others reported no effect (Amoikoral. 1995; Matthews et al.
2001). Amoikon et al. (1995) reported that CrPicréased insulin sensitivity as
assessed by increased glucose clearance rate amésk=d glucose half-life during a
glucose tolerance test and insulin challenge tegigs. It is reported that CrPic can
increase the rate of insulin internalizations apthke of glucose into skeletal muscle
cells (Evans and Bowman, 1992). Under heat stresdditton, dietary CrPic
decreased glucose level in quails (Quiniou et @002 and broiler chickens (Samanta
et al. 2008) indicating improved glucose clearaand insulin sensitivity. Zha et al.
(2009) indicated that heat-stressed male Spragwdeparats fed with nano-Cr had
lower insulin. However, supplementation of CrPimelrly increased insulin
concentration at levels from 200 to 1209kg (Sahin et al. 2002a). Yari et al. (2010)
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suggested that an improvement in peripheral insséinsitivity as evidence by an
intravenous GTT revealed linear reductions in AUGneulin during 0-90 and 0-120
minute after glucose infusion in calf fed with Gmbethionine in summer. As
reported by Hung et al. (2014), dietary increasedilin sensitivity as indicated by a
decrease in both fasting insulin and HOMA, and @aerdase in QUICKI. In the
present study, however, dietary nCrPic had no fagmt effect on glucose, insulin,
NEFA, HOMA, and QUICKI in finisher gilts during sumer. The lack of effect on
these measures of insulin sensitivity and interargdmetabolism may be due to the
increase in feed intake over the latter phase efsthdy which would have the effect
of increasing plasma glucose and insulin, and loweplasma NEFA (ie. opposite

effects of improving insulin sensitivity in the faof no change in feed intake).

Circulating cortisol concentration was tended tocrdase by dietary nCrPic
supplementation. A reduction in plasma cortis@ idassic metabolic consequence of
Cr in farm animals suggesting there was a redudtictress, especially when animals
are challenged with stressors such as a therneasstFor example, in heat-stressed
broiler chickens, dietary CrPic decreased serurtisobiconcentration (Samanta et al.
2008). While, Sahin et al. (2002a) reported thattaty CrPic linearly decreased
serum corticosterone concentration across the raofe200-1200 pg/kg in
heat-stressed laying quail. A stress-induced irs&re circulating cortisol may
contribute to increase hepatic gluconeogenesisaatproduction, thereby escalating
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the heat load of the animal (McDonald et al. 20FBxm animals tend to reduce feed
intake to adapt to high environment temperaturerdbiae et al. 2010). Zha et al.
(2009) suggested that nCrPic can balance circglatortisol and insulin level to
maintaining homeostasis. The anorexigenic actiohsaostisol can mediated via
reducing circulating ghrelin levels as well as GH3RR (biologically active ghrelin
receptor) expression and/or suppressing neurogepficexpression (Janzen et al.,
2013). These data suggest that the improvemeneed intake in dietary nCrPic
supplemented pigs may be via the decreased cod&mktion. Alternatively, the
reduction in cortisol in pigs supplemented withtdig nCrPic may mean they are

under less stress.

Conclusion

These data clearly show that dietary nCrPic suppigation at 400 ppb can increase
feed intake and tended to increase ADG in finisgéts during mid-summer
suggesting that nCrPic can ameliorate some of duative effects of heat stress in
pigs possibly via decreased circulating cortisadwdver, this study failed to detect
any effects of dietary nCrPic on the levels of plagglucose, insulin, NEFA, HOMA
and QUICKI under these conditions, might becausehef increased feed intake.
Further studies are required to examine the grgvettiormance and physiological

response in animal under heat stress condition.
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Table 1. Ingredient and nutrient composition ofexrkpental diets

Ingredient

Wheat 68.46
Millmix 16.5
Canola meal 36% 6.0
Meat meal 2.6
Water 1
Porzyme 9310 0.02
Natuphos 5000 0.01
Tallow-mixer 3.07
Salt 0.2
Limstone 15
Lysine-HCI 0.35
DL-methionine 0.01
Threonine 0.11
Copper proteinate Micro 0.1
Growth Premix® 0.07
Total 100
Calculated nutrient composition

DE, MJ/kg 13.9
Fat, % 4.9
Crude protein, % 16.0
Calcium, % 0.89
Available Phosphorus, % 0.36
Available lysine/MJ DE 0.52

? Provided the following trace mineral per kilografidiet: Se, 0.2 mg; Fe, 60; Mn, 25
mg; Zn, 50 mg; I, 0.2 mg; Cu, 10 mg.

® Provided the following vitamins per kilogram of tdi¥itamin A, 2.5 mg;
Vitamin D3, 1mg; Vitamin E, 30 mg; Niacin, 10 mga{®-Pantothenate, 5 mg;
Riboflavin, 2 mg; Vitamin B12 (Cyanocobalamin), §m
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Table 2 Effect of nCrPic on growth performancegdf@dgake and feed efficiency in

finisher gilts during summer

Control nCrPic sed P- value
Day Oto 14
ADFI®, kg/d 2.31 2.37 0.076 0.43
ADG", kg/d 0.88 0.95 0.047 0.12
FCR (Feed: gain) 2.72 2.55 0.127 0.20
Day 14to 28
ADFI®, kg/d 2.53 2.75 0.085 0.02
ADG", kg/d 0.99 1.02 0.048 0.59
FCR (Feed: gain) 2.63 2.77 0.136 0.32
Day 0to 28
ADFI®, kg/d 2.42 2.56 0.070 0.05
ADG", kg/d 0.94 0.99 0.030 0.09
FCR (Feed: gain) 2.61 2.62 0.080 0.96

& Standard error of the difference
b_ initial weight used as covariate
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Table 3 Effect of nCrPic on carcass characterigtiégisher gilts during summer

Control nCrPic sed P- value
Final weight’, kg 94.0 95.4 0.83 0.09
HCWT?®, kg 70.2 71.1 0.69 0.14
Dressing % 74.4 74.4 0.44 0.71
P2 fat deptlf, mm 8.0 8.0 0.19 0.94
Leg fat depttf, mm 9.0 9.1 0.20 0.45

2 Standard error of the differendenitial weight used as covariate;
¢ Initial P2 and HCWT used as covariate
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Table 4 Effect of nCrPic on plasma glucose, instMiBEFA, HOMA and QUICKI in
finisher gilts during summer period

Control nCrPic sed P- value
Cortisol nmol/l® 1.25 (17.8) 1.12 (13.2) 0.067 0.06
Glucose, mmol/L 3.91 3.98 0.09 0.48
Insulin, mU/L 11.0 11.0 0.74 0.96
NEFA, uM 307 309 6.45 0.69
HOMA 1.91 1.93 0.174 0.91
QUICKI 0.62 0.62 0.017 0.98

& Standard error of the difference
®Data were log-transformed before analyses dueterdgeneity of variances. Values in
parentheses are the geometric mean.
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