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Preface

The investigations reported in this paper were conducted to determin, the
meat shr inkag~a of pork as affected by low concentrations of food grade
phosphates , salt and meat curing ingredients. The resulting data was used
in the formulation of chunked and formed smoke processed hams.

Results from these investigations have shown that an acceptable ham
(both irradiated and nonirrad iated) can be produced using 0.3% TPP (or .217% PP)
and 3% salt.

These studies were undertaken as a research project of the Irradiated Food
Products Division, Food Engineering Laboratory under Project 1T762724AM99D .
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EFFECT OF SALT , PHOSPHATES AND OTHER CURING
INGREDIENTS ON WATER—HOLDING CAPACITY OF LEAN PORK MEAT
AND THE QUALITY OF RADAPPERTIZED HAM.

INTRODUCTION
Today the use of phosphates for processing of ham and other cured products

is a common industrial practice. Sodium tripolyphosphate (TPP), sodium pyro—
phosphate (PP), disodium phosphate, sodium hexaaetaphosphate, and sodium
acid pyrophosphate, single or in combination , not to exceed 0.5% in the
finished product, are allowed by the U.S. Department of Agriculture Mea

tInspection Regulations for the use in cured pork products (USDA, 1970).
The purpose of the use of phosphates is to “decrease amount of cooked out
juices” dur ing processing (cooking) of the products.

Numerous commercial blends and mixtures of the phosphates , with and without
other salts, are available. The main effec t of the phosphates , particularly
the polyphosphates, is an elevation of the pH of the meat and restoration of
the water—holding ability of the meat which begins to decrease with the onset
of the rigor mortis (Ellinger, 19722; Barn, l96O~; Hamm and Grau, 1955k;
Wierbicki et al. l962~, 1963

6). Polyphosphates such as TPP and PP, are parti-
cularly effective in this respect. Their effect is greatly increased when used
in a combination with the common salt (sodium chloride) (Hellendoorn , l962~ ;

1 — USDA. 1970. Department of Agriculture, Meat Inspection Regulations,
Title 9, Chapter III, Subchapter A, Code of Federal Regulations, para . 318.7
(4) — Approval of Substances for Use in the Preparation of Product.

2 — Ellinger , R. H. 1972. “Phosphates as Food Ingredients”. CRC Press , The
Chemical Rubber Co., 18901 Cranwood Parkway, Cleveland , Ohio 44128.

— Haima, R. 1960. Biochemistry of meat hydration. Adv . in Food Rca . 10: 355.

— Hamm, R. and Grau , K. 1955. The Effect of phosphates on the bound water
of meat. Dtch. Lebensmitt. Rdsch. 51: 106.

— Wierbicki , E., Tiede , M. C. and Burrell , R. C. 1962. Determination of 1

meat swelling as a method f or investigat ing the water—binding capacity
of muscle protein with low water—holding forces . 1. The methodology.
Die Fleischwirtscha.ft 14: 948.

6 — Wierbicki , E., Tiede, M. C. and Burrell , R. C. 1963. Determination of
meat swelling as a method f or investigating the water—binding capacity
of muscle protein with low water—holding forces . 2. Application of the
swelling methodology. Die Fleischwirtschaft 15: 404.

- Hellendoorn, E. W. 1962 . Water—binding capacity of meat as affected
by phosphates. 1. Inf luence of Sodium chloride and phosphates on the
water retention of coasunited meat at various pH values. Food Technol.
16: 119.

6
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Mahon, 19618; Sherman, l96la9, l961b ; Shults et al. 197211; Shults and
Wierbicki , 197312 

, 197413).

In addition to an increase in pH, the water—holding capacity of meats is
increased by the use of the polyphosphates due to their sequestering ability
for the alkaline—earth and heavy metal ions naturally present in meats
(Ellinger , 19722; Hama, 19561k w The sequester ing ability of polyphosphates
may also have a beneficial effect on preventing the development of oxidative
off—fla vor s and off—odors as well as on preventing discoloration of fresh
and cured meats (Ellinger , 19722; Times and Watts, 195815; Watts, 195416).

8 Mahon , J. M. 1961. Tripolyphosphate—salt synergism and its effec t on
cured meat volume. Proceedings, Thirteenth Research Conference, Am.
Meat Inst. Foundation, Chicago, 111. March 23—24.

— Sherman, P. l96la. The water—binding capacity of fresh pork. 1. The
influence of sodium chloride, pyrophosphate and tripolyphosphate on
water absorption. Food Technol. 15: 79.

10 — Sherman, P. l96lb. The water—binding capacity of fresh pork. 3. The
inf luence of cooking t emperature on Water—binding of lean pork. Food
Technol. 15: 90.

— Shults, C. W., Russell, U. R. and Wierbicki, E. 1972. Effect of condensed
phosphates on pH, swelling and water—holding capacity of beef. J. Food
Sd . 37: 860.

12 — Shults, C. W. and Wierbicki E. 1973. Effects of sodium chloride and con-
densed phosphates on the water—holding capacity, pH and swelling of
chicken muscle. J. Food Sci. 38: 991.

13 — Shults, G. W. and Wierbicki, E. 1974. Effects of condensed phosphates on
the pH, eater—holding capacity and meat swelling properties of pork
muscle. Tech. Rpt. TR—74—22—FL, U.S. Army Natick Labs., Natick, MA 01760.

1k — llama, K. 1956. Fleischmineralien and FleischqualitNt. Calcium, Magnesium
und link und ibre Bedeutung fur Wassenbindung des Pleisches . Die Fleisch—
wirtschaft 8:240.

— Timms, H. J. and Watts , B. H. 1958. Protection of cooked meats with
phosphates. Food Technol . 12: 240.

16 — Watts , Em. M. 1954. Oxidative rancidity and discoloration in meat. Adv .
Food Rca. 5: 1.

