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INTRODUCTION

The dry cured ham has 1ong>been a-popu]ar food throughdutvthe wcrld :
including the Southeastern Un1ted States. These'hams:are produced:by‘
both the inspected packer for commerc1a1 reta11 sa]e and also by 1nd1-
viduals for their own use. Several factors in commere]al-product1onf
have hampered 1ncreased product1on and d1str1but1on Dryrcured ham .
-_iproduct1on trad1t1ona11y is both t1me and labor 1ntens1ve Recommended
d;ag1ngvt1me-and t1me>of processing can range from.3-to—]2 months'(Skeliey,
1964 Kelly, 1974 Chr1st1an, 1977 Mussman T977)7v‘Furthermore, thew-‘
.procedures may. necessitate: that the hams be. rubbed w1th cure two or .
three t1mes at selected t1me 1ntervals In add1t1onrvboth nitrate and
nitrite are often used as part of the cur1ng 1ngred1ents Recent
.fcontroversy has deve1oped around the use of n1trate and n1tr1te in food -
products due- to poss1b1e carc1nogen1c effects It-has been suggested
s that current 1evels of these 1ngred1ents be reduced or e]1m1nated in ::
'order to e]1m1nate the1r poss1b1e carc1nogen1c effect (Nat] Prov , 1977).

Hany researchers have attempted to decrease the process1ng t1me :

' requ1red for dry cured hams by man1pu1at1ng hum1d1ty and temperature in

the trad1t1ona1 sk1n -on, bone-1in form (Ske]]ey, 1964 Cec11 1954 B]umer, -



d{~1958) ‘However, recent techno]og1ca1 advances in meat process1ng
jtechn1ques, such as. tumb11ng and massag1ng, may make 1t poss1b1e to .
: reduce the-t1me and-]abor 1nvo]vement and the ‘amount of-cur1ng ingre-
~dients needed, as well as the 1ngo1ng amount. of n1trate and n1tr1te ~In
e»add1t1on,,1t may be poss1b1e to use mechanical ag1tat1on 1n con3unct1on
“with the use of n1tr1c oxmdev(NO) gas ‘in-.order to deve]op color with
c11tt]e or no. res1dua1 n1tr1te present in the product
| For the,reasons:outTjned previously, percéntgshr1nkage;’percent
H20,~percent NaC],,and»residual nitrite were'determined;}.Taste panel
data were collected and ana]yzed as: follows: |
1. Triangle Test: Purpose to determ1ne exper1menta1 ham in
"contrast;tovtrad1t10na11y processed ham. -
~ Z,a' Hedonic Scale: ,Purpose:: to determ{ne'1)ptenderness, 2)

flavor, 3) saltiness, and 4) overall satisfaction.

’Objectiyes |
The specific objectives of this investigation were:
1. To determine if tumbling can reduce the time required-to
process  boneless dry-cured:hams. |
’ 2,' To determine 1f-ad1ower level of-initia]]y added nitrite’thanz
1s now recommended for ham would produce organolept1ca11y

f f»acceptable hams ‘



To determ1ne 1f n1tr1c ox1de gas may be funct1ona11y used to-
'develop acceptable cured meat character1st1cs w1th1n the- frame-
*work of th1s exper1ment |

To determwne the organoleptic acceptance of such a product.



" REVIEW OF LITERATURE

}t uDry Cured Hams v

Ham cur1ng may be def1ned as the app11cat1on of salt, a co]or

‘ jiff1x1ng 1ngred1ent and spices to- the meat in order to obta1n a des1red

end product Sa1t1ng and smok1ng of meats was. a we]] estab11shed ;-

‘pract1ce by 1000 B C Two 1ntr1ns1c reasons for curing were, first to

7.'npreserve the food at a t1me when other methods of preservat1on were not

‘“fava11ab1e and second1y, to 1mpart a: character1st1c taste and aroma to |
-'hthe meat- product Cur1ng is. pr1mar1]y a dry1ng process

: Due to modern food hand]1ng pract1ces such as refr1gerat1on hams
f,pane now cured}pr1mar11y,for aesthet1c purposes There areetwo-methods
pﬁusua11y'used;to’cure hams The convent1ona1 or pumpted ham 1nvolves ‘the:
d1spers1on of the cure 1ngred1ent 1n water which: is then 1nJected either
by stntch or. artery pump1ng The second and oldest method is the dry
;ecure, in which the cur1ng 1ngred1ents are ‘rubbed on the" surface of the

—ham in the dry form Hams may have: to- be rubbed w1th the cure two or.

- :’fthree t1mes in order to. ensure aga1nst spo11age

A maJor d1sadvantage of dry cured hams is the 1ength of time needed_,

' 3_for the sodlum chloride to diffuse throughout the musc1e ‘tissues. In

'idry cured hams, the sod1um ch]or1de in the outs1de 2.54 mm of the ham may =~

~be as much as ten t1mes that of the center (M111er and‘Z1egler 1936a).



The. 1ength of t1me needed for salt equa11zat1on s dependent upon the
weight and th1ckness of the ham. | : A

~In genera] the methods used to dry cure hams are s1m11ar, however,v
splcesmtxtures may vary from reg1on to reg1on.-~An.examp]e-of the
: traditionalxprocedure'for dry curing hams was:given:bnyelly; etia].;
- (1974). fThe curing mixture~COnsfsts.of 3. 63“kilograms Of~sodium-chloride,

91 k110grams sugar and 56.75. grams of sa]tpeter (pota551um nitrate).

Th1s cur1ng m1xture is to be app11ed to 45 36. k1lograms fresh ham in
three app11cat1ons, one-thlrd app11ed on ‘the f1rst day, the second on
the fifth day and: the ]ast th1rd on the tenth day: of the cur1ng program.
Hams are: cured for seven days per inch of th1ckness or three and: one-
'half days per- k1logram fresh wetght at temperatures between 2.2- 4 4°C
At the term1nat1on of the cur1ng, hams are soaked for ‘one to: three
- hours to remove excess cur1ng m1x, scrubbed and. a]]owed to dry The f'i
H.hams are’ then smoked at 32.2°C. to a dark co]or, seasoned -and then aged-
-~ from f1ve to twe]ve months |

Many.researchersihave attempted'totreduce?the time.of-processtng,
and aging;dryrcuredrhams;’ Rogers_et.a1;‘(1965)?injectedwpancreatic'
Tipase]and papadh.tnto-fresh hams in an-attempt to accelerate rancidity
deue]opment.‘ They;reported,that“the;control1ham$fwere.préferred over; ._c
eniyme treated hams‘as they'were'regarded-too‘muShystO“be*acceptab1e
Cec1] ~and WOodroof (1954) reported that at twelve months ag1ng, hams

stored at 20°C had Opt1ma1 effect on weight 1oss, salt concentrat1on,



_}co]or of fat and 1ean as we]] Aas: the deve]opment of typ1ca1 dry cured

| v-flavor‘ -Ske]]ey et-al (1964) stated that very acceptab]e hams may be‘

"produced w1th 1ess shr1nkage by temper1ng at 18°C “for 2 weeks and thensd
rag1ng for 12 weeks at 35° C and 60% hum1d1ty v Montgomery et a] (1976)d'
_found that sk1nned hams had h1gher salt concentrat1ons at every per1od7‘
and 1ocat1on than d1d the unsk1nned or natural hams
A typ1ca1 commerc1a1 process was descr1bed by Stadler (1978). _
‘ASa1t1ng was- conducted at 4°C and a hum1d1ty of 90% for: 40 days, sa]t
', equilization .of hams at: 10-15°C and755-60% hum1d1ty'for.20vdayssand
“aging at 279C~and,55e60% humidity_fOrASO‘days;'anefentirecurjngk
_process was 90~days};‘Chfistian (1977)”de§cribedffn gneat;]engthTthe ,
acceptedtmethods’fon Cuningéggging;and‘smokingdoffdry—cUredvpkoducts,n
* The USDA has placed strict defi»rﬁtjqns?on what idy be classified
'Country—cured JDry-cured'and:C0untry Style Hams5(Mussman,v1977)Q For
~hams Tlabeled Country= -cured or Cou]try Sty]e, sa]t ‘equilization: time is
45 or more days and ‘total t1me for cur1ng, salt equilization and dry1ng '
is not Iess.than 70 days. ‘For hams 1abe1ed "dry cured",'salt equa11-r
}zation is:45~or more days and total t1me for curing salt-equalization
‘andxdnying is notblessrthanv55 dayssszhe weight of the finished hams;

vmust,be«at least 18 percent'1e55'than theufresh7uncured weight.

