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Abstract
This study determined the effect of dietary supplementation of insulin-like growth factor-1 (IGF-1) on the
production performance, nutrient digestibility, complete blood count (CBC) and serum concentration of
tumor necrosis factor-α (TNF-α) on 50 pigs aged 50-80 days (Large white x Landrace; 9.48 + 3.59 kg body
weight; 50.6 d of age) , assigned randomly to �ve treatments (n=10), including one basal (A=0), and four
treatment diets with IGF-1 supplementation (B=0.25, C=0.5, D=1, and E=2 kg/ton of feed, respectively).
Feeding lasted for 28 days, after which 5 pigs from each treatment were selected to undergo nutrient
digestibility test. At day 14 and 28, blood samples were extracted for CBC and  TNF-α analysis. Results
yielded no signi�cant differences among treatments for body weight , feed intake, average daily gain, and
feed conversion ratio. However, the average fecal score for days 1-28, treatment C differed signi�cantly
(P<0.05) being the poorest. There were no signi�cant differences among the treatments on crude protein,
crude fat, digestible energy and metabolizable energy. Nursery pigs fed diets with free IGF-1 have lower
WBC count (P<0.05) and tended to be higher in RBC count (P=0.0607) at day 15. Pigs supplemented with
free IGF-1 tended to have lower (P=0.0569) TNF-α serum concentrations compared to Control at day 14.
Concluding, the dietary supplementation of IGF-1 does not signi�cantly affect production performance
and nutrient digestibility. Collectively, results indicated that supplementation of free-IGF-1 in piglets
decreased WBC and serum TNF-α levels while increasing RBC indices in piglet 2 weeks after weaning.

Introduction
IGF-1 or Insulin-like Growth Factor 1 is a protein molecule with similar structure to Insulin. It is produced
primarily by the liver and has been shown to stimulate growth and development as well as immune
modulation. Animals naturally produce IGF- 1, however, diseases and other stress factors compromise its
production leading to poor growth and immune suppression. Insulin and insulin-like growth factor (IGF)
receptors have been described in the intestinal epithelium of various species, including the pig. Recent
international and local trials showed that dietary supplementation of free IGF-1 reduced length of dry
period and backfat thickness loss during lactation in sows and increased weaning weight and survival of
piglets (Reyes et al., 2015; Song et al., 2014a and 2015b; Reyes et al., 2016). In the light of these studies,
and given that the content of growth factors in sows’ milk declines with advancing lactation (Donovan et
al., 1994), an opportunity may exist to enhance gut growth and development through supplementation of
the newly weaned pig with exogenous growth factors. In an attempt to maintain and enhance intestinal
health in pigs and improve productivity in the absence of in-feed antibiotics, researchers have evaluated a
wide range of feed additives.. Hence, this study seeks to determine the dietary effects of free IGF-1
supplementation on the production performance, nutrient digestibility, complete blood count (CBC) and
serum concentration of tumor necrosis factor α on weaners. The study was conducted at the Institute of
Animal Science swine research facility, University of the Philippines Los Baños, Laguna.

Materials And Methods
Animals and Experimental Design
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A total of 50 crossbred weaner pigs (Large white x Landrace) with an average body weight of 9.48 + 3.59
kg and 50.6 days of age were used in this study. The population consisted of 26 male pigs with an
average body weight of 9.73 kg and 50.1 days of age and 24 female pigs with an average body weight of
9.20 kg and 51.1 days of age. These pigs were weaned at 35 days of age, stayed at the farrowing house
for another 10 days, and transferred to the nursery building. Pigs were allowed to acclimatize to the new
environment and the dietary treatments for 5 days before commencing the feeding trial. At the day of
allotment, each pig were weighed and the sex were recorded. The allocations were done by weight and
balanced by sex. Ten blocks were made, each having 5 pigs. The pigs were fed with basal diet (control
group, treatment A) and 4 diets added with free IGF-1 at the rate of 0.25 (treatment B), 0.5 (treatment C),
1.0 (treatment D) and 2.0 (treatment E) kg/ton. The basal diet was formulated to meet or exceed nutrient
requirements recommended by the Philippine Society of Animal Nutritionists Feed Reference Standards
(2010) for swine (Table 1). The free IGF-1 used in this trial was provided by Philchema, Inc. Free IGF-1
(immuTEIN™) is a unique source of activated IGF-1. Its proprietary technology increases the effectiveness
of biological proteins which also include growth factors, cytokines, immunoglobulins, transfer factors
and other functional proteins that are bioactivated and enhanced in immuTEIN. After allotment, each
weaner pig was placed on individual and concrete-�oored pens of 2.0 x 4.2 meters in size. To allow ad
libitum access to feed and water, individual feeder and drinker were installed. The environmental
temperature was recorded daily.

