
  DESCRIPTION OF PROBLEM 

Yucca schidigera is a species of the yucca 
plant that is native to the southwestern United 
States and Mexico. the yucca plant is rich in the 
natural steroid saponin, which adds commercial 

value to the plant. Saponins are naturally occur-
ring chemical compounds found in a wide va-
riety of food, forage plants, and a few marine 
animals [1]. they have detergent or surfactant 
properties because they contain both water-sol-
uble and fat-soluble components. they consist 
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  SUMMARY 

  a laboratory-scale study was conducted to determine the effect of feeding laying hens a 
standard commercial diet supplemented with different dosages of Yucca schidigera powder on 
Nh3 emission rate and production performance. a total of 72 W36 laying hens at 25 wk of age 
were used during the 12-wk study. the birds were equally divided into 4 groups and randomly 
allocated among 4 diets containing, respectively, 0, 50, 100, and 200 ppm (by weight) yucca 
powder. the hens were reared in an environment of 24 ± 1°C and a concomitant Rh of 45 to 
65%. Measurement of Nh3 emission rate was done with a Gaseous emission Vessels System. 
the Y. schidigera powder in the laying-hen diet at a dosage of 50, 100, or 200 ppm did not af-
fect the production performance of laying hens when compared with the 0-ppm dosage. the 
100-ppm dosage significantly (P < 0.05) reduced Nh3 emission by 44 and 28%, respectively, 
for the first and second day of manure storage when compared with the other dosages. On the 
third day, Nh3 reduction was 14% but was not significantly different from the other treatments. 
adding 50 or 200 ppm of yucca in the diet did not reduce Nh3 emission. hence, adding 100 
ppm of yucca in the laying-hen diet coupled with frequent manure removal (once every 1 to 2 
d) would be conducive to reducing Nh3 generation and emission in laying-hen barns. 
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of a fat-soluble nucleus, having either a steroid 
or triterpenoid structure, with one or more side 
chains of water-soluble carbohydrates [2]. Un-
like the triterpenoid saponins, steroid saponins 
of Y. schidigera (yucca) powder have proven 
beneficial to livestock and poultry producers [3, 
4].

Most commercial production of Y. schidigera 
currently takes place in Mexico. the trunk of the 
plant is mechanically macerated and either dried 
and ground to produce 100% yucca powder, or 
the macerated material is subjected to mechani-
cal squeezing in a press to produce yucca juice 
or extract. Yucca is currently used as a dietary 
additive for livestock primarily for Nh3 [2, 4, 
5] and odor [6, 7] control. although the mode 
of action is not certain, the effects of yucca on 
reducing aerial Nh3 levels in livestock buildings 
are probably not due to the saponin components 
[8]. these authors could not conclusively iden-
tify the active Nh3-reducing constituent. there 
are propositions that carbohydrates [8] and stil-
benes (trans-tetrahydroxy-methoxystilbene) [9] 
may be involved, and the yucca bark is rich in 
stilbenes [10].

Yucca has been reported to reduce Nh3 con-
centration in poultry barns [11, 12] and to im-
prove egg production [11]. however, others 
have reported no effect on production param-
eters of laying hens [13], laying quail [14], or 
on turkey poults [15]. poultry feed has been 
supplemented with different levels of yucca 
powder in different studies to examine their ef-
fect on various parameters. although most of 
the studies were focused on the effect of yucca 
on aerial Nh3 concentration, which is subject to 
the influence of air exchange or ventilation rate 
(VR), this study was focused on the effect on 
Nh3 emission rate (ER), which combines the 
effects of both concentration and VR. Sectors 
of the US egg industry have adopted 100 ppm 
of yucca powder as the recommended level of 
dietary supplementation to reduce Nh3 levels 
in pullet or laying-hen barns. hence, the objec-
tives of this study were to determine the effect of 
the recommended yucca dosage (100 ppm) vs. 
higher or lower dosages (0, 50, and 200 ppm of 
yucca) in the laying-hen diet on 1) production 
performance of the hens and 2) Nh3 eR from 
the laying-hen manure. Yucca powder with a 
>9% saponin content was used.

MATERIALS AND METHODS

the use and handling of the laying hens in 
this experiment were approved by the Iowa State 
University Institutional animal Care and Use 
Committee before the experiment commenced.

