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ABSTRACT

This experiment was conducted to determine the effects of extracts from fruit by-products on the blood characteristics, 
antioxidant activities, and immune response to Escherichia coli lipopolysaccharide (LPS) in growing pigs. A total of 96 pigs 
[(Landrace × Yorkshire) × Duroc] with an initial BW of 27.94 ± 0.92 kg were used in a 6-week feeding trial. The pigs were 
randomly placed into one of four treatment groups with six replications (four pigs per replication) per treatment according to their 
initial BW. Treatments were: 1) CON (basal diet), 2) PRO (CON + 0.5% procyanidin), 3) HES (CON + 0.5% hesperetin), 4) TAN 
(CON + 0.5% tannin). At the end of the sixth week, five pigs (total 20 pigs, BW = 27.94 ± 0.92 kg) were selected from each 
treatment and injected with LPS (100 µg/kg of BW). Blood samples were collected 3 h after LPS injection to assess anti-oxidative 
and inflammatory responses. After the LPS challenge, the concentration of serum cholesterol decreased with fruit by-product 
treatment compared with CON (p<0.05). The administration of TAN increased the concentration of blood total protein compared 
with the CON group 3 h after LPS challenge (p<0.05). The albumin concentration was also higher with PRO treatment compared 
to HES treatment (p<0.05). The concentration of IgM was increased by fruit by-product supplementation at 0 and 3 h (p<0.05). In 
addition, IgG concentration was higher in PRO, HES, and TAN treatments compared to CON treatment at 0 h, and IgG 
concentrations were also higher in the HES group compared to the CON group at 3 h (p<0.05). The concentration of IgA also 
increased with fruit by-product treatments at 3 h (p<0.05). In conclusion, dietary supplementation with fruit by-products may 
moderate the immune response after a LPS challenge in growing pigs.
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INTRODUCTION

During the summer seasons, fruit by-products from grapes, 
citrus fruits, and persimmons are abundant in South Korea.   
Many researchers have reported that extracts from grape 
seeds possess antioxidant, anti-inflammatory, and antimicrobial 
activity (Jayaprakasha et al., 2003; Vigna et al., 2003). Lien 
et al. (2007) reported that flavonoids in grape extracts are 
components that could promote health. Han et al. (2008) 
reported that high concentrations of procyanidins in grape 
seeds contribute a hydrogen donation ability that exerts a 
strong antioxidant effect. Brenes et al. (2008) demonstrated 
that polyunsaturated fatty acids (PUFA) in grape pomace 
powder inhibit oxidation in the chicken breast.

Larrauri et al. (1996) reported that citrus peels contained 
high levels (904 µg/g) of flavonoids (e.g., hesperetin), which 
contain numerous hydroxyl (-OH) groups, and act as strong 

antioxidants by supplying hydrogen atoms to quench free 
radicals (Deng et al., 1997; Jeon et al., 2001). Persimmons 
also contain many medicinally bioactive compounds, such as 
carotenoids, tannins, and flavonoids (Mallavadhani et al., 
1998). The concentration of carotenoids and polyphenols are 
also relatively higher in the peel than the pulp (Kawase et 
al., 2003). 

Despite these previous studies, little work has been 
conducted to evaluate the effects of fruit by-products on 
antioxidant activities and immune responses in growing pigs.  
We hypothesized that the application of fruit by-products 
could ease oxidative stress caused by Escherichia coli in 
growing pigs. We therefore investigated the effects of 
procyanidin, hesperetin, and tannin on the blood characteristics, 
antioxidant activities, and immune responses under an 
inflammatory challenge in growing pigs. 
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MATERIALS AND METHODS

1. Preparation of fruit by-products

The fruit by-product extracts used in this study were 
supplied from SINE-BIO Inc. (Seongman, Korea). Briefly, 
fruit by-product extracts were collected and sterilized as 
described by Hwang et al. (2011). Procyanidin was extracted 
using a mixture of acetone/water/acetic acid (v/v/v 70/29.5/ 
0.5), and filtered and dried under reduced pressure using a 
rotary evaporator at 40℃. It was further dried using a freeze 
drier and 70% acetone extracts were obtained. The extracts 
were separated using n-hexane, and further separated using 
an open column chromatography packed with silica gel. The 
stationary phase consisted of Sephadex LX-20 and the 
mobile phase consisted of a mixture of methanol and water 
(v/v 20/80). 

