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INTRODUCTION

Bones are a good source of proteins which have proven to be useful as an animal feed supplement o
Mathews, 1971). Most of the bone proteins also could be incorporated into human food since they have gal
tional properties and high nutritional values (Golan and Jelen, 1979). 800

Collagenic proteins can be solubilized from crushed bones using hot water (Duerr and Earle, 1974) _,
high temperature extraction denatures the proteins and yields a gritty, non cohesive precipitate (Jele; i
1979). A procedure using low temperatures and alkaline solutions appears to be the most SatisfactOry o
extract a suitable protein concentrate to incorporate into human foods (Toledo, 1973; Golan and Jelen, 19

This research evaluated the emulsifying capacity (EC) and water holding capacity (WHC) of bone Protetius
tract, and the acceptability of these concentrates as a partial substitute for meat in sausages, =8

EXPERIMENTAL

Bone protein extracts were prepared from beef bones (in natural proportions) which were ground so nhl;,
largest particle size was 1.2 cm (maximum diameter). [

Three experiments were performed, using 2 batches of material each time, A batch consisted of 3,000
ground bones, 3,000 ml distilled water and 50 ml of 0.3N NaOH (pH of mixture approximately 10.0), This
in a plastic bag was tumbled for 1 hour (12 rpm) at 4°C and maintained at this temperature for an additig
period of 24 hours, The slurry was separated by filtration through cheese-cloth and the proteins were p
from this red solution by adjusting (0.5N HC1) the pH to 5.6. After centrifugation (10 minutes at 3,000
supernatant containing most of the fat was separated and a pink, meaty paste was collected.

Plasma proteins were obtained from beef blood collected (1.5 liters) during slaughter into a jar con
1.5 liters of 0.9% NaCl solution and 0.5% Na-citrate to prevent coagulation. The blood solution was cop
at 4°C before the separation of plasma by centrifugation at 3,000 x g for 10 minutes at 4°C. The proteins
isolated according to the procedure of Caldironi and Ockerman (1981).

Molsture, total protein, fat and ash contents were determined according to Ockerman (1980), Water hol
capacity (WHC) was measured by the press technique described by Tsal and Ockerman (1981)., Emulsifying ea
(EC) was determined as previously reported (Caldironi and Ockerman, 1981l). Salt-soluble proteins were g
by the Saffle and Galbreath (1964) procedure.

Bone protein extract and combinations with plasma proteins and sodium pyrophosphate concentrations were
Introduced into a sausage formula to evaluate modifications in flavor, texture, odor and color, The sausa
formula was similar to that previously reported by Caldironi and Ockerman, (1981). Briefly it consisted @
(weight) of lean, beef trimming (7% fat), 36% regular pork trimming (28% fat), 24% of crushed ice and sea
cure, sugar and ascorbate.

Measured amounts of meat proteins were replaced in the sausage formula by bone protein extract (BPE)
plasma proteins as specified in Tables 2 and 3, maintaining the same protein content as the controls.

A panel of six experilenced (averaged 10 years of meat evaluation) members evaluated the product for £la
texture, color and odor using a scale of nine levels (Flavor: 9 - intensive bologna flavor, 5 - moderate, 1
flavor; Texture: 9 - hard, 5 - moderate, 1 - soft; Odor: 9 - intensive bologna odor, 5 — moderate, 1 = of
Color: 9 - dark, 5 - moderate, 1 - light).

N,
The statistical analysis was conducted with the general linear model of the Statistical Analysis System
(SAS Institute, 1979) and means were compared with the control by a t-test (Snedecor and Cochran, 1979)«

RESULTS AND DISCUSSION

Protein extracts from several batches of ground beef bones were obtained in this experiment, Total 'k{
soluble protein, fat, moisture and ash from these extracts, ground bones, lean beef meat (muscle) and blnu;"
plasma proteins are given in Table 1. Protein and ash levels were in agreement with those reported by Jele
et al. (1979) who used a similar extraction procedure. The bone protein extract resulted in a very accepiéds
pink meaty paste with meat odor.

