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Studies on the Processing Properties and Interactions Between Porcine
Blood Proteins and Waxy Rice Starch During Making Porcine Blood Cake

Chin-Wen Lin*, Jeng-Huh Yanp, Hsien-Pin Chu, Bo-Fing Su, Hsiao-I.ing Chen and Chia-Cheng Hunang
Graduate Institute of Animal Science, National Taiwan University, Taipei, Taiwan, ROC

ABSTHACT : The physiochemical propemies and interactions between porcine blood and waxy rice were determined
Addition af calcium chloride {0.15%) 1mproved acceptability of blaod cake and increased the gelalimzation degree of waxy
rice The water-halding capacity of porcine blood gel (bloodfwaler=60{d40, vjv), exlent of absorption and gelatinization of
waxy rice, and scenning electron microscapy showed ihal blood protein matrix and waxy rice are competitors for holding
water in the cooking procedure. Non-haem iron content increased linearly (R=0.95) when heanng remperature rose. The
presence of hlcod pmieins caused incressing of peak lemperature (Tp) of gelatinization in differential scanning calorimetric
thermal gram. The microstructure of plasma proieins and haemoglobin appeared continuous changes, and interacted with
surface of wexy tice flour in terms of network and masaic form, respectively The elecrrophoretic pailerns revealed an
interaction belween plasma proteins and wexy rice glutelin and haemoglohin when healed could be found st temperaiutes

abave 60°C. (Asian-Aust J. Anim. Sci. 2001. Vol 14 No. 3 : 358-364)
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INTRODUCTION

Edible porcine blood cake is a specialized and
iraditional product, in which waxy rice and hload are
the iwo major ingredienis. Generally, waxy rice is
evenly spread with poreme blood, then 1hey are
steam-cooked (Lieu, 1991). Porcine hlood cake has a
hrownish appearance and special texture with cooked
rice and heat-denatured blood protein, and it is a
common snack in road side vendors or night markeis
in Taiwan. Recently, this product has been impraved
to a retailed package, and chilled for selling, but its
appearance and texture are mnoi fully accepted by local
cansumers (Lieu and Chen, 1951).

If the processing of this prodoct was improved,
consumption should increase and waunld also solve the
dispnsal problem of animal blood. The purpase of this
study was ta survey the manufaciure of this product,
analyze its composition, determine the effect of heating
on non-haem iron in blood cake, observe any
mteractions between waxy nce and blood prateins by
scanning electron microscopy (SEM), and determine
the heal denamration with differential scanning
calanmetry (DSC) and eleciraphoresis.

MATERIALS AND METHODS

Materials
Porcine blood that passed safety imspection by a
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veterinarian was collected from a slaughterhouse in
Tacyuan, Taiwan. Sodium chloride 09% and sodium
citrate 0.5% were added as anticoagulants. All samples
were stored under refrigeration (4'C). The various
analyses described below were them performed

The procedure for making porcime blood cake is

shown in figure 1. In addition some commercial
porcine  bload cakes were bought from a local
supermarkei,

Compositian

Commercial and self-produced porcine blood cakes
were analysed for their moisture, crude prolein, crude
fat and ash conienis according lo AOAC (1984).

Sodium chloride content
Sondium chloride content was deterrmned with silver
nirate standard solution accarding to Sebranek (1978).

Waler-holding capacity

Porcine blood treated with 0.9% sodium chloride
and 0.5% sodium citrate, was diluted ta 60% of the
origmal concentration with deionized water. Forty ml
of diluted blood was decanted into a 50 ml beaker,
one ml of 20% calcinm chloride was added, and when
the blood gelled the beaker was covered wilh a piece
of aluminum foil and set in a waler bath (Kwang-shen
constant temperature bhath, Taiwan) for heating at €0,
75, or 90T for 30 min, or at 105 or 120C for 30
min in an autoclave (Speedy autoclave TM 228,
Tomin Medical Equipment Co., Lid., Tarwan).