7
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The polyphosphates also increase the binding proper ties of f resh and
cured meats by increasing solubility of the muscle proteins, actomyosin and
myosin , particular ly in the presence of sodium chloride (Ellinger , 19722 ;
Haam, l96O~; Wierbicki et al. 1963

6; Yasui et al. 196417). This effect of
polyphoaphates in combination with sodium chloride is the basis for the develop-
ment and industrial processing of so—called “sectioned—and—formed” ham and
other “restructured meat products” (Mandigo, 1974 18 ; Wierbicki and Heiligman,
197319). The binding effec t of polyphosphates and sodium chloride was further
increased by mechanical treatment of cured and uncured meat muscles (Rahelic
et al., 1974 29 Shults et al., 197211 ; Shults and Wierbicki, 197312 , 1974 13 ;
and Wierbicki and Heiligman, 197319).

The increase of water—holding capacity of cured and uncured meats with
the addition of phosphate and sodium chloride was in turn respo!)sible for an
increase i-’ the tenderness of meats (Kampstra and Saffle, 195921).

Based on the overall knowledge on the water—holding and binding properties
of polyphosphates and sodium chloride in meats, the objectives of this inves-
tigation were: (1) to determine the minimal amounts of the polyphosphates,
TPP and PP, on the optimal water—holding capacity of lean pork meat, with
and without other curing ingredients; and (2) to determine the quality of
cured, smoked hams using the optimal additions of TPP and PP with other,
commonly used, curing ingredients.

17 — Yasui , T., Fuk~sawa, T., Takahashi, K., Sukamishi, H. and Hashimoto, Y.
1964. Phosphate effects on meat. Specific interaction of inorganic
polyphosphates with myosin B. J. Agr. Food Chem. 12: 399.

18 — Mandigo, R. H. 1974. Restructured meat products. Proceedings, 27th Am.
Reciprocal Meat Conference, Texas A & M Univ., College Station,
Texas; 16—19 June: 403.

19 — Wierbicki, E. and Heiligman, F. 1973. Shelf stable cured ham with low
nitrite—nitrate additions preserved by radappertization. Proceedings,
Int. Symp. Nitrite in Meat Products, Zeist, The Netherlands, Sept. 10—14;
PUDOC, Wageningen : 189.

20 — Rahelic, S., Pribis, Vjera and Vicevic, L. 1974. The influence of
mechanical treatment of cured muscles on some characteristics of
pasteurized canned pork. 20th European Meeting of Meat Research Workers ,
Dublin, Ireland, 15—20 September .

21 — Kaastra, L. D. and Saffle, R. L. 1959. The effects of a pre—vigor infusion
of sodium hexaaetaphosphate on tenderness and certain chemical charac-
teristics of meat. Food Technol. 13: 652.
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In our previous experiments on lean beef (Shults et al., 1972)11, lean
chicken meat (Shults and Wierbicki, 1973)12 and lean pork (Shults and
Wierbicki 1974) 13, it was shown that PP and TPP were the most effective
polyphosphates on the water—holding capacity and that the minimal additions
of the polyphosphates to obtain the desired effect was about 0.25 to 0.30%.
Therefore , only TPP and PP were used in this investigation. According to
Neraal and Name (1973)22, TPP was rapidly hydrolyzed in meats to PP and
orthophosphate, and it was the PP moiety of TPP which was mainly responsible
for the increase of the water—holding capacity of meats. Therefore, in
our investigation an emphasis was placed on the effect of sodium salt of
TPP (Na

5
P 0

1 , 
molecular weight of 378) ver sus equivalent additions of

sodium sa~t ~f PP (Na 4P2O7, molecular weight of 266) on the water—holding
capacity of pork lean meat and the quality of smoked , processed ham.

Raw Material
The raw material utilized for this study was lean meat of skinned,

defa tted boneless hams, 6 to 8 kg weight. The meat was ground through a
4.8—ma grinding pbate and thoroughly mixed. The ground meat was stored in
a refrigera tor (2 C to 3°C) before determination of shrinkage.

Additives

Food—grade salt (NaCl), sodium ascorbate (Na—Anc), sodium erythorbate
(Na—Eryth), sodium nitrate (NaNO ) sodium nitrite (NaNO2) sodium tripoly—phosphate (TPP , Na5P3O10) and sodium pyrophosphate (PP, Na4P2O7)were the
additives. The polyphosphates were obtained by the courtesy of Merck
Chemical Corp., Pittsburgh, PA. The polyphosphates and NaC1 were dissolved
f irst in tap water followed , when applicable, by dissolving Na—Asc, Na—Eryth,
NaN0~ and NaNO2. Heat samples were weighed and various solutions were added
in tf~e ratio of 10 ml of solution to 100 g meat. When additions of NaC1
were higher than 1.0% in the meat, the appropriate amounts of salt were
added directly to 100—g meat samples with 10 ml of the phosphate solutions
with other additives. The meat and the additives were combined, thoroughly
mixed, and stored overnight at 2°C to 5°C. All shrinkage determinations were
run twice in duplicate. The shrink data reported were averages of four
replicates.

Methods.

Meat Shrinkag~ (reciprocal of water—hold ing capacity). The meat shrinkage
was determined by the method of Wierbicki et al. (1957)23 . Each tube for
the shrinkage determination contained 20 g meat plus the additives, including
the solvent (tap water).

21 — Kamstra, L. U. and Saffle, K. L.l959. The effects of a pre—vigor
infusion of sodium hexametaphosphate on tenderness and certain chemical
characteristics of meat. Food Technol. 13: 652.

22 — Neraal, K. and Heats, R. 1973. Enzymic breakdown of added tripolyphoaphate
and diphosphate in meats. 19th European Meeting of Meat Research Workers,
Paris , France , 2—7 September .

