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Abstract: Two floor pen trials were conducted to determine the digestible sulfur amino acid (SAA) requirement
of male turkeys for the periods of 83 to 92 days and 106 to 116 days. The experiments were designed using 48
pens allowing eight treatments of six replicate pens using a randomized block design. For the 83 to 92 day
period, 192 toms were sorted by weight and assigned a treatment. Digestible SAA levels ranged from 3.5 to
5.9 g/kg of diet. For the 106 to 116 day period, 144 toms were sorted by weight and assigned a treatment.
Digestible SAA levels ranged from 3.0 to 5.0 g/kg of diet. These levels were obtained by titrating synthetic
methionine into a low protein diet. The other synthetic amino acids were added back to the low protein diet at
levels sufficient to provide growth similar to a positive control diet. The positive controls for the periods were
standard corn, soybean meal, and meat meal diets based on NRC {1994) recommendations. Performance
parameters measured for the trial were body weight gain and feed conversion. Parts yield of birds on the second
trial were also taken with no significant differences between SAA levels found. The data were analyzed by
analysis of variance followed by splined regression analysis. The digestible SAA requirements for body weight
gain and feed conversion of male turkeys are 3.9 and 4.0 g/kg for the 83 to 92 day period and 3.7 and 3.4 g/kg

for the 106 to 116 day period, respectively.
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Introduction

Over $1 billion a year is spent on turkey feed in the
United States (Firman, 1997). One of the most expensive
components of turkey diets is protein or more specifically
amino acids. In corn and soybean meal based diets
methionine is the most limiting amino acid, at least
during the starter period (Warnick and Anderson, 1968).
The importance of methionine is indicated by its three
major functions in poultry: as a methyl donor, in protein
synthesis, and as a precursor to cysteine (Graber and
Baker, 1971).

The total sulfur amino acid (SAA) requirement for the
starting turkey has been tested previously (Boling and
Firman, 1997; Almquist, 1952; D'Mello, 1976; Kummero
et al., 1971; Murillo and Jensen, 1976; Potter and Shelton,
1979; Warnick and Anderson 1973; Hurwitz et al., 1983).
Behrends and Waibel (1980) found the requirement of SAA
for turkeys 8 to 12 weeks of age to be 0.71% and for
turkeys 16 to 20 weeks of age to be 0.48%. The total SAA
requirements for turkeys 8 to 12 and 12 to 16 weeks of age
were found to be 0.93 and 0.75%, respectively (Potter and
Shelton, 1980). Hurwitz et al (1983) found the
requirement to be 0.48 and 0.38% for the 16 to 20 and 20
to 24 week periods respectively. The NRC (1994)
suggested requirement during the 83 to 92 day period is
0.55% SAA and during the 106 to 116 day period is
0.45%. These data are somewhat out of date given the
changes in genetic potential of modern turkeys and were
determined using total rather than digestible amino acid
levels.
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An ideal amino acid ratio for the turkey has recently been
developed (Firman and Boling, 1998). An ideal protein is
one that contains the exact amounts of amino acids needed
for the animal without deficiencies or excesses (Baker et
al., 1993). In order to determine an ideal amino acid ratio
it is necessary to know the digestible amino acid
requirement of each essential amino acid for the turkey.
Utilization of an ideal amino acid ratio for turkeys may
reduce feed costs. It has been shown that diets formulated
on a digestible basis were superior to diets formulated on
a total amino acid hasis (Fernandez et al., 1994). Previous
research in our lab found the digestible SAA of starting
hen poults to be 0.76% (Boling and Firman, 1997). The
digestible SAA requirement’s found in this series of
experiments for gain for 7 to 16, 21 to 35, 47 to 56, and 67
to 78 days are 0.83, 0.78, 0.65, and 0.53%, respectively
and feed: gain for these periods are 0.82, 0.77, 0.66, 0.47,
and 0.40% respectively. No research has been done on the
digestible SAA requirement of the turkey beyond 12
weeks.

