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Abstract 

The purpose of this study was to develop extrusion process of fresh potato and to study the effects of 
extrusion condition on tIκ pasting properties of exπuded potato product$. The blend of pressed potato 
and wheat flour and pressed po뻐toes were extruded at different die exit temperatures (1 10-1 6O"C) and 
screw speed of 100 rpm using a twin-screw extruder with conveying, hi생1 and low shear screw config­
uration. The viscosity-related parameters, such as peak viscosity, through. final viscosity, peak time, and 
pasting temperature of the fj않d materials and extruded products, were studied using a rapid visco ana­
lyzer (RVA). πleir water solubility index (WSl) and water absorption index (WAI) were also studied. 
πle peak viscosity, through, final viscosity, and peak time of pressed potato extrudates and potato-wheat 
flour mixture extrudates decreased as die exit temperature increased. 까le WSI and WAI of potato prod­
ucts increased as die exit temperature increased. When high shear screw configuration was used. the val­
ues of viscosity-related par따neters were lower than those when low shear screw configuration was used. 
까le potato-wheat flour mixture products obtained different degrees of depolymerization from fresh pota­
toes and wheat flour depending on die exit temperature and screw configuration. 
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Introduction 

Many food manufacturers for continuous production of 

snack foods, 바-eakfast cere빼s， and crispbreads have 

adoptt쳐 the extrusion process. πle intrc:찌uction of 야le 

twin-없'CW extruder has widened the scope of fiα져 

extrusion in the manufacture of cereals and s뻐rches， 

ready-to-eat cereals, infant forrnulas, snack foods, 80ft 
moist pet foods, breadings, 없ld coatings. Extrusion­

processed potato snacks have captured 1없ge se，웬nents of 

the market share once dominated by potato chips. 

Dehydrated potato gr，없mles or t1akes and other 

ingredients are mixed with water and then ti없 뻐'Ou빼 an 

extruder to produce potato snacks. πle effects of 

extrusion have been studied on potato starch 아1ercier， 

1977; Della Valle et al. , 1995), potato t1빼es (Maga and 
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Co뼈n， 1978), 없1d blends of potato 떠ld wheat t10urs 

(Bhattach없yaetal.， 1맺9). 

The thermal and mec뼈nìcal energt않 used during 

extrusion ch없1ge the phy었C떠 and 야leOlogi때1 properties 

of the raw tiαxl materials as well as the functional 

properties of the extruded food products (Davidson, 
1992). 까le rheological properties include the paste 

consistency and viscosity-related parameters that are used 

to ch뼈cterize q뼈lity attributes of the extn.띠ed food 

πoducts. 없sting pr야웠ties of extn.찌ates 따e important 

when the pregela띠lized extrudate powders are used as 

fαxl thickeners. Ch없1ges in viscosity of extrudate powd않 

produced under v없iαJS opera짜19 conditions have 야en 

S따died to determine the 敏tors affecting pasting properties 

(And짧on et al., 1969; Lawton et al., 1972; Owusu-Ansan 

et al .• 1983; Mason and Hoseney, 1986; Ryu et al. , 1993; 
R뼈ttach없ya et al .• 1999). Walker et al. (1988) reported 

first the use of a modified rapid visco 뻐alyzer (RVA) to 

study the pasting ch없acte끼S디CS of starch gelatinization, 

disintegration. swelJing, and gelling ability. 까1e 

advantages of the RVA technique over the commonly 
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때ed viscogmph sys않m are the req띠ren없nts for 뼈ya 

없llill 앓mple， 없sy opemtion, 없1d hi앙1 sensiti、rity in 
dis따1웰lÌshing among s없npl，없. 