Sampling and Measurements

Study 1: Production Performance, Mortality and Fecal Score

During allotment, pigs were weighed and designated as day 1 initial weight. Daily feed allowance per pig
were recorded including refusal. Thereafter, pig were weighed on days 7,14, 21 and 28. To obtain average
fecal score for each treatment, fecal consistency per pig was assessed and visually scored by 4
independent evaluators twice daily (9:00H and 16:00H) from days 1 to 28, based on fecal scoring guide
(Figure 1).

Study 2. Nutrient Digestibility

After 28 days of feeding trial, a total of 15 pigs (3 pigs per treatment group) were selected to undergo a
nutrient digestibility test, done by allocating 1 metabolic cage per treatment that was implemented in 3
batches. In selecting the �rst batch of pigs that went into the metabolic cages, pigs from each treatment
were weighed – the heaviest pig from each treatment represented the �rst batch. The same diet was fed
and extended for three days, after which, 0.2% or 2 grams of chromic oxide per kg of mixed feed was
added to serve as an indigestible marker for 8 days. Fecal and urine samples excreted that contained the
indigestible marker were collected on day 5, 6, 7 and 8. These samples were pooled and stored at -20°C.
The same process was done on the second and third batches. The third batch, in turn, represented the
lightest of the pigs and it took 24 days to complete the three batches. All fecal samples were oven-dried
at 90°C for three weeks, grinded, and submitted to the laboratory for crude protein (CP), crude fat (CF) and
gross energy determination. Urine samples were processed to obtain gross energy.



Page 4/19

Study 3. Blood Assay

On day 14 of the feeding trial, blood was extracted from 8 pigs per treatment selected randomly. It was
repeated on day 28 on the same pigs. Serum were obtained and stored at -80°C. Serum tumor necrosis
factor α (TNF-α) was determined using ELISA kits speci�c for TNF-α. Similarly, blood samples (10 ml)
were collected randomly from 6 pigs per treatment on day 15 and 30. Samples were submitted to a third-
party laboratory complete blood count (CBC).

Statistical Methods

Wilk-Shapiro was employed to test the normality followed by the test of homogeneity. The test of
homogeneity of variances was done using Sphericity Test. Tukey’s Studentized Range (HSD) test was
employed for the signi�cance among treatments. When the matrix is symmetric, MANOVA was used, if
not, UNIVARIATE was used. Across all studies, P<0.05 was applied.

Results
There were no signi�cant differences among treatments for the body weight, cumulative feed intake (FI),
average daily gain (ADG), feed conversion ratio (FCR), and weekly fecal score (Table 2). However, when
average fecal score was calculated for the entire period of day 1-28, treatment C (P< 0.05) had the
poorest fecal score among the treatments. As shown on Table 3, there were no signi�cant differences
among the various treatments for crude protein (CP), CF (Crude Fat), digestible energy (DE) and
metabolizable energy (ME). Pigs fed diets with free IGF-1 have lower WBC count (P<0.05) and tended to
be higher in RBC count (P=0.0607) at day 15 but showed no treatment differences (p>0.05) at day 30
(Table 4). Other CBC parameters are the same in all treatments (P>0.05). Similarly, pigs supplemented
with free IGF-1 tended to have lower (P=0.0569) TNF-α serum concentrations compared to Control at day
14 and also, did not differ (P>0.05) at day 28 (Table 5).There was no signi�cant difference on the serum
concentration of TNF- α among the various treatments in both sampling days.

Discussion
The current study showed no signi�cant differences on the performance parameters of pigs fed with
different levels of supplementation with IGF-1. There was also no signi�cant differences on digestibility
across treatments. A direct contrast against growth performance parameters could not be made because,
most of the IGF-1 supplementation studies directly measured the capacity and development of the gastro
intestinal tract (GIT). In an attempt to explain the results of IGF-1 supplementation, a number of factors
have been listed and supported by earlier literature. These factors are the age of the pig used, the
in�uence of IGF-1 Binding Protein (IGFBP) and receptors, the effect of digestion on oral IGF-1
administration, the feed as well the quality of supplement incorporation, the variability of the treatments,
experimental error as well as the total number of pigs used on this study.