Therefore, the objective of these experiments was to
determine the digestible SAA requirement for male
turkeys beyond 12 weeks of age.

Materials and Methods

For the 83 to 92 day and the 106 to 116 day experiments,
basal diets containing 89.2 and 80 g/kg intact crude
protein were formulated using corn, soybean meal, and a
meat product meal (Tables 1 and 2). Crystalline amino
acids were added back to the diet (with the exception of
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methionine) to meet essential amino acid levels.
Methionine was titrated to the basal diet for the desired
total sulfur amino acid levels for each treatment. All
other essential amino acids were added back at levels
estimated to be the digestible requirement (shown in
Tables 1 and 2) for turkeys from 12 to 15 and 15 to 18
weeks of age based on previous work in our lab (Firman
and Boling, 1998). Glutamic acid was added to all
experimental diets to obtain a level of nitrogen equivalent
to 130 g/kg crude protein for the first period and 120 g/kg
crude protein for the second period for all experimental
diets.

All experimental diets were formulated on a digestible
basis using least-cost diet formulation software. The
digestibilities of the feedstuffs were determined by
analyzing the corn, soybean meal, and meat meal product
for protein and AA content at the Experiment Station
Chemical Laboratory (University of Missouri, Columbia,
MO) using the AOAC method 15:982.30 (1990). A
Beckman 6300 analyzer equipped with a high performance
cation exchange resin column performed the separation of
the AA. Norleucine was used as the internal standard and
the amino acid detection was accomplished with
postcolumn ninhydrin  derivitization. Caecectomized
turkeys were then utilized to determine the digestible
amino acid content of the feedstuffs using procedures
previously published (Firman and Remus, 1993). This
information was then used to formulate the basal diets
using least-cost formulation software. Basal rations were
mixed and each dietary treatment was acquired by the
titration of DL-methionine and glutamic acid into the
basal diet. The positive control diet was an industry
standard corn, soybean meal, and meat meal diet that
contained 165 g/kg crude protein in the first experiment
and 140 g/kg crude protein in the second experiment.
(Tables 1 and 2).

In the 83 to 92 day experiment, the basal diet contained
3.5 g/kg digestible SAA of which 49% was from
methionine. For the second experiment, the basal diet
contained 3.0 g/kg digestible SAA of which 47% was
methionine. DL-methionine was then titrated to the basal
diets to obtain experimental diets containing digestible
SAA on either side of the estimated requirement of 4.7
g/kg of the diet for the first experiment and 4.0 g/kg of the
diet for the second experiment based on previous work
(Boling and Firman, 1997). Methionine additions for the
first experiment resulted in diets containing 3.5, 3.8, 4.2,
4.5, 4.9, 5.2, 5.5, and 5.9 g/kg digestible SAA,
respectively. For the second experiment, methionine
additions resulted in diets containing 3.0, 3.3, 3.6, 3.9,
4.2, 4.5, 4.7, and 5.0 g/kg digestible SAA, respectively.
Glutamic acid was added reciprocally into all of the
experimental diets to maintain similar nitrogen content.
Male British United Turkeys of America (BUTA) poults
were obtained from a commercial hatchery at 1 day of
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age. The poults were fed a corn, soybean meal, and meat
meal diet based on NRC (1994) requirements until the
start of the trials. At the start of both trials, birds were
pulled from a pool of 2000 birds. In the first experiment,
192 birds were placed in 48 floar pens with floor area of
2.93 square meters. For the second experiment, 144 birds
were used. The birds were weighed, banded and weight
sorted by computer to provide both similar total pen
weight and distribution of birds within pens. Lighting was
maintained at 23 hours per day throughout the trial period.
Feed and water were provided ad Lbitum.

