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ABSTRACT : For the Exp. 1, a total of fifty four crossbred [(DurocxYorkshire)xLandrace] pigs (77.67±1.42 kg average initial BW) 
were used in a 41-d growth assay to determine the effects of yucca extract supplementation on growth performance, nutrient digestibility 
and serum characteristics of finishing pigs. Dietary treatments included 1) Control (basal diet), 2) YE60 (basal diet+60 ppm yucca 
extract), 3) YE120 (basal diet+120 ppm yucca extract). Average daily gain was not improved by yucca extract supplementation during 
the whole experimental perid (d 0 to 41). Pigs fed control diet showed the best average daily gain. Pigs fed control and YE120 diets 
tended to increase average daily feed intake compared with pigs fed YE60 diet (quadratic effect, p<0.0001). Gain/feed with control 
treatment was significantly better than the YE groups (linear effect, p<0.071). However, there was no significant difference among 
levels of yucca extract (p>0.10). Apparent digestibility of dry matter in pigs fed yucca extract were greater than for pigs fed control diets 
(linear effect, p<0.017). Pigs fed YEI20 tended to have higher digestibility of nitrogen than pigs fed the control diets (linear effect, 
p<0.019). There were no significant differences in Total-, HDL- and LDL-cholesterol concentrations of serum, and the blood urea 
nitrogen (BUN) concentrations in serum was not influenced by the yucca extract supplementation (p그0.10). For the Exp. 2, fifteen 
[(DurocxYorkshire)xLandrace] pigs (25.00+0.50 kg average initial BW) were used in a 30-d metabolism experiment to determine the 
effects of yucca extract supplementation on fecal ammonia gas production. Treatments were : 1) Control (basal diet); 2) YE (basal 
diet+150 ppm yucca extract); 3) BD (basal diet+100 ppm Bio-Dr; yucca extract+far infrared emitted materials). Fecal ammonia gas 
production differences between d 0 and d 30 were significantly reduced (p<0.05) by feeding BD compared to control and YE. Also, 
when pigs were fed the diet with YE tended to be decreased ammonia gas production compared to pigs fed the control diet without 
significant differences (p>0.05). There were no differences for DM and N digestibility among pigs fed the treatment diets. In conclusion, 
yucca and (or) far infrared radiological materials can be used to make environment-friendly diets for growing-finishing pigs without 
negative effects on growth performance and nutrient digestibility. (Asian-Aust. J. Anim. Sci. 2001. Vol 14, No. 9 : 1299-1303)
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INTRODUCTION

The yucca schidigera extract is a natural plant product 
derived from the yucca schidigera plant which is native to 
Southern California and Mexico. Yucca extracts and 
preparations of the desert plant yucca schidigera, family 
liiaceae, have a variety of beneficial effects when included 
in the diet of domestic animals. Yucca extract has insoluble 
dietary fibers and contains high cellulose. A commercial 
product made from the plant extract has been used to reduce 
ammonia and enhance biodegradation of animal waste for 
over 30 years. Ammonia produced from amino acid 
degradation in the body is converted to urea in the 
mammalian liver 20 to 25% of urea is excreted into the 
gastrointestinal tract and eventually it was hydrolyzed to 
ammonia by microbial urease (Wrong, 1981). This 
ammonia has been recognized as a toxin in animals, 
consequently it caused detrimental affect on growth of 

animal (Lin and Visek, 1991). Headon and Walsh (1994) 
demonstrated that 10 ppm ammonia (NH3) gas in the air can 
reduce animal performance and 25 ppm NH3 may induce 
respiratory and other illness. They also demonstrated that if 
animal is exposed to 50 ppm NH3 gas, it caused pneumonia 
and other respiratory disease as well as poor growth 
performance of the animal.

The objective of this study was to determine the effect 
of yucca extract and (or) far infrared emitted materials 
supplementation on the growth performance, nutrient 
digestibility, serum cholesterol concentration and ammonia 
production of feces in growing and finishing pigs fed a 
com-soybean meal based diet.