The use of dehy빼I뼈 potato gran띠없 for the 
m없lUf짧ure of snacks invariably involves 야tea뼈ition cκ 

water that was removed du때19 thedehy빼야onproce잃.In 

the studies referring to potato s없rchexσusion， processing 
difficulties have been r맹orted that were solved by 
running the process at hi뺑er moisture content and 
shorter screw length αifercier， 1977; Della Valle et al., 
1995). Ferdim!nd et al. (1989) studied the extrusion 
α)뼈ng of tresh potatoes as 없1al압native to the use of 
d‘e dehydrated granules. 까te energy consumption was 
reduced during extrusion when fresh potato was used 
instead of dehy뼈ted potato. However, 압%ε effeεt of 
extrusion ∞찌itions on the pr며lerties of fresh potato 
pr여ucts 뼈s not 밟en rep따녔， πteU띠ization of fresh 
p뼈toes for extrusion may reduce 야1e de미men뻐leffects 

that occur when tubers that 없e uns띠뼈ble for stock reach 
thefreshm없:ket. 

In the present study, three different1y fπe-processed 
φtatoes were extruded at v;없ying die exit temperatures 
and screw configuration. ’R‘e specific 0비뼈ves of this 
study were (1) to develop the processes for extrusion 
dehydration and carbohydrate modification of fresh 
potato, (2) to study the effects of die exit temperature 
and screw configuration on the pasting properties (RVA 
profilε， WSI, and WAI), and (3) to develop an empirical 
model to pl1밟ict peak viscosity and final viscosity of 
exσuded potato products. 

Mate끼als and Methods 

Materials 
Potatoes were grown at the Michigan State University 

Montcalm Research farm, East Lansing, Michigan. Raw 
potatoes were cl않ned and peeled by using a peeling 
knife and then cut into cubes (about 2 cm3

). πte cubes 
were then ground using a food processor. The ground 
potatoes were pressed to reduce their moisture content 
from 85% to 73% (w.b.). π1e 마es앓d potatoes were 
rnixed with soft wheat flour (12% M.C.), which was 
obtained from the King Milling Co. (Lowell, MI), at 
rnixing ratio of 50% usíng a dough rnixer (model N50, 

Hobart, αn뻐rio. can뼈a) with a wire. 

Proxlmate oompo홉ition 

πle pressed potato 없td the mixture of potato wíth 
wheat flour were 따ied at 400C overníght using a forced­
aíroven 뻐d ground into powder using a cyclone sample 
m퍼 (UdyC아pora디on， Fort Collins, CO) equípped with 
a 0.5 mm mesh screen as a control. Moisture, nitrogen, 
S뻐rch， and ash contents of the 웰:ound s없nples and 
wheat flour were determined by AACC methods 44-19, 
46-13, 76.13, and 08-03, rel!i없ctively (AACC, :2어)()). 
Fiber content was deteπnin엉 by AOAC method 991.43 
(AOAC, 1995). Protein content was estimated using the 
N conversion factor of 6.25. Fat content was obtaíned by 
subtraction of the other contents from 100%. All 
samples were run in duplicate. 

Expe꺼mental design 
A splít-plot design was 없ed to evaluate the effects of 

extrusion temperature and 없nount of shear on the 
physicaJ properties of extruded potato products. WhoJe 
plot was screw configuration (low shear and high shear), 
없1d sub plot was die exit temperatures (1 10, 135, and 
160oC). Response variables were viscosity properties, 
water solubility index, and water absorption index. The 
Statistical Analysís System (SAS Institute, Cary, NC) 

was used for all statistical an따yses. Means were 
compared by the least significant difference (LSD) test 
at the α:=0.05IeveJ. 

Extrusion process 
η1e pres앓d potato 없ld potato-wheat flour rnixture 

S없nples were εxπuded at different barrel temperatures 
using a α←rotating 없td intermeshing twin-screw 
extruder (model MPF-19, APV Baker, Grand Rapids, 
MI), with a 19-mm barrel diameter and 25: 1 length to 
diameter mtio. π1e die 없ed for 압ÚS study had a single 
circul없 orifice with a 3-mm diameter opening. 까1e 

barrel temperature of each zone, from feed end (zone 1) 
to melt end (zone 4) of the extruder and the temperature 
at the die exit are Iisted in Table 1. Three screw 
configurations, such as conveying shear (CS), low sh댔 
(LS) and high shear (HS) are listed in Table 2. 까1e 

convl야ing shear screw configuration was used for 
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pressed potatoes extrusion, and high and low shear 
screw configurations were used for the potatc• wheat 
flour mixture extrusìon. πle feed rate of tì않d mate찌als 

was dependent on sα'ew speed, which was set at 
100 rpm. The potato-wheat flour mìxture s없nples were 

each extruded in duplicate for each die exìt temperature 
studied. After extrusion, extru없tes were dried at 400C 
ovemight using a forced-air oven. πle dried s없nples 

