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Food dispersions are the most frequent and most important food components. Useful information was
obtained in the investigations of liquid emulsions. The results obtained in their study were compared with
tomato ketchups. They were chosen as an example of food dispersions with low lipid content. A set of 20
samples of tomato ketchups purchased on the native market were analyzed by several rheological
procedures (RheoStress 300) and by sensory profiling both of textural and flavour characteristics. The
psychorheology was used for the determination of relationships between results of instrumental and sensory
measurements. The data base obtained was processed by statistical methods. The temperature affects the
results differently, but it is not useful to study temperatures below room temperature. The rheological
parameters agree with the Herschel-Bulkley equation. Therefore, the psychorheology was applied as a
suitable complex method. About a third of plots between two variables were significantly related. Several
statistically significant relationships were obtained between rheological attributes, sensory attributes, and
the combinations between rheological and a sensory attributes. Great variance in all characteristics was
observed in all samples variables. Similarly as in case of lipid dispersions, the sensory texture acceptability
was significantly related with the overall flavour acceptability, similarly as in case of other food
dispersions. It proves the importance of texture in consumption of tomato ketchups.
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Potravinaiské disperze patii mezi nejrozSifenéjSi potravinaiské produkty. Potfebné informace
k prezentovanym vysledkiim pfedlozeného studia byly ziskdny pfedchozim studiem potravinaiskych
emulzi. KecCupy byly vybrany jako pfiklad potravinafskych disperzi s nizkym obsahem tuku. Bylo
hodnoceno celkem 20 vzorkli komerénich vyrobkii tomatovych kecupti, zakoupenych v ¢eské obchodni siti.
Reologické charakteristiky byly ziskany pomoci rotacniho reometru RheoStress 300 a texturni vlastnosti
pomoci senzorické analyzy. Jako nejvhodnéjsi metoda byla zvolena psychoreologie, ktera zkouma funkéni
vztahy mezi reologickymi parametry, stanovenymi instrumentalni analyzou a senzorickymi
charakteristikami, stanovenymi senzorickou analyzou. Znalost téchto vztahd je dulezitad ke kvantitativni
charakterizaci tokovych a deformacnich dé&ju, probihajicich pfi senzorické zkousce. Reologické parametry
vyhovuji stavové rovnici Herschel-Bulkley. Korelaci reologickych a senzorickych dat byly ziskany v tretiné
pfipadd tésné funkeni zavislosti s vysokymi hodnotami korelacnich koeficientl. Analyzy prokéazaly velké
rozdily mezi jednotlivymi vzorky keCupl. Pfi nizSich teplotach by se patrné projevily zietelnéji vlivy
optimalni textury a ziskaly se blizs§i hodnoty mezi vzorky. Stejné jako u diive hodnocenych potravinarskych
produktti bylo prokazano, ze textura vyrazné ovliviiuje chutové vlastnosti, coz zdiiraziuje vyznam textury
pii konzumaci rajcatového protlaku.

KLICOVA SLOVA: psychoreologie, potravinaiské disperze, rajéatovy kecup, reologie, senzoricka analyza.

1. Introduction foams (1988), margarine (1988, 2001), dressings
and tartar sauce (2006). It was considered as inter-

Food emulsions and other dispersions belong to  esting to investigate properties of tomato ketchups
very frequent food constituents. In previous papers, as example of low-lipid food dispersions. Ketchup
we studied several food emulsions, such as fat is almost exclusively prepared from tomato juice,
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onion, vinegar, sugar, and various spices (Brum-
mer, 2006). Because of great importance of both
the rheology and sensory value, psychorheology
was applied for evaluation.

Consumers prefer thick products, therefore, to-
mato ketchup is now prepared with addition of
thickeners especially starches (potato, corn starch,
modified starches). Various hydrocolloids, e.g.
carboxymethylcellulose, xanthan gum, locust been
gum, guar gum and traganth gum are now increas-
ingly used (Sahin, Ozdemir, 2004).

Intensive application of thickeners results in
great number of products with variable rheological
properties. Therefore it would be useful to investi-
gate relationships of texture in a larger set of com-
mercial samples. The samples should be tested
from the standpoint of psychorheology (Barmnes,
1999), i.e. a combination of rheological and sensory
properties.

