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ABSTRACT : Three experiments were conducted to investigate the Pine Bark Spent Liquor (PBSL) inclusion, pre—
pared by alkaline sulfite—anthraquinone cooking, on pellet durability index (PDI) of practical diets and performance
of broiler chicks and laying hens. Fourteen treatments with four replications were assigned for PDI test in Experi—
ment 1. Control, 10% Wheat(W10), 20% Wheat (W20), 0.25, 0.50, 1.00, 2.00 and 3.00% PBSL, 0.1, 0.2% commer—
cial pellet binder A(CPB A) or B(CPB B), W10 plus 0.1% CPB A or B were used for PDI test. PDI was measured
by PDI tester (Oriental Motors, Japan). The control diet was based on corn and soybean meal with no wheat or
pellet binders inclusion. The PDI of the PBSL or other commercial pellet binder treatments were significantly higher
than control groups (P<0.05). It was shown 95.9, 95.9, 95.8, and 95.7 in W10, 0.5% PBSL, 0.2% CPB A or B treat—
ments, respectively. Thus, those treatments were applied to Experiments 2 and 3. In experiment 2, 200 male
broiler chicks (Cobb X Cobb) were allocated to the control, W10, PBSL 0.5%, 0.2% CPB A and B with four repli—
cations. Starter diets contained 3,169, 3,149 kcal/kg ME and 21% CP, and finisher diets were fed at the level of
3,192, 3,172 kcal/kg ME and 19% CP. Weight gain, feed intake, feed conversion ratio (FCR) were weekly mea—
sured for 5 wk and the number of intestinal anaerobes were examined at the end of experiment. The weight gain of
chicks fed PBSL was not significantly greater than control groups, but was significant different compared to that of
W10 or 0.2% CPB A treatments (P<0.05). FCR of chicks treated with PBSL or other pellet binders tended to
improve compared to that of control. Intestinal anaerobes of all pellet binders was significantly lower than control
except W10 treatments. In Experiment 3, 200 Lohmann brown laying hens were placed into wire layer cages. Diets
contained 2,720 kcal/kg ME and 18.5% CP. The experimental design was the same as that of Experiment 2. Egg
production, feed intake and FCR were measured from 24 to 32 wk. Blood components and egg quality were exam—
ined at the end of experiment. There was no significant differences in egg production among treatments. However,
the egg weight and feed conversion ratio of hens fed 0.5% PBSL was significantly improved compared the
control (P<0.05). Blood cholesterol of hens fed 0.5% PBSL was significantly lower than control(P<0.05). The
results of these experiments indicated that PBSL could be used as a pellet binder in poultry diets.
(Key words: pellet binder, pellet durability index, pine bark, broiler, laying hens)
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INTRODUCTION

Pine wood (Pinus densiflora Sieb. et Zucc.) is belong
to the most abundant soft wood in Korea and has been
used in mechanical pulp and medium density fiber—
board (MDF) mills. Most pine bark discharged from
these mills is usually disposed of as waste or is burned
as an auxiliary fuel. The major limiting factor in utiliz—
ing pine bark as a fiber resources is the high polyphe—
nol and low polysaccharide content. However, poly—
phenols, one of major component of pine barks, can be
used as an alternative source of lignin to produce lig—
nosulfonates. After sulfite cooking of the wood, the
lignosulfonate obtained from sulfite spent liquor has
been used as a pellet binder, dispersant, cement and
concrete additives, etc. (FenGel and Wegner, 1984).
Therefore, development of a sulfite cooking process,
effective in dissolving lignin or related materials in pine
bark, is essential for substitution of lignosulfonates and
reutilization of pine bark wastes. Recently, alkaline
sulfite—anthraquinone (AS—AQ) cooking has been
found to be an efficient method for dissolving lignin or
its related material from pine bark and the optimal
cooking condition have been established (Mun et al.,
1997; Mun and Park, 1999).

Pellet binders have been widely used to improve the
diet pellet durability (Pfost, 1964; Pfost and Young,
1973) and the performance of broiler chicks or laying
hens (Leeson et al.,, 1978; Choi et al., 1986; Ibtisan and
Sell, 1990). Lignosulfonate, cellulose, hemicellulose,
bentonite and collagen protein have been reported as
pellet binder for poultry (Shen et al., 1983; Salmon,
1985; Wood, 1987; Tabil et al., 1997).