Experimental Facility

livestock environment and animal physiol-
ogy laboratory I of Iowa State University was 
used in the study. a 2.21 × 2.26 × 2.41 m (width, 
length, height) environmentally controlled room 
was used to rear the laying hens. the birds were 
kept in 24 metabolic cages, each measuring 0.34 
× 0.51 × 0.35 m (width, length, height). One 
water trough and one feed trough were provided 
for each cage. the feeders were placed such 
that cross-feeding between neighboring cages 
was not possible. Similarly, the cages were par-
titioned with a solid sheet-metal plate to avoid 
cross-deposition of manure. Manure trays were 
provided underneath each cage and were lined 
with plastic film for easy manure removal. air 
temperature, Rh, and VR of the room were con-
trolled to maintain an indoor environment of 24 
± 1°C and 45 to 65% Rh [16].

Dietary Regimens

the dietary regimens involved a standard 
laying-hen diet supplemented with different 
dosages of yucca powder, namely, 0, 50, 100 
(positive control), and 200 ppm. the 100-ppm 
level was considered the positive control be-
cause it was the industry-recommended level. 
a single batch of basal diet was prepared and 
divided among the regimens, which ensured that 
the feed was consistently the same throughout 
the experiment. the basal diet was formulated 
and mixed at the Iowa State University poultry 
Research Farm feed mill plant.

Laying Hens

a total of 72 hy-line W36 laying hens [17] 
at 25 wk of age were procured from a commer-
cial laying-hen farm in Iowa. Upon arrival at 
the laboratory, the hens were randomly divided 
into 4 groups of 18 hens each. each group was 
randomly assigned a dietary regimen. each 
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group was further divided into subgroups of 3 
hens, resulting in 6 subgroups or replicates per 
treatment. the subgroups were then randomly 
placed in the cages at a stocking density of 581 
cm2 (90 in2) per hen.

the experiment lasted 12 wk, with the first 
week being the acclimation period, when all the 
birds were fed the 0-ppm diet. at the beginning 
of the second week, the respective diets were fed 
to the hens as earlier assigned until the end of the 
experiment. Water and feed were provided ad 
libitum, and the lighting program was 16l:8D 
for the entire experiment. Manure was removed 
once a week until the 10th week, after which it 
was handled differently for Nh3 emission mea-
surements, as described below. the welfare of 
the hens was monitored throughout.

On a daily basis, the eggs were collected, 
counted and weighed. the feed supplied to the 
birds was also weighed daily. Once a week, 9 
hens per treatment were weighed. these data 
were used to determine production performance 
of the hens, including feed intake (FI), egg pro-
duction (hen-day egg production and mass out-
put), and Fe. the FI was determined as the dif-
ference in mass between the feed given to the 
hens and that left over after a particular period. 
Feed efficiency was calculated as the ratio of the 
mass of feed consumed to the mass of eggs pro-
duced over the same time period.

Manure Handling for NH3 ER Measurement

the manure produced during wk 11 and 12 
was used in comparative Nh3 emission mea-
surements. During this period, the hens had 
been well conditioned to the dietary regimens. 
at the beginning of wk 11, all the manure was 
removed. Manure was then allowed to accumu-
late for 3 d. at end of the third day, 2 manure 
pans per regimen were randomly selected and 
their manure was separately collected into Zip-
loc bags [18] and transported to another labo-
ratory (approximately 5 km away on campus), 
where Nh3 emissions from the manure samples 
were measured continuously for 3 d using a 
Gaseous emission Vessels System [19, 20], as 
illustrated in Figure 1. Further manure handling 
is described in the following section. at the 
same time the samples were taken the first time, 

another pair of manure pans per regimen were 
randomly selected and manure was removed in 
preparation for manure accumulation to be used 
in the second Nh3 emission measurement ses-
sion. the remaining pair of manure pans in the 
regimen were similarly scheduled for the third 
session. thus, for each of the 3 measurement 
sessions, there were 8 manure samples (i.e., 2 
manure samples or replicates per regimen × 4 
regimens).