Citrus peel was ground to a powder and soaked in 
methanol for over a day. The methanol extracts were filtered 
and dried under reduced pressure using a rotary evaporator 
at 40℃. A C18 column (Phenomenex, Torance, CA, 250 × 
4.6 mm) was used for reverse-phase with a mobile phase 
consisting of a mixture of acetonitrile and water (20:80 v/v). 
The flow rate was 1.0 ml/min and the sample was detected 
at 283 nm.

Persimmon peel was ground to a powder and soaked in 
50% aqueous methanol (water : methanol = 50/50) over a day. 
The 50% aqueous methanol extracts were filtered and dried 
under reduced pressure using a rotary evaporator at 40℃. A 
C18 column (Phenomenex, Torance, CA, 250 × 4.6 mm) was 
used for reverse-phase with a mobile phase consisting of a 
mixture of methanol and 0.2% phosphate solution (10:90 v/v). 
The flow rate was 1.0 ml/min and the sample was detected 
at 280 nm.

2. Animal management and experimental diets

The experimental protocol used in this study was approved 
through the Animal Care and Use Committee of Dankook 
University. All pigs were housed in an environmentally 
controlled facility with slatted plastic flooring and a 
mechanical ventilation system. Each pen was equipped with 
a one-sided, stainless-steel self-feeder and a nipple drinker 
that allowed ad libitum access to feed and water. All 
constituents of the diets were formulated in a mash form to 
meet or exceed the nutrient requirements (NRC, 1998) for 20 

to 50 kg of BW growing pigs (Table 1).

(1) Experimental animals and design
A total of 96 pigs [(Landrace × Yorkshire) × Duroc, BW = 

27.94 ± 0.92 kg] were used in a six-week experiment. They 
were randomly assigned to one of four treatments with 
sixreplications (four pigs per replication) per treatment 
according to their initial BW. Treatments were: 1) CON 
(basal diet), 2) PRO (CON + 0.5% procyanidin), 3) HES 
(CON + 0.5% hesperetin), and 4) TAN (CON + 0.5% tannin).

After the feeding trial, 20 pigs were selected from the 
four treatment groups (five pigs per treatment) to conduct 
subsequent challenge trials. The average BW of the 20 pigs 
was 49.06 ± 4.79 kg. Pigs were housed in an environmentally 
controlled room (24 to 27℃) and allowed free access to feed 
and water during this period. No vaccines or antibiotics were 
administered to these pigs before or throughout the study. 
All of the pigs in each dietary treatment were injected with 
E. coli (serotype O111: B4) LPS (Sigma Chemical Co., St. 
Louis, MO) at a level of 100 µg/kg BW. The dosage of 
LPS used was based on the results of previous studies 
(Matteri et al., 1998; Wright et al., 2000). The LPS solution 
(1 mg/ml) was prepared via the dilution of the LPS with 
phosphate buffered saline (PBS). 

(2) Sampling and measurements
Blood samples were collected from all pigs via jugular 

venipuncture at d 0, d 42, and 3 h after the administration 
of LPS. Blood samples were collected into a non-heparinized 
vacuum tube (Becton Dickinson Vacutainer Systems, Franklin 
Lakes, NJ) for the evaluation of sera. Whole blood samples 
were subsequently centrifuged for 15 min at 3000 × g and 
the sera harvested. Thereafter, the samples were frozen and 
stored at －20℃ until further analysis. The creatinine, 
glutamic oxalate transaminases (GOT), lactate dehydrogenase 
(LD), cholesterol, total proteins (TP), albumin, and blood urea 
nitrogen (BUN) concentrations in the sera were analyzed 
using an automatic blood analyzer (COBAS MIRA plus, 
ROCHE diagnostics. Block Scientific, Inc. Bochemia, NY. 
USA). Serum cortisol was determined using a radio- 
immunoassay (RIA) kit (Siemens, USA), TNF-α was evaluated 
using a commercially available enzyme immune assay (EIA) 
kit (R&D, US), and IL-6 was evaluated using a commercially 
available enzyme immune assay (EIA) kit (Raybiotech, US). 
Serum immunoglobulin A, G, and M concentrations were 
evaluated using commercially available ELISA Starter 
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Table 1. Compositions of experimental diets (as-fed basis)

      Item CON1) PRO1) HES1) TAN1)

Ingredients, %
Corn 47.01 46.71 46.71 46.71
wheat 11.15 11.15 11.15 11.15
Soybean meal 23.10 22.90 22.90 22.90
DDGS  8.00  8.00   8.00   8.00
Rice bran  1.00  1.00   1.00   1.00
Tallow  3.23  3.23   3.23   3.23
Molasses  3.00  3.00   3.00   3.00
Dicalcium phosphate  0.25  0.25   0.25   0.25
Limestone  1.68  1.68   1.68   1.68
Salt  0.30  0.30   0.30   0.30
Choline chloride  0.08  0.08   0.08   0.08
L‐Lysine  0.83  0.83   0.83   0.83
DL‐Methionine  0.05  0.05   0.05   0.05
L‐Threonine  0.02  0.02   0.02   0.02
Vitamin premix2)  0.20  0.20   0.20   0.20
Trace mineral premix3)  0.10  0.10   0.10   0.10

