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INTRODUCTION

Improving gut health for broiler could be greatly res-
ponsible for final production rate to the market. Many 
strategies (e.g., antibiotics, feeding modulations, and, enzymes) 
are incorporated to protect gut from external infectious, and 
to ensure that broiler would have maximum genetic potential 
productivity (Yang et al., 2009). However, public interests 
associated with use of antimicrobial compounds in the diets 
have increased because of very negative effect of antibiotics 
resistance in national health (Heuer et al., 2007). Therefore, 
alternative antibiotics have evolved depending on its pro-
ducing area, price and efficacy. 

For example, pine needle tree, Pinus densiflora, abundantly 
distributed in Korea and China, and its by-products produced 
commonly by infected pine needles with forest pests (Lee et 

al., 2013). With these by-products, South Korea produces liquid 
fertilizer for horticulture (Kim et al., 2008) and powder pre-
biotics for human and animals (Guri et al., 2006). Generally, 
pine needle trees contain high contents of tannins (Pfister et 
al., 1992), and subsequent simple process conducted to reduce 
its anti-nutritional factors such as steam explosion, hot water 
extraction and grinding.

Processed pine tree powder (PPNP) used for a feed supple-
ment in the present study containing higher cellulose and 
hemicellulose contents (Ofomaja et al., 2009) is classified as 
non-starch polysaccharides and able to have a critical fun-
ction as prebiotics in poultry production. In addition, PPNP 
is commercially available at a low price and its consumer 
demand has been increasing because compatible biological 
characteristics (Lee, 2003; Kim and Chung, 2011). According 
to Kim et al. (2012), broilers fed 1% or 2% pine tree powder 
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showed a reduction in serum total cholesterol and improved 
meat quality. Moreover, pine needle extracts have anti-micro-
bial and anti-inflammatory activities against pathogen, stimu-
lating the growth of beneficial gut bacteria particularly Ente-
rococcus spp. and Bipidobacterium spp. (Lee, 2003; Kim and 
Shin, 2005; Smullen et al., 2007). However, scientific lite-
ratures not adequately proved the benefits of PPNP for 
broiler production.

Because reliable data of PPNP for broiler is not fully 
explored, the present study was carried out to determine 
PPNP supplementation for broiler on growth performance, 
visceral organ parameters, blood metabolites and nutrient 
digestibility during entire 5 weeks after hatch. We hypothe-
sized that the birds fed PPNP would show improved growth 
performance compared with control-fed birds and that these 
effects would be associated with beneficial effects of PPNP 

for gut health.

MATERIALS AND METHODS

The Animal Ethics Committee of the Chungnam National 
University (CNU-811) approved all experimental procedures 
regarding this study.

1. Experimental Design, Animals, Housing

The experiment was arranged as a completely randomized 
design of five dietary treatments with six replicates (seven 
chickens per pen), respectively. A total of 210-day-old male 
Ross 308 broiler chickens were used, and one replicate 
placed in wire-floor pens (0.85 × 0.55 × 0.35 m3). Chickens 
were evenly distributed to ensure that there were no statistical 
differences between initial body weights. The lighting regimen 
used was 24 L: 0 D of light at first 3 days, and then applied 
23 L: 1 D of light during days 4 to 35. The temperature was 
maintained at 3±1℃ from day 0 to 3, and was then gradually 
decreased 3℃ weekly until 24℃ was reached at day 21. 
Fresh water and feed were provided on an ad libitum basis.

2. Processed Pine Needle Tree Powder

Timbered pine trees were chipped (2 × 3 cm) and dried for 
7 days at room temperature, and then exploded with steam 
(Severity factor Ro 3.94, 200℃, 10 minute) to maximize the 

water holding capacity and oil absorptive power. Then, hot 
water extraction was carried out to extract sugar, tannin and 
phenols, and consequently filtration was conducted to refine 
its physical characteristics such as swelling capacity and oil 
holding capacity. Finally, solid parts were obtained and dried 
at room temperature, and then grinded to 80 mesh to maxi-
mize the physical property.

3. Experimental Diets

Basal diets were formulated with large proportion of corn 
and soybean meal according to Ross 308 broiler nutrient 
specification (Table 1; Aviagen, 2014). The basal diets were 
divided and different levels of PPNP were added and diluted. 
The supplementation of PPNP was delivered as top-dressing. 
Chickens received one of the five dietary treatments as 
follows: 1) basal diet without PPNP; 2) basal diet with 0.5% 
PPNP; 3) basal diet with 1.0% PPNP; 4) basal diet with 
1.5% PPNP; 5) basal diet with 2.0% PPNP. All experimental 
diets were different only with a small amount of PPNP. To 
estimate the ileal digestibility of nutrients, chickens fed diets 
supplemented with 0.3% of chromium oxide as indigestible 
marker throughout the experimental period.

