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Sr Vorliegenden Arbeit ist es erwiesen, dass man durch eine gesteuerte partielle enzymatische Hydrolyse der
: Sei N
Zenh'ifUQierten zelligen Bestandteile von Schlachttierblut mit einer Ausbeute von 60-80% des Eiweissinhalts des

'y : i i bgefdrbt werden k¥nnen.
Slqr‘gsmmericls Hydrolysate herstellen kann, welche leicht mittels Aktivkohle abg

3 i - i Ergebni ben.
D‘s E“Zym A|ca|cse®0,6 L - ein "food-grade"-Enzym der Firma NOVO - hat die besten Ergebnisse gegeben

le Arbeit hat teils eine Optimierung der Enzymreaktion und teils eine Optimierung des Zusammenhangs zwischen
q

Hydrol)ISengrod' den Reaktionsbedingungen, der Nachbehandlung und dem Abfdrbungsgrad des Hydrolysates umfasst.
A

. . (o]
¥ Crung des Zusammenhangs zwischen der Aktivitdt und der Denaturierung des Enzyms ist die Temperatur auf 55 C
bl Worden, das pH-Optimum ist etwa 8,5, die optimale Substratkonzentration 8-12% Eiweiss, und das Enzym-
v srrm‘verhcﬂfnis (E:S) 2-4%. Die Reaktionszeit variiert von 50-150 Minuten infolge der Unterschiede in der

0 .
rbehundlung, des (E:S)-Verhtltnisses, sowie der Wahl von Hydrolysengrad DH (degree of hydrolysis).
i i h insbesond
UsnutzUhg dieses Hydrolysates in Fleischwaren ist zur Zeit Gegenstand weiterer Untersuchungen, insbesondere

e . .
e die Probleme eines bitteren Geschmacks sowie eine Verbesserung der funktionellen Eigenschaften untersucht.
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Thi .
s Ow mati i tion centrifuged from slaughter blood
SQ\, Ork Sh ed fhof a confrolled parﬁal enzy atic hydrolysxs of the cell fracti b
b e I i i | ised b tivated carbon. The yie|d was of the order of 60-80% o
H‘le P Ysates which were eosﬂy decolourise y ac
r

Ote g
SIn content of the basis material.

he ‘
% i O - provided the best results.
The G A|°°'°Se®0.6 L - which is a food-grade enzyme from the firm NOV pr

SXper . imisati f both the enzymatic reaction and the degree
of 4 Periments have primarily been concerned with an optimisation ©

: . i iti treatment.
COIOU”smhn as a function of the degree of hydrolysis, reaction conditions and further
B o
a m i m ture of 55 C was chosen.
2 tw ivi i e, a reaction temperatu
The the COnnection between activity and denaturation of the enzyme,

ot 3 -12% protein, and the enzyme-substrate
Pro % PH was about 8.5 ; the optimal substrate concentration was 8 o p ’
Ortion (

: i function of the differences in
Pre.y EsS) was 2-4%. The time of reaction varied from 50-150 minutes, as a Tu

re .
°fmem, (E:S) proportion and the choice of DH (degree of hydrolysls)-

1

he UHilisqy;

k
Spegy

i i ticularly with
on of the hydrolysate in meat products is at present the object of further experiments, particularly

i i i fes.
'o the Problems associated with bitter taste and improvements in the functional properties of the hydrolysates
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Décolorisation du sang d'abats par une hydrolyse enzymatique partielle
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é—
Dans cette étude vous voyez démontré que par une hydrolyse enzymatique partielle controlée des globules rouge® 5
: ¢
centrifugés du sang d'abats, il est possible de produire des hydrolysats faciles G décolorer par le charbon actif avé

un rendement de 60-80% du contenu de protéines de la substance mére.

L' enzyme d'AlcaIcse®0,6 L - qui est un enzyme de "food-grade" de la firme NOVO - a donné les meillevr

résultats. L'&tude a compris partiellement une optimalisation de la réaction d'enzyme partiellement une opﬁmal'sa

tion des relations entre le degré d'hydrolyse, les conditions de réaction, le traitement complémentaire et le degd"
de décolorisation de I'hydrolysat.
La température a été choisie, selon les rapports entre |'activité et la dénaturation de I'enzyme, d 55°C,
. . . . . €
|'optimum de pH est environ 8,5, la concentration optimale de substrate 8-12% de protéine, la relation d' enzy™
ment

de substrate (E:S) 2-4%. Le temps de réaction est de 50-150 minutes variant & cause des différences du traite

initial, des relations (E:S) et du choix de degré d'hydrolyse DH (degree of hydrolysis).