Age of the Piglet and IGF-1
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The data of Dunshea and Walton in 1995, strongly suggested that the subcutaneous infusion of IGF-1
analogue on pigs aged 0-27 days expressed not only increased piglet growth rate (ADG) in late lactation,
but also increased the growth of small intestine, spleen and pancreas. In this instance, the authors
suggested that the spleen size seen may re�ect an enhanced immune response. In 1996, Burin et al.,
conducted a study involving oral supplementation of human recombinant IGF-1. Their results
demonstrated that oral administration of human recombinant IGF-I during the �rst 4 days after birth
signi�cantly increased small intestinal mucosal growth in formula-fed neonatal pigs. Bene�cial effects of
orally administered IGF-I have been reported in neonatal piglets by Houle et al., (2000) and Burin et al.,
(2001). However, no effects of oral IGF-1 on serum concentration, overall body weight, or growth of
tissues other than the intestine were reported. Most recently, Donovan and Monaco, in 2004 concluded
that, in general, there is no effect of oral IGF-1 on serum concentration, overall body weight or growth of
tissues other than the intestine in neonatal pigs. On the current study, overall average age of pigs used at
the beginning of the experiment was 50.6 days, the youngest pig recorded was 44 days while the oldest
was 52 days. The average weight was 9.48 kg, with the lightest recorded at 5.60 kg and heaviest at 12.78
kg. The age of the pig is a major difference on from the studies cited, which were conducted on neonatal
pigs, 27 days being the oldest animal. Age has a linear effect towards intestinal development (E�rd et al.,
1982) thereby directly proportional or translated into growth performance of the pigs.

IGF-1 Binding Protein and Receptors

To be able to express its effect, IGF-1 needs binding protein. Insulin-like growth factor (IGF) action is
in�uenced by the insulin-like growth factor binding proteins (IGFBPs). Binding Proteins (BP) control the
distribution, function and activity of IGF-1 in vivo and are produced and expressed in at least one form in
almost all tissues. It is thought that mechanisms controlling the expression of BPs during various
physiological states will determine whether IGFs, both IGF-1 and IGF-2, have effects on IGF- mediated
growth (Hossner et al., 1997). According to Lee et al., 1993, IGF-I and IGFBP-3 concentrations in porcine
serum are low during fetal life, but they increase in postnatal life. On the other hand, IGFBP-2 is present in
porcine follicular �uid (Monschein et al. 1990), it decreases in postnatal life (Russell and Van Wyk 1995;
Lee et al., 1993). IGF receptors (Fernandez-Moreno et al., 1987) types I and II (Schober et al., 1990; Young
et al., 1990 ) have been detected along the entire neonatal intestine. Schober et al. (1990) concluded that
in the piglet, binding of IGF-I to intestinal receptors was highest at birth, declined at 3 and 5 day
postpartum, but recovered by 21 day postpartum. This may very well explain the potency of IGF-1 on the
neonatal pigs. In addition, receptor binding is higher in newborn animals and declines with age (Li et al.,
2006 and Donovan et al., 2004). On this current study, however, these binding proteins and receptors were
not studied nor quanti�ed, such that no direct conclusion can be made on the its role on the magnitude of
effect during IGF-1 supplementation. It could only be said, based on the above publications that, IGF-1
binding proteins (IGFBP) and receptors mitigates the effects of IGF-1. On this study, however, it is
impossible to say whether or not that there is su�cient amount of serum binding proteins and receptors
or even their total absence or presence in the circulation during the phase of production and age of the
pig utilized. It could only be strongly suggested, based on the above literature, that, binding protein’s
availability as well as the receptors, will dictate the site and mechanism of action of IGF-1. Thereby
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understanding that binding proteins and receptors are paramount to IGF-1 to cause an effect, it will
nonetheless assist on explaining the results of this study.

