ABSTRACT

The Problem of Drip Loss in Packaged Fresh Meat

E. W, Hopkins, D, H, Pilkington and K, Sato
Armour and Company, Food Research Division,
Oak Brook, Illinois
U.S.A,

Freshly cut meat surfaces accumulate cellular fluids to
& Varying extent depending upon animal species, age, anatomical
Part, and pH of the muscle. Freezing and thawing greatly increase
the drip fluid, In the fresh meat market, drip is frequently the
féason for rewrapping a meat package. Moreover, when the house-
wife freezes meat for later use, as a majority in the U, S. does,
three Pe€rcent or more of the meat weight may be lost as drip,

Fast freezing, when compared with slow freezing, re-
duces drip loss, but the weight decrease is still greater than
than ip fresh meat,

Steaks may be dipped in a solution of salt and poly-
to give marked reduction of fluid loss even after

d thawing, As a process which could be applied in
Commercial Operations, it was proposed to inject large cuts of
Meat with three percent of a salt-phosphate s6lution by means of
a head carrying multiple needles.
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KURZFASSUNG

Das Problem des Gewichtverlustes durch Abtfopfen in Verpacktem,
Frischem Fleisch

E. W. Hopkins, D. H. Pilkington und K. Sato
Armour and Company, Food Research Division,
Oak Brook, Illinois
u,S,A,

An frischgeschnittenen Oberflaechen von Fleisch sammelt
sich eine Zellfluessigkeit an, deren Menge von der Tierart, Alter,
anatomischen Teil und pH der Muskel abhaengig ist. Frieren und
Auftayen des Fleisches erwirkt eine Zunahme in der Menge dieser
Zellfluessigkeit. In Fleischerlaeden macht diese Fluessigkeit
haeufig eine Neuverpackung des vorher eingewickelten Fleischstueekes
notwendig. Wenn die Hausfrau das frische Fleisch fuer spaeteren
Gebrauch selbst einfriert, wie das in USA ueblich ist, werden 3%
oder mehy durch Abtropfen von dem Fleischgewicht verloren.

Schnellfrieren, im Gegensatz zu langsamem frieren
den Verlust durch Abtropfen, jedoch ist dieser
lust geringer in frischem ungefrorenen Fleisch,

erniedrigt
Gewichtsver

Steaks koennen in eine Fluessigkeit, bestehend aus

nd Polyphosphat, eingetaucht werden um eine markante

ng des Abtropfens, selbst nach frieren und tauen zu

Als Moeglichkeit dieses Verfahren handelsmaessig

ren wurde vorgeschlagen groessere Fleischstuecke mit

chsalz~Phosphat Loesung mittels einer Vorrichtung mit
Injektionsnadeln zu impfen.

Kochsalz y
Verminderu
erzielen,

durchzufyeh
einer 3% go
2ahlreichen

: Die Polyphosphate zeigen nicht nur Unterschiede in ihren
E1nf¥uss auf das Atropfen sondern auch in ihren Nacheffekten.
Natrlum"triP°1yphOSphat reduziert das Abtropfen ueber eine kurze
Zeitspanne vop zirka 2 bis 24 Stunden nach der Imp fung jedoch nicht

fuer 48 Stunden, Im Gegensatz zeigt Kaliumetetraphosphat einen
Effekt fuer wenigstens 48 Stunden.

di ?in weiterer Faktor ist die Konzentration von Kochsalz
l1e anscheinend 15% oder hoeher fuer beste Resultate sein muss.

Auch zeigt dje Anwendungsmethode fuer diese Loesungen

bedeutende Unterschiede, 2.B. vermindert Eintauchen das Abtropfen
eérheblich mehr als Einimp fung,
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Eine 15% Kochsalzloesung zusammen mit Natrium= oder Kalium-
Pyrophosphat, Di-natrium orthophosphat oder Natrium hexametaphosphat
haben sich fuer das Reduzieren von dem Abtropfen als wirkungsvoll
€rwiesen, Beste Resultate wurden mit einer Verbindung von Natrium=-
Pyrophosphat mit tripoly- oder hexametaphosphat erzielt.

