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Research Title: Rheological and Physico-Chemical Properties of Vegetable and Fruit Puree
Researchers: Miss Ruchira Taprap and Miss Panadda Nonthanum

Faculty of Agro-Industry, King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

Puree from tamarind and pumpkin was selected for studying the rheological and
physico-chemical properties. For tamarind puree, the three levels of concentration (15, 20
and 25 °Brix) and the four levels of temperature (25, 40, 50.and 60 °C) were conditions of
this study. It was found that the flow behavior indexes of all tamarind puree samples were
less than 1 and the relationship of viscosity and temperature followed the Arrhenius
equation. For pumpkin puree, the effects of processing conditions-of two pumpkin varieties
(Thong Ampai and Lai- Kaset) -on rheological and - physico-chemical properties were
investigated. The results showed that blanching had the effect on beta-carotene contents of
samples. The consistency indexes of pumpkin puree samples from Thong Ampai variety had
higher values as compared to those from Lai Kaset variety which were 103-134 Pa.s' and 37-

46 Pa.sn, respectively.

Keywords : Rheology, Viscosity, B-Carotene
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pOVAUDIANADINSTRINGUESNguAMIaiaNdAy TanuAdedneg AsenuimsuiTaednuas
naldivzretostunisiinlsnnieg idu Tsauuids lsavaemdenialafiu 1savaondonauss waslse
Ay Wusiu vilidesndnuasaliusenoulydremsiiinuannsalunisdueyyadasy
(Antioxidant) uazdgaslufmeimiiutazussiguiininaeg Atnndfydonsiiydvlnvessine
(Steinmetz wa Potter, 1996; Steffen, 2006) atndlsfimumatnuesdufdnuasraliiienisuilan
Lildmgaiisagiinsuilnpvesaniisaviniu nesdndudibiiigusuuiivannvaisuar lifrendiadsd
audndu Teendadinsinndnuasaldsyauuniihaulalduindnsusidnuassalive Hieniu
Wi (Puree) Fuinninmsiduinvetilonalifiinunsionsiauaziudenaan alaudonuds
nse WisewinisanuuInsEiEmnamanidu suldidoualividmmdudugs funsruin ey
awnsailuilaaluguuuureadnuasnalsd naadusiemnsdmiuinuasdgels wiaanunsahly
Revaitemsuanfundndousiiwalivolyld

luntsudandndusiamas anvagrssamisiliariimuduiuslaonsefulassasioves
o113 lawaudimsinandoaul@inenseua (Rheological - property) - 1HuautAnuguiivdi
Tssadrevesomnsld msvsufeeyaaudinisluavesemsadunuguiiddalunsuanens
Wlnnuanvauznunsnis ﬁnﬁ"’eé‘aﬁmwﬁ'\ﬁ’tyﬁan'ﬁﬂwquammmaﬁmqﬁu Haninlusening
Msedn uazndndnusianvnelasy (Federica wavaais, 2011) suidimauddgdanisesnuuuussy
Ausiuazogniaiivinwivesnansiosd uanmnﬁauﬁﬁmﬂwaa‘faL?Juauﬂ'ﬁﬁ‘é’uﬁ'uﬁ'ﬁ’um"mﬁﬁnma'lu
Un Wanmnuaunsofiesezgneeslunsyinizemnsuazslddnde (Fischer way Windhab,
2011) ety mATeifaulafiasdnmauaniinensmaiasantiidaadinenmuoaiivasiin
g loun easitnnesuazifonsugry fadudnuazraliiivhunuslnalaevhluuaslddmiunis
Usznevemisvesaulne Tnedeyadildanauidsunasduussloninensianndndusionms
Ussiam ileas fvansfudnuasggelefionsiitgilunisuadensms
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1.2.1 WeAnwinuauiFmivensruauaraudfduniinonmusafisnsurvuasinnes
J = lﬂld ! 1 - 4
1.2.2 efnwinavesnszuiunmsuaniisenmamalasuinisveadions
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Fimuszdrfu Wy thaauisalwassnuanaaldiasfiequslnaviinisinen udseauzidouns
ialiaunsalnaseninanuaslasuninguslnpaveenussauiumasney Sesingnisaiddmaun
PNnngAnTsuNsInavetesiinieiy Tngaudansilelabuotemns 1w maudunile Aoy
HuauBiideulosiummnidnnessamduiatasnseoasuniadurivesiuilon dufuaui®ilela
azanunsmianlfifermumnsguiasaudnyuzvaadniusio s iiduidoinsvesuilaald
venandautinisileladfiannsatuildidentseonuuueauasruiavesiuiomsvudsasia
msUsziurnaidanuiifesnslunismusasmandy mnsensatunsanasnauveIslu IS
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2.1.2 woinssunisinanasasiva
wgAnssunTsivaveduaalua awnsauwusesnld 2 Ussianlngq A wgdnssunisiva
wuuihlauiloy (Newtonian) uaznginssunisivawvvusuibladleu (non-Newtonian)
dndunginssuntsivauvuilnidioy (unganssunisivavesveslvadi
ANHTUSTENINAIAIAWEDY (Shear - stress) uavdnsadou (Shear rate) 1UudunsIHIUgA
fudln (0,0) ievimswasansanAmILEuTUS TR B uaLERs L Eou veamarTiuans
woRnssuuil fesiidmmiinfindidesesuiouiniu daaumsudnmodnssumsiva fo
G =My
Wo G = mdudou (Shear stress) Simieilu Pa
Y = dwsudou (Shear rate) fimiredu 1/s
1M = anumila (Viscosity) fimiaedu Pa s
dumginssumsinauvuueuihlanideu (non-Newtonian) 1uwginssunisivaves
vadlwafifimuduiusseninsdanundudounarsnsideu Mlidudunse viedndudunseilal

