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NITRITES AND NITROSAMINES IN PROCESSED MEATS

CURED MEATS WITH REDUCED NITRITE PRESERVED BT RADAPPERTI7ATI0N 
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and
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A series of experiments were conducted using deboned, smoked, "fully 
cooked" ham, and cured, smoked bacon as the experimental material to determine 
the minimal amounts of nitrite and nitrate needed to produce the characteristic 
color, flavor, texture, and overall acceptance of the products, while providing 
the necessary control of C. botulinum by radappertizatlon (radiation steriliza
tion).

Initial research on ham of this series has been reported.* The new infor
mation includes: chemical and organoleptic determinations of the ham samples 
after 14 months of non-refrigerated (23-28°C) storage; minimum radiation steri
lizing dose (MRD) for the low nitrite/nitrate (25/100 ppp) ham; and confirma
tory results obtained on irradiated (2.3 Mrad at ambient temp.) and non-irra- 
diated bacon.

The results showed that: (1) nitrite, which is needed for the character
istic color, flavor, and overall acceptance of cured ham and bacon can be re
duced from 156 ppm (the USDA maximum allowed and commonly used by the meat in
dustry) to 25 ppm in the radappertized products; (2) a small amount of nitrate 
(100 ppm) and the USDA allowed amounts of ascorbate/erythorbate (500-550 ppm) 
are needed to prevent fading of the cured meat color in radappertized cured 
meats; (3) complete elimination of nitrite in ham caused a slight reduction in 
texture scores as determined by a taste panel but not by Kramer Shear Press;
(4) the MRD under the 12-D concept for the ham cured with the reduced addi
tions of nitrite/nitrate is 3.3 Mrad when the product temperature during irra
diation is -30° + 10°C; (5) an increase of sodium ascorbate/erythorbate from 
500 to 1000 ppm was effective in controlling the increase of TBA-values during 
storage of low nitrite/nitrate (25/100 ppm) bacon samples stored in unsealed 
packages in 2-4°C refrigerator for 3 months after processing.

No nitrosamines (dimethylnitrosamine, methylethylnitrosamine, diethylni- 
trosamine, nitrosomorpholine, nitrosopyrrolidine (NO-Pyr) and nitrosopiperi- 
dlne) were found in irradiated and non-irradiated ham samples shortly after 
processing. Determination of nitrosamines is in progress in the regular and 
low nitrite/nitrate irradiated ham after 14 months of non-refrigerated storage 
and in the bacon samples (with emphasis on NO-Pyr).

*Proceedlngs, The International Symposium on Nitrite in Meat Products, TNO, 
Zeist, The Netherlands, 10-14 September 1973 (pp. 184-212).
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On a fait une série d'expériences sur du Jambon désossé, 

fumé, "bien cuit" et du bacon fumé pour déterminer les quantités 
minlma de nitrite et nitrate nécessaires è produire la couleur, 
le goût et la texrture caractéristiques et l'accueil générale
ment favorable du public tout en assurant le contrôle nécessaire 
de C. botulinum par radappertlsation (stérilisation p.radiation>

Un rapport a déjà été présenté sur les recherches initiales 
de cette série sur le Jambon. Les indications nouvelles com
prennent» détermination chimique et organoleptique des spécimens 
de Jambon après 14- mois de magasinage non-rêfrigêrê (23-28°C)f 
dose minimum de stérilisation par radiation (KRD) pour le Jambon 
à bas nitrite/nitrate (2 5 / 1 0 0 ppm)j et résultats confirmatifs 
obtenus sur du bacon irradié (2 , 3  Ilrad è température ambiante) 
et non-irradié.

Les résultats ont indiqué que» (1) la nitrite — nécessaire 
pour la couleur, le goût caractéristiques et le bon accueil gé
néral de Jambons salés et bacon—  peut, dans les produits radaP* 
pertisés, être réduite de 156 à 25 PPmi (2) une petite quantité 
de nitrate (100 ppm) et les quantités admises par le Département 
de l'Agriculture des E.-U. d'ascorbat/erythorbat (500-55° ppm) 
sont necessaires pour prévenir la perte de couleur salaison dans 
les viandes salées radappertisées» (3 ) l'élimination complète 
de nitrite dans le Jambon a causé une légère réduction dans la 
texrture des stries, de l'avis d'une commission de dégustateurs 
mais pas è la "Kramer Shear Press"» (40 le KRD au-dessous du 
concept de moins de 12-D pour le Jambon salé avec addition de 
quantités réduites de nitrite/nitrate est de 3*3 ilrad lorsque 
la température du produit pendant l'irradiation est -30°C±10°C| 
(5) une augmentation de l'ascorbat/erythorbat de sodium de 5°0 è 
1000 ppm a été efficace dans le contrôle de l'accroissement des 
valeurs T3A pendant le magasinage d'échantillons de bacon à bas 
nitrite/nitrate (25/100 ppm) en emballage non scellé dans un 
réfrigérateur è 2-4-°C pendant trois mois après salaison.

On n'a pas trouvé de nitrosamines (dlnethylnltrosamine, 
methylethyinitrosamlne, diethylnitrosamine, nitrosomorpholine, 
nitrosopyrrolldine (KO-pyr) et nitrosoplperidine) dans dos êôhan-' 
tlllons de Jambon irradié et non-irradié peu de temps après 
traitement. La détermination de nitrosamines est en cours dans 
le Jambon régulier et à bas nitrite/nitrate irradié après 14- mais 
de magasinage non-réfrigêrê et dans les spécimens de bacon (en 
particulier pour le II0-pyr).
•̂Proceedlnrs. The International Symposium on nitrite in Keat 
Products, TïIO, Zeist, The Iletherlands, 10-1 4- September 1973» 
(pp. 184—212).
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Sine Serie von 7rrauchen wurde durchgefuehrt mit entknoechertem, geraeu- 
chcrtem, "voellig rekochtem" 3c inken und gcraeuchertem Bacon, um die raini- 
mrlcn Zurr.bcn von l'itrit und Kitrat, die fuer die typische Farbe, Aroma,
Jtruktur und Gesc mr.ck von -epoekelten Fleischprodukten noetig sind, zu be- 
stirnnen und die verlangte Kontrolle von C. botulinum durch Radappertisation 
( estra llunr:.—Sterilioierung) zu verschaffen.