L'exploitation de cet hydrolysat en produits carnés est pour le moment |'objet des recherches supplémentaires,

spécialement on examine les problémes concernant le golt amer et |'amélioration des qualités fonctionelles.

BauaeTaHme HPOBH yGOﬁHHX HHUBOTHBIX C NOMOWbLHK YacCTHYHOrO meMEHTaTHBHDrO rHApONrv3as

VILHELM HALD-CHRISTENSEN

Slagteriernes Forskningsinstitut, 4000 Roskilde, Danmark
e
B paHHOM paboTe MoHasaHo 4TO YaCTUYHLM pPerynuMpyeMsiM ¢epMeHTaTHBHLM rugponvaom HacTH K 11
- 95
HPOBHW YBOWHLIX MWBOTHBIX, KOTOPYW OTAENANM LEHTPOPYyrHpOBAHWEM, MOMHO W3rOTOBNATH |'MJ1PON1

HOTDDHQ NerHo MOWHO BHUBETATb AHKTHUBHBIM YrNEeM.
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HOTOPLIM JaeT nyywve peayneTaTte. PaboTa 4acTUYHO Kacanace yNyHWEHHA PeakuMu pepmeHTas

hepMeHT Alcalase®0,5 L, aTo ¢epmMeHT ¢oupMul HoBo, rofHb¥ ONA NPUMEHEHWA B NUWesbX M
ﬂ:’
YNYHWEHHA CBA3M Memgy CTEeneHbl rMAponM3a, yCNoBWMEeM peallUuu, AONONHWMTENLHOM o06pa6oTHY
HY BbHUBETaHWA rUgponMaaTta. ‘

. pf”
IR

TemnepaTypy M3-3a CBA3W MEWAy aHTHMBHOCTbLI M AeHaTypauued Gpanu B 55°C, camuil ﬂoﬂxoﬂﬁmw T/u

a 1
npvbn. 8,5, Haunyywans KoHueHTpauua cybcTpata B-12% npoTeuHa, OTHOWEHWE mepmeHT-cyécTP paéé
6

- L v
2-4%. Bpema peaxuuu ot 50 - 150 MWH., OHO WM3MEHAETCA HM3-3a pa3Huubl B ﬂpeABapMTeﬂbHDMD
/®-C/ OTHOWEHHWA a TaHwe Bufopa CTENeHW ruaponuaa.
w[
H : 4
CNOoNb30BaHu i
€ 3TOro ruMgponMsaTta B MACHLX NPOJYKTax B JaHHoe BpemA AenaeTcA npeameTor N
oy

WHx dccnepoBaHWdk, B OCOOEBHHOCTH MccnefywnT Npo6nemMsl OTH. FOPbHOMFO BHYCa W yAyHWEHWA

CBOMCTB.
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Urisation of slaughter blood by partial enzymatic hydrolysis
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B|
h - : 4
SMal| gy 95 for years been a by-product in the meat industry and is mainly used as a base for feeding stuffs and only to a
dé In egree for human consumption.
g °rdEr Siia . o &
vec Cien to utilize the protein content in the blood for human consumption, particularly in a world with a protein defi-

cy 3 ; &

bl ;F:Urr\erous methods for treating blood have been proposed to overcome the various inconveniences associated with

"ason whtelns' of which inconveniences dark colourisation of products containing haemoglobine is the essential one, the
Y we have concentrated our efforts on eliminating this colour in particular.