4. Data Collection

Mortality was recorded daily while body weights were 
measured individually and weekly. Feed consumption were 
recorded on a pen basis to calculate the average daily gain, 
average daily feed intake and feed conversion ratio.

5. Post-MortemProcedures and Sample Collec-

tion

For sample collection, six chickens per treatment were 
selected, and euthanized by cervical dislocation after blood 
collection. At week 2 and 3, blood samples were collected 
from jugular vein in EDTA coated vacutainer tubes. At week 
2 and 5, gizzard and ceca were dissected and weighed and 
small intestine (duodenum through ileum) were measured its 
length. At week 2, 3 and 5, ileal contents were collected from 
Meckel’s diverticulum to ileocecal junction smoothly and im-
mediately stored in collection cup at —80℃. Five cm frag-
ments of ileum, anterior portion of ileocecal junction, were 
obtained for morphology analyses (Murakami et al., 2007).
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Table 1. Composition of basal diets (as-fed basis)

Ingredients (%) Starter 
(1∼3 week)

Grower
(3∼5 week)

Corn 44.05 56.45

Wheat  5.9 -

Wheat bran  8.15  5.95

Soybean meal, 44% 36.0 30.6

Vegetable oil  1.6  2.8

Limestone  1.5  1.5

Monocalcium phosphate  1.7  1.6

Salt  0.3  0.3

Vitamin and mineral premix1  0.3  0.3

DL-Methionine  0.2  0.2

Chromium oxide  0.3  0.3

Calculated 
value2

Metabolizable 
energy (kcal/kg) 3,100 3,200

Crude protein (%) 23 20

Calcium (%)  1.1  1.1

Available 
phosphate (%)  0.45  0.41

Lysine (%)  1.3  1.1

Methionine (%)  0.5  0.5

Cystein (%)  0.3  0.3
1 Vitamin and mineral premix provided the following nutrients 

(per kg of air-dry diet): Vitamins: A 12,000 IU, D 33,000 IU, 
E 15 mg, K 2 mg, thiamine 2 mg, riboflavin 6 mg, pyridoxine 
2 mg, calcium pantothenate 0.03 mg, folic acid 0.2 mg, niacin 
45 mg, biotin 0.15 µg. Minerals: calcium 0.5%, Co 0.5 mg (as 
cobalt sulphate), Cu 10 mg (as copper sulphate), iodine 0.9 mg 
(as potassium iodine), iron 80 mg (as ferrous sulphate), Mn 80 
mg (as manganous oxide), Se 0.2 mg (as sodium selenite), Zn 
80 mg (as zinc oxide).

2 The values are calculated according to the values of feedstuffs 
in NRC (1994).

6. Sample Preparation and Laboratory Analyses

For ileal digestibility, ileal digesta samples were analyzed 
for dry matter and crude protein according to the methods of 
AOAC (1984). Chromium dioxide concentration in the digesta 
samples were determined using the method of Fenton and 
Fenton (1979).

Blood samples were centrifuged (3,000×g, 10 min and 4℃) 
to obtain plasma. Blood urea nitrogen and total cholesterol 
level from plasma samples were then analyzed by Enzymatic 
assay method using an Automatic Analyzer 7180 (Hitachi, 
Japan). Small intestine tissue samples were fixed in 10% 
buffered formalin, processed with paraffin embedding method. 
For staining of slide section, hematoxylin and eosin staining 
technique were subjected as described Bancroft and Stevens 
(2015). Villus height and crypt depth were taken in µm and 
they were observed with an inverted microscope (Eclipse 
TE2000; Nikon Instruments Inc., Melville, NY 11747-3064, 
USA) equipped with a digital imaging system (NIS-Elements 
Viewer Software Version 4.20; NIS Elements, Nikon, USA). 

7. Statistical Analyses

Each pen used as the experimental unit for growth para-
meters. Selected individual chickens were considered as ex-
perimental units for blood metabolites, visceral organ weights, 
gut morphology and digestibility. All data subjected to 
ANOVA. Tukey’s multiple range test was used for significant 
differences at the 5% levels. Statistical procedures were per-
formed using IBM SPSS Statistics 24 software (IBM Corp., 
Armonk, NY, USA).

