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Nutritional composition, gross energy concentration, and in vitro digestibility of

dry matter in 46 sources of bakery meals

Yanhong Liu,* Rajesh Jha,"® and Hans H. Stein*!;

North Central Coordinating Committee on Swine Nutrition (NCCC-42)?

*Department of Animal Science, University of California, Davis, CA; "Department of Human Nutrition, Food
and Animal Sciences, University of Hawaii at Manoa, Honolulu, HI; and *Division of Nutritional Sciences,
University of Illinois, Urbana-Champaign, IL

ABSTRACT: Work was conducted to test the
hypothesis that the nutritional composition of bak-
ery meal varies depending on where in the United
States the meal is produced due to different raw
materials being used in the production of the meals.
Forty-six samples of bakery meal were collected
from feed mills located in the swine producing
states in the United States. Based on the state where
samples were collected, they were grouped into 5
regions: 1) AL, DE, GA, NC, PA, and VA (10 sam-
ples); 2) CO, MO, OK, and TX (10 samples); 3) IN,
KY, OH, and TN (8 samples); 4) IA (11 samples);
and 5) MN (7 samples). All samples were analyzed
for proximate components, GE, AA, carbohydrates,
and minerals, and IVDMD and in vitro energy
digestibility (IVGED) were also determined. Results
indicated that the average concentration of DM
was (91.84 = 1.29%) and there was no difference
among regions. The concentration of ash in bakery
meal from MN was greater (P < 0.05) than in meals
from other regions, but for all other proximate
components, no differences among sources were
observed. The average concentration (DM basis) of
CP (12.20 £ 2.16%), acid hydrolyzed ether extract
(AEE, 9.38 * 1.95%), starch (44.61 * 5.47%), and
NDF (13.77 £ 4.23%) indicated that bakery meal

consists of a mixture of food ingredients origi-
nating from flour or whole cereal grains and with
some high-fiber ingredients such as brans or can-
ola coproducts also included. It also appears that
oil or fats were added during production. With the
exception of His, no differences among regions were
observed for indispensable AA and the average con-
centrations (DM basis) of Lys, Met, Thr, and Trp
were 0.35 + 0.08%, 0.19 £ 0.03%, 0.38 = 0.06%,
and 0.13 £ 0.03%, respectively. The bakery meals
from MN contained more (P < 0.05) Ca than bak-
ery meals from other regions, indicating that lime-
stone may have been added to bakery meal from
MN to improve flowability. However, bakery meals
from MN and IA contained less (P < 0.05) total P,
phytate, and phytate-bound P than bakery meals
produced in the states east of the Mississippi River.
There were, however, no differences in IVDMD
(79.06 + 6.62%) or of IVGED (74.84 £ 8.20%) of
bakery meals among regions. The present results
indicate that variations in the chemical composition
of bakery meal obtained from different regions
in the United States are relatively small and likely
without great impact on the nutritional value of
the meals, but in vivo digestibility experiments are
needed to confirm this hypothesis.
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INTRODUCTION

Bakery meal is a feed ingredient that is often
used in diets for pigs and poultry. Bakery meal con-
sists of a mixture of dated or unsalable bread, break-
fast cereals, cookies, and other foods that cannot be
used for their intended purpose (Slominski et al.,
2004). By collecting, unpacking, grinding, and mix-
ing these foods, bakery meal that may be used in
the feeding of animals is produced. Although the
annual production in the United States is estimated
at more than 500,000 tons, only little information
about the nutritional value of bakery meal is avail-
able. However, the limited data that have been pub-
lished indicate that bakery meal contains 8 to 15%
CP, between 5 and 10% ether extract, between 3 and
10% ash, and close to 40% starch (NRC, 2012; Rojas
et al., 2013; Casas et al., 2015). There also appears
to be a relatively high concentration of sucrose,
glucose, maltose, and fructose in bakery meal and
combined, these sugars were reported to contribute
more than 15% of the DM in the ingredient (Rojas
et al., 2013). The chemical composition of bakery
meal reflects the composition of the different food
products that were included in the meal, and the
reason for the relatively large variability in compos-
ition is that different batches of bakery meal may
be produced based on different combinations of
food ingredients (Slominski et al., 2004). However,
in general, the composition of bakery meal is closer
to the composition of wheat than to that of corn
reflecting that wheat flour and whole grain wheat is
preferentially used in food production.