(-12% M.C. (w.b.)) were first ground in10 small 
p때cles using a mìcro-mìll (Bel-Art products, 

Pequannock, NJ), and then further ground into powder 
using a cyclone s없nple mìll equìp뼈d wìth 0.5 mm 

mesh screens for the measurement of pastíng propeπies 
as well as WSI and WAI. 

Measurement of pasting properties 
πle viscosíty-related par없neters， such as peak 

viscosíty (PV), through (πi)， peak time (PT), final 

viscosíty (FV), and p빼ng temperature (TP) of ground 
samples, were measured using a Rapid Vtsco Analyser 
(model RVA-4, Newport Scíentific Co., Austr따ia). 

Fìqure 1 shows the viscosity-related parameters and 
temperature profi1e generated from RVA test. πtree 

gr없ns of ground s없nple， a띠usted 10 14% moisture 

I뻐ble 1. BIll'I1lI temperatun엉 ofea야1 zone from r.했d end 
to meIt end (from zone 1 ‘o zone 4) and dle exit 
temperature 

Extruder Barrel Tempemmre rc) Te Dlnipee EraxtiutIe 
TriaJ 

Zone 1 Zone 2 Zone 3 Zone 4 (OC) 

80 90 100 105 110 

2 80 90 110 125 135 

3 80 100 125 145 160 

’l'able 1. Screw elements. w빼 for conve에ngshc훌r (CS), 
low 화l뼈r (LS) and 삐명Ish없r (1월) 않rew COl빼행u빼뼈.ons 

CS 21 D twins lead screw σLS)， 4 D single LS (SLS) 

8 D TLS, 7x30o forward kneading elements (FKE), 
LS 8 D TLS, 3x60o FKE, 3x30o reverse KE (RKE), 2 D 

SLS, 4x60o FKE, 3x30o RKE, 2 D SLS 

8 D TLS, 7x30o FKE, 4 D TLS, 4x60o FKE. 4x30o 

HS RKE. 2 D TLS, 6x60o FKE. 4x30o RKE. J D SLS, 
7x900 KE. 2 D SLS 

'One kn없ding element ::; 0.25 D (l D ::; 19 mm) 

basis. were a따led 10 25 ml distilled water 외ready placed 
in the RVA c없ùster. A plastic paddle was inserted into 
the canister and it was m없lU때y rotated to break up any 
lumps and disperse the powdered materi떠. πle canister. 
along with the p뼈dle， was placed ín the RVA, and the 

test was ínitiated. πle sample temperature was 
equilibrated to 250C for 1 mìn; the s없nple was then 
su비ected to the heating cycle. íncreasing at the ra않 of 

6SC/mìn to a maximum temperature of 900C and 
holding for 5 mìn at 9OoC. followed by the cooling cycle 
at the rate of 7.2"C/mìn to a mìnimum temperature of 
250C. All viscosìty values are reported in rapíd visco 
unÍts (RVU). 

Water solubility index 아'SI) and water absorption 
index (WAI) of gro띠띠 업mpl<않 were determìned as 
descri야dbyMasα1 and Hoseney (1986). A 2.5 g sample 

of ground product was suspended in 30 ml of water at 
300C. 까le 없mple was shaken for 30 min wìth ìntermìttent 

agìtation on a vortec rníxer (Scientiδc Products, McGraw 
Park. ß....) then centrifuged at 1 ，α)() g for 10 mìn. The 
supc앙naten was 따i쩌， and 빠e amount of solubles was 

expressed as a perc얹lt of the ori양nal dry 없nψ，Ie weight 
forWSI. πle ratio between the 10tal weight of the pellet 
and the weight of the solids in the pellet is the calculated 
WAI. All 잃mples were run in duplicate. 

