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A b s tra c t

A study w as carr ied out t o com pare v iscosity and m ax im um viscosity m ethods for the

det ect ion of irr adiated sw eet potat o st ar ch . T he viscosity of all sam ples decrea sed by

increasing stirring speeds an d irradiat ion doses . T his tr en d w as sim ilar for m ax imum

v iscosity . Regression coefficient s an d expression s of viscosity and m ax im um viscosity

w ith increasing irr adiation dose w ere 0.9823 (y =335.02e - 0 .33 66x ) at 120 rpm an d 0.9939

(y =- 42.544x +730.26). T his tr en d in viscosity w as sim ilar for all stirring speeds .

P aram eter A , B an d C v alues show ed a dose depen dent r elat ion and w ere a bet ter

param et er for det ect ing irr adiat ion tr eatm ent than m axim um viscosity an d th e viscosity

v alu e it self . T hese result s su gg est th at the det ect ion of irradiat ed sw eet pot at o st ar ch is

pos sib le by both the viscom etr ic and m ax imum visosity m ethod. T h erefore, the author s

think that the m ax im um viscosity m ethod can be proposed as on e of the new m ethods

t o det ect th e irr adiat ion tr eatm ent for sw eet potato st ar ch .
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1 . In trodu ct ion

Gam m a irr adiation , a t echnique w ith the potent ial t o prot ect food from cont am inat ion

during storage , is perm itt ed in Korea for sw eet potato st ar ch up to 5 kGy［1］. S w eet

pot ato starch com posed of am ylose , w hich is es sentially a lin ear m olecule cont aining

glu cose unit s linked by alpha - 1,4 linkages w ith few bran ches and am ylopectin , an

alpha - l,4 linked glu cose unit s at tached gly cosidically by alpha - 1,6 linked glucose, is a

food reserv oir prov idin g a g ood energy source at a v ery low price in hum an diet s an d

w idely u sed in chem ical and food indu str ies［2］. In recent y ear s , det ect ion t echniques

of irradiat ed foods hav e been requir ed t o control int ernation al t r ade, supervise correct

labelling , av oid m ult iple irr adiation , and control the ab sorbed dose and hom ogen eity of

the dose distr ibut ion of irr adiated foods［3］. In previou s studies , v iscom etr ic det ect ion

of irr adiat ed foods hav e been m ainly carried out for pepper s and spices u sin g a

viscom eter［4- 14］an d v iscosity m easurem ent has been proposed as a m ethod t o det ect

the irr adiation tr eatm ent of foods cont ain in g high am ount s of st ar ch . St ar ch is degraded

by g am m a irr adiat ion , r esulting in a decrease in viscosity［15- 17］, h ence viscosity

m easurem ent an d m ax im um v iscosity m ea surem ent , u sing the g elatinizat ion process that

occur s w hen st ar ch granules are heat ed in w at er at 90℃ or ab ov e, could be proposed as

a det ect ion m ethod for irr adiat ed sw eet potato st ar ch .

On the basis of this background, the aim of this study is to examine sweet potato starch

which has not yet been tried in the viscometric detection field, compare the maximum viscosity

method at first adapted as a new m ethod for the detection of sw eet potat o st ar ch in this

paper and the viscometric method, establish parameters for detecting irradiated sw eet pot at o

st ar ch which are independent of viscosity measuring conditions, and add n ew dat a in this

field .

2 . M at erial s an d M eth o d s

2 .1 . M at eria l s an d Gam m a irradiation

S w eet pot ato star ch w as purchased from Du san Co. (Ich ' on , Ky ong gi, Korea ). T he

m oisture cont ent s of sw eet pot ato st ar ch w as 13.20±0.20% , and th e starch content of

dried sw eet pot at o st ar ch w as 0.948±0.06g/ g . S amples w ere packed in poly ethylen e bag s

an d irr adiated at 1, 2, 3, 5, 7, 10, and 15 kGy u sing a Co- 60 irradiat or (AECL, Can ada )

at the Korea At om ic Energy Research In st itut e. A ceric - cerou s dosim eter w a s u sed to

m easure the ex act total ab sorbed dose of g am m a irr adiat ion .