~*kSod1um Chloride
Sod1um ch10r1de 1s the most 1mportant 1ngred1ent 1n cur1ng mixtures

a»for meats The@prtnc1pa1.funct1on of salt-is to 1nh1b1t«the growth of



Z'm1croorgan1sms by 1ncreas1ng osmot1c pressure and reduc1ng water act1v1ty._

»’fIt 1s part1cu1ar1y 1mportant that the d1ffus1on of salt 1nto the t1ssues '

 be un1form and at an adequate level to ensure 1ts preservat1ve propert1es;x

 The rate of diffusion is governed by temperature and concentrat1on

’.~jgrad1ent The sa]t uptake- 1s 11near w1th t1me and proport1ona] to br1ne w

,;'strength (wOod 1966) The opt1mum temperature-for‘salt penetratlon L"

' -must be h1gh enough to a11ow sa]t to d1ffuse rap1d1y and suff1c1ent1y

o 10w enough to reduce bacter1a1 act1v1ty A temperature of 2°C + ’13Eis

’ often recommended (M1]1er and Z1egler, 1936a 1936b) Concentrat1ons
'Vbelow 5 5 percent sod1um ch]or1de resu1ts 1n reduc1ng the preservat1ve

"veffect.of:sa1t (Urbamn 1971) v Bu1man and Ayers (1952) reported that

:: varying degrees of bacter1a1 1nh1b1t1on were shown 1n samp]es conta1n1ng ) :

- 3.5 to 4. 4 percent sod1um ch]or1de, and ‘no spo11age was detected after
28 days of 1ncubat1on w1th salt concentrat1ons exceedlng 4 4 percent

| Spo1]age in- dry cured hams usua]ly resu]ts when e1evated tempera-
o tures are ‘obtained before the salt d1ffuses and equa11zes throughout the
t1ssues- Haynes and»Schm1tt (1956) reported~that a great dea] of
variation ex1sts 1n sa]t concentrat1on in hams treated s1m11ar1y .The' -
vm1dd1e port1on and the back of the ham had the 1owest concentrat1ons but -
.w1th 1ncreased ag1ng these areas beg1n to 1ncrease Ain salt concentra-
' t1ons | | - o | |
Ockerman and: Organ1sc1ak (1978) reportedgthat tumbling {ncreasedfthe'

migratmon.of sod1um.ch]or1decas we]]vas;thelother'curing_components-in -



~hams. The‘increased-cure‘movement'may be due to‘the,impacteenergy on

the muscle tissue dur1ng the: tumb11ng treatment Krause et al. (1978)

. related that in norma] cur1ng pract1ces cure m1grat1on 1s due to osmot1c

t,pressure. When hams are tumb]ed .the d1str1but1on of cur1ng 1ngred1ents
»are affected by osmotlc pressures and-a]so by the movement of musc]e
 tissue due to tumbllng and by the d1srupt1on of the sarco1emmae : The‘
‘;d1srupt1on of the sarcolemma reported by Theno et a] (1976) enhances
-the m1grat1on of cure 1ngred1ents between musc]e f1bers and bund]es

- and 1nto f1bers w1th fragmented sarco1emmae, resu1t1ng 1n a more un1form'f

o and rap1d d1str1but1on of cur1ng 1ngred1ents

K1moto et a] (1976) and Pr1ce and Greene (1978) found cured flavor -

0 to be: obta1ned w1thout sod1um n1tr1te as 1ong as sod1um chlor1de was

'”-present 1n the formulat1on of the cure Ke]]y (1965) found. aged flavor
“to be h1gh]y corre]ated to sa1t1ness B]umer (1954) reported that;a
m1n1mum'of fourfpercent sodaum,ch]or1de‘was‘necessary foradesirab]e aged

flavor.

- Sugar is traditiona]ly addedvto~the-curing mixtures of dry cure_
-‘ehams. It is added to~reduce the»hardeningﬁeffectrproduced by Salt?
(Lewis, 1937), enhances and deve]ope.flavor (Mi]islet‘a1t ]960;'Bradyui‘ 3‘ 
et al. ]949)'andlfnduces‘initia]rdehydratfon:(tallow, 1947). | |
| Brady et;a1. (1949) : reported thatffor-the‘long-curedvhams, sugar‘}

had Tittle or no effect on chemistry and flavor and that there was no-



";,ev1dence of detr1menta1 effects of sugar when added in. reasonabTe

”:T‘amounts They found that sugar was 1mportant 1n reduc1ng the 1n1t1aT

Xtmo1sture content CaTTow (1932) stated that sugar acts as a dehydrat1ng71
agent and that. un11ke saTt once water is. removed it cannot be repTaced
‘The Tiquid. sugar comp]ex may be held between muscTe f1bers and may
exp1a1n the softer texture observed as compared to ham w1th no added

» sugar,., | ' | |

M1TTs et al. (1960) found that convent1ona1 short term sugar cured

'*'thams had no change 1n f]avor or coTor 1n contrast to ‘the no. sugar cure

o vThey ‘also reported that 22 7= 34 0 k1Tograms ‘of sugar per 378 54 T1ters

_ of water 1s the threshon TeveT for detect1on of sweetness at 108%. pump gﬁ

Th1s is usuaTTy more than the concentrat1on used 1n commerc1a1 pract1ce SRR

Sod1um N1tr1te

The or1g1n of the 1ntent1ona1 use of n1tr1te and n1trate 1s Tost 1nf}""yd'°

7h1story, but it ds. certa1n that the use of saTt to preserve meat pre---

“ceded the 1ntent10na1 use of n1tr1te and n1trate Meat preservat1on wasflﬂ‘;"‘:

o \f1rst pract1ced Tn;the sa11ne deserts of As1a Tong before the Chr1st1an o

»e‘ These desert saTts conta1ned borax and n1trates as: 1mpur1t1es

E The red- coTor 1nd1cat1ve of cured meats was not documented untiT Tate

Roman t1mes of the Tst Century A. D (%lnkard and KoTar1, 1975) There- =

t‘fore, the add1t1on of n1tr1te to cured meat occurred by acc1dent as an

4

T’;T'1mpur1ty 1n the sa]ts It TS common pract1ce today to 1ntent1ona11y add' _f‘i' B



'n1tr1te as a separate 1ngred1ent 1n order to obta1n the trad1t1ona1
*j,cured meat coTor R o v | : _ , | |
| HaTdane (1901) reported that pure saTt (sod1um chTor1de) d1d not

-f,produce the trad1t1ona] coTor of cured meats He 1nd1cated that the

- :icoTor was 1n1t1ated by nwtrates present as contam1nants in unpur1f1ed

fsalt Lew1s (1937) and Kerr (1926) stud1ed the use of n1tr1tes As;a@v,f

V'a'result of the1r f1nd1ngs the USDA Bureau of - An1maT Industrles 1n1t1ated

7.str1ngent regulat1ons for the use. of nitrites and the Food Safety and
1}Qua11ty Serv1ce of the USDA cToseTy regu]ates and mon1tors the use of
’a‘fn1tr1tes today L1m1tat1ons are. pTaced on use of n1tr1te in spec1f1c f

»meat'products Current]y, processors of dry cured meat products use -}'

’””*fTuctuat1ng amounts of nitrate and/or nitr1te The recommended 1ngo1ng f: S

&"Tevels are. TOO ppm n1tr1te and 300 ppm n1trate (Meat Process1ng, Oct

. 1977)

The funct1ons of n1tr1te 1n meat cur1ng 1nc1ude (T) deveTopment

Fjiand stab111zat10n of the "cured" color in the t1ssues, (2) to contr1butef,;,f

v 1#fpto the character1st1c fTavor of cured meat, (3) to retard the develop-"

| ment of ranc1d1ty,‘(4) to 1nh1b1t the growth of severa] food spo11age
‘ m1croorgan1sms “

The color of uncooked cured meat is. red p1nk wh1ch cons1sts

.i3pr1mar11y of n1tr1c 0x1de myogTob1n (NOMb) The denatured p1gment

~"mtlr'osomyochrome 15 respons1bTe for the p1nk coTor of cooked cured meat o

. i(Rust and OTson, T973) These "cured" colors are a resu]t of a serles

’&iofpchem1ca1-react1ons, the exact'reactlonzof wh1ch’are st1lT not



1

o‘understood The add1tlon of sod1um nitrite (NaN02) to the sT1ght1y ac1dg7r}

‘Th”env1ronment of - post r1gor meat (pH 5.4) is estab]1shed between the

“lv1onlzed salt. (Na + NO2 ) and the un1on1zed n1trous ac1d (HNOZ) The

"‘vnItrouS'ac1d then decomposes_to;njtr1c oxndeg(NO)awhmchvthenureactscwtth o

‘severaTﬂpigment.COmponents to form thefcured"coiorx(Bard‘andJTownsend,_”»-
e
7 N1tr1c ac1d is formed from n1tr1te by reductants in the meat (Mac
7';?Douga11vetra1 1975) and is. comp]exed with ox1d1zed ngments pre-v v‘.l‘
_-idom1nant]y metmyog]ob1n Consequent]y, the n1trosy1metmyogiob1n (brown)if

- is reduced to n1tr1c ox1de myog]ob1n (red) The react1on of myogTob1n :»f
| _w1th n1tr1c ox1de 1s such that the n1tr1c ox1de rep]aces the water .
-attached'to-the jron,In?theuheme;portﬂon=of,the»myoglob1n-molecuTe: TTheif"
oxidationﬁetate offtheriron~ie thevSamef(i e‘:Fe ) for myog]ob1n, | |
”.n1trosomyog10b1n and n1trosomyochrome The cooked cured pagment n1tro+eek

’:esomyochrome (plnk), 1s formed upon the add1t1on of heat wh1ch resu]ts dn o

~the denaturat1on_of the g]ob1n port1on of the moTecuTe Lee and Cassens S

',(1976) have reported that heated samp]es conta1ned tw1ce as much n1tr1c ?f?