: BY centy:

| prQ':::“fugoﬁon it is possible to separate blood into a plasma fraction (60% v/v) containing one third of the total blood

a hg o ex:';d a red cell fraction of 40% v/v containing the remaining two thirds of protein. The plasma proteins which

p ity ellent functional properties may be used in a wide variety of meat products, whereas the cell fraction, due to
Not red colour that darkens the final product up to an undesirable degree, even when added in minute amounts, has

e
huem ound sufficient fields of application. For that reason several methods have been proposed in order to remove the

Pa s 5 . .
Pro Qing ”;\/\the colouring agent, from the haemoglobine protein, which makes up about 90% of the total cell fraction
Po )'ri.n ethods involving large amounts of organic solvents based on scaling up known laboratory procedures for isolating
"SPorteq S( from chromo-proteins have been proposed (Dill et al 1) and functionality of the prepared globines has been
ne in 9 ybor et ol 2, Hermansson et al 3). However, the use of large amounts of organic solvents seems to be prohibitive
it L SParation of proteins for human consumption.
Ordin :
h}’dro Ysigl?" also other methods have been tried, some involving camouflage (ref. 4), others involving various kinds of
"munqne In complicated systems for immobilizing enzymes and separating uncoloured peptide fractions from haemoglobine
> Ously being hydrolyzed (ref 5).
Pres o
'reutmenfm.p“PEr introduces a method for controlled hydrolysis of the red cell fraction followed by removal of colour by
With activated carbon.
C
N
nzym
e . i % s
group reaction takes place according to the following scheme (a) where (b) shows the dissociation of the amino
at PH QbOUI’ 6.5
Ho
Q ~é\(,{N‘fz HC') H Ry Ry R,
~N-c. o, 5 | |
RI] : ¢+ H,0 Enzyme ¢ £ 0+ HoNFE- b H3N*_-C_ Ve HZN—(lZ— ot
! | 1
¥ Ry }-|| H H }I-i
Th
8
°°anH“’°'Ue of th . : : o ;
bon, LI £ 5 e & -amino groups in poly peptides Is 7.0 - 7.2 at 50 C. The o-amino groups formed are titrated
ds . the pH-stat and the base consumption B (in equivalents) can be related to the number of cleaved peptide
f T In equj pep
s he 4 quivalents) .
l " bqndsegree of Hyg 2 . : g
EL : ydrolysis (DH) is defined as the ratio between the peptide bonds cleaved and the total number of peptide
i
e f de bands cleaved
d .n= : _ Number of peptide bands cleave
ﬂyHTa‘ By 1 + joPH-pk Bi=RGEh eqbivalents 2. Dh = Total number of peptide bonds
1 i CoOmks
gt mbm.
4 In
8% Teﬂ:’ 9 1. and 2. the DH of the hydrolysate can be calculated:
; B - baseconsumption in equivalents
DH< B\ where: o - defined from (1)
ph X «m .n + 100% ' .
W tot m - protein (6.25 - N) in kg
pa’f ;/\lr Bﬁfh fhe h LI total number of peptide bonds per kg protein
o Ydrolysi . -
06P By, e lysis process and the calculation of the results are dealt with in greater detail by Adler Nissen(ref. 6-7).
fime,
Ntq|
Mq al Sect
‘ 'eri 10N
rv"f‘ B|%d ?'s
L e resh|
Jiiza Tingy s yd ¥ 4 .
Hu”oq % Alrnum i rq‘;own from pigs by means of a hollow knife into plastic containers to which o citrate solution, equalling a
i Sa & € ,concentration of 6g/l blood is added, in order to prevent coagulation, The enzyme used with best results

0:’ L, a liquid food-grade preparation of Subtilisin Carlsberg. Alcalase ™ is commercially available from
/S, Denmark. All other reagents are analytical grade laboratory chemicals.

ndUSfri
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Methods !
|

: 3
Blood is separated into a plasma fraction and a cell fraction by centrifugation. The cell fraction containing Gb"."f i
34% protein is diluted 200-300% by adding water, hereby rupturing the cells in order to facilitate enzymatic dig®
of their haemoglobine content. "

subsf

Some solutions are centrifuged prior to hydrolysis in order to remove cell material leaving a purer haemoglobine cele,afe \
c

Others are treated at pH 11 and the centrifuged after neutralisation, since this treatment has been claimed o @
the enzymatic digestion by denaturation of the proteins (Ericksson et al 5). 2

!
N x 6

The protein solution is adjusted with water to the desired substrate concentration S (defined as total protein fines
defin®
m

whereupon the pH and temperature are adjusted and the enzyme is added. In the following an expression E:S 0
the percentage w/w of the ratic of enzyme E relative to substrate S. The reaction is carried out in a 1000 or 3 ouf
thermostated pH-stat reaction vessel and monitored by addition of 4 N NaOH, thus titrating the free X -amin© gr
formed.

