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The contribution of NaCl in comminuted meat products is to extract myofibrillar proteins whi€
coagulate and form a stable emulsion-type product. NaCl also contributes to flavor and - blend5
antimicrobial activity. Sodium tripolyphosphate (STPP) is a cummon ingredient of phos}hatar the#
used to improve the quality of Hﬁﬂ& products. Reduction of NaCl in meat products is P‘?P‘:‘l_wbial &
days due to reports implicating Na® in the development of hypertension. Since the ant}ml" te
activity of products with reduced NaCl and STPP is largely unknown, this study was deslgnepp' p
the shelf-life of comminuted meat products fomulated with varying NaCl levels and with srpgat an
Comminuted meat products were formulated with equal amounts of fresh lean (4.5% fat) ‘bU11 watef
fresh pork trimmings (55% fat). Varying amounts of NaCl brine (3.7, 3.0, 2.1% NaCl in ﬂ:;)hate ¢
phase of the product) were tested in the absence and presence of 0.36% sodium tripolyl'ho“5 o tgf’g
(STPP) . The meat batters of each of three replicate experiments were extruded into 30x10 PA 367
tubes (20/treatment); inoculated with heat activated (BOOC, 15 min) Clostridium ﬁmxmf'{‘,eﬁfo, 0%)
spores (10/g); heat processed to 7U°C; sealed with sterile vaspar; and, incubated at'70 C (p<0'
temperature abuse. Reduction of the NaCl level, especially to 2.1% brire, resulted in hl(,‘
product losses during thermal processing. STPP minimized weight and fat losses of low Nae
products. Initial cooked product pH values (6.10) were increased to 6.35 with STPP in thdu /
fomulation. Growth of mesophilic anaerobic microorganisms; development of cas; and, pro e"e;eﬂ 5,&
spoilage (putrefaction) were rapid in low brine (2.1%) products. Under these conditionss ThuS [ i
BTPP did not delay microbial growth and gas production at any of the NaCl levels tested- ity
though STPP improves binding of low NaCl comminuted meat products, its antimicrobial actl‘é P
appears to be doubtful when the products are abused (20°C) and their pH values are abové ®°




te c}:e PQSSlble.involvment of sodium in hypertension has prompted various authorities to recommend

Sat 9 dle*:ary intakes of salt (NaCl). sSince certain cured meats contain relatively high amounts of

flavo—ey are prlme_taygets for lowering NaCl levels. As NaCl levels are reduced in meat products

‘(17' :?(') 3 xture, binding and water holding capacity, as well as preservative capacity may be reduced
ja11 2, 24, 28). The meat industry therefore may turn to the use of various polyrhosphates to

Meat. Y replace NaCl, especially now that rolyphosphates are approved for use in a wider range of

Products in the United States (29).

Jualj e Effec§1veness of several polyphosphates in improving binding, water holding capacity and

preServa°~ Varlous.meat pro@uct:_s has_ been reported by several researchers (5, 6, 19, 23, 27, 28). The

d i Ve capacity of reduced NaCl/polyrhosphate combinations, however, has not been clearly

Cureq s’ 9% 15, 15, ?2! 25, 31). Since most polyphosphates have alkaline properties, the pH of the

‘u‘Ctea~ at system containing the reduced NaCl/polyrhosphate combiration may increase. This effect may

‘r'creased € problem of reduged RaCl in regard to preservative capacity, since both NaCl reduction and

PH tend to favor microbial growth,
°°"'ninu€:é the objectives of the present study were to study the shelf-life during abuse (200C2 of
(S'I‘PP)_ meat products formulated with varying levels of NaCl brine and with sodium tripolyphosphate

)

fat) bull ¢ Frankfurter-type emulsions were formulated with equal amounts of fresh lean (4.5%

te"*-ed o €at and fresh pork trimming (55 fat). Three levels of NaCl (2.4%, 1.8% and 1.23) were

the 1o ‘cth in the absence and presence of 0.36% STPP. Inclusion of STPP in the formulation raised

eq“iValen strength.oi' the 1.8% and 1.2% Nacl treatments to 0.42 and 0.31, respectively, which were

;ngrediert to the ionic strength of the 2.4% and 1.8% NaCl levels tested alone. Other common

‘0.25%) S were water (10%), ice (108), corn syrup solids (0.5%), dextrose (0.5%), white pepper
Tﬂe' Nutmeg (0.0625%) ¢ Sodium erythorbate (0.03%) and sodium nitrite (0.01%).