23 — Wierbicki , E.,  Kunkle, L. E. and Deatherage, F. E. 1951. Changes in the
water—holding capacity and cationic shifts during the heating and freezing
and thawing of meat as revealed by a simple centrifugal method for measlug shrinkage. Food Technol. 11:69. ur—
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pH Read ing~~

The pH of the meat samples was read by i ersing the electrodes directly
into the meat, using a Beckman Zercunatic p11 meter. Readings were taken
prior to weighing the samples for the shrinkage determination.

E~~er1mental Ham.

Fresh, raw, pork hams (6 to 8 kg weight) were skinned, deboned, and
all visible cartilage, ligaments , tendons, connective tissue, lymph
glands and surface and internal fat were removed. The skinned , defatted ,
boneless hams were then sectioned into chunks 70 to 750 g and mixed for
20 minutes in a Hobart food mixer with the curing brine. The brine was
added at the 15 percent level, i.e., 15 kg brine per lOG kg meat. The
composition of the curing brines (pickles) is given in Table 1. After
mixing, the ham chunks were loosely stuffed into No. 11 Union Carbide,
prestuck (perforated) , easy—peel casings, then tightly packed into rectan-
gular stain1es~ steel0wire cages, dimensions 9 x 13 x 75 cm, and refrigeratedovernight at 2 C to 3 C before smokehouse processing.

The cured raw product was processed in a smokehouse (a pilot scale
model, Atmos Corporation ) in accordance with the following schedule.

Time Drjr bulb temperature Wet Bulb temperature

1 hour without smoke 65°C 49°Co 02 hours with smoke 65 C 49 Co 05 hours with smoke 77 C 57 Co 02 hours with smoke $2 C - 65 C

Cooking c-~ntinued without smoke until the internal temperature of the hams
was 70 C (enzyme ~nactivation temperature) and then continued at a dry bulb
temperature of 77 C without steam until the weight of the ham containing 0.3%
TPP was 100% of the weight of the raw ham prior to curing (total additional
time of the processing was 1 hour and 45 minutes). After cooking, the hams
were chilled to S C or less (internal0temperature) within 12 hours , and
then kept in a refrigerator at 2 to 3 C (72 hours maximum) until cut and
packaged. The finished product was “medium smoked”, “light brown” in
color without “added substance” , as required by the USDA regulations for
smoked ham (USDA, 1970). The smoked, processed hams, were cut into 12.7
ma thick rectangular slices and packed in flexible pouches of the outside
d imensions of 140 ma x 191 mm. The pouch material was 0.025 ma (1.0 ail)
polyiminocaproyl (Nylon 6) as the outside layer , 0.0090 mm (0.35 mu )
a luminum foil as the middle layer, and 0.051 ma (2 mil) chemically bonded
polyethylene terephthalate—medium density polyethylene ( 314 Scotchpack 9)
as the inside (food contacting) layer.

Irradiation.

Vacuum—packed ham sliges rre frozen to —30°C and then gamaa—irradiated in
the f rozen state (—30 ±10 C) using the Natick Research and Development Cotiunand ’s

10
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Cobalt—60 source at a dose rate of 1.18 x lO~ rads per minute. The dose
received was 3.3 to 4.1 Mrad. This is a radiation sterilizing dose for
ham under the 12D concept for the destruction of C. botulinum (Anellis and
Werkowski, 1968~2k• Af 

~
er irradiation, the ham samples were stored at room

temperature (21 C to 25 C) until evaluation was perfor~ed. The nonirradiated,
vacuum—packed control ham samples were stored in a —29 C freezer.

Sensory Evaluation.

The ham samples were evaluated by a trained technological panel of 8 panelists
for the following quality characteristics: color , odor , f lavor , texture ,
and appearance.

The following intensity ratings were used: 1 — extremely poor ; 2 — very
poor; 3 — poor; 4 — below fair, above poor; 5 — fair ; 6 — below good, above
fair; 7 — good; 8 — very good; and 9 — excellent. The samples were also
evaluated for preference by the trained technological panel and by a con-
sumer type panel, using the 9—point hedonic scale for preference according
to Peryam and Pilgr im (1957) 25 . Scores of 5 to 9 indicate an acceptable
product. The ham samples were served cold , and aftgr heating (wrapped in
aluminum foil) in an electric oven Preheatgd to 121 C, until the internal
temperature of the ham slices reached 62.8 C.

Thiobarbituric Acid (TM) values.

The TM values were determined on vacuum—packed irrad iated and nonirradiated
ham samples stored up to 3 months a~d on nonirradiated samples stored in
open pouches in a refri~erator (2—3 C) up to six weeks. The method of
Tarladgis et al. (l960)~6 was used , giving the TBA values in terms of mg
malonaldehyde per 1000 g ham.

Statistical Analysis.

The data for the sensory evaluation of the ham samples were subjected to
statistical analysis using analysis of variance and multiple range test.
(Steele and Torrie), (1960)27.

2L + — Anellis, A. and Werkowski, S. 1968. Estimation of radioresistance
values of microorganisms in food products. Applied Microbiol.
16 (9) : 1300.

25 — Peryain, U. R. and Pilgrim, F. J. 1957. Hedonic scale method for
measuring food preferences. Food Technol. 11(9), Supplement: 9.

26 — Tarladgis, B. G., Watts , B. H. and Younathan, M. T. 1960. A dis-
tillation method for the quantitative determination of malomaldehyde
in rancid foods. J. Am. Oil Chem. Soc. 37: 44.

27 — Steel, R. G. and Torrie , J. H. 1960. “Principles and Procedures
of Statistics”. McGraw—aill Book Company, New York.
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RESULTS AND DISCUSSION

Effect of TPP vs. PP on water—holding capacity.