RESULTS AND DISCUSSION 

Extrusion of pressed potato and potato~wheat 

flour mixtures 
In prelimìnary studies, extrusion of raw potatoes using 

hi짧1 shear configuration was found unstable with output 
fluctuations. 까ùs appeared to be due to a combination of 
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Fig. 1. VISC뼈ty.r하at빼 P없삐meters 빼띠 temperature­
time proftle gener쩨뼈d from RVA test. 
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both the hi밟1 moisture content of mw potatoes, about 
85% on wet basis (w.b.), and the high shear extrusion 

condition used. ηle resul앙ng extrudates from the cubes 
of raw potatoes were only partially cooked, very sticky, 
m띠 뼈dahi생1 moisture content. With the use of high 
shear screw configuration, a large number of cell walls 
might be damaged, allowing starch 뼈rticles to esc쩌pe 

from the potato matrix due to both shearing 없ld hea빼19 

during extrusion process. Ferdinand et al. (1989) 

reported the difficulty for mw potato 었trusion， and then 
suggested the reduction of its moisture content and use 
of low shear sαew configuration. Raw potatoes were 

ground and pressed to reduce 야leir moisture content 
from 85% to 73%. πle extrudates from pressed potatoes 

did expand and a:때in shape 뼈on exiting the die. 
However, the shape of extrudates was ch없19ed during 
their accumulation time on a collecting tmy, due to 야leir 
stic따ness and moisture content. Della Valle et al. (1 995) 
reported the difficulty of extru띠ng potato starch. In 
their study, 야lÌs was characterized by high-energy 

requirements due to high melt viscosity and e뼈y 

melting in the extruder, when comp따ed to other starches. 
까lerefore， in the present study, the pressed potatoes 

were mixed with wheat flour at mixìng mtio of 50%. πle 
moisture content of potato-wheat flour mixt따e was 
53.2% (w.b.). 까le proxìmate analyses for pressed 
potatoes 없ld potato-wheat flour mixture, dried at 4OoC, 
없e listed ìn Table 3. Protein 뻐d fat contents of potato­

wheat flour mixtures were hi뺑er than those of pressed 
potato due to relatively hi맑erprotein 뻐d fat contents of 
wheat flour comp따때 m 야essed potato. πte extrudates 
made from potato-wheat flour mixture exp없lded， 

maìntained their str없ld s뼈pe， and dried quickly. 

Viscosity-related parameters of pressed 

potatoes 
It is generally known that the viscosity c따V않 ofpot없O 

productsin따없seto 야ak value due to s뻐πhswe뻐ng， and 

then decrease due to rupture 없ld alignment of st없'Ch 
structure by heating. Upon cooling, the viscosity increase 
ag없n due to re-없soci없ion between starch molecules 
(Newport Scientific, 1995). Vìscosity-related p없amε않$ 
(PV, TH, PT, FY, 없띠 TP) of non-extruded and extruded 
pres앓d potato products are listβd in Thble 4. πle PV 

째b1e 3. Pro뼈찌ate 뼈alyses ofpn뺑빼 potato and 뻐taú← 
wb짧 뼈써11' mlxtUl1I 縣dm聯야aIS 

Component Pressed α>tato 
Potato-wheat f10ur 

mlxture 

Moisture (%, w.b.) 13.39 11.46 

Starch (%, d.b.) 86.56 81.62 

Protejn (%, d.b.) 1.60 5.24 

Fiber (%, d.b.) 7.45 5.57 

Fat (%, d.b.) 0.36 5.92 

Ash (%, d.b.) 1.03 0.52 

V떠ue of non-extn.l<:k껴j pres쟁dp얘to was 653.34 RVU at 

10.97 min, and the 까-1， FV and TP 얘lues w없e 41 1.50 
RVU, 795.71 RVU 없띠 660C, respectiνely. πle않 values 

dec쨌없d after extrusion processing (P찌.05). 떠s res띠t 

índicated that the w없앉'-bin마ng capacity of starch 
decreased but water solubility increased due to modifi­
cation of s때'Ch molecular structure 띠.uing extrusion 
processing. Davidson et al. (1984) observed that extrusion 
proc않sing contributed to a decrease in intrinsic viscosity 
(as PV) of wheat s뻐rch. The π-1 value of pressed 

potatl:몽s. which is hot 뼈st viscosity value, decreased after 
extrusion proc야sing (P해.05) due to more rupture of 