_%del VE gooarise ground lean bull meat, ice, salt and STPP (when used) were first chopped in a Meissner
:‘lades Wé chopper (RMF Steel, Kansas City, Missouri) at high bowl speed and 4,000 rmm blade (six

pige')nflt*;? for a constant time of 20 bowl revolutions. The other ingredients (pork trimmings,

_?he mtter 1te,_ water) were then added and the mixture was emulsified to @ firal temperature of 15°C.

ing ateds Were extruded with a hand stuffer into 30 x 105 mm test tubes (25/treatment) and

Sore inoaur 0 heat-activated (80°C, 15 min) spores (10/9) of Clostridium sporogenes P.A. 3679. The

zccotdin W um wag introduced with a syringe as a 0.5 ml suspension. The inoculum was sporulated

a:&ted ig ;0 thg procedure describeq by Santo Goldini et al. (16). The inoculated test tubes were
20°C. N 80°C water bath to a firal temperature of 70°C, sealed with sterile vaspar, and incubated

Eatte}f&,tlng: The toral volume of material released ard the fat separated during cooking of the

Pr N test tubes (4/treatment) were drained, collected and measured. Also the difference in
Fﬁzcth Weicht before and after cooking was determired. The difference in weicht was expressed as

10 9 of w_c'mht loss, while the volume of total material and fat released were expressed as nl lost per !
0 Stap L7 emul 5ion, Fat, moisture and NaCl concentrations in cooked batters were amalyzed according
Frog d aonc procedures (1). Raw and cooked batter Pl values were determined in a 1:9

e Aféwater blend with a Corning calcmel el)ectrode connected to a Corning model 125 pH meter.
30 ™ cer Processing and during storage (20°C) products were analyzed for total mesorhilic anaerobic

?eril'e““% hr) and total aerobic (22°C, 48 hr) ccunts. Samples of 30 g were blended with 270 ml of
5 ixbcu{’_el:t%e (0.1%) water and serially diluted with 0.1% peptore diluent. The dilutions were used
(]srobic ate peptone yeast extract agar (4) in Lee tubes (11) and APT agar in plates for anaerobic and
tect‘edom‘ntf}, respectively. Producticn of gas was visually checked on a daily basis and it was
Drod;c.t a8 air kubhles or separation of the vaspar from the product. Tukes with gas were checked for
Leakdown and putrefaction.
) w lysis: The study consisted of a complete 3 x 2 factorial design (3 NaCl levels x 2 STPP
Yere Sic ?U) three replicates. The data were analyzed by analysis of variance and when the f values
‘%ng t;'nlflcant, Fisher's least significant difference (ISD) was used to separate sicnificant effects
es,sat"ient means. The gas production data fraom the three replicates were cambined by camputer
Nteqd as percentage of tubes showing gas on specified days during storage (20°C).

teg. £ - : :
;)du%d t On_losses: Losses during cooking (Table 1) increased (P<0.05) as the NaCl level was
Og ©1.2%, srpp revented these losses. This was expected since STPP is the main ingredient of
ate 13 : :
ends used in meat processing.

&
* Losges during cooking of meat batters in test tubes (Means + SEM, 3 replicates).
\‘ B SRR | S 0 =f s R S
e e MBCL (R) 3 SPRRTR) T U o e
Ty Bt 10 24+0  1.8+0 l2+0  2.4+036 1.8+0.36 1.2+ 0,36 _(0.05)
patal By (%) 33107 411304 11.6+2.0 2.4+1.0 2.7+0.8 2.6%2.8 1.1
(nu/loloog) 1.6 £ 0.4 2.3 £0.5 10.6+1.1 1.2+0.4 1.3+0.4 1.2+0.4 0.8
%\p\\) 0.3£0.1 0.7+0.2 3.5+04 0.3+0.0 0.3+0.1 0.2+0.1 0.3
B e e A ST SR S N o P Y
B b oy mhosthate; LoD, 1o sioifiam difference.
yEhos an

£ .
yer%l.um: Since the products were cooked in test tubes and no draining or appreciable
involved during cooking, fat and moisture contents were similar among the various