Die ersten /ersuche mit Schin’-en dieser Serie si’-d bereits publiziert.* 
Die neuen Informationen rrb n einschliesslich: chemische und sensorische 
bewertengen von '•strahlten Schinken, der 14 Konnte in Zimmertemperatur 
(23—20 C) r.ufbc-wrhrt wurde; die .Minimale sterilisierende ¿cstrahlung3dose 
(ERD) furr der Je inken nit den reduzierten itrit/l itrat- (25/100 ppm)
Ge ia.lt; und di-- r.ffir rtiven Resultate, die mit dem bestrahlten (2.3 Hrrd) 
und ««bestrahlten hrcon r^vortn wurden.

die V' rsuc .c-rrebnisse haben erwiesen: (1) die Kitritzugp.be beim Poekeln 
von Jom -en und Sr.con kann von ljC ppm ruf 25 ppm reduziert werden, ohne 
typische Farbe, Aroma, und >cc mr.ck von diesen "epochclten Fleischprodukten 
zu h i tr-~ -c tiren; (2) die kleine hugaue von Kitrat (100 ppm) und die er- 
lr.ubtc r •: von A . corort ' -ryt orbr t (p00—55° ppm) sind noetig fuer die 
■'•'•r K- l t r in d b* usr'hltcn Pros ktcn; (3) die vollkommene RTi.niniorung 
von f tri ; in Sckin'-e« ha.t ei e Jrniedrirung von 3trukturnoten verursacht, 
wenn ccrsoriz.ch bewertet, aber nicht wenn bestimmt mit der "Krr. er J ear"- 
jr (4) die KR’j fuer den Jchirtcn mit dem reduzierten Kitritf itrr.t-

Vlt, ••er« b ••strahlt bei einer Produ’-ttc mpera :.ur von 30* + 10* C, ist 3.3 
Vrru; und (>) eine Kr oeuunr der Ascorbrt/üryt ’Orbrt—Zugabe von 500 auf 1 0 X  
ppm in Bacon mit dem reduzierten : itrit/l.'itrrt—Gchr.lt (2 5 / 1 0 0  ppm) wer wirk
sam in der Kontrolle der 733-^crterho«hnng in nicht luftdicht verpackten 
3- conprob-r, die im Kue’ 1schrank ( -4*C) fuer eine Zeit von 3 'onaten gehal
ten wurden.

Keine Kitrosoverbindunren (ifT.'A, EAK'A, DATA, UO-i'or, NO-Pip und KO-Pyr) 
wurden in bestrahltem und urbestrahltem Jchinken kurz na.ch dem Herstellungs- 
proress nr.ch; ei:iescn. Die bestimmung der Jitroooverbindungen in bestrahltem 
Je inken mit normalen und reduzierten Kitrit/Kitrat-Zugaben nach 14-monati- 
rcr Aufbewahrung und ir. den Baconproben (mit besonderer Jeruecksichtigung 
von .'itrosopyrrolidin ("0-Pyr)) ist noch im Gange.

*Proceedir..--c, The International Symposium on ITitrite in Meat Products,
T. 0, Zeist, -he "rtcerlends, 10-14 September 1973 (184—212).

E.Bep̂ nriKHft,B.reftïïKKMaH,A.E.BacceuMTH (ClilA).
KOHCEFBUPOpmUE COmSHO-KOIHEflUX MflCOflPP^KTOB PA^nnEPftl3AUUSg 
nP^ yMEHMEM A05AB0K HUTPtlTA.

Bara ncoseseHa oê HH ototob rro irnnroTOBieHino coieHO-KomeHO' 
ro OKOtxJKa h 'leKOHa ripH mhhhm̂  tbhom couecütaHHH b v i c c o i e  hhtdut8
H HHTmT9.3TlI SOfaBBH HyiHH HIB nOtyneHMH TTCHCylMIX 3THM nroayKf' 
3M 0KD9CKK,3999X9,CTpyKtypH H BKyCa.B TO me BpeMH.MTOrtU MfemaT6 
noHBieHM •'OTym3M9,nTiojyKTn nojuepraioTCH naaaqnefiTraaum! ( d e -  
pHiH3anan p h c o k h m h H039mk noHM3npyioii!ero o'l’iyaSHM).

IlenBHe oesyiiiTaTU 3TO«t cerrni o th to b yme ony^iHKOpaHN, B M #« ' 
hoä cTaTte orrHOHBaioTCH xavinecKiis m opraHOxenTHHecKKe c bo ä c t b9 
o'ixyaeHHOro o k o d o k9 ttocto xraaeHm p reaeHHe 14 wiecHieB bhö xot0' 
ÄKXTiHsiKa t p h TewinenaTyce 23-26 C:npHBO»iToa otteHKH MHH«M3in>HoK 
CTeDHiHsytoinett ao3n o^ïïyqeHiw (b Mpaa) s w  OKopopa o noHwenHUM 
ao^aBieHHeM h«tdh t9/h h t o9T9 (SS/IDOMr/KrÎjrTroBepKa pe3y.X9TaTOB 
o to to b ayreM ooaEHeHiw ortiryaeHKoro oo scex c to do h no3oft 2,3 
h HeclayaeHHoro rteKOHa.

Pe3yni,T9TH OTOTOB 90K93llBaiOT ,HT0:
(1) KonuaecTBO HHTonTa, HymHoe uto npaaaHHH oxopoKy b ÖeKOHy xapa*'
TeoHoro aanaxa,BKyca H UPeTa MomeT yMeHaiueHÖ co I56wir/Kr
(MâKCKMyM.JotiyoKaeMuît MuHUcreocTBOM CeubCKoro X03irt}0TBa CHIA g H0'  
no’it.3yeMn'* 9oomhidishhoctm) ho Z O u r /v r  sto nronyKTOB nojœepriniff' 
ch caaaaneriTHSamiii;(2 ) Heô xojü!MO BO'faBiHTi HeKOTOcoe koxHaectbo HHToaTa (IOOMr/KrL 
h H09vcxaeMHe MCX CD14 KotmecTpa acKoixlaTa bih B30acKopöaT9
axB S50iBr/Kr),9TO'1n coxpaHBTB OKpacKy oilxyHeHHHX npojykTOB;
(3) 0TcyTCTBBe hbttibt9 b OKOTOKe HecKOUBKO yxywuaTO ero opraHOJW8 