2. Materials and methods

A total of 20 commercial samples of tomato
ketchups were purchased at various supermarkets
and immediately stored in a refrigerator. Some
samples were of local production, but, other were
imported. The samples were then analyzed both at
23 °C and 45 °C (a total of 40 results).The tempera-
ture of 23 °C corresponded to the room tempera-
ture, the temperature of 45 °C corresponded to
ketchup applied on hot meal.

2.1 Rheological analysis

Several rheological data were obtained (List of
symbols). The apparent viscosity, thixotropy, stor-
age (elasticity) modulus, loss (viscosity) modulus
and the complex modulus were measured using a
Rheometer RheoStress 300 (Thermo Haake,
Karlsruhe, Germany) in coaxial cylinders system,
equipped to prevent slipping on the walls of mea-
suring cylinders. Flow curves were determined in
the shear rate range 0—150 s (the measuring time of
the “up-curve” and the “down-curve” has been 60
s). Apparent viscosity 1, was calculated as the ratio
between shear stress T and shear rate y at the maxi-
mum shear rate of 150 s”'. The yield value was de-
termined using a vane rotor as the maximum value
of the shear stress on the time axis at a constant
shear rate at the vane rotor y = 0.5 s™' (Steffe, 1996).

Fresh samples were used for measuring at two
temperatures. Each measurement was repeated
three times.

It was found that ketchup is a viscoplastic sub-
stance from the rheological point of view. The re-
sults agree with the Herschel-Bulkley equation
(Herschel, Bulkley, 1926; Roberts, 2003; Jaros,
Rohm, 2003): T =1, + 1. ¥" (later only H-B). Re-
gressions were measured from the “down curve” of
the flow curve, i.e. after elimination of the
thixotropy. As the evidence, the flow curve of the
ketchup Spak Gourmet is shown in Fig. 1. Results
of the regression measured on the “down-curve”,
following the Herschel-Bulkley equation: 1, = 17.4
Pa, n,; = 9.6 Pas, n = 0.395, regression coefficient »
= 0.9996. Regression coefficients in case of all
samples studied at the two temperatures behaved
between » = 0.999 — 1.0.

Good agreement between the experimental re-
sults and the Herschel-Bulkley equation were re-
ported from another source (Varela et al., 2003).

The existence of thixotropy of tomato ketchup is
evident from Fig. 2, constructed after the procedure
given by Brummer (2006).

The structural breakdown and subsequent build-
ing of the structure is explained here. The first part
of the experiment was performed in a linear visco-
elastic range. In the second part the strain increased
sharply. This behaviour results in a significant de-
crease of all moduli. In the third part of the experi-
ment the strain decreased suddenly, returning again
to the original viscoelastic range, and after a few
minutes both the moduli reached again their starting
values. Earlier, the thixotropy of tomato ketchup
was reported from another laboratory (Autio,
Houska, 1991).

2.2 Sensory evaluation

Sensory analysis was carried out under standard
conditions as specified by the respective ISO stan-
dards: The testing booths after ISO 8589, 2007;
judges after ISO 8586.1, 1993; preparation and
serving of samples after ISO 68589, 2005; scales
after ISO 4121, 1978; the flavour acceptability after
ISO 6564, 1985; the texture acceptability was de-
termined in the same way. Each result was calcu-
lated from 12 determinations.

2.3 Statistical methods
Data obtained in the experiments were analyzed

by ANOVA and multiple regressions using the
software STATISTICA 4.0.
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Fig. 1. Flow curve of ketchup (Spak Gourmet) 7'= 23°C, regression of “down curve” (<) HB.
Obr. 1. Tokova kiivka méteného ke¢upu (Spak Gourmet) 7 = 23°C, regrese zpétné vétve tokove kiivky (<) H-B.

100000.0;
r P Y S T

T e o R Y S S VS (P AR R v R R e

10000.04 r

1000.04

100.04

G'[Pa], G"'[Pa], In*I[mPas]

Fig. 2. Breakdown and building of structure of tomato ketchup under strain.
Obr. 2. Strukturalni zmény tomatového keupu vlivem deformace.
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3. Results and discussion

It could be expected that properties of ketchups
would be very variable depending on the manufac-
turer’s plans, which was so confirmed by experi-
ments. Standard deviation between two evaluations
of the same sample varied by 3040 % of the re-
spective means, while the values varied between
15-20 % in case of sensory evaluation. All relation-
ships presented in Figs. 3—6 include all samples and
both temperatures of 23° and 45°C.