Aoy yad




treatmerts (fable 2). Data from similar products cooked in frankfurter casings, however, have ced
indicated that draining and dehydration during themal processing resulted in significantly redu fal
fat levels when the NaCl level was low (1.2%). Pairs of treatments with and without sTPP had sifl
levels of NaCl and brine ([% NaCl / % NaCl + $ moisturel x 100) . This indicated nanufacture
acceptable products that could be used for val id microbiological comparisons between treatmentse

Table 2. Composition (%) of meat batters cooked in test tubes (Means i SEM, 3 replicates) -

ooy NaCl_(8) + STPP (8) E S,
Variable 2.4 + 0 18+ 12+ 0 2,4+ 0,36 1.8 + 0,36 1.2 LLM
Fat 759+ 05 21,1406 5.8+11 25.3+1.9 26.2+1.8 25.8£03 g
Moisture 57.8£06 51402 5.9+04 58.1%1.7 58.0+1.8 58.5+0.4
NaCl 2.3+0.2 1.8 0.1 1:2£0.1 2.2+01 1.8%01 1.2:01 05
Brine J8tu3 3.0£01 21+01 3.6%0.2 3.0:01 21x01 O
/

STPP, sodium tripolyrhosphate; LSD, least significant difference.

: Cooking resulted in pH increases of 0.13 units in the no-STPP treatments and g'ggre:

wits in the treatments formulatea with STPP (Fig. 1). Cooked pH values of treatments with STPater i
0.21-0.28 units higher than treatments with STPP. This increase in pH, however, which favors Wi Nadl
and fat retention and improves yields may be detrimental to product chel f-1ife, especially n
formulations. With storage at QOOC, pH values decreased. These decreases, however, becamé esence
significant (P<0.05) more rapidly in treatments with low NaCl (2.1% brire), irrespective of P
or absence of STPP. id in

Microbial Growth: Growth of mesorhilic anaerobic and aerobic microorganisms was very “:52 countd
the low brine (2.1%) copked batters during storage at 20°C (Fig. 2 and 3). Within 46&3)7? thLdays- Bt
reached levels atove 10° CFU/g, while with 3.0% prire the counts were higher than 10 /g in 7
the reqular brire level of 3.7% high cownts (>10°/g) were reached only after 12 days of storad®
These results indicate that reduction of the presently used Nafl levels in prodicts of thls,tyno
result in more rapid microbial growth. In addition, inclusion of STPP in the formulation‘dld roH
delay microbial growth at a given NaCl level. 2ny influence that STFP may have on micrOl?lal g\]-dsen
was probably masked by the increase in pH caused by the addition of STPP to the formulatiofe
and Zeuthen (10) also found no influence of STPP on the growt: of Rrochothrix thermosphacta a?( was

ia liguefaciens in refrigerated bologna-type products. A low pi prosphate hlend, howeV S
inhibitory. Roberts et al. (14) reported that 2.3% of a polyphosphate blend increased toxin s;hate
preduction by Clostridium botulinum in a 5.5-6.3 pH pork slurry. In contrast, the same poly
reduced botulinal toxin production in a pork slurry of pH in the range of 6.3-6.8 (15) .
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kodu%zﬁ-imdm_t_m; Results on gas prodiction indicated that with a reduction in brine rate of gas
tion increased (Fig. 4). Inclusion of STPP in the formulation did not reduce the rate of gas
tegt tul»on: The results of Table 3 also indicate that gae production was initiated (P<0.05) faster in
at ary bes containing products with low brine (2.1%). STPP did not delay ini tiation of gas productiorn
284 an of the NaCl levels tested. It can therefore be concluded that reduction in the Ne;Cl level by
Sh&lf\l.so% resulted in shortened product shelf-life and possibly F,;fet,)./. STPP did not improve

lagy flfe. The pH of treatments with STPP, however, was higher and this may have contributed to the

O antimicrobial activity by STPP.

T‘th
# 3. Days of storage (20°C) for detection of first gas (mean + SEM, 3 replicates).
2 o T NeCl (%) + STPP (8) el . ISD
et 0 1.8 + 0 1.2 + 0 2.4 + 0.36 1.8 + 0.36 1.2 + 0.36 . (0.05)
20, T R R e
! tl.2 13.3 + 4.0 63 + 1D 16.3 + 4.0 135344423 67 & 2.1 3.8
R S e -3

! Sodium tr“i?nly;hasgiate; L.SD, least s-'.ig‘.if?@ﬂ‘t difference.