TBaecKyc oTcyyTyT'y.BMecTe c Tewi bc9h t 9h b h ,nüOBeneHHwe c Hcno>ii>3ir 
paHBeM nnecca .Kramep sh.ap" He o^HapyrnBiB HBKaKoro CHBmeHBH 
oneHOK.(4 ) Mhhhm9>ti>h9H no39 ô ŷaehbh äto OKorxroa c BOHBmeHHHWi conecmaH* eM HBTpBTa/HaToaTa cocTaBTHST 3 ,3  Mpaa ïïbb TeMneoaType bo bt«m8 oP was hbh -30fI0oC;
(5) yBenBaeHBe- coaepmaHHH acKOp'iaTa ( b i b  BSoacKop^aTa) c 6 00 S.0  IOOOlBr/Kr OKH3HBHTO BÏÏBHHBe H9 3H99eHBe TBK BO BpeMH TpexMe chhH0' 
ro xpaHeHBH ^eKOHa c 90HamenHHM conepmaHBeM HBTPBTa/HBTpaTa 
(26^I0Qvir/Kr) b otkphto(I ynaKOBKe b xoioiBiBHBKe apa TewineraTyP® 
2 —4 C •

llpa accueaOBaHBB KaK o'iiryaeHHOro.TaK a HeoiliryaeHHoro OKOpoK9 
99pe3 KoroTKoe BpeMH aocie olpaloTKa He 'Ih io dHapyrneHO h b t p039' 
mbhob (¿MH4,M3HA,iéHA,H0-Mop,H0-nB9,H0-nBp).B HacTOHinee Bnewifl Ve  
Poth 90 onpeae xeHjto HBTposaMBHOB äih ortayaeHHoro OKOPOKa c 0611I '  
hhm a aoHBmeHHHM coaepmaHBeM HBTnaTa/HKTpaTa aoeae la-MeoHaHoro 
xpaaeHBH BHe yoaoaHXBHBKa a b  olpaanax êKOHa (ocoriemo Ha 
B0-nap)eiae He 3asepaieHH.
*freo«^lPKB. Tb« International Symposium on Nitrits ln Maat 
Froduota, TNO, Zeist, Tbe Netherlands, 10-14 September 1973 
(pp. 184-212).
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INTRODUCTION
^ trlte

m ''1'6' in comhï!Cw te beneflt the organoleptic qualities of cured neats and 
at. by c- botult C1°n Blth other curing agents, also inhibits toxin produc- 
he!?Cs' t "  the™ally processed meats. The use of these curing

regulator« !! , U"der reappraisal by the meat industry and the
6 ,,free amines i. f  , ! because under certain conditions nitrite may react 

”  tood forniing nitrosamines, which are carcinogenic (4 , 5 ,

iainS °f nitrite0^  ¡!P!rtef in this paper were designed to reduce the addi- 
of ®®°unts needed f ° 2 u 2^ and nitrate NaN03(N03) during curing to the raini- 
r3dar.red ®eats u M l °r characteristlc color, flavor and overall acceptance 
the !Pertization el*rainat:ing the possible hazards from C. botulinura by

xPeritüent . ation sterilization). Smoked ham and bacon were used as
Ust Inltial res red meats-
°5pâLS”oke<i hamairh, °n h?" °f thls serlas of experiments has been reported (7). 
tty î®e”t of Aer, “as sh°wn rbat N02 can be reduced from 156 mg/kg, the U. S. 
Char t0 25 mg/ke , UJture (USDA) allowed and commonly used by the meat indus- 
)»fo^tetlstic coiLlr,:adlated and ooo-ilrnBiated ham without affecting the 
N o r t o n  S1 °dor. flavor and overall acceptance of the product. The
»taj 3 (25/100 „„/J , ls PaPer includes (a) organoleptic evaluation of the low 
tes;.at -30+loorw 8) ?nd the hi8h ® 2 / no3 (150/600 mg/kg) irradiated (3.7-4.4 
and to1 »Op and » a*.aiter 14 "onths non-refrigerated (23-28°C) storage; (b) 
under L the Minin,™3, ¡¡f* hani; (c) effect of N02 and S03 °" the ham texture; 

the 12-d lrradlati°h sterilizing dose (MliD) of the low N02/N0, ham
\ lrradiafOJ , cePt. The study has also been extended to irradiated and( »“"4 Na

•he ^ • ^ 'd a ia " '8°Pv,iradiated pioviaea also tor the determinations of nitrosamines in
rolidine fNn no"“irradiated ham and bacon, with emphasis on the nitro- \wu-pyr) in bacon.

cadiated h ^ stuay nas also been extended to irradiated an
,a"d »“-eryth^n": T f *  Ulth the lou and hl«h N02/N03 «"d Na-ascorb.te 
b:‘Mlted data 3 (E) 1:1 ”1« “re “f 500 or 1008 mg/kg.
irv.,. are provided also for the determinations of nitrosamines in

ilam. »
EXPERIMENTAL

8*l^!'fully~con£°í¡MCt: Was cured and processed as sectioned-and-formed, bone ■ (Nad/ °oked , smoke ham (7)!iacl), sodi,,« l  7“*T" “am v,/* A,,e curxn8 ingredients were non-iodized 
6 r*sultî ™  tripolyphosphate (TPP), NaN02, NaN03 and 1:1 mixture of 

8U C x®8 8ection 8 product was in the form of rectangular rolls, 10.8 x 17.8
3.7V; paaJ 6 , - ^ 3 fff' CUt fnt° 12 ”” thIck sllces (115 ±  5 *• ParUti, * Mrad atH flexible pouches and irradiated with a dose of
*b°ut8-,ftt the N L A B W n  V *  th* 1’250*000 curle Cobalt-60 irradiation faci-

The curing ingredients were non-iodized

*.000
= NI.ARQ /t! „ . --------- — 4‘iauiauun la

j . ( ■ S. Army Natick Laboratories) with a dose rate of 
s/sec. After irradiation, the ham samples were stored at

r ® *  tmaperatur« (23-28°C) until evaluation. The non-irradiated controls 
were stored at -29°C.

bacon- ~ Six lots of bacon, ten 12/14 lb. bellies per lot, were stitch 
pumped with six different cures to the 12.52 level. Assuming 112 retention 
of the cures, the cure compositions were formulated to result in the finished 
product with the added curing ingredients specified in Table 4. The pumped 
bellies were placed in polyethylene bags and cured for 3 days at 0 - 1 6°C 
The smokehouse processing was for 22 hours to internal temperature of 53.3°C 
and the yieid-to-green of 1002. The chilled (-4 to -3°C) bellies were sliced 
(Z.5 mm/slice) and packed into 1-pound commercial bacon boards. Several 
representative slices from each lot were removed for the proximate analysis 
at the time of slicing (3 days after smokehouse processing).

For irradiation one-pound bacon samples were packed into 303x509 size 
metal cans with C enamel lining and sealed under vacuum of not less than 

, o ï  8* , aC°n WaS 8lven 2*3-2-7 M“ d at ambient temp, (the 12-D dose) 
(3-4 C starting temperature and 15-18°C after completion of the irradiation). 
Atter Irradiation, the irradiated samples were stored at 23--28°C. Non-irra
diated, vacuum packed samples were stored at -29°C.

Evaluation - The bacon (and ham) samples were evaluated by an 8-12 member 
expert panel for color, odor, flavor, texture and appearance using the 9-point 
intensity scale (1 - extremely poor, 5 - fair, 9 - excellent).

The overall quality was determined by testing for preference using the 
9-point hedonic scale (1 - dislike extremely, 5 * neither like nor dislike,
9 - like extremely), using the 8-12 member expert panel and 32-member consumer 
type panel. Scores of 5 indicate marginal quality characteristics and scores 
of 6 to 9 indicate products of acceptable quality.