: ox1de than unheated samp]es.\ The gToan portﬂon'was 11ke1y’detached

v‘from the: myog]ob1n by. heat1ng and two s1tes were made ava11ab1e for the 5?“

- ,;b1nd1ng of n1tr1c ox1de thus 1end1ng more stab1]1ty to the cooked |

_i cured p1gment f |
The relat1onsh1p of n1tr1te to cured fTavor was exam1ned by Cho andf}

' J:aBratzTer (1970) who compared pork Tong1ss1mus dors1 roasts cured 1n



12___

: 'jbr1nes w1th and w1thout n1tr1te They reported:thatvthernitrite—

';;:-tconta1n1ng samp1e was Judged to possess a\more d1st1ngu1shab1e cured

f-f]avor Wassermann -and. Ta]ley (1972) reported f]avor preference for
,frankfurters w1th n1tr1te over those w1thout n1tr1te when. neither were

1esmoked when frankfurters were smoked no d1fference was detected

‘between untreated and n1tr1te treated franks Mottram and Rhodes (1973) S

';.“showed that as n1tr1te levels 1ncreased an a]most 11near increase in

B “the 1ntens1ty of bacon f]avor was found up- to 1500 ppm Brown et al.

’ "n(1974) showed that hams processed w1th 91 ppm n1tr1te had more cured

b;'flavor than untreated hams and that there was no 1ncrease 1n cured

"~fiff1avor 1n hams processed w1th 182 ppm n1tr1te Kemp et a1 (1974) a]so

'f conc]udes that sod1um n1tr1te 1s needed to produce the typ1ca1 f1avor a’f""
Vfassoc1ated with dry-cured hams v |

However, many researchers have a]so found that acceptab]e qua]lty

r.,thams and be1l1es cou]d be produced w1th sa]t and sugar on]y | Mottram»~'

‘"eiand Rhodes (1973) and~K1moto»et a1 (1976) conc]ude that sa]t is a maJor —

‘ acontr1butor to bacon f]avor, w1th a 1ess 51gn1f1cant effect due to the Lo

?1'add1t1on of sod1um n1tr1te Eakes and Blumer (1975) found no stat1st1caTE_i‘f”w

'-;d1fferences in f]avor between n1tr1te free and n1tr1te conta1n1ng samp]ese_v*ﬂve

vﬂf'of dry cured hams Kemp et al (1974) reported that h1gh1y acceptab]e

"*Aedry cure hams could be produced w1th salt and sugar a]one Prev1ous

difstud1es by L111ard and Ayers (1969) Hall et al (1962) and Kemp et a]

'ff(]961) have demonstrated that the deve]opment of the dry-cured ham



: f1avor is. accompan1ed by an 1ncrease 1n sa]t concentrat1on as wel] as

"'-ox1dat1on of fatty ac1ds and prote1ns Pr1ce and Greene (1978) report

:~“that a "cured" f1avor may be atta1ned w1thout the use . of sod1um n1tr1te.
5. as 1ong as sod1um ch]or1de (NaC]) 1s 1nc1uded 1n the formu]at1on.

| Nitrite a]so funct1ons in the preservat1on of meat products by
J’5<1nh1b1t1ng or prevent1ng the growth of food sp011age and po1son1ng

- ‘m1croorgan1sms Buchanan et al. (1972)ﬁreported\that;Staphylococcus

3:¢aureus growth is 1nh1b1ted»by nitrite levels permitted~infcured'meats
'}Greenberg (1972) showed that sod1um n1tr1te 1nh1b1ts tox1n format1on of

,C]ostr1d1um botulinum 1n canned cured meat Greenberg stated that 1t

’rkwas the 1eve1 of n1tr1te at the t1me of manufacture, rather than the

res1dua1 n1tr1te concentrat1on that was a key factor in 1nh1b1t1on

Tompk1n et al. (1978) suggested that n1tr1te 1n the form of n1tr1c ox1de_,“

,reacts w1th a cat1on dependent mater1a1 w1th1n the germznated botu]1na1 '

vcell and b]ocks a metabo]1c step that 1s essent1a1 for outgrowth

'5-;}Roberts (1975) showed that in. heated products the growth of . surv1v1ng

;:Ubacter1a 1s contro]led by the 1nteract1on of several factors wh1ch

?'.1nc1ude pH sod1um ch]or1de, storage cond1t1ons and sod1um n1tr1te

"-, Shank et al (1962) demonstrated the ant1 bacter1a1 effect of n1trous

E ac1d in- both vegetat1ve bacter1a1 ce]]s and spores Sauter et al.

‘(1977) reported that the recovery of Clostr1d1um perfr1ngens spores in

4'fcured ground pork was s1gn1f1cant1y reduced by the use of sod1um n1tr1te;*
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The safety of the use of n1tr1tes 1n meats has been quest1oned

“‘f};The safety controversy centers around the format1on of certa1n n1tro— ;ifd

figsam1nes wh1ch may be carc1nogen1c N1trosam1nes are formed when n1tr1tes S

gareact w1th secondary, tert1ary and quaternary ammon1um compounds Th1s ,i.‘

,-?react1on takes pTace in cured meat products that are subJected to eTe~ 4?

”:fhvated cook1ng temperatures such as bacon and dry cured ham sT1ces

"ﬁngract1caT]y all. stud1es 1n the Un1ted States on the format1on of n1tros-_

"i?aam1nes have been conducted w1th bacon wh1ch has been subgected to fry1ng

{for 3 n1n on a 51de 1n a preheated eTectrlc frypan set at 172°C, (K1moto g

;_vet a] 1976) The Newberne report (1978) 1nd1cated an 1ncrease in

' 'l1nc1dence of tumors 1n expertmenta] an1ma]s as a result of supp1y1ng

fthem w1th n1tr1te The carc1nogen1c1ty of n1trosam1nes and n1tr1tes

‘:fifound 1n common foods and the1r subsequent consumpt1on by humans haves

-;yet to be: proven There is a trend however, to reduce even further RSN

lrpthe 1ngo1ng Teve]s of sod1um n1tr1te 1n many products espec1a11y bacon

f»‘_;and dry- cured hams (Lech0w1ch et al. 1977)

‘T*N1tr1c 0x1de Gas - (NO) | | | |

' N1tr1c ox1de (NO) has been 1mp11cated as an effect1ve agent 1n

ﬁfform1ng the red co]or of cured meat as early as 1901 by J S HaTdane
:“;Many researchers have s1nce eTuc1dated the many compTex react1ons in
:rdwh1ch 1t pTays a. roTe Most of these 1nvest1gat1ons 1nvo]ve the react1ons§d’f

v:-of n1tr1c ox1de as 1t 1s evoTved from e1ther n1trate or n1tr1te sa]ts
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" The use of nitric‘oXide7gaS'however-has not’beenfstudied:as”eXten51vely;f
1 Patents for the commerc1a1 use of n1tr1c ox1de gas were ass1gned to

’Sw1ft and Co. in- 1959 and ]960 to R A. Harper. Harper S patent

_ 1nvo]ves the use of n1tr1c ox1de Ain the gaseous form or aqueous so]ut1on7» .

to 1nduce cured color in comm1nuted meats He reported that nitric
: ox1de produced a cured product equa] to or better than that produced

',_under convent1ona] methods us1ng n1trate and n1tr1te sa]ts where color
. deve]opment and co]or stab1]1ty are cons1derat1ons “In convent1ona1
,:cur1ng methods, the trans1t1on of cur1ng sa]ts to n1tr1c ox1de is

l1ncomp1ete and the presence of ‘met. (brown) p1gments may resu]t 1n a

‘,-vdu111ng of the br1ght red cure. co]or that wou]d resuit 1f the p1gments

. were«not converted‘completely to n1tr1cvox1de-myog]ob1n‘ In th1s method

- of cur1ng, all of the p1gment shou]d be converted to cured color. The;
nstab111ty-of color in the,nitr1c-ox1de gas treatmentvwas.reported’tO'be o
jaffected']fttle"by‘1ight‘and~oxygen;p,Harper'states~furthér"that whi]ep;h”;
-nitric'oxide:gas/is»not,harmful to ‘the meat, atéreeninggof”the meatvmay
resu]tfif-nitriC~bX1de*comestinto COntact'with afrhresuTting,in the
ijrmation‘of nitroéen dioXide.: The'green‘color:of the meat“does~notd
eirender jt inedible. Neverthe]ess, the green1ng is h1gh1y obaect1onab1e
| for aesthetic reasons.. Therefore, cur1ng with n1tr1c ox1de must be - ‘
scarr1ed out in the absence of oxygen » o R
J L Shank (1965) a]so of Swift & Co., patented a process for the .