Dlsﬂlﬁ&m

n'Ihe results on emulsion ~wubiliiy 2re in agreement with the literature (12, 20, 21, 32) and
Thig ftra}tE(l that when the NaCl level was reduced by 50% (1.28 NaCl) weight losses were very high.
Of ,'}dlcat% that it may not be technologically possible and economically feasible to make a product!
rWCeZ tYPf: with h a low NaCl level. The results also agree with the literature in that STPP
Ihus Weight losses during processing even at the low NaCl level (2, 5-8, 13, 18, 26, 30, 33).
ingy ¥ NaCl (50% reduction ) comminuted meat products can be manufactured successfully when STPP ig

d in the formulation.

iy Was reported by Hanm (5) that the influence of polyphosphates on meat hydr;tion is‘dne to
mosph fect on g and ionic strength, and also due to some specific effects from interactions of the
'smct?r'e,aniOL with the myofibrillar proteins. These specific polyphosphate effects may'lr}clude
Phosrhlc‘tlon of actomyosin, seguestering of protein bound alkaline earth ions, and a specific
thege ate effect through binding with the meat proteins. The actual importance and contribution of
QG)}fffclfic phosphate effects, however, has been disputed (5, 27, 28). Recent studle&_s by Trout
toly g ‘dlcated that ionic strength and pH were the major factors in improving the cook yield of beef
dng, », Ionic strength expiained 53.5-59.4% of the variation in cook yield; p gxplalrgd 24.7-30.5%;
F‘Olym 8 Polyphosphates explained 4.7-8.9% of the variation. Therefore, the major action of
b OSphates on yield was through their action on pH and ionic strength. At lower pH (<6.0),

€, the epecific polyphosphate effects may be significant in improving overall yield. At

appr 1

Fhos()pnd“’ BH values, however, the ionic strength contribution and specific effect of even acidic
Styg, LS may also be important in reduced NaCl formulations. Under the conditions of the present
mﬁjor'i 0Wever, and since STPP increased both pH and ionic strength, it is safe to assume that its
Oray Nfluence was through this action. Thus, STPP can be a major camponent of phosphate blends in

: ‘2 Lestore b'}nding of low NaeCl comminuted meat prodicts even at low pH values.

Todue DmCr_eas;e in pH, however, by STPP as well as the reduction in NaCl may be detrimental to
“UCQESSleelf—life. As the data indicated, even though STPP restored binding and resulted in

.éCtiVi W manufacture of low NaCl meat products, it did not have any effect on antimicrobial

b, + Any influence of STPP on antimicrobial activity may have been overshadowed by the increased

Wﬂtslg %Enel'al, there is much confusion relative to the antimicrobial activity of phosphates in food
ItJtEsenCe 25). Scme reasons for this confusion may be due to the influence of phosphates on pi; the
Sty en Or absence and levels of other irhibitors (MaCl, nitrite, etc.) in the system; differences
i‘{nsiderv“"fmus thosphates, their chain length, dissociation, hydrolysis, etc.; microorganisms under
~Adi 1o, ation; specific meat or other foed products; and environmental factors irwolved in the study.
1H1p[m,en£ai studies are needed with different phosphates in oréer to derive specific blends that will
Then}h functiomality and shelf-life of lL}v’ r\k‘,t(‘l cm:.minuted meat formulations. :
1 efore, meat processors should be careful in their attempts to manufacture products with low
o BUEF§ ls. As the data have indicated, such products may be manufactured ::ucce;s:tully vhen the pH
09 gop ‘Clently high and a polyphosphate (e.g., STPP) is included in the formulation. The shelf-life
! J;“gredigt_if of such products, however, may be reduced, and these formulations may reed additional
S nts or adjustments in processing in order to improve their storage stability. Meat processors

Na
isC}

Z}i a ‘;:é&o be careful when they reduce their NaCl levels and manufacture comninuted meat products
& oy i<~5~39 % reduction in salt™ as has been the case in the U.S.A. As the data have indicated wher
:1 0yt ;2 6.00 a NaCl level of 1.5-2.0% will give a stable emulsion and a good quality product even
educed STPP, fhese data have also indicated, however, that the shelf-life of such products may be
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