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  ABSTRACT   Two experiments were conducted to eval-
uate potato protein (PP, experiment 1) and refined PP 
(RPP, experiment 2) obtained from Gogu valley tubers 
as an antimicrobial agent in broiler diets. In both the 
experiments, 1-d-old male Ross 308 chicks were allotted 
to 5 treatments and performance, nutrient retention, 
and microbial populations in excreta and cecum were 
studied. Dietary treatments were as follows: basal diet 
(negative control, NC), basal diet with antibiotic (posi-
tive control, PC, 10 mg/kg of avilamycin), and low, 
medium, or high levels of PP (0.25, 0.50, and 0.75%, re-
spectively, in experiment 1) or RPP (200, 400, and 600 
mg/kg, respectively, in experiment 2). The overall gain 
and retention of DM (d 20 to 21) and CP (d 20 to 21 
and d 41 to 42) were greater in birds fed PC and high 
PP diets than birds fed the NC diet. Population of total 
aerobic bacteria and coliforms was lowest in the cecum 
and excreta of birds fed the PC diet and highest in 

birds fed the NC diet. An increase in dietary PP linear-
ly improved BW gain, feed intake, and feed conversion 
ratio during starter phase and overall BW gain. Also, 
there was linear improvement in retention of DM (d 20 
to 21) and CP (d 20 to 21 and d 41 to 42) and reduced 
populations of total aerobic bacteria and coliforms in 
the cecum (d 42) and excreta (d 28 and 42) due to an 
increase in dietary PP. In the second experiment, the 
PC diet and diets with increasing levels of RPP had 
no effect on performance and nutrient retention. Birds 
fed the PC diet had the lowest microbial population 
in excreta and cecum, whereas the population of total 
aerobic bacteria and coliforms in excreta and cecum 
decreased (linear, P < 0.05) as the level of RPP was 
increased in the diet. These results suggest that both 
PP and RPP obtained from Gogu valley potato tubers 
have in vivo antimicrobial activity. 
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  INTRODUCTION 
  Antimicrobial peptides (AMP) are small gene-en-

coded peptides having a broad range of activity against 
gram-negative and gram-positive bacteria, fungi, and 
mycobacteria (Zasloff, 2002). These peptides have been 
isolated from tissues and organisms representing virtu-
ally every kingdom and phylum. Plants produce sev-
eral types of such proteins that mediate defense against 

pathogens and invading microbes (Pouvreau et al., 
2003). 

  Potatoes (Solanum tuberosum) are commonly culti-
vated for human consumption and are known to have 
antimicrobial properties (Han et al., 1996). A 5.6-kDa 
peptide named potamin-1 (PT-1) has been isolated 
from the potato tubers of Gogu valley potatoes and it 
was reported to have antimicrobial activity (Kim et al., 
2005). Commercially, potato protein (PP) is obtained 
as co-product of potato starch extraction by heat treat-
ment of the effluent. The heat treatment results in ir-
reversibly precipitated proteins (Knorr et al., 1977). In 
our previous study, PP were obtained from the tubers of 
Gogu valley potatoes by using protein extraction buffer 
and freeze-drying (Jin et al., 2008). This PP inhibited 
in vitro growth of pathogenic bacteria (Staphylococcus 
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aureus, Salmonella Gallinarum, and Escherichia coli) 
at concentrations between 300 to 500 mg/kg and when 
included at 0.25 to 0.75% in the diet of weaning pigs 
improved their performance and also reduced the popu-
lation of fecal coliforms (Jin et al., 2008). In another 
study, the protein present in the tubers of Gogu val-
ley were extracted in protein extraction buffer followed 
by centrifugation, ultrafiltration, and freeze-drying and 
the product obtained was named as refined PP (RPP). 
This RPP inhibited the in vitro growth of Salmonella 
Choleraesuis, Salmonella Gallinarum, and E. coli at 100 
μg/mL and Staph. aureus at 150 μg/mL (Z. Jin, un-
published data).