2 .2 . D et erm in at ion of S t arc h an d M oi s ture Con ten t

T he m oisture cont ent w as m easured u sin g th e A OA C m ethod［18］. St ar ch cont ent

w as det ermined according t o the Hay a shi an d Kaw ashim a ' s m eth od［19］w ith a slight



m odificat ion .

2 .3 . V i s c o s ity M e a s ure m e nt

Viscosity w as m ea sured according t o H ay ashi e t al . ' s［6- 10］m ethod w ith a slight

m odificat ion . S w eet pot at o st ar ch w a s placed in glass bott les and 5% solut ion s w ere

prepared . Aft er adding 2.14 m L of 33% NaOH , the sam ples w ere m ix ed thoroughly for

30 s . T he glass bot tles w ere h eat ed for about 30 m in in an aut oclav e (100℃) and w ere

left in an incubat or (30℃) for 3 h to m aint ain uniform t em perature. T he v iscosity of

sw eet potat o st ar ch w as det erm in ed u sin g the spin dle RV 3 of the Brookfield DV - Ⅲ

rotation viscom et er at 30℃ and m easured at 30, 60, 90, 120, 150, 180, and 210 rpm .

2 .4 . M e a s urem en t s of B rab e n der V is c o - A m y lo g raph

M ax im um v iscosity w a s m easured accordin g t o M edcalf an d Gilles ' m ethod［20］w ith

a slight m odificat ion . T he con centr at ion s of the su spen sion s w ere 50g/ 450㎖ of sw eet

pot at o st ar ch . T h e su spen sion w as hom ogenized w ith a h om ogenizer (Nihon seiki Kaish a

Co Lt d ., Japan ) for 2 m in at 10,000 rpm , an d w as uniformly heat ed from 45℃ t o 93℃

w ith a con st ant t em perature rise of 3℃/ m in , h eld at 93℃ for 15 m in . P ast ing curv es

w ere obtained by m ean s of a Braben der visco- am ylograph (Brab ender Co Ltd .,

Germ any ) w ith a 700- cm g cartr idg e. Init ial past ing t em perature w as the t em perature of

the past e w h en the v iscosity began t o rise from the base line on th e recordin g paper .

M axim um viscosity t em perature is the temperature of th e past e w hen the m ax im um

v iscosity defin ed as the viscosity of m ax im um peak height , w as reached.

2 .5 . P aram et er V alu e s

Ident ificat ion param eter s A , B , an d C w ere calculat ed as follow s : param eter A =

v iscosity per irr adiat ion dose/ m oisture content , param et er B = param eter A per

irr adiat ion dose/ am ount of st ar ch in a 1 g sam ple, and param et er C = param et er B per

irr adiat ion dose/ param eter B of control.

2 .6 . S t at i s t i c a l A n aly s i s

All ex perim ent s w ere tr iplicat ed . Significant differences w ere det erm in ed u sin g

Dun can ' s m ult iple r an ge test . Regression ex pres sion s an d coefficient s w ere determ ined

through regres sion analy sis w ith SP S S (Stat ist ical P ackage for S ocial S cien ce) v er sion

7.5.



3 . R e s ult s an d D i s c u s s ion

3 .1 . A m y lo g raph Ch arac te ri s t i c s of Irradiat e d S w e et P ot at o S tarch

Am ylograph charact er istics of irr adiated sw eet potat o st ar ch are show n in T able 1.

In it ial pasting tem peratures v aried b etw een 73.5±0.0°C an d 75.0±0.0°C. M ax im um

viscosity t em peratures v aried b etw een 78.0±0.0°C and 81.0±2.1°C, w hich sh ow ed no

ch ang e statist ically accordin g to increa sin g irr adiation dose. T he m ax im um viscosit ies of

unirr adiated an d irradiat ed sw eet pot at o st ar ch at 1, 3, 5, 7, 10, and 15 kGy ex hibit ed a

reduct ion from 750.0±14.1 B .U . of unirradiat ed control t o 700.0±0.0, 595.0±21.2, 490.0±

28.3, 415.0±35.4, 312.5±31.8, and 105.0±7.1 B.U ., r espect iv ely and show ed significant

ch ang es (P < 0.05). F ig . 1 sh ow s the am ylogram s of sw eet pot at o st ar ches irradiat ed at

v ariou s doses . A s show n in F ig . 1, the m axim um viscosity of irr adiated sw eet pot at o

st ar ch redu ced w ith in creasing of irr adiat ion doses .