Fleischschnitte wie '"Top Rounds'" (musc. semimembranosus
und adductor). '"'Bottom Rounds" (musc. semitendinosus und biceps
femoris) und "Strips'" (musc. longissimus dorsi und multifidus) in
der zweiten (U.S. Choice), dritten (U.S. Good) und vierten (U.S.
Standard) Qualitaetsklasse wurden mit einer Loesung von 157 Kochsalz
1% NasP,07 # 17 (NaP03)e geimpft. Nach 48 Stunden wurden diese
Steaks geschnitten, verpackt und frisch wie auch gefroren und getaut
untersucht, Die Standard Qualitaetsklasse der frisch gehaltenen
Stéaks zeigte erheblich weniger Abtropfen als die anderen zwei Klassen.
Frieren und Tauen veraenderte dieses Verhaeltnis etwas. Die Art der
Béhandlung des Fleisches war weiterhin von Bedeutung, jedoch verwischten
Sl?h die Resultate innerhalb der Qualitaetsklassen und Unterschiede
Zwischen Fleisch von verschiedenen Tieren innerhalb einer Klasse traten
:?rvor, Es wurden ferner groessere Unterschiede in den Steaks innerhalb

INer Qualitaetsklasse beobachtet. In allen Faellen aber wurde das

Abtropfen durch Imp fung reduziert.




THE PROBLEM OF DRIP 1OSS IN PACKAGED FRESH MEAT

E. W. Hopkins, D. H, Pilkington, and K. Sato
Armour and Company, Food Research Division
Oak Brook, Illinois
U.8.A,

Loss of muscle juice from meat is undesirable for esthetic
as well as economic and nutritional reasons. The presence of free
Juice in a meat package will cause rejection by a customer in spite
of whatever desirable qualities may be evident. If meat is frozen
and thawed, it is especially prone to show large quantities of drip
fluid, Possibly for this reason, published reports of investigations
are concerned with those factors affecting drip losses in meat which
has been frozen and thawed.

Howard (1956) sawed meat blocks from frozen carcasses and
then alloweq them to thaw under different physical conditions. When
they were Supported on glass grids, blocks dripped less than those
held in 4 Plastic bag, indicating that in contrast to supporting the
m?at: contact of tissue with the fluid decreases drip. Muscle: fiber
direction has significance since drip is greater along the fibers
th?n across them. The application of pressure to the meat increases
drip (Empey, 1933). Fluid loss rate differs with time, rising rapidly
to the first 24 hours, and then slows gradually to 72 hours.

¢ Animal grade is also a factor. Howard and Lawrie (1956)
Cound drip from frozen and thawed quarters to be higher in Canner and
utter cattle than in Grades 1 and 2.

Muscles within a carcass show differences. The longissimus
ot ases twice the fluid that psoas ma jor does (Bouton,
rd, and Lawrle, 1957). Leg muscles represent the other extreme

from psoas,
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SOrsi rele

Drip from large cuts such as ribs is relatively small com-

Pared with that of cuts having a larger surface area in relation to

;OIUme (Ramsbottom and Koonz, 1939). Howard (1956) found less drip
rom meat blocks 3 cm. thick than from those 1 cm. thick.

( Relationship of drip to meat pH has long been known. Empey

Si?333n3050d thgt abovu'pﬂ < i o Iittlwror no {1uideas rvfuvufod.

s i OQR (1938? HdJUSFUd the pH of ground buui—dnd then froze
1awed it, Maximum drip occurred at pH 4.8 to 5.2, and at pH 6.0

drij . .
S_lPAhdd decreased to about the same as that of unfrozen meat .
imi TS & L ; fed
lar results were reported by Bouton, Howard, and Lawrie (1957).

T o) 2§ & N % s = -
hey stated that the quantity of drip fromsthawed meat was inversely
related to pH.




Age of meat before freezing is a significant factor
( 193K A maximum of
(Ihmsbottom and Koonz 1940; Sair 1938). A maximum of
ri i ; . 1 yhbais s hon
drip is Seéen in loin steaks cut one slaughter, and then

declines gradually from about seven

The effect of freezing temperature has received more
attention than anvy other variable. Rib steaks were frozen at
different temperaiqrcs and then thawed (Ramsbottom and Koonz. 1939).
Compared with 20°F. (-7°C.), -10°F. (-23°C.) freezing reduced drip
about 20 Peércent, and at =-50°F, (-46°C.). about 50 percent. For
short Storage periods, -30°F. (-34°C.) decreased fluid loss by 15
Percent (Ramsbottom and Koonz, 1940). Hiner et al,-(1945) found
large differences in the effect of freezing temperatures, data

indicated that the percent drip loss decreased from 12.1 at 18
(-8°C.) to 1.9 at -114°F. (-81°C.). 1In addition, Ramsbottom an
Koonz (1941) point out that drip declined by one~-third when the
freezing temperature was lowered from 10°F. (-12° >.) to =-30°F.

