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ABSTRACT Two experiments were conducted to
compare the dietary availability of P from meat and
bone meal (MBM) with that of P from dicalcium
phosphate (DP) for poults. Two batches of the same
MBM were tested. The batches differed in fineness of
grind; one was passed through a 10-mesh screen
{openings of 2.03 mm) (MBM10} and the other through a
12-mesh screen (openings of 1.91 mm) (MBM12). In
Experiments 1 and 2, the low-P basal diets contained, by
analysis, 0.54% P (0.2% nonphytate P) and 0.64% P (0.3%
nonphytate P), respectively. Each batch of MBM and DP
were included in isocaloric, equinitrogenous diets to
obtain increments of 0.1, 0.2, 0.3, and 0.4% P added to
the basal diet. Three pens, each containing seven poults,
were assigned to each of the 13 dietary treatments.

Poults were fed the diets from 5 to 11 and 6 to 13 d of
age in Experiments 1 and 2, respectively. Regression
analyses of the data showed that increases in BW and
tibia ash were linearly related (P < 0.01) to percentage
dietary P and to quantity of P consumed. Common-
intercept multiple linear regression was used to derive
relative availabilities (RA) with DP assigned a value of
100. On the basis of BW gains, RA of MBMI10 and
MBM12 ranged from 99.1 to 105.5, depending on the
independent variable and the experiment. Similarly, on
the basis of tibia ash, RA ranged from 97.3 to 104.8.
None of the RA differed (P > 0.05) from 100. Thus, the
RA of P from MBM tested were equal to that of P from
DP, and particle size of the MBM did not affect RA of P.
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INTRODUCTION

Meat and bone meal has generally been considered to
be a dietary source of readily available phosphorus for
poultry (Waldroup et al., 1965; Peeler, 1972). Results of
earlier research on P utilization from bone meals
obtained as by-products of the rendering industry
supported this assumption. Miller and Joukovsky (1953)
reported that, on the basis of weight gain and tibia ash
of chickens, the bioavailability of P from bone meal was
equal to that of P from dicalcium phosphate and
defluorinated rock phosphate. These observations with
chicks were supported by the findings of Motzok et al.
(1956, 1957) that P utilization from several sources of
bone meal was equivalent to that from dicalcium
phosphate and monosodium phosphate. Wilcox et al.
{1955) reported that, in comparison with dicalcium
phosphate (USP), the availability of P from steamed
bone meal was 95% for bone development and weight
gains of turkeys fed practical diets: Wilcox et al, (1954)
also reported that, when purified diets were used, P
availability from steamed bone meal was 75% of that
from dicalcium phosphate. Although the latter report
indicated that ingredient composition of diet influenced
utilization of P from bone meal, the preponderance of
data obtained from research on P availability from bone
meals, and presumably, from meat and bone meals,
indicates that under normal circumstances meat and
bone meals should be sources of available P for poultry.
Recently, Waldroup and Adams (1994) provided infor-
mation confirming these indications. They evaluated 11
meat and bone meals and found them to be equivalent
to mono-dicalcium phosphate as dietary P sources for
broiler chicks.

Concern about the availability of P from meat and
bone meal was generated by reports of Bumell et al.
(1989) and Cromwell (1989), indicating that as compared
with the P from monosodium phosphate, P of meat and
bone meal was less available for pigs. Orban and Roland
{1992) also reported that utilization by chicks of P from
laboratory-prepared bone meals was less than that from
dicalcium phosphate. Orban and Roland (1992) and
Cromwell (1989) suggested that large-particle bone
fragments in the meals may have impaired P utilization
by chicks and pigs, respectively.

The research reported here was conducted to deter-
mine the availability of P from a commercial meat and
bone meal for young turkeys. Concurrently, a compari-
son was made of P availability from meat and bone
meals passed through 10-mesh or 12-mesh screens
during grinding,

3Petersime Incubator Co., Gettysburg, OH 45328-0308,
4Van Hoven Co., Inc., S0. St. Paul, MN 55075.
SAGP Limited, Courtland, MN 56021.