use’ofﬁnitric oxide,jn 1mpart1ng»a.cured color to-s1Tcedabacon.' The
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vchem1ca] pathways -of. n1tr1te and n1tr1c ox1de may not be the same Thev'p

o cooked cured . p1gment s a resu]t of n1tr1c ox1de myochromogen in. wh1ch

Vf’the g]ob1n fract10n of: the n1tr1c ox1de myog]ob1n has been ‘heat -
'-denatured. In the n1tr1te cur1ng system, the cooked cured co]or cannotrb'
be formed in. prev1ous]y denatured or cooked meat However, when n1tr1c :

daox1de gas is brought into- contact w1th denatured meat a cooked cured

v,‘vcolor results

: Mohler (1973) reported that 1f oxygen 1s comp]ete]y exc]uded and
,myog]ob1n is brought 1nto contact w1th n1tr1c ox1de n1tr1c oxide ,‘,'~i"
| myoglobin: is formed when excess n1tr1c ox1de 1s removed w1th n1trogen

"(N ). the p1gment 1s re]at1ve1y stab]e to ox1dat1on

_Ranken (1973) found that wh11e the Sw1ft patents dea1t cons1derab1y¢3'

w1th co]or format1on of n1tr1c ox1de cur1ng, ]1tt1e attent1on was glven 1[-

"res1dua1 n1tr1te stud1es He reported that no res1dua1 n1tr1te cou]d be
~detected in pre- 511ced bacon processed in. the manner descr1bed by Shank :
' Ranken attempted to app]y nitric oxide cur1ng to large p1eces of meat

,and found that the t1me needed to penetrate 1nto a 10 cm cub1ca1 b]ock

of meat requlred 24 hours exposure to a A% v/v‘n1tr1c;OX1de.1n»n1trogen'~=d' |

“in contrast to five m1nutes.at‘the.same concentration;required for the
4mm slice of bacon. He also found that:it:was necessary toadncrease?the_f

-'gasyvolume“and'therefore'the7total*quant1ty-ofhnitric~oxidemin contact

with the larger pieces of meats**RankenasuggeSts'thatijt may be pbgs;b1é‘;‘i

to reduce the contact time through the use ofnmechanical1agitationjin T



- the presence of n1tr1c ox1de, as wou]d be poss1b1e 1n a spec1a]1y |
f.;mod1f1ed tumb]er | | | B : A 7‘, o
 J. L. Shank ('1.9.62-)- stated that nitric -oxiaé‘}gas‘t has no effect on
'rbacterta, but that the nitrous acid product of hitriteﬁisbmaihly'b

“responsible for,the-changes'that~OCCUr‘in-the-bacteriaT flora of curedg

-~ meat.

~Tumbling

The subJect of tumb11ng has rece1ved cons1derab1e attent1on recent1y~-~’ o

'among manufacturers and researchers in the meat 1ndustry Tumb11ng
- involves the process where whole: musc]e chunks are- placed in a revo]v1ng
'e-drum wh1ch conta1ns baffles thereby 1mpart1ng "1mpact energy" to the r"’v
bb-meat-(Theno, ]977) Th1s is: accomp11shed by 1ett1ng the meat fa11 from
;ﬂ*the upper5portidn-of the drumvor by>str1k1ng»the~meat chunks'wwth the‘

 baffles. The pr1mary funct1on of tumb11ng is to extract enough prote1n o

o so that the meat chunks bond when therma]]y processed y1e1d1ng a 1arge

~piece wh1ch-1s homogeneous 1n~appearance Opt1ma] product1on w1th

| tumb]ers 1nvolves prov1d1ng 1mpact from approx1mate1y 1 meter at 16 20

rpm- (WOolen 1971) Others. reported that there are three ma1n funct1ons FE—

- of: tumb11ng, wh1ch 1nc1ude the d1str1but1on of the br1ne solut1on
:throughout the meat thereby 1mprov1ng cure un1form1ty, acce]erat1on of
"cure.t1me,.and bring the_sa]t so}uble protetns;to.the-surface of ‘the

,meat‘thrOugh‘the'additiOn of the saitvjn conjunetibh with the tumbting,"
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action (Schmidt '1977'*Anon'v1971) There are many var1at1ons in |
'»tumb11ng methods such as vacuum tumb11ng, raptd tumb11ng, 1nterm1ttent..

tumbling and: comb1nat1ons of each, in add1t1on each var1at1on has

d1st1nct advantages and d1sadvantages to the processor However, the e

u'three main funct1ons of tumb11ng out11ned prev1ously are of pr1mary _f‘
“concern (Anon. 1977, ~1978) . Theno (1977) reported that massag1ng 1s a
less r1gorous process than tumb11ng and 1nvo]ves fr1ct1ona1 energy
rather than impact energy to extract the salt soluble prote1ns ‘Bothf.
dprocesses realize s1m11ar results and advantages. |

Theno et al (1978) stated that. after four. hours of massag1ng f1ber

' d1srupt10n became ev1dent and that th1s effect was more pronounced in.. '

the presence of salt;, Cassidy (et al. 1977) reported that tumb}tng
caused{afsignificant_1nerea3e'1n celiumembrane-dtsruption“in both -
~ surface and.deep‘musclevregionstin 3*hours.of conttnuousttuub]ing;v
Tumb]ing“a1so.resu]ted in-deereasedvclarity'of striatiOn.patterns in
deep muscle. _ i‘ |

.Siege] et al (1978);reported.that withvthe.disruptiOn of the o
endohysium and sarcolemma,: a fat anddprotein.exudate is reTeased.
. _According to Rust and Olson (T973) the protein exudate may act as a -
sea]er, when the protein is denatured dur1ng therma] process1ng The_v
addition of salt: 1ncreases the extract1on and so1ub111ty of act1n andv
myosin wh1ch have been reported essential in- the b1nd1ng qua11ty of the

meat (Macfar]ane et a] 1977 Fukazawa et a1 19613 Samerma et al.
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1969 and Theno et al, 1978).-=Theno;et‘al.*(1§78) examined thetbinding
~reactions of cooked ham rolls that;had.been'massaged and,reported that:
~binding junctions frcm rol1s with sa]t ]eve]s‘of two percent'and greater
exhibited goodfbinding-characteristics. Siegel et a1t1(1978) examined
the-exudate of massaged hams for specifiC‘skeTetal muSc]evproteins. He
reported that the‘massaging process resulted in tremendous tissue |
destruction at the cellular level which in-turn aided in the extraction,
~solublilization, concentration~and disruption of the major myo-fibuiar
‘proteins on the surface as well astinterior‘of:thelmusc]e whdch in turn
aids in binding. He also reported that sa]tkin.conjunction‘with
~ massaging enhances the effect of t153ue destruction'atstheuce11u1ar
-‘flevels Ockerman~Etua1. (T978)1found that tumbling-for:thirty minutes o
»produced pqu tissues which.were softeand pliable with a tacky exudate
on the surface. | o

.,Oekerman and Organisciak (1978) found that tumb]ingVaction‘and.time,,
of tumbling increased~the migration of indivfduaf curing‘adjunCts as |
'»Well’as brine in purcine tissue - This effect became apparent at 3 to 4
hours of tumb11ng Krause et al (1978) found that as. a resu]t of the
d1srupt1on of the sarco]emma myog]ob1n from w1th1n the muscle f1ber was
‘more read11y ava1]ab1e to n1tr1te and an acceptab]e cured co]or was.
“deve1oped-more rapidly as n1tr1te was reduced to.n1tr1c ox1de There-'
fore,: Krause suggested that the amount of nitrite used may be reduced in’

: tumb]ed products without adverse]y affect1ng cured co]or deve]opment and'



20

that the time fequiredwfbr color;deVeldpmeht‘may bé reduced;-pKrause-et.
"aal. (1978)‘studied the.effeets of.fa£‘trim oﬁsthmbled hamé:and;found\'
that hams'trimmed'to.3mm10r less before~tumb]ing/had beftef,yie1ds5»
| ihdicating mbre'ﬂniform»distribution of curing inQredients. jThis‘is in
1agreemeht with Wood (1966) who,sUggestéd that the,diffusioh]of’sa]t -

through.adiposevtiséue is restricted.



© EXPERIMENTAL DESIGN

 The study consisted of three different»Segmeﬁts and:afcontrol. The
first segment involved the use of 50*Ppm,1‘ngo1‘ng*1eve]s.Of:NaNO2 used
in conjunction with tumbling. The secondvuti]ized‘100vppmvNaNOZ'ingoing»,-
in conjunction with'tuhb1ingxand»the'thikd_segmeni ﬁhVéiVed the utiliza-
’ tion,of:nitric oxide-gasfasgéwcuring agénfftogethér with tumbling.
Controls were notthmbled-BUt:usedvthe cbkkésponding amouht df nftrite.'
vajective observations were madé as to,résidua],nitkite 1eve],fmoistureb
_.cohtent'and sodium.chjoride;¢bnteﬁi./;Subj9c£iveftaste~bahei éValuations

was done by’differehce‘and_préférence.