(%36°0.). According to Pearson and Miller (1950). there is some
evidence that drip

increases rather than decreases with low freezin
temperaturesu

y
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Curjk,u5[‘-y’ enough, when freszing at one temg
Storing at another the drip patter »

Perience. (Ramsbot tom and ku; 7 1941 ). [hese workers reported that
. lOOFL (-]2°C,) aldact 15 cot corrected by -30°F, -34°C.) later. or
“30°F. L3080 Y bna’ ah

spoiled by 10°F i ’

Several other factors, beside freezing and storage témper-

atures, haye been studied in re

‘ gard to tl irip loss of frozen meat
According to Ramsbottom and Koonz 1940), the longer meat is stored
in the frozen State, the smaller the amount of drip during thawing
However_ contrasting results ha bpeen reported by Pearson and
Miller f]956)n Another factor that has been considered is the
thaw1ng tompuruLnrt. Paul and Child (1937 nave suggested that this
i has 1iteie or no influence on the fluid loss during thawing.
Bie it od FYéaring aih TIPS i¢ might be expected, does influence
dFiP loss, This manner of handling meat breaks down the muscle
tissue and causes the liberation of additiona fl (Nichols and

MaCkintosh, 1952)

Drip loss is

0 ¢ 1 ZE€ - one pnase or genera
me he
"€at behavior Known as water-holding capacit e Wy
the empirical effect of pr teq hydration fhis major problem was

revieyed « by Hamm (1960) that ching |
LVL(\\,Ld SO L(‘I.‘Ti)r‘.'“( nsively DYV Hamn 1960 that nothineg would be
added by repetition

One method

}‘1(,:L(i‘»- ed widely Lncreasts '-"‘i""r-". lding by
4t 1s addition

me

of salt phosphate or other chemical salts. Of




the large literature on this subject, most of the reports are con-
ceérned with meat at pH above that of average carcass meat (Grau, Hamm,
and Baumann, 1953), high levels of phosphates (Hamm, 1955), or salt
concentrations unsuitable in fresh meat (Hamm, 1953; Hamm, 1957;
Wierbicki, Kunkle, and Deatherage, 1957; Hellendoorn, 1962) to
Mention only a few references. Cuts of meat perfused with 10 percent
of 16 percent salt solution showed reduced drip loss when frozen and
thawed (Wierbicki, Cahill, and Deatherage, 1957).

Salt concentrations of 1 to 3 percent increased water re-
tention in ground meat held unfrozen, and even after freezing and
thawing, less free water was found than with fresh untreated controls
(Suri, 1957),

Water retention by ground meat suspended in solutions of
salt or salt and pyrophosphate was determined by Swift and Ellis (1956).
Salt in concentrations of 0.85 percent caused swelling of meat to
125 percent of that in controls. Salt, 0.85 percent and tetrasodium-

disodium Pyrophosphate 0.5 percent, increased meat volume to 140
Pe€rcent,

In earlier experiments, Bendall (1954), using the meat
Volume method, reported that in 0.5 percent NaCl solutions, ground
Meat swelled to 118 percent and phosphates further increased the salt
effect, Pyrophosphate was unique in this respect, 0.13 percent
PYTophosphate, and 0.5 percent NaCl raising meat volume to 150 percent.

Salt and phosphate solutions were employed for dipping

SFeaks Or small roasts to decrease drip after packaging (Hopkins and
Zimont, 1962).

This paper presents data on some of the factors affecting

drip loss and chemical treatments for decreasing the drip loss of
neat displayed fresh or frozen and thawed.

METHODS

Freezing Temperature, Films, and Freezer Storage Time

tem InVEStigations were conducted to determine the influence of

andpirature’ Packaging films, and storage time on drip loss of top

~10° Ottom round steaks. The temperatures used were 40°F, (4°C,),
8y (=23°C.), andfor ~40°F. (-40°C.).