MATERIALS AND METHODS

Two experiments of nearly identical design were
conducted with male Nicholas poults obtained at 1 d of
age from a commercial hatchery. The poults were placed
in Petersime? brooder batteries and were fed a comn-
soybean meal-based starter diet containing 0.5% non-
phytate P (0.76% P) from 1 to 5 and from 1 to 6 d of age
in Experiments 1 and 2, respectively. This diet was
formulated to meet or slightly exceed nutrient concen-
trations recommended by NRC (1994). At the end of
these pre-experimental periods, the poults were
weighed individually, and seven poults were allotted to
each of 39 pens in the brooder batteries so that average
poult weights per pen and representation of poults from
different body weight catégories in each pen were
similar.

Three sources of dietary P were compared in the two
experiments: dicalcium phosphate (19.9% Ca, 19.0% P)
and two meat and bone meals (MBM10 and MBM12).
The MBM10 and MBMI2 came from one processing
batch and were obtained from a commercial supplier.4
Laboratory analyses’ showed that MBM10 and MBM12
contained 5.1% P, 10.4% Ca, and 54.4% CP. According to
the supplier, they consisted of approximately 50% beef
by-products and 50% poultry by-products. The beef by-
product consisted of 30% bone and 70% offal and tissue.
The meat and bone meal was processed through a batch
cooker; 3.1 h for the poultry by-product, endpoint
temperature = 121 C; 2.85 h for the beef by-product,
endpoint temperature = 132 C. The mixture of by-
products was passed through a grinder equipped with a
10-mesh screen (MBM10; openings of 2.03 mm) or a
12-mesh screen (MBM12; openings of 1.91 mm).

The three sources of P were used to establish three
series of diets (13 total dietary treatments) in each
experiment. In Experiment 1, dicalcium phosphate was
used as a P source to obtain diets calculated to contain
0.2, 0.3, 0.4, 0.5, and 0.6 nonphytate P. The MBM10 and
MBM12 were each used to establish another two-diet
series by including increments of each meal in diets to
achieve nonphytate P concentrations of 0.3, 0.4, 0.5, and
0.6%. Phosphorus contributed to diets by dicalcium
phosphate, MBM10, or MBM12 was categorized as
nonphytate P. Nonphytate P values listed by the NRC
(1994) for corn and soybean meal also were used in
formulating the diets. The dietary treatments were fed to
poults from 5 to 11 d of age in Experiment 1. In
Experiment 2, three series of dietary treatments also



were evaluated. However, because nearly 50% of the
poults fed the diet containing the least concentration of
P (0.2% nonphytate P) in Experiment 1 developed overt
signs of rickets within the 6-d experimental period, the P
concentrations used in Experiment 2 were increased by
0.1%. Thus, the diets of the dicalcium phosphate series
contained nonphytate P concentrations of 0.3, 04, 0.5,
0.6, and 0.7%. The MBM10 and MBM12 series diets were
formulated to provide 0.4, 0.5, 0.6, and 0.7% nonphytate
P. In Experiment 2, the dietary treatments were fed from
6 to 13 d of age.

The composition of diets of Experiments 1 and 2 is
shown in Tables 1 and 2. All diets were formulated to be
isocaloric and equinitrogenous, to contain 1.2% calcium,
and to meet or slightly exceed concentrations of other
nutrients, except for P, recommended by the NRC
(1994). All diets were analyzed for total P, and the
results of these analyses together with the calculated
total P values are shown in Table 3. In ail instances, the
analyzed total P concentrations were slightly greater
than the calculated values.