In spite of great variability properties, the num-
ber of significant relationships (P = 0.05) was sur-
prisingly high (out of 141 combinations of vari-
ables, 58 were statistically significant). Most rela-
tions were linear or very close to linearity, which
may be explained by narrow range of values in the
tested material. No relationship was detected be-
tween the static yield value and other variables.
Great range among properties of individual samples
can be explained by the assumption that the differ-
ences decrease with the decreasing temperature in
case of the rheological methods than in case of
sensory results. Of course, it is not useful to study
temperatures lower than the room temperature as
tomato ketchups are not tested by the sensory
analysis among the consumers immediately after
removing from the refrigerator, or if tested, they
would not affect the texture acceptability.

As could be expected many relationships were
found among rheological variables. An interesting
example is the significant relationship between the
plastic viscosity (HB) and the apparent viscosity
(Fig. 3).

Relationships between the sensory characteristics
are very interesting, especially sensory testing on
the plate, before sample ingestion, such as between
the resistance towards ladling and pouring the sam-
ple (Fig. 4). Data on the plate have been obtained
before the contact of the sample with the oral cav-
ity, i.e. under conditions close to those of the
rheological measurement.

In some cases the rheological measurement can
predict the sensory attribute, e.g. the storage
modulus and the pouring sample from the spoon
(Fig. 5) or the storage modulus and the viscosity
perceived in the mouth.

Surprising is the close correlation between ac-
ceptabilities of sensory texture and overall flavour
(Fig. 6). Similar relations were observed in fat
foams (Stern et al., 1988), margarines with varying
fat content (Stern et al., 2001), yoghurt mayonnaise
(Stern et al., 2008) or tartar sauce (Stern et al.,
2006). The data prove the importance of texture
percept for the overall flavour evaluation.
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Fig. 3. Relationship between the plastic viscosity (H-B) and the apparent viscosity.
Obr. 3. Zavislost mezi plastickou viskozitou (H-B) a zdanlivou viskozitou.
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Fig. 4. Resistance of ketchups on ladling with a spoon and pouring from a spoon.
Obr. 4. Odpor ke€upu pfi nabirani 1zici a stékani se 1zZice.
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Fig. 5. Relationship between the storage modulus and the resistance against pouring the sample from a spoon.
Obr. 5. Vztah mezi pamétovym modulem G a odporem proti stékani vzorku se 1zice.

33



P. Stern, Z. Panovska, J. Pokorny

100
y = 0.4174x + 36.284
£ 75
2
)
8
=3
[7]
8
c 50 4
e
=
%
2 .
ol
2
2 25
Q
(7]
0 T T T T T T T
0 10 20 30 40 50 60 70 80
sensory flavour acceptability [%]

Fig. 6. Relationship between the sensory texture acceptability and overall flavour acceptability.

Obr.6. Zavislost mezi senzorickou texturou a pfijatelnosti chuti.
4. Conclusions

A set of 20 commercial ketchups was tested at
two temperatures with several rheological methods
and sensory profiling. Great differences were ob-
served among samples but still many statistically
significant relationships were found on statistic
evaluation partially also between rheological and
sensory characteristics. These differences would
become more pregnant if lower temperature is in-
cluded in the measurements. Similarly as in case of
lipid dispersions close relation between the sensory
texture acceptability and overall flavour acceptabil-
ity were observed. In some cases the rheological
measurement can predict the sensory attribute.
Acknowledgements. The support under the project
No. TAA2060404 by the Grant Agency of the
Academy of Sciences of the Czech Republic is
gratefully acknowledged.