Thus, it was hypothesized that PP and RPP obtained 
from the tubers of Gogu valley potato could be used as 
an antimicrobial agent in the diet of broilers. Hence, PP 
(experiment 1) and RPP (experiment 2) obtained from 
the tubers of Gogu valley potatoes were included at dif-
ferent levels in the diet of broilers and effects on growth 
performance, retention of DM and CP, and microbial 
populations in excreta and cecum were studied.

MATERIALS AND METHODS
The protocol for these experiments was approved and 

birds were cared for according to the guidelines of the 
Institutional Animal Care and Use Committee of Kang-
won National University.

Preparation of PP
Potato tubers (S. tuberosum L. cv. Gogu valley) were 

procured from the Potato Valley Co. Ltd. (Sammachiri, 
Kangwon-do, South Korea) and stored in the dark at 
4°C (RG 95 to 100%) for 6 mo. The further processing 
of potato tubers to obtain PP was done as described 
previously by Jin et al. (2008).

Preparation of RPP
Potato tubers were first soaked in distilled water for 2 

h and then mashed; afterward, protein extraction buffer 
(50 mM Tris-HCl, pH 7.5, 10 mM EDTA, 150 mM NaCl, 
1% dimethyl sulfoxide, and 0.1% β-mercaptoethanol) 
was added to this mash. This was followed by mixing 
the extraction buffer with potato mash for 15 min, fol-
lowed by centrifugation at 32,000 × g for 30 min. The 
supernatant obtained was subjected to ultrafiltration 
with a 10,000-molecular weight cut-off membrane and 
the extract was freeze-dried to form RPP powder (Z. 
Jin, unpublished data). The 10,000-molecular weight 
cut-off membrane was used as the component with 
mass <10 kDa was found to be most active in inhibit-
ing the microbial growth (Kim et al., 2005).

Birds, Diets, and Management
In both the experiments, 600 one-day-old male broil-

er chicks (Ross 308, average BW 44 ± 3.59 g in ex-

periment 1 and 34.71 ± 2.18 g in experiment 2) were 
allotted to 5 dietary treatments, each consisting of 4 
pens as replicates, with 30 chicks in each pen. A ran-
domized complete block design was employed for both 
the experiments and chicks were blocked on the basis 
of initial BW. Dietary treatments were negative control 
(NC; basal diet without added antibiotic), positive con-
trol (PC; basal diet added with antibiotic, 10 mg/kg of 
avilamycin), and basal diets added with low, medium, 
and high level of PP (experiment 1) or RPP (experi-
ment 2). The levels of PP used in experiment 1 were 
0.25, 0.50, and 0.75%, respectively, for low, medium, 
and high PP diets, whereas in experiment 2, RPP was 
added at 200, 400, and 600 mg/kg in low, medium, and 
high RPP diets, respectively. In both the experiments, 
the treatment starter and finisher diets were fed from 
d 0 to 21 and d 21 to 42, respectively. The PP and 
RPP were added to diets at the expense of corn and 
soybean meal and isocalorific and isonitrogenous diets 
were formulated (Table 1). All of the nutrients met or 
exceeded the nutrient requirements as recommended by 
NRC (1994).

The birds were housed in rice hull-covered floor pens. 
Each pen was provided with a self-feeder and hanging 
bell waterer to allow free access to feed and water. The 
house temperature was maintained at 34°C for the first 
5 d and then gradually reduced according to normal 
management practices, until a temperature of 23°C was 
achieved. Lighting was provided for 23 h/d.