The samples were analyzed chemically for proximate composition and pH, 
residual N02 and N03, added TPP, Na-Asc. and Na-Eryth. and TBA values. De
tails on the methodology used have been reported previously (7).

Nitrosamines were determined using gas-liquid chromatography and high 
resolution mass spectrometry.

RESULTS AND DISCUSSION

Han.- In the initial research on ham of this series it was shown that the 
additions of NaNO, and NaNO^ can be reduced from 150/600 to 25/100 mg/kg and 
that 25 mg/kg NaN0_ is definitely needed to get the characteristic color, odor 
and flavor of the ham (7). The study has been extended to determine the need, 
if any, of NaN02 on the texture of ham. Table 1 gives the results. The 
cures appear to have no definite effect on the texture of ham. The lower 
scores given cures D and E are a result of a bias by the panelist when the 
texture evaluation was made under incandescent light. By repeating the test 
under red light, the differences in the texture scores disappeared. The 
texture sensory data were confirmed by the Kramer Shear Press data.

The effect of the added NOj and NOq on the sensory quality of irradiated 
ham after 14 month storage at 23-28°C is given in Table 2. The data indicate 
that the low additions of N02 and NOj (25/100 mg/kg) are sufficient to get 
a high quality irradiated product that is stable without refrigeration for a 
long period of time.

The effect of the added N02 and N03 on their residual amounts in the irra- 
diated and non-irradiated ham is given in Table 3. The data indicate that the 

residual nitrite approaches the analytical "zero" line (0.9 to 1.9 mg/kg) after

labi•e 1.
Ham 73/30: Effect of nitrite and nitrate on texture.

Technological panel: n - 8; samples (a)l/

Incandescent Light 
Day8 after Processing

7 14 21

Red Light
Days after Processing 

7 14 21

N0O600 NO2 7.5 6.8 7.1 6.4 7.5 6.7

100 n o2 
25 no 3

7.0 6.1 6.3 6.3 6.8 6.9

o no2 6.6 6.6 5.6 6.8 6.4 7.0

300 ^ 5.4* 5.6 5.5 6.0 6.3 6.9

o N0^ 5.5* 5.4 5.0* 6.1 6.6 6.6

' - . g ^ a c u u m ,  stored at 2" to 3’C. 
j difference (52) from Cure A.
t 8 tor

ahow.ln b?th the hi8h and low nltrlte !>*»■ The amount of nitrate 
'‘«tlnt o>n •»•aresting relationship in the addition of NO,/HO, to 

“••Ht! (Cure o n ,  'Whereas the amount of the residual NO inZthe3high
«il(j ^  __________________
JJ'tit! i"“" (c™f“m ? 8; whereas the amount of the residual NO in2the3high 
■ te..ha” (Cur. “  cloBe to the amount added during curing, in the low 
'“tie "•dual No , ' and no'nltrlt' hams (Cures 03 and 04), the amounts of
•«e Even “  sI8”fiicantly greater than the amounts added during

tate. r. no'nltrate ha” (Cure 05) contained 51 to 78 mg/kg residual 
"^ta *d> will v. apPears that the ban of nitrate from cured meats, if 
•••oq •“led Win,“' lmPossIble to enforce since free nitrate is present in 
Jcrg e81sta °ut nitrate. The Inoculated pack study (using the most radi- 
i N b ,  525/1oq “H I 6, v — ■ botulln“” . hypea A and B) on the low nitrite/
S,<l Di»,8, 8> ham to determine the MRD has been conducted by the
Or V  Va« eat.hi?\°! durlng the Period J“l7 3573 through March% ,  J'Te wa. llshed to be 3.3 Mrad at -30rl0‘C.

, b"Eor Nn0vIndlcatlon o t tba Presence of the nitrosamines, DMNA, MENA, 
he»l,d »cn-irr'!,iP- and aitrosopyrrolidine (NO-Pyr), in any of the irradi- 
ew Ba!“Sa”ines if" shortly after processing. The determination of
NetlJSSS. f the 14 month stored samples is still ln progress.

bar. nbended additions of the curing ingredients to the six
C  «at«*1 ^ ? o Z ] ° ta  V 6KglVCn ln Tabl* TablC 5 gives the Proximate 

8» f°r NaCl °f th® 8ix lot8 of bacon at the time of slicing. As
.^Ples ?t6’ the addltiona o f the curing ingredients to the

rt. Tv* 6 exc*lle«t in meeting the intended additions specified in
data

te 8a»>pU«CU in,laPie 5 are averages of the determinations in three 
«h* V. Vr^red a* I er,;0t: Xt 18 aPParent that added NaNO was only parti- 
t# (50nl)* MhereJ Id“al NaS°3 ln the Io” nltrate (10° ”i/kg) bacon (lots 

Pro, “S/kg) h Precticaliy full recovery of NaNO was made on high nitr- 
J» wfe,"tng TKC°n a °ta 3* 33) • About 65-70Z Ns-aJc . wes reco.sred sftsr 

S d ^ d ^ 6 raald“ 1 NaS02 waa tvlce «  high in the high NO,/NO, 
lot It) (lot 15 •han 3“ high NO /NO, bacon cured without

• ine individual data for the three samples were 54, 45

Table 2. Effect of the added nitrite and nitrate on sensory characteristics 
of irradiated ham after 14 months non-refrigerated storage.

Ham 73/17 Ham 73/46
Sensory
Character- High—2 N02/N03 lowi/ N02/N03 High NO,/NO, Low NO,/NO,
istic Cold Hot Cold Hot Cold Hot Cold Hot

Technological Panel (n - 2 x 12)

Color 7.0 6.8 7.0 6.9 7.1 6.8 7.0Odor 6.6 6.7 6.8 6.8 7.1 6.7 7.0Flavor 6.1 6.4 6.3 6.4 6.7 6.3 6.6 6.5Texture 6.5 6.3 6.7 6.5 6.9 6.3 7.0 6.7
6.9Appearance 6.8 6.6 7.1 6.8 7.0 6.7 7.2

Preference 6.2 6.2 6.5 6.4 6.9 6.7 6.8 6.5
Consumer Type Panel (n - 32)

Preference 6.2 —  6.2 — 6.6 — 6.5 —
1/ 150 (mg/kg) NaN02, 600 NaNO^ 2/ 25 NaN02, 100 NaN03

Table 3. Ham 72/111: Added and residual nitrite and nitrate in ham.

