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Abstract Distiller’s dried grains with solubles (DDGS) is
a source of nutritional feedstuff for poultry farmers and
industry. The DDGS is a by-product of ethanol industry
and an economical feed source of energy, amino acids,
crude fiber, minerals, and vitamins. The use of DDGS as
a feed ingredient is a novel idea and little information is
available on its dietary composition. Many factors such
as the type of plants, locality, year of production, and the
conditions during distillation process affect the chemical
composition of DDGS. In this paper, the chemical com-
position and the presence of mycotoxin in DDGS
imported from the USA into Saudi Arabia as a feedstuff
for poultry have been documented.

Keywords Distiller’s dried grains with solubles - Poultry -
Composition - Mycotoxin

Introduction
Corn distiller’s dried grains with solubles (DDGS) is pro-

duced during ethanol production. During this process, the
non-fermentable products such as protein, fat, vitamins,
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minerals, and fiber are separated as DDGS (NRC 1994;
Salim et al. 2010). Increased production of ethanol is as-
sociated with the increased production of DDGS especial-
ly in the USA which plays a leading role in the world,
since 50% of the grains are produced in this country
(Salim et al. 2010). Domestically, the DDGS produced
in the USA is used as livestock feed as well as exported
to the outside especially Asia. Except starch, DDGS is
considered a rich source of crude proteins, minerals, fi-
bers, and other nutrients (Swiatkiewicz and Koreleski
2008). A number of factors determine the exact composi-
tion of DDGS such as source of corn, level of converting
starch to ethanol, duration, and temperature of drying pro-
cess (Salim et al. 2010). Swiatkiewicz and Koreleski
(2008) concluded that DDGS could be safely used at 5—
8% in broiler and turkey feed during the starter phase and
10-15% dietary level during growing phase and thus
could successfully replace costly feed items such as cereal
grains and soybean.

The increased price and scarcity of protein for animal pro-
duction has led to the development of utilization of DDGS.
However, DDGS may pose a serious threat to animal health
due to the presence of toxic compounds such as mycotoxins
(Rodrigues and Chin 2012). For the animal scientists, the
composition of DDGS is of great interest due to its wide use
as feed ingredient for livestock. The composition analysis is
mainly focused on the nutritional value of DDGS such as
amino acid and energy profile, nutrient digestibility, and min-
eral contents (Kim et al. 2008). Thus, a complete chemical
analysis of DDGS should be performed according to a stan-
dardized method before formulating diet for poultry, since
DDAGS is increasingly available as a feed ingredient.

This study was conducted to evaluate the representative
imported samples of DDGS from the USA into Saudi Arabia
for the parameters most important for poultry production.
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Materials and methods
Sample collection and analysis

Arrangements were made with three feed mills/farms in
Saudi Arabia to get samples of DDGS upon arrival. One
hundred and fifty DDGS samples were obtained from
three feed mills in Saudi Arabia. Samples were vacuum
sealed and stored in a freezer at —20 °C until the time of
analysis. The analysis of the samples includes dry matter
(AOAC-930.15), moisture (100-dry matter), ash (Method
942.05, AOAC 2000), crude protein (AOAC-2001.11),
crude fiber (AOAC-978.10), crude fat (AOAC-2003.06),
acid detergent fiber (Method 973.18, AOAC 2000), and
neutral detergent fiber (Van Soest et al. 1991). Cellulose
was calculated as the difference between neutral detergent
fiber (NDF) and acid detergent fiber (ADF). The concen-
trations of Arabinose and xylose were determined using
trifluoacetic acid treatment (Dien et al. 1997) and phos-
phorus (985.01, AOAC 2000).

The amino acid composition was determined after acid
hydrolysis (Method 994.12; AOAC 2002), and the total sulfur
amino acid composition was determined after performing acid
oxidation followed by acid hydrolysis (Method 994.12;
AOAC 2002). The fatty acid composition was determined
for 15 samples (Method 996.01).

The mycotoxin test was performed by high-performance lig-
uid chromatography (HPLC), and samples were analyzed for
aflatoxins Bl (AFBI), B2 (AFBz), Gl (AFG]), and G2 (AFGz)
(AOAC-990.33). Aflatoxin total (AF ) was determined by
adding aflatoxins By, B,, G;, and G,. Deoxynivalenol (DON)
(Kotal and Radova 2002); fumonisins B; (FB;), B, (FB,), and
B; (FB3) (Method 995.15, AOAC 2000), fumonisinsol total
(FByota) Was determined by adding fumonisins By, B,, and Bg;
and zearalenone (ZEA) (MacDonald et al. 2005).