Emulsifying capacities, plotted as a function of total protein obtained from BPE, plasma proteins agd
muscle proteins, are compared in Figure la. Meat proteins showed significantly (P<0.01) higher EC values =u=
plasma proteins and bone extracts, Lower values were obtained with bone protein extract.
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Among sausage Ingredients, soluble protein has been shown to play an important role in the abil
emulsify fat (Hason, 1960). According to Satterlee et al. (1973), the quality of salt (1N NaCl) selul
teins can be determined by comparing EC values on a per 100 mg of soluble protein basis, In the curréd
EC values (ml 011/100 mg soluble protein) were approximately the same for beef muscle protein and boné P
extract but those from plasma proteins were approximately 2 to 3 times higher (Figure 1b).
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Figure 1 - Emulsifying capacities of bone protein extracts,
plasma proteins and beef muscle protein. a. As
a function of total protein content. b. As a
function of salt soluble protein content.

Replacement of inefficient emulsifier proteins by more efficient ones was proposed by Morrison et al. (1971)

. a solution to enmulsion stability. To explore this, mixtures of BPE and meat proteins were prepared and the EC

ed (Figure 2a). The EC values were between those of the componentsj other curves were dependeunt on the
patl‘.iﬂﬂS of each constituent in the sample. Mixtures including up to 10% bone proteins showed no significant
vences in emulsifying capacity when compared with meat proteins and mixtures with 30% bone protein extract
4 even better EC values than plasma proteins wpich have proven to be a good fat emulsifier (Satterlee et al.,
011, caldironi and Ockerman, 1981).
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Alkaline phosphates are known to improve the EC and water holding capacity in meat and meat products (Young,
10763 Tsai and Ockerman, 1981l). Particularly pyrophosphates have a synergistic eifect with salt. The effect of
wodium pyrophosphate on EC is shown in TFigure 2b. Concentrations of 0.25% (w/w) and 0.50% (w/w) sodium

pyrophosphate improve the EC values between
10 and 15% at low protein concentratiouns (0.25,
0.4 g/100 ml solution). AL high protein concen-
trations (0.8 and 1.0 g/100 ml solution), 0.25%
and 0.50% of sodium pyrophosphate also showed a
significant improvement (4 and 8%, respectively)
in these values. Emulsifying capacity of bone
0.25 g proteln/100 ml solution proteln extracts plus pyrophosphate at both cun-
i T centrations (0.25 and 0,50%) were not signi
cantly different from those of plasma proteins.

0,40 g protein/100 mi solution

TR Water holding capacity can be related to

properties such as juiciness, drip loss, cooling
shrink and yield on processing (Ockerman, 1980) .
Table 1 indicates the WHC values of bone protein
extract, plasma protein and two different samplzs
of lean beef meat (muscle). WHC values do not
& 0% BMP + 30% BPE ' q . ] =
seem to be correlated with fait concentrations
O 6 Biap + 40% BPE or protein levels. However, moisture conten
02 04 06 08 10 01 02 63 04 05 were very similar for all the samples (79.9%2.9),
' and a close correlation (r=0.99) was fouud be~
tween WHC and fat/protein ratio. This could be
related to the narrvew limits between which the
Flgure % - Modifications in bone protein extra g three components: protein, fat and water (mois-
emulsifying capacity (EC) values by mixic ture) were varied to obtain satisfactory physical
a. with beef muscle proteins (BMP), b. with properties (Morrisou et al., 1971). Other pro-

EC {ml oil / g total protein}

& BPE
4 90% BMP + 10% BPE
2 B0 BAP + 20% BPE

mg protein / 100 ml solution g Sodium-pyrophuspnale / 106 mi

0.25 and 0,50 gr Na-pyrophosphate, portions of moisture with different source of
proteins, probably would result in different
correlation (in sign or value).

1 Combinations of bone protein extract and plasma protein were included in sausages, gince tihe latter can
gsqten the color (Caldironi and Ockermaun, 1981) and convey elasticity and binding strength (Terrel et al.,
73 Suter et al., 1976) when incorporated into meat products.