A parnon of 200-500 mg gelled blood cube was
cut and put on 5 sheets of Filter paper (Toyo No.1 9
cm dia.), and another 5 sheets of paper were put on
the blood cube Filler paper and bload cobe were
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weighed, then pressed al 5 kg,-'cm’ far 30 sec with a

Carver press apparatus (JC 468, Saitama Keiki
Seisakusho Co, Lid, Tokyo, Japan). Afier pressing,
the crushed hlood cube was carefully removed and the
water-absorbed filter paper was weighed; the water-
holding capacity of the blood sample was calculated
as follows:

(A3-Al)

Water-helding capacity (%)=1-735 Al

XM} X 100

where Al: dry filter paper weight (g), AZ: sample
weight plus filter paper weight (g), A3 waler-absorbed
filter paper weight (g}, M: moisture content of sample

(%)

Tatal iran centent

With in-cineration (Thermolyne 1400, Thermolyne
Corporation, USA) and atomic ahsarption specirophoto-
metry {Atamic Absorption Spectrophalometer, Perkan-
Elmer 3100, USA), iotal irom content was delermined
aceording to Schricker et al. (1982)

Non-haem iron content

The non-haem iron content in bload solution ar gel
was determined by the method aof Schricker et al.
(1983) and Wang (1992)

Haem iran canteni

Haem ircn content (uzg Fe/g wel tissue) was
calculated by deducting nan-haem iron conieni from
total iron conient.

The degree of pelatinization
The degree of gelatinization of the siarch of the

Waxy rice (glutinous rice)
l
Washing and soaking for | h
1)
Draining (dripping off water)
!
Mixing bload with rice
(Welt ricefblcod=5/3 (wjw))
l
0.15% CaCl, added to the mixture
i
Stirring and standing for coagulation ca. 30 min
!
Coaking (120°C, 30 min)
!
Coaling
l

Porcine blood cake

Figure 1. The manufacture of porcine blood cake

waxy rice was determined by the method of Chiang
and Johnson (1977) with slight madification. Ferty

milligrams of waxy rice (brought from a lccal
supermarket, Taipei) was weighed, 5 ml deionized
water was added to make a suspension and ihen

heated at 60, 75, 90, 105 or 1207 fer 30 min, with
pnheated as conirol. After heating, the samples were
immersed in water hath a1 40°C. Another portion of
20 mpg waxy nice was weighed, and 3 ml deionized
water was added 1o make a svspension, 1 ml 1 N
NaOH was added and vigorously shaken for 5 min,
then 1 ml 1 N HCI was added 10 neutralize the pH;
this rreatment was regarded as complele gelatinization.

To the samples treated by different heating
temperatures  were added 25 ml glucoamylase
preparation: 2 g Rhizapus glucoamylase (Sigma Chem.
Ca., MQC, USA) was dissolved in 230 ml sodium
acelate buffer (pH 4.5) and filtered rthrough a pglass
fiher filter: it was used within 2 h. After being held
for 30 min at 40, 2 ml 25% tichloroaceuc acid
was added to terminate the hydrolysis The supernatant
was ohlained by centrifugation al 16,000Xx g for 5 min
(Kubnta KR-20000 T, Kubota Corporation, Tokyaq,
Japan). A 0.5 ml porion of supematamt was poured
into a test tube, 4.5 ml colouramt (1.5 g thiourea
dissolved in 940 ml pglacial acetic acid plus 60 ml
o-toluidine) was added, and then the fest tube was
heated in 2 boiling water bath for 10 min. When
cooled, 5 ml pglacial acehc acid was added The
soluion was sampled and the absorhanca at 630 nm
wavelength  was determined (Shimadzu UV-160A,
Shimadzu Corporation, Tokyo, Japan).

Moisiure ahsorption

The degree of moisture absorption of waxy rice
during heating was determined Waxy rice was washed
and scaked in water for 1 h. Five gram of wet nce
was weighed into a boitle, 8 ml deionized waler was
added and weighed again, then heated at 60, 75, 90,
105 or 120C for 30 min, and cooled at ambient
lemperature; free water was ceninfuged off ar 1,000 X
g for 1 min.