Each of the 13 dietary treatments tested in Experi-
ments 1 and 2 was assigned to three pens located in
brooder batteries. Each pen contained seven poults.
When the poults were 11 and 13 d old in Experiments 1
and 2, respectively, body weight and feed consumption
data were recorded. Two poults were selected randomly
from each pen. The two poults per pen were euthana-
tized by inhalation of Halothaneé (1, 1, 1-trifluoro-2,
2-chlorobromoethane), and the left tibia of each poult
was excised and cleaned of adhering tissue. Two tibias
per pen were pooled and dried at 85 C for 24 h in an air
convection oven. Dried tibias were extracted with ethyl
ether in a Goldfisch extractor for 4 h, dried, and
weighed. The extracted tibias were ashed in a muffle
furnace at 600 C for 18 h, cooled in a desiccator, and
weighed. Percentage tibia ash was calculated as a
proportion of fat-extracted dry tibia weight.

®Halocarbon Laboratories, River Edge, NJ 07661,

Feed consumption data and analyzed P concentra-
tions of diets were used to calculate the average P
consumed per poult during the experimental periods.
Regression analyses were conducted by using the
General Linear Models procedure of SAS® (SAS Insti-
tute, 1985). The availabilities of P from MBM10 and
MBM12 were determined relative to dicalcium phos-
phate by using common-intercept multiple linear regres-
sion analyses (Finney, 1978), Commoen-intercept multiple
linear regression (slope-ratio) was performed on weight
gain and percentage tibia ash as functions of percentage
dietary total P (analyzed) or as functions of P consumed
per poult. Multiple linear regression was justified for
each experiment by performing simple linear regression
followed by significance of differences tests between
intercepts. In all instances, intercepts were not different
(P > 005), and thus the use of common-intercept
multiple linear regression was justified.

Procedures used in these experiments were approved
by the Laboratory Animal Care Committee, Iowa State
University.



"G/065 NN ‘Ined 3§ ‘0§ “JuJ “0D UBAOH UeAy

THEET Vd ‘uoixg ‘wrepsag auDqws ap jo B/upfwenndna 3w §F panquod;

B gz ‘unorq Bur ggp ‘poe gy Bw gog ‘Sumoyd Fur 67 ‘upep Bur £ ‘ppe dayiojued Fur 47 ‘uraegoqu

B g (@Iynsiq wnipos auorpeusur) Y unueya e 17 Zig unueia i1 Z1 ‘ajeiade [K1aydooot-o-p i1 00S'T “RTRESIOL NI 000'S ‘(PIEaae [funar) v urureya 3p jo weidorp| sad parddng,

‘9 097 ‘epuopp umipos Bw grg ‘umnepEs Bw g addoy Bu gy Suz Fw g ‘esaueduewr garp jo urer3opp| sad panddng,

050 050 o0 oo 090 050 0¥0 0£0 oz0 d agdyduoN
Z1 1 £2'T (ira £ 73 ¥l @l 7 pazdeue ‘€D
S0°1 So'1 S0'T SU'L S0'T s0'T S0l S0'T S0'L ¥VS
£9°0 90 90 290 790 90 90 290 90 =N
021 oLt r A ¥l 21 LT LT LT 94T sk
68 867 0’62 V6L I'6T I'se 6T L8 88 pozdjeue ‘ID
058'Z 058’7 058z 058°C 0SE'T 058°Z 059'Z 058z 058'e wu_:sxmmz

. . sshEey

91’8 ran:) 80% ¥OT .- o . : e plEau 3uoq pue jeap
50°0 500 S0°0 c0°0 500 S0°0 500 500 500 peleeIg
€00 .. .. P . . [R— . . . PR —Um.u_.__mh—uxm
610 610 610 610 810 810 910 810 ar'o (c086) sumuonpaw-IC]
0E'0 0g0 050 og0 0g0 oc0 0c0 0£0 0£0 xqward unoejip
0E0 0£0 0c0 oco 0£0 0g0 oeD 0g0 O£ xquiand ferauy
91'0 910 910 910 £ET 621 7 00 91'0 (d %61 ‘v %661 Aeydsoyd umzpeng
150 0L £9°1 0zT &1 8471 e 5T 9L T auojsaumy
661 96T L2 90 wy LEE 1LE 96t e 18y a[qeadaa-[eumry
£6FY 1oy £2'05 caTs €465 99°55 09'55 £5'65 o9p'sE (0D %9'9%) [eaw weaqlog
BEEw W SE0Y SH8E ¥9'5E LUSE IS9E SE'9E BELE (D %2002} woD

