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The Stabilization of Dinitrosyl Ferrohemochrome and its Application in the Production of Nitrite-Free Pork Cuts
A.R. OBOYLE, N. ALADIN-KASSAM, L.J. RUBIN and L.L. DIOSADY

Department of Chemical Engineering, University of Toronto, Toronto, Canada, M5S 1A4

SUMMARY: The preformed cured-meat pigment undergoes rapid oxidation in the presence of air and light. It can be stablhz"/d
microencapsulation using spray drying. An essential ingredient of the encapsulating material is B-cyclodextrin. The rest consists of
starches such as N-Lok or maltodextrin. The encapsulated pigment remained stable for over one year. It could be readily used
production of nitrite-free wieners. In the case of solid meat cuts such as ham, the even distribution of the sparingly soluble pigmcnl? f
be difficult. This problem was overcome by careful control of particle size of the pigment, by multiple injection of pickle with a 1 1
needle, by tumbling both before and after injection, and by cooking in sealed bags in a water bath.

INTRODUCTION: One of the key functions of nitrite is to impart to meat the characteristic cured-meat colour. In addition, 1[}7
lipid oxidation bringing forth the characteristic cured-meat flavour (RUBIN & SHAHIDI, 1988), and inhibits the outgrowth of and (0 o
formation by food poisoning microorganisms, especially C. botulinum. However, the use of nitrite as a food additive is subject 10 5
concern. It can form carcinogenic nitrosamines in food (SCANLAN, 1975) and possibly also in the stomach (WISHNOK, 1977)

therefore seems prudent to search for a replacement for nitrite.

jnut¢:
g

However, a multicomponent system, including the synthetic cooked cured-meat pigment DNFH, could produce a nitrite-free cur® 1;hf

It has long been realized that the chance of finding a single compound which duplicates all the functions of nitrite is very m

product identical in all the key aspects -- colour, oxidative stability and flavour, and preservative effect -- to a nitrite-cured producl vlh
been the focus of our research for a number of years. The system is described in a patent (RUBIN et al., 1985) and in a recent pape
deals with the production of nitrite-free wieners (O'BOYLE et al., 1990). 4
The cooked cured-meat pigment, dinitrosyl ferrohemochrome (DNFH), is prepared chemically from hemoglobin (SI—IAHIDI “ alln
SHAHIDI et al., 1985). The basic starting material for this synthesis is beef red blood cells, from which the iron (III) porphyrin her” 1t
prepared. The pigment is then produced by treating a buffered solution of hemin in the presence of a reducing agent with nitric oxi eY elﬁ!
pigment is recovered as a fine crystalline material which is blackish-red in colour and sparingly soluble in water. Recently, KILLD
(1988) have suggested that the cooked cured-meat pigment is a mononitrosyl rather than a dinitrosyl species. This question remal®
unresolved. it it
Another major problem with synthetically prepared DNFH is that, like the pigment of cooked cured meat, it is very suscep“b1 ;111,
induced oxidation. This property leads to colour fading in nitrite-cured meat, and also means that the synthetic pigment cannot be
stored in its native form. One obvious approach to protecting the pigment is to use the technique of microencapsulation. . ,dusl
Microencapsulation is defined as the technology of packaging minute quantities of solid, liquid, or gas within continuous, i”dlwwm
walls. These walls are designed to release their contents in a predictable manner, under a predetermined set of conditions (TODD dtﬂ‘\
Microencapsulation has found many applications in chemical processing and, in particular, in the food industry. Itis commonly use f“
and protect sensitive ingredients such as aromas, flavours, and vitamins. The most commonly used method of mlcroencapsulauon i d1~f”
industry is spray drying (DZIEZAK, 1988), because it is economical, flexible, and continuous. The process of spray drying itsel”
very thoroughly by MASTERS (1985).
Recently, a great deal has been written about the unique encapsulating ability of a cyclic glucose polymer known as B-¢
(LINDNER et al., 1981; SZEJTLI, 1982; ANON., 1988). This torus shaped molecule can encapsulate molecules (or functlOﬂal gIl ;ﬂﬂﬁ

molecules) at the molecular level. This process is referred to as "inclusion complexation" and allows, among other things, the sta?”

