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Abstract In many tropical countries, sago starch is used as an important staple diet. Some useful properties of sago
starch are discussed in this paper.

Physical and chemical properties of sago starch were examined using the following methods. Scaning electron micros-
copy was used for observing cross sections of the stem of sago palm. Viscography, swelling power, solubility, amylose
content and chain length of amylopectin molecules of the starch were determind. Degree of gelatinization and retrogra-
dation during heating of starch and standing the paste were determined by the beta-amylase and pullulanase method.
Rheorogical and textural properties of sago starch were determined by dynamic visco-elasticity and tensipresser.

Cooking quality and processing properties of sago starch were also studied from the interest in food culture. Harusame
(mung bean starch noodle), blanc-manger (corn starch pudding), kuzu-zakura (traditional Japanese sweet cake, made by
kuzu starch gel and filled with sweetened red bean paste), warabi-mochi (bracken root starch paste) and goma-tofu
(sesame seed tofu) were prepared, using sago starch as the substitutes of the original starch materials. Differences in
substitution of wheat flour by sago starch for baking were also examined. These results indicated that qualified sago
starch could be used as multipurpose cooking starch and also for various processed foods.
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b= VKRB IR RBOR E P 5R4E & (i
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PR, FROMBIZLBZ DL L(EKR1977), 20
BEHFTFIEASATHD Lidvndtun, BE513
WEEHE LCEHOBRBZEETIIE?S, T8
BOREIC2>WT, $TRHLATVE by EOa LB
NLEREER, NV AOFERE L TORTREL
EDHMERTIT-> TS/ (FED 1981).
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BaicmehTnin, 22C, &Ly rHe
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Fig. 2. Starch granules in cells of sago palm
(SEM) (x 200).

Fig. 3. Enzymically damaged sago starch gran-
ule (SEM) {x 1,350).
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TIAREGHS, 75°C TH_TORBIAHLE LY T8
MRRBAEBETE. 5512, HELANONEDH
HHELTWwWEL0bBEHLNE, 92.5°C T 30 5Nk
PHBEL-DHLTCHBBNOBIIR-TEh, o2t
B TR EI LIS MEL R T R I U
CEFZONA. Zom, BHERRE 92.5°C C104
Bomic & 9 H—iEfML Tl v, BHME
BEOROHELNTH o 72 (4% - 50 1983b).
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BREEECL Y RDAYTEHOT I —-AGHIE
26% THH, BRIEBD 34% % b7 €02 VEHO 28%
ZoWTHEL<, BHERHO 2% 22 Twk, 730
R7FUYOYEFHIZAEBS (1978) DHFEIHEML,
Pseudomonus @ Isoamylase % BV TH 4 O % H
h L, Toyopearl HW-50 D% T & T4 IVil8 LT dhag
2187 (Fig. 4) 4%, 730X/ FUOEHRFIHYT
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Fig. 4. Unit-chain profile of isoamylase-
debranched starch on Toyopear] HW-50.

% Fr. 11 Dffiik, 3 T#5H°21.8% &, HERHD 26.5%
LGFTEBD 19.8% DHHOMHE%ER LA (Table 1), F72,
Wtk L OFBWATE VL ST WA Fr. 11 | Fr. 11 O,
HE#ED 2.0 120 LY T8 2.4 EREEFICE VR L,
FIRBOT IR FOEESHIEF v v NEY
ZIERLT BMEM R R L2 (B4 - BB 1994a, B4 - SER
1994b) .

WEOY T LBEERIIOVWTWSLZ EHFEWN. +
IX¥ VHEETRICES SN LARICBET A, Th
37/ —MMEEWHR) 72 /-3 FLF—EDOK
X W FEMEEERT B b EEL 55 (Okamoto
et al. 1988). KEEZEVE L TOIREIBETEL WA
B, AFREBL IR TVEEILNRS.
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BRIt T 2BOBEORLE T IRV F—-E R0
7974 -2k hRkobl, BHIEMNT 62~63°C L
1B CHEREDSHIBEY , SEICHSRE X ER U BRI HEEE Y
W, L L, MBx#EHET s EEEELIETL,
25°C ¥ THH L 2BEOHBE By, My ED IV EBRE
$hRE R IR AE AT B SR I T 100 C B, B
BEEIEVIEDETIE»CHY, BEEHOSH
VWHIAR S B, TEL R SRR (AN 7 R EE R
FRL, BEHEERIESREEBIIOVWTHY. Lib,
% 25°C DEEL B RER by ER IS L ERRIZS L
LRtV EBHTHE I LERT (Fig. 5). 28, +TH
BEREOENKELECRIYS 71 —OHEIZHEN
BHLN, HEOEVWDORFTFRENKEL, BEOE
WHDIFFRANEC EHREEN TS (Takeda
etal. 1989). TNZBHFO L ONRIEL 5 2 2 EEN
LEREOMIS, BAFFO L ORI EEE TR S
HENHBELDEEZ LTV 5 (B21E 1988).