(%)
%GB0 %9L0 %99'0 %50 %880 %80 %80 %850 %S0 sisdfeue pue sjuarparug

S|31p [Pat AU PUE JEaw jo
uotjerjuasuay suoydsoyd [eo),

siap ayeydsoyd umpestp jo
uoneyuasucd snioydsoyd jmol

[ 1uswpadxg ‘reawr auoq pue jesw Jo ajeqdsoyd umpresrp woy snoydsoyd Funureuos sarp jo uopisedwo) L ATAVL



64055 NW ‘Ined 1S "0g Ul “0)) USACKH] URAy
“IVE6L Vd "HOIXE WMpisg AUNQpIWS 1P Jo 3 /undwenniina dw gy panquiuode
3t ¢z “moig Bw g ‘poe onoy B gg ‘autoyp Bwr g7 ‘upera Bw g ‘poe snmpojued Bur 47 ‘uaegoqu
But g1 “(ewymsiq wnipos auorpeuaws) 3 wmneja B 1) g wwrera 1 21 ‘aieeoe [Aaydoedo)-op (If 00671 ‘ICIFR[ER[OW 11 000S ‘(3iEade jAunal) v unmeja 3arp jo uresdorry sad panddng,
‘3 gz ‘apuopp umipos B g1 ‘umivages Bw g ‘raddod Bur gF Surz Bur oy ‘esoueSueur 3arp jo urerdomy Jad panddng,

0L0 090 050 050 0L0 090 050 0o 0c0 d awpdyduon
rA yT1 el Irl wI 1Tt =l sT1 174 pazdeue ‘v)
S0't 501 so'1 So'L S0'1 =i 50T o'l 01 YVs5
¥9'0 £9'0 90 50 190 150 T 190 150 150 £5) 7
041 (78 01 L1 0Lt oLt (174 0LtT A s
V6T L6E 56T £6T S6T 6T 0'0E Y6 T6T pazipewe ‘3D
058z 0587 058’z (1}: 4 058’z 058'T 0s8'z 0S8'T 058'Z /e Mms
siskjeuy
918 Zi9 0¥ e s tet s : . e aueq pue jeajy
S0°0 SO0 500 S0°0 S0'0 SO0 500 S0°0 €0'0 eeRedEIs
rAN 600 200 00 100 100 100 00 00 [DH-suwsAl-]
[2A] IZ0 120 _ azo 0z0 oTo 610 610 610 (3:86) auruonylaw-1q
oco 0g0 0E0 0c0 0E0 0c0 0g0 (51 g0 Fauwaid upoes
0£0 0£'0 0E0 0s0 0E0 0E0 0£0 0c0 og0 Lﬁﬁﬁm [esaumy
890 © 890 890 890 64T 9T /A vl § 89°0 (d %61 ‘D %6'6T) aleydsoyd umpieaq
£CO 080 951 . 61 £el 91 161 0T &T SuDjsIUT]
Pl £5°1 61 0ET e ¥TE 90°E 88T 04T 1] ajqeiaSaa-feumry
o 5 {944 L6 7978 8565 1588 ¥Sg [t 658 {dD %6'9%) feawr ueaghog
SIH 9T 50°T¥ S5°6E Z0'9€ 15°9¢ 00°4E 0S/E 86°LE (dD %L9) wod
(%)
%GE'0 %580 %940 %90 %L96°0 %oRD %40 °oL/9°0 %850 sishjeue pue spumipasdug
Sjalp [Eatl auoq pue jE3U jo sierp ajeydsoyd wmpeorp jo
uonenuasucy stuoydsoyd [ejor uogenuaiuay sruoydsoyd Tejor

z Jueunradxy ‘[eawr 3uoq pue jeaw 1o sjeydsoyd umppeorp woyy snuoydsoyd Jumreuos spp1p jo uogwoedwo) 7 FTAVL