The first study involved three temperatures and 'three

Packaging films. The packaging films were ones commonly emp loyed




nd had
in retail meat markets and were designated as é;eg’czqiogéaie;
the following composition: A, et as Rger o e o
B, moisture-proof, heat-sealable cellophan?’hinsidé of two U, S,
polyethylene. Wholesale rounds from the rig rounds were cut
Good carcasses were used. Both the top and bottg: Sl
one-half inch thick and then wrapped in Oveangt (4°C,) or frozen,
The packaged steaks were then displayed at . thiS Piiatatar
Steaks frozen at -40°F. (=407C,) watn removed ﬁrZT -10°F, (-23°C,),
after 24 hr,, placed in paper boxes, and stérs At o
The steaks which were frozen were later thawed an ed and the amount
QOOF. (QQC) for four days. They were then unwrapp
of drip measured,

h
The second experiment was undertaken to ssgd§ ths :ﬁig t
o p- = an
1088 of top and bottom rounds frozen at "1OfF'r(w§2ks The right
Stored at the game temperature for two andU og Good geef carcass
and the left top and bottom rounds from.a ’ .k ing materials, and
were used in this experiment, All cutting, packaging

{ the first
freezing ang thawing procedures followed those outlined for
€Xperiment .

Application of Salt-Phosphate Solutions

d for
Solutions containing salt and phosphates were tes;ea P
the drip loss of beef steaks. The solutions wer ?ption
in onepof two ways, (1) dipping steaks into the solu >
or (2) i“jeCting the solution into meat cuts,

Digging

decreasing
to the meat

A P504.
The dipping solution contained }S.OZ NaCé agd éégzeiiéa% 7
were cut three-quarter inch thick from .k .were padun il
in strips and top rounds. Alternate steaks & e e
tion for 1 minute, drained for.20 sec?"ds’ i: fsom 2.5 °to
t, heat-sealable cellophane. Weight gains ;e r dipped and
The untreated steaks were used as Cf“trOIE‘ s thiee days or
four €Ontrol steaks were held either at 40 ¥, (4°C.) for three days,
Y0Zen and stored at -10°F. (-23°C.) and then thawed for

The Steaks
Oneless 1o
in the solu
fresh mea
3.5%

’ kagin
Each steak was weighed to within 0.1 g. b?forgbzicsciapgr
and at the end of the experiment was stripp€§ FAES & ;u meat was
and revejgheq, The percent change in the weight of the
COHSidered as percent dtip loss,

/
4




Injecting

Tetrasodium pyrophosphate or disodium orthophosphate gave
Some precipitate from salt solutions, which could be troublesome in
Plugging injection needle openings. Tetrapotassium pyrophosphate
solutions with salt had less tendency to precipitate than did the
corresponding sodium salt, When sodium tripolyphosphate or sodium
héxametaphOSphate were combined with the tetrasodium pyrophosphate,
little or no precipitate formed,

The best method for preparing the solutions was to dissolve
the phosphate first, and slowly add the salt. Both the salt and the
Phosphates were approved for food use.

An injection head with 12 needles spaced 1 inch apart was
used for injecting the solutions, Each needle contained 10 holes
€qually spaced over a length of 2 inches for the loins and 3% inches
for the rounds, Solution quantity was controlled by an air-activated
PTOportioning pump, Cuts from the round were injected at 150 1b,

PTe€ssure and loins at 100 1b, Weight gains were from 2.5 to 3,1
Pércent,

: To check, the distribution of injected solution, nitrite to
i;ve 30 PPW in the meat, was added in the early experiments. By two
Y8, the interior of the cuts showed nitrosomyoglobin across the

€ntire cut surface,

Cutting was done with a rotating blade slicer set to give

Steaks 1/2 inch thick for top and bottom round and 3/4 inch thick for
the Strip loin steaks. In some of the preliminary experiments, the
iteaks were laid on rough porous papers in a 40°F, (4°C.) cooler for

hour to allow maximum oxymyoglobin formation (blooming). The ste&ks
Were then placed in pouches and sealed by electrical impulse, Mflar—
Polyethylene bags were used in the early experiments, whereas the
pOU.CheS for the A
€thylene,
in the dipp

principal experiment were made of irradiated poly-
The packaged steaks were handled in the same manner as those
ing experiments.