3 .2 . Ch an g e s of V i s c o s ity at V ariou s R pm an d D o s e s

T able 2 show s the viscosit ies of irr adiated sw eet pot ato star ch w ith in creasin g dose

lev els and rpm s . Viscosity show ed a m arked reduct ion w ith in creasing dose lev els an d

alm ost disappeared at 15 kGy . In th e control an d all irr adiat ion doses , v iscosity

accordin g t o increa sin g rpm s redu ced from th e control to 3 kGy but sh ow ed a contr ary

tr end from 5 kGy to 15 kGy . Significant differ en ces in v iscosit ies am on g irr adiation

doses w ere clearly ob serv ed at all st irr in g speeds (p < 0.05).

Sim ilar r esult s for starch h av e b een report ed . M acArthur and D 'A ppolonia［21］

r eported that r educed viscosity in irr adiat ed st ar ch w as du e t o the degradat ion and

uncoilin g of st ar ch chain s , a s w ell a s the breakin g of hy drog en bon ds w ithin th e

m olecule. Rou shdi e t al.［22］ also reported th at a decrease in viscosity v alues for

g am m a irr adiated corn st ar ch w as du e t o th e decreased st ar ch chain len gth . Nen e e t al.

［23］ foun d th at irr adiat ed (10 kGy ) red gram flour ex hibit ed a v ery low m ax im al

g elat inization viscosity (350 B.U .) com pared to the control (860 B.U .), and, in isolated

red gram st arch , the viscosity dropped from 860 B .U . in th e control t o 100 B.U . in the

irr adiated (10 kGy ) sam ples . Oth er s hav e foun d that peak v iscosity , setb ack v alues , final

v iscosity an d the con sisten cy of irr adiated brow n rice decreased w ith in creasing lev els

of irr adiation . T he decrease in peak viscosity in rice by irradiat ion m ay b e att r ibut ed t o

st ar ch depolym erizat ion［24］.

In prin ciple , S okhey and H anna［25］explained th at the redu ct ion of viscosity in

irr adiated st ar ch w as cau sed by the fr ee radicals cr eat ed by gam m a irr adiat ion .

In creasing doses of g am m a irr adiat ion creates in creasing in ten sit ies of fr ee radicals in

carbohy drat es , w hich are respon sible for m olecular chang es su ch a s the uncoilin g of

st ar ch chain s an d fr agm ent at ion by th e breaking of the hy drog en b on ds of the starch

m olecules . T h ese ch ang es m ay affect the phy sical and rheological propert ies of star ch



and decrease viscosity . Based on th e abov e paper s , the rea son for th e redu ct ion in

v iscosity in sw eet pot at o starch w as gu essed sim ilar t o th at ex plain ed by S okhey an d

H anna［25］.

3 .3 . P aram et er V alu e s of Irra diat e d S w e et P ot at o S t arc h

T o rem ov e the affected v ariat ion for viscosity , the param et er v alu es deriv ed from the

m ax imum viscosity an d viscosity of sw eet potato st ar ch are listed in T able 3 and 4.

H ay ashi e t al.［6］r eport ed that th e v iscosity div ided by th e star ch cont ent t o calculate

a norm alized param et er prov ides a m ore con sistent r espon se t o irr adiat ion tr eatm ent than

any v iscosity v alue. T h e param eter v alu es of irradiat ed sw eet pot at o st ar ch show ed a

dose dependent r elation betw een unirr adiat ed an d irr adiated sam ples an d in dicat ed that

all of the v alu es for the unirr adiated sam ples w ere higher than the irr adiat ed ones . A

n orm alized param et er of th e sam ples is a bet t er param et er for det ect in g irr adiation

tr eatm ent than the v iscosity v alue it self b ecau se the m oisture an d st ar ch cont ent s of

sw eet potato st ar ch hav e an influen ce on v iscosity . T h erefore, w e ex pect th at th e

apparent v iscosity div ided by m oisture (param et er A ), starch content (param et er B ), and

irr adiat ed sam ples div ided by the control of param eter B (param et er C) provide det ect ion

v alu es th at r educe the fluctu at ion of viscosity v alues am ong the sw eet potat o st ar ch

sam ples .