Due to the variability in raw ingredient inclu-
sion in bakery meal, we hypothesized that bakery
meal collected from certain geographical areas
may have a different nutritional value than bakery
meal from other areas. The objective of the present
work, therefore, was to analyze the chemical com-
position and to determine IVDMD of bakery meal
collected from a number of production facilities in
the United States.

MATERIALS AND METHODS

A total of 46 sources of bakery meal were col-
lected from commercial feed mills and poultry and
pig integrators in the United States. Ten samples
were collected from a 6-state area in the eastern
United States including AL, DE, GA, NC, PA,
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and VA. An additional 10 samples were collected
from the western corn-belt including CO, MO,
OK, and TX. There were 11 samples collected in
IA and 8 samples from IN, KY, OH, and TN and
the remaining 7 samples were all collected in MN.
Approximately 1 kg of each sample was shipped to
the University of Illinois (Urbana), where the chem-
ical analyses were conducted. A subsample of each
source was shipped to the University of Hawaii at
Manoa where the [IVDMD was determined.

Chemical Analyses

All chemical analyses were performed in dupli-
cate. The bakery meals were analyzed for DM
by oven drying at 135°C for 2 h (Method 930.15;
AOAC Int., 2007) and for ash (Mecthod 942.05;
AOAC Int., 2007). The concentration of N in all
samples was determined using the combustion pro-
cedure (Method 990.03; AOAC Int., 2007) on an
Elementar Rapid N-cube protein/nitrogen appar-
atus (Elementar Americas Inc., Mt. Laurel, NJ).
Aspartic acid was used as a calibration standard and
CP was calculated as N X 6.25. Amino acids were
analyzed in all samples on a Hitachi Amino Acid
Analyzer (Model L8800, Hitachi High Technologies
America Inc., Pleasanton, CA) using ninhydrin for
postcolumn derivatization and norleucine as the
internal standard. Before analysis, samples were
hydrolyzed with 6 N HCl for 24 h at 110°C (Method
982.30 E(a); AOAC Int., 2007). Methionine and
Cys were analyzed as Met sulfone and cysteic acid
after cold performic acid oxidation overnight before
hydrolysis (Method 982.30 E(b); AOAC Int., 2007).
Tryptophan was determined after NaOH hydroly-
sis for 22 h at 110°C (Method 982.30 E(c); AOAC
Int., 2007). Samples were analyzed for GE on an
isoperibol bomb calorimeter (Model 6300, Parr
Instruments, Moline, IL) using benzoic acid as the
internal standard. Ingredients were also analyzed for
total starch (method 76-13; AACC Int., 2000) using
a modified starch assay kit (product code STA-20,
Sigma, St. Louis, MO) and for glucose, fructose,
maltose, sucrose, stachyose, and raffinose (Method
977.2, AOAC Int., 2007). Fructo-oligosaccharides
were analyzed by refractive index high-performance
liquid chromatography using a Phenomenex Rezex
RHM column (Campbell et al., 1997). Insoluble
dietary fiber (IDF) and soluble dietary fiber (SDF)
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were determined using the Ankom™" Dietary Fiber
Analyzer (AOAC 991.43, AOAC Int., 2007; Ankom
Technology, Macedon, NY). Total dietary fiber
(TDF) was determined as the sum of IDF and SDF.
Samples were also analyzed for NDF (Holst, 1973)
and ADF (method 973.18; AOAC Int., 2007), and
AEE was determined by acid hydrolysis using 3N
HCI (Sanderson, 1986) followed by crude fat extrac-
tion with petroleum ether (method 2003.06, AOAC
Int., 2007) on a Soxtec 2050 automated analyzer
(FOSS North America, Eden Prairie, MN). Samples
were also analyzed for Na using flame emission
photometry (Method 956.01; AOAC Int., 2006),
Cl using manual titration (Method 915.01, 943.01;
AOAC Int., 2007), and for Ca and P by inductively
coupled plasma-optical emission spectroscopy
(ICP-OES; Method 985.01 A, B, and D; AOAC Int.,
2007) after wet ash sample preparation (Method
975.03 B(b); AOAC Int., 2007). Copper, K, Mg,
Mn, and Zn were measured by flame atomic absorp-
tion spectroscopy after wet ash sample preparation
(Method 975.03 B(b); AOAC Int., 2007). Sulfur was
measured by a gravimetric method (Method 956.01;
AOAC Int., 2007). All samples were also analyzed
for phytic acid (Ellis et al., 1977).