The birds were weighed individually and pen feed 
intake was noted at the end of each phase to calculate 
BW gain and feed conversion ratio (FCR) for starter 
and finisher phase. A nutrient retention trial was con-
ducted during the last week of both the phases to de-
termine retention of DM and CP. From d 14 onward, 2 
birds from each replicate were allocated in individual 
cages (1 bird/cage), to facilitate collection of excre-
ta samples. The starter and finisher diets containing 
0.25% chromic oxide as an indigestible marker were fed 
from d 15 and 35 onward, respectively. Excreta samples 
(about 100 g/d per bird) were collected from each bird 
for 48 h. Then excreta samples collected for 2 d were 
pooled by bird and dried using a forced-air drying oven 
at 60°C and stored for the analysis of DM and CP. 
In addition, fresh excreta samples were collected on d 
15, 28, and 42 in experiment 1 and d 21 and 42 in ex-
periment 2 from each bird housed in individual cages 
to study the population of total aerobic bacteria and 
coliforms. During the morning (0800 h) of these cor-
responding days, the plastic liners placed in the excreta 
collection trays underneath each cage were replaced 
and fresh clean excreta (free from feathers and feed) 
was collected. At the end of the experimental feeding, 
12 birds per treatment (3 birds from each pen) were 
slaughtered to study the microflora of cecal contents. 
The samples of fresh excreta and cecal contents were 
collected in sterile plastic bottles and were immediately 
placed on ice until the analysis was conducted later on 
the corresponding day.
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Chemical and Microbial Analyses
Dry matter and CP analysis of experimental diets 

and excreta samples were done according to the AOAC 
International (1995) methods (930.05 and 976.05, re-
spectively). Chromium was measured with an atomic 
absorption spectrophotometer (model AA-680G, Shi-
madzu, Kyoto, Japan) according to the procedure of 
Fenton and Fenton (1979). Amino acid analysis of PP 
and RPP samples was performed by acid hydrolysis 
(Knabe et al., 1989). Methionine and cystine were de-
termined after oxidation with performic acid (Moore, 
1963). The excreta and cecal microflora were analyzed 
as described previously (Jin et al., 2008). The micro-
bial groups analyzed were total aerobic bacteria (plate 
count agar, Difco Laboratories) and coliform bacteria 
(violet red bile agar, Difco Laboratories). The micro-
bial populations were log-transformed before statistical 
analysis.

Statistical Analysis
All of the data generated were analyzed as a ran-

domized complete block design by SAS (1990) soft-
ware. The data obtained from both of the experiments 
were subjected to ANOVA test and when significant 

(P < 0.05), means were separated by Duncan’s mul-
tiple range tests. In addition, orthogonal polynomial 
contrasts were used to determine significant linear and 
quadratic responses to increasing dietary PP levels (0 
to 0.75%) in experiment 1 and dietary RPP levels (0 to 
600 mg/kg) in experiment 2. The NC (diet without an-
tibiotic) was considered as 0% PP (experiment 1) and 0 
mg/kg of RPP (experiment 2). A pen of birds was the 
experimental unit for all analysis.

RESULTS

Experiment 1 
Growth Performance. Birds fed PC and medium 

and high PP starter diets had higher BW gain (P = 
0.008) when compared with birds fed NC and low PP 
diets, whereas birds fed PC and high PP diets had bet-
ter FCR (P = 0.002) than birds fed NC and low PP di-
ets (Table 2). In addition, the BW gain (P < 0.05), feed 
intake (P < 0.01), and FCR (P < 0.01) were linearly 
improved as the level of PP was increased in the start-
er diets. The performance of birds during the finisher 
phase did not differ among the dietary treatments. For 
the overall period, the birds fed PC and high PP diets 
had higher BW gain (P = 0.013) than birds fed NC 

Table 1. Ingredient and chemical composition of experimental basal diets1 

Item

Experiment 12 Experiment 23

Starter diet (d 0 to 21) Finisher diet (d 21 to 42) Starter diet (d 0 to 21) Finisher diet (d 21 to 42)

Ingredients, %
 Corn 55.12 63.23 51.73 60.42
 Soybean meal, 44% CP 28.26 21.80 30.29 23.26
 Corn gluten meal 8.15 8.40 8.50 8.00
 Soybean oil 4.23 2.80 5.30 4.50
 Dicalcium phosphate 1.70 1.50 1.85 1.62
 Limestone 1.40 1.30 1.32 1.24
 Choline chloride, 25% 0.20 0.20 0.20 0.20
 dl-Met, 50% 0.21 0.01 0.21 0.01
 l-Lys-HCl, 78% 0.14 0.21 0.05 0.15
 Salt 0.30 0.30 0.30 0.30
 Vitamin premix4 0.10 0.10 0.10 0.10
 Trace mineral premix5 0.14 0.14 0.10 0.10
 Clinacox,6 0.2% 0.05 0.01 0.05 0.05
Calculated chemical composition
 ME, kcal/kg 3,200 3,200 3,200 3,200
 CP, % 22.01 20.01 23.10 20.10
 Lys, % 1.10 1.00 1.10 1.00
 Met + Cys, % 0.88 0.73 0.90 0.72
 Ca, % 1.00 0.90 1.00 0.90
 Available P, % 0.45 0.40 0.45 0.40