Rice weighed afier heating-
_ wet rice weighed before heanng % 100
Wet rice weighed hefcre heating

Maisture
ahsorption (%)

Differential scanning calarimetry (DSC)

To whale porcine bload was added 40% vjv of
deionized water; Lo waxy rice powder was added 60
% of detonized water; a mixture of porcime blood and
waxy nce powder was made with a 5.3 ratic Ten
milligram quantities were weighed and put in an
aluminum disc, and carefully sealed with a ciamp. The
DSC method was usad (Thermal Analyzer, General
V41C, Dupont 2200, Dupont Corporation, USA). The
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samples were heated from 20 o 120C at a rate of
10C/min. The enthalpy, inilial gelalinized temperature
(To), complete pelatinized temperatore (Tc), peak
temperature of pelatizination (Tp) and tofal absorbed
energy aof the process aof Theating (Jjg) were
determined

Scanning electron micrascopy methadalegy (SEM)

The SEM of the mixture of waxy rice and porcine
blood was abserved by the method of Woodward and
Cotterill (1986) with slight modification. Waxy rice
powder was mixed with waler to s 40% ongmal
concenfration toc make a dough, then mixed wath
porcine blood al the ratio of 3:5 (hloodidough); 0.15%
calcinm chloride was added to accelerate coagulation
The muxture was heated at 60, 75, 90, 105 or 120C
for 30 min. The cooled sample was cnt as a 1.5X4 X
10 mm cube, then fixed by 3% glutaraldehyde.
followed by 1% osmiutn retraoxide, dehydrated with a
crtical point dryer (Hitachi HCP-1, Japan) and stuck
on an aluminum stub with ion coater (Eiko 1B-2,
Japan), then observed with SEM (Hitachi S§-53Q,
Scanning Electronic Microscope, Japan).

Electropharesis

The extraction of glutelin from waxy rice was
implemenied by rthe method of Tseng (1987). An
aliquat (8 ml) of a concentration of 4.5 mg/ml of
each pratein solution (glutelin, plasma, and haemo-
glabin) was poured into fest fube The samples were
heated at 60, 75, 90, 105 or 120C for 30 min After
coaling, they were centrifuged (1,500Xg, 25 min)
The supernatani was collected for determination by the
method of SDS-PAGE (Laemmli, 1970) with 4%
stacking gel and 12.5% separating gel.

Statistical analysis
Each experiment was done at least three times, and
each determination was duplicated. The experimental
data were analyzed using SAS software (SAS, 1986).
RESULTS AND DISCUSSION

The compaesition of parcine bload cake
As shown in table |, A, B and C represented

Tahle 1. Compositiop of parcine blood cake

Product* Treatmenis
camposition A R C D
Maisture (%) 51.6 54.1 51.2 50.2
Crude protein (%) 54 45 5.6 51
Crude fat (%) 0.56 0.67 032 0.41
Ash (%) 0.7 1.1 1.6 0.6
Salt (%) 1.1 1.1 1.1 0.4

* Product A, B, and C were purchased fom local

supermarkets Product D was made according to figure 1.
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different brands of blood cake. which were bcught
from a lacal supermarket, D is the control made by
us. The differences in composition were duoe to the
prefreatment, the ratics of raw materials, and
processing conditions. When the bland for A, B and
C was collected, 1.5-2 0% iable salt was added as an
anticoagulent; for D we used 09% NaCl and 05%
sodium citrate which therefore showed lower ash and
salt contenis.

The fat content was related 1o the ratio of waxy
rice to porcine blood, but the higher conlents in
commercial cakes A and H may have been because
they were sprayed with a thin layer of food grade oil
n order to increase attractiveness lo customers and to
prevent them sticking to their packaging.