yclod o 0'

light- or oxygen-sensitive materials. Accordingly, the encapsulation of the preformed cooked cured-meat pigment in a series of ¥
polymers, including B-cyclodextrin, has been studied. aﬂdlh”’
Unlike nitrite, the pigment DNFH is a very large (M.W. 676.5) molecule which is sparingly soluble in water or curing P‘Ck 1ef
does not readily diffuse through an intact matrix of muscle fibres. It is believed that the collagenous coating around bundles of ™ 10vL |
(perimysium) offers the major resistance to the transport of DNFH. The relative immobility of the pigment is an obvious stumbll

the production of the nitrite-free hams. 5[311‘3
iné
MATERIALS AND METHODS: The cooked cured-meat pigment DNFH was prepared using commercially produced bovi®
hemin (Aldrich Chemical Co. Inc., Milwaukee, WI) by the method of SHAHIDI et al. (1985), with some modifications. i

The carbohydrate wall materials used to encapsulate the pigment were food-grade. They were used along, or in combmaﬂon h
included: B-cyclodextrin (Sanraku Inc., Tokyo, Japan, and American Maize-Products Co., Hammond, IN); N-Lok, a modlﬁ"'d
(National Starch and Chemical Corp., Bridgewater, NJ), maltodextrin with D.E. of 25.0 (Maltrin M-250, Grain Processing CorP” )
1A). ,uw‘

The curing pickle was prepared using distilled water, salt (BDH Chemicals, Toronto, Canada), sucrose (commercial brandS)' ph""“
tripolyphosphate (Erco Industries Ltd., Islington, Canada), sodium ascorbate (Sigma Chemicals, St. Louis, MO), and sodium b
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thg fo fmlcal& Toronto, Canada), all of which were food-grade. The meat was obtained from Canada Packers Inc. (Toronto, Canada), in
0

> Whole, uncured, bone-in hams.

44 feeg ] ll_llaUOH of the Pigment: An appropriate amount of encapsulating agent was weighed, keeping in mind the desired capsule payload
0

thpale 1ds content, For example, an encapsulated pigment with a desired loading of 2% and a feed solids content of 10% would be

isCorbate 5 Coating 0.2 g of DNFH with 10 g of wall material in a feed dispersion whose volume was approximately 100 mL. Sodium
US as added t
"4

Saf o the feed dispersion as an antioxidant in an amount such that the ratio (w/w) of ascorbate to DNFH was approximately
1St step

b the antioxidant and wall material were dissolved in distilled water to form the continuous phase of the feed dispersion. A

t y { e " s

to id iy h(aPPTOX‘ 0.5 mL per 100 mL) of 50% (w/w) sodium hydroxide was added, bringing the pH of the solution up to approximately
te dissolution of B-cyclodextrin.

1

€ my &
) “antime, the DNFH was separated from the buffered solution in which it was prepared (by centrifugation), and then dispersed in a
t
ent ¥(25-50 mL) of distilled water. This dispersion was treated, under nitrogen, with a Polytron Homogenizer (Brinkman
uce g Model pr 10/35, PTA-20S generator) for 2 min at an instrument setting of '6' (10,000 RPM). The purpose of this process was

€a : . : : . ; 2 .
- Materiy Verage size of the pigment particles. This "homogenized" DNFH (disperse phase) was added to the aforementioned solution of
oy

l()red

(C?ndnUOUS phase) and the entire feed dispersion was further treated with the Polytron (setting of 'S', ~ 1 min) to ensure feed
Prior to Spray drying.
190 min; Spray dryer, which was used to encapsulate the DNFH, was equipped with a pneumatic nozzle atomizer and operated

enCity
O = BUC
the ting;

1

1
& pi ot Co-current flow of drying air and product spray. Details of this procedure will be given elsewhere.