TABLE 3. Calculated and determined phosphorus concentrations of diets, Experiments 1 and 2
"—"__"—___—-——-_—_____________________

4

Total dietary phosphorus

Diet  Phosphorus Experiment 1 Experiment 2
code source Calculated Determined Calculated Determined
(%)

A Dicalcium phasphate 0.48 0.54 058 0.68
B 0.58 0.64 0.67 0.76
C 0.68 075 077 084
D 0.78 0.84 0.86 0.90
E 0.88 0.95 0.95 1.00
F Meat and bone meal 101 0.57 0.63 0.67 0.75
G 0.66 0.74 0.76 0.86
H 0.76 0.81 0.85 096
1 0.85 0.91 0.95 1.02
] Meat and bone meal 122 0.57 0.62 0.67 0.76
K 0.66 0.72 0.76 0.85
L 0.76 0.81 0.85 092
M 0.85 0.89 0,94 0.99

1Meat and bone meal passed through a 10-mesh screen (openings of 2.03 mm) during grinding, Analyzed

to contain 5.14% P,

IMeat and bone meal
to contain 5.14% P.

RESULTS

Body weight, body weight gain, feed consumption,
and tibia ash data for Experiments 1 and 2 are presented
in Tables 4 and 5, respectively. In Experiment 1, overt
signs of rickets (crippling and very pliable bones) were
observed among poults fed the diet containing the
lowest P concentration (0.54%). These signs were not

passed through a 12-mesh screen {openings of 1.91 mm) during grinding, Analyzed

evident in treatment groups receiving 0.64% or more P
in Experiment 1 or 0.68% or more P in Experiment 2,

Regression analyses showed that, within each dietary
P source, body weight gain and percentage tibia ash
were linearly related to increments of dietary P concen-
tration and to increments of P consumed per poult
during each experiment. The results of common-
intercept multiple linear regression analyses performed

TABLE 4, Influence of dietary phosphorus from dicalcium phosphate or meat and

bene meal on weight gain and tibia ash of poults, Experiment 1

Dietary Feed P 114 BW gain Tibia
Source of P total P! * cansumed consumed BW? 5to 11 d3 ashi
(%) (g/poult) (%)
Dicalcium phosphate 054 1465 0.76 220 107 27.7¢
0.64 163 1.02 245 133 323
0.75 172 1.29 260 147 362
0.84 174 1.53 270 156 423
0.95 186 1.80 275 162 45.0
Meat and bone meal 107 0.63 158 1.04 242 129 31.0
0.74 166 1.27 253 139 M4
0.81 177 149 267 154 39.6
091 175 157 268 155 43.0
Meat and bone mea] 128 0.62 166 1.08 248 134 an1
0.72 164 1.20 248 135 34.0
0.81 159 1.40 258 146 389
0.89 181 1.61 271 157 426
SEM e 32 0.024 3.4 33 0.9
1Total phosphorus as determined by analysis.

ZAverage BW per poult at the start of the experiment (5 d of age) ranged from 112 to 114 g among pens.

3Mult;
Table 6.

ple linear regression equations of BW gain as a function of percentage dietary phosphorus or P consumed per poult are presented in

Multiple linear regression equations of tibia as a function of percentage dietary P or P consumed per poult are presented in Table 6.

Mezns of three pens of seven poults per pen.

EMeans of three pens, with representation by two poults per pen.

’Mest and bone meal passed through a 10-mesh screen (openings of 2.03 mm) during grinding. Analyzed to contain 5.14% P.
®Meat and bone mea! passed through a 12-mesh screen {openings of 1.91 mm) during grinding. Analyzed to contain 5.14% P.