The trials were designed as randomized blocks containing
six replicates for each treatment. Each treatment was
randomly allocated to six blocks of eight pens such that
each titration level was allotted to each block one time
except for the treatment with the highest level of
methionine and the positive control. This treatment and
the positive control each had three replicates per
treatment due to the number of pens available. All
treatments were randomized within each block. The
experiments were conducted in a commercial type,
curtain sided, 48 pen floar trial facility with litter floars.
For the first and second experiments, the birds were
placed on trial at 83 and 106 days of age and were taken
off trial at 92 and 116 days of age. respectively. At the
conclusion of the trial, feed was removed from the birds
4 hours prior to weighing. Birds were individually
weighed and the feed of each pen was weighed to monitor
feed disappearance. One hird per pen was processed for
carcass yield data.

The data were analyzed by analysis of variance using
windows based statistical analysis software (JMP ™; SAS
Institute, 1990). Block effects were not significant and this
error term was eliminated from the analysis. The growth
and feed conversion requirements for digestible SAA were
estimated using splined-regression analysis on replicates
{Robbins, 1986) with SAS (SAS Institute, 1990) software.
This procedure estimates the requirement based on the
intersection of lines defining the sloped, linear portion of
the growth curve and a line fitting the plateau (point at
which increasing SAA content does not result in improved
performance) portion of the data. While this method of
analysis has been criticized (Fisher et al., 1973), more
recent work based on computer modeled data has shown
that the splined or segmented regression has a much
higher probability of correctly estimating the requirement
than do estimates based on quadratic response criteria at
either 90 or 95% of the asymptote {Lamberson and
Firman, 2002). Level of significance was set atp < 0.05.

Results and Discussion

Results from the first trial are shown in Table 3. Weight
gain ranged from 624 g gained per bird to 1383 g. Gain
appeared to plateau above the 4.2 g/kg SAA level although
some variation existed above this level. Feed intake in the
plateau region roughly followed body weight gain



Moore et al.: Sulfur Amino Acid Requirements in Turkeys

Table 1: Composition (g/kg) of basal and NRC-based
positive control diet for the 83 to 92 day period

Table 2: Composition (g/kg) of basal and NRC-based positive
control diet for the 106 to 116 day period.

Ingredients Basal diet!  NRC diet Ingredients Basal diet* NRC diet
o/kg o/kg g/'kg g'kg
Corn 704.2 667.2 Corn 546.6 706.3
Saybean meal 62.9 2174 Soybean meal 69 180.4
Pork meal 10 20 Pork meal 10
Sucrose? 137.5 Sucrose? 275.7
Lard 55 78 Lard 67.8 92
Dicalcium Phosphate 11.6 7.34 Dicalcium Phosphate 12.2 8.73
Na Bicarbonate 5 Na Bicarbonate 5
D1.-Methionine 0.08 Limestone 7.73
Limestone 8.06 4.5 Salt 5.81 2.5
Salt 20 2.5 Choline chloride 1.26 0.52
Choline chloride 1.1 0.3 Avatekt 0.5 0.5
Avatek® a 0.5 Baciferm® 0.5 0.5
Baciferm® 5 0.5 Trace-mineral mix* 1 1
Trace-mineral mix® 1.0 1.0 Vitamin premix! 0.75 0.75
Vitamin premix* 0.75 0.75 Selenium premix® 0.3 0.3
Selenium premix’® 0.3 0.3 CuS0, 0.13 0.13
CuS0, 0.13 0.13 Calculated Analysis
Calculated Analysis Crude Protein % 80 140
Crude Protein (g/kg) 89.2 165 ME (MJ/kg) 15.06 15.06
ME (MJ/kg) 16.85 16.85 Calcium (g/kg) 7.5 5.5
Calcium (g/kg) 7.5 605 Phosphorus (g/kg) 3.3 2.8
Phosphorus (g/kg) 3.3 3.2 Methionine (g/kg) 1.4 2.8
Methionine {g/kg) 1.7 3.7 Cystine (g/kg) 1.6 2.7
Cystine (g/kg) 1.8 2.8 Lysine (g/kg) 3.5 7.6
Lysine (g/kg) 3.7 9.2 Threonine (g/kg) 2.2 5.2
Threonine (g/kg) 2.4 6.2 Valine (g/kg) 94 76
Valine (g/kg) 3.8 8.8 Arginine (g/kg) 4.9 9.2
Arginine (g/kg) 2.3 11.2 Histidine (g/kg) 2.2 4.2
Histidine (g/kg) 24 4.8 Isoleucine {g/kg) 2.8 6.5
Isolegcine g'ka) 3.1 7.5 Leucine (g/kg) 78 14
Leucine (g/kg) . 9.1 15.7 Phenylalanine + Tyrosine (g/kg) 6.4 12.3
Phenylalanine + Tyrosine (g/kg) 7.1 14.3 Tryptophan (g/kg) 0.8 1.8
Tryptophan {g/kg) 0.9 2.