Variables
------------------ Residual mg/kg

NaNO, NaN03
•g/kg
added Irradiated Control

10* 90 420 10 10 90 420 10

01 150 NO, 
600 NO,

2.4 2.2 1.9 4.1 477 515 535 572
02 25 NO, 

100 NO,
1.6 2.4 1.6 1.1 140 141 122 145

03 o n o ;
600 NO,

1.8 1.6 1.5 1.4 737 728 433 871
04 0 NO,

lo o  n o :
l.o 1.4 1.5 1.1 118 137 93 128

o V/>

o
 o

JS
JS 0.9 1.7 1.7 1.0 58 69 78 51

*Days of storage. ----------------------

end 45 for lot I end 24, 21 end 19 mg/kg of N.NO, for lot II .
were obtained previously on non-irradiated ha» t .- i«il«r data
nation of sucrose from the ham and bacon cures will de appear8 that the elimi- 
nitrite In the finished products by over 502 T M ^  d*C^ a8a the re8idu*l 
gated further, using also other sugars such’aa^i factor should be investi- 

Table 6 gives the . 8u8ars, such as glucose and dextrose.
and non irradiated bacon samples of A ^  irradiatedpxes or the six lots. Among the non-irradiated



102

NITRITES AND NITROSAMINES IN PROCESSED MEATS

Table 4. Experimental bacon samples (amounts added during curing).

NaCl Sucrose TPP NaNO. NaNO. A/E
No. 2 2 2 mg/kg mg/kg mg/kg

I 1.5 0.75 0.3 150 500 500
1.5 — — 150 500 500

III 1.5 — — 25 — 500
IV 1.5 — — 25 100 500

1.5 — — 25 100 1000

VI 1.5 0.75 0.3 25 100 1000

Table 5. Effect of cures (Lot No.) on analytical composition of raw 
non-irradiated bacon.*

Lot
No.

h 20 Fat
2

Protein
2

NaCl
2

Sucrose
2

TPP
added

2

Residual, mg/kg pHNaN02 NaN0 3 Ña-Ase

I 30.3 58.7 8.5 1.49 0.82 0.29 48 487 294 6 .6

II 34.2 53.4 9.5 1.64 T — 21 571 291 6 .1

III 30.4 58.7 8.7 1.48 — T 7 — 347 6 .2

IV 37.4 51.6 9.7 1.57 — — 6 55 355 6 .1

V 31.5 56.6 9.3 1.64 T T 7 24 728 5.9
VI 31.5 55.9 9.2 1.58 0.73 0.31 8 17 698 6 .2

*3 days after smokehouse processing; T - Trace

samples, the lots I, II and VI showed slightly higher scores, but the differ
ences from the other lots were not significant. Irradiation decreased the 
color ratings, but the differences for the "0"-hour exposed samples were signi
ficant only for lots I and III. All irradiated samples suffered fading of 
color when exposed to light for 2 hours and the most severely affected were 
low nitrite (25 mg/kg) bacon samples which contained no added nitrate (Lot III). 
These results confirmed our previous finding with irradiated ham (7). The 
data in Table 6 indicate also that an increase of A/E from 500 to 1000 mg/kg 
(Lot IV vs. Lot V) might be beneficial for the color stability in the raw low 
NO2/NO3 bacon.

Table 7 gives the results for sensory quality characteristics, including 
overall preference, for the six lots of bacon fried in an electric oven at 
205°C until c r i s ^  There were no significant differences between the scores 
of the six lots of irradiated bacon of any of the sensory quality Investigated. 
The non-irradiated control samples showed significantly lower rating only for 
the color of the bacon of lot V. Surprisingly, the bacon samples of lot III 
(low no ,, nO_N03) received as high scores for all the sensory characteristics 
and higfier scores for preference than other samples. Additional data are 
being collected during 2-year storage period to substantiate these data.

Consistantly low TBA values (0.06-0.21 malonaldehyde per lOOOg) were 
found for bacon samples of lots I, II and VI (Table 9). Increase
of A/E from 500 to 1000 mg/kg in the low N02/N03 bacon (Lot IV vs. Lot V) had 
a slight beneficial effect on preventing the increase in the TBA values during 
storage at 3-4°C of the raw non-irradiated bacon up to 49 days. Irradiation

Table 6 . Effect of cures (Lot No 0 on the coloT ratings of
raw bacon (n ■ 12).

Non-irradiated 2.3 Mrad
No. 0 2 0 2V

I 7.2 7.4 5.8 5.3*
II 7.1 7.3 6.5 . 

5.12/
6 .1 *.
4.1^III 7.0 6.7

IV 7.0 6 .8 6.3 5.9*
V 6.9 6.7 6 .8 6.4*
VI 7.2 6.9 6 .8 6.3*
1/ Exposure to light at 25"C in hours ; 2/ Sig. dif . from
other samples at the same exposure time; *Sig. dif. from
the 0-hour exposed samples.

Table 7. Effect of cures (Lot No.) on sensory characteristics
of fried bacon.

Sensory Lot No. Sig.
I II III IV V VI Dif.

istic

Non-irradiated Controls

Color 7.5 7.3 7.8 7.1 5.9* 7.3 52*
Odor 7.4 7.3 7.6 7.4 7.5 7.4 NS
Flavor 7.5 6.9 7.9 7.3 7.1 6.5 NS
Texture 7.3 7.1 7.9 7.1 6.9 7.1 NS
Appearance 7.4 7.3 8 .1 7.3 7.8 7.3 NS

Preference 7.5 7.3 8 .1 7.1 6.5 6 .8 NS

Irradiated (2 .3 Mrad at aid) . temp .) samples

Color 5.7 6.9 6 .6 6 .8 7.0 6.5 NS
Odor 6 .1 6.9 6 .6 6.7 6.5 6.5 NS
Flavor 5.8 6 .6 6 .6 6.5 6.9 6.4 NS
Texture 5.6 6.5 6.5 6 .8 6 .6 6.5 NS
Appearance 6 .0 6 .6 6.5 6 .8 6.9 6.5 NS

Preference 5.4 6.3 6.5 6 .1 5.6 6 .1 NS
Technological panel:: n ■ 8, samples I, III, V, and VI ; n ■ 2 X  8,
samples II and IV; *Sig.. Dif. from samples I and III; NS - no
sig. dif.

little, if any , effect on the TBA values of vacuum packed raw bacon-------  , ' ' ------------ r-----  -- -
Nitrosamines, particularly NO-Pyr, has been found in the majority o t ^1 

commercial bacon samples (1). One of the possible precursors is nitrosopr <̂J 
line which is apparently formed from the connective tissue of the bacon 
tissue (2). It is interesting to note that NO-Pyr was found in the dripP1 |

Table 8. Bacon 73/59: Nitrosopyrrolidine (NO-Pyr)
in raw and prefried bacon.