Hydrolysis is continued until the desired Degree of Hydrolysis DH (1) is obtained and the reaction is ’rerminai'ef’ bZing
lowering the pH-value to 4.2 which value is maintained for one hour at the reaction temperature hereby inactiv@
the enzymes irreversibly. e

to
After centrifugation of the reaction mixture a calculated amount of activated carbon 0.2 - 1% by weight is Uddedae i$
hydrolysate supernatant which is treated for one hour, whereupon the carbon is removed by filtration. The hydroly*
then neutralized and freeze-dried. Figure 1 shows a flow sheet of the process. o0
8/

Gel chromatography characterizing the hydrolysates with respect to molecular distribution is carried out on a K ]The
column (Pharmacia, Uppsala, Sweden) packed with Sephadex G-25 fine and eluated with a pH 8.2 tris-buffer-
eluation pattern is recorded by measuring the optical density (O.D.) at 280 nm. ‘

Results

Preliminary experiments show that the enzyme Alccllase® is suvitable for hydrolysing the haemoglobine into pePﬁdeS‘

Temperature f
LOMPeIAagTR. ref"[ ‘

. * o o . k3 . e |
Alcalase has maximum activity around 60 C. However, in order to minimize the effect of the enzyme denaturation on rrarfiﬂg
a reaction temperature of 55°C is chosen. At this temperature the remaining activity after one hour is still 9(9% of the $
activity, while at 60°C only 70% activity is left after one hour. All results stated below are obtained at 55°C.

Figure 1
{ Cell fraction ‘
{ Water
Protein yield [ Haemol ysis _)
6.25 x N
2 | <— Reaction temperature and pH

100% f Substrate 8tﬂ
{

<—— Enzyme

! Hydrolysis ]
~<——pH lowering to 4.2

, Enzyme,
inactivation

Centrifugati OI]

70 - 80% ~— activated carbon
Treatment with
{acrivared carbon ]
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60 - 70% | Freeze-drying |
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T .

'lsh:nzonnecinn between the activity and the pH-value .(in the given_sysrem) Figure 2

I :’_Zed using as a parameter DH after 60 minutes , (Figure 2), durl:g =

(Bigy _ e the reaction curve is linear, when the conditions are S = 8%, i
=2%, and temperature = 55°C.

B,
e . .
the d on these results the pH-value is chosen to be 8 .5, taking into account

'"inir:-ﬂ?r decolourisation effect obtained at lower pH-values as well as
~v I|Z|ng the amounts of base and acid necessary for the adjustment of the
be|o\: Ve in order to initiate and terminate the reaction. The results stated
are obtained at a pH-value of 8.5.
Sub ;
S T T T T - . r ot
\ trate Concentration S shs =
Sy ; :
On::strqte concentration variation between 6 and 12% does not offect the reaction speed as long as the (E:S) is kept at a
ANt level . The substrate concentration is kept at 8-9% in the experiments described below.

Eny
R Me-substrate ratio (E:S)

i s 2 :
usgl "5 3 and 4 show the relation between the reaction speed and (E:S). As expected, the speed increases by increasing E:S

s "9 as the enzyme is fully saturated with substrate. Thus, the choice of parameters is a compromise between reaction time
SNzyme costs. It appears from Figures 3 and 4, that an increase of the E:S ratio results in a drastic increase of the initial

Qetiyi
ty as well as of the DH-value obtained after one hour.

Activity

Initial

Fi activity DH
Qur, . one hour
gl % Figure 4
bl it ket
100 J e 20
4 //
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£
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¥ 4 L )

Pre
"eut
5 Tent of the substrate

th QUfhors (5

ours g the haemoglobine by increasing the pH-value to11 for oneor two
for

) have pointed out that a predenaturation of X
© hydrolyzing should give drastic increases of the reaction speed.

"o com; ied in this reacti h effect h
ombinations of pretreatment at pH 11 have been tried in this reaction system and so far no such effect has been found.