The IVDMD was determined using a 3-step pro-
cedure modified from Boisen and Fernandez (1997).
The procedure simulates gastric and small intestinal
digestion and large intestinal fermentation. Three
separate subsamples of each ingredient were used
providing 3 replicates per ingredient. Samples were
incubated in 125 mL Erlenmeyer flasks placed in a
water bath at 39°C with constant shaking for 2 h.
Pepsin from porcine gastric mucosa (Sigma P-0609;
Sigma-Aldrich Corp., St. Louis, MO) was added to
the flasks and the pH was maintained at 2 by adding
1 M HCl or I M NaOH. One mL of chlorampheni-
col (Sigma C-0378; Sigma-Aldrich Corp.) solu-
tion was added to prevent bacterial growth, which
might take place during hydrolysis. The flask was
then closed with a rubber stopper and incubated
in a water bath at 39°C for 2 h under gentle agita-
tion. After 2 h, freshly prepared pancreatin solution
(Sigma P-1750; Sigma-Aldrich) was added to each
flask and the pH was adjusted to 6.8 by adding 1 M
HCl or 1 M NaOH. The hydrolysis was continued
for 4 h under the same conditions. These steps rep-
resented the digestion processes in the stomach and
the small intestine, respectively. At the end of the
of incubation, 20 mL of a 0.2 M EDTA solution
was added to the flask, and the pH was adjusted
to 4.8 with a 30% acetic acid solution. Then 1 mL
of Viscozyme (a multienzyme complex obtained
from Aspergillus aculeatus containing cellulase,
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B-glucanase, arabinase, xylanase, mannanase, and
pectinase; Novozymes, Bagsverd, Denmark) was
added and the flask was incubated at 39°C for 18 h.

The undigested residue was then collected in
a filtration unit using a porcelain filtration fun-
nel lined with pre-weighed filter paper (Whatman
no. 54; Whatman Inc., Florham Park, NJ). All
the material was transferred with double-distilled
water to the funnel. The residue, along with the fil-
ter paper, was dried overnight at 80°C and weighed
the next day.

Calculations and Data Analyses

The concentration of OM was calculated by
subtracting analyzed ash from DM and hemicellu-
lose was calculated as the difference between NDF
and ADF. Phytate-bound P was calculated as 28.2%
of analyzed phytic acid (Tran and Sauvant, 2004),
and non-phytate P was calculated as the difference
between total P and phytate-bound P.

Data were analyzed by ANOVA using the
Mixed procedure in SAS (SAS Stat Inst., Cary,
NC). Means for each region were calculated using
the least significant means procedure in SAS, and
if differences among regions were observed, means
were separated using the PDIFF option in SAS. An
overall average for all 46 sources of bakery meal
was also calculated. Each individual sample of bak-
ery meal was the experimental unit. An alpha value
of 0.05 was used to assess significance among geo-
graphical areas and if the P value was between 0.05
and 0.10, the difference was considered a tendency.

RESULTS AND DISCUSSION

Accurate formulation of diets for pigs depends
on having access to accurate values for the nutri-
tional composition of feed ingredients. However,
for bakery meal, the published information on
nutritional composition is very limited (NRC,
2012). In the past, manuscripts detailing the chem-
ical composition of corn, soybean meal, wheat
middlings, and distillers dried grains with solubles
have been published (Cromwell et al., 1999, 2000;
Spiehs et al., 2002), and recently, a manuscript with
information about the concentration of minerals in
feed ingredients produced in China was published
(Huang et al., 2017). The present work was under-
taken to provide a more robust database for bakery
meal that may be used in diet formulations.

The 46 sources of bakery meal analyzed in
this work were collected from feed mills or pig or
poultry integrators from most pig-producing states
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in the United States. It is, therefore, believed that
the present data provide representative information
about the composition of bakery meal currently
marketed in the United States. However, whereas
the location of the feed mills where the bakery meals
were collected is known, it is acknowledged that it
is possible that some of the meals were produced in
other states and subsequently shipped into the state
where they were collected. Thus, the present data
do not necessarily provide information about pro-
duction of bakery meal in the different states but
only about the states where it was used.