In our previous experiments on lean beef (Shults, et al., 1912)11,
lean chicken meat (Shults and Wierbicki, 1973)12 and lean pork (Shults
and Wierbicki, 1974)13, it was shown that the most efficient polyphosphates
for obtaining an optimal water—holding capacity (WHC) of the meats during
heating at 70 C are TPP and PP and the minimal phosphate additions to the
meat to achieve the intended purpose is 0.3% (8.2 millimoles (isM)) in com-
parison with 0.52 (136 mM) which is the maximal addition permitted by the
USDA. The additions of PP were in the equivalent molar concentrations of
8.2 mM and 13.6 mM, which resulted in the additions to meat of 0.22% and
0.36%, respectively.

Table 2 presents the results on the shrinkage of lean pork meat with
the additions of 13.6 and 8.2 mM TPP and PP without salt (NaCl) and with
1.0 and 2.4% salt. The shrink data in these series of experiments indicate
the loss of moisture in percent of the total weight of the pork samples
(including 102 added water) during heatinS at 70 C for 30 minutes according
to the method of Wierbicki et al. (1957)23. Potable, tape water (instead
of distilled water) was used in these experiments to simulate the actual
conditions in meat processing where tap water is used as the solvent f or
the curing ingredients during pickle preparation. The alkaline—earth metal
ions in the tap water were sequestered by TPP or PP, decreasing to some
extent the effectiveness of the phosphates on subsequent addition to the
meat; in this way, more meaningful shrink data were obtained. The data
given in Table 2 shows the effects of the phosphate and salt when added
to meat: (a) the additions of TPP and PP increased the pH of the meat
and, consequently, reduced the meat shrink; (b) addition of salt also
decreased the shr ink; the reduction in shrink was quite pronounced when
the salt and the phosphates were added together. The data further indicate
that the PP additions of 8.2 and 13.6 mM were equally effective as the 8.2
and 13.6 aM TPP additions, thus confirming the conclusion of Neraal and
Hamm (1973)22 that it was the PP moiety of TPP which was responsible for
the WHC increase of meats.

Table 3 presents the effect of 13.6 mM and 8.2 mM additions of TPP
and PP with 1.0 and 2.4% salt, on the shrinkage of lean ham meat by including
other curing ingredients commonly used in ham processing: 150 ppm NaNO,,
600 ppm NaNO.~, 275 ppm Na—Asc, and 275 ppm Na—Eryth. The curing ingredtents
other than silt and TPP or PP, in the concentrations used, have little
effect on the WHC, as shown by the pH and the shrink data of the meat with
the 10% tap water addition (Table 2) versus the 10% curing solution addi-
tion (Table 3). TPP and PP greatly increased the pH of the curing solutions
from 6.1 without the phosphates to 7.8 to 9.5 with the phosphates, PP being
more effective in this respect (Table 3). After mixing with the meat in
the ratio of 10 ml. curing solution per 100 g meat, the p11 of the meat
increased from 6.0 to 6.2—6.4. At this pH and in the presence of 1 or
2.4% salt, the meat shrink decreased from 292 to the level of 3 to 8%.
The effects of salt and TPP or PP on the WHC were again demonstrated.
The 2% shrink differences between the TPP vs. PP additions (Table 3) were
well within the accuracy of the methodology at these low levels of the meat
shrinkage (± 0.1 ml accuracy of the meniscus reading for the total of less
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then 1 ml juices released by 20 g meat samples with the additives at
70 C). Three additional experiments were conducted to elucidate further
the effects of TPP vs. PP and their minimal additions to cured ham meat
to obtain maximal reduction in shrink.

In the first experiment, the effect of the TPP and PP additions from
o to 24.6 aM (in 4.1 aM increments) on the shrinkage of ground lean ham
meat was investigated. On the weight basis, the additions of TPP varied
from 0 to 0.9% (with 0.15% increments) and the PP additions from 0% to
0.66% (with 0.11% increments), respectively. Other additives to the meat
were constant: 102 tap water, 2.5% salt and the small amounts of NaNO3,
NaNO2, Na—Asc and Na—Eryth (cure), as specified previously. Figure 1
shows the data for percent shrink versus phosphate additions. The data
indicate that the 8.2 mM additions of TPP or PP decreased the meat shrink
to a minimum , with a plateau at the 12.3 mM and 16.4 aM additions followed
by a small increase in the meat shrinkage at 24.6 aM phosphate additions.
Overall, the data show that 8.2 mM additions of either TPP (0.3%) or PP
(0.22%) were sufficient for contro1~ ing the loss of the meat juices of
cured ham meat during cooking at 70 C.

In the second experiment a comparison was made of the effect of 0.5%
(1~.6 mM) TPP vs6 0.3% TPP (8.2 all) on the shrink of cured raw meat at
60 , 70 , and 80 C. The greatest shrink was observed during the first
15 to 30 minutes of heating as observed on beef and chicken meats (Wierbicki
et a1.,~ j95723 , l962~, l963~; Shults et al., 1972

11; Shults and Wierbicki,
l973)1~. The general conclusion was that use of 0.3% instead of 0.5% TPP
in cured ham meat is sufficient for the shrink control. An exception was
the more efficient effect of 0.52 TPP on the shrink of the cured ham meat

0at 70 C heated for 45 minutes. We have repeated the experiment with the
0.5% TPP addition on another meat sample, derived from another ham (Figure 2,
Sample II). The shrink of this sample was slightly higher at all heating
times. This indicates a biological variation among muscles of different
hams. The heating time of 30 minutes resulted in most of the meat shrink
followed by only a slight increase with the increase of the heating time
to 45 and 60 minutes.