List of Symbols

N. — apparent viscosity [Pa s],

n* — complex viscosity [Pa s],

My — plastic viscosity (H-B equation) [Pa s],
n — flow exponent (H-B equation) [],

Tt — shear stress [Pa],

vy — shearrate [s"],

T, — static yield value [Pa],

1, — yield value (H-B equation) [Pa],

G’ — storage (elasticity) modulus [Pa],

G’ — loss (viscosity) modulus [Pa],
G* — complex elasticity modulus [Pa],
t —time [min].
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PSYCHOREOLOGIE POTRAVINARSKYCH
DISPERZI{

Petr Stern, Zdefika Panovska, Jan Pokorny

Psychoreologie zkouma funkéni zavislosti mezi kom-
plexnimi reologickymi parametry, stanovenymi instru-
mentalné metodou rotacni reometrie a texturnimi ukaza-
teli, stanovenymi sensorickou analyzou. Znalost téchto
psychoreologickych zakonitosti je dtlezitd ke kvantita-
tivni charakterizaci tokovych a deformacnich déjt, pro-
bihajicich pii sensorické zkousce. To umozni naslednou
instrumentalni analyzu za reologicky srovnatelnych
podminek. Ze zjisténé funkcni zavislosti 1ze komplexné
charakterizovat texturu a stanovit rozmezi reologickych
parametrt, jez odpovidd optimalnim uZzitnym vlastnos-
tem produkti.

Potravinaiské disperze patfi mezi nejrozsirenéjsi po-
travinafské produkty. Potfebné informace k prezentova-
nym vysledkiim ptedloZené¢ho studia byly ziskany pted-
chozim studiem potravinarskych disperzi (emulgované
tuky, majonézy, dresinky). Kecupy byly vybrany jako
priklad potravinarskych disperzi s nizkym obsahem tuku.
Pti 23 a 45 °C byla analyzovana fada 20 kecupi, odeb-
ranych na domacim trhu. Reologické charakteristiky
(mez toku, zdanliva, plastickd a komplexni viskozita,
tixotropie, pamétovy, ztratovy a komplexni modul) byly
stanoveny s pouzitim reometru RheoStress 300 (Thermo
Haake, Karlsruhe, Némecko). Statickd mez toku byla
stanovena pomoci ,,vane rotoru“ a ostatni reologické

parametry v ryhovanych koaxialnich valcich k zamezeni
skluzu na sténach meéficich valct.

Pii sensorické analyze byly testovany: vzhled, barev-
ny odstin, odpor k nabirdni lzici, snadnost stékani se
1zice, viskozita po vlozeni do 1st, odpor pii pfitlaceni
jazykem k patru, pfijatelnost textury, intenzita kofenéni,
piijatelnost chuti, paléivost po spolknuti a chut’ na bram-
borovych hranolcich.

Byl ziskan zna¢ny pocet reologickych tdaji. Bylo
zjisténo, ze keCupy jsou zreologického hlediska tixo-
tropni viskoplastické latky a zjisténé reologické parame-
try vyhovuji reologickému modelu Herschel-Bulkley t =
=1T,+ 1. y" (dale jen H-B model). Tixotropni charakter
sledovanych kecupu byl jednoznac¢né prokazan pomoci
dynamické oscila¢ni reometrie. Mezi stanovenymi reo-
logickymi parametry existuji tésné, zpravidla linearni
funkéni vztahy (R? = 0,95 — 0,99).

Analyzy prokazaly velké rozdily mezi jednotlivymi
vzorky kecCupl. Pfesto pocet vyznamnych funkénich
zavislosti (P = 0,05) mezi reologickymi a sensorickymi
parametry byl prekvapivé vysoky (ze 141 proménnych
bylo 58 statisticky vyznamnych). Vétsina funkénich
vztahtl byla linearni nebo velmi blizkych linearité. Neby-
la zjiSténa zévislost mezi statickou mezi toku a dal$imi
proménnymi. Stejné jako u tukovych dispersi bylo zjis-
téno, ze u spotiebitele textura ovliviiuje chut’ vyrobku.
Vtadé piipadd lze rychlou a objektivni rotacné-
reometrickou metodu i v ptipadé keCupt vyuzit k pred-
povédi sensorickych charakteristik.

Seznam symbolii

N. — zdanliva viskozita [Pa s],

n* — komplexni viskozita [Pa s],

M — plastické viskozita (H-B model) [Pa s],
n — exponent toku (H-B model) [-],

T — smykové napéti [Pa],

y —smykova rychlost [s],

T, — staticka mez toku [Pa],

1, — mez toku (H-B model) [Pa],

G’ — pamétovy (elasticky) modul [Pa],
G’ — ztratovy (viskoézni) modul [Pa],
G* — komplexni modul [Pa],

t —cas[min].
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