Samples Variables NO-Pyr,. PPb
Bacon Treatment Pan-fried Drippings

1A Raw Irrad. n.d. 6*
2A " " 7* 7*
IB Raw Control n.d. 6*
2B •• " 9* 15*
1C Pre-fried Irrad. n.d. n.d.
2C •• " 17* n.d.
ID Pre-fried Control 12* 2*
2D " " 18* 2

‘Confirmed by mass spectrometric analysis; n.d . - not
detected.

and in the fatty portion of fried bacon but not in the lean portion of the 
same bacon samples (3). Therefore, of particular interest was to find whether 
irradiation has any effect on the NO-Pyr content of bacon. One-pound samples 
of commercial bacon were obtained from the local supermarket. They were sub
divided into raw and pre-fried irradiated and non-irradiated samples. Frying 
was made In an electric oven, pre—heated to 205°C,until reduction In-weight- 
to raw was 602 (1 lb. pre-fried - 2h lbs. raw). Irradiated samples received 
2.3—2.8 Mrad at ambient temperature. The irradiated samples were frozen 
stored until the NO-Pyr determination to eliminate the storage effect, if any. 
Table 8 shows the results. The data indicate that the raw bacon samples after 
frying contain more NO-Pyr in the fat drippings than in the fried bacon itself, 
while the reverse is true for the pre-fried bacon samples. The results fur
ther indicate that the irradiation has no effect on the NO-Pyr content.

To obtain more definite data relating to the cures and the residual nitrite, 
nitrate and ascorbate in bacon, the bacon samples listed in Table • 4 are being 
investigated for the presence of NO-Pyr in the fat drippings and the bacon 
residues after frying. Some data will be available for discussion at the time 
of the meeting.

CONCLUSIONS AND RECOMMENDATIONS

1. Radappertization (radiation sterilization) destroys C. botullnum thus 
eliminating the need for nitrite to control C. botullnum in cured meats.

2. In the radappertized ham and bacon the addition of nitrite can be 
reduced from 156 to 25 mg/kg without affecting significantly the color, odor, 
flavor, texture and overall acceptance of the products.

3. Small additions of nitrate (100 mg/kg) and A/E (500 mg/kg) are needed 
to prevent fading of the cured meat color, formed by nitrite, in radappertized 
ham and bacon.

4. In non-irradiated ham and bacon the elimination of sucrose from the 
cures reduces the amount of the residual nitrite in the finished products by 
over 50 percent.

5. Based on the results obtained on ham and bacon, reduction of nitrite 
in other non-irradiated cured meats below the presently used level of
156 mg/kg seems to be possible, without affecting the quality of the products, 
in which the danger of botulism is minimal. These are the cured meat products

which are not hermetically packed and are distributed under refrigeratij^ 
The nitrite reduction in such cured meats to the level of 75 mg/kg. o t j 
seems feasible. This possibility should be investigated.
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Table 9. Effect of cures (Lot No.) on TBA of raw, non-irradiated  ̂
bacon stored in open packages at 3°-4°C (samples 1, 2 
3) and vacuum packed irradiated (tr) and non-irradiated
(C) bacon.

Sample 1 Sample 2 Sample 3 Sample 4**
Lot _______________________________________________________________
No. 21* 35» 49* 63*_______ 77* Ir._______ Ç

I 0.09 0.06 0 .12 0.06 0.13 0.29 0 .10
II 0.07 0.05 0 .12 0.13 0.15 0.27 0.16
III 0.35 0.54 0.62 0.26 0.24 0.34 0.40
IV 0.35 0.25 0.65 0.45 0.58 0.33 0.40
V 0.23 0.17 0.28 0.50 0.66 0.36 0.35
VI 0 .10 0 .2 1 0 .2 1 0.14 0 .12 0.25 0.13
TBA * Malonaldehyde per 1000 g.
* Days after smokehouse processing 
** 21 days after smokehouse processing.

à
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^ S T H I A L  APPLICATION OP STRAIN P4 IN THE PRODOCTION OP
-DRIED SAUSAGES IN THE PEOPLE'S REPUBLIC OP BULGARIA

Stoyan Djevizov

of haV* b**n “ de for t"° ysar* on the application
stn.<„ 8tarter on ^  iniuatriai seal«. As a result of

applied in four different items it has been obser- 
pr - 1 th® drying period is reduced by 40-45)6 compared to the 
®ici-oflo°n "h6re th* staI"ter was not applied. Moisture loss, pH, 
Pr°„eaa ra’ 404 organoleptic indices have been followed in the 
auit3 of drying. The application of strain P4 as a starter re- 
tion the reduction of technological processing, the elimina- 
Of number of technological processes, and the unification
flora U°tion in terms of organoleptic indices, pH, and micro-

5

L'APPLICATION IMDUSTIIILLI D I  LA SOUCHE ?4 DANS LA FABRI
CATION DE SAUCISSONS SECS EN BULGARIE

St. Djevizov
Résumé

Pendant deux snnées ont été effectuées des observations sur 
l'application d'une culture starter ds la souche P4 4 l'échelle 
industrielle. Par suite de la technologie, appliquée sur quatre 
assortiments différents, on peut observer un raccourcissement 
du délai de séchage de 40-45* par rapport 4 la fabrication, 4 
laquelle on n'a pas appliquée da culture starter. Lors du prScis 
de séchage on étudie la perte d’humidité, le pH, la microflore 
st les indices organoleptiques. Par suite de l'application ds la 
souche P4 en tant qu'une culture starter, on observe uns réduc
tion du traitement technologique, une élimination de toute une 
série ds procès technologiques, une égalisation de la production 
an ce qui concerne les indices organoleptiques, le pH et la mic
ro flore.

■SENDUNG DES STAMMES P^ BEI DER INDUSTRIELLEN
E r s t e l l u n g v o n r o h w u h s t in d e r v r  Bu l g a r i e n

Stojan Dshevlsov

IIPOUNiffiHHOii nPMieiEHME 111TAMMA P4 DP« 
¡IP0H3B0¿CTBiS CHPO-BHIKHHX KOJIEAC B HPE

Cl.Xp.ÄX0BH3OB

F a s s u n g

d V^  011 zwei Jahren wurden Beobachtungen über die Anwen-
^ ^ ^ ^ k u l b u r e n  dßß Stammes P^ in der Industrie durch—

%

Als Ergebnis der bei vier verschiedenen Produkten an-

TH

Technologie wird eine Verkürzung der Trocknungszeit 
^5 % Vergleich zur Herstellung ohne Anwendung von

e**uit* jUren beobachtet* Wahrend des Trocknungsprozesses 
8r Peucbteverlustf der pH-Wert, die Mikroflora und die

8cben Eigenschaften überprüft.
< Avs
a°hn0jo w®hdung des Stammes als Starterkultur wird die 
Ö6t ®*B°He Verarbeitung verkürzt infolge des Ausfalls ei-

technologischer Prozesse, indem eine Vereinheitli- 
Pr°duktioo hinsichtlich der sensorischen Merkmale,

6rtes und der Mikroflora erreicht wird.