rugariiile (0,0) WievimswasansmANuduRuSsninAImuiudoutardnsudou snfot
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1) vaalvauvuglawanaiin (Pseudoplastic) w3siSundnatnanileir Shear thinning
Faflauduiussewinsdanuidudounardasidourewesvarfiliifudunss  veavairiiuans
wnssuiiaeiienmmumilaiianaudiosnsdouiuiu

2) voslnauuulaaiunuyi (Dilatant) w3 Shear thickening dafimnudunussewing
Arududsulazdnsidouvesesvamilidudunsatuifentu uieunmiinanmeinssuiey

' R A - - o
dAanuniaNiiuTuliodns o unudy

aunsuanwninssuntsivavasvaslvaiwginssauuvueuinlaidleu vila Shear
thickening Waz Shear thinning (Rao, 2007) #d :
G =Ky
o' 6 = muidwdou (Shear stress) e Pa
Y = dmsideu (Shear rate) ot 1/5
K = fufiarnmuase (Consistency index) fintaentu (Pa.s’)
n = AvluanamginTsunisiva (Flow behavior index)
lav n = devesmminginssuwuuinladioy
n> 1 dlareuvasinginssuwuusauialaidloy ¥iln Shear thickening

-l = a a =i a g =y
n < 1 Waveavaliinginssunuunouinlnitey wia Shear thinning

2.2 ywAdeiiieatas

Guerrero uay Alzamora (1998) Anwang@nssumsinaveafisnsuzhiiivsinaewds
fazangldfisnetiu (13-51 parnuing) Ineldgamgiinnsvansseglutag 10-55 ssrieaidea waan
nMsAnwnuIniesuziuamanganssunsinaluvuies Sivavdnad (Herschel-Bulkley) lnesn
dtimun (Consistency index) veaifieasuzalisdidiedy Weusinamewdaitazansléludien
ity vedgumglimananiensizahg figeil 93 ssrwaidva fnaviliasiiualsiuiviine
anadigudntes (Vasquez-Caicedo uavame, 2007)

Dutta wavAnz (2006) AnwwgAnssunisivawaznsiudsuwlasudunaasusualsiiu
Tusewiamsudniisasiinnes daldvinnsvnasandnionsTasiiinnesiiiunisuenidonuasion
wiseenudnduiudng udanidinesiildlumnluamsavanelofiounaslsd 1% fiflgaumgil 100
svreaduaiuinm 2 wit ninfuhiinnesluvilfidusdrsn deufliluunazdoauasly

v a | - - ' v ad &
mwioulngligaunaiiluing 60-100 asmueaidoa nasnnisAnwimuiinisligungiiigedu av
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dealiuunanusualsiuvesiinnaiisasanasuuuufisenainuniia (first order kinetic reaction)
& | i v a ¢ W v ' | a v i
FaRvusinveslawaninginssunisivauuuuigesivataniad lasdranuAudauiusu (yield
" a oA W A o q v a v e (RN AN v o
stress) wavAwvinuasialidanas Weltgnmginislvanuieunigu vaililoswnaiuioud
& | v a ° o = &
gevulvdmaliiiansyanelassaievesemnsiinnay
a - v v v aa
Ahmed uazAme (2007)  ANYINGANTTUNITINATRMULVINTUTUAINYIDINAIN 91Tl
1 at - Tl J v
dusenauiluluduluyiunm 0.65% TUshu 2.5% aslulawnsn 58% Usuravesudefiazangls
l.: - « o o - ¥ i - J
vianum 71 eermuing  lnevinisveaesiigumvaiegluyae 10-90 asmgalded wan1svaaswun
usvdudunamnginssunisivawvuisasiivavaniad luggumvgil 10-30 serigaided wilana
waRnssuntsivawuuwaedu (Casson)ioldgamgiiluthe 50-90 seeneaidea visililesangaumgiii
& A v v oa - a o aaa ' -
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3.1 MIVAABINLNITUZYIY
3.1.1 ImgAu loun uzvman
3.1.2 MU UEUIY
dhusuiiveniuden wenlouazwdneon uuasawniostuliidudions
3.1.3 MIAnwauURINeINTEUE
et asustuilauiussiuau ety 3 sesuaniutihluiadiannu
wilndeiades Brookfield
3.1.4 MsAnNwaNURMUAILEZNIGAN
3.1.4.1 TnsreiuSinavaudefiavansldfomn (Total soluble. solid) fewAIaa
Hand refractometer
3.1.4.2 aneiviinanidasy (Aw) fgndesin Aw
3.1.4.3 Antsiaenuidunsn-ma (pH) feia3osia pH