b Steaks in Lh? preliminary.cxpgrimgnts were from U, §. Good
COnsiSt?dS.- The experimental métcrlgl in tgc ptlﬂC?pdl e%perxmcnt f
bhe folir~9r 2 c%rcasscs (matching rz;n% and left sides) rrqm each of
N o owing U,S.D,A, grades: 1low Choice, average to 103 Gufd% dn@
8€ to low Standard. Three wholesale cuts were used for injection
PUrpQSes: top round (primarily the semimembranosus, adductor, and
iﬁ%%%éé% muscles), hot{nm round (th h?ktp? fUﬁYriS and sgm%tcndinosgs
mUSCleg » and strip loins (the longissimus dorsi and multifidus dorsi
from

O - .
btaln uni for

the tuber coxae to the twelfth thoracic vertebra), To

m, representative samples, the steaks were numbered from




1 to 8 beginning at the anterior end of each cut. The odd-numbered
Steaks were taken for the fresh display part of this experiment, and
the even-numbered ones allotted to the freezing and thawing phase,
Steaks used for this phase were placed on flat
Stored at -10°F, (-23°C.). They were subsequent

N

days under the same conditions as the fres

A slightly different method of measuring drip loss was used

for the Principal experiment The unwrapped steaks were put in a

i th 1 1 20 -h AL = ice as i W

V"Shaped metal tray with a pouring LD S that the juice as it was
4 . £ 1,

Scraped from the steaks. could be co to a volumetric flask

The drip

remaining on the film was into the same flask.

Solutions were then made to volume and aliquots removed for nitrogen
determinations by the Miller and Hought
°f drip was the difference

PaCkaging

(1945) procedure. Amount

at the time of

el =
1n the weight of the m

The data for the principal e I
the nesteq and mixed factorial arrangements of treatments (Snedecor

1956),

Due to the heterogeneity of )
freeZing and thawing phases, the data from these two phases were
analyzed separately,
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RESULTS AND DISCUSSION

EEQGZLHS Temperature, Films, and Freezer Storage Time

; A summary of the data and the analysis of variance for the
first eXperiment are presented in Tables 1 and 2 respectively. These
data indicate that regardless of the packaging film or temperature

Fh€ top round Steaks lost more we
(6.03% vs 3.02%). Freezing, as well as the freezing temperature
affecteq the amount

StOred at QOO}‘ (

ight than the bottom round steaks

of drip in the When the meat was

4°C.) for 4 days immediately after cutting, the
?Verage Percent drip was 2,90 (Table 1). The frozen steaks, however
lOSt mor it <

€ weight than the fresh steaks, regardless of freezin

Lemper@ture‘ Freezing temperatures per se affected not onlv the
amount of : ==

weight loss within packaging films, but tended to bring
Ogt differences between packaging films rappe 1 the sa
film ang frozen at =10°F . («23° alwavs h ore drip than the
thaks frozeh at _k/*OOF e \ ";Q:( ) ATt I Delng thawe anc stored I1or

ays (Table 1),

3 s dond § - far
Although the average drip loss was similar for

all e ¥ . b iy S ey 2
f & £l films when the steaks were frozen at -10°F. (-23°C.).., stez
& S - ’ - s i Gt Y
tEOch Py ~4DCR, (-40°C.) and wrapped in Film C lost 1.52% less tha
1 s , .
08€ wrapped in Film A Furthermore, steaks wrapped in F (




Table 1. Top and Bottom Round Steaks Packaged in Different Films,
Held Fresh, Frozen at Two Temperatures, and Thawed
Average Drip Loss, Percent

Film A B C 0
Top Bottom Avg., Top Bottom Avg, Top Bottom Avg, Overall Avg,
40°F. (4°C.) 3.18 2539 2.87 293 2.98 3,27 2.93 2:91 257 2.90
-10°F. (-23°C.) 8.19 7.64 791 71.74 6.95 7430 8.26 6.38 732 L4933
-40°F. (-40°C.) {38 6.33 6.96 6.62 5.54 6.08 6.23 4,64 5.44 6.16
~J
Avg. 0,32 2391 5.97 216 5.81 4.41
Overall Avg. 5.92 o 0 % g
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Temp., 63 . 8t 48 5 1%*%
Filn 3 3,02
] o y | P
St x F 2 ) ¢ -

I x-F 1.79
bt x T %1 :

Error 18 oH3

%P ¢, 01

generally lost less weight t excepti f the top rounds

frozen at -10°F., (-23°C.). t} e st ke wrapped in the other two films.