Ahhotbkhh

B TeqeHHe abb rosa npoBOAHTca HaSsraeHMfl npa npHiieHestu! 
38KB8CKH 13 DTBKU8 B nDOMMUWHHOU U8CHT8Öe. B pe3yALT8Te npa- 
MduaHHOl texROBorHH b qaTMpex pasxtiqKux accopmusHTax HaöjuoAa- 
0TCH ooKpaseHHe cpoKa cymm na 40-45£ no cp8bh6hhb c npoKSBaj- 
OTBOU, KOTopouy He jiDHueHeHS 38KB8CKa. B nponecce cytoKH npnone- 
ÄMB8CT noiep» Bjisrü, pH, MMKpofrnopy h oprsHOJieniiiMacKHe noKasa- 
T8AJ). B pQ3yJU>T8T6 npHllflHeHllS IIT3MU8 B K8V8CTB8 38KB8CKH, 
cnKpaaeeioa TexíOJionmecitaH oßpaCoTKa, bbxoäht ms oocTSBa dhä 
TexBOAorMiecKHx npoueocoB, yBM$miMDyeToa nposyKuaa no opraHoxen- 
THiecKHM noKa3aieiflu, pH, unKpo$Jiope.
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INDUSTRIAL APPLICATION OP STRAIN P4 IN THS PRODUCTION OF
BAW-DRIED 3A0SAOE3 IN THE PEOPLE'S REPUBLIC OP BULOARIA 

Stoyan Djevizov
Memt Technology Research Institute, Sofia

The application of strain P^ as a starter in the industrial 
production of raw-dried sausages imposed some changes in the ac
cepted technological processes. The latter had to be adjusted so 
that to provide optimum conditions for the growth and action of 
the starter culture introduced, without having a negative effect 
on ready product quality. The preliminary experimental work (2, 3, 
A, 5) with strain ? 4 in laboratory, semi-industrial and industrial 
conditions allowed us to apply such a technology, which was used 
for two years in daily industrial production. Observations during 
that period aimed at ascertaining, on industrial basis, the expe
diency of the technological parameters applied and their impact 
on the growth of the introduced strain P4, the drying period, and 
the organoleptic indices of the ready product.

METHODS
1. Technological methods
1.1. Assortment. The following article types of raw-dried 

sausages were covered in the experimental work:
Article 1.- Beef and pork Loukanka, BDS (Bulgarian State 

Standard) 2589. Composition: beef, 60?!, and pork, 40?!.
Article 2. Pork Loukanka, BDS 2589. Composition: 100?! pork.
Article 3. Ambaritsa sausage, BDS 1851907. Composition: pork, 

80£, and beef, 20?!.
Article 4. Moussala sausage, BDS 10690. Composition: 100^

pork.
Articles 1 and 2 are typical national products, they are not 

smoked and, during drying, they are subjected to repeated press
ing. The casing diameter is 47 mm. Articles 3 and 4 are round 
smoked sausages with a casing diameter of 58 mm.

1.2. Preparation of raw materials. After slaughter, products 
are cooled for 24-48 hours, with a view to temperatures below
10 C deep into the ham. The deboned and sorted meat is cooled: 
beef and red pork, down to -1°C or -1,5°C (usually in 20 hours).

Patty pork meat, and the fat are cooled down to minus 5°C (ue“‘! 
ly in 36-48 hours).

1.3. Machine processing. Machine processing was effected ̂  
the Krttmer-Grebe line. Patty pork or the fat are cut at severe1 

revolutions in a cutter, then beef or red pork, spices, saltioi 
materials and the starter, in the form of broth culture, are •**' 
ed. Cutting is continued till the desired particle size is obt**1 

ed. Vacuumizing and filling is effected immediately according 
the KrBmer-Orebe line. "Fibros" artificial casings were used.

1.4. Drying. The whole production cycle was accomplished f 
Italian type climatic driers that provided for the realization 
the straining, smoking, and drying processes.

1.4.1. Straining. It took place in the straining chambers, 
with an automatic regime, to the stage of semi-drying of casing’ 
(for about 48 hours). Straining was applied for articles 1 and 
The following parameters were applied: temperature, 13°-15°C, ^ 
relative humidity, 75-80%.

1.4.2. Smoking. It took place in the straining chambers* * 
was applied for articles 3 and 4. Pilled production strained ** 
those chambers for about 20 hours. Then the chamber was amply 
tiated with smoke obtained directly in the chamber. During #• . 
straining and smoking process, an automatic regime was maintfti^ 
with the following parameters: temperature, 15°-20°C, and 
humidity, 80-85%. The smoking process was realized in 6 or 7 ^ ’

1.4.3. Drying. It took place in the drying chambers. An ftl,t 
matic regime with parameters of temperature, 13°-15°C, and 
tive humidity, 78-82%, was maintained for articles 1 and 2 ib ̂  
first twenty days. Then, to the state of ready product, the 
were 16°-18°C for temperature and 74-78% for humidity. During drt 
ing, the product was pressed periodically: on the 10th or 12#  
day, on the 17th or 18th day, on the 23rd or 24th day after ^  
ing.

With article 3: temperature, 12-14°C, humidity, 80-82%; dU' 
ring the last week of drying: temperature, 16°-18°C, and hufflidit' 
74-78%.

With article 4: temperature, 12°-14°C, humidity, 80-85*i ^

ring the last fortnight of drying: temperature, 13°-15°C, and hu
midity, 78-82%.

2. Preparation of starters
Strain (1, 6) was used as a starter. Preparation was made 

in the plant laboratory, according to an official instruction (6). 
20-hour broth culture (5, 6) was used at the rate of 5 ccm per kg 
of filling, according to the instruction (6, 7).

3. Laboratory observations
Observations were made on production lots. Analyses were made: 

immediately after filling, after straining, after smoking and in 
the process of drying, at 7-day intervals. The following observa
tions and analyses were carried out.

3.1. Moisture loss. After filling the lots, some 10 pieces 
were set aside and weight loss was followed by weighing during 
the whole technological process and was expressed in %.

3.2. Determination of pH. This was done using an electric pH- 
meter SP.

3.3. Microbiological investigations. Prom each lot, a contact 
preparation was made on yeast-glucose agar (2, 3, 7). The presence 
of strain P^ colonies was determined visually, and using the small 
magnification of a microscope.

3.4. Organoleptic evaluation. Organoleptic evaluation was 
made of each sample during its analysis for other indices by the 
laboratory staff. Bach lot of ready product was evaluated in the 
organoleptic laboratory of the plant.