RESULTS

1. Growth Performance

Mortality was not related to any dietary treatments. The 
effect of experimental treatments on growth performance of 
broiler chickens is summarized in Table 2. Birds fed 0.5% and 
1.0% PPNP had not significantly difference (P>0.05) in body 
weight compared to those fed control diet while birds fed 1.5% 
and 2.0% PPNP had lower (P<0.05) body weight at week 2 
and 3. Similarly, birds fed control, 0.5% and 1.0% PPNP 
diets increased average daily feed intake (P<0.05) compared 
to those were in 1.5% and 2.0% PPNP at week 2 and 3.

 
2. Visceral Organ Parameters

The effect of inclusion of PPNP on visceral organ para-
meters is shown in Table 3. Gizzard and ceca weights in 
proportion to body weights were not affected (P>0.05) by 
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PPNP supplementation. Small intestine lengths expressed as 
cm/100 g/body weight were higher (P<0.05) in birds fed 
2.0% PPNP compared to those fed 0.5% PPNP at week 2. 
Birds fed control, 1.0% and 1.5 % PPNP were not differ in 
small intestine length at week 2.

3. Blood Parameters

The blood parameters affected by inclusion of PPNP is 
shown in Table 4. Blood urea nitrogen and cholesterol were 
not affected (P>0.05) by PPNP supplementation.

4. Ileal Morphology

Effect of inclusion of PPNP on ileal morphology is 
summarized in Table 5. At week 2, ileal crypt depth was 
increased (P<0.05) as PPNP contents were increased. In 
addition, birds fed 2.0% PPNP had a numerical trend 
(P<0.10) in lower V:C ratio compared to those were in other 
treatments.

5. Ileal Digestibility

Ileal digestibility affected by inclusion of PPNP in diet is 
shown in Table 6. Birds fed 2.0% PPNP in the diet had 
significantly lower (P<0.05) ileal crude protein digestibility at 
week 2 and 3. Ileal dry matter and energy digestibility in 

Table 2. Effect of inclusion of wood powder on growth performance in broiler chickens1

Item
Processed pine tree powder (%)

SEM2 P-value
Control 0.5 1.0 1.5 2.0

Body weight
(g)

 Week 1  153.69  149.64  152.07  145.05  143.14  1.634 0.190

 Week 2  405.23a  383.79ab  396.14ab  374.88b  363.93b  4.352 0.011

 Week 3  807.59a  763.01ab  787.69ab  717.57b  713.54b 10.540 0.005

 Week 4 1,193.64 1,204.57 1,238.78 1,156.41 1,120.77 14.518 0.085

 Week 5 1,646.88 1,641.27 1,719.91 1,541.33 1,575.28 21.478 0.066

Average daily 
gain (g)

 Week 1   15.54   14.96   15.29   14.28   14.04  0.232 0.185

 Week 2   35.94   33.45   34.87   32.83   31.54  0.544 0.079

 Week 3   56.60a   53.65a   55.25a   48.09b   49.28b  1.057 0.028

 Week 4   61.82   60.58   61.11   57.69   56.51  0.873 0.234

 Week 5   71.42   70.72   68.73   63.32   64.93  1.263 0.170

Average daily 
feed intake 

(g/d)

 Week 1   19.8   19.9   20.2   19.1   19.6  0.20 0.549

 Week 2   45.2a   44.4ab   44.8ab   44.0ab   39.7b  0.66 0.042

 Week 3   92.9a   89.1ab   88.3ab   83.7ab   80.7b  1.32 0.020

 Week 4  112.4  118.1  114.8  112.0  108.7  1.37 0.275

 Week 5  141.5  140.3  133.9  130.5  132.1  2.35 0.490

Feed 
conversion 
ratio (g/g)

 Week 1    1.28    1.33    1.33    1.34    1.40  0.014 0.145

 Week 2    1.26    1.33    1.29    1.35    1.28  0.024 0.769

 Week 3    1.65    1.67    1.61    1.75    1.65  0.027 0.552

 Week 4    1.82    1.95    1.89    1.95    1.94  0.030 0.494

 Week 5    1.99    1.99    1.95    2.08    2.04  0.040 0.869
1 Results are mean with 6 replicates per treatment.
2 Pooled standard error of mean.
a,b Means within the same row without common superscripts are significantly different (P<0.05).



Kim et al. : Utilization of Processed Pine Needle Powder in Broiler Chicken Diets 171

chickens were not related to inclusion of PPNP in the diet.