TABLE 5, Influence of dietary phosphorus from dicalcium phosphate or meat and
bone meal on weight gain and tibia ash of poults, Experiment 2

Dietary Feed

P 13d BW gamn Tibia

Source of P total Pl consumed consumed BW?2 6 to 13 d3 ashi
) (g/poult) (%)
Dicaldum phosphate 0.68 1905 1.24 261 138 31.36
0.76 202 1.50 272 148 360

0.84 207 172 293 170 409

0.50 217 2.00 302 178 431

1.00 229 229 319 185 459

Meat and bone meal 107 0.75 200 1.44 281 158 359
.86 211 1.78 297 173 40.5

0.96 211 1.94 307 i84 4.2

1.02 226 224 318 194 45.2

Meat and bone meal 128 0.76 198 146 275 152 37.1
0.85 213 1.77 297 173 41.8

0.92 221 201 308 185 442

0..99 226 2.26 320 197 45.8
SEM, Can 3.6 0.033 4.4 4.2 0.52

1Total P as determined by analysis.

ZAverage BW per poult at the start of the experiment (6 d of age) ranged from 123 to 124 g among pens.

3Multiple linear regression equations of BW gain as a function of percentage dietary P or P consumed per poult are presented in Table &.
4Multiple linear regression equations of tibia as a function of percentage dietary P or P consumed per poult are presented in Table 6.
5Means of three pens of seven poults per pen per dietary treatment.

fMeans of three pens, with representation by two poults per pen, per dietary treatment.
"Meat and bone meal passed through a 10-mesh screen (openings of 203 mm} during grinding. Analyzed to contain 5.14% P.
BMeat and bone meal passed through a 12-mesh screen (openings of 1.91 mm) during grinding. Analyzed to contain 5.14% P.

on body weight gain and percentage tibia ash as
functions of percentage dietary total P or P consumed
per poult are shown in Table 6. The regression
coefficients obtained for each dependent variable within
each ‘experiment were used to estimate the relative
availabilities (RA) of P from MBMI0 and MBM12,
compared with that of P from dicalcium phosphate, with
the latter set at 100. In Experiment 1, the RA of P from
MBM10 and MBM12 ranged from 97.3 to 101, depend-
ing on whether weight gain or tibia ash was the criterion
and whether dietary P concentration or P consumed per
poult was the independent variable (Table 7). None of
these values differed significantly (P < 0.05) from 100.
The RA of P from the meat and bone meals obtained in
Experiment 2 ranged from 102.1 to 105.5, compared with
100 for the P from dicalclum phosphate, and no

significant (P < 0.05) differences among these RA were
detected., The composite averages of all RA values,
irrespective of criteria, independent variable, and experi-
ment, were 1014 and 1012 for MBMI10 and MBM12,
respectively.

DISCUSSION

The data obtained from the two experiments reported
here show clearly that young turkeys utilized the P from
meat and bone meal for weight gain and deposition of
tibla ash as efficiently as from dicaleium phosphate.
Also, the particle size of the different meat and bone
meal samples did not affect this efficiency of phosphorus
utilization. These observations disagree with those of
Burnell et al. (1989), who reported that P availability
from meat and bone meal for young pigs was only 64%

TABLE 6. Multiple linear regressions of weight gain and Hbia ash as functions of dietary phosphorus
concentration (DPHOS) or phosphorus consumed (PCON)

Dependent Independent
Experiment variable {Y) variable (X)! Regression equation
Weight gain, g DPHOS, % Y = 554 + 115.6 (£ 9.9) X; + 114.6 (£ 99) Xyg + 114.7 {+ 10.0) X;3, R? = 0.80 (P < 0.001)

PCON, g/poult

Y

Y

Tibia ash, % DPHOS, % Y
Y

Y

wown

PCON, g/poult

S B S R S I

Y = 386 + 153.6 (£ 10.6) X; + 159 (+ 10.2) Xyo + 1587 (£ 102} X, R = 0.88 (P < 0.001)
754 + SLB (£ 37) X; + 523 (£ 3.8) Xqg + 519 (£ 3.8) Xy, RZ = 0.86 (P < 0.001)
740 + 52.7 (& 2.7) X, + 55.6 (£ 2.6) Xpg + 55 (& 2.6) Xpz, R* = 093 (P < 0.001)