S뼈rch structure de쟁때ed by extrusion prα:essing. 
꺼le pv, TH, FY, and TP 얘lues of extruded pressed 

potato products decre없ed si맹jfi때ntly as die e찌jt 

tempemture incr없없d from 110 to 1600C (P<Ü.05, refer 

Thble 4). At higher tempemtures, mec뼈nical d행adation 

was Jess pronounced as the viscosity dξ:creased， whereas 

the kinetics of thermal de짧udation beca:me more 
favomble. M없on 뻐d Hoseney (1986) found that hot 

뼈ste viscosity of extruded wheat starch was negatively 
influenced by die exit tempemture and an interaction 
between screw s뼈ed and b없rel tempemture. 까피s res띠t 

a願정j with the decrease of PV v，떠uesofexσuded pressed 

potato products with increasing die exit tempemture in the 
current study. 

An empirical model was applied to develop the 
equations for predicting the PV and FV values of 
extruded pressed potato products. The Arrhenius 
equation was used to incorpomte the effect of die exit 
tempemture on the PV and FV values. 

PV(orFV) .. A 빡￥) 
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Table 4. VISC뼈ty-related parameters' of pre앓ed potato t1뻐d mate얘81 (controlb) and extrud빼 pn!S앓d potato products 

Screw Die Exit PV 까f PT FV TP 

ConC Temperature tC) (RVU) (RVU) (min) (RVU) ("C) 

Contro1 653 .34a 469.79a 1O.97a 795.71a 66.l 8a 

CS 110 427.05b J20.62b 7.77b 3J2.96b 42.35b 

CS 135 318.71c 76.67c 7.5Ob 215 .58c 27.7Ocd 

CS 160 229.03d 67.1 6d 7.25c 169.21d 25 .45d 

*VaJues foJlowed by the 없me letter in the s없necolumn 없II not significantly different (P<Ü.05). 
: PV: Peak viscosity, TH: Through, PT: Peak time, FV: Fin쩌 vi잉cosity， TP: Pasting tem뼈ature. 
D Pressed po뻐toes dried at 400C using an oven. 
C Screw Conf.: Screw Configuration, CS: conveying sh없I‘ 

where PV is the peak viscosity (RVU), FV is the final 
viscosity (RVU), T is the absolute temperature (K), and 
A and B are constants. πle resulting equations and 

regressíon corrεla“on coefficients (R2) are given below. 
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Fìgure 1 shows the calculated and measured PV and 
FV values of pressed potato products extruded using a 

conveying screw configumtion without paddles. The 
calculated values gener싫ly were within lO% of the 
measured values of peak viscosity and fin떠 viscosíty. 

Viscosity-related parameters of potato-wheat 

flour mixtures 
The PV value of non-extruded potato-wheat flour 

mixtures was 506.97 RVU at 12.95 min, and the TH, FV 
and TP values were 41 1.69 RVU, 880.31 RVU and 
67.880C, respectively (refer Table 5). The PV, TH, FV, 

and PT values of extrudates by usíng a given 양rew 

configuration, decreased significantly as die exit 
tempemture increased from 110 to 1600C (P<O.05, refer 
Table 5). The PV and FV values of pota따wheat flour 
mixture products were lower than those of pressed 
potato products at a given die exit temperature. 
Published reports have indicated that initial peak 
viscosity (as PV) and cold paste viscosity (as FV) of 
exσuded wheat and potato flour blends (Bhattacharya et 
al., 1999) and cold (as FV) and cooked viscosities (as 
PV) of extruded com starch (Owusu-Ansah et al. , 1983) 

all increased with increases in moisture content of the 
feed. In the current study, 야le addition of wheat flour 
might contribute to decreases in the PV and FV values of 
the potato-wheat flour mixture products relative to those 
of pressed potato products. 만le PV, FV, and PT values of 
extrudates using high shear screw configumtion were 
lower than those of extrudates using low shear screw 
configuration for each given extrusion condition. πlÍs 

resu1t may have accounted for the higher shear and longer 
residence time of high shear screw configumtion. 