In the third experiment the effect of salt on the meat shrink at 700C
(heating time 30 minutes) was determined in the lean ham samples to which
were added : tap water ; curing solution; and the curing solution plus 8.2
mM of TPP (0.3%) or PP (0.22%). The data of this experiment are given in
Fig. 3. The data clearly indicate that: (a) the curing solution containing
the commonly used concentrations of NaNO IL, NaNO2, Na—Asc and Na—Eryth has
no effect on the meat shrink in comparis&~ with adding the tap water (sol—
vent) alone; (b) the equivalent additions (8.2 aM) of TPP and PP are equally
effective in reducing the shrink: (c) addition of 1 to 3% salt continuously
reduced the meat shrink from 34% to 14% when used without phosphates, or
from 34% to 5—6% when used with the phosphates; (d) a plateau in the meat
shrink resulted at the salt additions from 3 to 5%, followed by an increase
in the meat shrink with the increase of the salt addition from 5 to 10%.
This confirms our results on the ef fech of salt, with and without TPP orPP, on the shrink during heating at 70 C of lean beef (Shulta at al.,l972)’~ ,
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chicken meat (Shults and Wierbicki, 1973) 12 and uncured pork (Shults and
Wierbicki, 1974)13. The overall results of these experiments indicate
that 0.3% TPP (8.2 mM) is the optimal amount of TPP needed for controlling
shrink in cured ham meat. The addition of the phosphate to the meat can
further be reduced to 0.222 by using the equivalent molar addition of PP
(8.2 mM) instead of adding TPP. The only drawback of using PP, instead of
TPP, is the difficulty of dissolving Pp in tap water during pickle prepara-
tion, particularly when the salt content in the curing brine is higher
than 15%. However, this difficulty can be overcome by vigorous stirring
of the brine and slight heating during preparation. Heating has no detri-
mental effect on the PP and salt, which have to be dissolved first, followed
by chilling to 3 to 5 C, prior to adding other curing ingredients (NaNO3,
NaNO2, Na—Asc and Na—Eryth).

Experiments on smoked processed ham.

a. Yield data . Fresh, raw hams, 6¼ to 8½ kg, were deboned, skinned,
defatted , cut into pieces of 70 to 750 g and processed as “cut—and—formed”
smoked ham, as given under “Methods.”. Five experimental pickles (Table 1)
were used. Each pickle was mixed with meat in the ratio of 40 kg meat
plus 6 kg pickle. Each ham—pickle mixture was sufficient to make four
experimental hams per group. All the cured hams were processed simul-
taneously in the smokehouse under the conditions specified under “Methods”.
The smokehouse processing was discontinued when thS ham group with 0.30%
TPP (8.2 aM) reached an internal temperature of 70 C and the estimated
yield of 100% to the raw ham meat prior to mixing with the pickle. All
hams contained the same additions of NaNO2, NaNO3, Na—Asc and Na—Eryth (Table 1)
along with 3.0% salt, the amount needed to get the maximal WUC, according
to Fig. 3. The variables were the additions of TPP and PP (13.6 and 8.2 ill)
and no—phosphate.

Table 4 presents the data for0ham yields after the smokehouse processingand overnight chilling in a 2 to 3 C cooler. The average yield of the ref er—
ence group contaiming 0.3% (8.2 aM) TPP was 100.7%. The yields of the other
three ham groups with the phosphates were 99.4 to 101.1%. The yield differ-
ences among the four phosphates groups were statistically insignificant.
A slightly lower yield was obtained on the no—phosphate hams (97.6%), as
was expected . Normally, in our laboratory experiments on no—phosphate
cured hams , the yield out of smokehouse seldomly exceeded 90%. Analysis
of the raw material showed that the pH in the raw (green) hams used in
this experiment was rather high (pH 5.9). This might attribute to the
relatively high yield of the no—phosphate hams. In addition, the method
of curing and the long—time smokehouse processing used in this experiment
could be another factor contributing to the relatively high yield of no—
phosphate hams.

b. Sensory evaluation. Sensory evaluation by our trained technological
panel for color, odor, flavor, texture, appearance, and preference resulted
in high scores for the quality attributes of the hams in each group. Both
nonirradiated hams, served cold (Table 5) and after heating (Table 6), as
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as well as the irradiated counterparts served cold (Table 7) and after
heating (Table 8), received high scores for quality attributes tested.
There were no significant differences among the hams processed using the
five different pickles.

Four tests for preference were done on the ham samples by a consumer
type panel, 35 panelists per test. Five ham samples, each sample repre-
senting ham processed by a different cure, were tested in each session.
Two tests were on nonirradiated ham samples, and two tests on irradiated
ham samples, served either cold or after reheating. The results of these
tests are given in Table 9. There were tio significant differences among
th~ five ham samples in two tests: (1) irradiated samples, served cold
and (2) nonirradiated samples, served hot (Table 9). Slightly lower,
but significantly less preferred at 0.5 level, were the ham samples cured
with 13.6 aM (0.36%) PP, nonirradiated, served cold, and irradiated, served
hot (Table 9). However, these differences could be attributed to biological
variations from sample to sample, rather than the effect of the cure.

To elucidate the effect of irradiation on the ham quality, the data
given in Table 9 were tabulated as the irradiated and nonirradiated samples
and statistically analyzed (t—test). Table 10 presents the results.

Among the 10 paired comparisons, only two nonirrad iated samples received
significantly higher scores over the irradiated samples; (1) ham cured with
13.6 mm (0.5%) TPP, and (2) no—phosphate ham. In both instances,
the ham samples were served cold; when served hot, there were no significant
differences. When all the preference scores for nonirradiated ham samples
were pooled and compared with the irradiated samples, the resulting mean
score for the nonirradiated samples was higher by 0.31 point of the hedonic
scale over the irradiated samples, and the difference was statistically
significant (Table 10).