gm
y ~ €0t could not be readily extracted from the microencapsules with 80% acetone for analysis using the method of HORNSEY
S :
' (40 3 meref()re, Judged by its ability to impart a pink colour to ground pork as compared to a 150-ppm nitrite control. Lean ground

by &) Was weiop s s
Y% on $ Weighed into a 150 mL beaker. Spray-dried pigment, usually 30-50 ppm DNFH, and 550 ppm of sodium ascorbate (both

i gt . 5 p e s :
dpdaglaSS St Weight of meat and water), were dispersed in 10 mL of distilled water. This dispersion was then added to the ground pork
Pry,

to tely 40 ...
th it 3 0 min a¢ 85°C. The colour of the cooked sample was then judged against that of the nitrite control. A rating of 10 was given
“Cureq ¢
epresen O]

taj : o SN R : . : ’ . :
i By g Ve particle-size distributions of the pigment were obtained using a Coulter Counter with an aperture diameter of 70 microns.
Shop: O of Nijirs : L 3 5
grb()nmg- L f Nitrite-Free Hams: Meat cuts (i.e., the inside, outside, and round muscles of the ham) were obtained by manual
0 Vi : : 5 et |
s Wo, dual Whole muscles were used for each experimental run in order to remove the inherent variability that different muscle
T, Present
& ’
%ﬁd‘ “Qleoyg Curin
lent « g
. n
&U%se 1 " the Pickle
» 1%
4% Py : o, ascmbate,

w. ; . g .
as used to thoroughly mix the pigment into the pork. The meat sample was cooked in a constant temperature bath for

ntrol while a rating of 1 implied no colour present (i.e., same as cooked, uncured ground pork).

Pickle was prepared on the basis of a 20-30% gain in the fresh weight of the meat. The concentrations of the various
were such as to produce approximately the following levels in the final cured product (before cooking): salt, 2%;
0.06%; sodium tripolyphosphate (STPP), 0.3%; sodium hypophosphite, 0.3%; and dinitrosy] ferrohemochrome, 30-
The Dy 8. Sodium hypophosphite was used as an antimicrobial agent (WOOD et al., 1986).

b
el W, . : : St . Ak : :
h%y ung i 4 combined with the rest of the curin g brine immediately before injection into the meat. It was imperative that the DNFH be
ey Qge“iZer Pri Well‘dispcrscd in the injection solution. With this in mind, the entire DNFH/pickle mixture was treated with the Polytron
l 0] R 1 gy . : s ’
e, Congj "0 injection, Sucha step was indeed critical in obtaining uniform distributions of pigment within the solid cuts of ham. The
St

| Sy ems‘lltin : °f 12 min of homogenization, under nitrogen, at an instrument setting of '6' (10,000 RPM).
‘ - g
ls tig,

gy N of hOm()gcnized" pickle dispersion was injected into the meat tissue. A multiple-injection technique was used to ensure that
to

e : : " . .
W Cut received an equal volume of pickle. The injection needle (1.5 mm diameter) was made with a series of 4 holes along its

33 W pi¢ :
:]all enough Ve Tadiate outwards from the entire length of the needle and the tip was blocked to prevent downward flow. The needle
Digmefler lnj‘ccthno t:uow for a great many injection sites in each cut. The sites were spaced evenly at a distance of 1-2 cm.
\ e, N
‘\onna“ € tumbye,
(Q()n . Vithe S
liny,

€ meat was physically treated by tumbling in order to accelerate the curing process and to hasten the movement of the

s T Was located in a refrigerated room and the runs were performed at 0-1°C. The duration of the tumbling was usually 9 h.
0 of t .
Oug Umblin

A, b
n\e o thﬁ

g,
G, tw
re()ﬁ()ns) -

" g time to relaxation time was 15 min to 45 min. The rotational speed of the tumbler was 10-15 rpm. A3 h
: }ng treatment of the fresh meat, prior to pickle injection, was also tested for its effect on pigment distribution.
si ;
cal treatment, the cured meat sample was sealed in a freezer bag and stored in a refrigerator for two days prior to cooking.