      Procyanidin －  0.50 － －
      Hesperidin － －   0.50 －
      Tannin － － －   0.50
Chemical analysis value

DE, kcal/kg 3380 3350 3360 3350
Crude protein, % 19.00 18.87 18.91 18.85
Crude fat, %  6.49   6.33   6.40   6.37
Lys, %  0.94   0.92   0.93   0.91
Ca, %  0.80   0.80   0.80   0.80
Total P, %  0.63   0.63   0.63   0.63

1) Abbreviation: CON (basal diet), PRO (CON + 0.5% procyanidin), HES (CON + 0.5% tannin), TAN (CON + 0.5% tannin).
2) Provided per kg of complete diet: vitamin A, 4,000 IU; vitamin D3, 800 IU; vitamin E, 171 IU; vitamin K, 2 mg; riboflavin, 4 mg; niacin, 20 

mg; thiamine, 4 mg; d‐pantothenic, 11 mg; choline, 166 mg; biotin, 0.08 mg; and vitamin B12, 16 μg.
3) Provided per kg of complete diet: Cu (as CuSO4 · 5H2O), 15 mg; Fe (as FeSO4 · 7H2O), 80 mg; Zn (as ZnSO4), 56 mg; Mn (MnO2), 74 mg; I 

(as KI), 0.3 mg; Co (as CoSO4 · 5H2O), 0.5 mg; and Se (as Na2SeO3 · 5H2O ), 0.4 mg.

Accessory kits (Bethyl Laboratories, Inc. Montgomery, TX. 
USA). The absorbance was read at 450 nm using a microplate 
reader (Versamax, Molecular Devices, Inc. Sunnyvale, CA. 
US).

The effect of fruit by-products on 1,1-diphenyl-2-picryl- 
hydrazyl (DPPH) radicals was estimated according to the 
method of Lim et al. (2000). In brief, after 0.5 ml of 0.5 
mM DPPH was mixed with 0.5 ml of 100 mM Tris-HCl 
buffer, 0.05 ml of pig sera was added for 15 min (37℃). 
Thereafter, 1 mlof chloroform was added into the solution, 
and the absorbance was measured at 517 nm after a 3,000 
rpm centrifugation for 10 min. Superoxide dismutase (SOD) 

activity in sera was determined according to the method of 
Marklund and Marklund (1974). After mixing 0.1 ml of 
serum in 1.5 ml Tri-HCl buffer, 0.05 ml of 5 mM pyrogallol 
was added into the serum solution at 25℃ for a 30 min 
reaction in water-bath. The absorbance was measured at 420 
nm, and the SOD-like activity was calculated using the 
following formula: 

SOD-like activity, % = [control absorbance - (sample absorbance 
- blank absorbance)] / control absorbance × 100.

3. Statistical analysis
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Table 2. The effect of fruit by-product extracts on blood profiles in growing pigs1)

    Items, % CON PRO HES TAN SEM2)

Creatinine (mg/dL)
    d 0        2.1        1.8        1.4        1.5 0.3
    d 42        1.9ab        2.3a        1.1b        1.4b 0.3
    d 42 + LPS 3hr        2.2        2.4        1.8        2.1 0.3
GOT (U/L)
    d 0      50.8      79.3      77.8      73.45 10
    d 42      52.7      45.5      41.0      36.8 9.7
    d 42 + LPS 3hr      55.0      76.5      56.0      53.8 9.3
LD (mg/dL)
    d 0 1,502 1,625 1,418 1,376 105
    d 42    674    799    523    548 55
    d 42 + LPS 3hr 1,089 1,386    632    635 36
Cholesterol (mg/dL)
    d 0    103.3    104.0      98.3      94.0 4.6
    d 42      97.8    106.4    105.3      97.8 4.7
    d 42 + LPS 3hr    142.0a    136.8a      98.3b      86.5b 5.0
Total proteins (g/dL)
    d 0        5.4      15.4        5.5        5.5 4.1
    d 42        6.5b        7.4a        6.7b        6.9ab 0.2
    d 42 + LPS 3hr        6.3b        6.6ab        6.6ab        6.9a 0.1
Albumin (g/dL)
    d 0        3.2        3.3        3.2        3.1 0.1
    d 42        3.2ab        3.4a        2.9c        3.1bc 0.1
    d 42 + LPS 3hr        3.2        3.1        3.0        3.2 0.1
BUN (mg/dL)
    d 0      13.3      16.0      14.8      15.0 2.0
    d 42      18.5      21.0      16.3      18.0 3.0
    d 42 + LPS 3hr      21.3      19.8      18.8      18.3 1.9
1) Abbreviation: CON (basal diet), PRO (CON + 0.5% procyanidin), HES (CON + 0.5% tannin), TAN (CON + 0.5% tannin).
2 ) Standard error of the mean.
a,b,c Means in the same row with different superscripts differ (p<0.05).