The mean score for the irradiated ham samples of 6.70 indicates a
highly acceptable product, and the difference of 0.31 point from the non—
irradiated ham was well within the capability of the panel members to express
their preferences. This is shown by the standard deviations from the means
of 1.37 and 1.47 points on the hedonic scale (Table 10).

c. TBA values. The TBA values are used in foods as an index of oxida-
tive rancidity (Ellin~er, 19722; Tarladgis et al., 196026 ; Tiams and Watts,
195815; Watts, 1954)1t), and TPP, PP and hexametaphosphate exhibit protective
action against rancidity development as reported by Ellinger (1972)2. There-
fore, the hams processed with the TPP and PP cures and without the phosphates
were subjected to the TEA—values determination. Two types of tests were run:
In the first experiment 1/2 inch (12.5 mm) ham sliges were put into the
pouches and stored unsealed in a refrigerator at 2 C to 3°C for 1, 2, 4,
and 6 weeks prior to the TM—values determination. The results are given
in Table 11. The data indicate that all the ham samples have very low
TM—values , far below 10 ag aalonaldehyde per 1000 g ham, a threshold for
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organoleptic detection of the rancidity. There is no indication that the
no—phosphate ham samples have significantly higher TEA values than the
phosphate ham samples. Apparently, the smoking and the nitrite used
provided enough protection against the development of rancidity. Nitrite
is probably the main protective agent in this respect, since the TPP and
salt—processed, smoked, cooked pork slices of the same thickness, stored
under the same conditions, showed a rapid increase of the TEA—values
during storage (Wierbicki and Heiligman, l973)’~.

In another test6 vacuum packed , irradiated ham samples, stored at
room temperaturg (21 C to 25 C) and vacuum—packed, nonirradiated samples,
stored in a —29 C freezer were tested for the TEA—values after 1 week and
3 months’ storage. The results are given in Table 12.

As was expected, the nonirradiated, frozen stored samples, had very
low TEA—values, and there was no increase with the storage time. The irra-
diated samples have slightly higher TEA—values, as a result of the consump—
tion of the residual oxygen in the pouches during irradiation. After this
initial increase, the TBA—values in vacuum—packed, irradiated foods remain
unchanged even after nonrefrigerated storage over two years, the longest
storage time investigated (unpublished results on irradiated beef, chicken,
pork sausage and bacon). Consequently, no increase in the TEA—values was
expected in the irradiated ham samples stored for 3 months, as shown in
Table 12.

CONCLUSION S.

1. The overall results on the water—holding determinations of lean
ham meat and on the smoked processed ham indicate that 0.3% (8.2 aM)
sodium tripolyphosphate (TPP) is sufficient to decrease the amount of
cooked out juices during the processing of cured hams.

2. The equivalent addition of sodium pyrophosphate (PP) 8.2 aM)
is equally effective to allow a reduction in the percent of the added
phosphate to ham to the 0.22% level.

3. These additions of TPP or PP are sufficient also in uncured
meats, as shown previously in our experiments on beef, chicken, and pork.

4. The present USDA Meat Inspection Regulations allowing the use
of 0.5% phosphates in the meats can be amended to permit the use of 0.3%
as the maximum level for sodium tripolyphospha te and sodium pyrophosphate .
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HEATING TIME IN MINUTES
FiGURE 2 - EFFECT OF HEATING TIME AT 60°, 700 AND 80°C ON THE SHRINK OF

CURED HAM MEAT WITH ADDED 0.5% VERSUS 0.32 SQDIUM TRIPOLYPHOSpHAT E (TPP)
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Trtt~ I e I 1 )Cj). i i  Irk 11 t~ P I 1 ct’ C UrrIp()~3 1 t I ~n çind fl (1(1 1 ti C)fl r;
to th(~ h~un .

In the p i e~c 1~~:xx
P I c k l e  Pickle __________________________ Added
No. Compo~~i t io n  Water Other to

Ingreu:i enti~ Ham”kg kg

.L. -,

(No phosph~itc):
Salt (NaC1) 20.000 3.00%
Na-A~corbatc 0.183 275 ppm
Na-Ery thorbate - 0.183 275 ppm
Nl.tratc (NaNO 3) o)~oo 600 ppm
Nitri te (NaNO0) 0.100 150 ppm
Water 79. 1314

2. Na -TPP (13.6 ~~ 4X) 3.333 0.50%
Water 75.801

3. Na-PP (13.6 aMX ) 2.~400 0.36%
Water 76 .7314-

- 

Na-TPP (8.2 mM”) -~ 2.000 0.30%
‘ater 

- 
-

5. Na-PP (8.2 ~~“) i.1167 0.22%
- Water 77.667

x Based on 10O~ “yield -t -~r~on ” after processing.
xx For t5% pi eI~le addi ti on duri ng curing.
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Table 2 Effect of salt (NaC1) aixi sodium tripolyphosphate (TPP)
vessus sodium pyrophosphate (PP) on pH aril shrinkage at
70 C of lean ham meat .

0% NaC1 1.0% NaC 1 2.4% NaC1
Additives:
Amounts added to pH Shrink pH Shrink pH Shrink
meat.

10% Tap water 6.1 31b 6.0 18cd 6.1 11def
- 

0.5% (13.6n-14) TPP 6.3 16cde 6.3 6.3

~~~~~~ (8.2 r*i) TPP 6.2 22bc 6.3 11def 
6.3

0.36% (13.6 irt4) PP 6.3 17cde 6.4 6.3
0.22% (8.2 mM) PP 6.3 27ab 6.3 ~~cdef 6.3

Significance (P(0.0i)

Numbers with the same letters are not significantly different from each other.
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Table 3 Effect of salt (NaC1) and sodium trpolyphosphat e (TPP ) versus
s-~dium pyrophosphate (PP) in the pr8sence of other curing ingred—ients on the pH and shrinkage at 70 C of lean ham meat .

Curing
Curing Ingredients: Soin. Meat. 

- _____ 

—

(Am~unt s added to meat ) pH ~~~i i nk

Curing Solut ion (cure)* 6.1 6.0
- Cure

i.0% NaC 1 8.4 6.4 6
0.5% (13.6 mM) TPP

Cure
2.4% NaC1 8.4 6.3 3
0.5% (13.6 rrL4) TPP

Cure
2.4% NaCl 7.8 6.3 6
0.3% (8.2 mM) TPP

Cure
2.4% NaC1
0.36% (13.6 m M)  pp 9.5 6.3 5

Cure
2.4% NaC1 b0.22% (8.2 mM) PP 9.5 6.2 8

*Curing Solution: 150 mg NaNO , 600 mg NaNO , 275 mg Na—ascorbat e arid 275 mg
Na—erythorbate dissolved in l0~ nil, water; l~ ml. solution per 100 g meat .
Amounts added to meat: 150 ppm NaNO2, 600ppm NaNO3, 275 ppm Na—ascorbatearid 275 ppm Na—erythorbate.

a- Significant ly different from the other samples.

b Significant ly different from the cure with 2.4% NaC1 arid 0.5% TPP.

(p<o.os) 
-

24 

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~



- - --. - W~~~~~~~ - 
~
--