1Dietary treatments were: NC: negative control (basal diets devoid of antimicrobial agent); PC: positive control (basal diets added with 10 mg/
kg of avilamycin); low, medium, and high level of PP (basal diets added with 0.25, 0.50, or 0.75% potato protein) in experiment 1; low, medium, and 
high levels of RPP (basal diets added with 200, 400, or 600 mg/kg of refined potato protein) in experiment 2. The PP and RPP were added to diets 
at the expense of corn and soybean meal.

2Analyzed amino acid composition of potato protein (as-fed basis): CP, 32.6%; Arg, 1.36%; His, 0.70%; Ile, 0.86%; Leu, 1.92%; Lys, 0.74%; Met, 
0.40%; Phe, 1.15%; Thr, 0.77%; Val, 1.48%; Ala, 0.87%; Asp, 4.46%; Cys, 0.22%; Glu, 3.66%; Gly, 0.55%; Ser, 0.98%; Tyr, 0.70%.

3Analyzed amino acid composition of refined potato protein (as-fed basis): CP, 34.3%; Arg, 1.13%; His, 0.49%; Ile, 0.90%; Leu, 1.24%; Lys, 0.72%; 
Met, 0.26%; Phe, 0.85%; Thr, 0.79%; Val, 1.46%; Ala, 0.84%; Asp, 7.81%; Cys, 0.21%; Glu, 4.05%; Gly, 0.61%; Ser, 0.92%; Tyr, 0.73%.

4Provides (per kg of diet): vitamin A palmitate, 9,000 IU; cholecalciferol, 1,800 IU; dl-α-tocopheryl acetate, 30 mg; menadione, 1 mg; thiamin, 1 
mg; riboflavin, 10 mg; pyridoxine, 4 mg; cyanocobalamin, 0.02 mg; niacin, 30 mg; pantothenic acid, 12 mg; folic acid, 0.5 mg; biotin, 0.2 mg.

5Provides (per kg of diet): 80 mg of Fe, 6 mg of Cu, 70 mg of Zn, 84 mg of Mn, 1.4 mg of I, 0.07 mg of Co, and 0.2 mg of Se.
6Woogene B&G Co. Ltd., Seoul, Republic of Korea.
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and low PP diets, whereas the overall feed intake and 
FCR remained similar across dietary treatments. Also, 
the overall BW gain improved (linear, P < 0.05) with 
increasing PP inclusion level in the diet.

Nutrient Retention. The retention of DM (P = 
0.009) and CP (P = 0.015) on d 20 to 21 and retention 
of CP (P = 0.030) on d 41 to 42 was highest in birds fed 
PC diet, whereas it was lowest in birds fed the NC diet 
(Table 3). Birds fed the high PP diet also had higher 
DM (d 41 to 42) and CP (d 20 to 21 and d 41 to 42) 
retention than birds fed the NC diet. In addition, reten-
tion of DM (d 41 to 42) and CP (d 20 to 21 and d 41 to 
42) were linearly increased by increasing PP.

Microbial Populations. Dietary treatments had no 
effect on the number of total aerobic bacteria and coli-
forms in the excreta on d 15 (Table 4). On d 28, birds 
offered PC and medium and high PP diets had less 
coliforms (P = 0.002) in excreta than birds fed the 
NC diet, whereas increasing levels of PP in diets were 
effective in linearly (P < 0.05) reducing the number 
of coliforms in the excreta of birds. The population of 
total aerobic bacteria on d 42 was lowest (P < 0.001) 

in the excreta of birds fed the PC diet followed by birds 
fed the high PP diet and was highest in birds fed the 
NC diet, whereas birds fed the PC diet had lesser (P = 
0.001) coliforms in the excreta than birds fed NC, low, 
medium, and high PP diets. In addition, on d 42, feed-
ing of PP diets linearly (P < 0.05) reduced the number 
of coliforms in the excreta.