Anderson et al. (1 969) reported that reducing sh없r by 
using a screw with lower c이npression ratio increased fin떠 
paste viscosiη of extruded com grits. 까피s result agreed 
with the decrease in PY, TH, and FV values of potato­
wheat flαlr products with íncrea인ng shear in this study. 

Water sOlubility index and water absorption 
índex 

The WSI and WAI of extruded and non-extruded 
potato product'i are lísted in Table 6. The WSI and WAI 

values of the non-extruded pressed potatoes and potato-

------,"•~ ••••• →「←→← ••• ••“••• 

100 200 300 400 500 
Measured value (RVU) 

FIg. 2. Predlcted 뻐dm없sured values of peak 없떠 뼈빼 
애gα.1었es of extn띠ates m뼈.e from pmsed potatoes. 
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wheat flour mixt:ures were 2.30%, 4.55%, 3.35 and 2.32, 

respectively, and both increased significantly after 

extrusion (P<O.05). π‘e non-extruded 마엉:ssed potatoes 
and po떠.to-wheat flour mixtures 따ied at 400C did not 

absorb water at room temperature, whereas extruded 

products absorbed water rapidly to form a paste at room 

tempemt:ure during the RVA test. πlÌs paste is formed by 
solubilized macromolecules but also includes p았성cles 

swollen by water (Colonna et al., 1989). Chiang and 

Johnson (1977) reported that some hydrolysis of 

starches might occur during extrusion of cerea1 starches 

and grits. 

Mech뼈ca1 없찌 앙없rnalene행y inputs during extrusiα1 

induce change in the physi때1 properties of an extn찌.ed 

substance, which affect functionality such as water 

solubility. WSI is frequently 없ed by industry since it can 
be deten띠n씹 quicldy and has been 파lked to important 

마uduct c뼈뻐cteristics (Anderson et al., 1 %9; Mercier 

and FeiUet 1975). Colonna et al. (1989) reported that WSI 

mi짧lt be rel없dtotheq뼈ntity of water soluble 

molecules. which can be se때mtedq띠ite 없síly from each 

other because of limited entanglements. 까le WSI value 

’Thble 5. V않@때ty-re뼈뼈 뼈ran빠ers‘ of potato-w懶tfμ'Dr mixture fl없 ma뼈뼈 (control터 a뼈 %압뼈e예 potato-wh앵t 
ßour mixture pn빼cts 

Screw DieExìt PV π{ PT FV TP 
ConC Temperature ("C) (RVU) (RVUl (min) (RVU) ("C) 

Control 506.97a 41L69a 12.95a 880.31a 67.88a 

HS 110 278.잊h 51.36b 4.76b 157.56b 25 .1 2b 

HS 135 13 1.42c 29.3Oc 3.47c 1l4.67c 25.05b 

HS 160 105.27d 24.39d 1.61d 94.05d 25.02b 

LS 110 332.97e 47.17e 5.82e 164.31b 25 .1Ob 

LS 135 159.94f 33.42f 4.27b 124.91c 25.08b 

LS 160 118.36g 29.53c 3.03c 109.3ge 25.07b 

*Values fo110wed by the same letter in the s없necol빠m1 aFxie뼈 nlo vti ssicgo뼈siqC，뻐 TtlPy: diff얹ent (P<O.05). 
• PV: Peak viscosity, πi: 까lrOU밟1， PT: Peak time, FV: 뻐sting temperature. Values followed by tl1e same letter 
in tlle s없Im Colum amIeix ntoutre ssig dndin@dca antd 4y0℃ diif uesteinngt (P< 0,05),
b Potato-wheat flour mixtures-dried at 400C usinJl an oven. 
, Screw Conf.: Screw Configuration, HS: high shear, LS: low shear. 