Table 1 Amylose contents and amylopectin unit-chain distribution of starch on Toyopear] HW-50

Gel filtration fraction of debranched starch

Amylose?
Sample contents ]
(%) Fr.1 Fr. I1 Fr. II1I? Ratio of
(%) (%) (%) Fr. III/ Fr. 11
Mung bean 32.2 30.8 19.8 49.4 2.5
Sago 27.3 25.9 21.8 52.3 24
Sweet potato 21.4 19.1 26.5 54.4 2.1

Starches debranched by isoamylase for 18 hrs at 40°C.

a) Amylose content was measured by iodine amperometric titration.
b) The unit-chain profile was divided into three fractions (Fr. I, 11, III).
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Table 2 Degree of gelatinization® of starches at various temperatures and the effect of addition of

isolated soybean protein on the degree of gelatinization

Starch
Heating Potato Maize Mung bean Sago
tempera- Time Isolated
ture (°C) (min) soybean ,N®  Addition No  Addition No  Addition No  Addition
protein addition addition addition addition
55 13 8
60 21 22
65 90 67
70 94 73 36 56 5 9 79 40
75 97 88 59 78 35 51 81 80
80 97 94 77 83 54 70 82 81
85 97 96 86 85 76 — 83 87
90 97 97 90 86 76 72 87 920
92.5 99 98 94 — 86 75 90 90
92.5—10 100 — 94 88 91 81 93 91
92.5—30 100 100 96 90 97 97 94 92
92.5—60 100 100 96 82 — — 95 95

 Degree of gelatinization (%): Alkaline gelatinized 100%.

Starch pastes were prepared by viscograph at a concentration of 7% for all starches expect for potato starch which was
prepared at 5%.

Isolated soybean protein was added at 20% of the weight for each starch.
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Table 3 Relation between storage condition of starch pastes and decrease of the degree of

gelatinization® of starches

Starch
Potato Maize Mung bean Sago
Storage Isolated
condition No .. No .. No .. No o
Soybeat gadition A9UHOM  gqdition  AINOP  addition Addition ;i Addition

Before storage 100 100 96 92 97 97 95 95
Room temper- 1 day 95 83 90 86 76 75 72 65
ature (20°C) 7 days — — 88 97 67 64 56 51
Refrigerator 1 day 82 61 81 73 48 40 69 68
(5°C) 7 days 69 41 65 62 45 40 52 58
Freezer 1 day 37 21 — — 34 31 45 40
(-20°C) 7 days 37 12 — — 33 31 33 33

3 Degree of gelatinization (%), Alkaline gelatinized 100%.

Starch pastes were prepared by viscograph at 92.5°C for 60 min. 5% for potato starch; 7% for other starches.
Isolated soybean protein was added at 20% of the weight of each starch.

$9, 70°C T¥— 7258 L 78.5°C THMLFRT T5%
&, MoOBRIC R TEMCICEYT 2 REGHEL R
BB MLAREELAZ L L EAROER VAL (P
B - B 1992). BRI ORTRMEC L 2EMLENET
1 Table 3 {Z/RL 7.

6) VITERBORMES AT T A

W TR TEROMEE %, Kainuma (1977)
FERLZABIANF 7L TELDDLLRDEBYIC
ha, FITRRONBIIRE CHECBHERIFIGEC,
B - BRE, CAIFT 74— & AUSHELHE
RF vyl POBERIEV., EBiER MY ED
2V RREOBBIEV, TIO—-AGREM7ED
IVEBICEL, TIORZFUOUBRSAPLRDL
Fr. [I BELU Fr. 111 Fr. 11 OffId, KT & HERHO
mEOfERT IR ENBELhE o TOLIK
FIEBIIEREEE ¥ v vy A BRORHORETH
arwvwzad, LdL, TIo—AgfHtyE0ai®
BBV L EBELPTVI LD 2 HidIh b ORY
ERELRE-TEY, FTEMIT7T Iu—RAFRELY
MEEIC DWW TR BB BRI ERL, HoREEHR
TEOEBHIE W (Fig. 6).
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Fig. 6 Diagrams of sago starch.

AVERTEHERREITHED, TIVOT TR
Fy—FALPICETFTERLE. ShbicEl, Ik
BIET - SRR T LGS &R L7224, R
RENDF I AF ¥ —IC5 X BHPEIIEL, BRER
R DY OBRRICHSTRESY ¥ /87 BRMOEE
2Tzl vEkvi b (Fig. 7).

BLEOREDS, WTFAOBERIIBVTOKES ¥
787 BRI & 2HMEOBIHED bz (Table 2). 7=
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Fig. 7 Effect of soybean protein on viscography of sago and potato starch.
—: No protein, ——: Isolated soybean protein (10% of starch), ~——: Isolated soybean protein (30% of starch),

---: Soybean milk powder (30% of starch).