All the data were analyzed by ANOVA using the General 
Linear Models (GLM) procedure of SAS (SAS Institute, 2008), 
with the pen being defined as the experimental unit. 
Differences among treatments were separated by Duncan's 
multiple range tests. The results were expressed as the least 
square means ± SEM. Probability values less than 0.05 were 
considered significant.

RESULTS

1. Blood characteristics

After LPS challenge, the serum cholesterol concentration 
with HES and TAN treatments were lower (p<0.05) compared 
with CON and PRO treatments (Table 2). In addition, the 

total protein concentration increased with TAN treatment 
compared with CON treatment (p<0.05). No differences were 
observed in GOT, LD, and BUN concentrations among all 
treatments throughout the experiment.

2. Immune response

Dietary supplementation with fruit by-products increased 
the concentrations of IgM and IgG at d 42 (p<0.05) (Table 
3). Pigs fed the PRO, HES, and TAN diets had higher IgM 
and IgA 3 h after the LPS challenge (p<0.05). The IgG 
concentration also increased with HES treatment compared 
with CON diet 3 h after the LPS challenge (p<0.05). The 
serum concentrations of cortisol, TNF-α, and IL-6 were 
unaffected by dietary treatments (p>0.05) (Table 4).
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Table 3. The effect of fruit by-product extracts on immune response in growing pigs1)

    Items, mg/mL CON PRO HES TAN SEM2)

Immunoglobin M (IgM)
    0 h 3.33b 14.88a 11.67a 15.08a 1.10
    3 h 2.28b 11.99a 11.31a 12.60a 0.74
Immunoglobin G (IgG)
    0 h 5.36b   8.43a   8.45a   8.17a 0.76
    3 h 7.03b   9.24ab 10.35a   9.08ab 0.73
Immunoglobin A (IgA)
    0 h 1.97   2.43   2.05   2.31 0.17
    3 h 0.84b   2.01a   1.84a   1.73a 0.12
1)Abbreviation: CON (basal diet), PRO (CON + 0.5% procyanidin), HES (CON + 0.5% tannin), TAN (CON + 0.5% tannin).
2) Standard error of the means.
a,b Means in the same row with different superscripts differ (p<0.05).

Table 4. The effect of fruit by-product extracts on serum cortisol, TNF-α, and IL-6 concentrations 3 hr after 
challenge with lipopolysaccharide in growing pigs1)

    Items CON PRO HES TAN SEM2)

Cortisol (µg/dL)      12.3      16.9      11.8      11.9      4.4
TNF‐α (pg/mL)    364.4    879.6    721.4    252.4 26
IL‐6 (pg/mL) 5,644 6,773 5,416 4,142 22
1) Abbreviation: CON (basal diet), PRO (CON + 0.5% procyanidin), HES (CON + 0.5% tannin), TAN (CON + 0.5% tannin).
2)  Standard error of mean.

Table 5. The effect of fruit by-product extracts on antioxidant activities in growing pigs1)

    Items, % CON PRO HES TAN SEM2)

DPPH free radical scavenging 42.5 41.0 39.6 39.4 3.5
SOD‐liked activity 25.1b 55.9a 39.4ab 28.7ab 9.2
1) Abbreviation: CON (basal diet), PRO (CON + 0.5% procyanidin), HES (CON + 0.5% tannin), TAN (CON + 0.5% tannin).
2)  Standard error of the mean.
a,b Means in the same row with different superscripts differ (p<0.05).

3. Antioxidant activity

At d 42, no difference was observed in DPPH free radical 
scavenging activity among treatments (p>0.05) (Table 5). 
However, the SOD-like activity increased with PRO 
treatment compared with the CON treatment (p<0.05). 