MATERIALS AND METHODS

Experiment 1
Fifty four crossbred [(DurocxYorkshire)xLandrace] 

pigs (77.67±1.42 kg average initial BW) were used in a 41- 
d growth assay to determine the effects of yucca extract 
supplementation on growth performance in finishing pigs. 
This experiment was conducted by randomized complete 
block (RCB) design and pigs were assigned by body weight 
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and sex. There were six pigs per pen and three pens per 
treatment.

Dietary treatments included 1) Conti■이 (basal diet), 2) 
YE60 (basal diet+60 ppm Yucca extract, EASY-BIO 
SYSTEM, Inc., Cheonan, Korea), 3) YE120 (basal 
diet+120 ppm Yucca extract). Experimental diet was 
formulated to contain 3,400 kcal/kg of ME, 16.20% of CP 
and 1.00% of lysine for the fini아｝ing pigs (table 1). The diet 
was formulated to meet or exceed the nutrient requirements 
recommended by NRC (1998). Chromic oxide (Cr2O3) was 
added (0.2% in the diet) as an indigesti비e marker to allow 
digestibility determinations.

Pigs were allowed to consume feed and water ad libitum 
from a five-holes self-feeder and cup waterer. Average 
daily gain and average daily feed intake were measured on 
d 21 and 41 and gain/feed ratio was also calculated.

Feed and feces were analyzed fbr DM and N 
concentrations (AOAC, 1994). Chromium was determined 
by UV absorption spectrophotometry (Shimadzu, UV-1201, 

Table 1. Diet composition for Exp. 1 and Exp. 2 (as fed 
basis)
Ingredient, % Exp. 1 Exp. 2
Corn 54.30 64.38
Soybean meal (CP 48%) 18.71 28.09
Wheat 11.00 -
Animal fat 3.92 3.00
Molasses 2.50 2.00
Tricalcium phosphate 1.22 1,86
Canola meal 4.00 -
Rice bran, polished 3.00 -
Tocopherol (10%) 0.05 -
Limestone 0.47 0.12
Vitamin/trace mineral premix저 0.20 0.20
Salt 0.25 0.20
L-lysine 0.23 -
Choline (25%) 0.05 -
Rye 0.05 -
Antioxidant (Ethoxyquin 25%) 0.05 0.05
Antibioticb - 0.10

Chemical composition0
ME, kcal/kg 3,400 3,380
Crude protein, % 16.20 19.00
Lysine, % 1.00 1,00
Calcium, % 0.70 0.80
Phosphorus, % 0.60 0.70

a Provided the following per kg of the complete diet : 11,025 IU 
of vitamin A; 1,103 IU of vitamin D3; 44 IU of vitamin E; 4.4 
mg of vitamin K; 8.3 mg of riboflavin; 50 mg of niacin; 29 mg 
of d-pantothenic; 166 mg of choline; 33 jig of vitamin B12; 12 
mg of Mn; 165 mg of Fe; 165 mg of Zn; 16 mg of Cu; 0.3 mg of 
I; 0.3 mg Se.

b Provided 50 mg of Carbadox per kg of complete diet.
c Calculated values.

Japan) and apparent digestibilities of DM and N were 
calculated using the indirect method.

The concentrations of blood urea nitrogen (BUN), 
Total-, HDL- and LDL-cholesterol in the serum were 
measured to investigate the effect of yucca extract 
supplementation on nitrogen and cholesterol metabolism.
Blood samples were collected via jugular vein into vacuum 
tubes from eight pigs in each treatment at the termination of 
the feeding trial. Blood samples were centrifuged at 
2,000xg fbr 30 min and serum samples were taken and 
stored at -20°C until analyses fbr BUN, Total-, HDL- and 
LDL-cholesterol. Blood urea nitrogen determination was 
made using Urea Kit (Boehringer Mannheim, Germany), 
Total- and HDL-cholesterol concentrations were 
determined by T. chol Kit (Boehringer Mannheim, 
Germany) and HDL-C Kit (Boehringer Mannheim, 
Germany), respectively. The concentration of LDL- 
cholesterol was determined by calculated using the 
following equation (Barker et al., 1984); total cholesterol 
concentration - HDL cholesterol concentration - 
(triglyceride/5) = LDL cholesterol concentration.