DISCUSSION

The main purpose of this study was to investigate whether 
the supplementation of PPNP could improve growth perfor-
mance along with enhancing healthy gut parameters could be 

Table 3. Effect of inclusion of wood powder on organ weights in broiler chickens1

Item
Processed pine tree powder (%)

SEM2 P-value
Control 0.5 1.0 1.5 2.0

Gizzard (%)
 Week 2  2.59  2.55  2.58  2.47  2.43 0.051 0.839

 Week 5  1.27  1.29  1.33  1.24  1.23 0.027 0.811

Ceca (%)
 Week 2  0.54  0.55  0.44  0.53  0.58 0.021 0.277

 Week 5  0.40  0.42  0.42  0.42  0.41 0.012 0.983

Small intestine
(cm/100 g/BW)

 Week 2 29.83ab 27.50b 27.87ab 31.11ab 35.11a 0.687 0.001

 Week 5  9.27  9.40  9.17  9.55  9.93 0.185 0.754
1 Results are mean with 6 replicates per treatment.
2 Pooled standard error of mean.
a,b Means within the same row without common superscripts are significantly different (P<0.05).

Table 4. Effect of inclusion of wood powder on blood parameters in broiler chickens1

Item
Processed pine tree powder (%)

SEM2 P-value
Control 0.5 1.0 1.5 2.0

Blood urea nitrogen 
(mg/dL)

 Week 2   1.20   1.21   1.36   1.27   1.30 0.038 0.733

 Week 3   1.02   1.10   1.01   0.80   0.98 0.071 0.814

Blood total 
cholesterol (mg/dL)

 Week 2 127.9 124.2 114.8 108.2 101.2 3.57 0.071

 Week 3 118.4 118.0 117.2 116.9 115.3 1.63 0.986
1 Results are mean with 6 replicates per treatment.
2 Pooled standard error of mean.

Table 5. Effect of inclusion of wood powder on ileal morphology in broiler chickens1

Item
Processed pine tree powder (%)

SEM2 P-value
Control 0.5 1.0 1.5 2.0

Week 2

 Villus (µm) 179.79 262.40 231.06 236.69 200.04 13.87 0.396

 Crypt (µm)  44.34ab  37.88a  50.23ab  48.81ab  61.63b  2.75 0.050

 V:C3   4.14   7.36   4.60   4.77   3.35  0.48 0.069

Week 5

 Villus (µm) 448.55 435.51 463.35 433.31 416.56 18.89 0.968

 Crypt (µm)  63.31  54.45  55.35  62.90  63.31  2.95 0.809

 V:C   7.27   8.03   8.25   7.12   6.62  0.32 0.521
1 Results are mean with 6 replicates per treatment.
2 Pooled standard error of mean.
a,b Means within the same row without common superscripts are significantly different (P<0.05).
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changed in broiler chickens.
In the present study, although there was no significant 

difference in feed conversion ratio, body weight and daily 
gain and feed intake improved when broiler chickens fed 
PPNP at specific levels (i.e., less than 1.0%). Consequently, 
birds fed 2.0% PPNP had significantly lower feed consum-
ption compared to other treatments. Despite we did not 
conduct a palatability test, it could be a result from the 
distinctive aroma compounds of PPNP which may effect on 
feed consumption. Kim and Chung (2011) analyzed volatile 
components of pine needle powder using Gas Chromato-
graphy and founded a total of 230 compounds which may 
account for the unique aroma. Similarly, Açıkgöz et al. 
(2005) demonstrated that propolis extracted from pine trees 
had a unique odor, therefore this property can be the reason 
for decreased feed intake when broilers fed dietary propolis 
at high levels. Moreover, since pine needle had strong sensory 
cues, some vertebrate species, particularly rats, rejected to 
consume the diet contained pine needle oil (Wager-Page et 
al., 1995). Nevertheless, its beneficial effects on other para-
meters, we should consider the amount of PPNP to prevent 
negative effect on feed consumption.