3.2 Mmaagug i
3.2.1 Yogay Toiun finvesiiuau 2 awiug Aeiiugateinuns uasWugnesdiln (eagnis
Wiudeaszana 3 Weumdanmsugn) Foiinmnly Jinunusil
3.2.2 MIaASeiensinnes
thilnnasueniuden afuonudnesn wasiuduiudng filvunawindu antu
1hguiinvasluviinisaanludisavateinie (NaCl solution, 1% w/w) fiflgumail 60 psrivaldua
Wuan 0, 3 war 5 wnit ui3sthiuinnedluvmsialunan 1 dals fewhluusliesdualagld
idestutiwaldl snfutihiinvesunlulirmieuiigumafl 100 uas 121 ssriwadea Wunm 15
i
3.2.3 mifinwaud@inenseua
ihdetraiiieasitnvesitldiniasnrundudou (Shear stress) Aisaswiou (Shear
rate) #1199 FwiATes Brookfield TntuhildluairansmasduRug IRef I ToyamTR

nsivaveufivas
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3.2.4 MsAnANURMUATILAEMENIN
3.2.4.1 Apswivsunalusiu lneiSamania (Kjeldahl method)
3.2.4.2 Ainseiviunaluiu IneiSvenviian (Soxhlet method)
3.2.4.3 Jnmwiviinaud fensundegnaiigumgil 600 ssmiwaidea
3.2.0.4 WnTeivinunnuiy Menmseuwiiegieiiguund 105 swieadua
Wunan 3 Falug
3.2.4.5 nssiviinveudeiiazasldvianun (Total soluble solid) MeiAdes
Hand refractometer
3.2.5 MsAnwIUSHIUURIMATITIY
YINN15ANYINILITURY Biswas wazamg (2011) - Insidethafieasinanameiyin
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o ¢ o - | n R | W - taiy v w €
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Food Research and Innovation for Sustainable Global Prosperity
16-18 June 2016

Rheological and Flow Properties of Tamarind Puree

Panattha Muttaharach, Rungrote Nuamvijit, Pathikorn Neovakul, Panadda Nonthanum, and
Ruchira Taprap”
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ABSTRACT

Puree is a kind of semisolid food which can be finished product or intermediate product.
Most of purees will be prepared from fruits and vegetables. Since it has a soft and liquidfied
texture, puree will be a good example of food for the elder society. In this study, tamarind
puree was selected to examine the rheological and flow behaviors. The effect of temperature
and concentration on rheology was illustrated. Shear rate and shear stress were measured with
the viscometer, whereas the flow property was measured with bostwick. The puree was
prepared and set to three concentration levels, i.e. 15 °Brix, 20 °Brix and 25 °Brix. Each
concentration will be heated to four temperature levels, i.e. 25 °C, 40 °C, 50 °C and 60 °C.
The results show that tamarind puree has the rheological property as non-Newtonian with the
flow behavior index < 1. The consistency coefficient decreases with temperature but increases
with total soluble solid content. However, the rheogram of puree at high concentration and
high temperature display a unique curve. The dependency of consistency coefficient on
temperature is described by using Arrhenius relationship.

Keywords: Rheology, puree, tamarind, Arrhenius

puree, etc. - [1][2]. However, the
terminology for studying puree should be
rheological and flow properties since they
provide the characteristics of product.
Rheology offers technical terms to display
the textural characteristics of food as well as

INTRODUCTION

Tamarind is a kind of fruit that can be
processed as many products. The popular
one is “Makam sam rod” having three tastes,

i.e. sour, sweet and spicy. Also tamarind
can be the main ingredient in others menu of
Thai food especially in spicy sauces, or
soup. Whatever products to make, tamarind
is necessary to be prepared into the puree
form before being process further. To
preserve tamarind, puree form is interesting
because it can be the intermediate product
and also can extend shelf life and facilitate
storage and transportation. There are so
many studies about fruit purees, physico-
chemical and rheological properties and
sensory, i.e. mango puree, apple and peach
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mathematics references to describe the
properties. Fluid foods could be
characterized by their viscosity and/or by
their consistency index. Knowledge of
rheological properties of food is essential for
food development and design. It has been
considered as an informative tool to
understand the structural inside of food
itself. Many factors affect the rheological
behavior of fruit puree, for example,
temperature, concentration, and particle size

(31[4].
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The main objective of this work was to
study the effect of temperature and
concentration on the rheological and flow
properties of tamarind puree and also to find
the correlation between the Bostwick
consistency and the rheological parameters
of tamarind puree.