All data were analyzed as a randomized complete block 
design using the general linear model procedure of SAS 
(1996), with pen as the experimental unit. Polynomial 
regression (Peterson, 1985) was used to determine linear 
and quadratic effects of yucca extract supplementation.

Experiment 2
Fifteen crossbred [(DurocxYorkshire)xLandrace] pigs 

(25.00±0.50 kg average initial BW) were used in a 30-d 
experiment. Pigs were housed in individual stainless steel 
metabolism cages with slotted floors and designed to 
separate urine and feces.

Dietary treatments included 1) Control (basal diet), 2) 
YE (basal diet+150 ppm yucca extract), 3) BD (basal 
由et+100 ppm Bio-Dr, EASY-BIO SYSTEM, Inc., Cheonan, 
Korea). Bio-Dr used in this study was a mixture of yucca 
extract and far infrared emitted materials. Experimental diet 
was formulated to contain 3,380 kcal/kg of ME, 19.00% of 
CP and 1.00% of lysine fbr the growing pigs (table 1). The 
diet was formulated to meet or exceed the nutrient 
requirements recommended by NRC (1998). Chromic oxide 
(Cr2O3) was added (0.2% in the diet) as an indigestible 
mwker to allow digestibility determinations.

Pigs were allowed to consume feed and water ad libitum 
from self-feeder and nipple waterer.

The fecal samples (100 g) fbr ammonia gas 
measurement were collected twice daily in plastic container 
at d 0 and d 30. The feces were incubated at 38°C for 48 h. 
At the end of the 48 h incubation, ammonia gas 
concentrations were determined by ammonia gas detector 
(TG-2400KA, Bionics Instrument, Japan).

Feed and feces were analyzed fbr DM and N 
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concentrations (AOAC, 1994). Chromium was determined 
by UV absorption spectrophotometry (Shimadzu, UV-1201, 
Japan) and apparent digestibilities of DM and N were 
calculated using the indirect-ratio method.

Statistical analyses were carried out to compare the 
means by Duncan's multiple range test (Duncan, 1955) 
using general linear model procedure of SAS (1996).

RESULTS AND DISCUSSION

Experiment 1
Growth performance of pigs fed experimental diet is 

presented in table 2. For d 0 to 21, average daily gain was 
not significantly different among treatments (p>0.10). 
However, average daily feed intake (linear effect, p<0.002; 
quadratic effect, p<0.022) increased as the concentration of 
YE in the diets was increased. Gain/feed ratio fbr pigs fed 
control was greater (quadratic effect, p<0.065) than that of 
pigs fed yucca extract.

For d 21 to 41, pigs fed control diet grew faster than 
pigs fed yucca extract. However, there was no significant 
difference in average daily gain among treatments (p>0.10). 
Average daily feed intake with YE groups was significantly 
less than control group (linear effect, p<0.001; quadratic 
effect, p<0.001). The lowest gain/feed ratio was observed in 
pigs fed YE120 treatment.

Overall (d 0 to 41), average daily gain was not 
improved by yucca extract supplementation. Pigs fed 
control diet showed the best average daily gain. Pigs fed 
control and YE120 diets tended to increase average daily 
feed intake compared with pigs fed YE60 diet (quadratic 
effect, p<0.001). Gain/feed ratio with control treatment was 

significantly better than the YE groups (linear effect, 
pv0.071). However, there was no significant difference 
among levels of yucca extract (p>0.10).