Results

A summary of the average composition of DDGS samples on
a dry matter basis, amino acid profile, and fatty acid profile is
given in Tables 1, 2, and 3. The moisture content is 7.1%,
crude protein is 28.9%, crude fat is 6.1%, crude fiber is
8.17%, ADF is 9.9%, NDF is 26.9%, hemicellulose is
17.0%, phosphorus is 0.7%, and ash is 6.0%. Xylan and
arabinan were determined to be 8.2 and 5.3%, respectively.
The apparent metabolizable energy (AMEn) was calculated to
be 2854 kcal/kg (Table 1).

The amino acid composition for DDGS (n = 30) is listed in
Table 2. The lysine, methionine, cysteine, total sulfur amino
acid, threonine, phenylalanine, and histidine contents of
DDGS were measured to be 1.06, 0.58, 0.63, 1.21, 1.22,
1.90, and 0.93%, respectively.

The fatty acid composition for DDGS (n = 15) is listed in
Table 3. The palmitic acid C,¢H3,0,, oleic acid C;3H340,,
and linoleic acid C,gH3,0, were the major components of
the fatty acid profile (21.05, 22.12, and 49.92%, respectively).

By comparing the chemical analyses obtained in this trial to
one of the reference (Mirasco, USA), it was found that mois-
ture content, crude protein, crude fiber, NDF, ADF, and ash
were higher for the reference (10.85, 30.82, 8.22, 27.17,
10.43, and 6.68%, respectively). The amino acid composition
was very comparable to the reference. The results for myco-
toxin analyses for the 150 samples of DDGS are presented in
Table 4. The percent of samples tested positive for AFBy,
AFBz, AFG], AFGz, AFtotal, DON, FBl, FBz, FBtotal’ and
ZEA were 14.0, 6.0, 2.7, 4.0, 14.0, 28.7, 25.3, 23.3, 6.0,
25.3, and 34.7%, respectively. ZEA was the most predominant
mycotoxin present in 34.7% of analyzed samples with an av-
erage of 167.6 pg/kg, followed by DON which was found in
28.7% of analyzed samples with an average of 3.0 mg/kg,
followed by FByy which was found in 25.3% of analyzed

Table1 Composition (dry matter

basis) of distiller’s dried grain Analysis (%) Mean Median Std. deviation SEM Maximum Minimum Range

with solubles (DDGS)
Moisture 7.1 6.9 0.87 0.07 10.6 5.1 5.6
Crude protein 289 289 0.92 0.08 323 26.4 59
Crude fat 6.1 6.1 0.72 0.06 8.2 5.0 32
Crude fiber 8.1 8.1 0.68 0.06 10.1 6.2 4.0
ASH 6.0 6.2 0.77 0.06 83 43 4.0
ADF 9.9 10.0 0.63 0.05 11.0 8.1 2.9
NDF 26.9 27.0 0.94 0.08 28.9 24.1 4.8
Hemicellulose 17.0 17.0 0.86 0.07 19.3 14.7 4.6
Phosphorus 0.7 0.7 0.03 0.00 0.8 0.4 0.4
Xylan 8.2 8.2 0.13 0.01 8.7 7.9 0.8
Arabinan 53 53 0.12 0.01 55 4.7 0.8
ME 2854 2858 35.19 2.87 2922 2680 242.0

ME metabolizable energy
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Table 2 Amino acid analysis of

DDGS samples Amino acid Mean  Median  Std. deviation ~SEM = Maximum  Minimum  Range
Lysine 1.06 0.98 0.36 0.07 1.91 0.69 1.22
Methionine 0.58 0.59 0.06 0.01 0.69 0.45 0.24
Cysteine 0.63 0.64 0.03 0.01 0.68 0.58 0.10
Total sulfur amino acid  1.21 1.22 0.06 0.01 1.34 1.09 0.25
Threonine 1.22 1.19 0.16 0.03 1.72 0.98 0.74
Phenyl alanine 1.90 1.73 0.61 0.11 3.46 1.22 2.24
Histidine 0.93 0.94 0.04 0.01 0.99 0.85 0.14
Isoleucine 1.20 1.16 0.27 0.05 1.83 0.13 1.70
Leucine 2.99 3.01 0.28 0.05 340 2.10 1.30
Tyrosine 1.61 1.50 0.66 0.04 2.05 1.39 0.66
Arginine 1.59 1.51 0.27 0.05 2.29 1.30 0.99
Aspartic acid 2.59 2.63 0.43 0.08 3.66 2.02 1.64
Serine 1.41 1.42 0.09 0.02 1.66 1.24 0.42
Glutamine 5.21 5.17 0.22 0.04 6.02 4.99 1.03
Alanine 1.98 2.01 0.21 0.04 2.30 1.41 0.89
Valine 1.42 1.43 0.07 0.01 1.54 1.20 0.34
Glycine 1.25 1.25 0.05 0.01 1.37 1.11 0.26