MATERIAL AND METHODS

Tamarind puree preparation

Peeled Tamarind was purchased from the
market in Ladkrabang, then seed and fiber
were removed. Soaked tamarind in warm
water (40 °C) for 30 minute (100 gm
tamarind/100 ml water), then blended it well
and filtered through sieve to get puree.

Rheological and flow measurements

The rheological properties investigation of
tamarind puree was performed using the
rotational viscometer (Brookfield LVDV III,
USA). The speed of viscometer can be
operated in a wide range of 40-200 rpm.
The flow property was evaluated by
Bostwick consistometer expressed = as
velocity of flow[5]. The physical properties
of tamarind puree such as pH using pH
meter, TSS using refractometer and color
using colorimeter were also measured.
Tamarind puree was set to three levels of
concentration, i.e.15 °Brix, 20 °Brix and 25
°Brix and each concentrantion was heated to
40 °C, 50 °C and 60 °C, and one was set to
25 °C as well.

Analysis and modelling

The experiments were conducted in
duplicates. Curve fitting was performed
using Microsoft Excell. In determining the
effect of temperature and concentration on
rheological parameter, the Arrhenius (Eq
(3)) and a power type equation were used.
The flow behavior of tamarind puree was
modelled using the Power law (Eq (1)):[6]

o= Ky"
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where o is the shear stress exerted by the
fluid (Pa), K is the consistency coefficient, y
is the shear rate (s'), and n is the flow
behavior index. The n is apparent viscosity
as shown in Eq (2).

N = ol (2)
K =K, exp (E/RT) (3)
RESULT AND DISCUSSION

Effect of temperature on rheological
property

Figure 1 shows the shear rate versus shear
stress. of tamarind puree at various
concentrations. When  temperature
increases, the rheogram decreases in all
cases of - different concentration.
Temperature will ease the viscosity of
sample. However, at the concentration 15
°Brix, the graph of 50 and 60 C is about the
same value since the puree is not much
concentrated, it’s behavior shows similar
result. Data from figure 1 were analyzed
further, the results show in Table 1. The
flow behavior index (n) according to Eq. (1)
shows that this puree has the value range
from 038 to 0.56 depends on the
concentration and temperature. Then value
of low concentration is higher than the high
concentration.  If the n value is equal to 1,
the fluid will be as Newtonian type. From
the result, tamarind puree has the n value
less than 1, it will be non-Newtonian type.
Another important parameter that obtained
from Table 1 was consistency coefficient
(K).  This value displays the similar
meaning as viscosity. Hence, the Arrhenius
Equation will be applied to determine the
effect of temperature on K-value (Eq. (3)).
The result shows in Figure 2. The constant
from Arrhenius equation shows in Table 2.
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Figure 1 Rheograms showing shear rate
versus shear stress of tamarind puree
(a) 25 °Brix(b) 20 °Brix and (c) 15 °Brix
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Figure 2 Effect of temperature on K value

Table 2 Constant values from Arrhenius Eq.

Total s(,oél:;:(l;a solid Ea (3/gmol) Ko
15 28657.063 0.000018
20 22765921 0.001213
25 11181.882 0.167016
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Table 1 Parameters of tamarind puree at various concentration and temperature

Total soluble Flow Coefficient of | A nce
solid Temp:-.‘ rature | Concistency behavior | determination, v?geor;ty,
(°Brix) = coefficient, K index, n R? Napp
15 25 1.9622 0.4592 0.9996 0.3652
40 1.0667 0.4855 0.9969 0.1443
50 0.6926 0.5320 0.9993 0.1086
60 0.6114 0.5642 0.9989 0.1054
20 25 11.8040 0.3334 0.9950 1.4882
40 7.7473 0.4023 0.9925 1.1927
50 5.8058 0.4001 0.9982 0.8945
60 4.5082 0.3755 0.9928 0.6145
25 25 14.2300 0.4275 0.9923 2.4650
40 13.7880 0.3882 0.9815 2.1305
50 10.9420 0.4374 0.9846 1.9268
60 8.8691 0.4245 0.9858 1.5518
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Figure 3 Shear rate versus shear stress of tamarind puree (a) 25 °C (b) 40 °C
(c¢) 50 °C and (d) 60 °C
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Table 3 Physical property values of puree from four levels
temperature using SPSS statistical analysis