The cecal contents of birds fed PC diets had the low-
est (P < 0.01) number of total aerobic bacteria and 
coliforms, followed by birds fed high PP diets, whereas 
birds fed the NC diet had the highest number of mi-
crobes. Moreover, feeding of PP was effective in linearly 
reducing (P < 0.05) the cecal populations of total aero-
bic bacteria and coliforms.

Experiment 2

Growth Performance. The BW gain, feed intake, 
and FCR during starter, finisher, and overall periods 
did not differ among birds fed PC, NC, and RPP diets 
(Table 5).

Table 2. Effect of potato protein and antibiotics on the growth performance of broilers (experiment 1)1 

Item PC2 NC2

PP2

SEM P-valueLow Medium High

Starter (d 0 to 21)
 BW gain,3 g 719a 652b 646b 703a 708a 9.11 0.008
 Feed intake,4 g 1,116 1,054 1,035 1,119 1,109 12.22 0.061
 Feed conversion ratio4 1.55c 1.62a 1.60a 1.59ab 1.57bc 0.01 0.002
Finisher (d 21 to 42)
 BW gain, g 1,481 1,401 1,416 1,403 1,479 14.41 0.173
 Feed intake, g 2,847 2,821 2,816 2,773 2,880 30.90 0.890
 Feed conversion ratio 1.92 2.01 1.99 1.98 1.95 0.02 0.556
Overall (d 0 to 42)
 BW gain,3 g 2,199a 2,053b 2,062b 2,106ab 2,186a 18.98 0.013
 Feed intake, g 3,962 3,875 3,851 3,893 3,989 30.82 0.614
 Feed conversion ratio 1.80 1.89 1.87 1.85 1.82 0.01 0.294

a–cMeans within a row without a common superscript are significantly different (P < 0.05).
1Data are means of 4 pens of 30 birds each.
2PC: positive control; NC: negative control; PP: potato protein (low, medium, and high diets added with 0.25, 0.50, and 0.75% PP, respectively).
3Linear effect of increasing PP (P < 0.05).
4Linear effect of increasing PP (P < 0.01).

Table 3. Effect of potato protein and antibiotics on the nutrient retention (%) on d 20 to 21 and d 
41 to 42 in broilers (experiment 1)1 

Item PC2 NC2

PP2

SEM P-valueLow Medium High

d 20 to 21
 DM3 78.93a 75.09c 76.59bc 77.06abc 78.04ab 0.39 0.009
 CP3 66.50a 62.22c 63.26bc 64.46bc 65.18ab 0.46 0.015
d 41 to 42
 DM 77.73 75.44 76.28 76.60 77.01 0.30 0.155
 CP3 65.64a 62.04c 63.06bc 62.80bc 64.77ab 0.44 0.030

a–cMeans within a row without a common superscript are significantly different (P < 0.05).
1Data are means of 4 pens of 2 birds each.
2PC: positive control; NC: negative control; PP: potato protein (low, medium, and high diets added with 0.25, 

0.50, and 0.75% PP, respectively).
3Linear effect of increasing PP (P < 0.05).
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Nutrient Retention. The retention of DM and CP 
on d 20 to 21 and d 41 to 42 did not differ among the 
dietary treatments (Table 6).

Microbial Populations. The number of total aerobic 
bacteria and coliforms in the excreta (d 21 and 42) and 
cecum (d 42) was lower (P < 0.001) in birds fed the PC 
diet when compared with birds fed NC, low, medium, or 
high RPP diets (Table 7). Populations of total aerobic 
bacteria in excreta (d 21, linear, P < 0.05) and cecum 
(d 42, linear, P < 0.01) and coliforms (linear, P < 0.01) 
in excreta and cecum were reduced as the inclusion 
level of RPP was increased in the diets of birds.