samples with an average of 1.01 mg/kg, and finally AF
which was present in 14.0% of samples with average of
6.3 pg/kg (1755 g/kg; median of positive 1393 g/kg). OTA
and AF were the less prevalent groups of mycotoxins, present
in 25% (average 2 g/kg; median of positive 4 g/kg) and 19%.

Discussion

The DDGS contains all the essential nutrients except starch
which is converted into ethanol during fermentation. Since

Table 3  Fatty acid analysis of DDGS samples

most of the starch is converted into ethanol, therefore, several
folds increase in the concentration of the remaining nutrients
are expected. The DDGS could be a rich source of amino
acids, minerals, and other important nutrients for poultry.
The composition of DDGS is high variable; therefore, a com-
plete analysis is essential before formulating a poultry feed
(Spiehs et al. 2002; Abd El-Hack et al. 2015).

The nutritive values of DDGS imported into Saudi Arabia are
mostly in the range reported for the corn DDGS imported into
Korea from the USA (Salim et al. 2010). The mean ME value
reported in this study was slightly higher than the values reported

Fatty acid Mean Median Std. deviation SEM Maximum Minimum Range
Myristic acid C14H,50, 0.07 0.07 0.004 0.001 0.07 0.06 0.01
Palmitic acid C;¢sH3,0, 21.05 22.59 5.198 1.342 23.24 2.40 20.84
Palmitoleic acid C;sH300, 0.37 0.33 0.239 0.062 1.19 0.15 1.04
Heptadecanoic (margaric) acid C;7H340, 0.05 0.05 0.007 0.002 0.06 0.04 0.02
Stearic acid C;gH350, 2.66 2.66 0.097 0.025 2.87 2.51 0.36
Elaidic acid C,gH34,0, 0.02 0.02 0.004 0.001 0.02 0.01 0.01
Oleic acid CgH340, 22.12 22.10 0.436 0.113 22.80 21.20 1.60
Methyl (8E,11E)-8,11-octadecadienoate C;gH3,0, 0.18 0.15 0.175 0.045 0.80 0.02 0.78
Linolelaidic acid C;gH3,0, 0.09 0.06 0.135 0.035 0.58 0.04 0.54
Linoleic acid CgH3,0, 49.92 49.99 0.787 0.203 51.56 48.33 3.23
3,6-octadecadienoic acid, methyl ester C19H340, 0.85 0.84 0.333 0.086 1.97 0.49 1.48
Linolenic 1.38 1.38 0.032 0.008 1.43 1.33 0.10
11-eicosenoic acid CyoH330, 0.20 0.20 0.027 0.007 0.27 0.16 0.11
Docosanoic (bhenic) acid C,,Hy40, 0.13 0.14 0.023 0.006 0.18 0.09 0.09
Tetracosanoic (lignoceric) acid C4Hy50, 0.26 0.26 0.019 0.005 0.31 0.24 0.07
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Table 4 Mycotoxin analysis of

DDGS samples Mycotoxin (p1g/kg) Mean Median Std. deviation SEM Maximum Minimum Range
Aflatoxin B, 5.8 5.1 2.18 0.47 9.9 1.0 8.9
Aflatoxin B, 0.5 0.5 0.09 0.03 0.6 0.3 0.3
Aflatoxin G, 0.5 0.5 0.15 0.07 0.7 0.4 0.3
Aflatoxin G, 0.8 0.9 0.26 0.11 1.1 0.5 0.7
Aflatoxins total 6.3 54 2.60 0.57 11.3 1.0 10.3
Deoxynivalenol 3.0 22 224 0.34 8.1 0.8 7.3
Fumonisinsol B, 1.64 1.48 0.78 0.13 3.64 0.43 3.21
Fumonisinsol B, 0.59 0.40 0.50 0.085 2.10 0.21 4.1
Fumonisinsol B3 0.36 0.30 0.16 0.05 0.65 0.21 0.44
Fumonisinsol total 1.01 0.88 0.55 0.09 2.20 0.21 1.99
Zearalenone 167.6 117.5 109.65 15.21 501.0 33.0 468.0

by NRC (1994) for poultry, Waldroup et al. (1981) and
Applegate et al. (2009) for broilers, Roberson et al. (2005) for
layers, and Noll et al. (2005) and Noll and Brannon (2005) for
turkeys. The difference in ME value reported depends upon the
type of plants and geographical location. The high energy content
has been attributed to a high level of fat in corn DDGS
(Swiatkiewicz and Koreleski 2008).