Placement of Manure Samples  
in the Emission Vessels

Upon arrival at the emissions measurement 
laboratory, the manure samples were placed in 
individual plastic containers and thoroughly 
mixed with an electric handheld mechanical 
mixer. a sample of 500 g from each container 
was placed in small plastic buckets (16.5 cm in 
diameter and 19.0 cm in height) and leveled by 
hand to obtain a uniform surface area in all the 
buckets. the small buckets were then randomly 
placed in each of the 8 vessels and their lids were 
tightly closed. the vessels were then placed into 
the measurement system, followed by the emis-
sions monitoring. a thorough check for leaks on 
the vessels and air lines was performed. another 
manure sample from each mixing container was 
separately placed in Ziploc bags [18] and stored 
in the freezer for analysis of physical and chemi-
cal properties. Measurements of Nh3 concentra-
tion and emissions were made continuously for 
3 d, after which a new session was begun fol-
lowing the same procedures described above.

after completion of the 3 measurement 
sessions, all the stored manure samples were 
thawed at room temperature overnight. Manure 
samples belonging to the same dietary regimen 
were thoroughly mixed together and a compos-
ite sample was taken. the manure samples were 
then sent to a certified commercial manure test-
ing laboratory for analyses of total N [21], am-
monium N [21], organic N [21], moisture con-
tent (MC) [22], and ph [23].

Calculation of NH3 ER

the Nh3 eR (eRNh3, g/h per kilogram of ma-
nure) was calculated as follows:
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where [Nh3]e and [Nh3]i are the Nh3 concentra-
tion in the vessel exhaust and fresh air (ppm), re-
spectively, Q is the airflow rate through the ves-
sel (m3/h per vessel) at the ambient temperature 
and pressure, M is the initial mass of manure in 
the vessel (kg), Wm is the molar weight of Nh3 
(17.031 g/mol), Vm is the molar volume of Nh3 
(0.022414 m3/mol) at the standard temperature 
(0°C) and pressure (101.325 kpa), Tstd is the 
standard temperature (273.15 K), Ta is the ab-
solute room ambient temperature (°C + 273.15 

K), Pa is the atmospheric barometric pressure 
(98 kpa, based on site elevation), and Pstd is the 
standard barometric pressure (101.325 kpa).

Experimental Design and Statistical Analysis

For measurement of production perfor-
mance, the experiment was a completely ran-
domized design. analysis of variance was con-
ducted on the data using the GlM procedure 
of SaS software [24] to determine treatment 
effects on the various production performance 
variables. the production performance data 
were summarized into daily averages per hen 
before being analyzed. For Nh3 eR, the experi-
ment may be described in 2 parts: 1) a com-

Figure 1. Schematic representation of the Gaseous Emission Vessels (EV) System. DAQ = data acquisition. The 
CR10, SDM switch, and AM16/32 mulitplexer constitute a measurement and control module (Campbell Scientific, 
Logan, UT).
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pletely randomized block design, in which the 
3 measurement sessions were the blocks and 
the cages within each session (that were ran-
domly assigned the dietary regimens) were the 
experimental units, and 2) repeated measures 
undertaken on manure from each cage over a 
3-d period. the same SaS procedure was used 
to determine treatment effects on Nh3 eR. the 
Nh3 eR data were summarized into daily totals 
before being analyzed.

RESULTS AND DISCUSSION

Production Performance

the data collected during the first week were 
excluded from the analysis because the hens 
were still acclimatizing to their new environ-
ment. No mortality was recorded in the entire 
experiment. the results of the production per-
formance of the hens are shown in table 1. No 
significant differences (P = 0.3463 to 0.9146) 
were observed among the regimens in all the 
production performance variables. Kutlu et al. 
[13] reported that yucca powder with a 10.76% 
saponin content at dosages of 0, 30, 60, and 120 
ppm did not affect FI, egg production, Fe, BW 
gain, or egg quality parameters of White hy-
line laying hens reared over an 8-wk period 
(28 to 36 wk of age). Similar results had been 
reported in laying quails fed dosages of 0, 100, 
and 200 ppm of yucca powder [14] and in tur-
key poults [15]. the addition of 31 to 155 ppm 
of yucca extract containing 40% steroid sapo-
nins increased egg production and 465 ppm of 
extract decreased egg production in laying hens 
[11]. Further, the 31- to 155-ppm dosage had 
little effect on Fe and mortality. positive effects 
on growth rate and Fe had been reported when 

yucca was included at a dosage of 60 or 120 
ppm in the broiler diet [25].

Only the regimen × bird age interaction for 
the FI variable was significant (P = 0.05435). 
the aDFI per hen was approximately 100 g, 
which agrees with the literature value of 100 g/
hen per day [26]. however, it was lower at 35 
and 36 wk of age, ranging from 92.2 to 97.5 g/
hen per day across all treatments. During this 
period, slightly warmer temperatures were ex-
perienced, which may have caused the decline in 
FI when compared with the other time periods. 
the P-values for the regimen × bird age interac-
tions for other production variables ranged from 
0.3739 to 0.7916.