- Presampling Treatmentiand Handling

Twenty—four regular'(skﬁn-on)-hams weighing between 6;4‘and 8.4
kg’were.selected,at,a-]Qbal commercia]‘backer. They were randomly
divided into four groupg,‘six hams per group. Hams in each group'wére
'wéighed, skinned, boned,andntr%mmed,‘.Approximateiy.];Z cm of fat.wa§
left on the outside of eaéh ham. Most of the_shank;meatlwas removed.

Hams weighed, on the avérage,’7;0,'7.0 and 7;5-kg'f6r the three groups
}fof‘hams, 50 ppm, 100 ppm ingoing nitrite and nitrfc oxide, respectively.

Boned average Weights wereﬂ3@7, 3.7 and 4.4 kg on a boneless yield

21
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lof'approximate1y”4w5 kg for alt threevgroups‘(Tab1e=1)r‘aMean bone1e55¥
~ham y1e1ds as expressed as-a percent green We1ght was 54 98% for in- curer”
v~hams and 32.57% for the hams aged ]4 days The mean boneless y1e1d as

. expressed as a percent of in- cure we1ght was 61. 79% after 14 days ag1ng

'Cur1ng Procedures :

After weighing boned hams three cur1ng m1xtures (Tab]e 2) were: madef:
-conswst1ng.of 13 ~85 7% granu]ated table gradevNaC1 4. 2% sugar and ]%
bsod1um n1tr1te to g1ve an 1ngo1ng ]eve] of 50 ppm sod1um n1tr1te, 23 o

‘_85.6% tab]e grade,granulaiedaNaC],;14,2%;sugar and;.ZAasodmumgn1tr1te'tolll
‘ine an-iHQOing»}evelaofl100fppm'sodiumrnitrite; ands3%‘3585%'tab1e'd
f grade granUTated5NaC]: ISA sugar and- 11% n1tr1c ox1de .gas- for cur1ng ;!
| ;w1thout sod1um n1tr1te Cure was app11ed at 5% of the boneless in- cure’“
we1ght. “The tota]gamount,of the:cur1ng 1ngred1ents-were»p}acedﬁ1n-thei.s,‘

“tumbler with the hams.

| Tumb11ng of Hams

The hams and tota] cur1ng 1ngred1ents were. placed 1n a sta1n]ess

stee1 research mode] tumb]er wh1ch conta1ned 3 baffles and measured 50

. mmin. d1ameter and 60 mm long - The" hams were. tumb]ed cont1nuous1y for 3d*r“

'.rhours at. 22 rpm at 21° C At the end of the tumb11ng process the hams
were p]aced in 229 mm x 813 mm pre-dr1]1ed Un1on Carblde clear f1brous

‘casings.. The cas1ngs were prev1ous]y soaked 1n warm tap water unt11
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Table 1

Mean Yield .of Boneless Meat & Trim from Hams-

Wt. (q) Ly

Green - 7174.17 ---

Boneless 4537.66 © 63.25
Skin + Fat 11420.17 19.79
Bone , 753.61 10.50

Lean Trim v 325.11 4.53
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Table 2

Curing Mixture

-Salt | Sugar‘ : NaNO2
85.6% 14.2% 0.2%
85.7% 14.29 0.1%

85.8% ©14.2%  10% NO gas
: . - in N gas
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'Aathey-were'supp1e~‘ One-hundred and‘fourteen mmftin can‘1ids"were,placed

"q_at each end. and hams were drawn t1ght1y in the cas1ngs 1n order to

aprevent air pockets The hams in casings were. then p]aced in a 4. 4°C

- (40°F) cooler for 12 hours so ‘that the cureg1ngred1ents.could«equa]qze.

_ Curing with Nitric Oxide Gas (NO)

- Hams. were:placed inethe-tumb]er with‘the~curingrmiXturevmadefup of__’""

-85.8% sa]t and 14.2% sugar added at the rate of 5% of 1n cure weight.

The tumb1er was then sealed ~ The 1ntroduct1on~of 10% n1tr1c ox1de gas. o

'v_1n n1trogen was. fac111tated by 2. sta1nless stee] stopcocks 1ocated on

'fthe Tid of the tumbler.

The tumb]er w1th hams and: cur1ng 1ngred1ents 1ns1de was subJected =

-(508 mm) 20 1nches of vacuum The tumbler was: then back filled w1thh"

NO gas to a pos1t1ve pressure of (254 mm) 10 1nches e |
The hams were- ‘then tumb]ed cont1nu0us]y for 3 hours and then .

treated in the same manner as. the other groups.

'~Smokehouse Schedu]e
| Hams were processed 1n a Vortron Mode] TR~ 2 atmospher1ca11y con-

>.tr011ed smokehouse The or1g1na] smokehouse schedule 1s outl1ned in

’f‘Tab]er3 The. hams were cont1nuous]y smoked for four hours in the th1rd{{‘:5"

'and fourth stages of the cyc]e “The end poxnt of the cook1ng process
‘was determ1ned by an 1nterna1 temperature of 65. 5°C (150°F) as shown in

Tab]e_3.
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Table 3

'vSmokehousechhedu1e

. | : . ~ Relative Humidity
- 'Dry Bulb (°C-°F) ~ Wet Bulb (°C-°F) Time ’ (%) '

go°c (140°F)  off  1hour -
60°C (140°F)  46°C - (115°F)  1hour 40
65.5°C (150°F)  48.8°C (120°°F) 2 hours 40
76.7°C (170°F)  54.4°C (130°F) 2 hours 30

82.2°C (180°F) 60.0°C (140°F)  internal temp. 30
T RER © 65.5°C (150°F)
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Hams -were then: removed fromfthe smokehousevandup]aced in a 4.4°C
(40°F) cooler for 12 hours in brderlto'ch] the hams. The_gverage

1nternal temperature;at the end of the 12 hours was 13°C (55°F).

Aging Procedure

Hams weré'placed;in_an'énvironment311y controlled cooler for a
period of 14 days. The relative humidity wastmaintéined atIGO%. The
‘v cooler temperature'Was«maintatned ét 15.5°C (60?F)“to_21.]°C (70°F).

~The internai'tempehaturetof-theihaﬁs'Was~honit6red‘at’4'4°c (40° F) at
the initiation of aging to 15. 5°C - 60°F 1in the later stages of ag1ng

Hams were: then removed we1ghed eva]uated and samp]ed

_vSampliﬁg Treatment
Hams were cut into thirdéland tw6 1/2,inChfslices were”takeh from - |
each third for-séhsohy and chemita] eva]uation |
It was noted at th1s time that extens1ve m1crob1o]og1ca1 activity
had occurred in the internal port1on of the hams where ‘the Tean surfaces :
~came into contact. The internal areas'showed a green huerand a gap

between the tissues .indicating gas production.

: MicrdbioTQgical Evaluation

Swabs were taken from the interior portion of the hams and incubated

for 48:hours in Trypticase de.Brdth with the addition of 3% reagent
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grade NaC1. After the 1ncubat1on period, samp]es were. stud1ed under

phaSe‘chtrast m1croscopy.. Long and short s1ng]e ‘and cha1n th1n rods o
'we%eﬁobseryed.e Semp]es were taken from.the»Tryptwcase Soy;Broth~and.3£
NaCl and placed fn APT broth plus 3% NaCl in order to'ana]yze for‘the

. presence of Lactobacillus (Johnson and Elliott, 1976). Samples were

incubated for 24 hours and showed profuse growth and film formation.
Samples were taken from fhe APT'broﬁh plys 3% :NaCl for'gram}stain
evaluation. ~The gram stain evaluation showed a mixed culture of gram':'
positivevrodeeinesubstant1a1,numberS'a1ong with~1ow.numbefs,of'gram vaf
‘negative cocci. 'Thevmicrobioiogical,eCfivity»on theeinteriOr portion of |
~the hams, indicated a microaerOphi]e; «Greening-ismindicatiVe of a |
v7cata]ase-posifiveamicreorganism (Frazier, 1967). Sa]tvCOnfent‘of-thef
‘hams was}4%'and;in*addition,*the hams were subjeciee to'e1eVa;ed tempera-
tures which indicate a salt and Heetrtolerahtvmicroorganfsm,.-Hetero—‘,’.
‘.fermentative TaCtobaeil]i'are gram.positive:rodsiwhich'erefee]t tolerant,
.micrdaerophilic,;thermoduric,and-catalaSe-positive; In addition;'hetero-
fermentative ]aetdbaciili,areegas producers. This'wouldﬁekelaih the
~ rupture in the interior of the hams. |
| A .1 ml sample wae taken from the APT broth'pius‘3%vNaC1 and
streaked on APT agar p1us 3% NaCl,. incubated at 31°C for 24 hours in
order to generate a fresh viable cu]ture At thefterm1nat10n of
incubation on APT_agar p]us 3%’NaC1,Aa,1oop of'the cu]tukeJWas pTaced in |