The DM in bakery meals, regardless of where
collected, was close to 92% indicating that bakery
meal has a greater concentration of DM than most
other feed ingredients commonly used in diets for
pigs (Table 1). The standardized ileal digestibility
of CP and AA in 2 sources of bakery meal was
determined by Almeida et al. (2011) and by Casas
et al. (2015), and results of both experiments indi-
cated that bakery meal may sometimes be heat
damaged with a relatively low digestibility of Lys

Liu et al.

as a consequence. The high concentration of DM
in the bakery meals used in this research indicates
that the bakery meal or the food ingredients that
were used to produce the bakery meal have gone
through more drying than what is usual for agri-
cultural feed ingredients and this may be the reason
for the reduced digestibility of Lys that has been
reported.

Concentrations of ash were greater (P < 0.05)
in bakery meal from MN than in bakery meal from
the other 4 regions, but no differences among the
other 4 geographical areas were observed. However,
the concentration of ash (between 4.28 and 5.78%,
DM basis) in all sources of bakery meal was much
greater than what is usually present in cereal grains
(NRC, 2012). The reason for this observation may
be that NaCl and other minerals often are added
to human foods, which results in a relatively high
concentration of ash in the raw materials used in
the production of bakery meal. Data for concentra-
tions of DE and ME indicate that bakery meal con-
tains less ME than corn, which may be a result of

Table 1. Analyzed chemical composition of different bakery meals, DM basis

Region'
Item ADGNPV CMOT 1A IKOT MN SEM P value Average®
N 10 10 11 8 7 — — —
GE, kcal/kg 4,659 4,684 4,617 4,702 4,548 41.28 0.13 4,645 129
DM, % 92.05 92.08 91.83 91.95 91.13 0.44 0.62 91.84 £ 1.29
Ash, % 4.28° 4.69° 4.46° 4.28° 5.78* 0.33 <0.05 4.64 £ 1.09
OM, % 87.76" 87.39 87.37 87.67" 85.35% 0.62 0.09 87.20 £ 1.94
CP, % 12.42¢ 12.25¢ 11.59% 13.84¥ 10.87* 0.68 0.07 12.20 £ 2.16
AEE, % 9.57 10.16 9.43 8.79 8.95 0.66 0.61 9.38 £1.95
Starch, % 45.09 42.09 46.97 44.04 44.43 1.81 0.37 44.61 £5.47
IDF, % 19.30 18.34 18.13 16.83 17.03 1.47 0.74 18.09 £ 3.93
SDF, % 2.31 1.39 1.67 1.39 0.61 0.62 0.47 1.57 £ 1.71
TDE, % 21.60 19.63 19.78 18.19 17.53 1.54 0.40 19.59 £ 4.24
ADF, % 6.31 6.05 6.09 5.70 6.89 0.57 0.74 6.18 + 1.68
NDE, % 13.16 13.89 14.25 12.59 15.09 1.45 0.81 13.77£4.23
Hemicellulose, % 6.86 7.84 8.15 6.89 8.20 1.14 0.85 7.59 +3.32
Carbohydrates, %
Fructose 1.38 1.89 1.86 1.55 1.97 0.31 0.61 1.72 £ 0.91
Glucose 2.10 2.84 2.55 2.37 3.22 0.48 0.58 258+ 1.44
Sucrose 3.89 3.24 3.29 3.25 3.70 0.63 0.91 3.47 £ 1.81
Maltose 3.17 2.83 3.31 3.61 3.33 0.32 0.55 3.23£0.96
Raffinose 0.32 0.26 0.26 0.35 0.22 0.045 0.33 0.28 £ 0.14
Stachyose 0.024 0.018 0.017 0.001 0.014 0.007 0.31 0.02 £0.02
FOS? + ketose 2.00 2.06 1.96 2.30 1.98 0.163 0.62 2.05£0.48
FOS? 0.73 0.73 0.51 1.03 0.75 0.264 0.73 0.74 £ 0.62

IDF = insoluble dietary fiber; SDF = soluble dietary fiber; TDF = total dietary fiber.
*®Means within a row lacking a common superscript letter differ (P < 0.05).
'A total of 46 bakery meal samples were analyzed based on 5 regions. ADGNPYV includes AL, DE, GA, NC, PA, and VA; CMOT includes CO,

MO, OK, and TX; and IKOT includes IN, KY, OH, and TN.
*Fructooligosaccharides.

3Average and standard deviation values for all 46 bakery meal samples.
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the high concentration of ash in the product (Rojas
etal., 2013).