'Synthetic amino acids were added so the basal diet would
contain the total digestible amount of the following
essential amino acids: lysine, 0.76%; threonine, 0.58%;
valine, 0.70%; arginine, 0.79%; histidine, 0.33%;
isoleucine, 0.55%; leucine, 0.92%; phenylalanine +
tyrosine, 0.79%; tryptophan, 0.18%. The amino acids in
the basal diet are on a digestible basis while amino acids
in the NRC diet are on a tatal basis. Protein is on a rotal
basis in bath diets. *Synthetic amino acids and glutamic
acid were added back at the expense of sucrose to obtain
13% protein equivalent. *The mineral premixes provided
the following amounts per kilogram of diet: manganese,
110 mg; zinc, 110 mg, iron, 60 mg; iodine, 2 mg;
magnesium, 27 mg; selenium, 0.18 mg. The vitamin
premix provided the following amounts per kilogram of
diet: vitamin A, 13,200 mg; vitamin D;, 5,775 mg;
vitamin E, 21 mg; niacin, 82.5 mg; d-pantothenic acid, 25
mg; riboflavin, 10 mg; vitamin B, 3.3 mg; menadione, 2.5
mg; folic acid, 2.1 mg; thiamin, 1.7 mg; biotin, 0.33 mg;
vitamin B, 0.02 mg. *Avatec (lasalocid) is provided to
prevent coccidiosis; Baciferm (bacitracin
methylenedisalicylate} is provided for increased feed
efficiency.
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'Synthetic amino acids were added so the basal diet would
confain the total digestible amount of the following
essential amino acids: lysine, 0.76%; threonine, 0.58%;
valine, 0.70%; arginine, 0.79%; histidine, 0.33%;
isoleucine, 0.55%; leucine, 0.92%; phenylalanine +
tyrosine, 0.79%; tryptophan, 0.18%. The amino acids in
the basal diet are on a digestible basis while amino acids
in the NRC diet are on a total basis. Protein is on a total
basis in both diets. *Synthetic amino acids and glutamic
acid were added back at the expense of sucrose to obtain
129 pratein equivalent. “The mineral premixes provided
the following amounts per kilogram of diet: manganese,
110 mg; zinc, 110 mg; iron, 60 mg;iodine, 2 mg;
magnesium, 27 mg; selenium, 0.18 mg. ‘The vitamin
premix provided the following amounts per kilogram of
diet: vitamin A, 13,200 mg; vitamin D;, 5,775 mg
vitamin E, 21 mg; niacin, 82.5 mg; d-pantothenic acid, 25
mg; riboflavin, 10 mg; vitamin B, 3.3 mg; menadione, 2.5
mg;folic acid, 2.1 mg; thiamin, 1.7 mg; biotin, 0.33 mg;
vitamin B, 0.02 mg. *Avatec (lasalocid) is provided to
prevent coccidiosis; Baciferm (bacitracin
methylenedisalicylate) is provided for increased feed
efficiency.