NH3 ER

Figure 2 shows typical dynamic Nh3 emis-
sion profiles of the laying-hen manure over a 
3-d measurement period for each of the 4 regi-
mens. It was observed that the Nh3 eR gener-
ally increased with storage time, especially in 
the first 2 d. this may be due to a higher micro-
bial degradation rate because the nutrients were 
abundant during this period when manure was 
relatively fresh [27]. the trend was expected to 
diminish with time because of exhaustion of the 
nutrients by the microbes. Variations existed in 
Nh3 eR between replications, and these may 
have been caused by the differences in manure 
MC as manure moisture evaporated to varying 
degrees during the 3-d accumulation or collec-
tion period. Furthermore, some Nh3 may have 
volatilized during the manure collection period.

No significant differences (P = 0.4863) were 
observed among the 3 measurement sessions 
conducted. as such, the data from all the ses-
sions were pooled for each regimen. Compared 

Table 1. Effect of Yucca schidigera powder on production performance of laying hens1 

Dietary regimen  
(yucca dosage)

production performance variable

FI hD Megg Fe BW

0 ppm 98 ± 1.7 94 ± 0.9 53 ± 1.1 1.85 ± 0.02 1.47 ± 0.01
50 ppm 99 ± 1.7 94 ± 0.9 54 ± 1.1 1.82 ± 0.02 1.44 ± 0.01
100 ppm 100 ± 1.7 93 ± 0.9 53 ± 1.1 1.88 ± 0.02 1.45 ± 0.01
200 ppm 98 ± 1.7 92 ± 0.9 54 ± 1.1 1.86 ± 0.02 1.43 ± 0.01
average 99 ± 0.8 93 ± 0.5 54 ± 0.6 1.85 ± 0.01 1.45 ± 0.01
1FI = feed intake (g/hen per day); hD = hen-day egg production (%); Megg = mass of eggs produced (g of egg/hen per day); Fe 
(g of feed consumed/g of egg produced); BW (kg/hen). Values are means ± SeM.
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among themselves, the 0-, 50-, and 200-ppm 
regimen means (nonrecommended dosages) 
were not significantly different (P = 0.3973). 
Subsequently, the means for these regimens 
were averaged by day for comparison with the 
100-ppm regimen. these data are presented in 
table 2.

When the regimen means were compared on 
a daily basis, the mean Nh3 eR for the 100-ppm 
dosage was significantly lower (P < 0.05) than 
that of the other dosages on the first and second 
days of manure storage (280 vs. 500 and 390 
vs. 544 mg/d per kilogram of manure, respec-

tively). the means were not significantly dif-
ferent on the third day (P = 0.7609) of manure 
storage. therefore, yucca powder (100-ppm 
dosage) was effective in suppressing Nh3 emis-
sion during the first and second days of manure 
storage. thus, to make use of the Nh3-emission 
mitigation effect by the yucca powder (100-ppm 
dosage) in laying-hen barns (e.g., manure-belt 
houses), frequent manure removal (every 1 to 
2 d) is desirable. For manure-belt laying-hen 
houses in the United States, manure is com-
monly removed once every 1 to 3 d to reduce 
Nh3 levels in the laying-hen barns and protect 

Figure 2. Typical dynamic NH3 emission rate profile of the laying-hen manure from diets with different yucca inclu-
sion dosages over a 3-d measurement period. The pooled SEM were 0.7, 0.5, 0.9, and 0.8 for the 0-, 50-, 100-, 
and 200-ppm dosages, respectively.