DISCUSSION

The serum concentration of creatinine is the most widely 
used and commonly accepted measure of renal function in 
clinical medicine (Chen et al., 2003). Polyphenolic flavonoids 
in fruits are known for their ability to inhibit platelet 
aggregation and polymorphonuclear leukocyte function in 

vivo. The concentration of leucocytes was significantly 
increased by supplementation of a flavonoid-rich extract of 
orange peel (5 mg/100 g body weight) in guinea-pigs (Wilson 
et al., 1976). 

In the current study, the concentrations of total proteins 
and albumin were increased with procyanidin and tannin 
treatments. Nitric oxide free radicals (NO∙) display a high 
affinity for the heme group of some proteins (Staedler et al., 
1995). The production of NO is increased by various 
pro-inflammatory factors such as LPS challenge, ultraviolet 
irradiation, and ozone (Pendino et al., 1993; Warren, 1994). 
Virgili et al. (1998) reported that procyanidins could decrease 
the massive amounts of NO by depressing the expression of 
a distinct isoform of nitric oxide synthase. Thus, this may 
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explain how NO∙ combined proteins are released from the 
heme group.

In this study, the concentration of cholesterol decreased 
with HES and TAN treatments compared with CON and 
PRO treatments after the challenge with LPS. Other reports 
have also demonstrated that dietary supplementation with 
hesperetin decreases serum cholesterol levelin rats (Lee et al., 
1999; Kim et al. 2003). This might be attributed to its 
ability to decrease the activities of the liver cholesterol 
synthesis (and rate limiting) enzymes HMG-COA reductase 
and acyl-COA : cholesterol acyltransferase (Lee et al., 1999; 
Kim et al. 2003).

The inflammatory and acute phase responses occurring 
after challenge with endotoxic materials, such as LPS, have 
been characterized in pig models (Johnson, 1997; Wright et 
al., 2000). Pro-inflammatory cytokines, such as tumor 
necrosis factor α (TNF-α), interleukin-6 (IL-6), as well as 
cortisol, are reportedly elevated in plasma in response to 
peripheral lipopolysaccharide (LPS) injection in weaned pigs 
(Webel et al., 1997). In this study there was no effect 
observed in the concentrations of cortisol, TNF-α, and IL-6 
by dietary supplementation, but the consumption of fruit 
by-products increased IgM, IgG, and IgA levels in sera after 
the LPS challenge. 

Potent anti-inflammatory properties of procyanidins have 
been demonstrated on experimental inflammation in rats and 
mice (Marnewick et al., 2003; Marnewick et al., 2005). Terra 
et al. (2007) reported that grape-seed procyanidins enhance 
anti-inflammatory activity by decreasing the overproduction 
of NO and prostaglandin E2 through the NFkB inhibiting 
signaling pathway. Certain flavonoids possess potent 
inhibitory activities on several enzyme systems, such as 
protein kinase C, protein tyrosine kinases, and phospholipase 
A2 by redox activity. 

Procyanidin and flavonoids are composed of aromatic rings 
with hydroxyl groups and potentially quench free radicals by 
forming resonance-stabilized phenoxyl radicals (Rice-Evans et 
al., 1996). Antioxidant activities were evaluated by assessing 
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity
(RSA) and SOD (superoxide dismutase) activity. Free radicals 
and active oxygen species play a causative role in such 
diseases as cancer and atherosclerosis. They also cause 
protein modification, enzyme inactivation, and DNA damage 
through the oxidation of lipids, proteins, and DNA (Miyake 
et al., 2003). SOD and GPX (glutathione peroxidase) are 
important antioxidant defense. These enzymes are involved in 

the clearance of superoxide and H2O2 to maintain the 
structure and function of biological membranes (McCord, 
2000). 

In our study, SOD-like activity improved through dietary 
supplementation with procyanidin. In previous studies, the 
main mechanisms of procyanidin's antioxidant activity were 
attributed to direct free radical scavenging, transition metal 
chelation, and the maintenance of endogenous antioxidants, 
such as the glutathione and superoxide dismutase systems 
(Touriño et al., 2005). Zhishen et al. (1999) also reported 
that flavonoids could directly to scavenge O2

∙ and OH∙ by 
single electron transfer. However, the free radical scavenging 
activity was unaffected by supplementation with fruit 
by-products in diets. This lack of effect could be due to 
many factors, such as where the oxidation of key molecules 
(e.g., lipids, proteins, DNA) takes place (Frankel, 1995). 
Moreover, the biological modification of procyanidin after 
ingestion in animals may induce compounds in the 
supplementation mixture that may not eventually exert 
antioxidant activity (Packer et al., 1999). 

CONCLUSION

In conclusion, our results indicate that dietary supplement- 
ation with fruit by-products may improve antioxidant 
activities and moderate immune responses after LPS 
challenge in growing pigs. 
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