Moore et al.: Sulfur Amino Acid Requirements in Turkeys

1500 7
1400 : v RG k\
1300 —— C

C 1200 // %9 4 \\ ¥ ry ! r ¥ ¥

'auoc 7 v b - -

5 1000 B2

3] /o [
B 900 / 1
800 / 0 r Tyt T —TT
700+ SR S = S
3 33 36 39 42 45 47 5 Digestible SAA (g/kg)
Digestble SAA (¢/ke) Fig. 4: Feed:gain of tom turkeys fed graded levels of

Fig. 1. Gain of tom turkeys fed graded levels of digestible SAA from 106 to 116 days of age.
digestible SAA 12 to 15 weeks of age. Requirement determined using splined regression
Requirement defermined using splined regression with 95% confidence intervals was found to be
with 95% confidence intervals was found to be 4.0 g/kg +/- 0.3 mg/kg.

3.9 g/kg +/- 0.5 mg/kg.
1400 5 Table 3: Growth performance of tom turkeys fed titrated
1300 levels of digestible sulphur amino acids (SAA)
¢ from 83 to 92 days of age
M g8
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g 1100 7 S— + SAA (g/kg) Gain (g) Feed:Gain

g 1000 3.5 624 5.2T
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Fig. 2. Gain of tom turkeys fed graded levels of  PC™* 13227 3.01%
digestible SAA 106 to 116 days of age. Pooled SEM 66 0.21
Requirement determined using splined regression ~ Pooled SEM* 94 0.29
with 95% confidence intervals was found to be SEM* has only three replicates, but SEM has six
3.7 g/kg +/- 0.6 mg/kg. replicates. **NRC based positive control diet.

63 Table 4: Growth performance of tom turkeys fed titrated
5 \ levels of digestible SAA from 106 to 116 days of
G \ age
24 \ Digestible Weight Adjusted
3 —yt x s A SAA (g/kg) Gain (g) Feed:Gain
© ! 3.0 717 6.05°
32 3.3 942 4.55°
= 1 3.6 12644 3.89°
3.9 1322 374
04— ——— 4.2 1289 4.71
mooR do 2 d N2 4.5 1444 3.69°
Digestible SAA (g/kg) 4.7 1097 4.00°
5.0 1397+ 3.88a*

Fig. 3: Feed: gain of tom turkeys fed graded levels of ~ PC*™* 1556%* 3.94a*
digestible SAA 83 to 93 days of age.  Pooled SEM 127 0.64
Requirement determined using splined regression ~ Pooled SEM* 179 0.9

with 95% confidence intervals was found to be
4.0 g/kg +/- 0.3 mg/kg.
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SEM* has only three replicates, but SEM has six
replicates.**NRC based positive control diet.
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Table 5: Carcass data for tom turkeys fed titrated levels of SAA from 106 to 116 days of age’

Digestible Dressing Fat Pad Pectoralis Pectoralis Leg Thigh Wing
SAA (%) % % Major % Minor % % % %

0.3 74 2.4 19.6 5.7 14.5 13.9 13.3
0.33 74.4 2.4 20.7 5.9 13.6 14.4 12.7
0.36 74.6 1.6 19.8 5.5 14.1 14.5 12.8
0.39 75.6 2.1 20.2 5.4 14.3 14.4 12.3
0.42 73.9 2.6 20.4 5.8 14.5 13.9 12.9
0.45 74.1 Z 19.9 5.6 14.6 15.1 12.6
0.47 74 1.9 20.2 5.6 14.4 14.5 12.9
0.5 74.8* 1.7* 18.7* b 14.9* 14.6* 13.0%
PC** 4. 5% 2.1* 22.3* 5.9* 13.7* 13.9% 12.8*%
Pooled SEM 0.72 0.28 0.55 0.19 0.29 0.37 0.33
Pooled SEM* 1.01 0.39 0.77 0.27 0.41 0.53 0.47

SEM* has only three replicates, but SEM has six replicates. 'No significant differences were noted in any parameter.