APT broth plus 3% NaCl and incubated for 24 hours at 31°C. A thermal
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. .
- death time study was prepared. : Test tubes conta1n1ng APT broth p]us 3% js
'NaC1 that conta1ned the 1ncubated cu]ture were placed in a water bath at
68. 3°C (]55°F) for 5, 10, 15, 20, 25 and 30 m1nutes Samp]es were
‘removed at-each 5 mlnutev1nterval for:evaluatJOn A]] samples were done'
in triplicate. Samples from each 5 minute interval were streaked’on APT
agar plus 3% Nac] and 1ncubated for 24 hours at 31°C in order to monitor
‘ growth 7 | | | ‘
AN plates at 68.4°C (155°F) showed growth;“eThe'same procedure Was
}'repeated‘at a water,bath-temperature of 71.1°C (160°F). - The 15 minute'
interval showed no growth for a]T thfee»p]ates

The smokehouse procedure was then altered so that the endpo1nt of
“the schedu]e was marked by an 1nterna1 temperature of 71.1°C (160°F)
' for a duration of 15 minutes. - Ag1ng and samp11ng procedures,were not .

changed_from that outlined previously.

Analytical Procedures

Three one~ha1fvinch slices. from each»hamfwere-ground three‘timesv
and mixed thoroughly. Samples were then taken fer.each chemical deter-
minatioh. »

The procedure outlined in the 12th edition of the AQAC for moisture
determination in meat and meat products was followed. Salt and nitrite
determination was done according to methods»outlined.in the USDA

Chemistry Laboratory Guidebook.
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+Moisture Determination

Two grams of material were weighed and allowed to dry for 4 hours
in a Precision-Scientific convection oven (Model 625) at 125°C. Samples
were cooled in a desiccator and weighed. All samples*were'done in

triplicate.

Salt Determination

Analyses for sa]tvwefe done by the USDA Chemistry Léboratory
Guidebook Methods (1971). A 3 g + .05 sample fromveach.hqm-was treated
with .100 N AgNO3 solution, then wet ashed'with concentrated HNO3. The

, excess_AgNO3 is back-titrated with .100 N-NH4CN Sﬁso]utfon. Ferric
ammonium sulfate, (FeNH4(SO4)2-12H20) was used as an indicator. Samples

were done in triplicate.

Nitrite Determination

Analyses for nitrites were done according to the USDA Chemistry
Laboratory Guidebook Methods (1971).

A 5.0 gram sampie from each ham was pléced‘in diStf]]éa«water ahd.
heated in a water bath. Samples were filtered and a 25 ml q]iquot*was »
treated Qith Su1fahj1amide énd NED. Color wés;a11owédff6 déVéﬁop aﬁd
optical density was read @ 540 nm with a Perkin-Elmer, Coieman Model 124
double beam, grating'spettfophotometer; Résu1t5vwére'¢omﬁared with a-

standard curve.
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~Nitric Oxide Determination

'v Nitric oxide gas (NO) concentration was determined with the use of
a Fisher-Hamilton Gas Partitioner Model 28 equipped with a Fisher-
Recordal Serieé 200 Recorder.

Analyses of nitric oxide was pérformed by the method described.by'
Fisher Scienfific Company bulletin, "Separation of Nitrogen Oxides".

A standard curve was developed using-known amounts of nitric oxide
gas. Four predetermined levéls were used; 2.5%, 5.0%, 7.5% and 10%
nitric oxide withlthe_ba]ance~in nitrogen. The 10% nitriconide‘was
used, in conjunction with tumbling, as the "curing" agent.

A .75 ml sample of gas was injected into the gas partitioner. A
two column series-was used for the analyses. A coTumn:consiS£ing of 28"
x 1/4" glass tubingApackéd with 150/200 mesh Parapak "S" (Waters Assoc-
iates, Farmingham, Mass.) was used in the first position. It was
fo]Towéd by a composite adsorption.co1umn cohsistingvof,a 5‘ section of
inert packing Chromasorb P ]50/200»meshw(5upé1co, Be11efonte, PA), plus
7' activated molecular sieve 13 x 40/60»me§h'(Linde Co.);

The gaseous samples were first passed_thrOUtha trap held in dry
ice and acetone in order to condense and remove‘water vapor ahd nitrogen
dioxide. |

The peak area (area % height x width'at 1/21he1ght) was'hsed toA

determine final concentration of the 10% nitric oxide after tdmb]ing,



32

vOrgano]eptic Evaluatjon_

| Hams that had been cured with 50 ppm ingoing,sodium~nitrite,1100
ppm ingoing sddidm nitrite and 10% nitric oxide gas were'organo1eptiéa11y
evaluated by a 10 member taste panel. Members of the panel were chosen
on their stated preference for dry cured type hams..

Hams were rated on a 5 point hedonic scale witﬁ~1 being most
desirable and 5 being least desirable. Panelists rated- the ‘hams for
tenderness, flavor, saltiness and overall sat1sfact1on

Hams were also rated.accord1ng to pneference’us1ng'a.triangle test
in which the three cur1ng 1ngred1ents were compared to a commerc1a11y
processed dry-cured ham | |

The ha]f-1nch ham s]1ces were divided into approximately one ounce
pieces. The pieces were heated in an oven at.]49°Q;(300°F) for 15
minutes prior to se}vfhg. Samp]es.weré presented under red 1ight‘
conditions so that color would not influence decisions. Color was.

judged at the time of sampling by individuals familiar with meat color.



RESULTS AND DISCUSSION
The analytical values and taste panel scores were analyzed by
hierarchial analyses of variance for among and within classes. The

triangle-preference test was reported as actual percentages.

Preliminary Observations

Severe shrinkage was noted at the end of the two week aging period.
The hams were extremely hard and showed slight salt crystalffbrmation on
the outer portion of the casing. Cecil and-Woodrqof‘(1954);'Ske11ey et
al. (1964) and Montgomery et al. (1976) reported signfficanf weight
losses throughout the aging period, és much as»32% weight-1o§s gt 3
months, calculated on an in-cure weight basis. Hams for the three
» treatments}ayeraged 38.]9% shrink at 2 weeks from the&insqure:wéight.

The control (hon-tumbTEd) hams shrank slightly Tess, 36;26%;from the in-
cure weight. _ | | ‘

Theno et al. (1978) }epéfted-graés-phys{cal Ehanges %n muscle that
had been masSaged.: The 4 hour sample showed fiber disruption and deStruc-
tion of endomysial-sarcolemma sheaths. The disruption and frégmentationv*‘
~ of the mybfibril}results in the migration of ce11'contents,va major
portion of which is water along with fat and myofibular proteins (Theno

et al. 1977).
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Cassidy et aT.”(]Q?S) reported that three hOurféOhtinUous tumbling
caused deep tissue disruption. He also found that at the higher the -
cooking_fehpefatﬂre of 72°C (166°F)'more_d1$¥ubt{0n-was*obServéd.-

This disruptionvof muscle tissue may explain the differences in
percent shrink betwéen'thévCOntr01 (hOn-tumblédf and.the‘fumb]ed hams.

The control (non-tumbled) hams were irreguiar in shape, showed
excessive salt leaching and were mushy in certain areas and extremely
hard in other areas. In contrast, the tumbled product was more unifor-
mly cylindrical in shape, firm and dry to the touch.

Wistreich et al. (1960) noted that the higher témperatures in-
creased sodium chloride accumulation. The.degreebbf opened and closed
meat structure has also been recognized.as an important variab]e in cure
penetration (Callow, 1947).

Tumbling through the transmision of impact energy at ambient
temperatures may raise the temperature of-the ham enough to facilitate
the diffusion of salt. In addition, through'the disruption of muscle
tissueé]an open structure had been created thereby enhancing diffusion
of salt. This may account for the lack of diffusion of salt in the

control (non-tumbled) hams in contrast to the tumbled hams.
Chemical Analysis

Moisture

Mean values for percent moisture are presented in Table 4.
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Table 4. Mean values for % moisture

Treatment Y - ~Range ‘ S.D.
Control 51.70 1 51.36 - 51.94 0.2025
0.1% NaNo, 53.18 49.66 - 55.65 2.07
0.2% NaNOZJ 52,47 46.55 - 58.83 4.19

- 50.43 0.8374

NO gas 49.80 - 48.12

SD within groups 2.30
SD overall groups 2.56

F value 2.25 Not Significant
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Since all hams were treated similarly in respect to cooking and
aging, there should'be no differehces~expected. ‘The F test indicated
~ that there is no significant difference among the treatments at the .05%
level. | \

Cecil and Woodroof (1954) reported 51.4% moisture after 6 monthé
aging at 20°C (68°F). Montgomery et al. (1976) stated that hams that
have been skinned tend to lose weight more rapidly and that the skinned
hams lost more weight than the skin-on hams processed similarly.