Alterations in the gut development during growing period 
will have great repercussion on final productivity of broiler 

chickens such as body weight to the market age. Deeper 
crypts of ileum indicate that faster gut tissue turnover to 
renew of the villus. In addition, shorten villus and deeper 
crypts may represent that poor nutrient absorption and lower 
performance (Caspary, 1992; Xu et al., 2003). On the other 
hand, the higher V:C ratio refers to improved digestibility, 
elevating digestive enzyme activities (Baurhoo et al., 2007; 
Zeng et al., 2015). On top of that our study, birds fed 0.5% 
PPNP had lower crypt depth of ileum and trend of highest 
V:C ratio among the treatments among other treatments at 
week 2 and it could be a reflection outcome from PPNP 
supplementation which had impact on gut development. Major 
component of PPNP is insoluble fiber, and it acts as pre-
biotics which is beneficially affect the host by stimulating the 
growth of intestinal bacteria and gut activities, prolonging the 
exposure of digesta to mechanical digestion (Pourabedin and 
Zhao, 2015). Similarly, PPNP supplementation significantly 
affected on ileal protein digestibility both week 2 and 3. It 
may be associated with shallow crypt depth at the same 
period. Further, at week 5, there was a numerical trend in 
greater final body weight when birds fed 1.0% PPNP com-
pared to other treatments and this result may be partly associ-
ated with positive result in V:C ratio and ileal protein 
digestibility. 

Table 6. Effect of inclusion of wood powder on nutrient digestibility in broiler chickens1

Item
Processed pine tree powder (%)

SEM2 P-value
Control 0.5 1.0 1.5 2.0

Dry matter

 Week 2 0.77 0.75 0.77 0.73 0.70 0.010 0.065

 Week 3 0.81 0.82 0.82 0.78 0.78 0.007 0.153

 Week 5 0.85 0.84 0.83 0.83 0.82 0.004 0.233

Crude protein

 Week 2 0.72ab 0.74b 0.73ab 0.70ab 0.69a 0.007 0.034

 Week 3 0.77bc 0.78c 0.77c 0.73ab 0.72a 0.009 0.005

 Week 5 0.81 0.80 0.79 0.77 0.78 0.005 0.072

Energy

 Week 2 0.71 0.72 0.73 0.69 0.70 0.007 0.523

 Week 3 0.74 0.73 0.75 0.70 0.71 0.009 0.275

 Week 5 0.75 0.77 0.79 0.74 0.71 0.011 0.267
1 Results are mean with 6 replicates per treatment.
2 Pooled standard error of mean.
a∼c Means within the same row without common superscripts are significantly different (P<0.05).
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Despite its poor absorptive ability, insoluble fiber are 
widely used for development in gastrointestinal tract of non-
ruminant animals. The heaviest gizzard and increased gut 
volume were exhibited when birds fed additional insoluble 
fiber in the diet, prolonging the digesta retention time, which 
leads production of digestive enzymes and fluids (Nir et al., 
1994; Ravindran et al., 2006; Svihus, 2011). Even though 
insoluble fiber is not digested with endogenous enzymes, it 
could be partially degraded by bacterial fermentation in 
hindgut, triggering changes in the composition of the micro-
flora, and enlarging the gut capacity (Starck, 1999). In the 
present study, the length of small intestine was expended as 
the amount of PPNP in the diet was increased at week 2. 
This result is in accordance with JøRgensen et al. (1996) who 
suggested that birds adopted to increased dietary fiber had 
increased the size of the digestive system, particularly the 
length and weight of the intestine. Based on our results of 
body weight, gut morphology and organ parameters, PPNP 
supplementation at 1.0% level could act as prebiotics, and be 
beneficial for early gut development in broiler production.

Donsbough et al. (2010) suggested that blood urea nitrogen 
can be utilized as an indicator of protein digestibility. In the 
present study, ileal protein digestibility altered by supple-
mented PPNP while none of the treatments affected blood 
urea nitrogen. Even though we do not know exact mechanism 
to explain our result, we assumed our inclusion levels were 
too low to affect blood metabolites. Kim et al. (2012) reported 
that broiler fed 2% fine needle powder showed lower blood 
cholesterol compared to birds fed control diet. Similarly, Kim 
(2011) reported that total cholesterol and LDL-cholesterol 
concentration were lower when birds fed 0.9% pine needle 
powder in the diet. In the present study, on the other hand, 
total cholesterol levels were not different among the treat-
ment, and it may be partially explained by the average 
cholesterol levels were lower and in normal range than above 
mentioned reports so that these were not vary significantly 
affected by inclusion of PPNP. 

In conclusion, the effect of PPNP is still comparatively 
unexplored area. The present study indicated that supplemen-
tation of 1.0% PPNP in the diet showed improved overall 
body weight and ileal morphology while 2.0% PPNP in the 
diet negatively affected on overall growth and physical gut 

development. This study indicated that supplementation of 
PPNP for broiler chickens may have potential benefits on 
starter period, working as prebiotics.
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