DISCUSSION
Potato protein is the by-product obtained by heat 

treatment of waste water effluent during industrial pro-
cessing of potato starch. The heat treatment results in 
irreversibly precipitated proteins (Claussen et al., 2007) 
without any antimicrobial activity. To our knowledge, 
there are no reports on the use of PP obtained from 
potato tubers (S. tuberosum) in broiler diets. Neverthe-
less, in this study, the tubers of Gogu valley potatoes 

known to possess antimicrobial activity were used to 
obtain PP and RPP by employing freeze-drying. The 
purpose of refining PP was to obtain a product contain-
ing a higher quantity of AMP PT-1. Thus, based on the 
results of minimum inhibitory test, RPP inhibited the 
in vitro growth of selected microbial strains at lower 
concentrations than PP (100 to 150 vs. 300 to 500 μg/
mL; Jin et al., 2008 and Z. Jin, unpublished data).

The BW gain of birds fed antibiotic, medium, and 
high PP diets in experiment 1 was 10.3, 7.8, and 8.6% 
higher during the starter period and 7.1, 2.6, and 6.5% 
higher for overall study period than birds fed the NC 
diet, respectively. These higher gains may be due to the 
greater nutrient retention in birds fed antibiotic, me-
dium, and high PP diets. There is a paucity of research 
on the use of AMP in animal diets. In line with the 
findings of the present study, Wang et al. (2007) had 
observed comparable growth performance among pigs 
fed lactoferrin and antibiotic diets and the performance 
of pigs fed antimicrobials (lactoferrin or antibiotic) was 
better than pigs fed the control diet. Also, addition 
of 100 mg/kg of antibacterial peptides derived from 
chicken, pig, or rabbit to tilapia diets was found to be 

Table 4. Effect of potato protein and antibiotics on the excreta and cecal microbial populations in broilers (experiment 1)1 

Item Microbial spp. (log10 cfu/g) PC2 NC2

PP2

SEM P-valueLow Medium High

Excreta (d 15) Total aerobic bacteria 7.85 7.99 7.93 7.94 7.88 0.02 0.159
Coliforms 5.11 5.27 5.17 5.08 5.15 0.02 0.077

Excreta (d 28) Total aerobic bacteria 8.00 8.26 8.22 8.17 8.18 0.03 0.108
Coliforms3 4.96d 5.29a 5.23ab 5.06cd 5.13bc 0.03 0.002

Excreta (d 42) Total aerobic bacteria 7.79c 8.33a 8.30ab 8.32ab 8.19b 0.05 <0.001
Coliforms4 4.88b 5.29a 5.20a 5.23a 5.16a 0.04 0.001

Cecum (d 42) Total aerobic bacteria4 7.88c 8.20a 8.19a 8.11ab 7.96bc 0.04 0.009
Coliforms4 4.95c 5.38a 5.34ab 5.41a 5.17b 0.05 0.001

a–dMeans within a row without a common superscript are significantly different (P < 0.05).
1Data are means of 4 pens of 2 birds each for excreta microbial population and 4 pens of 3 birds each for cecal microbial population.
2PC: positive control; NC: negative control; PP: potato protein (low, medium, and high diets added with 0.25, 0.50, and 0.75% PP, respectively).
3Linear effect of increasing PP (P < 0.01).
4Linear effect of increasing PP (P < 0.05).

Table 5. Effect of refined potato protein and antibiotics on the growth performance of broilers (experiment 2)1 

Item PC2 NC2

RPP2

SEM P-valueLow Medium High

Starter (d 0 to 21)
 BW gain, g 572 555 559 570 578 4.99 0.587
 Feed intake, g 914 912 917 942 937 8.07 0.704
 Feed conversion ratio 1.60 1.65 1.64 1.65 1.62 0.02 0.837
Finisher (d 21 to 42)
 BW gain, g 1,371 1,346 1,370 1,340 1,335 12.84 0.872
 Feed intake, g 2,704 2,729 2,748 2,747 2,659 33.77 0.932
 Feed conversion ratio 1.97 2.03 2.01 2.05 1.99 0.02 0.852
Overall (d 0 to 42)
 BW gain, g 1,943 1,900 1,929 1,910 1,913 14.79 0.923
 Feed intake, g 3,618 3,641 3,666 3,689 3,596 37.15 0.953
 Feed conversion ratio 1.86 1.92 1.90 1.93 1.88 0.02 0.755