S-IO-:::.ltl:a)lle COHSiStqmeter
solid pH Readings L¥ o g
(*Brix) (cm)
15 |2.71%0.05° | 15.08:1.45° | 41.38:2.32° | 2.93%0.27¢ | 13.4120.74¢
20 2.65+0.06° | 5.88+0.71° | 40.92+1.11% | 4,74+0.38" | 14.52+1.92P
25 2.59+0.05° | 2.63+0.11¢ | 40.50+1.15> | 5.09+0.33% | 15.66+1.86°

Table 4 Physical property values of puree from three levels
concentration using SPSS statistical analysis

Temp Consistometer 4 ¥ *
(°C) e Readings (cm) Y 3 b
25 2.59+0.05¢ 6.96+4.89¢ 42,49+ 49 - 9. 43+1,022 16.32+1.792
40 2.63+0.06° 7.66+5,34¢ 41.13+1.17° | 4.22+0.99%® | 15.10+1.50°
50 2.66+0.06° 8.06+5,91° 40.76£1,30° | 4.22+1.05% | 13.93+0.80¢
60 2.72+0.052 8.78+6,27° 39.34£0.78° | 4.13+1.14° 12,78+0.68¢
Effect of concentration on rheological and
flow property
Figure 3 shows the result of rheological B25(°c) @40(°Cc) M@ 50(°C) H60(C)
property when temperature is fixed and the 0.6000
concentration is  varied. At high 0.5000 =
temperature, the shear stress is low as _0.4000 §
compared to at low temperature.  For -‘é’. 0.3000 | =
example, at 25 °Brix, shear stress is 25-45 Vo 0.2000 =
° i "8 01000 =
fa at 60. C wh‘ere 40-70 Pa belongs to 25 g E S e
C. This implies that the puree can flow @, 0.0000

easily when it is heated. To measure the
flow of puree, Bostwick consistometer can
be used. The result shows in Figure 4. At
high temperature, puree has a higher
velocity. The SPSS statistical tool is used to
examine the parameters obtain from the
study such as pH, color in term of L, a* and
b*. The results show in Table 3 and 4. The
L, a*, b* are the value obtained from the
colorimeter. L means lightness or darkness,
a* means yellowness and b* means
blueness. The pH value has also depended
on temperature and concentration.

A0,
FoSTAT !
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Figure 4 Flow parameter from Bostwick
consistometer

CONCLUSIONS

The rheological behavior of tamarind puree
showed that it is non-Newtonian type. The
effect temperature and concentration are
significant  toward the  consistency
coefficient and flow behavior index. The
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flow behavior index is in range from 0.45 to
0.56 at 15 °Brix, 0.38-0.42 at 25 °Brix. The
viscosity decreases with temperature but
increases with concentration. The Arrhenius
equation is well adapted to examine the
result. The physical property of tamarind
puree is also significant affected with
temperature and concentration.

NOMENCLATURE
Ea  activation energy (J/gmol)
K  consistency coefficient (Pa.s)

Ko constant in Arrhenius equation (Pa.s)

N  flow behavior index

R universal gas constant 8.314 (J/gmol.K)
T  temperature (K)

c shear stress (Pa)

y  shear rate (s

N  apparent viscosity (Pa:s)
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ABSTRACT: The effects of different pumpkin varieties (Thong Ampai and Lai Kaset),
blanching times (0, 3, 5 min at 60 °C of pumpkin slices in NaCl solution (1% w/w)), and heat
treatments (100 and 121°C, each for 15 min) on rheological properties and beta-carotene
contents of pumpkin purees were investigated in this study. Shear rate and shear stress were
measured with the viscometer, whereas the beta-carotene contents were determined using
the spectrophotometer. The results showed that pumpkin purees behaved non-Newtonian,
Herschel-Bulkley fluids. The cultivars of pumpkins used as raw materials mainly affected
the consistency index (K) and yield stress (o) values of pumpkin purees . K and 1o values
of pumpkin purees from Thong Ampai variety were significant (p < 0.05) higher than those
of pumpkin purees from Lai Kaset variety. K values of puree from Thong Ampai variety were
103-134 Pa.s" while those from Lai Kaset variety were 37-46 Pa.s". to values were 2-4 Pa and
13-21 Pa for pumpkin purees from Thong Ampai and Lai Kaset, respectively. Blanching
pretreatments slightly decreased K and 1o of pumpkin purees significantly (p < 0.05),
however, heating temperature did not show much effect on K and 1o values of pumpkin
puress. Cultivars and processing conditions did not indicate significant (p > 0.05) effect on
beta-carotene contents of pumpkin purees. However, pumpkin purees which were prepared
from blanched pumpkin slices had slightly higher beta-carotene contents compared to
pumpkin purees prepared without blanching.