The considerab]e weight loss of the hams in a relatively short 14

day aging period are in agreement with the results of Montgomery.

Salt

Mean values for percent sodium chloride afe shown in Table 5.

The F test indicated a significant difference among the treatments
at the P = .01 level. The level of sodium chloride administered to all
treatments was essentially the same. The method of applying salt to the
hams as well as the treatment was different. Hams in the control (non-
tumbled) groups showed the least salt uptake and concentration of the
treatments. Salt, sodium nitrite, and sugar were applied in the tradi-
tional dry cure method to the control hams. The hams were then placed
in the casing, heid for 3 hrs at ambient temperatures, and then

refrigerated at 4.4°C (40°F) for 12 hours.
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Table 5. Mean va]hes.for

% salt

Treatment Y Range S.D.
Control 3.27 3.00 - 3.74 0.2655
0.1% NaNO, 5.62 5.19 - 6.15 0.3673
0.2% NaNOZ_ 4.89 4,23 - 5.19 0.3610
NO gas 4.28 4,03 - 4.53 0.2320
Overall 4.51

SD within groups  0.312
SD overall groups 0.927

F value 60.91**
Significant at 1% level
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Weistreich et al. (1960)‘ind1cated that the rate of salt distribu-
- tion was dependent upon,tehperature. Temperatureé of 3, 18; 27, and 40°C
resulted in sodium chloride accumulation values (mg NaCl diffuséd/cm2
~contact area/24 hours) of 100, 112, 128 and 145 respectiveiy. Therefore,
the control hams, without the benefit of the tumb]ing,tfeatment’and
being refrigerated,<éXHibited'a'1arge amount of salt 1eaching and poor
salt penetration. vThiS'agrees with the findings of Ockermah'and ‘
Organisciak (1978) who foundvthat,the migration.bf'salt'fbr tumbled
tissues was significantly greater than that of noh-tumb]ed.tissue at 3
hrs of tumbling. | m

A Duncan'$~mu1tiple range test at the .05 level revealed that the
~salt content of the control group was less than the'éroupsfthat-had been

tumbled.

Nitrite

Mean values for parts-per-million residual nitrite:arq presented in
Table 6. The F test shbwed'absignificanf difference émoﬁg?the treatments
at the P = .01 Tevel. Nitrite levels were Tow for?treatmentsj1,<2, and_'
3. HoweQek; treatment 4, the nit;icAo§fde tfeatment;'Wés-Signfficantly
higher (39.5 ppm) than the others. With the exceptionfof the control,
color of the hams wés eXte]Téﬁt, showing?théf shffﬁ¢ieht;hitr%te had
been presént to allow nitrosomng1obin and-nitrosohemochrome formation.

The control, because of the,Tow concentration of curing ingredients
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within the ham, was grayish and very soft in the interior portion of;the.
ham. .

This is in agreement with the findings of Lechowich et al. (1977)
who reported that redness was greatly different between the fresh and
cured meat even at low levels of nitrite and nitrates when measured by
Hunter Color Difference. They also stated that in the absence of nitrite
and nitrate in the curing mixture, the salt Cured ham'éhowed less
redness than the fresh ham. The residual nitrite levels for all the
tumbled hams in this experiment were far below the present accepted
limits. Lechowich ét al. (1977) reported residual nitrite 1eveisvof
3.9]_ppm to 10.69 ppm nitrite in traditionally processed dry cured hams
at 14 days of étorage.» The hams were treated with 8% salt and 150 ppm
NaNOZ. |

Krause et a1. (1978) indicated that tumbling significantly increased
the migration of salt and nitrite and resulted in increased cured color
deve]opment,‘ Ockerman et al. (1978) also found that tumbling increased
sodium chloride and sodium nitrite migration and that in most instances
the difference became apparent at 3 to 4 hours of tumbling.

The 1ower'percentage of salt and residual nitrite detected in the
control indicate that withinﬁthe pargmetgrs of this experiment tumbling
increaéed the migration of curing ihg;ediénté;g This agfees with the
findings of Krause and Ockerman.

A Duncéh's m&ftip1e'rangé'téstrwasfperfd}méd td joééte différencés

between the treatments in relation to residual nitrite levels. The
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Table 6. Mean Vaues for Residual Nitrite (ppm)
in Control and Tumbled Hams

Treatment Y Range S.D.
Control 4,79 3.98 - 5.70 0.7138
0.1% NaNOzr 8.59 5.1 - 13.86 3.2435
0.2% NaNO, 6.53 3.12 - 9.17 2.5065
NO gas 35.93 22.82 - 41.42 7.5424
Overall 13.96

SD within groups 4.31
SD overall- groups 13.63

F value 60.91%*
Significant at 1% level




41

control, the .1% NaNO2 level and the .2% level were not significantly
different at the .05 level. The hams treated with nitric oxide gas
were significantly different from the other three treatments at the .05
Tevel. |

Ranken (1975) suggested that an increased amount bf nitric oxide
gas may be necessary when treating large pieces of.meat and that it may
be possible to induce cured color in meat by using.a_suitab1y modified
tumbler. For thfs reason, 10% v/v nitric oxide in nitrogen was used‘in
this expekiment. Ranken also reported that even‘thCugh gas penetration
may be increased through tuthing,_excess nitric oXide must still be
used and a residual nitrite contr61lméy therefore fesult.‘

Comparative data cou]d,not be found in the Titerature that related
specifica11y‘£o'réSidual nftrite’wheh nitric oXide'gas,iS"uséd as a
"curing" agent. Harper (1960) reported that nftric OXidevwas effective |
in producing cured colqr Wifh'1éss than 1*ppm nTtric'bxide in an aqueous
carrier. Hé did not report the formation of residual nitrite.

Nitric oxide gas was added to the tumbler after 20 inches of vacuum
had been attained. A positive preséure of 10 inches was then attained
by adding 10% v/v nitric oxide to the tumbler. -Ih-ordek to determine if
the pressure would change the concentration of the gas, a sampTe was
taken and analyzed fn the gas partitioner. No measurabTé differenées
were found. Hams were tumbled for 3 hours and at the_conc]usion, a

sample of gas was taken and analyzed for percent nitric oxide. Analyses
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of the nitric oxide gas after tumb]ing'of the hams shoWed less thah 2.5%,-
nitric oxide. This would indicate that the hams utilized at least 7.5%
- of tﬁe initial 10% nitric oxide concentratioh; 'AlthOUgh the hams
treated with nitric oxide gas shqwed a greater amount of residual
nitrite than’ the other treatments, the 35.93 ppm residué]'nitrite is
considerably below published values.

Lechowich et al. (1977) reported values for residual nitrite from _
4.75 ppm to 101.64 ppm in hams cured with 8% salt, 480 ppm ingoing
sodium nitrite and 1706 ppm ingoing sodium nitrate. 'This’éuring mix -
parallels some of those used by commercial processors. - At brésent,

there are no standards for maximum residual nitrites in dry cured hams.

Sensory Evaluation

The Statisticai sﬁmmary of the:dfganoleptic evalpapidn is=presehted
in Table 7. The F values were insignificant in all four catagories:
salt, tenderness, flavor and overall satisfécﬁion.t Each grQUp was in
the acceptable range of 3.

~ Even though ingoing levels of sodium nitrite\Were-be]ow_industry
norms, panelists rated the hams as being acceptable cured products.
This is in agreement with the findings of Price and Greene (1978) who
reported that desirab]e cured product flavor would still be produced

provided NaCl was included in the formulation. Eakes and Blumer (1975)
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Table 7. Statistical Summary for Sensory Eva]uatibna
of Tumbled Ham Products

0.1% NO, 0.2% NO2 NO gas

b o

Salt Y 3.0 3.0 2.9
Range 1-5 1-5 2-4
‘ SD 1.41 1.15 0.74
Tenderness? a 2.8 1.8 2.9
Range - 1-5 1-3 . 1-4
SD 1.14 0.79 1.20
F]avorb Y 3.0 2.4 2.6
Range 1-5 1-5 1-4
CSD 1.15 1.17 0.97
overal’® ¥ 3.1 2.1 2.6
Range 1-5 1-3 1-5
SD 1.37 0.74 1.07

8A11 scores based on 5-point hedonic scale.

b] = most desirable; 5 - least desirable.
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also found no statistically signifjgant,flavo(‘qifferences'between |
~samples treated with sodfuﬁ n%t;ite and.sam§1e§ztréatéd¥witﬁ;sa]f only.
The,trigng]e-preference test showedtthat,in a]]bthkge treatments‘
90% of the panelists were able t0“distihguish£the;éﬁbéfiméﬁtalVPrbduCt B
from the commefciai product. Thirty pércent of*the;pane115tsfpreferred
the experimental prodﬁét cdred?witﬁ Oﬁi% NaNbé; }Thirt& perceht‘of the
panelists preferred the eXperimehtal product cured with 0.2% NaNOZ.
Twenty percent of the paneliéts preferred thé experimenta] phdﬁdct cured

with nitric oxide gas.