1Data are means of 4 pens of 30 birds each.
2PC: positive control; NC: negative control; RPP: refined potato protein (low, medium, and high diets added with 200, 400, and 600 mg/kg of RPP, 

respectively).
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beneficial for the growth of tilapia (Peng et al., 2007), 
whereas pig antibacterial peptides added to water (20 
and 30 mg/L) and feed (100 to 200 mg/kg of diet) im-
proved the growth performance of broiler (Bao et al., 
2009).

The benefits of feeding antibiotic growth promoters, 
including avilamycin, have been reviewed previously 
(Hinton, 1988; Ferket, 2004; Dibner and Richards, 
2005; Mallet et al., 2005; Denev, 2006). Avilamycin is 
an orthosomycin antibiotic produced by Streptomyces 
viridochromogenes and is predominately active against 
gram-positive pathogenic bacteria (Weitnauer et al., 
2001). Avilamycin acts on the bacterial ribosome and 
inhibits the binding of formylmethionyl-tRNA to the 
30S ribosomal subunit, which results in blocking the 
formation of 70S initiation complex in bacterial protein 
synthesis. Improved performance of broilers fed avil-
amycin in the first experiment may be due to the lower 
number of microbes in the excreta and cecum. The gut 
microflora are known to result in a decrease in nutrient 
absorption, a decrease in the rate of digesta passage, 
and an increase in the nutrient requirement of the host 
by increasing turnover of gut mucosae and by compet-
ing with the host for the portion of dietary energy and 
protein (Apajalahti et al., 2004). Antibiotics added to 
diet decrease the number of bacteria in the intestine, 
thus reducing the microbial insult and sparing nutri-
ents to be used for growth (Miles et al., 2006).

In the second experiment, feeding of antibiotic was 
effective in reducing the number of microbes in the 
excreta and cecum, although there were no beneficial 
effects on the performance of birds. The response to 
antibiotics is strongly influenced by the cleanliness of 
the environment and disease load of the animals in-
volved. Thus, responses to antibiotics are minimal when 
tested in a clean and less stressful environment, which 
might be the case in the second experiment. The per-
formance of birds in the second experiment was much 
lower (10.50% lower final BW and 5 units poorer feed 
conversion) than birds from the first experiment and 
this may be due to the lower initial BW (35 vs. 44 g) of 
birds in the second experiment than birds used in the 
first experiment. Also, the absence of any benefits in 
performance of birds fed RPP diets in spite of reduced 
microbial load may be attributed to lower levels (200 to 
600 mg/kg) of RPP used in the second experiment and 
future studies using higher levels should be conducted.

Feeding of PP and RPP diets significantly reduced 
the coliform bacteria being more effective at higher in-
clusion levels (0.50 and 0.75% for PP and 400 to 600 
mg/kg for RPP), whereby confirming that the PP and 
RPP obtained from the tubers of Gogu valley had anti-
microbial activity. The antimicrobial activity exhibited 
by proteins obtained from Gogu valley potato tubers is 
due to the presence of proteinase inhibitors, which rep-
resent about 20 to 50% of the water-soluble proteins in 

Table 7. Effect of refined potato protein and antibiotics on the excreta and cecal microbial populations in broilers (experiment 2)1 

Item Microbial spp. (log10 cfu/g) PC2 NC2

RPP2

SEM P-valueLow Medium High

Excreta (d 21) Total aerobic bacteria3 7.44b 8.16a 8.16a 8.15a 8.10a 0.06 <0.001
Coliforms4 4.57d 5.26a 5.26a 5.18b 5.12bc 0.06 <0.001

Excreta (d 42) Total aerobic bacteria 7.25b 8.19a 8.18a 8.14a 8.13a 0.08 <0.001
Coliforms4 4.43c 5.02a 4.78b 4.71b 4.70b 0.05 <0.001