Effect on Digestion of Orally Administered IGF-1

Burrin et al., in 1992 concluded that orally administered IGF-1 is stable to digestion during neonatal stage
of the piglet. According to Schoknecht et al. (1993), exogenous IGF-1 (or analogue) treatment given to
pigs does not feedback in a negative manner to inhibit endogenous IGF-1 secretion, thereby allowing the
growth-promoting properties of this hormone to be expressed, his conclusion formed the basis of dose
dependent IGF-1 feeding trials. However IGF-1 is rapidly degraded within the adult gastrointestinal tract
(Xian et al., 1995; Rao et al., 1998), but it appears to survive digestion and exert effects within the
neonatal intestine. On the current study, we cannot entirely conclude whether or not the orally
supplemented IGF-1 was affected by gastro intestinal secretions. We can only refer to the above-
mentioned studies that digestion will exert an effect on the availability of circulating IGF-1, in particular
with older pigs.

Other Factors

The health and nutritional status of the animal may very well affect the magnitude of response. The
absence of severe diarrhea is suggestive of a mature GIT, absence of pathogenic challenge or stable
immune system, thus none or minimum effect of supplementation can be achieved on an apparently
healthy animals. The average fecal score of Group C (IGF-1 at 0.5kg/ton) which is statistically signi�cant
has the value of 1.77 which leaned towards moist feces, thereby negating the ability of the treatment to
reduce cases of diarrhea. The overall signi�cance of the fecal score is with the time factor. When the
analysis was done per week, no signi�cant difference among treatments were observed. However, when
day 1 to 28 was treated as one period, statistical difference was observed. Interestingly, the other
treatments are statistically the same. However, this could be taken as an important factor for further
studies for the optimum inclusion rate for the free IGF-1 on diets. Again, it must be noted that the
experiment was conducted in weaned pigs that were apparently healthy and that pathogenic infection is
low or none at all, with no other known disease challenge that manifested at the start of the feeding trial.
The cause for these �ndings were, the least to say, unclear, but may be attributed to the timing, the
quantity of diet obtained and amount consumed, the quality of IGF-1 incorporation in the diet, dietary
composition, and age at weaning, that constitute differences on absorptive function in the GIT. Some of
these are clearly the limitations of this study. In general, it is well-accepted that response to feed additives
is dependent on age of the pig, disease level, environmental factors, and type of diet. It may be possible
that at this stage of production, the pig has been well acclimatized on the diet showing consistent feed
intake and weight gain. Healthy and well-fed animals with appropriate management, favorable
environment, and minimal stress are generally less responsive to a feed additive.