Keywords: Beta-carotene, Cultivar, Process condition, Pumpkin puree, Rheological properties

INTRODUCTION variety of products such as juice, dried

powder, bread and cake. Puree is a semi-

Pumpkin is a valuable food for humans. It is
a good source of carbohydrate, amino acids,
vitamins Bl, B2, B6, K and minerals, such
as potassium, phosphorus, and magnesium
[1]. It is also an important source of beta-
carotene which is a precursor of Vitamin A.
Many studies revealed that consumption of
beta-carotene has been associated with a
lower risk of human cancers, cardiovascular
diseases, cataracts and macular degeneration
[2]. Pumpkins can be processed to obtain a

solid food with a soft texture product that
can be consumed as a finished product or
used as an intermediate to produce several
types of products such as jam, jelly, sweets
and beverages [3]. The overall acceptability
of food products is affected by their
rheological behavior, therefore, knowledge
of the rheological properties of purees is
important for product development and the
design of process equipment [4].
Rheological behaviour as well as beta-

The 19 Food Innovation Asia Conference 2017 (FIAC 2017)
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carotene contents of food products depend
on various processing parameters such as
compositions or varieties of raw materials
used in the process, pretreatment methods
and processing temperature. Therefore, the
objectives of this study were to investigate
the effect of the pumpkin cultivars,
blanching  pretreatments and heating
temperatures on rheological properties and
beta-carotene contents of pumpkin purees.
Moreover, other parameters such as color
and puree compositions that would affect
the quality of pumpkin puree were also
determined. Results from the study would
be useful for selecting appropriate raw
materials and designing proper processing
conditions in order to achieve desirable
quality of pumpkin puree products.

MATERIAL AND METHODS
Raw material

Fresh pumpkins (Thong Ampai and Lai
Kaset) were purchased from Talad-Thai
market, Prathum Thani Province, Thailand.
The pumpkins were harvested after
approximately 3 months of cultivating.

Puree preparation

Fresh pumpkins were washed, peeled,
removed the seeds, and cut into small slices.
The slices (350 g) were blanched in NaCl
solution (1%w/w) at 60°C for 0, 3, and 5
min before steaming for 1 hr in order to
soften pumpkin plant tissues. After
steaming, pumpkin slices were blended
using a household blender with a maximum
speed for 5 min. The pumpkin slurry was
put into a beaker and the beaker was
covered with an aluminium foil before
thermally treated in boiling water at 100°C
for 15 min or in an autoclave at 121°C for
15 min. The sample was then cooled
immediately in ice-water bath to room
temperature. The cooling time was

approximately 30 min. Later, it was further
analyzed for rheological behaviour, beta-
carotene contents, and other physical-
chemical properties.

Measurement of rheological properties

The rheological properties of pumpkin puree
were studied using a rotational viscometer
(Brookfield LVDV 1Il, USA). The
viscometer was operated between 1 and 75
rpm. Shear stress, shear rate and apparent
viscosity data were obtained from the
viscometer. Graphs between shear rate and
shear stress were plotted using Excel. The
values of yield stress (10), consistency index
(K), and flow behavior index (n) were
calculated using Herschel Bulkey model [5].

1=1+K i/“
Measurement of beta-carotene contents

Beta-carotene contents of pumpkin puree
samples were determined using a method
modified from Biswas et al. (2011) [6].
Puree samples (5 g) was mixed with acetone
(25 mL) and shook at 100 rpm for 30 min in
the dark and kept at 4°C overnight before
centrifuged at 8,000 rpm for 20 min. The
supernatant was collected and kept in amber
glass bottles at 4°C. The sedimentation was
re-extracted with acetone (25 mL) using the
same steps as. mentioned above. The
procedure was repeated three times until the
residue  became colorless. Beta-carotene
content of the supernatant was determined
by a spectrophotometer at 450 nm. The
concentration of beta-carotene of each
sample was calculated from the beta
carotene standard calibration curve.

The 19t Food Innovation Asia Conference 2017 (FIAC 2017)
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Measurement of color

Visual color was measured using a Minolta
CR-300 (Minolta, Osaka, Japan), L* values
represents “lightness” (100 for white and 0
for black), a* represents the changes from
“greenness to redness” (-a for green and +a
for red) and b* from “blueness to
yellowness™ (-b for blue and +b for yellow).

Proximate analysis

Proximate analyses followed standard
AOAC procedures [7]. Briefly, moisture
contents were determined by vacuum oven;
ash by muffle furnace, protein by Kjeldahl
nitrogen; fat by ether extraction and
carbohydrate were calculated from the
difference.