Lignosulfonate types of pellet binders may especially
be effective in a pelleted diet than others(Payne,
1996) because they improve the dietary nutritive
value, protein degradability including insoluble nitro—
gen, and decrease ammonia production in animals
(Lawrence, 1983; Windschitl and Stern, 19838; Stan—
ford et al., 1995). They also produce lower serum
cholesterol concentration in rats compared with cellu—

lase feeding treatments (Judd et al., 1976) and

decrease the cholesterolemic action(Meijer and Bey—
nen, 1990).

Lignin or its related materials in pine bark could be
used as an alternative source of lignin to produce lig—
nosulfonates. Mun et al.(1997) reported that pine bark
was easily delignified by AS—AQ cooking and resulted
in producing approximately 90% delignification. The
dissolved materials after cooking of pine bark would be
able to play an important role as a pellet binder to
improve the pellet quality of practical diets and per—
formance of broiler chicks or laying hens.

Thus, these experiments were conducted to inves—
tigate the possible use of pine bark spent liquor (PBSL)
as a pellet binder for poultry diets and to compare the
effects of PBSL and other commercial pellet binders

on the performance of broiler chicks or laying hens.

MATERIALS AND METHODS

1. Preparation of Pine Bark Spent Liquor

Pine bark was obtained from Hansol Paper Mill,
Chonju Korea and was air dried and screened to
remove sand or small particles. To obtain the spent
liquor, 500 hundred grams(oven dry weight; o.d) of
pine bark was cooked and then mixed with 30%
NasS03(NaxQ), 7.4% NaOH(NayO) and 0.2% AQ
according to previous reports Mun et al, 1997). The
liquor to bark ratio was 6:1 for cooking, which was
conducted at 1807 for 3h. The spent liquor was pro—
duced and adjusted to pH 7.0 by HySO4. The barl was
delignified approximately 89% by this process. The
neutratized spent liquor was spray dried at 1707C,
25,000 RPM for 2 h.

2. Experiment 1

Treatments were divided into 14 groups with four
replications. Control (no pellet binder), 10%
wheat(W10), 20% wheat(W20), 0.25, 0.50, 1.00,
2.00, 3.00% pine bark spent liquor (PBSL), 0.1 or 0.2%
commercial pellet binder (CPB) A and B, 0.1% CPB A
or B plus W10 treatments were used for pellet diet
durability. Binder A belonged to the lignin type of pel—
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Table 1. Diet composition of Expt. 1 and Expt. 2
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Experiment 1

Experiment 2

Ingredients —
Starter Finisher

Control W 10 W 20 Control W 10
Corn 58.95 50.78 42.61 64.32 56.06
Soybean meal (44% CP) 37.48 35.69 33.89 32.12 30.43
Wheat - 10.00 20.00 - 10.00
DCP 1.73 1.62 1.52 1.77 1.67
Limestone 1.10 1.16 1.23 1.11 1.17
Salt 0.40 0.40 0.40 0.40 0.40
DL—methionine 0.15 0.15 0.15 0.07 0.07
Vitamin premix* 0.10 0.10 0.10 0.10 0.10
Mineral premix? 0.10 0.10 0.10 0.10 0.10
Total 100 100 100 100 100
Estimated composition
ME (Kcal/Kg) 3,169 3,149 3,129 3,192 3,172
CP (%) 21.00 21.00 21.00 19.00 19.00
Methionine (%) 0.507 0.507 0.506 0.406 0.405
Lysine (%) 1.239 1.206 1.174 1.096 1.063