Result: 1 S ted 1 ! B3
and 4, [hese data t ‘ t I was
that due to the 48 ° K 1 { I ! + ) e ] L
was a 1.,62% d rea i ! 1 for 4 w } B £

-+
e

round steaks, ther¢ i ! - lLficant i fference between




Table 3. Top and Bottom Round Steaks Packaged in Different Films.
Held Frozen at -10°F. (-23°C,) for 2 or 4 Weeks.
Average Drip Loss, Percent

Top Round Bottom Round
Fil Frozen Frozen Frozen Frozen
” 2 Weeks 4 Weeks 2 Weeks 4 Weeks
A 6.95 5.13 7.36 6.04
B 027 5.62 6.96 5,07
C 6.25 515 F P s 4.76
Average 6.49 gL 133 5.28

Table 4, Analysis of Variance of Drip Loss from Top and Bottom
Round Steaks Wrapped in Three Different Films,
and Held Frozen for 2 or 4 Weeks

Source d, £, Mean square F
Total 23

Steak 1 1,05 1.88
Film 2 0.43 -
Sampling 1 15.76 28, 14%%
St x F 2 0,19 -
St x Sa 1 1.16 2,07
F x Sa 2 0.30 -
St x F x Sa 2 0.73 1.30
Error 12 0.56

**P<, 01

during storage, Thus, dipping decreased the amount of fluid in the
Packages of the loin steaks by 30.7%, while the fluid content was de-
Creased by 53,0% in the packaged round steaks during dipping.
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15.0% NaCl 10.0% o1

5.0% NaCl, and 5.0 etrasodit )Y P DY YO -
phosphate The only solutions which decreased drip loss were the

15.0% salt and the 20.0% salt plus 1.0% tripolyphosphate Also, the

injection solutions used in the post-injection trials containing

15.0% salt were effective Therefore, further experir

ducted to determine the effect of injecting different phosphates in
j I sphates in
157% salt solutions
]y)"tk\‘{ n the 1‘|'4 Y 2 ] + | . hi 1 g 3
c da )1 ce G111 rence letermined 1n the solubllities oI
the phosphates, the next experiment included the following solutions

(1) 15.0% NaCl + 1.07 1) Z 5.0% salt 4 7o K, P50+,
and (3) 15.0% salt + O 6% K,P50 hese soluti & :ri
applied to the meat by ks or injecting the cuts. The
results are presented in Table 7 It is aj Bk these ‘ t
the dipping process has greater effectiv €s in decreasing drip loss
Furthermor: the combination of pyrophosphates was mo: than ::E¥: as
effective as the separate pyrophosphat
Table 7 lop Round [reate s Ste - r Injecte
with 157% NaCl + Pyrophos ,
Drip Loss Difference Betwe ( t1 wd Treate
;LL PRy
15.0 7% NaCl Cl A Na, P50

1.0% Na,P,0 , K, P.O 6% K,P-0 Total

Dl'.:)[uwl o, b e -1 | o S 2 W

Inies v A ) ) C ) A ]
1jected L A, o VA 18




Table 8. Top Round, Injected

Orthophosphate, or + Hexametaphosphate

Bloomed or Not Bloomed. Average Dri

Difference Between Control and Treated

Steaks not bloomed -0.22 -0.5 -0.42 3 G £

Steaks bloomed - 18 e - 35 - 714
7[(117,’4‘] - 40 - . - 77
'!"{blk’ 9 Analy sis of Variance f Results in Table o)
o % \ square F