Concentrations of OM and CP tended
(P < 0.10) to be less in bakery meal from MN than
in bakery meal from the other regions. However,
despite the increased ash concentration and the
tendency for the reduced OM and CP, the GE in
the bakery meal from MN was not less than that of
bakery meal produced in other areas. The concen-
tration of AEE was on average 9.43% (DM basis)
and not different among locations. However, the
relatively high concentration of AEE indicates that
fat or oil was added to the foods that were used in
the production of bakery meal. The concentrations
of ADF and NDF (6.18 and 13.77%, DM basis) as
well as the concentrations of TDF (19.59%, DM
basis) indicates that some of the food ingredients
used in the production of bakery meal contain
whole grains and likely some high-fiber ingredients
such as wheat bran or oat fiber as well. However,
the concentration of starch (44.61%, DM basis)
indicates that flour and cereal grains were the main
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components in the food ingredients used in the pro-
duction of bakery meal.

The average concentration of sucrose in the
bakery meals was 3.47% (DM basis) indicating
that sugar may have been added to the ingredients
included in the bakery meal. Likewise, average con-
centrations of fructose, glucose, and maltose were
1.72, 2.58, and 3.23% (DM basis), respectively,
which may be a result of dextrose or other refined
sugars being added to the food. However, the very
low concentration of stachyose indicates that appre-
ciable amounts of soy flour are not added to foods
included in the production of bakery meal.

The concentration of His and Gly in bakery
meal from MN and IA was less (P < 0.05) than in
bakery meal from IN, KY, OH, and TN and the
concentration of His and Gly in bakery meal from
MN was also less (P < 0.05) than in bakery meal
from AL, DE, GA, NC, PA, and VA (Table 2).
There was also a tendency (P < 0.10) for the con-
centration of Arg, Cys, Tyr, all dispensable AA, and
all AA to be less in bakery meal from MN than in

Table 2. Concentration of AA in bakery meal, DM basis

Region'
Item ADGNPV CMOT 1A IKOT MN SEM P value Average’
N 10 10 11 8 7 — — —
Indispensable AA, %
Arg 0.62% 0.56 0.51% 0.63 0.48% 0.041 0.06 0.56 £0.13
His 0.28 0.27¢be 0.25b 0.30° 0.23¢ 0.015 <0.05 0.26 £ 0.05
Ile 0.44 0.44 0.41 0.48 0.39 0.023 0.14 0.43 £0.07
Leu 0.90 0.93 0.87 0.95 0.82 0.047 0.35 0.89 +0.14
Lys 0.37 0.38 0.32 0.37 0.31 0.026 0.26 0.35+0.08
Met 0.19 0.20 0.18 0.21 0.17 0.011 0.30 0.19 £0.03
Phe 0.56 0.56 0.54 0.62 0.51 0.032 0.24 0.56 £0.10
Thr 0.38 0.39 0.36 0.41 0.34 0.021 0.23 0.38 £ 0.06
Trp 0.14 0.14 0.12 0.15 0.12 0.008 0.11 0.13+£0.03
Val 0.56 0.56 0.52 0.61 0.50 0.030 0.17 0.55+0.09
Total 4.44 4.43 4.09 4.72 3.87 0.23 0.15 4.32%0.73
Dispensable AA, %
Ala 0.53 0.54 0.50 0.56 0.47 0.033 0.43 0.52+0.10
Asp 0.79 0.75 0.69 0.79 0.67 0.048 0.34 0.74 £0.14
Cys 0.23w 0.23v 0.22% 0.26 0.20 0.012 0.09 0.23 £0.04
Glu 2.74 2.69 2.61 3.19 2.46 0.20 0.18 2.74 £ 0.62
Gly 0.54% 0.502b 0.46% 0.592 0.43¢ 0.035 <0.05 0.51 £0.11
Pro 0.94 0.97 0.92 1.12 0.87 0.067 0.16 0.96 £ 0.21
Ser 0.52 0.51 0.49 0.55 0.45 0.026 0.20 0.50 = 0.08
Tyr 0.33v 0.34v 0.29% 0.35¥ 0.28% 0.019 0.07 0.32 £ 0.06
Total 6.62 6.53v 6.20 7.40¢ 5.84x 0.37 0.09 6.51 £1.17
Total AA, % 11.05% 10.97% 10.29» 12.12¢ 9.71* 0.58 0.09 10.83 +1.83

“*Means within a row lacking a common superscript letter differ (P < 0.05).