Cecum (d 42) Total aerobic bacteria4 7.44c 8.31a 8.23ab 8.19b 8.18b 0.07 <0.001
Coliforms4 3.64c 4.34a 4.30a 4.21b 4.19b 0.06 <0.001

a–dMeans within a row without a common superscript are significantly different (P < 0.05).
1Data are means of 4 pens of 2 birds each for excreta microbial population and 4 pens of 3 birds each for cecal microbial population.
2PC: positive control; NC: negative control; RPP: refined potato protein (low, medium, and high diets added with 200, 400, and 600 mg/kg of RPP, 

respectively).
3Linear effect of increasing RPP (P < 0.05).
4Linear effect of increasing RPP (P < 0.01).

Table 6. Effect of refined potato protein and antibiotics on the nutrient retention (%) on d 20 to 21 
and d 41 to 42 in broilers (experiment 2)1 

Item PC2 NC2

RPP2

SEM P-valueLow Medium High

d 20 to 21
 DM 78.67 77.26 78.34 77.31 77.55 0.36 0.698
 CP 70.11 71.08 67.12 71.17 67.73 0.76 0.296
d 41 to 42
 DM 77.27 76.86 77.90 76.73 76.54 0.29 0.621
 CP 69.16 68.46 68.74 68.35 66.54 0.53 0.632

1Data are means of 4 pens of 2 birds each.
2PC: positive control; NC: negative control; RPP: refined potato protein (low, medium, and high diets added 

with 200, 400, and 600 mg/kg of RPP, respectively).
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potato tuber (Pouvreau et al., 2001). Potamin-1 isolat-
ed from the tuber of potato (S. tuberosum L. cv. Gogu 
valley) by the extraction of water-soluble fraction had 
protease inhibitor and antimicrobial activity (Kim et 
al., 2005). Potamin-1 has 6 cysteine residues forming 
3 disulfide bridges in the polypeptide. The structure of 
PT-1 is, therefore, analogous to a class of AMP named 
as defensins. These defensins are polycationic peptides 
consisting of 3 intramolecular disulfide bridges (Lehrer 
et al., 1993) and have shown a broad-spectrum activity 
against various bacteria, fungi, and enveloped viruses 
(Zhang et al., 2000). The exact mechanism by which 
PP exhibit antimicrobial activity is not clear; however, 
mechanisms like pore formation, membrane depolariza-
tion, disruption of bacterial energy metabolism, and 
interference with biosynthetic pathways are suggested 
for the antimicrobial activity of various AMP contain-
ing disulfide bridges. Further work on quantification of 
PT-1 and influences during extraction, processing, as 
well as potato growing environment are still needed.

The ethanol-water extract of the Gogu valley potato 
inhibited growth of Clostridium perfringens and E. coli 
but had no effect on the growth of Bifidobacterium bi-
fidum, Bifidobacterium breve, Bifidobacterium longum, 
and Lactobacillus casei when tested in vitro (Lim et al., 
2004). Knarreborg et al. (2002) noticed that feeding of 
subtherapeutic levels of avilamycin to broilers reduced 
the harmful intestinal bacteria and also decreased the 
number of lactobacilli, which are beneficial for the host. 
On the other hand, administration of juice obtained 
from the Gogu valley potato to human subjects in-
creased the growth responses of Bifidobacterium and 
Lactobacillus and decreased growth of C. perfringens 
and E. coli (Lee, 2005). This suggests that PP may 
have further potential advantage over antibiotics by se-
lectively inhibiting the more pathogenic bacteria.

The results of this study demonstrate that feeding of 
PP obtained from the potato tubers of Gogu valley to 
broilers is an effective means of improving performance 
and reducing coliform bacteria; hence, it can be one of 
the novel alternatives to antibiotics in broiler diet. Nev-
ertheless, feeding of RPP was also effective in reducing 
coliforms, but the levels used in the current study might 
not be sufficient to elicit any performance benefits. Fur-
ther work is needed to understand the mechanism by 
which the AMP present in PP of Gogu valley exhibit 
antimicrobial activity.
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