1(;){&1 Ll
Treatment ) ). 04 NS

Bloom | W NS

Due to the consistent decreas in WE t loss by injecting

the salt -pyrophosphate combinatior in ex riment was conducted using

! 1atic C
Other phosphate combinations e s tions used were (1) 15% NaCl +
] .07 \'(i"}) ,O/ 1% Na PO 5625 ) =9 NaCl + Na, P~0O + 1% (NaPO y )

ind (3) 15% NaCl + 0.47% Na,P,05 + 0.¢ K,P,0 'he average drip loss

(1) -0.95, (2) -1.5, and (3) -0.1 Statist
from this experiment 3 P2 ted in Table Tuks s

t
(l)u"‘k(‘f\wl 1956 ) d £ CO ietel 1€ 1 treatments were

*1gnificantly different 'he res 3 i test ndicate




Table 10. Analysis of Variance, Average Drip Loss Difference Between
Control and Treated Steaks from Top Rounds Injected with
15.0% NaCl + Mixed Polyphosphate Solutions

3 @ Mean 1112 e
Source d.f. Mean square F

Total kil

Sl
X4

~Jd
o
~

Treatment 2 1.94 =

Steak 3 0.09 -

+ % St 6 0 3 |

EK , 01

Salt-pyrophosphate-hexametaphosphate was the most effective. The least
effective was the salt-pyrophosphate combination. When these results
dre compared with the previous ones, it appears that there is a
Synergistic effect when the salt-combination phosphate solution is
injected in top rounds to prevent drip during the fresh display period.

o determine the
fresh display vs,
freezing and thawing when the meat was injected with a solution of 15.0%
NaCl + 1.0% Na,P,0, + 1.0% (NaPO,).. The injection procedures and the

Principal Experiment: This experiment was undertal
effect of carcass grade, location of the steak, and

J C
POst-injection holding time were those established in the preliminary
lnvestigations

The summary of the percent drip loss and the analysis of
Variance for the fresh display phase are presented in Tables 11 and 12
respectively. Carcass grade appears to significantly influence the
amount of fluid lost from steaks during storage. The overall average

Percent weight loss for each grade was the following: U. S, Standard,

0.47; U. S. Good, 0.67: and U, S. Choice, 0.64. 'he injected steaks,
Yegardless of grade, retained more fluid within the meat than the
Controls (Table 11). However, the rcent weight loss was influenced
hy the type of steak (Table 12 ). T'he top round steaks tended to lose
More weight than the bottom round steaks, while the loin strip steaks
lost less than the other two types of steak

Freezing and thawing appear to have a great influence on

the djifferent variables in these studies; particularly when the




Table 11. Top Round, Bottom Round, and Lo
Injected with a Solution of Na
1.0% (NaPO ‘3)6‘ Steaks He

Average Percent Total Drip Loss, All Four Steaks, Each Animal

Top round Bottom round Loin strip
SR L Treated Control Treated Control Treated Control

U' S° Ch()jgf_»

Animay 1 0.64

1.05 63 76 ). 32 0.54
Animay » .51 1 :25 59 54
Average .58 1.15 3
U .
S, (J()(ad
fima] ] 66 92 61 .83 39 60
Anima 2 78 92 .9 .37 .33
Verage i .92 .64 .90 .38 5
U. s
A + Standard
Nima] 1 A1 79 1 67 0 55
. 2 45 4 2 7 39 54
Verage 43 63 37 > 4( 53
Table 12. Analysis of Variance for Loss of Steaks
During Sto1z " t 40 (T G2)
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Table 14. Analysis of Variance for Drip Loss of Steaks
Frozen and Thawed

Source s U i Mean square F
Total 143

Grade 2 10,78 209
Animal within grade 3 4.17 10,69%*
Treatment within grade 3 30,92 53.31%%
Steaks within grade 6 5.08 1.05

A x St within grade 6 4,86 12,46%%
A x T within grade 3 0.58 1.49

T x St within grade 6 1.24

A x T x St within grade 6 137 3.51%%
Error 108 0.39

%*%P¢.01

Table 15. Summary Table, Combining Table 11 and Table 13

Top round Bottom round Loin strip
Treated Control Treated Control Treated Control

Held fresh
U.S. Choice 0.58 : apt 0.54 0.68 0.34 0.54
U.S. Good 2 A .64 .90 .38 .57
U.S. Standard 43 .03 37 o ¥ ) 40 .33