CBC and TNF-α Concentration
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Piglets are known to be susceptible to enteric infections due to not fully developed immunity and by
contact to pathogens naturally present in the environment. (Stokes et al., 2004; Petrovic et al., 2009). IGF-
1 has been proven effective in enhancing immunity of piglets by stimulating T-lymphocytes and natural
killer cells (Brocardo et al., 2001; Smith, 2010), gastrointestinal maturation (Xu et al., 1994; Hartke et al.,
2005), and nutrient absorption (Alexander and Carey, 1999). Enhancement of immunity can also be
related to previous studies on dietary supplementation of free IGF-1 in sows which resulted to increase in
survivability of piglets (Reyes et al., 2015; Song et al., 2014a and 2015b; Reyes et al., 2016). In the present
study, nursery pigs at day 15 that were not supplemented with free IGF-1 have WBC levels higher than the
normal values for pigs which is (24.86 vs. 11-22 x 103/µL; The Merck Veterinary Manual, 2016). This
demonstrates the potential of supplementing free IGF-1 in enhancing immunity of nursery pigs during
challenged conditions. The involvement of IGF-1 on red blood cell production has already been
established (Miyagawa et al., 2000; Kling et al., 2006). The increased rate of RBC production leads to
better oxygen transport in blood. In a study that involved cardiopulmonary bypass of piglets, intravenous
infusion of IGF-1 improved oxygen transport by reducing oxygen consumption as well as increasing
cardiac output and oxygen delivery during the �rst 6 hours post-operation (Li et al., 2004). Better oxygen
transport promotes anabolism such as muscle tissue growth. Improvement in RBC indices has potential
to improve growth rate and health of pigs even during times of stress. Exposure to micro-organisms
commonly elicit the production of cytokines. These soluble factors enhance several innate immune
functions that aim to limit the spread of infection. The onset of production of these cytokines is rapid,
and several of them may reach systemic levels during a short period after infection. Thus, cytokines can
serve as markers for ongoing infections and be used to discriminate between infections of bacterial or
viral origin. Several bacterial compounds (peptidoglycan, lipotechoic acid, polysaccharide, various toxins,
heat shock proteins, and super antigens) can induce the production of pro-in�ammatory cytokines (Degre,
1996) and consequently also infections with Gram-positive bacteria can result in measurable blood levels
of TNF-α , IL-6, IL-8, and G-CSF (Kragsbjerg et al., 1996). One study on porcine intestinal ion transport
shows that TNF- α may be involved in the stimulation of NaCl secretion in the ileum (Alexander et al.,
2001, 2002 and Kandil et al., 1994). Their data suggest that the increased expression of TNF- α may be
implicated in the development of post-weaning diarrhea. Pro-in�ammatory cytokines, such as TNFα, play
a vital role in the normal host resistance to infection, serving as immunomodulators and as mediators of
in�ammatory signs (Kiarie et al., 2009) thus, identifying the changes in serum concentration of which
could exhibit the effect of free IGF-1 supplementation on in�ammatory response. The results illustrated
that there is no statistical difference between the treated and non-treated groups with regards to the TNFα
(pg/ml) serum concentration. This could imply that, since there are no severe clinical signs of diarrhea
within the control and treatment groups, an immunomodulatory response through the pro-in�ammatory
cytokine, TNF-α, was demonstrated at lower values. A study reported by Nyachoti et al. (2012) reported
that increased TNF-α increased from 111.4 to 162.1 pg/ml upon ETEC challenge which proves that during
in�ammatory encounter, TNFα serum concentration will be on upsurge. In a study done by Kruse et al.
(2008), TNF-α increased in all animals after inoculation of Brachyspira hyodysenteriae, with a peak at
300 pg/ml. It must be emphasized that the release of TNF- α, and other in�ammatory cytokines, are rapid
and induced early in a disease or injury process. However, it’s not exclusive to viral and bacterial
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infections. A study by Pie et al. (2004) suggested that Cytokines play a central role in immune cell
response, but they also participate in the maintenance of tissue integrity. Changes in the cytokine network
of the pig gut may be expected at weaning, because abrupt changes in dietary and environmental factors
lead to important morphological and functional adaptations in the gut. The current results, could suggest
that the TNF-a levels present on the serum could indicate an in�ammatory response or could be
attributed to weaning. Stress brought by weaning commonly induce production of pro-in�ammatory
cytokines, such as TNF-α (Kiarie et al., 2009). Upon the presence of in�ammation, nursery pigs
supplemented with free IGF-1 could be able to immunomodulate or decrease the level of serum TNF-α ,
therefore reducing the signs of in�ammation. However, attributing these values entirely to infection could
not be determined due to the numerous factors affecting TNF-a release.

Concluding, the dietary supplementation of insulin growth factor-1 (IGF-1) had no signi�cant effect on the
production performance, serum concentration of tumor necrosis factor alpha and nutrient digestibility in
weaned pigs. Collectively, results indicated that supplementation of free-IGF-1 in piglets decreased WBC
and serum TNF-α levels while increasing RBC indices in piglets 2 weeks after weaning. We can also
measure earlier (e.g. day 7) to see possible greater response. It can be concluded that supplementation of
free-IGF-1 can lessen the negative impact of post-weaning stress particularly response to pathogen
infection and in�ammation. The study offered suggestive evidence for the role of dietary
supplementation of IGF-1 on fecal consistency. No diarrhea was observed on the entire trial period,
although pigs fed with control diet yielded the same fecal score. Further study should be focused on this
potential. The study appears to support the argument that age of the pig is an important factor to
consider. This would suggest that future research may done on neonatal pigs or at pre weaning period
with a considerable population. It is relevant to relate levels of IGF-1 in the circulation, thus, blood
pro�ling can be done periodically during the trial period. Future research into IGF-1 supplementation can
also be done by measuring the weight and length of the small intestine, furthermore a histopathological
examination can be performed to characterized the villous height and crypt depth. Modi�cation of the
basal diet can also be suggested. Other in�ammatory cytokines can also be included as a measure of
in�ammation.
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Ingredients Content (%)