Changes in water-halding capacily during heating
The water holding capacily of dilnted porcine
bload, 60% hblood and 40% water, 1s shown in figure
2. With the addition of 0.15% calcium chloride
(CaCly), the treated bload before heanng, gelled at
ambient temperature. The water-holding capacities at
room temperature, 60°C and 75°C, were 8.6, 16.3 and
272%, respectively. When the temperature was
increased to 757C, the blood gels shrank and expelled
water. When the heating temperature was higher than
105T, water-halding capacity decreased In non-CaCl
trealment  (contral), the dilnled blood remained
ligmd-like when unheated at 60°C; at 75°C, it began

ta gel, with a water-holding value of 32.1%. The
highest value (36.4%) appeared at 1057, but
decreased at 120C (33.7%). Without added CaCl,

hlond gelled at 75°C, and its gel nalure was more
stable than when CaCl, was added.

Degree af gelatinizatian

When waler in the system js abundant and the
starch is heated, its hydration raises dramatically. The
starch granule swells due to absorbtion water and
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Figure 2. Walter-holding capacily of porcine blood gel
at various heating temperamres. * Additian of CaCly:
0.15%; Healing time: 30 min
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enlarges 1ts volome many times. This 15 so-called
gelatinization. When starch gelalinizes, its viscosity and
solubility increase. And il can be easily hydmlyzed by
amylase, The relative gelatinization of waxy nce,
heated at different temperamires faor 30 min. is shown
in fipure 3. The degree of gelatinization increased with
increasing a temperature (25-90°C), and presented a
significant  linear result  (p<0.05, r=095) The
gelatinization reached 100% at temperatures above 90

T.

Moislure absorplion of waxy rice

The whole grain of waxy rice was tested far its
moisture absorption (figure 4) which increased with
rising temperature, from 3.0% at 60C ta 198% at
120C. Generally speaking, the enthalpy (4H) and
maistire absorption of rice grain is higher than that of
rice powder (Norman and Marshall, [989). We
abserved that there was a competitive relation for
water between waxy trice and porcine blood in the
process of manufacture of porcine blood cake. Refore
heating, the waxy rice pgrain was soaked in porcine
bload. With rising temperature, changes in the
water-holding capacity of porcine blood pgel and
gelatinization of heated waxy rice was in a stale of
dynamic distribution in the system. In a specific range
of temperature, porcine hlood pel had a reasonable
water-halding capacity, and the moisture absorption of
waxy rtice greatly increased in the same Ttange.
Eventually parcme blaod gel, at a higher temperature,
expelled water which was immedialely absorbed by
waxy fice grain, and its gelatinization proceeded. 1f
the porcine bhlood and waxy rice was steam-caoked
this pracess took much more time than with an
aulaclave, which could greatly shorten the processing
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Figure 3. Effect of healing temperature on lhe degree
aof gelatinization of the waxy rice flour. * Heating
time: 300 min
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Figure 4. Moisture absorplion of waxy rice gram at
various healing temperatmes. * Heating time: 30 min.

time. Figure 5 shows two kind of parcine bload cake

with aor without CaCl, addition. If CaCl, was nat
added, the cake was darker in colout and less
gelatinized

1t could he that hlood with CaCl, added might gel
befare heating, and so have a smoother appearance.
When the heating iemperature rose the water-holding
capacity was less than when na CaCl, was added. At
907, blood gel with CaCl, released water which was
mansferred inla waxy rice and the gel was driven into
the gaps between the waxy rice granules.

Bownsey et al. (1989) studied the gel formed from
a mixtre of starch and egg white, and concluded the
same result. The na added CaCl; porcine hlood gelled
by heating at 90C or abave, and had a higher
water-holding  capacity, so affecting the degree of

Figure 5. The appearance of parcine blood cake A:
no CaCl, added; B: CaCl, added
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gelatimzation of waxy nce 1n porcine blood cake.

Changes in iran contenti

The changes in iron content of parcine bload gel
ar heating ta 60-1207 are shown in table 2. There
was no significant change heiween sample heated at
60T for 30 min and unheated sample (p>0.05). With
increasing temperature (75-120C), the nan-haem iron
rose significantly, especially in the samples heated 105
and 120C in which it was higher by 170% and
203%, respectively. Wang (1992) showed thal non-
haem iron was increasing with increasing of heating
temperature, and Schricker and Miller (1983) found
similarly when heating beef.