“Means within a row lacking a common superscript letter tended to differ (P < 0.10).
'A total of 46 bakery meal samples were analyzed based on 5 regions. ADGNPYV includes AL, DE, GA, NC, PA, and VA; CMOT includes CO,

MO, OK, and TX; and IKOT includes IN, KY, OH, and TN.

2Average and standard deviation values for all 46 bakery meal samples.
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bakery meal from IN, KY, OH, and TN. It is likely
that the tendency for reduced CP in bakery meal
from MN is the reason for the reduced concentra-
tions of His and Gly and the tendencies for reduced
concentrations of a few other AA in the bakery
meal from MN. The average concentration of Lys
(0.35%, DM basis) is within the range of previously
published values (Almeida et al., 2011; NRC, 2012;
Rojas et al., 2013; Casas et al., 2015) and relatively
close to the value observed in many cereal grains.

The concentration of Ca was much greater

(P < 0.05) in bakery meals from MN compared
with bakery meals from all other locations (Table 3).
Concentrations of Ca that were observed in this
study were for the most part greater than previously
reported values (Almeida et al., 2011; NRC, 2012;
Rojas et al., 2013; Casas et al., 2015). There is very
little Ca in cereal grains and in general, plant ingredi-
ents do not contribute much Ca to diets (Stein et al.,
2016). It is, therefore, likely that the majority of the
Ca in the bakery meal originates from calcium car-
bonate added to the foods during preparation to for-
tify foods with Ca. It is, however, also possible that
specifically for the bakery meal from MN, limestone
was added after production to improve flowability.

Liu et al.

The concentration of total P, phytic acid, and
phytate-bound P was less (P < 0.05) in bakery meal
from MN and IA than in bakery meal from AL, DE,
GA, NC, PA, and VA and from IN, KY, OH, and
TN, but there were no differences in concentrations
of K, Mg, and S among regions. However, regard-
less of location, the P in the bakery meal observed
in this study was within the range of previously pub-
lished values (NRC, 2012; Rojas et al., 2013; Casas
et al., 2015). The greater concentrations of P and
phytic acid in bakery meal from some states com-
pared with others indicate that there may have been
some high-P and high phytate ingredients such as
bran and possibly also canola coproducts included
in bakery meal from these locations. In general, the
concentration of P in bakery meal from all states
except MN was greater than expected if only grain
flours were included in the meals further indicating
that ingredients with greater P concentration than
cereal grains were included in the foods that made
up the bakery meals. The standardized total-tract
digestibility of P is greater in bakery meal than in
corn (Rojas et al., 2013), which is consistent with
the fact that the digestibility of P is greater in wheat
than in corn (NRC, 2012).

Table 3. Concentrations of macro minerals and micro minerals in different bakery meals, DM basis

Region'
Item ADGNPV CMOT 1A IKOT MN SEM P value Average®
N 10 10 11 8 7 — — —
Macro minerals, %
Ca 0.19* 0.29° 0.19* 0.20° 0.56* 0.076 <0.05 0.27£0.25
P 0.40° 0.37%® 0.32° 0.442 0.29° 0.028 <0.01 0.36 £0.10
Phytic acid 0.86° 0.68%® 0.59° 0.942 0.55° 0.092 <0.05 0.72 £ 0.30
Phytate P2 0.24¢ 0.19% 0.17° 0.272 0.15° 0.026 <0.05 0.20 £ 0.09
Non-phytate P? 0.16 0.18 0.15 0.17 0.14 0.013 0.19 0.16 £ 0.04
Na 0.54 0.59 0.54 0.59 0.50 0.059 0.82 0.55+0.17
Cl 0.74 0.82 0.75 0.84 0.70 0.084 0.78 0.77 £0.25
K 0.48 0.46 0.42 0.51 0.39 0.039 0.30 0.45+0.12
Mg 0.15 0.14 0.13 0.16 0.13 0.015 0.53 0.14 £ 0.05
S 0.19 0.20 0.20 0.20 0.19 0.015 0.91 0.20 £ 0.04
Micro minerals, mg/kg
Cu 6.07 6.41 5.27 7.28 5.23 0.66 0.20 6.04 £2.04
Fe 219¢ 334be 390% 191¢ 5542 61.0 <0.01 331 +£213
Cr 5.74 4.88 6.87 6.73 8.93 2.03 0.68 6.57£4.94
Mn 39.16° 32.12% 28.26° 38.63¢ 31.11 2.89 <0.05 33.71 £0.15
Mo 0.54 4.92 12.51 0.48 2.56 5.67 0.49 4.65+16.94
Zn 41.72 50.03 43.00 44.45 51.97 5.36 0.61 4587 £0.15

“*Means within a row lacking a common superscript letter differ (P < 0.05).
'A total of 46 bakery meal samples were analyzed based on 5 regions. ADGNPYV includes AL, DE, GA, NC, PA, and VA; CMOT includes CO,
MO, OK, and TX; and IKOT includes IN, KY, OH, and TN.