3 .4 . R e g re s s ion E x pre s s ion s an d Coe ff i c i en t s B e tw e en V i s c o s ity an d Irradiat ion

D o s e

Regression ex pression s an d coefficient s of viscosit ies am on g irr adiat ion doses of sw eet

pot at o st ar ch are list ed in T able 5, w hich show s th at the regres sion coefficient s ar e

v ery high bet w een irr adiat ion dose and viscosity .

4 . Con c lu s ion s

All sam ples in dicat ed a decrease of viscosity and m ax imum viscosity by in creasing

the irr adiat ion dose. T his t enden cy for viscosity w as sim ilar for all stirring speeds .

T hese result s su gg est that the detection of irr adiat ed sw eet potat o st ar ch is possible by

b oth the viscom etr ic and m axim um viscosity m ethod.
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T able 3 . P aram et er v alu e s de riv e d from th e v i s c o s it ie s of irradiate d s w e et p ot at o

s tarch

Rpm Parameter

Irradiation Dose (kGy)

Control1) 1 2 3 5 7 10 15

30 PA2) 39.59 23.99 15.11 9.76 4.92 3.20 2.36 1.53

PB3) 41.76 25.31 15.94 10.29 5.18 3.37 2.48 1.61

PC4) 1.0000 0.6060 0.3816 0.2465 0.1244 0.0809 0.0595 0.0388

60 PA 37.19 18.18 12.05 9.39 5.03 3.39 2.52 1.68

PB 39.23 19.17 12.71 9.90 5.30 3.57 2.65 1.77

PC 1.0000 0.4889 0.3239 0.2524 0.1355 0.0911 0.0678 0.0452

90 PA 33.02 16.58 12.20 9.21 4.92 3.83 2.96 1.97

PB 34.83 17.49 12.87 9.72 5.19 4.04 3.12 2.07

PC 1.0000 0.5022 0.3696 0.2790 0.1491 0.1159 0.0897 0.0596

120 PA 28.58 16.68 12.12 8.95 5.02 4.03 3.27 2.17

PB 30.14 17.59 12.78 9.44 5.30 4.25 3.45 2.20

PC 1.0000 0.5836 0.4241 0.3132 0.1755 0.1413 0.1142 0.0758

150 PA 25.89 15.98 11.58 8.71 5.30 4.42 3.58 2.37

PB 27.31 16.86 12.22 9.19 5.59 4.66 3.78 2.50

PC 1.0000 0.6170 0.4473 0.3365 0.2045 0.1709 0.1384 0.0916

180 PA 23.71 15.28 11.20 8.77 5.63 4.72 3.84 2.56

PB 25.01 16.12 11.81 9.25 5.94 4.97 4.04 2.69

PC 1.0000 0.6444 0.4722 0.3700 0.2377 0.1990 0.1620 0.1080

210 PA 22.47 14.70 11.13 8.83 5.98 4.98 4.11 2.75

PB 23.70 15.50 11.74 9.31 6.31 5.25 4.34 2.90

PC 1.0000 0.6541 0.4953 0.3928 0.2660 0.2215 0.1831 0.1224

1) Control = unirr adiat ed sam ple.
2 ) PA : P aram et er A
3 ) PB : P aram eter B
4 ) P C : P aram et er C



T able 1 . B rab en der v i s c o/ am y lo g raph c h aract eri s t ic s of u nirradiat e d an d irradiate d s w e et p ot at o s tarch w ith diff ere nt do s e s

Charact er istics

Irr adiat ion Dose (kGy )

Control1) 1 3 5 7 10 15

Initial past in g t em p.(℃) 75.0±0.0a 2 ) 75.0±0.0a 74.3±1.1a b 73.5±0.0b 73.5±0.0b 74.3±1.1a b 75.0±0.0b

M ax im um viscosity t em p.(℃) 78.0±0.0a 81.0±2.1a 81.0±0.0a 79.5±2.1a 79.5±0.0a 79.5±0.0a 80.3±1.1a