Thermal characteristics

The: (hermal characrenistics of waxy rice and
partine blood are shown in table 3. The gelatinization
temperature (To, Tp and Te) of waxy flour was higher
than that of the rice starch It might be that the rice
profein cavering the surface of rice grains affecied
waler penetration, in the same way as cell walls,
consequently mneeding higher heating (emperature 1o
impraove the penetration of water ro initiate the
gelatmization (Marshall et al, 1990). Tha waxy rice
starch was more easily penetrated by water, due to the
glutelm extracted from the waxy rice. Marshall (1992)
pointed out that the pgelatmizaton temperature and
enthalpy of waxy rice grain were higher than waxy
rice flour. Waxy rice flour, porcme whale blood and a
mixture of bath at the ratio of 5:3, as in porcine
blood cake, were prepared for DSC  analysis. The
results are shaown in figure 6. Porcine blood had
higher hear absorption than waxy rice and the mixture
When waxy rice flour was mixed with porcine blood,

Tahle 2. Effect of iron content of porcine blood gel
at various heating temperatures

) Iron conient Nohaem
Hleating (1 glg wet sample) Fe
temperahire .

) Toral No.nhaem Haem  increased
iron 1ron* (%)**

Unhzated 339+8 247+07" 316+14

60 325+7 245+t02" 300+ 1 0

75 328+2 313+05" 296+ 3 217

90 329+3 354*03° 294+ 3 432

105 325+7 66.8+1.1° 260+ 7 170.5

120 330+7 749+20° 255+ 6 203.7

* Haem iron contenit=ta1al iron conient-nonhaem 1ron

cnnlenl
** Nonhaem Fe increase %=-(nonhaem Fe in heated

sample nonhaem Fe in unhealed sample}/nonhaem Fe in
unheated sample.
*h% Dala  with different
different (p<0.05)

superscripts  are  significantly
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Tahle 3. The differenfial scanming calonmetne cha-
racteristics of waxy rice flour, starch and porcine
blood proteins {(Mean+ SE, n=3)
Gelarinization and denaturation
temperature (C)

To Tp Te

59.5+0.2 69.1+0.3 84.3+09
579105 679t05 80.1+06
77.1£0.6 837100 93.3+00

Waxy rice flour
Waxy rice starch
Porcine haemaglabin

To: onsel temperaiure, Tp: peak temperature; Tc: conglusion
lemperrature.

its peak temperature of heat absorption was raised
fram 68.15C to 72.20Y . Evans and Haisman (1979)
pointed out that the non-starch polymers formed a
matrix, compete with starch for water ahsorption, and
prevent water from transferring and penetrating, so
raising the temperature of gelatinization. Tseng (1987)
found the same result with bovine serum albumin and
egg white added to waxy rice flour

Scanning electron microscopy

In order to understand the changes of blood
proteins and waxy rice flour in the heating process,
they were mixed in the ratic of 3:5 and heated ar
various temperatores. Afier sampling, fixation, dehy-
dration and ion coating, the samples were ahserved
with SEM.

When CaCl, was added into the mixture of parcine
whole blaod and waxy rice flour, they formed a gel
dne 10 Ca”’ accelerating the formation of fibrin from
fibrinogen (Ferry, 1945). The major network was
contributed by plasma. However, haemoglobin  was
attached or arranged onfin the network as shown in
figure 7. Wang (1992) shawed plasma was heat-
denatured and aggregated easier tham haemoglobin; (he
latter was a mosaic on the plasma aggregating matrix
observed by SEM, and the texture of blood curd. The

01
0.05f
n i

0,05 |

a1 70 8490 100 116 1M

0.0 P
015 }
02 e <, -

-0.25 S _J
Temperature ("C)

DSC heat flow (wg)