—

, Provided per kg of diet : Vitamin A, 10,000 IU; vitamin D3, 2,200 ICU; vitamin E, 20 IU; riboﬂavir;, 5.6 mg; thiamine, 2.2 mg;

pyridoxine, 1.6 mg; vitamin Bjs, 0.014 mg; niacin, 20 mg; panthothenic acid, 12 mg; folic acid, 1.0 mg; biotin, 0.12 mg;

ethoxyquin, 125 mg.
2 Provided the mg per kg of diet : Mn 66; Zn, 50; Fe, 44; Cu, 4.0;

let binder and has been widely used by broiler inte—
grators to reduce feed cost. Binder B based on colla—
gen protein belongs to a commercial pellet binder type
that is produced from animal soft bone tissue. Pellet
durability index(PDID) test of experimental diet was
conducted to investigate the evaluation of PBSL or
other commercial pellet binders in the quality control
laboratory of a local feed mill. All diets were pelleted in
a F—23 pelleter (Fuji Paudal Co., Osaka Japan). The PDI
tester (Oriental Motor, Japan) was rotated at the speed
of 50 RPM for 10 min in each 500g samples. The fines
of the sample were screened off and the whole pellet
weighed. The percentage of remaining whole pellets
was used for PDI that was calculated as the formula of
(500—fine) X 100/500.

3. Experiment 2
Two hundred day—old male broiler chicks (Cobb X

Cobb) were randomly housed in floor pens. Control,

I, 0.6; Se, 0.16.

W10, 0.5% PBSL, 0.2% CPB A and B were allocated
for 5 wk with four replications. Feed and water were
provided ad Ilibitum and light was supplied for 24 h.
The basal diet was based on corn —soybean meal and
all nutrients met NRC(1994) requirement except
crude protein and metabolizable energy. Weight gain
and feed intake were measured, feed conversion
ratio (FCR) were calculated each week. Chicks were
sacrificed by decapitation at the end of experiment.
lleal anaerobes were measured in fecal samples from

the large intestine feces by the dilution plate method.

4. Experiment 3

Two hundred 23 week old Lohman brown laying
hens were assigned to five treatments with four repli—
cations. The experimental design was the same that of
Experiment 2. Hens were placed in layers cage from
24 to 32 wk. All diets contained 18% CP and 2,720
cal/g ME and provided ad libitum. Egg production and
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feed intake were measured, and the feed conversion
ratio (FCR) were calculated from 24 to 32 wk of age.
Blood protein, albumin, cholesterol, GOT and egg
quality were examined at the end of experiment. The
eggshell qualities were measured by FHK (Fujihara,
Co. LTD., Japan). Yolk color were measured by Roche
color fan (Roche Co., USA). Hens were sacrificed by
decapitation at the end of experiment. Blood samples
were taken from jugular vein and analyzed by the
automatic blood analyzer (Minos, BAT, France).

All data were analyzed by the General Linear Mod—
els (GLM) procedure of SAS® (SAS Institute, 1990)

RESULTS AND DISCCUSION

1. Experiment 1

Table 2. Diet composition of Expt. 3

The results of Experiment 1 are shown in Table 3.
PDI treated all pellet binders were significantly higher
than control(’<0.05). It was significantly higher in
W20 than W10 treatment(P<0.05). There were no
statistical different PDI between 0.1 and 0.2% CPB A,
belong to lignosulfonate type. In contrast, it showed
significant difference between 0.1 and 0.2% CPB B
inclusion treatment(P<0.05). Pine bark spent
liquor (PBSL.) supplement up to 1% showed signifi—
cantly higher PDI than control as dietary PBSL inclu—
sion increased (P<0.05). However, the inclusion of
0.5% PBSL was sufficient PDI relative to that of 0.2%
CPB A or B. The PDI of W10, 0.5% PBSL, 0.2% CPB
A or B was 95.92, 95.92, 95.80, 95.68, respectively.
As a result, those treatments were applied to Expt 2
and 3. The PDI between control and pellet binder

treatments was different from the previous reports

Table 3. Effects of pine bark spent liquor (PBSL) and
other commercial pellet binder (CPB) on pel—
let durability index (PDI) of broiler diets for

Ingredients Control Wheat 10%
Corn 59.04 51.30
Soybean meal 26.16 23.15
Fish meal 1.97 3.28
Wheat - 10.00
DCP 1.24 1.13
Limestone 10.73 10.30
Salt 0.40 0.38
DL —methionine 0.06 0.06
Mineral premix 0.20 0.20
Vitamin premix 0.20 0.20