I뼈e 6. Water soJ뼈뼈 뼈ex. (WSI) 81빠 water abso뼈빼1m빼-，t (WAI) of ti빼 뼈aterlaJs (oontr뻐 없삐 extrudaú웠 

Screw Temperature Pressed potato Potao-wheat flour mixture 

Conf.' (oc) WSI (%) WAI WSI (%) WAl 

Control 2.30a 3.35a 

CS 110 11.89b 6.26b 

CS 135 13.72c 7.58c 

CS 160 14.86d 9.64d 

HS 110 

HS 135 

HS 160 

LS 110 

LS 135 

LS 160 

~Values followed by the 없mel앙ter in tl1e 없πlecolumn 없 n어 sig띠fi때ntly 찌ffcrent (P<O.05). 
‘’Potatc• wheat flour mixtures 따ied at 4ifC using 따loven. 
'Screw Conf.: Screw Configuration, CS: conveying sh없r， HS: high shear, LS: low shear. 

4.55a 2.32a 

13.09b 8.88b 

14.59c 1O.36c 

17.74d 1O.89c 

13.03b 9.l9b 

16.800 1O.09c 

17.8Od 1O.57c 
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for pres앓d potato and potato-wheat flour mixture 
products increased significantly from 11.89% to 14.86% 

and from 13.03% to 17.80%, res야x:tively， as die exit 
temperature increased from 110 to 1600C (P해.05). πle 

increase in WSI with increasing die exit temperature was 
in agr얹ment with other re앓archers who have n아ed that 

the WSI V:빼ue of 얘riαIS S때rches (Mercier and Feillet, 

1975), com starch (Owusu-Ansah et al., 1983), com 핸ts 

(Anderson et al., 1969), and potato starch (Mercier, 1977) 
increased as extrusion tem빠ature increased up to 250oC. 
까le WAI valu얹 of pressed potato 뻐d potato-wheat 

flour mixture products increasεd significantly from 6.26 

to 9.64 and from 8.88 to 10.89, respec“vely, as die exit 
temperature increased from 110 to 1600C (P<0.05). 까le 

WAI values of com grits (Anderson et al. , 1969; 

Conway, 1971), rice (Mottem et al. , 1969; Hennesey et 

al. , 1971; Spadaro et al., 1971), various starches 
(Mercier and Feillet, 1975), wheat, rye, bar1ey, and oat 

flour (01kku, 1981), and wheat semolina (Kim and 
Rottier, 1980) reached maxima at extrusion temperature 
of 180-200oC. A reduction in WAI was observed at 

higher temperatures due to intense starch degradation in 
com grits (Anderson et al. 1969). Water absorption 

index was originally developed as a measurement for the 
swelling power of starch. In the current study, as die exit 
temperature increased, the WAI values of pressed potato 
and potato-wheat flour mìxture products ìncreased, 
whereas their TP values decreased (Tables 4 and 5). 
C이onna et al. , (1989) reported that WAI correlated well 
with cold-paste viscosity (as FV) because only 
depolymerized starch gran비es absorbed water at room 
temperature and swelled, creating increased viscosity. It 
app않rs that the higher the extrusion temperature, the 
higher the degree of depolymerization of starch, as 
reflect때 in the high WAI and WSI values and the low 
PV and TP values (Tables 4 and 5). πlUS， it should be 

possible to use extrusion temperature to manipulate the 
degree of depolymerization of exσuded potato starch for 
specific usage, such as in fillers of ph따maceutical ， 

pud띠ng， fish feed, or other products. 

Conclusions 

Reduction in the moisture content of potato 

feed materials and use of conveying shear screw 
configuration of the extruder allowed development of an 
extrusion dehydration 없ld starch depolymerization 
process of fresh potatoes. πle extruded products from 
pres앓d potato and potato-wheat flour mixture were 

quite different from ‘heir respective non-extruded feed 
materials in terms of the properties evaluated in the 
current study. πle RVA par없neters of pressed potato 
없ld potato-wheat flour mixture extrudates decre없ed 

significantly as die exit temperature increased. Empirical 
equa디ons were derived to predict peak viscosity and 
final viscosity for the pressed potato products at the 
different die eXÍt temperatuæs studied. The WSI and 
WAI values of pressed potato 뻐d potato-wheat flour 
mixture exσudates increased significantly as die exit 

temperature was increased. πlis process appears to 
allow development of customizεd starch products that 
will be suitabJe as ingredients in a variety of value-added 
products. 
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