SUMMARY AND CONCLUSIONS

The objectives of this experiment were to- determine if tumbling
could reduce the time required for processing boneiessvdry#cured hams.
In addition, lower ingoing levels of sodium nitrite or nitric oxide gas
were evaluated for successful uée in dry curing of hams.

Twenty-four regu]ar‘(Skin—on) normal quality hams weighing between -
6.4 and 8.4 kgs. were randomly se]ecfed at a commercial packing plant.
The hams were randomly divided into 4 groups of 6 each, 1, Control (noﬁ-r
tumbled); 2, Tumbled with 0.1% (50 ppm) ingoing level sodium nitrite§
3, Tumbled with 0.2% (100 ppm) sodium nitrite; and 4, Tumbled with 10% -
v/v nitric oxide'gas.

Hams in each group were weighed, skinhed, boned and fat trimmed
to 1-2 cm thickness. Shank meat was removed. Curing mixtures were
applied at a 5% level of the in-cure weight. Ai] of the cure was

applied in one treatment. The curing mixture consisted of:

NaNO2 Sugar Salt

0.1% 14..2% 85.7%
0.2% 14.2% 85.6%
NO gas 14.2% 85.8%
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Hams were tumbled for 180 mingfes (3 hours) continuously with the
curing mixture. Control hams wéfe'not tumbled but were treated with the
same cure mixture in the traditional manner with the curing mixture
being applied in one appljcation.v Hams=that were exposed to the nitric
oxide atmosphere were tumbled for 180 minutes (3 hours) contihuous]y-r
Hams werefsubjected to an afmosphere of 10% v/v-nitric oxide gas in
nitrogen at a posithe pressuré of 10 inches.' UpOn'cbmpletion of
tumbling, hams were stuffed into a.porous fiberous casing and held for
12 hours at 4.4°C (40°F) to allow cure to equi1ibf§te.. Hams were then
cooked and smoked. Hams werenaged'14 days at.60%-humid1tyvand 15.5°C
(60°F) to 21.1°C (70°F). Percent shrink; percent water, percent NaCl
and residual nitrite were dete;mined. Hams wére,a]so evaluated orgaﬁo-'
leptically.

The findings of the experiment indicate that tumbling does acceler-
ate the penetration of curing ingredients when'thosé.ingredients are
applied in a dry form to the ham. The time involved for cure‘penetra—
tion and equalization was 15 hours in this particular experiment. In
comparision to 90 days recommended by some processors, 15 hours is an
eXtreme]y short time for penetration and equalization.

Aging of boneless, skinned hams had the advantage of rapid weight
~ loss. Hams attained approximately 60% weight loss at the end of 14 days

as calculated on an in-cure weight>basis. In the traditional aging
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process, it'mdy-take as long as 6 months in order to realize this much
weight loss. | )
Hams that were cured with 50 ppm sodium nitrite and'lOO;ppm sodiwn-v
nitrite showed no statistical'difference»1n>residua] nitrite level.
Both treatments showed sufficient color development for.;ured products.
In addition, no statfsticaT difference was foundnbetweéh’the-two treat- a
‘ ments:in taste panel scorésr} This wou]d»indicaté thét,the 1ngoing;1éve1
of 50 ppm sodium nitrite may be used withrsatisfaétory reéults,
| Hams that had been cured with 10% nitric oxide gas were statis¥'_
ticalTy different (i.e. greater)’in<residua13nitkite 1évels. ‘Hams cured
':in this manner showed acceptab]evcolorvand had-an acceptab1e«ta§te.hanel.
v eVaIuation. ~These-resu1ts-indicate that it may be pOSSibleﬂtd‘deVeiop a
“cured".product.withOUt the~direct.use,ofvsod1Um‘nitrite'or sodium
nitrate. The results‘a1so~ind1catejthat it m§y‘be possib}evto reduce
the volume of nitric oxide'éas 1ﬁ éontact w{tﬁ'thé meat-énd thereby
reduce residual nitrite Tevels without sacrificing acceptability.

_ Taste‘panei évaldation.fbr a11-treatments;wé?e écceptabie with no "
statistical differenées noted. The controls were not evaluated dué,to
the deteriorated condition of the hams. fTheréfdre, it is possib1evthatl
ah organoleptically acceptable dry cured product may be produced with
the aid of tumbling. In addition, the use of nitric oxide gas in
cohjunction with fumb]ing showed no adverse effects in sensory evalu-

ation.
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Appendix Table I. Analysis of Variance for % Water, % Salt, and
ppm Residual Nitrite

Analysis of Variance.

Variable = ¥ v Source df SS - MS F

% Water 51.79 Among groups 3 38.19 12.73 2.25
Within groups 20 113.06 5.65
Total 23 151.25

% Salt 4.5 Among groups 3 17.80  5.93 60.91*

' Within groups 20 1.95 0.097

Total 23 19.75 |

Residual ~ 13.96  Among groups 3 3903.25 1301.08 70.13*

NZtri?e Within groups 20 _371.00 18.55

ppm ' ’ '

Total 23 4274.25

*Significant at the .01 level.
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Appendix Table II. Analysis of Variance for Taste Panels Scores
- for Salt, Tenderness, Flavor and Overall Satisfaction

Analysis of Variance

Variable Y - Source df ~ SS MS F
Salt  2.96 Among groups 2 0.066 0.022  0.0257
' Within groups 27 34.90 1.29
Tenderness 2.50 Among groups 2 7.4 3.7 3.31
Within groups 27 30.1 1.11
- Flavor 2.66 ‘Among groups 2 1.86 0.93  0.7682
Within groups 27 2.80 1.21
Overall 2.60 - Among groups = 2 5.0 2.5 0.0962
Within groups 27 32.2 1.19 '

Not significant at the .05 level.
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Experimental Values from Chemical

Analysis :
. , Residua] Nitkite“

Treatment. % Hy0 % NaCl (ppm)
Control

1 51.84 3.00 5.31

2 51.63 3.10 5.18

3 51.94 3.12 4.57

4 51.77 3.35 - 4.02

5 51.65 3.30 3.98

6  51.36 3.74 5.70
0.1% NaNO, |

1 49.66 5.39 5.1

2 52.86 5.19 6.5

3 54,83 5.37 13.86

4 53.17 6.15 7.92

5 152.90 5.68 10.99

6 55.65 5.92 7.15
0;2%’NaNo2 | | |

1 50.85 4.23 3.12

2 51.64 5.08 5.55

3 55.37 4.72 9.17

4 46.55 5.19 9.15

5 58.83 5.06 4.58

6 51.54 5.07 7.62
NO gas «” A » :

1 50.43 - 4.53 39.29

2 50.10 4.50 40.76

3 50.03 4.10 - 22.82

4 50.14  4.03 . 40.51

5 49.97 4.42 41.42

6 48.12 - 4.07

30.75
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7 Appéhdix Figdre 3

Appendix Figure 4.
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Appendix Figure 5. Experimental Tumbling Unit - Interior
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Appendix Figure 6. Experimental Tumbling Unit - Exterior
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Appendix Table 7. Experimental Tumbling Unit - Gas Port
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RAPID METHOD FOR DRY CURING BONELESS HAMS WITH
LITTLE OR NO“ADDED‘NITRfTE

by
Jay B. Tracy
ABSTRACT

Fresh hams were skinned, boned, and fat removed tb tolerance.
Three curing mixtures were applied at the rate of 5% of the boneless
weight. The curing mixtures consisted of (1) .1% sodium nitrite, 14.2%
white sugar, and 85.7% salt, (2) ;2% sodium nitrite, 14.2% white sugar
and 85.6% salt, (3) 10% v/v nitric oxide gas in nitrogen, 14.2% white
jsugar and 85.8% salt. The entire amount of the curing mixture was
applied immediately prior to the tumbling treatment. Hams were tumbled
for 180 minuﬁes (3 hours) continuously at 22 R.P.M. at 21.1°C. The hams
were held 12 hours at 4.4°C for sa1t.eQualization, smoked for four hours
and cooked to an internal temperature of 71.1°C for 15 minutes and then
aged for 14 days at 60% humidity and 15.5 to 21.1°C. |

Organoleptic evaluations were made, and slices were analyzed for
salt, moisture, and residual nitrite. Panel scores were similar for all
treatments, all were acceptable except for control which could not be
evaluated. Percent salt and moisture were similar for the three treat-

ments but the control (non-tumbled) had the lowest percent salt.



Variations occurred in nitrite 1§yels, the 1owest level detected was in'
the control (honftumbled) héms and the highest level détectéd was fn the
hams treated with the nitric oxide; Residual nitrite levels for the
hamé treated with 0.1% sodium nitrite and 0.2% sodium nitrite showed no

statistical differences.
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