M ax im um viscosity (B .U .3 ) ) 750.0±14.1a 700.0±0.0a 595.0±21.2b 490.0±28.3c 415.0±35.4d 312.5±31.8e 105.0±7.1f

1) unirr adiat ed sam ple
2 ) a - g M ean s w ith th e sam e super script s in each row are not significantly differ ent (p＜0.05).
3 ) B.U . = Brabender Unit

Mean value ± Standard Deviation for 3 measurements



T able 2 . V i s c o s ity of s w e et pot at o s t arc h at v ariou s do s e s an d s t irrin g s pe e ds

(Unit : cent ipoise (cP ))

Irr adiation Dose (kGy )
rpm

Control1) 1 2 3 5 7 10 15

30 522.6±32.8a A 316.7±8.8b A 199.4±20.8c A 128.8±5.1d A 65.0±5.0e A 42.3±0.8e f A 31.1±3.8F A 20.3±2.81fA

60 490.9±23.6a A 240.0±8.3b B 159.0±6.6c B 123.9±1.9d A B 66.5±5.2e A 44.7±0.5fB 33.3±0.0fg A 22.2±0.9g A

90 435.9±25.0a B 218.9±3.3b C 161.1±10.6c B 121.6±2.0d A B C 65.0±0.5eA 50.5±0.9e fC 39.1±0.2fg B 26.0±0.7h B

120 377.3±19.7a C 220.2±3.1b C 160.0±5.0c B 118.2±2.6d B C 66.2±0.8e A 53.3±1.4fD 43.1±0.3f C 28.6±0.5g C

150 341.8±11.9a C D 210.9±4.8b C D 152.9±5.0c B 115.0±5.5d C 69.9±0.9e A B 58.4±0.9f E 47.3±0.6g D 31.3±1.1h D

180 313.0±15.3a D E 201.7±3.9b D E 147.8±7.7c B 115.8±5.0d C 74.4±0.9e B C 62.3±0.8fF 50.7±1.0g E 33.8±0.6h E

210 296.6±18.8a E 194.0±3.1b E 146.9±7.2c B 116.5±4.7d B C 78.9±0.54e C 65.7±0.5f G 54.3±0.3f F 36.3±0.5g F

1) Control = unirr adiat ed sam ple.
a - h M ean s w ith the sam e super script s in each row are not significant ly differ ent (p＜0.05).
A - G M ean s w ith th e sam e super script s in each colum n are not significant ly differ ent (p＜0.05).

Mean value ± Standard Deviation for 3 measurement s



T able 4 . P aram et er v alu e s de riv e d from th e m ax im um v i s c o s ity of u nirradiat e d an d irradiate d s t arc h w ith dif f eren t do s e s

P aram et er v alu es

Irr adiat ion Dose (kGy )

Control1) 1 3 5 7 10 15

PA 2 ) 56.82 53.03 45.08 37.12 31.44 23.67 7.95

PB3 ) . 59.93 55.93 47.55 39.16 33.16 24.97 8.39

P C4 ) 1.0000 0.9333 0.7934 0.6532 0.5533 0.4166 0.1399
1 ) - 4 ) Refer t o the legen d in T able 3.



T able 5 . R e g re s s ion ex pre s s ion s an d c oef f i c i en t s of irra diat e d

s w e et p ot at o s tarch

Rpm Regression ex pression s and coefficient s

Viscosity

30 y = 485.55e - 0 .4 164 x R2 = 0.9923

60 y = 398.19e - 0 .3 792 x R2 = 0.9561

90 y = 363.63e - 0 .3 597 x R2 = 0.9648

120 y = 335.02e - 0 .3 366 x R2 = 0.9823

150 y = 335.02e - 0 .3 366 x R2 = 0.9823

180 y = 280.78e - 0 .2 797 x R2 = 0.9761

210 y = 265.35e - 0 .2 572 x R2 = 0.9709

M axim um viscosity y =- 42.544x +730.26 R 2 =0.9939

y : viscosity

x : irr adiat ion dose



Control

5 kGy

10 kGy

F ig . 1 . A m y log ram s of s w e e t pot at o s tarch u nirradiat e d

an d irra diat e d w ith dif f eren t do s e s .
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