Spiehs et al. (2002) reported nutrient content of DDGS from
plant sources and found that crude protein was 30.2%, crude
fiber 8.8%, crude fat 10.9%, ash 5.8%, NDF 42.1%, ADF
16.2%, lys 0.85%, met 0.55%, and P 0.89%. Cromwell et al.
(1993) reported the nutritional composition of DDGS as follows:
fat from 2.9 to 12.8%, crude protein ranged from 23.4 to 28.7%,
ADF from 10.3 to 18.1%, ash from 3.4 to 7.3%, NDF from 28.8
to 40.3%, methionine (met) from 0.44 to 0.55%, tryptophan (trp)
from 0.16 to 0.23%, lysine (lys) from 0.43 to 0.89%, and threo-
nine (thr) from 0.89 to1.16%. The higher variability in the report-
ed composition of DDGS in different studies could be due to the
variability in plants, year of production, and efficiency of starch
fermentation (Swiatkiewicz and Koreleski 2008). Salim et al.
(2010) reported that CP content of DDGS imported from USA
into Korea was 27.15%. The CP content of DDGS we analyzed
was higher (28.9%) than reported by Salim et al. (2010). Dale
and Batal (2005) found 24-29% CP in DDGS, while Spichs
et al. (2002) reported 30.2% CP from Minnesota and South
Dakota. Reese and Lewis (1989) reported 7.8 to 10% CP in
DDGS in Nebraska. The possible variations may be due to the
differences in the varieties of DDGS, drying procedures, amount
of soluble or syrup, and geographical locations. The crude fat and
ADF reported in this study are slightly lower, while crude pro-
tein, crude fiber, and ash concentration were similar to the report
of Belyea et al. (2004). Variability is the most prominent in two
limiting amino acids (lysine and methionine) for poultry (Spichs
et al. 2002).

Higher phosphorous (P) availability has been reported in
DDGS in comparison to cereals grains (Lumpkins and Batal
2005). Phosphorous is available in the form of phytate and
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poultry requires phytase enzyme to separate P from phytate
(Nelson 1967). The higher P availability may be due to the
fermentation process, drying, and temperature. The DDGS is
an excellent source of P in poultry feed. The P value reported
in this study is closely agreed with Martinez-Amezcua et al.
(2004) who reported 0.73% P in 20 DDGS samples collected
from Minnesota and NRC (1994).

Mycotoxins can easily colonize the crop and may adversely
affect health and productivity of birds. Rodrigues (2008) report-
ed that 99% of DDGS samples are positive to the presence of
mycotoxins. Commonly, five types of mycotoxins occurring in
DDGS are deoxynivalenol (vomitoxin), zearalenone,
fumonisin, ochratoxin, and aflatoxin (Wu and Munkvold
2008). Recently, numerous studies have reported detectable
mycotoxins in DDGS which have increased the concerns about
US imported DDGS. Rodrigues (2008) reported that 99% of
the samples showed at least one detectable mycotoxins includ-
ing aflatoxin, deoxynivalenol, fumoninsin, T-2 toxin, and
zearalenone. Tangendjaja (2008) found aflatoxin BI,
zearalenone, and deoxynivalenol to the tune of 24, 333, and
2130 ppb, respectively, in DDGS samples. A survey covering
409 DDGS samples over 5-year duration worldwide, only 2%
samples showed a contamination level below the detectable
limit, 6% samples were positive for at least 1 mycotoxin, and
92% samples were contaminated with two or more types of
mycotxins (Rodrigues and Chin 2012).

Conclusion

Based upon the result of the present study, it can be concluded
that DDGS could be a source of high-quality nutrients in
poultry feed. It provides a rich source of amino acids, energy,
xanthophylls, minerals, and other nutrients and could success-
fully replace expensive feed ingredients such as cereal grains
and soybean. In addition, the product was also contaminated
with various types of mycotoxins.
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