Total 100.00 100.00
Estimated composition
ME (kcal/kg) 2,720 2,720
CP (%) 18.50 18.50
Ca (%) 4.468 4.338
Available P (%) 0.409 0.409
Met+cys (%) 0.701 0.702

—

, Provided per kg of diet: Vitamin A, 10,000IU; vitamin Ds,
2,2001IU; vitamin E, 20IU; riboflavin, 5.6mg; thiamine,
2.2mg; pyridoxine, 1.6mg; vitamin Bi;, 14mg; niacin,
20mg; panthothenic acid, 12mg; follic acid, 1.0mg; biotin,
0.12mg and ethoxyquin, 125mg.

, Provided the mg per kg of diet: Mn, 66; Zn, 50; Fe, 44;
Cu, 4.0; [, 0.6 and Se, 0.16.

~

Expt. 1
Treatment PDI

Control 94.002
Wheat

10 (W10) 95.92°¢

20 (W20) 96.20°
PBSL

0.25 94.88!

0.50 95.92¢

1.00 96.50%

2.00 96.522

3.00 96.672
CPB A

0.1 ' 95.68¢

0.2 95.80¢

0.1+W10 95.72¢d
CPBB

0.1 95.12°

0.2 95.68¢

0.1+W10 95.92¢

478 Means within column with no common superscripts
differ significantly (P<0.05).
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(Winowiski, 1988; Briggs et al., 1999) due to the dif—
ferent procedure of pellet diets. However, the results
of this experiment indicated that pellet binder supple—
mentation significantly increased the PDI in broiler
diets (P<0.05).

2. Experiment 2

In previous experiment, W10, 0.5% PBSL, 0.2% CPB
A or B treatments exhibited so similar PDI that those
treatments were added for the feeding trial of broiler
chicks. W10 and CPB A have been used in broiler
integrator of feed industry of this country. However,
Weight gain of those two treatments were inferior to
that of control(Table 4). This may the cause the pro—
cedure that control diet was pelleted as the same
method of other pellet binder treatments. Weight gain
of chicks fed PBSL and CPB B was significantly higher
than that of other treatments(P<0.05). Chicks fed
0.2% CPB B, control and 0.5% PBSL was significantly
different feed intake from other treatments. All pellet

binder treatments tended to improve FCR relative to

control groups, but was not differ significantly. These
results were contrary to the reports that calcium lig—
nosulfate inclusion up to 2.5% did not improve the
performance of broiler chicks (Proudfoot and DeWitt,
1976; Proudfoot et al., 1979; Acar et al,, 1991). The
number of intestinal microflora fed both PBSL and CPB
A was significantly reduced (P<0.05), but was not
shown consisitency. It was decreased in lignosulfonate
types of pellet binders due to may be containing phe—
nolic compound or other materials, retarded microbial

growth of those pellet binders.

3. Experiment 3

PBSL or commercial pellet binders (CPB) were
evaluated in laying hen’'s diet. Egg production of all
treatments was no significance(Table 5). Egg weight
of hens fed PBSL or 0.2% CPB B was significantly
higher than other treatments(P<0.05). The increment
of both treatments may due to carbohydrates or pro—
tein containing of both pellet binders. Feed intake hens
fed PBSL or CPB A was significantly higher than other

Table 4. Effects of PBSL and other commercial pellet binders (CPB) on weight gain (g), feed intake (g), feed con—

version ratio (FCR) and intestinal microflora of broiler chicks for Expt. 2

Treatments Weight gain(g) Feed intake(g) Feed/gain Anaerobes( X 108 cfu/g)
Control 1507.9%° 2862.1° 1.916 1.8422
W10 1439.2° 2690.7° 1.880 1.850?
PBSL 1528.9* 2852.4% 1.878 1.417°
CPB A 1443.6° 2703.1° 1.882 1.175¢
CPBB 1550.52 2873.42 1.866 1.6852
Pooled SE 11.804 8.945 0.014 5.802

a=¢ Means within column with no common superscripts differ significantly (P<0.05).