~~~~~~~
---, - —

~
- __

~~~~~~~~~~~~~~~~~~~~
- - 

~~~
---- ~—- ------- _ --— - -,

Table 4 Effect of v~od.tum trfpolypb onphnte (TPP)
v~. solluin pyropho~;phate O’P) on the yieldof smoked h~mn,

- 
Pbosphntes No. - Av. t-’t./roll , kg Yfc’1d~:, Z to:
inN (Z) )~o11s Cured SmoI:ed Cured Cret~n

TPP 13.6 (0.50) 4 10.29 9.04 87.9 101.1

Pp 13.6 (0.36) 4 11.09 9.66 87.1 100.2

TPP 3.2 (0,30) 6 10.65 9.33 87.6 100.7

PP 8.2 (0.22) 4 10.20 8.81 86.6 99.4

None 4 10.64 9.03 84.9 97.6

25

I

~ 

____



Table 5 Effec t  of sodium tripolyphosphate (TPP) vs.
equivalent additions of sodium pyrophosphate
(PP) on sensory characteristics of smoked ham,
served cold. -

TPP PP TPP PP
Sensory 13.6mM 13.6mM 8.2mM 8.2mM No Sig
Characteristic (0.50%) (~.3(~!) (0.307) (0 .22 !)  Phos Dif.

Color 7,0+1.48 7.4±0.78 7.5+0.70 7 5±0.71 7.2±0.93 !SD

Odor 7.1±1.11 
- 
7.5±l 00 7.1±1.14 7.5±0.87 7.4±0.86 NSD

Flavor 7.3+1.10 7.4±0.98 7.2+1.22 7.6±0.79 7.3±1.20 ~SD

Tex ture 7.3+0.97 7.1±1.22 6.9±1.22 7.6±0.78 7.4±0.92 NSD

Appearance 6.7±1.45 7.2±0.99 7.1±1.09 7.4±0.99 7.1±1.14 NSD

Preference 7.0+1.34 6.8±1.25 6.8+1.35 7.4±1.05 7.1±1.14 NSD

Technological panel, n 8 x 2

Mean s~~res, ± standard deviation
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Table 6 Effect  of sodium tripolyphosphate (TPP) vs.
equivalent additions of sod ium pyrophosphate (PP)
on sensory characteristics of smoked ham,
served hot.

TPP PP TPP PP -

Sensory 13.6mM 13.6mM 8.2aM 8.2mM lb Si8
Characteristic (fl.50~) (0.3(~7.) (0.30~) (0,227) Phos DiE

Color 7.1+0.83 7.0+1.06 7.3+0.66 7.1±1.30 7.2±0.63 NSD

Odor 7.5+0.50 7.4±0.58 7.5+0.50 7.5+0.61 7.5±0.50 NSD

Flavor 6.7+0.92 6.8±1.35 7.2±0.70 6.8±1.42 7.2±0.78 NSD

Texture 7.1±0.69 7.1±0.97 7.5±0.50 7.4±1.16 7.2+0.81 NSD

Appearance 7.4±0.78 6.7±1.45 7.5±0.61 7.1±1.56 7.3±0.68 NSD

Preference 6.6+1.06 6.7±1.54 7.2±0.73 6.8±1.63 7.0+0,83 NSD

Technolo2ical panel , n — 8 x 2

Mean scores , ± standard deviation
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Table 7 Effect of sodium tripolyphosphate (TPP) vs.
equivalent additions of sodium pyrophosphate
(PP) on sensory characteristics of irradiated
(3.3—4.1 Mrad at —30°±l0°C) sinok.d ham, served
cold.

TPP PP TPP PP
Sensory 13.6mM 13.6mM 8.2mM 8.2mM No Sig.
Characteristic (0.50%) (0.36%) (0.30%) (0.22%) Phos. Dif.

Color 7.0+1.06 7.0+0.97 6.8+0.81 7.3+0.75 6.7+1.21 NSD

Odor 7.1+0.75 7.1+0.56 7.0+0.56 6.9+1.05 6.9+0.81 NSD

Flavor 6.3+1.15 6.6+0.93 6.7+0.92 6.7±1.10 6.5+1.37 NS!)

Texture 6.8+1.03 7.1±0.75 7.1+0.79 7.2+0.73 7.0+0.87 NSD

Appearance 7.0+1.14 6.8±1.39 6.5+1.00 7.0+0.94 6.8+1.29 NSD

Preference 6.3+1.30 6.6±1.06 6.4±1.05 6.8±1.15 6.3+1.85 NSD

Technological panel, n — 8 x 2

Mean scores, ± standard deviation
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Table 8 Effect of sodium tripolyphosphate (TPP) vs.
equivalent additions of sodium pyrophosphate
(PP) on sensory characteristics of irradiated
(3.3—4.1 Mrad at —30°±10°C) smoked ham, served
hot.

