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le p .
Bej arbe in Dauerwurst wird gewdhnlich Nitrosomyoglobin und Nitrosohdamoglobin zugeschrieben.
aug anendung von Startkulturen fillt gewdhnlich der pH-Wert in der Dauerwurst von ca. 6.5

24ty Das Studium von den Dissosiationskurven des Myoglobins und des Hdmoglobins in
Onensy

v
ergleic
Ung

urepuffern zeigt, dass die HAm-Gruppe dissossiert von den Proteinen bei pH-Werten
hbar mit denen, die gewdhnlich in Dauerwurst wahrend der Gdrung vorkommen. Nitrosohdm

a i - - :
konnt M sind weit mehr hydrofobe als Myoglobin oder Hdmoglobin. Aus ungereifter Rohwurst

auer:uiurch.EXtraktion mit Fosfatpuffer das rote Pigment entfernt werden, welches sich aus
darauf %t mit pH-Werten zwischen 4.5 - 5.0 nicht extrahiere? liess. Diese Yersuche“deuten
Qctobaei2' dass der Ursprung der Farbe der Dauerwurst hauptsachlic? Nitrosohdm und Ham ist.
Prgzesse‘ len sind gewdhnlich katalasenegative, und Peroxide, die wadhrend des Fermentierungs-

Staren S produziert werden, k&nnen deshalb im Einzelfall die Pigmente durch Oxidation zer-
’

jedo b als auch das Wachstum der Startkulturen verzdgern. Eine LOsung dieses Problems ist
c
ilCh.durch Zusatz von katalasepositiven Micrococcen moglich. Es zeigt sich aber, dass acht
s3 ki e ;
Ure-Bakterienstimme, die bei der Dauerwurstherstellung iiblich sind, alle Katalase pro-

Zigy

e o s . .

Yoz n kOnnten, wenn sie in der Anwesenheit von H&m, entweder als Hamoglobin oder Myoglobin,
Chtet wurden

Orm
ati Wt :
Oh of nitrosoheme and heme in dry sausages using catalase positive strains of

A0+t 4
lc g
ac .
id bacteria as starter cultures.

Ks
LINDE and JoHN NORDAL

Orweag s
9i
30 Food Research Institute, P.B. 50, N-1432 Ras-NLH, Norway

The

By tQ:lour of dry sausages is generally attributed to nitrosomyoglobin and nitrosohemoglobin.

Stud.eSuse Of starter cultures, the pH of dry sausages usually decreases from about 6.5 to 4.8.

hat °f the dissociation curves for myoglobin and hemoglobin in citric acid buffers show

fOund ie heme group dissociates from the proteins at pH values comparable to those normally

thy nln =y sausages during fermentation. Nitrosoheme and heme are far more hydrophobic

“@ r YOglobin or hemoglobin. Extraction of fresh sausages with phosphate buffer removed

4.5 Pigment, which could not be extracted from the dry sausage at a pH of about

Sohg . *0. Thege experiments indicate that the colour of dry sausages is mainly due to nitro-

fekme Zné heme, Lgctobacilli are generally catalase negative, and peroxide produced during the
o e:lon Process may therefore in some cases destroy the pigments by oxidation as well

QatalaSS S€ the growth of the starter culture. This can be overcome by the addition of the

Sausag POSitive Mierococei. However, of eight strains of lactic acid bacteria used in dry

e
Qf}mme Production, all possess the property of producing catalase when grown in the presence
’

added either as hemoglobin or myoglobin.
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ERIK SLINDE et JOHN NORDAL

Institut Norvégien de Recherche Alimentaire, P.B. 50, N-1432 Aas-NLH, Norvége

La couleur des saucissons secs est généralement attribuée & la nitrosomyoglobine et & li
nitrosohémoglobine. Par 1l“usage de cultures initiales, le pH des saucisses s&ches décfolt
généralement d”environ 6.5 & 4.8. Des études portant sur des courbes de dissociation dela
myoglobine et de 1°hémoglobine dans des tampons citrates montrent que le groupe héme s€
dissocie des protéines & des valeurs de pH comparables & celles normalement trouvées gar?
des saucisses séches durant la fermentation. Le nitrosohéme et 1”h&me sont de loin beau@
plus hydrophobes que la myoglobine ou 1l”hémoglobine. A l“aide d“un tampon phosphate, °F
peut extraire le pigment rouge des saucissons frais, alors que celui-ci ne peut é&tre
extrait de saucisses séches & un pH d”environ 4.5-5.0. Ces expériences montrent que 12
couleur des saucisses sé&ches est principalement due au nitrosohéme et & 1”“hé&me.