3.1 + 45 (£ 22) X, + 438 (£ 2.1) Xyg + 438 (£ 2.2) X;p, R? = 0.93 (P < 0.001)

7.8 + 383 (£ 1.8) X; + 391 (£ 1.7) Xyp + 395 (& 1.7) X;p, R2 = 0.94 (P < 0.001)
123 + 191 (& 1.2) X; + 189 ¢k 1.2) X;g + 186 (£ 1.3) X;p, RZ = 0.88 (P < 0.001)
Y = 17.6 + 125 (£ 07) X, + 13.0 (£ 07) X;g + 13.1 (£ 0.7) Xy, R2 = 051 (P < 0.001)

1X; = dicalcium phosphate, X3y = meat and bone meal passed through a 10-mesh screen, and X33 = meat and bone meal passed through a

12-mesh screen.



TABLE 7. Relative availabilities {RA} of phosphorus from meat and bone meals, compared with dicalclum phosphate (DP)

RA! on basis of
dietary phosphorus concentration

RAl on basis of
phosphorus consumed

Phosphorus Weight Tibia Weight Tibia
Experiment source gain ash gain ash
(%) (g/poult)
1 DpP 100 100 100 100
MBM102 99.1 97.3 101 99
MBM123 99.2 57.3 100.2 974
2 Dp 100 100 100 100
MBM10 1035 1021 105.5 104
MBM12 103.3 103.1 104.4 1048

1Refative availabilities (RA} within each criteria and experiment were determined using common-interce
ratio method. No differences in RA (P < 0.05) among dietary phosphorus were observed.

pt multiple linear regression and slope

?Meat and bone meal passed through a 10-mesh screen (openings of 203 mm) during grinding, Analyzed to contain 5.14% P.
*Meat and bone meal passed through a 12-mesh screen {openings of 191 mm) during grinding. Analyzed to contain 5.14% P,

of that from monosodium phosphate. These researchers
also reported that 30% of the P of the meat and bone
meal evaluated was found in particles 2 4 mm. Burnell et
al. (1989) and Cromwell (1989) suggested that bone
particles of relatively large size caused the relatively low
availability of P from this source, although Gillis et al.
(1951), working with chicks, observed that particle size
of defluorinated rock phosphate did not influence P
utilization unless the phosphate source was relatively
insoluble in weak acid, The meat and bone meal
evaluated in the current study had been ground to pass
through screens with openings of 1.91 or 2,03 mm, Thus,
few bone fragments in this meal would have been 4 mm
or more in size. However, particle sizes of bone
fragments were not measured in the current study.

The results of the current study agree with those of
Waldroup et al. (1965) that P availability from meat and
bone meal for chicks was 102% of that of P from
monosodium phosphate or dicaleium phosphate. The
results also agree with a more recent report by
Waldroup and Adams (1994) showing that P from 11
different meat and bone meals was as available for
chicks as was P from mono-dicalcium phosphate. The
meat and bone meals evaluated by Waldroup and
Adams (1994) differed in species sources of by-product
materials and were processed by a variety of processing
systems.

Data reported here show that the phosphorus of meat
and bone meal obtained after passing through eijther
10-mesh or 12-mesh screens was as available to young
turkeys as P from dicalcium phosphate, Most processors
of meat and bone use 10-mesh screens in preparing meat
and bone meals as a feed ingredient {G. G. Pearl, 1994,
Fats and Proteins Research Foundation, Inc., RR 2, Box
298, Bloomington, IL 61704, personal communication).
Consequently, satisfactory availability of P for poults
from most commercial sources of meat and bone meals
would be expected.
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Applegate, W. Larson, P. Palo, M. Soto-Salanova, J.
Tjelta, and K. Turner and the assistance of M. Cochran
in preparation of the manuscript are gratefully ac-
knowledged.
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