207 Table 2 shows the sensory evaluation obtained from five types of sausages including combinations of 10% and
 of bone protein extract, both plus 0.2% (w/w) sodium pyrophosphate, 10% bone protein extract + 10% plasma
Protein and a control.




more than 20% bone protein extract or 10% bone
Table 2 - Sensory evauation panel values? for different tract + 10% plasma protein were included ip
combinations of meat wilh bone protein extracl ples contalning phosphate displayed more ing
V45O (BPE), ‘plasma prolein (PP} and phosphate han the respecti o {thout
(0.2% (WMW) sodium-pyrophosphate). ey th =5P ctive ones withou I'JhOSphate. Some
members objected to the flavor which was reflem;'
flavor . Jedure | Odor Colar larger standard deviation; however, differeng,
: 60.6) 5,601 | . - 0.1 €8
Control 48L0 5008 4606 5 statistically significant (P<0.l) fr
10 BPE 14,8013 5004 48LE 56011 ! W R Y \
105 'BPE + Phosphiate 5.6(1:3)  4.B(L5) 5.00.6) 6,208 Preparations containing 20% bone Protein gy
20 BPE 33(LE  36LY 4409 5413 phosphate showed a significantly (P<0.0L) Lower
2% BPE ¢ Fhasphate saLey 2801’ 5209 600D texture than the controls. Although a simils. te
. = 2h
105 BPE « 100 PP 4208 S.0L0 4007 6409 observed in samples containing 20% BPE and no phogs
- - these values did not diffev significantly (P<p 11;}1
+ yatiiés aretfor 5 determinations and are given as the mean and controls, Hte 1 Trav
{standard deviation);

Tlavor was a limiting factor for accel‘tﬂbi‘{i
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Ysignificantly different from the control (P -0,01, The rest of the No differences were found for odor exc
values were ‘not significanlly different from the respective ples containing blood plasma but' 333!1-“ thes
controls (P <0, 1), '

; ! were not' large ‘enough

Wi controls,

Color was judged as very acceptable in all the samples with no largg differences qbserved. Sampleg |
and 20% bone protein extract were slightly darker but the values improved when phosphate or plaiia Proteln
added. b Mighe . i I v g an '

Sausages (bolognas) containing 10% bone protein extract, 10X bone protein extract plus 5% plasma i
and these combinations plus 0.4% (w/w) sodium pyrophosphate were compared with control samples (Table 3)
sensory' panel. Non-significant differences from controls were obtained for all samples, Scua ' Jection
ture was expressed with samples containing phosphate which resulted in a large standard deviation. In gd4
yield of samples during cooking with phosphate increused approximately 10% when compared with appropriate
without phosphate (values not shown). Fut 3, 0000

i i ol o

Bone protein’extracted by alkaline solutfons at low temperature have good functional’ propetties Ayl
dcceptable in' flavor, texture, odor and color when incorporated into sausages up te 20% of the' protein
Some abjection toi'flavor, texture and odor was noted when this proportion was exceeded| ' Bone Protein) dyps
dt the proportions tested were capable of holding sufficlent water, and therefore the addition of phosphat
is not recommended since the altered WHC causes the texture to become softer. Substitution of 10% bone pry

extract’ or combinations of bone protefn extract and plasma protein up to 15% for beef proteins in sausages g

both good functional properties and a very acceptable product. A L al
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= : = Consldering the future demapnd for proteins in
Table 3 - Sensory evaluation panef values™ for cooked sausages world, ‘the fisin'g tost of :wa.t and rha Fast: tha 1
containing different proportions of bone protein . ) . IATHNE Cob Sl i
extract [BPEY, plasma proteln (PP) and phosphate, and other by-products représent a high pmcent‘agé 0

10, &% G%W) sodlumpyrophosphiatel. total welght of animals, the .possibility of using
Flavor  Texture _ Qdor  Color in the prodpction of foods for human consumption é

: .’gonlfgj =i } ' 6.6(0.5  6,200.8) 5.8(1.5)  6.0(0,9 be seriously cbnsidered,’” T!'Iﬁ"pll‘fﬂsiblilil)' ﬂf Ué‘i‘ﬁ I

. 10% BPE 6.600.5  5.80.8 6004 6308 by-products in the meat industry in a simp!.e,leg_{ o
way for the production of foods for human ‘cohsumpt

10% BPE + Phosohate * 6,4IL3  6.0(L5 5805 63 : B
058 L3 Ay could be a response to the future demand fotf pro

10% BPE + 5% PP CO6A0.9 603 66011 601D
10% BPE + 5% PP +
' Phosphate 6,80.4)  6,00L7) 6601 6009 , 3 44

2 All determinations are for & panelists scores and are given as
the mean and (standard deviation), Values shown were not
significanlly different from the controt (P <0, 1),
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