Les Lactobacilli sont généralement catalase négatifs; le peroxyde produit durant le pro”
cessus de fermentation peut par conséquent détruire dans certains cas les pigments en leZﬂy
oxydant et réduire la croissance des cultures initiales. Ceci peut &tre neutralisé par
tion de Micrococci catalase positifs. Toutefois, parmi les huit souches de bactéries acﬂe
lactique utilisées dans la production des saucisses s&ches, toutes possédent la prOPriét
de produire de la catalase lorsqu’elles sont cultivées en présence d”héme, ajouté soit e

forme d“hémoglobine, soit sous forme de myoglobine.

ué

Ilo Bonmpocy ofpasoBaHusg nitrosoheme ¥ heme B IOTOBHX KOJOGSCHHX HM3IEJUAX C IOMOMBO
mTaMM HNOJOXHTEJBHOI'O (bepMeHTa GaKTepKﬁ MOJOUHOH KMCJIOTH KakK HHHOINATOPA .

OPUK CIMHIE m IDKOH HYPIAJD

rof’
HopBexcKku#t HayuHO-UCCIEIOBATENbCKUH HHCTHTYT NUMEBHX OPOINYKTOB,H-1432 AAC-MIH,Hop®®

j}t
[[BeT roTOBHX KOJGACHHX H3Jelu#t B OCHOBHOM 3&BHCHT OT nitrosomyoglobin i!nitrosohemongH’
[Ipy NOMOmM HMHHULKATOPE CTENeHb KUCHOTHOCTH (pH) rOTOBHX KOJGACHHX H3Ieau#t OGHUHO noH¥
cA NpUOCJIU3UTEABHO OT 6.5 mo 4.8 . JaHHHE,NOJyYEHHHE NPH CPABHEHHWM KPHBHX paanoxeHuﬂ
myoglobin # hemoglobin B 6yjpepe IUMOHHONH KHCIOTH,CBHIETEALCTBYKWT, UYTO rpynna 5
OTZeafeTCA OT OPOTEHHOB NpPM TAKHX CTemeHAX KucaoTHocTH (pH),KoTopHe OGHUHO HaxoLAT jﬂﬂ
KOJNGACHHX W3LeJMAX BO BpeMsa ¢epmMeHTauud. Nitrosoheme ¥ hemeoGaajanT 3HaUHTeIbHO
TEEPOPOGHOCTEN uYeM myoglobin #ia¥ hemoglobin . SKCTPAKUUA OPOAYKUUA B CEMOM Hayate ﬁﬂﬂﬂ
nponecca ($ocPopHO-KUCIHM OydepoM CHUMaET KPACHHH NEerMeHT,duero HeJn3a crelaTh C H3ﬂemqw
TOTOBHME K yNOTPEOJEHHO NIpPY CTENEeHd KUCIOTHOCTH OKOJO 4.5-5.0 9TH ONHTH noxaaHB?mo
IBET TFOTOBHX H3IeJH# 3aBUCUT B OCHOBHOM OT nitrosocheme ¥ heme, Lactobacilli OO”qH“
HeraTHBHH K KaTraxasy X IepeKuch,ofpasyemad B NEPUOX mpouecca (epMEeHTaIHH,MOXET HO*”TOb
pas3pymuTh NUIMEHT OKHCJIEHHEeM,a TaKxXe CHHXEeHHeM DOCTa HHHIHaTOopa, JTO MOXHO npeoxaﬂemwﬁﬂ
IoGaBieHHEeM NOJOXMTENBHOTO KaTtalass Micrococei. OLHAKO H3 BOCHMH mTamM GaxTepHui uo’ g%
KUCJOTH , ACIOJb3yEeMHX B NpoOlecce NPOU3BOALCTBa, BCe 006I8NaK0T COOCOCHOCTHO BHIEAATD x8%

100
OpY¥ YCIOBUM HX BHPANMUBAHHA B HENOCPEeLCTBEeHHO#X OIM30CTH C hemed C HOOaBIEHUEM hemog

Uy myoglobin,
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In

tr )
i

Mag Sr of methods have been used to obtain the characteristic colour of dry sausages (Rar-

xié 1977y, The methods often take advantage of both pH lowering and the formation of nitric

€. : : :

Nigy, It seems generally accepted that the colour generated is due to nitrosomyoglobin and
0

b Sohemog1obin (Fox, 1968; Karmas, 1977). In the production of fermented sausages carbo-