Yellow Corn 45.48

Soybean Meal, US  25.00 

Sweet Whey  11.50 

Rice Bran  7.50 

Crude Coconut Oil  4.45 

Limestone, �ne  1.70 

Mono-Dicalcium Phosphate  1.68 

L-Lysine HCl  0.69 

Salt, Iodized  0.40 

DL-Methionine  0.31 

Acidi�er  0.30 

L-Threonine  0.30 

Toxin Binder  0.20 

Choline Chloride, 50%  0.14 

Vitamin Premix1  0.10 

Mineral Premix2  0.10 

Mold Inhibitor  0.05 

Copper Sulfate  0.05 

Zinc Oxide  0.03 

Antioxidant  0.01 

Tryptophan  0.01 

Metabolizable Energy Kcal,kg  3,250.00 

Crude Protein3 %  18.00 

Crude Fiber %  2.68 

Crude Fat3  %  7.43 

Calcium %  1.00 

Avail. Phosphorus %  0.50 

Lactose %  7.50 
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Starch %  30.45 

Digestible Lysine %  1.40 

Digestible Methionine %  0.56 

Digestible Met+Cys %  0.82 

Digestible Threonine %  0.91 

Digestible Tryptophan %  0.20 

Digestible Valine %  0.80 

1 Vitamin Premix: A (50,000,000 IU), D (10,000,000 IU), E (200,000 mg), K3 (10,000 mg), B1 (10,000 mg),
B2 (25,000 mg), B3 (170,000 mg), B5 (70,000 mg), B6 (20,000 mg), B9 (5,000 mg); B12 (100 mg), and
Biotin (1,000 mg).
2 Mineral Premix: Iron (80,000 mg), Zinc (140,000 mg), Manganese (40,000 mg), Copper (100,000 mg),
Iodine (400 mg), Selenium (300 mg), and Cobalt (1,600 mg).
3 Proximate Analysis: CP (17.99%) and CFat (6.28%).
Table 2. Mean values of weekly body weight, fecal score, cumulative feed intake (FI), average daily gain
(ADG), and feed conversion ratio (FCR) of 50 individually caged pigs fed with diets supplemented with
and without free IGF-1.
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  Treatment levels of IGF-1, kg/ton    

Response Variable A B C D E SEM P-value

Body Weight, kg d 1-7 11.58 11.34 11.50 12.20 12.19 0.5519 0.7090

d 1-14 14.56 14.87 14.61 15.58 15.64 0.6715 0.6583

d 1-21 18.41 19.36 19.56 20.41 20.66 0.8854 0.4037

d 1-28 23.45 23.80 24.85 26.20 26.00 1.1075 0.2977

FI, kg d 1-7 4.09 3.97 4.09 4.18 4.21 0.2043 0.9368

d 1-14 9.64 9.81 9.58 10.12 10.30 0.4530 0.7462

d 1-21 16.82 17.42 16.85 18.07 18.45 0.8309 0.5381

d 1-28 22.23 22.21 21.88 23.19 23.69 0.7163 0.3520

ADG, g d 1-7 312 315 305 341 358 25.70 0.5300

d 1-14 369 410 375 412 425 23.37 0.2718

d 1-21 429 487 486 504 523 27.10 0.1358

d 1-28 502 524 553 585 583 28.94 0.1522

FCR, kg d 1-7 1.93 1.86 1.99 1.87 1.73 0.1361 0.7425

d 1-14 1.89 1.74 1.84 1.81 1.73 0.0762 0.5754

d 1-21 1.89 1.71 1.67 1.76 1.68 0.0664 0.1298

d 1-28 1.63 1.53 1.46 1.46 1.46 0.0817 0.5065

Fecal Score d 2-7 1.63 1.76 1.96 1.84 1.76 0.1587 0.3037

d 8-14 1.56 1.63 1.69 1.57 1.43 0.0947 0.2455

d 15-21 1.63 1.58 1.65 1.50 1.55 0.1109 0.0904

d 16-28 1.38 1.41 1.42 1.35 1.34 0.0750 0.2822

Ave. Fecal Score d 1-28 1.6a 1.67a 1.77b 1.64a 1.59a 0.1476 0.0388

a-b Values in the same row with different superscripts are statistically signi�cant (P<0.05)
Table 3. Mean values of crude protein (CP), crude fat (CF), metabolizable energy (ME) and digestible
energy (DE) digestibility of 15 individually caged pigs fed with diets supplemented with and without free
IGF-1.
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  Treatment levels of IGF-1, kg/ton    