—— Rice flour - Parcine blooad  ---- Mixture

Fipure 6. DSC curves of blood, waxy rice flour and
their mixture * The heating rate was 10T /m.
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pranules of waxy rice flour gradually absorhed water
and then swelled at increasing femperalure (60-907)
Al the samc time. plasma praleins were alsa denatnred
and aggrepated 10 farm a3 finc neiwork as shown in
figure 7B-D. When the healing temperature rose over
105, the rice flour pranules were bomi,
deformed, and mingled with plasma proicins. The
shrunk haemaoglohin, caused by heming, were masaic
onfin  the nerwoark. Adhikani (1993)  thought 1he
armangemen! and nerwork of micro- ar macro-siructure
of the constituenis in food, caused in processing, were
closely relaed 10 food 1exiure and  rheological
property

waxy

Figure 7. Phawographs of SEM of mixiure of porcine

hland and waxy rce {lour ar various heating
temperatures for 30 mins. (A) wnheated: (B) 60 (; {C)
750 (D) 0T ; E 105 (F) 120(.
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Fleciraphnresis

Porcine plasma was mixed with equal volumes of
hacmaplobin and rice glutelin. After heating av various
temperalures (60-1207), the samples were cemrifuged.
and the supernalam was obwained for elecrropharesis,
The resulis are shown in figure 8 and 9. In figurc §,
photograms  of SDS-PAGE of supematant of 1the
mixture of parcine plasma and heemoglobin  showed
pratein - bands  faded owm with  increasing  heating
temperature (75-1207). They had nearly disappeared ai
1207C, and only undefined pratein hands with large
maoleenlar weighis were lefl ar the wop of the siacking
gel. As shown in figure O, pholograms of supcrnalani
aof the mixtre of porcine plasma and waxy rice
glutelin shawed 1he prowein bhands werc significantly
faded ar hearing emperares aver 757, With heating
tcmperalure  increasing from 90-120% , proiein  bands
almost disappearcd. From these [lindings, rice glutclin
and parcine plasma separately had reasonahle hearing
suability, but  each disappeared at lower hcating
iemperalure when mixed with ather prateins. It could
bc spcculated that  there was an  imferaction among
differem protein malecules, hased on the ohservation
of very bipg malecules at 1he top of the sacking gel.

CONCLUSION
The mixing miio of 5 pans waxy rice and 3 pans

porcine blood steam-cooked a1 120¢ far 30 mm s
suitablc 10 make a satisfactory parcine hlood cake

Kbha U P H

60° 75° 90" 105" 120°C

Figure & Pholograms of SDS-PAGE af cenirifuged
supematant of porcine plasma-haemoglohin at various
heating temperatures. P: porcine plasma; H: poreine
haemoglohin
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Figure 9. Photograms of SDS-PAGE  of cenrrifuged
supcmatani ol porcine  plasma-glufielin - a1 various
heming tcmperatores. P poraine plasma; G: glutelin,

The addition of 0.15-0.20% CaCl. aids gelling hefore
heating. However, blood withour added CaCl: gelled at
75 (. but s gel nawre was more stable than when it
was added. The highest  value of waler-holding
capacity appeared at 105°C, bur gradually deecreased ar
1200 The gelatinization and moiswure absorption of
waxy rice were linearly increased during the heating
process. So, there was a compelitive Telation for waler
berween waxy rce and parcine blood in the process
af manufacturing blood cake. Non-haem iron  was
increased with temperature  (60-1207). When  waxy
fce flowr was mixed with porcine bload, its peak
icmperaure of heat flow, detcrmined with DSC, was
raiscd from 68.15 ta 722 This tesult could he
explamed by porcine hlood farming a marrix during
heating, compering with starch for water absarptian,
and  raising the necded temperaure  far e
gelatinization. With SEM  observation, the waxy rice
flour granules were hurst, deformed and mingled with
plasma protein. The shrunk haemoglobin caused by
heating was onjin the blood cake’s nciwork. With
SDS-PAGFE, we found thai there was an intcraclion
among porcme plasma, haemoglobin and  waxy rice
glutelin, hased on the finding that rice glumelm and
plasma had a reasonable heating swhilily, but cach
disappeared from the electropharetic bands a1 lower
lemperature, when they were mixed with the other
proteins
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