Our data are in partial agreement with those of Brumm 
et al. (1985), who indicated that the addition of dietary 
sarsaponin (0.2%) to the growing-finishing pig diets did not 
affect average daily gain, average daily feed intake and feed 
conversion. Also, Yen and Pond (1993) showed that yucca 
extract (125 ppm) additions had no effects on average daily 
gain, average daily feed intake and gain/feed. Gipp et al. 
(1988) reported that yucca extract supplementation to diets 
without an antibiotic did not have any effect on the growth 
performance, feed consumption and feed conversion ratio.

To the contrary, Foster (1983) reported that pigs fed 
sarsaponin gained faster and more efficiently compared to 
the control in growing pigs. These results are in agreement 
with those of Bae et al. (1999), who showed that average 
daily gain of pigs fed the yucca extract (125 ppm) diet was 
significantly improved. Also, Mader and Brumn (1987) and 
Min et al. (2001) demonstrated that average daily gain of 
pigs fed yucca extract diet was significantly improved in 
pigs.

The effects of yucca extract supplementation on fecal 
nutrient digestibility of finishing pigs are summarized in 
table 3. Apparent digestibility of DM in pigs fed yucca 
extract were greater than fbr pigs fed control diets (linear 
effect, p<0.017). Pigs fed YE120 tended to had higher 
digestibility of nitrogen than pigs fed the control diets 
(linear effect, p<0.019). However, Bae et al. (1999) 
reported that digestibilities of DM and N were not affected 
by the yucca extract supplementation.

As shown in table 4, there were no significant

Table 2. Effects of yucca extract on growth performance in finishing pigs (Exp. l)a

Item Control YE60b YE120b SEC
Contrast

Linear Quadratic
0-21 days
Average daily gain, kg 0.770 0.709 0.810 0.099 NSd NS-
Average daily feed intake, kg 3.002 3.024 3.304 0.289 0.002 0.022
Gain/feed 0.257 0.234 0.245 0.055 NS 0.065

21-41 days
Average daily gain, kg 0.925 0.742 0.809 0.069 NS NS
Average daily feed intake, kg 4.017 3.306 3.696 0.186 0.001 0.001
Gain/feed 0.230 0.224 0.219 0.023 0.029 NS

0-41 days
Average daily gain, kg 0.848 0.726 0.810 0.044 NS 0.085
Average daily feed intake, kg 3.510 3.165 3.500 0.102 NS 0.001
Gain/feed 0.242 0.229 0.231 0.032 0.071 NS

a Fifty four pigs with an average initial weight of 77.67±1.42 kg (SD).
b Abbreviated YE60, added yucca extract 60 ppm; YE120, added yucca extract 120 ppm, respectively. 
c Pooled standard error.
dNS : Not significant (p>0.10).
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Table 3. Effects of yucca extract on nutrient digestibility in finishing pigs (Exp. 1) 저

Item Control YE60b YE120b SEC Contrast
Linear Quadratic

Dry matter, % 81.89 83.21 83.51 0.15 0.017 NSd
Nitrogen, % 80.87 82.38 82.77 0.19 0.019 NS
a Fifty four pigs with an average initio weight of 77.67±1.42 kg (SD).
b Abbreviated YE60, added yucca extract 60 ppm; YE120, added yucca extract 120 ppm, respectively.
cPooled standard error, dNS : Not significant (p>0.I0).

Table 4. Effects of yucca extract on cholesterol and blood urea nitrogen concentrations of serum in finishing pigs (Exp. 1)허

Item Control YE60b YE120b SEC Contrast
Linear Quadratic

Total cholesterol, mg/dl 89.25 86.00 92.13 4.17 NS" NS
HDL-cholesterol, mg/dl 45.00 44.75 45.71 3.53 NS NS
LDL-cholesterol, mg/dl 35.95 32.60 40.38 4.74 NS NS
Blood urea nitrogen, mg/dl 19.43 18.73 19.71 0.90 NS .NS
저 Blood samples were taken from eight pigs per treatment.
b Abbreviated YE60, added y니cca extract 60 ppm; YE120, added yucca extract 120 ppm, respectively.
cPooled standard error. dNS : Not significant (p>0.10).

differences in Total-, HDL- and LDL cholesterol 
concentrations of serum, and also the blood urea nitrogen 
concentrations in serum was not influenced by the yucca 
extract supplementation (p느0.10).