€n .
ang Cooked in 5 water bath (at 75-80°C) to an internal temperature of 65-70°C. Finally, the meat was sliced (in many

R ng
ME 25 A Pected for colour quality and uniformity.
Ry, oey a I\lID DIScyssion:
g Ulat . ! .
Q“‘nb-m b encapsu on of DNFH: The DNFH content, or payload, of encapsulated pigment was varied from 1 to 4%. At the higher
i at :
b sh i NS tg ton wag Incomplete. A 2% payload seemed like a reasonable compromise. Table 1 shows some of the encapsulating

and the corresponding experimental results. Only the combinations of B-cyclodextrin with N-Lok and Maltrin M-250 will

T Aty :
ler report will appear elsewhere.
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Table 1. Encapsulating Agents Th T o 5 Sk - e
and DNFH Quality? e results indicate clearly that B-cyclodextrin is the essential ingredient O fl('
B-CDb N-LOk | Maltrin | Colour encapsulating mixture. It works well by itself but it need only be present at a Jevel?
(%) (%) Ng-q%o Quality® when mixed with N-Lok or Maltrin M-250. Similar results were obtained with 8" P
100 9.5 and Maltrin 040, but these are not reported here. When no B-cyclodextrin is used: . bl
28 ;8 gg sharp drop in pigment quality. The fact that the level of B-cyclodextrin can be lowe"
70 30 10.0 or 20% is important, since it is the expensive ingredient in the encapsulating ik g
28 gg 18(5) Clearly, B-cyclodextrin has unique properties which influence pigment walh yvl
40 60 10.0 nevertheless unlikely that the encapsulation of DNFH takes place at the moleCular ot
;8 ;;/8 18(5) the molecule is too large to fit into the 7.8 angstrom cavity of B-cyclodextrin. HoY i
10 90 9.5 possibility does exist that certain functional groups of DNFH, particularly the axi
50 100 0 3(5) oxide ligands, could be included. Thus, the nitric oxide groups could be pro[ecwd:' f
80 20 9.5 dissociation and subsequent oxidation. Itis also conceivable that DNFH m(’lccu}c G
28 3’18 igg between several cyclodextrin rings, by so-called "crystal lattice inclusion" (LIND
50 50 9.5 1981).
gg (738 %88 Encapsulated DNFH powder was stored, at room temperature and in the dal’ .
20 80 10.0 glass sample bottles. In general, it appeared that encapsulated DNFH which was? rth"
10 1(9)8 gg . quality initially, stayed that way for quite some time. The encapsulated pigmem% g g
aProdiciowereexamned ihin one w.eek of  series shown in Table 1 were still satisfactory after 14 months of storage. The ?]g 2
being prepared. The payload was 2%. quality may have deteriorated somewhat, but the colour imparted to pork was 58 l{.lif‘
bB-cyclodextrin. acceptable. The stability of the encapsulated pigment should meet commercial $

¢Colour Quality: 10 - colour of nitrite control;
1 - colour of cooked uncured pork; 1-5, bad; e
6-7.5, acceptable; 8-9, very good; Application of DNFH to the Production of Nitrite-Free Hams: The achieVé" wor”

10 - excellent. uniform distribution of pigment within the solid meat cut is a difficult task. The' ntﬂlru

requirements. g o

reasons for this are the limited solubility of the DNFH and the complex structure of meat, as referred to earlier. Over 130 cXPeﬂme

ef
were done, and the result can only be summarized here. The encapsulated pigment was used successfully in the preparation of Wi°

fine comminution eliminated all problems of pigment distribution (O'BOYLE et al., 1990). r,;. §
Given the fact that DNFH has difficulty in moving within the meat tissue, the manner in which it is injected becomes all- “ﬂpo

covering the meat surface with a great many evenly spaced injection points, one can, in essence, induce a uniform distribution ¢ fp® 1&

make up for its limited mobility. The standard hypodermic syringe, having just a single orifice, allowed only unidirectional flow © 0 4

o™ o
Soluﬂ 5 I

This, in part, caused unappealing vertical lines of high DNFH concentration within nitrite-free hams. By forcing the pickle
outwards in several directions, the multi-orifice needle provided random and complete penetration of DNFH into the meat tissue:
multi-orifice needle was judged as the best of the available means of pickle injection.