“rZi;e: are used as fermentable substrates in sausage mixes inoculated with starter culturés.
“ﬁtely Germentation the production of lactic acid and acetic acid lowers the pH from approxi-
an to 5 (DeKetelaere et al., 1974, Acton et al., 1977). Acid denaturation of myoglobin

OHeTOglObin has been found to occur in the pH region actual for dry sausages. The denatur-
hardt e:Cludes unfolding of the globin chains as well as detachment of the heme group (Stein-
== al., 1963).

m:s:caicid bacteria are often used as starter cultures in the producti?n of dry sausagés.
fermenta:.QEHGrally catalase negative (Yousten et al., 1975), and peroxide produced during the
the 9r0wt;0n Process may therefore, in some cases, change the colour as well as decrease
of the starter culture (Flowers et al., 1977).

The
ang ::e°f the present study was to obtain information on the dissociation of nitrosoheme
dete in from myoglobin (hemoglobin) in dry sausages. Furthermore, it was of interest to
mutureSe,the catalase activity of some lactic acid bacteria that have been used as starter

1n dry sausage production.

¥ate
Tia
The ay 1s_ang methods.

decreaZSOCiation of heme from myoglobin was measured spectrophotometrically by following the
€ in absorbance in the Soret region (Allis and Steinhardt, 1970).

Sa1

scribedszusages were produced according to the usual formula of the manufacturers, as de-

sh&a - Y Skjelkvile et al., (1974). Extraction of the hydrophilic colour components of the

PH 6. Was done by homogenizing 10 g sausage with 40 ml of 50 mM potassium phosphate buffer,

Wag w * The solution was cleared by centrifugation and the supernatant beneath the lipid layer

%ol drawn. The extraction was repeated once, and the concentration of the hydrophilic red

c . . .

sbect ®Mponents extracted was measured by scanning the Soret region using a Shimadzu UV-300
r°ph°tometer.

The

latedQCteria used were Lactobacillue plantarum ATCC 8014, two strains of Lactobacillus iso-
i&uatezom cOmmercially available starter cultures, and five strains of lactic acid bacteria
cl1ltu from salami sausages produced at five different processing plants. The organisms were
0y HPZerobically in a medium composed of 1% tryptone, 0.5% yeast extract, 0.2% dextrose,
The 2704+ ana 0.05% myoglobin.

Ul
u :
h“ffe ( Tes were harvested by centrifugation, washed twice with 50 mM potassium phosphate
Qel1 depr 7) ang disrupted by a Branson Sonifier B-12 operated at 150 W for 20 min at 4-8°cC.
ri
T § Was removed by centrifugation.
&

e
MQOQ ag ¥ of bacteria in sausages was determined by a standard plate count method on
ar,




1

rip?

| | | | | 7/~ Catalase activity was measured as desC
= Chance and Maehly (1955).

Protein was determined by the method of
Lowrey et al., (1951).

(408 nm)

o

~
|
|

Results fﬁ
e
The dissociation of heme and nitrosohe® i

I oh
myoglobin was measured in 50 mM citriC i

0.2 buffers by scanning the Soret band transﬁ

The change in absorbance at 408 nm wa® £19

to evaluate the degree of dissociation'rm
it

0 _/L471 | | | 1 1 1 ,AJ shows that in the presence of excess nllgﬂ

(38 mM, 2500 ppm) or ascorbate (76 mM/ o
a bet”

i B

pPH 4 and 5. When ascorbate and nitrit® e

ABSORBANCE

N
o~
(o]
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pH the changes are the most pronounce
Fig. 1. Absorbance of myoglobin (408 nm) at added together, the dissociation shifteswﬁ
different pH values in the presence of wards higher pH values. A decrease iP atW
nitrite (@), ascorbate (A) and ascorbate tion (colour) indicates dissociation Ofm&5
and nitrite (o). The experiments were per- heme and nitrosoheme from the myoqlobirl
formed in 50 mM citrate buffers, T = 25°C cule. When both ascorbate and nitrite aroﬂ

oP*"
added, a destruction of the heme chfomaﬂd
of

is also observed (equal amounts of myoglobin are added in all cases). Due to excesS ;
4
n @

bate and nitrite added destruction can be observed even at pH values where myoglobi

stable in the presence of only one of the components. 4—_—’r//q
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Fig. 2. (A) Growth of lactic acid bacteria in Eg o ] | 12 1
dry sausage during fermentation. (B) Decrease 1l 0 2 4 6 8 10
of pH and (C) amount of myoglobin extracted E DAYS