Item A B C D E SEM P-value

Crude Protein (CP), % 18.61 17.52 17.32 17.07 17.61 0.7535 0.6684

Coe�cient of
Digestibility for CP, %

0.8322 0.8495 0.8616 0.8750 0.8510 0.02 0.7772

Digestible CP, % 14.97 15.28 15.50 15.74 15.31 0.43 0.7772

Crude Fat (CFat), % 4.62 3.72 3.03 3.77 4.39 0.3825 0.1117

Gros Energy (GE), kcal 3945.88 3945.88 3945.88 3945.88 3945.88

Coe�cient of
Digestibility for
Digestible Gross
Energy (DE), %

0.8660 0.8740 0.8861 0.8934 0.8727 0.02 0.7835

Digestible GE, kcal 3417.00 3448.67 3496.36 3525.17 3443.42 66.55 0.7835

Coe�cient of
Digestibility for
Metabolizable Gross
Energy (ME), %

0.8545 0.8684 0.882 0.8905 0.8657 0.02 0.6224

Metabolizable GE,
kcal

3371.86 3426.47 3480.17 3513.75 3415.75 67.75 0.6224

Table 4. Mean values of complete blood count (CBC) of 40 individually caged pigs fed with diets
supplemented with and without free IGF-1.
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  Treatment levels of IGF-1, kg/ton      

  A B C D E SEM p-value

WBC              

Day 15 24.86a 22.29ab 17.57b 17.98b 17.79b 1.7095 0.0161

Day 30  20.79 19.70 16.65 17.49 18.82 4.7073 0.6535

Neutrophils              

Day 15 29.83 31.83 27.67 27.67 22.50 2.5921 0.1597

Day 30  40.33 34.33 27.83 33.50 43.00 4.8745 0.4816

Lymphocytes              

Day 15 65.50 63.83 65.33 65.17 71.83 2.7705 0.3013

Day 30  54.33 59.67 67.67 58.50 48.67 0.1295 0.5997

Neutrophil:Lymphocyte              

Day 15 0.48 0.51 0.44 0.43 0.32 0.0574 0.2131

Day 30  0.96 0.58 0.43 0.59 0.90 1.2095 0.3464

Monocytes              

Day 15 4.67 4.33 7.00 7.17 5.67 1.0796 0.2234

Day 30  3.67 4.33 4.33 6.67 5.83 1.0611 0.5222

Eosinophils              

Day 15 - - - 0.17 0.33 0.1202 0.1649

Day 30  1.67 1.83 1.83 1.33 2.50 1.0611 0.8289

Basophils              

Day 15 - - - - - - -

Day 30  - - - - - - -

RBC              

Day 15 6.73 6.70 7.07 7.37 7.00 0.1706 0.0607

Day 30  6.66 6.90 6.90 6.90 6.88 0.5933 0.5586

Hgb              

Day 15 9.85 9.71 10.47 10.47 10.40 0.4167 0.5446
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Day 30  9.65 9.92 10.42 9.90 9.83 2.2756 0.4170

PCV              

Day 15 38.17  37.28  40.15  40.83  39.00 1.5890 0.5156

Day 30  35.50  37.33  38.33  36.67  36.33  2.6083  0.6649 

MCV              

Day 15 55.90  55.06  56.67  55.42  56.12  1.6468 0.9644

Day 30  53.18  54.58  55.60  52.97  53.63  0.6784  0.6504 

MCH              

Day 15 16.81  14.43  14.70  14.26  14.88  1.0383 0.4334

Day 30  14.52  14.76  15.10  14.29  14.60  0.2794  0.9242 

MCHC              

Day 15 27.08  26.28  26.10  25.48  26.38  0.6267 0.4609

a-bValues in the same row with different superscripts are statistically signi�cant (P<0.05)

Table 5. Mean values of Serum TNF α concentration (pg/ml) of 40 individually caged pigs fed with diets
supplemented with and without free IGF-1. 

 Treatment levels of IGF-1, kg/ton    

Item A B C D E SEM P-value

d 14 106.6275 90.3681 83.2751 79.2821 86.9049 6.2168 0.0569

d 28 136.8150 85.9454 87.0546 115.0738 95.7091 16.1587 0.1860

Figures

Figure 1
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Fecal scoring guide used (1 = normal, 2 = moist, 3 = mild diarrhea, 4 = severe diarrhea, 5 = watery
diarrhea)