Numerous animal and human studies confirmed the 
pronounced hypocholesterolemic effects of soluble dietary 
fiber. Also, recent interest has focused on human health, 
particularly cardiovascular diseases, because of public 
concern over cholesterol in meat and meat product. Several 
hypotheses have been proposed to explain the 
hypocholesterolemic effect of dietary fiber, including 
binding of bile acids by fiber, interference of lipid 
absorption and reduced hepatic cholesterol synthesis by 
propionate. However, Because the yucca extract has 
insoluble fiber, our results showed that Total-, HDL- and 
LDL cholesterol concentrations in serum were not 
influenced by the yucca extract supplementation in 
finishing pigs.

Experiment 2
Ammonia gas production of pigs fed experimental diet 

is presented in table 5. The differences of fecal ammonia 
gas production between d 0 and d 30 were significantly 
reduced by feeding BD diet compared to control and YE 
diets. Because Bio-Dr used in the present study was a 
mixture of yucca extract and far infrared radiological 
materials, our data indicated that there was synergy effect 
for reducing fecal ammonia gas production. Kwon (1999) 
reported that fecal Lactobacillus sp. concentrations were 
significantly increased by far infrared emitted materials to 
the growing pig diets. Many intestinal bacteria produce 
urease, however, most Lactobacillus strains have been 
known to produce little urease or other ammonia-generating

Table 5. Effects of yucca extract on ammonia gas 
production in growing pigs (Exp. 2)흐

Item Control YEb BDb SEC
Ammonia gas

production
D 0, ppm 44.00e 37.00" 64.50d 4.30
D 30, ppm 58.13d 37.00" 34.88" 4.93
Difference, ppm 14.13e 0.00e -29.63 d 5.03
Fifteen pigs with an average initial weight of 25.00±0.50 kg
(SD).

b Abbreviated YE, added yucca extract 150 ppm; BD, added yucca 
extract+far infrared radiological materials 100 ppm, respectively.

c Pooled standard error, d,e Means in the same row with different 
superscripts differ (p<0.05).

enzymes (Phear and Ruebner, 1956; Macbeth et al., 1965; 
Agostini et al., 1972).

Pigs fed the diet with YE tended to have decreased fecal 
ammonia gas production compared to pigs fed the control 
diet without significant differences (p느0.05). Also, Jeon et 
al. (1996) reported that ammonia concentration in feces was 
significantly reduced by yucca extract (0.02%) addition. It 
was hypothesized that one mechanism of action of yucca 
extract in improving performance of swine might be the 
reduction of ammonia concentration in the atmosphere of 
the swine house. Min et al. (2001) demonstrated that NH3-N 
content in manure tended to be increased by the increased 
dietary protein levels and with yucca extract 
supplementation. Also, Yeo and Kim (1997) showed that 
yucca extract supplementation to diet did affect on intestinal 
urease activity in broiler, although net ammonia production 
shows tendency to be decreased. Rowland et al. (1976) 
reported that yucca extract may be of significant benefit in 
reducing ammonia levels in feces. Sutton et al. (1992) also
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Table 6. Effects of yucca extract on nutrient digestibility in 
growing pigs (Exp. 2)a
Item Contr 이 YEb BDb SEC
Dry matter, % 87.54 87.91 88.71 0.40
Nitrogen, % 85.36 85.40 85.66 0.71

Fifteen pigs with an average initial weight of 25.00±0.50 kg
(SD).

b Abbreviated YE, added yucca extract 150 ppm; BD, added 
yucca extract+far infrared radiological materials 100 ppm, 
respectively.

c Pooled standard error.

found that ammonia emission was significantly suppressed 
by 55.5% in manure sarsaponin extract.

Proximate nutrients digestibility of pigs fed 
experimental diets are presented in table 6. Pigs fed YE and 
BD diets did not find improvements in digestibility of DM 
and N compared to control diet.
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