Table 5. A comparison of PBSL prepared by alkaline sulfite—anthraquinone cooking and other commercial pellet

binders (CPB) on performance of laying hen for Expt. 3

Treatments Egg production (%) Egg weight (g) Feed intake (g) Feed intake/egg
Control 95.44 57.47% 124.94¢ 2.312%
W10 96.21 56.39% 127.972 2.3362
PBSL 95.66 58.102 126.72° 2.258b¢
CPB A 96.21 56.21°¢ 123.58¢ 2.261¢
CPBB 95.78 57.70° 122.94¢ 2.250°

Pooled SE 0.278 0.075 0.175 0.009

a~¢_ Means within column with no common superscripts differ significantly (P<0.05).
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treatments (P<0.05). PBSL contained sodium salts may
have a role to increase feed intake. PBSL, CPB A and
B treatements exhibited significantly improved FCR
compared to other groups (P<0.05).

The results of blood components are shown in Table
6. It was no significance except cholesterol. The blood
protein of hens fed PBSL or CPB B tended to be higher
than that of other treatments, but was not significantly
different. The GOT fed pellet binders seemed to be
higher than control, but was no significance between
treatments. Blood cholesterol of hens fed control was
significantly increased compared to that of other
treatments (P<0.05). However, it was significantly
decreased with PBSL inclusion (P<0.05). The results
of this experiment was the similar trend to the reports
that cholestrolemic effects of lignin types pellet binder
would be lower than control groups in rats(Judd et al.,,
1976; Meijer and Beynen, 1990).

The egg qualities of hens fed PBSL or other com—
mercial pellet binders were shown in Table 7. Eggshell

breaking strength, Haugh unit and yolk index were no

significance of all treatments. Eggshell breaking
strength was no consistency, whereas hens fed PBSL
tended to improve Haugh unit than other treatments.
Lignosulfonates types of pellet binders treatments also
showed significantly higher yolk color compared to
that of control groups(P<0.05). It seemed to the cause
of PBSL contained xanthophyll or other color that
influence the yolk color.

In conclusion, the results of Expt 1 indicated that
0.5% PBSL supplementation had equal pellet binding
ability to 0.2% other commercial pellet binders, but
significantly higher PDI than control groups in broiler
diets. The broiler chicks fed 0.5% PBSL showed suf—
ficient to weight gain and FCR of 0.2% other commer—
cial pellet binder treatments in Expt. Hens fed 0.5%
PBSL inclusion tended to improve egg production and
FCR, but was not significantly different. PBSL supple—
ments increased egg weight and feed intake signifi—
cantly (P<0.05). Hens fed PBSL decreased blood cho—
lesterol significantly compared to that of
control (P<0.05). The yolk color of hens fed PBSL was

Table 6. A comparison of blood components of laying hens fed PBSL or commercial pellet binders (CPB) for Expt. 3

Treatments Protein (%) Albumin Glucose GOT Cholesterol
----- (%) —- (g/dD (mg/dl) (U/L) (mg/dl) --—--

Control 7.00 2.49 176.27 158.25 252.90°

W 10 6.81 2.59 187.58 162.50 192.63°
PBSL 7.49 2.44 188.99 170.75 192.10°
CPB A 6.97 2.57 191.37 171.00 174.33°
CPBB 7.10 241 181.63 185.24 177.03°
Pooled SE 0.110 0.028 2.763 3.574 8.460

ab Means within column with no common superscripts differ significantly (P<0.05).

Table 7. Effects of PBSL or other commercial pellet binders on egg quality of laying hen for Expt. 3

Treatments Eggshell breaking strength (kg/cm?) Yolk color Haugh unit Yolk index!
Control 3.959 6.071° 76.47 0.497
W10 4.079 6.6672 77.67 0.487
PBSL 4.069 7.0007 72.32 0.503
CPB A 3.952 7.0007 79.05 0.480
CPBB 4.150 6.429b¢ 72.94 0.468
Pooled SE 0.098 0.089 1.131 0.005

! Yolk height/Yolk width.

abe Means within column with no common superscripts differ significantly (P<0.05).
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significantly higher than control groups. Hence, PBSL
would be able to use as a pellet binders in poultry diets
and have a feeding effect on performance of broiler

chicks or laying hens

H 2
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