RESULTS
Data about production without a starter (Table 1) refer to 

1971, when no starter was used in the same plant. Technological 
processing and adopted parameters were in accordance with exist- 
ing^fficial instructions. The data indicate that the drying pe
rlai'varies considerably in each article. An explanation to that

can be sought for predominatingly in the ununified microbiological 
processes during the drying and ageing period (3, 4 ). The absence 
or the retardation in the growth of a microflora capable of redu
cing product pH, delay drying processes.

Data about production with a starter (Table 1) refer to 
73, when the whole production in the same plant was processed ui' 
strain P4 according to a technology indicated under "Methods"' 
Conditions and the casings used were the same as those in the f 
duction without a starter. The data point to a considerable 
tion in the drying period: by 43 to 45% in comparison with tb® 
production without a starter; with no significant variation i* * 
individual lots of articles produced. That speaks of a correct* ̂ 
unified ageing process, with appropriate technological para»»«9’’’, 
confirmed by the results obtained for moisture loss (Table 2)- ' 
insignificant diversions from M confirm a unified drying proc»8* 
Microbiological results indicate that strain P4 gains a prepo«4̂  
ranee over the remaining microflora already in the first day» 
ter its introduction and is retained during the whole drying 
cess. As a result, product pH is rapidly reduced, while diver®1'* 
in M are insignificant (Table 3), Further, organoleptic indic®9,, 
followed periodically through the drying process, are charact®f,,: 
tic. The improvement in sausage binding progresses parallel 4® 
reduction. Binding is pronounced already within 4 or 5 days *{t> 
filling, and it is retained during the whole drying period. A1*8 
colouring processes begin on the 4th or 5th day. Filling acquir< 
intensive colouring with a raspberry tint, which after the 1 * 
12th day acquires the typical rosy colour that does not chang® 
cutting, for 4 or 5 days. Changes in flavour and aroma are d»1®',, 
table on the 7th or 8 th day, a manifest smack of ready pro dud *' 
pearing after the 10th or 12th day. Recurrent organoleptic ind1' 
es in every lot point to a correct, unified ageing process a® 
the basis of the introduces cultures of strain . The data o»' 
tained from industrial production confirm the results of other 
observations of ours (2 , 3, 4 ).

DISCUSSION
The technological processes after the filling of raw-dri*S 

sausages are essential in the technology of the latter. Two b»®^ 
processes take place here: preservation by moisture release (dr) 
ing), and ageing predominatingly on microbiological basis. ThO'V 
two processes are interdependent: thus the set parameters (te®fe 
rature, humidity and velocity of the air), apart from having 'il<'
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tualiy the
pr°vid ta8k t0 away moisture from the product, must also
the 6 moa* favourable conditions for microflora growth in 
from ,U8a^e* °*k®r hand, microbiological processes, apart
create6lri8 *he baais of a£®in£ itself, must reduce product pH and 
Proce 8°0d binding» 30 tiiat t0 favour drying processes. In the 
guiâi 8 of drying, modern technique provides for a correct and 
howevtŝ  interv®ution of the technologist. In the ageing process,

. ’ in tlle presence of most varied microflora, the technolo- 
e<i# ^  In®fficient. Hence the failures with the parameters appli- 
in the P°0r 411,1 varied Quaii^y of production. This basic problem 

Production of raw-dried sausages can be solved by the ap- 
*aa Q ®uitable pure cultures. In this country, the problem
noi0 °1Ved by th® application of strain (2). An expedient tech-
in the f°r the industrial application of strain P^ was arrived at 
duet • C°Urae °f a series of laboratory, semi-industrial, and in- 
ti0ft Qal observations (1, 2, 3» 4, 6 , 7). The two years* applica- 
a m ta f^at technology in four basic enterprises gave good re- 
Ceaaeain tW° respecta: curtailing the period of technological pro- 

* and *be unification and sharp improvement of quality. Cur
ed f ^  the P®riod of technological processes by 43-45^ is obtain- ioi* +w_
pPQc ° r®asons. In the first place, a number of technological 
a8ei 369 are e^fmfnated: straining of raw materials, preliminary
in* th® filling, the period of obligatory green mould coat-

etc. _.» .. _ _
or ^ ®tc., 

times
and the pressing of Loukanka sausages is reduced to 2 

the instead of 5 or 7 times. In the second place, due to
at°pa^ rter introduced, the growth of other saprophytic microflora 

4), and production pH falls rapidly. This makes it pos-8ible to aPPly such drying parameters, as would favour that pro-ce8a  ̂ oucn crying parameters, as woui
d ty) 4 higher temperature, a lower humidity, a higher air velo-

facti,̂ arallel reduction of technological terms in the manu-
°f raw-dried sausages, the production obtained has stable 
quality indices, expressed in the whole yearly production.

a°ture
hit 
*ihd
^ified

day ^  and c°lour formation begin already after the 4th or 5th 
a*ld the formation of flavour and aroma qualities, on the 10thon

12 th day. Ready production has well formed quality indices,

stable colour on cutting, and a long storage life, whav makes it 
a product with good commercial indices.

The application of a starter in raw-dried sausages, with well 
selected technological parameters, offers possibilities for a wide 
industrial manufacture of raw-dried sausages with unified and 
stable quality indices.

CONCLUSIONS
1. The application of strain as a starter contributes to 

the reduction of the period of technological processing, by eli
minating a number of technological processes and using such para
meters as will accelerate drying processes.

2. The application of strain P^ as a starter in raw-dried 
sausages unifies and improves the quality of ready production.
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<5p. 5/1969 r.
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1969 r .
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KOJK58CH. MĤ OpMSUHOHeH ClOJieTWH (5p.4/1972 r .

4. flseBM30B Ct . -  RjiHHHMe hs hhk ok Teunep°TypHM pernm  Bipxy
canpo$HTH8T8 unKpo$;iopa 3 cypoBO-cymeHMTe kojiCscm npe3 
npoueca hs cyineHeTO. MĤ opuauwoHeH CioJieTWH Op.3-4/1973 r .

5. üaceBH30B Ct . -  Cp8bhmt0Jihh npoy'iBSHUH othphjiomohmbto Ha maM
P4 K8T0 38KB8CK8 B ÔyjitOHHa KyJITypS H JIM0$HJIM3iip8H BHJ 
npM .iP0H3B04CTB0T0 H8 CypOBO-CyieHH KÔ OaCH. WHq)0pM8UH0-  
HeH OuJieTHH Op. 1-2/1973 r .

6 . MHCTpyKUHfl - 3a iipombboæctbo h kohtpoji Ha ^m c t m KyjiTypw ot
mau P4, npe4H33H8qeHM 3a îipoh3Boactbo Ha cyDOBO-cynieHW 
KOJiOacH. ÆC0 "Poflons" -  Co$hh, 1972 r .

7. WHCTpyKUHH -  3a np0H3B0flCTB0 Ha cypOBO-cymeHM KOJiOacn c rh-
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