*Phytate P was calculated as 28.2% of analyzed phytic acid (Sauvant et al., 2004); non-phytate P was calculated by subtracting phytate P from
total P.

3Average and standard deviation values for all 46 bakery meal samples.
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Table 4. IVDMD and in vitro energy digestibility (IVGED) in different bakery meals

Region!
Ttem ADGNPV CMOT 1A IKOT MN SEM P value Average?
N 10 10 11 7 — — —
IVDMD, % 77.71 78.67 81.33 77.02 80.05 2.29 0.64 79.06 £ 6.62
IVGED, % 71.84 78.53 77.26 70.24 75.45 2.70 0.16 74.84 £ 8.20

'A total of 46 bakery meal samples were analyzed based on 5 regions. ADGNPYV includes AL, DE, GA, NC, PA, and VA; CMOT includes CO,
MO, OK, and TX; and IKOT includes IN, KY, OH, and TN. Three replicate subsamples of each bakery meal were analyzed.

2Average and standard deviation values for all 46 bakery meal samples.

The average concentrations of Na and CI were
0.55 and 0.77% (DM basis), respectively, and no
differences among regions were observed. Thus,
the concentration of Na and CI is much greater
in bakery meal than in any of the plant-based
feed ingredients that may be used in diets for pigs
(NRC, 2012). 1t is, therefore, very likely that most
of the foods included in bakery meal are fortified
with NaCl and possibly other sources of minerals
to increase the concentration of Na. Assuming
that the plant-based ingredients that were used in
the production of the foods in the bakery meal
have negligible concentrations of Na, and assum-
ing that NaCl contains 39.5% Na (NRC, 2012), it
is concluded that approximately 1.25% NaCl (as-is
basis) was included in the foods used to produce the
bakery meal. In contrast to Na and CI, concentra-
tions of K and Mg were close to what is expected
in cereal grains and it appears, therefore, that these
minerals were not added to the foods used in the
bakery meals.

The concentration of Fe was greater (P < 0.05)
in bakery meal from MN than in bakery meal form
all other regions except IA and bakery meal from
IA contained more (P < 0.05) Fe than bakery meal
from AL, DE, GA, NC, PA, and VA or from IN,
KY, OH, and TN. These observations indicate that
that the foods included in the bakery meal from
MN and ITA were fortified with Fe. Bakery meal
from AL, DE, GA, NC, PA, and VA or from IN,
KY, OH, and TN contained more (P < 0.05) Mn
than bakery meal from IA, but for Cu, Cr, Mo, and
Zn, no differences among locations were observed.

Differences in IVDMD among sources of bak-
ery meal were not observed (Table 4). In general,
values for IVDMD obtained in this study are less
than what is generally observed for cereal grains
and closer to that observed for some high-fiber cer-
eal grain coproducts (Jaworski et al., 2015; Navarro
et al., 2018). This observation is supported by the
concentrations of ADF and NDEF, which are also
greater than in cereal grains and this further indi-
cates that some high-fiber ingredients likely were

included in the sources of food that were used in the
production of the bakery meals.

CONCLUSIONS

The chemical composition of bakery meal indi-
cates that although the majority of the ingredients
likely originate from flours and possibly whole
grain cereal foods, high-fiber ingredients likely also
are included in the product mix used to produce the
foods that generate bakery meal. Thus, bakery meal
contains more than 40% starch, but concentrations
of ADF, NDF, and phytate-bound P are greater
than in cereal grains. The concentration of AEE is
8 to 10% indicating that fats or oils are also added
to the food mix. Differences among geographical
regions in the United States in the chemical com-
position of bakery meals appear to be relatively
small and only were observed for a few nutrients.
This observation gives confidence that average val-
ues may be used to predict concentrations of nutri-
ents in bakery meals. However, it is acknowledged
that to provide additional information about the
nutritional value of bakery meals, in vivo values
for the digestibility of energy, AA, and minerals are
also needed and future work should focus on gen-
erating such values.
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