Frozen and thawed

U.S. Choice 1.69 3.66 2.02 3.52 .45 2.78
U.S. Good 2.01 3.03 ARy | 3.76 .62 3.28
U.S. Standard 1329 2.48 1,57 2,30 49 1.33
the frozen steaks from the three quality grades. One of the reasons for

difference between the results of the fresh and frozen steaks is the
increased variation within each type of steak due to freezing. Without
exception, the coefficient of variation was higher within each type of
frozen steak than the corresponding fresh steak (Table 16). The in-
jection treatment did appear to decrease the variation among the fresh




Table 16 Top Round, Bottom Round, and Loin Strip Steaks from Cuts Injected ’
with a Solution of 15.0% NaCl + 1.0% Na,P,0; + 1.0% (NagPO, )6
o v E v ¥ o o . - v J A
Steaks Held Fresh or Frozen and Thawed Coefficients of Variation
4
s
/
ype of Steak
TS e ¢ - b - = |
/
lethod '-‘op Round Sottom Rroiind LO1n Strip
of Handling 2
. \
T i : X ,:1»4(1‘ Control X ted ontrol 'reated ontro
P W 4
B Fresh 0.56 t 18 0:90% + .26 0.51 { 06 014 + .2 0032 07 0 tlo + i
(32.147%) (28.89%) @ Y ) £37.50%) (21.88 24 ,077%)
Frozen & Thawed 1.66 + .59 3.00%6 ¥+ .97 1.93 + .66 3.19 + 1.42 0.527% + .27 252 t 83
(35 »".) £31.70 ) (34.20%) (44.,51%) 1.92%) 12 .94%)




and the frozen bottom round steaks. This pattern, however, does not

occur among the other two types of handled under the same

conditions.

Nitrogen loss in the fluid was collected on steaks from
one U.S. Standard and one U.S. Good carcass (Table 17). These data

show that the quantity of nitrogen lost during either fresh display
or thawing is decreased by the injection treatment.

Table 17. Nitrogen lost in Drip Fluid from Top Round, Bottom Round,
and Loin Strip Steaks Held Fresh or Frozen and Thawed

Micrograms N per gram of steak lost in drip fluid

Fresh Frozen
U,S, Good Grade
Top round
Control 79.9 -
Treated 54 .2 -

Bottom round

Control 85.0 400.2
Treated < L 182.5
Strip
Control 56,1 608.4
Treated 134 57,08 |
U,S, Standard Grade
Top round
Control [2.0 407 .4
Treated 3L . £ 156.6
Bottom round
Control 8 o 632.1
Treated 9.9 222 .0
Strip
Control 2343 100.5
I'reated 1 8.7 79 .8
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SUMMARY

These experiments were undertaken to investigate (1) some
of the factors associated with drip loss in packaged meat and
(2) methods of applying chemical treatments to meat for decreasing
drip loss.

Steaks from beef carcasses grading U. S. Choice, U. S,
Good, U, S. Standard, and U, S. Commercial were used in the
different experiments. The chemical treatments were aqueous
solutions of Food Grade salt and/or phosphates applied to the meat
to give a 3.0% increase in weight.

Freezing increases the amount of fluid loss, regardless of
the type of steak (top round, bottom round, or loin) and the method
of applying the chemical treatment. This loss can be decreased by
lowering the freezing temperature from -10°F. (-23°C.) to -40°F
(-40°C.,). Carcass grade also affected drip loss of fresh cut steaks
with those from U, S, Standard carcasses losing less than ones from
U, S. Choice and U. S, Good carcasses,.

Method of applying the chemical treatment, as well as the
composition of the treatment solution, determines the extent of the
improvement in weight loss. Steaks dipped in salt-phosphate
solutions had less fluid loss than corresponding steaks from injected
cuts, However, the data indicate that different steaks do not
respond in the same manner to the two application methods. When top
round steaks were dipped, frozen, and then thawed, the amount of
drip was decreased by 80.5%; while those from injected meat showed
an improvement of 45.8%. Conversely, loin steaks handled in the
same manner retained 37.5% more fluid when dipped, but the retention
was improved to 80.7% when they were injected.

These data indicated that the salt concentration and poly-
phosphates in the injection solution determine the degree of
improvement in drip loss. Apparently a salt concentration of 15.0%
or above is necessary for optimum results. In addition, a synergistic
effect occurs when the 15,0% salt solution contains 1.0% tetrasodium
pyrophosphate and 1.07% sodium hexametaphosphate,
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