TPP PP TPP PP No Si8.
Sensory 13.6mM 13.6mM 8.2mM 8.2mM Phos Dif.
Characteristic (0.50%) (0.36%) (0.30% (0 .22% )

Color 6.8+0.95 6.3+0.90 6.4±1.45 6.9+0.78 6.7±0.86 NSD

Odor 7.3+0.66 1.2+0.78 7.0+0.79 7.0+0.75 6.8+0.73 NSD

Flavor 7.0+1.03 6.6±1.20 6.9+0.86 6.6±1.17 6.6±1.12 NSD

Texture 6.9+0.93 1.1+0.75 7.0+1.09 6.8±1.00 6.9+0.86 NSD

Appearance 7.1±1.09 6.7±1.27 6.6+1.77 7.2±0.81 6.7+0.98 NSD

Preference 6.6+1.06 6.5±1.32 6.5+1.11 6.5±1.22 6.4±1.36 NSD

Technological panel, n 8 x 2

Mean scores, ± standard deviation
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Table 9 Effect of sodium tripolypho.phate (TPP) vs.
equivalent additions of sodium pyrophosphats (PP)on preference of irradiated and nonirradj ated
(control) smoked ham.

Served Cold Served HotPhosphate Mean 
± Std. Dcv. Mean + Std . D v .Additions Irrad .a Control Irrad~~ Control

13. 6 aM (0.50:) TPP 6.49±1.63 7.26±1.20 7.05±1.36 7.14±1.35

13.6 aM (0.36%) PP 6.37±1.61 6.7Al ,54 6.29c2.02 6.66±1.63

8.2 aM (0.302 TPP 6.34±1.33 6.89±1.60 7.00±1.83 7.00±1.46
8.2 aM (0.22%) PP 6.77±1.09 6.91±1.65 7.26±1.15 7.11±1.23

No phosphate 6.20±1.64 7.29±1.23 7.23±1.40 7.14±1.42

Sig. Dif f erence NSD .05 .05 NSD

Consumer Panel ii — 35

a 3.3—4.1 !4rad at —30°±10°c

b Sig. different from no phosphate sample.

c Sig . differen t from other four samples.
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Table 10. Effect of irradiation on the preference of

smoked ham.

Phosphat e serveda n Non—Irradiated IrradiatedbAdditions Mean + Std. Dev. Mean ± Std. Dev.

13.6 mM (o.5c%) TPP C 35 ± 3.20 6.49 ~ 1.63
H 35 7.14 + 1.35 7.05 + 1.36

13.6 mM (0.3E~) PP C 35 6.71 ÷ 1.54 6.37 ± 1.6].
H 35 6.66 - 1.63 6.29 ± 2.02

8.2 rrI4 (0.30%) TPP C 35 6.89 ± 1.60 6.34 .~~ 1.33
H 35 7.00 + 1.46 7.00 ± 1.83

8.2 mM (0.22%) PP C 35 6.91 -,- 1.65 6.77 + 1,09
H 35 7.11 .i- 1.23 7.26 ± 1.15

No Phosphate C ..,,~29d ± 1.23 6.20 .~. 1.64
H 35 7.14 + 1.42 7.23 ± 1.40

Mean ± Std. Dev. C+H 70 701d .1. 1.37 6.70 ± 1.47

Consumer Panel

a C=Cold samples; H=reheated samples.

b 3 • 3—4.1 Mrad at —30~ + 100C.

c Sig. di!. from irradiated sample at .05 level.

d Sig. di!. from irradiated sample at .01 level.
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Table 11 Ef f e c t  of sod i um tr1pniyphospha~e (Til’)
vs. eq uiv alent add itions of sodium pyro—
p1tn~p1iate (PP) on pH and TM valucs ofsmok ed , nonirradiated ham stored in open
pouc!i~ n at 20 to 3°C.

3. wed 2 weeks 4 weeks 6 wce1~s
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

~)TI ~~~~~~~

13.6mM (0.50%) TPP 6 .2 0.1.0 6.1 0.08 6.3 0.10 6.2 0.21

13.6mM (0.36%) PP 6.1 0.11 6.1 0.09 6.2 0.10 6.1 0.V)

8.2mM (0.30%) TN’ 6.1 013 6.1 0.07 6.2 0.08 6.2 0.15

8.2mM (0.22%) PP 6.2 0.11 6.2 0.07 6.3 0.14 6.4 0.1~
;

No phosphate 6.0 0.09 5. 9 0.11 6.1 0.15 6.1 0.19

* n~ ~‘a]ona1dehyde ~er 1000 g har.~.
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Table 12 Effect of sod ium tr ipo lyphosp hat e (TPP )
vs.equivjtent additions of sodium
pyrophosphate (PP) on pH and TBA values
of irradiated and nonirradiated smoked
vacuun)-packed ham.

________ 
1 Week 3j4~nths

Non~Irrad~~~~ Irrad Non-.Irrad Irrad
Phosphate Additions _______________________________________________ ____

~~~~~~~~~~ TBA’ ~~~~~~~TBAC ~Ai TBAC~~~~~~~~~TBAC 
_ _ _

13.6 n-t4 (0.50%) TPP 6.3 0.10 6.3 0.18 6.2 0.12 6.2 0.16

13.6 mM (0.36%) PP 6.1 0.08 6.2 0.29 6.0 0.13 6.1 0.19

8.2 nt4 (0.30%) TPP 6.2 0.14 6.2 0.28 6.2 0.16 6.2 0.18

8.2 mM (0.22%) PP 6.3 0.07 6.4 0.18 6.2 0.12 6.2 0.20

No Phosphate 6.2 0.11 6.2 0.28 6.0 0.20 6.0 0.21

a Stored at —29°C

b 3.3—4.1 Mrad at —30° 
~ 

10°C, stored at 21°C

c mg malonaldehyde per 1000 g ham.

-j
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