during the fermentation period.
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me:t:i?Wth of lactic acid bacteria during fer- Table I. Catalase activity of lactic acid
The pr:’“ of dry sausages is shown in Fig. 2A. bacteria used in dry sausage production
Overe duction of lactic acid and acetic acid when grown in the presence of myoglobin.
Shoyg tihe pPH (Fig. 2B) of the sausages. Fig. 2C Lactobacillus plantarum ATCC 8014 was used
®oloy, ce decrease in the amount of hydrophilic as a reference.
ripenin Omponents extracted during the dry sausage ATCC.8014 100

9 Pprocess. Strain 1 156
Table ; Stra%n 2 92
strains Shows the catalase activity of eight Stra?n 3 121
preSenceof lactic acid bacteria grown in the Stra%n 4 119
0 Oof myoglobin. The catalase activity Strain 5 96
a aai::baciZZus plantarum ATCC 8014 was used Strain 6 76
org erence. Sausages produced with this Strain 7 35

anj g
Say M as the starter culture gave acceptable

Sa
Hwoglges' The bacteria showed low or hardly any catalase activity when grown in the absence of
Obin,

n
additioiausage production the main precursors of the colour are myog%o?in and hemoglobin. Upon
of ascorbic acid to myoglobin or hemoglobin (Fig. 3) the oxidized forms (metmyoglobin
g T:themoglobin) are reduced. In the presence of both ascorbic acid and nitrite, nitrosomyo-
nwoglobind nitroshemoglobin are formed. Myoglobin, hemoglobin, nitrosohemoglobin, and nitroso-
N all have hydrophilic properties and are therefore soluble in a hydrophilic medium.
ﬂ&diue Other hand, heme and nitrosoheme are hydrophobic compounds not soluble in a hydrophilic

m, gj 5
globi Since the absorbance of heme and nitrosoheme is lower than that of myoglobin, hemo-
r

the gl Nitrosomyoglobin, and nitrosohemoglobin, the dissociation of heme or nitrosoheme from
Ob

in chain can be studied as a function of pH as shown in Fig. 1. The acid denaturation
of myoglobin shown in Fig. 1 is similar to

that found for hemoglobin by Steinhardt et

NOMb al. (1963) and Allis and Steinhardt (1970).
Metmp Asc />§Vﬂ ﬂé& Differential scanning calorimetric studies
= >Mb Nitrosoheme (unpublished results) used to measure the
‘5 //éf denaturation of myoglobin were found to
Heme

parallel the pH profile in Fig. Ll

Flg‘ Since the pH values of dry sausages are com-
in g " Probable scheme for colour formation parable to those giving dissociation of heme
Sausage. Mb, myoblobin; Asc, ascorbate. and nitrosoheme from myoglobin (Fig. 1) stu-
dies on the extractability of the colour
(Fig' - components in dry sausages were performed
mﬁiic * The bacterial growth (Fig. 2A), decrease in pH (Fig. 2B), and decrease in hydro-

EQUnq “olour components extracted (Fig. 2C) during the dry sausage ripening process were
QOmpgne: Parallel each other. This indicates a change from hydrophilic to hydrophobic colour
the ; 1R, Fig. 3 shows a probable scheme for the colour formation, and it is indicated that
ener ? SClour component formed is nitrosoheme. The reactions of importance are: 1) the
“@moglzoé Of nitric oxide and 2) the dissociation of nitrosoheme and heme from the myoglobin
: Bin) Molecule. These are both favoured by low pH.

£ hag

Qonce EEen shown that bovine liver catalase is significantly inhibited by chloride ions in
Furthe 3tions ang at pH values comparable to those found in dry sausages (Litchfield, 1977).

: Ore - X 2+ gt +
Sig ingg €/ Peroxide may be formed through the reaction; MbO, + Mb™ = 2Mb3 + H,0,
8
Qg * 1977) . It is therefore of importance that the lactic acid bacteria used in dry

Pr ;
Cduction are able to degrade the peroxide formed. From Table I it is seen that the
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bacteria used in dry sausage production all posess catalase activity when grown in thepﬁ
sence of myoglobin. A starter culture should therefore be grown in a medium giving high
catalase activity. In the production of dry sausage we have found that strain 1 (Table o
with the highest relative catalase activity as a rule gave the best colour in the final g
product. The growth of this strain is, however, inhibited by higher concentrations of 89

chloride.
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