Lines of high DNFH conc'n
(follow injection paths)

predominant

XY Plane colour is pink

YZ_Plaoe YZ Pians e r‘
Figure 1. Typical pigment distribution pattern in ham injected with Figure 2. Typical pigment distribution paﬁem neﬂd f
an ordinary hypodermic needle. injected with multi-orifice hy @f{j

Figure 1 depicts, in a somewhat exaggerated manner, the pattern of vertical lines of high DNFH concentration which often ® dcuwq
pcfP o v

055" Jf
bundles of muscle fibres. In this figure, as in the next, the muscle fibres are shown in lateral section in the XY plane and in ¢ Jgde

the simple hypodermic needle was used for injection. These dark red lines followed the injection paths and, as such, were

the YZ plane. Figure 2 illustrates the distribution of high-DNFH concentration zones in non-uniform ham products which e
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Peeq o g was used to

Uxu
|
v DN}: ‘€~m‘] €Ction tre

the
Mt o
i gigp Tifice needle, The lines were primarily along the seams between the bundles of muscle fibres. It was apparent that, although DNFH

1Cy] s g - oy ) : ) .
tm vy Moving in any direction within the muscle tissue, it moves more readily along the length of muscle fibres than perpendicular to

| o € latter moy

lbreg on would require diffusion through protection sheaths of collagen which surround both the individual fibres and groups

P
. Ahcle size v
ersio
o ion

as considered to be the most important factor governing the diffusion of pigment through muscle tissue. An aqueous
o . . . ; .
i f DNFH (unencapsulated), which has been treated with the Polytron, had a median particle diameter of 2.2 microns as measured

0
. Mgy ulter Counter, Encapsulated pigment dispersed in water and also treated with the Polytron had a median particle diameter of 2.6
N o * in . . : . : ] .
"“"hue Contrast, 5 dispersion of raw, unencapsulated and untreated DNFH had a median particle size of 8 microns. The DNFH/pickle
as . g
| Tem()ve Weated with the Polytron prioro injection. As an added precaution, this "homogenized" pickle was sometimes centrifuged to

€ co, . A : i s 1 ; . .
o uncblo ArSer particles. The resulting hams were the most visually appealing to date. The interior colour was a strong bright pink, with
Ureq
areas,

facilitate the penetration of DNFH through the muscle tissue. An intermittent tumbling routine of 9 h duration, at a

. 2 1
]nlensive P, with an hourly tumbling time of 15 min and a relaxation time of 45 min, proved to be quite suitable for this purpose. More

€a s
'ment yielded no perceptible improvement in the distribution of DNFH.

U atte o s . o W sl :
%, . TOPt to minimize the inhibitory effect of the muscle internal structure on DNFH migration, a pre-injection tumbling treatment was

S wac 2
. intended to "open-up" the muscle interior through partial fibre breakdown and disruption of collagenous membranes. The

atment consisted of 3 hours of continuous tumbling. It is believed that this process did indeed benefit the distribution of

In
€ meat tisgpe,

&eal&d

e cooki

bk . & procedure affected the distribution of DNFH mainly due to its effect on water retention. Cooking of the nitrite-free hams in

\\'Qi
ght

Sin
g "M@ water bath
Mg, N of 5 . : L
Sty effe, bout 10% as opposed to losses anywhere from 2 to 30% when the oven was used). This moisture retention seemed to have a
Cto : g < ; . :
wm uniformity as the high DNFH-concentration zones were not nearly as prominent as in the oven-cooked samples.

proved to be superior to using a convection oven. There was a significant increase in moisture retention (i.e., a

th | ;
i &pTeD ; SION& The preformed microencapsulated DNFH, as one element of a multicomponent meat-curing system, makes possible

N ldey; lor:lof nitrite-free cured-meat products such as hams or wieners.
ffee%ng)' nd:ren"mfms a process in which a fine powder of DNFH is used within a narrow particle-size range (probably between 1 and 2
hams( - these conditions, we believe that complete dispersion of DNFH within intact meat tissue can be achieved and hence, nitrite-
REFE Other Similar cured-meat products) would become a reality.
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