Statistical analysis

Experiment was carried out wusing a
completely randomized design with factorial
arrangement of 2x2x3. All the assays were
conducts at least in duplicate. The results
were expressed as mean * standard error
(SE). One way analysis of variance
(ANOVA) was used to compare the means.
The means separated by Tukey’s HSD
(Honestly  Significant  Difference) test.
Differences were considered to be
significant at P < 0.05. All statistical
analyses were performed using SPSS.

RESULT AND DISCUSSION
Rheological properties of pumpkin puree

The relationships between shear stress and
shear rate data of pumpkin puree samples
were shown in Figure 1. Generally, the
Ostwald-de Waele relationship or the Power Law
model along with the Herschel-Bulkey model
were extensively used to predict flow behaviour of
fruit or vegetable juices and purees. In this study, the
flow curves of pumpkin purees showed

The 19t Food nnovatiosia Conrence ZOIAC 2017)
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yield stress indicating that the Herschel-
Bulkey model was suitable for describing
their rheological behaviour [8]. Results from
the study showed that the cultivars of
pumpkins which were used as raw materials
had an effect on yield stress (to) and
consistency index (K) of pumpkin purees. 1o
values of purees from Thong Ampai were
almost six times higher than those from Lai
Kaset. 10 values of pumpkin purees from
Thong Ampai were ranged from 13 to 21 Pa
while those from Lai Kaset were from 2 to 4
Pa. The study also revealed that K values of
pumpkin purees from Thong Ampai were
approximately three times higher than those
from Lai Kaset. K values of Thong Ampai
purees were in the range of 103-134 Pa.s"
while those of Lai Kaset purees were 37-46
Pa.s" (Table 1). Different varieties of
pumpkins yielded different amounts of
protein, carbohydrate, fat, ash, and moisture
contents of pumpkin purees. It was found
that carbohydrate content of pumpkin purees
from Thong Ampai was nearly two times
higher than that from Lai Kaset (Table 2).
However, pumpkin purees from Lai Kaset
had higher moisture content than that from
Thong Ampai. The lower amount of water
combining with the higher amount of
carbohydrate, which could absorb water,
might be responsible for the high values of
70 and K of pumpkin purees from Thong
Ampai variety.

Blanching - pretreatment and  heating
temperature showed small effect on 1o and
K values of pumpkin purees. Overall, the
higher heat treatment (121°C) showed a
tendency of decreasing in 1 and K of
pumpkin purees. At the same heating
temperature, purees which the pumpkin
slices were blanched (5 min) showed lower

to and K compared to the unbalanced purees
(0 min).

Empowering Research for Health and Aging Society
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Normally, large particles in the food
systems would contribute to higher viscosity
[9]. Blanching possibly help soften plant
tissues and high heat treatment might further
broken down the large particles into the
smaller ones. The total soluble solids of

subjected to blanching pretreatment
combined with higher heating temperature
(Table 3). Therefore, purees samples
prepared with blanching and higher heat
treatment would show a tendency of lower
10 and K when compared to puree samples

pumpkin  purees  slightly  increased  without blanching or with lower heating
significantly (p < 0.05) when purees were temperature.
120
100 - " e
o
s &
= 80 -
e B
o
- = &
v
=
g g .
7w 401 Crblanched for 0 min
jgi o blanched for 3 min
&N Ablanched for 5 min
0 T T » T - T -
0 2 4 6 8 10 12 14

16

Shear rate (1/s)

Figure 1 Shear rate versus shear stress of pumpkin purees from Lai Kaset variety prepared by
blanching pumpkin slices for 0, 3 and 5 min and heated pumpkin slurry at 121°C for 15 min.

Table 1 Yield stress (1), consistency index (K), and flow behavior index (n) of pumpkin

purees. 7
To K n
£ |3
-%D gf_ é thj ‘{hong. Lai Kaset Thong Lai Kaset Thong .
S Ed 8 g mpai Ampai Ampai | Kaset
T3 mZg
0 20.79+0.24Da | 3.96+0.10Cb 134.24+1.56Ea | 44.48+0.23Bb 0.27 0.35
100 3 16.11+0.38Ba | 3.49+0.11Bb | 111.47+2.67BCa 475.08:|:0.49Bb 0.28 0.37
] 15.16+0.20Ba | 2.57+0.15Ab 104.90+1.42Aa | 38.08+0.28Ab 0.28 0.39
0 20.67+0.52Da | 3.78+0.12BCb | 124.59+3.10Da | 45.49+0.47Bb 0.26 0.36
121 3 18.09+0.43Ca | 2.41+0.14Ab 116.81+2.78Ca | 38.29+0.32Ab 0.27 0.40
5 13.93+0.43Aa | 2.55+0.09Ab | 103.284+3.25ABa | 37.74+0.35Ab 0.29 0.39

Different capital letters mean significantly different values (p < 0.05) were observed among
column.
Different small letters mean significantly different values (p < 0.05) were observed between
cultivars
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Regarding the n values, pumpkin purees
from Thong Ampai generally showed more
pseudoplastic behavior with lower n values
compared to those from Lai Kaset. Pumpkin
purees from Thong Ampai and Lai Kaset
had n values in the ranges of 0.26-0.29 and
0.35-0.40, respectively.