Table 2. The average ammonia emission rates (mg/d per kilogram of manure ± SEM) of the 4 treatments1 

Dietary regimen (yucca dosage)

Manure storage time, d

Mean1 2 3

100 ppm (rec. rate) 280 ± 92a 390 ± 92a 439 ± 92a 370 ± 53a

Mean of 0, 50, and 200 ppm (nonrec. rate) 500 ± 53b 544 ± 53b 511 ± 53a 518 ± 31b

Mean difference2 −220 ± 46 −154 ± 46 −72 ± 46 −148 ± 26
a,bMeans within a column with the same superscript letters are not significantly different (α = 0.05).
1Rec. rate = recommended yucca inclusion rate; nonrec. rate = nonrecommended yucca inclusion rate.
2Mean difference = recommended rate mean − nonrecommended rate mean (mean ± Se of the difference).
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the manure belt from damage by the excessive 
weight of accumulated manure. During the first, 
second, and third days, the 100-ppm treatment 
had 220 mg/d per kilogram of manure (44%), 
154 mg/d per kilogram of manure (28%), and 
72 mg/d per kilogram of manure (14%) lower 
Nh3 eR, respectively, with a cumulative 3-d re-
duction of 30%, when compared with the aver-
age Nh3 eR for the 0-, 50-, and 200-ppm regi-
mens. a regression analysis was conducted on 
the data in table 2, and the results are shown 
in Figure 3. although yucca at a dosage of 100 
ppm significantly reduced Nh3 emission in the 
first and second days of manure storage, the ma-
nure thereafter tended to release Nh3 at a much 
faster rate, as shown by the greater slope of the 
100-ppm regimen when compared with that of 
the averaged 0-, 50-, and 200-ppm regimens (80 
vs. 6.7, respectively). thus, the question of how 
the feed additive would affect Nh3 emissions 
during long-term manure storage (e.g., 6 mo) 
typical of commercial operation remains to be 
addressed. Data from the current study are not 
adequate to answer such a question.

Manure properties for the different diet regi-
mens are shown in table 3. Compared with the 
0-, 50-, and 200-ppm regimens, the manure of 
the 100-ppm regimen had most of its N exist-
ing in the organic form (10.2 ± 0.9 g/kg), which 
was conducive to lower Nh3 emission. Under 
anaerobic conditions, organic nitrogenous ma-
terials would ferment and release Nh3, Ch4, 
CO2, h2S, and volatile fatty acids [28]. the am-
monium N (Nh4-N) is the dominant inorganic 
or mineral form of N in poultry manure over 
nitrate N (NO3-N) and nitrite N (NO2-N) [29]. 
the Nh4-N would release Nh3 gas through the 
aerobic and anaerobic microbial transformation 
processes [30].

Manure of the 100-ppm regimen had lower 
MC (65.8 ± 4.7%) than that of the other treat-
ments. the MC affects microbial activity, and 
thus Nh3 volatilization [31], and Nh3 genera-
tion from stored manure decreases when MC 
falls below 30% [32]. Moisture is required for 
both dissolution of solid urea forms and sub-
sequent urea hydrolysis, and these processes 
must occur before Nh3 volatilization [30]. the 

Figure 3. Ammonia emission vs. storage time of laying-hen manure for diets containing 0, 50, 100, or 200 ppm of 
yucca.
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ph of manure in all the regimens was above 7.0 
(neutral ph), which was favorable for aerobic 
N decomposition and Nh3 release. ammonium 
(Nh4

+) is the predominant form of N under acid-
ic and neutral conditions, whereas Nh3 gas is the 
predominant form at higher ph levels [33]. the 
higher MC in the 0-, 50-, and 200-ppm treat-
ments coupled with above-neutral ph may have 
contributed to higher Nh3 eR in these regimens 
when compared with the 100-ppm regimen.

CONCLUSIONS AND APPLICATIONS

 1.  Yucca schidigera powder in the laying-
hen diet at a dosage of 50, 100, or 200 
ppm did not affect the production per-
formance of laying hens when compared 
with the 0-ppm dosage.

 2.  Measured with an Nh3 emission vessels 
system, hen manure from the 100-ppm 
yucca dosage treatment emitted signifi-
cantly (P < 0.05) lower Nh3 in the first 
day (44% lower) and second day (28% 
lower) of manure storage when com-
pared with the other yucca inclusion lev-
els. On the third day, Nh3 emission was 
14% lower but was not significantly dif-
ferent from the other treatments. adding 
50 or 200 ppm of yucca in the diet did 
not reduce Nh3 emission.

 3.  Field verification studies are warranted, 
considering the promising results with 
the 100-ppm dosage and the observation 
that after 3 d of manure storage, Nh3 
emission increased at a faster rate for the 
100-ppm dosage than for the other dos-
ages. the field studies need to quantify 
the impact of the 100-ppm inclusion rate 
on cumulative Nh3 emissions over an 

extended (e.g., 3 to 6 mo) manure stor-
age period.
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