**NRC based positive control diet.

yielding similar feed efficiency values in this portion of
the curve. Analysis of variance was used to determine the
level of significance between treatments and the positive
control diet, and through the use of splined regression
analysis the digestible SAA requirement for the 82 to 93
day tom turkey was determined to be 3.9 and 4.0 g/kg for
gain and feed conversion, respectively (Fig. 1 and 3). The
NRC (1994) corn and soybean meal-based diet has an
approximate SAA digestibility of 85% (Firman, 1992;
Firman and Remus, 1993). Using this number, the
estimated SAA requirement of the NRC diet would be
approximately 4.7 g/kg expressed on a digestible basis.
The requirement determined in this experiment was
somewhat lower than this level. The difference in
requirement may mean an overfeeding of SAA to male
turkeys during this period. The percent of the total
methionine SAA in the sufficient diet was 54%
methionine and 46% cystine, respectively. This is below
the maximum level of cystine as a percent of total SAA
found by Behrends and Waibel (1980) to be acceptable.
Conversion of methionine to cysteine is not 100% based
on differing molecular weights. However, if a 50:50
relationship is considered ideal, then the potential
difference in the determined requirement of the total SAA
in this study would be less than 1%.

Results from the second trial are shown in Table 4.
Weight gain ranged from 717 g gained per bird to 1444 g,
The plateau in gain appeared to be above the 3.6 g/kg
SAA level although variation occurred above this level.
Feed intake in the plateau region again roughly followed
body weight gain yielding similar feed efficiency values
in this portion of the curve. Analysis of variance was used
to determine the level of significance between treatments
and the positive control diet, and through the use of
splined regression analysis, the digestible SAA
requirement for the 106 to 116 day male turkey was
determined to be 3.7 and 3.4 g/kg for gain and feed
conversion, respectively (Fig. 2 and 4). Using 85%
digestibility, the estimated digestible SAA requirement of
the NRC diet is 3.8 g/kg. This number is very similar to
the findings of this experiment. The percent of the SAA in
the sufficient diet was 5796 methionine and 43% cystine,
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respectively. Again, if a 50:50 relationship is considered
ideal, then the potential difference in the determined
requirement of the total SAA in this study would be
approximately 1.6%. [t should be noted however, that
most practical diets include the addition of a methionine
source which would then be included in the calculations
for total SAA. While the ratios of methionine: cysteine are
constantly changing in the experimental diets, the level of
methionine that would have been added to a diet at the
determined requirement is only slightly above those levels
seen in a practical formulation.

Part of the importance of determining digestible amino
acid requirements is to develop an ideal amino acid ratio
for turkeys. This would allow diets to be formulated on a
digestible basis using various feedstuffs under variable
conditions. Ideal proteins express each essential amino
acid based on a percent relative to lysine, due to the ease
of determining the lysine content in feedstuffs and its
overall importance in poultry nutrition. Using previous
lysine data (Baker et al, unpublished), the percent
digestible SAA to lysine was determined to be 59% in the
first trial and 68% in the second trial period. In the field
of turkey nutrition an ideal ratio has heen estimated
(Firman and Boling, 1998) with the SAA:lysine ratio at
59% during the starter period. Work done by Chung and
Baker (1992) indicated that the percent digestible SAA to
lysine was 60% for swine. The SAA to lysine ratio was
found to be 72% for the broiler chicken by Baker and Han
(1994), although this is difficult to compare due to
differing growth periods. The increased relative
requirement of the SAA is probably due to the increased
maintenance costs associated with the older bird.

The ability of the industry to feed lower protein diets is
also indicated by this study when synthetic amino acids
are added back to the diet in the proper amount. For
example, the test diet in the second experiment contained
80 g/kg intact crude protein and the synthetic methionine
at the digestible requirement level performed as well as
the control diet based on the NRC (1994) requirements
containing 140 g/kg crude protein (Table 2). This result is
similar to other research that has indicated turkeys can
exhibit satisfactory growth with a low protein diet by
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adding back the essential amino acids (Baldini et al.,
1954; Firman, 1994; Sell et al., 1994; Waibel et al.,
1995).

The carcass data of the final experiment showed no
significant differences between birds fed the required
levels of digestible SAA and birds fed the industry
standard positive control diet (Table 5). Further work in
the area needs to be performed as these birds were on an
industry standard diet until 106 days so changes in parts
yield had little time to manifest themselves.
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