Beta-carotene contents of pumpkin puree
Results from this study found that there

Table 2 Proximate analysis of pumpkins
puree (blanched for 3 and heated at 100°C).

have different contents of beta-carotene:
Pumpkin purees treated with higher heating
temperature (121°C) showed lower content

of beta-carotene. Carotenoids can be
degraded by heat, acid, or light. In general,
carotenoids  exist in an  all-trans
configuration. When exposed to heat, the
molecule may transform to a cis
configuration typically at the 9, 13, and 15
carbon positions [11]. It was found that
beta-carotene contents of blanched purees
showed slightly higher contents of beta-
carotene than the purees prepared without
blanching. This was in agreement to the

Composition Pumpkin puree study carried by Dutta et al. (2006) [3] who
(%) Thong Ampai | Lai Kaset found that purees from blanched pumpkins
Fat 0.64 + 0.017 0.18+0.021 had higher beta-carotene contents than the
Protein 0.9740.041 | 1.05=0.068 unblanched samplest. It might be d.ue to the
Carbohydrate | 9.54+ 0.212 | 5.11 + 0.532 :":act s blarl:chmg WOUI?] s
Ipoxygenase, the enzyme that can co-
Ash Ft £ 0.065, pR30 ) 505 oxidize beta-carotene and degrade the
Moisture 8381+ 0,172 89.37 £ pigment to colorless product.
content ' 5 0.526
Table 4 Beta-carotene contents of pumpkin
Table 3 Total soluble solids of pumpkin ~Purees.
purees . Blanchin Beta-carotene content ™
Total soluble solid (°Brix) Hef’ tng g time (HTII%“OOg - Sal'f1p =)
Heating | Blanchi o (min) o g By
temperature | ng time A Lai Amphal
(°C) (min) | Thong Ampai Riser 0 7.10£0.10 | 6.91+0.41
100 3 1.7934.15 | 7.6240.32
0 14.8+0.1Aa 11.0+0.1Ab 5 7.73£0.72 | 7.68+1.23
100 3 15.2+0.2BCa 11.0+0.1Ab 0 6.96+0.10 6.82+0.42
5 15.440.1CDa 11.2+0.1BCb 121 3 7.65+£0.06 | 7.53+0.16
0 15.0+£0.1ABa 11.1£0.1ABb 5 7.58+0.15 | 7.54+0.22
121 3 15.3£0.1BCDa | 11.240.1Bb
5 15.54+0.1Da 11.4+0.1Cb Color of pumpkin purees

Different capital letters mean significantly different values
(p < 0.05) were observed among column.

Different small letters mean significantly different values
(p < 0.05) were observed between cultivars.

were no significant differences (P > 0.05) of
beta-carotene contents among all puree
samples (Table 4). However, purees from
Thong Ampai variety showed slightly higher
carotene contents. The study from Murkovic
and coworkers (2002) [10] pointed out that
pumpkins with different varieties would

Table 5 showed colors of pumpkin purees. It
was found that the cultivars of pumpkin had
effect on color. Pumpkin purees from Lai
Kaset were darker as compared to those
from Thong Ampai since L* values which
represented lightness of samples were lower.
Pumpkin pureed would become darker as
heating temperature used in the process
increased. The yellowness of all pumpkin
puree which were subjected to longer
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samples might be due to the degradation of
heat-sensitive pigments in purees resulting
in the formation of dark compounds. Non-
enzymatic browning (Maillard reaction)
could also cause the degradation of color.

blanching time and higher heat treatments
slightly decreased. This change of the color
could be implied by a reduction in b* and a*
values [3]. The similar trends was found by
the study of Dutta et al. (2006) [3]. They
explained that the changes in color of puree

Table 5 Color (L*, a*, b*) of pumpkin purees

Heating Blanching Thong Ampai Lai Kaset
temperature time 4 = e I* & b
°C) (min) L E 3 e
0 55.35 9.04 45.35 49.87 9.90 41.67
100 3 54.78 8.59 43.66 49.96 9.60 41.15
5 53.72 8.67 42.63 49.67 9.54 40.80
0 52.91 10.12 40.15 48.69 10.01 38.34
121 3 Sl 9.43 40.65 48.40 9.97 38.02
5 50.90 8.59 39.47 48.03 9.91 37.04
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