Teprs
Mingss
Te fing hydrolysis

PH fé:'qﬂng the reaction may be done either by pasteurisation or like here by !owering the ‘pi'!—valt.lz to 4.2 ?nd mcn.ntcmlgg fhi;
Qs d°ne our at the reaction temperature. For this purpose an organic acid such as. CI'r.rlc acl ! or an ln?rgcmc. acid suc
c“rby "ochloric geid may be used. Citric acid does improve the subsequent decolourisation corrles out with ac;uvated ;
oF fhe "\ 1OWever, when using a weck acid as citric acid, the necessary amount to be cddeismc es UZ Es muc hqsd 30-40%
chlor'c 'Y matter in the final neutralized product, mainly as sodium citrates, see Table 1. d°PP°5eh erefo, l_)' ;0" .
Sodj, - O€id may be used in smaller amounts and will give a desirable taste of salt to the product when neutralized wit

5 ; i hloric acid seems to b
d%irqb‘zydmx‘de and especially in meat products the use of a hydrolysate prepared with hydrochloric acid seems to be

Table 1

added acid sodium salt % of hydrolysate dry matter

citric acid 30-40
1 hydrochloric acid 8-12
rem,

Me s
Ay m & with activated carbon ' i
Wher:::“)hed above, this decolourisation treatment was most efficient when usilng C"“I": acid for enzyme inactivation,
. Ydrochloric acid having other advantages as well, does give acceptable resulfs.

e gnificant effect on the decolourisation. This

May "¢ of pH duri ith activated carbon does have a si i
e ng the treatment with activated ¢ ! & ; Lsiton. contalning &%
Protein SZen from Figure 5 which is based on colours determined phOngrOPh'COHY in a hydrolysate solution containing ©75

(6.25 N). Treatment at different pH-values has been performe

d on hydrolysates from the same batch.
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Figure 5 Figure 6 :
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Besides the pH-effect on the decolourisation which is most efficient at pH-values below 4, the amount of active X

< . 3 Hon 3 . e
and the temperature during the carbon treatment of the reaction mixture have a significant influence. As might o |
ed, decolourisation increases with increasing amounts of carbon such as 1% addition, being a realistic maximu™

%% giving acceptable results.
Decolourisation increases with increasing temperature, and treatment with activated carbon is therefore done af ¢

temperature of 55°C.

Gel chromatography of hydrolysates

Typical hydrolysate: eluation patterns from the Sephadex G-25 column is shown in Figure 6. Two graphs of
different DH-values are shown. Both solutions are clear and translucent.

- . Figure 7
Process yield in laboratory scale e
On the flow scheme in Figure 1 the protein yields (6.25 x N) at three different oH j
steps are shown. It appears that after hydrolysis and enzyme inactivation there i S
are 70-80% soluable proteins left. The remaining precipitate may serve as BrE
animal feeding stuff. After treatment with activated carbon a total yield of o A
60-70% is obtained. The yields may be improved when further process de- o \
velopments are tried out. :

: ]
Figure 7 shows the typical process relation between DH and time,where the
D N S SR

dotted part of the graph contains the DH-range in which decolourisa-

tion by carbon treatment is possible.

Discussion n
. . . . o L1 'o

The use of. enzymes in the food industry is a field of progress due to the great advantages in this kind of natural mc:od'f'carI

proteins, i.e. with respect to functional properties or as here with respect to colour.

The method .describfad in this paper gives a way of processing the red cell fraction into a peptide blend without hydrolyzlncg o

completely into amino acids. From the gel chromatographic behaviour of those peptide blends it has been shown thaf : e,d“"{'

of I:he Pjydrolyzed solution is not only related to DH, but also at a given DH to variations in the peptide molecular We'gdegdw‘

bution in the solution, and in the cases with peaks indicating the presence of large haemoglobine sub-fragments a ba ‘

sation is obtained.
o

o s o 2t ;
A temperature of 55°C at pH 8.5 with substrate concentrations in the range of 6-12% protein gives satisfactory resuls .
respect to decolourisation when treated with 2-1% activated carbon for 30-60 minutes at a pH-value below 4. In ordef
obtain satisfactory decolourisation of the product according to this method a DH-range of 7-15% is necessary, (Figure /"

i) 1
Hydro'lysafes prepared according to this method may be used in solutions where a high pH-independent solubility is desif? fefiﬂ
even in the presence of high salt concentrations. The described method is being developed further and attempts to char®®
the product are being done, especially with respect to application in the manufacture of meat products.
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