Table 4 Static viscoelastic properties of various starches measured by a creep meter

Eo E T m E, T N2 n~

Starches dynfcm?  dyn/cm? sec poise dyn/cm? sec poise poise
x 10 x 10* x 10° x 10¢ x 10 x 108

Potato 1.79 9.54 55.0 5.25 26.15 5.4 1.42 1.28
Sago 2.13 14.37 21.3 3.07 — — — 0.67
Maize 7.34 81.49 15.0 12.19 — — — 4.60

Table 5 Dynamic viscoelastic properties of
various starches

Storage Loss Loss
modulus modulus tangent (tan §)
Sample G’ G” G"IG’
x10° x 108
(dynfcm?)  (dynfcm?)
Sago 2 1.4 0.70
Potato 10 4.2 0.42
Sweet potato 7 3.3 0.50
Maize 45 0.9 0.02

L, o T8 & BAMEM L INEADIBIC Lo B A
BOLRIDIL, MYEOIY LERE OB
MHTRELLAKESY > 2 HRNOIE D A8 #i b
ERTRE, BBOMEICY VLI RIZTTRTE Y o8
S HBRMOBEERE S Z EHREN(HHES 19834,
F51% - 750 1983b).

SISO L AT — s
FITERINOLF OV — R T B - BIREHE

WE»LSHEmMEPSPICT D L LI, FRMBlah
L&Y O FEMORBERE L. U E R
E10% &L, WINGHERERD 20% L LTRSS
T4—iCE BB LA. °C TR, ERICLELY
=T A= —BIVLFTrS 74 0% BTl
EET, SHICEETMCL VYR LORET 552K
[ RO AN
RIS 2 V-7 A= — (LB 2 BwvT
70— THRER, BINETo%. YIRS MVIEE
BBICHRTRO DS 2 7L, BEHERIC
KRTHNC OB ER L7 (Table 4). LA T srs 7
TR BRI ED S b RO EmAE S
N, FIEB S VIIES IS 2RSS G, )
SN THIBEWHE G LIS, BN, H
B MERILOBRBICERTHROPVA ALV
(Table 5). #A%KIEHE (tan 8) G”/G’ 2 by ET 2B
PNSWETHMEERL, KEVWEOT TRBILRE
PHRORER ER DMV &V 2 5 (3548 - B8 19940,
B - TR 1994b). %, B NVORBATHI S L OE
BICHHIL, Tio-xgROB¥VBRER Py EI2 Y
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Fig. 8 Swelling power and degree of solubility of sago starch noodles (harusame)
O: Sago, A: Sago and egg york powder (10%), @: Sago and isolated soybean protein (5%), &: Sago, isolated

soybean protein and egg york powder (5%).
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Fig. 9 Adhesiveness of sago starch noodles
(harusame).
O: Sago, @: Sago and isolated soybean protein (3%),
A Sago and egg york powder (10%), A: Sago, iso-
lated soybean protein and egg york powder (5%).
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F 12, BHERO 5% 5 X 07 20% I oVTREL
7.

SN, IIESE AR & D soeC CRME L,
WA T I GHEMMLDL, FREBRIZL ) NI A
WICPHBE L2, WERHELERNA RS M VI 258K
BE, BN - BRMEL LUTIERY RB2T, EEEEMm
124D AR A RS L

F TER NN A B TIEMBAEAML , B
WA AR THER D MBEASKTH D, A
WEERT L, SLDd5, REDEDLWELNE
SR, NHAELTHE LOEIRERLZ. EREFHE
ZBWTiE, WO HAREHFHRA L 2L T
B, Uk, BRAFMBVTHIASEMERL, YT
BBENNVEAORRE LTERHZBREZEL bR,
~%, KE& ¥ BOBRWHBLTD SN, + T
BERE Y 87 [ 5% M & b, SR &
N (Fig. 8), TROPEE NV A\ SEL O T+ 0
mAE ORI T, FTERICIERRERML AN
M AIFFEOMAE LI E D, vIR—XR
V—ATHRHBGL EOWBIHTLEER LN (Fig.
9). 4B, VYIBHOMPELZ/OLILIZEY, Fs -
UBESRIE R E R ), KES ¥ A HiRNORR S H
FIZRRD O, MM ML &4 7 (Takahashi 1986, &
% - TR 1992) (Fig. 10).
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Tz T2t TEVWEY] 0BT, FrYERaL R
BB - FALEMA T LS a - Ry —F
TFA VR EER T I T2 bvnS. TOXRERT
TV (BiEL 1974) 1K) TR E RV IS0 DY
REFEE AT, PYEOalBLUESRND
B LI, T, BBES s HEDHMERR
EDWTRARZ S ¥ 37 oS mmi, ®mGEx
DWTRE L7, HTERERAVLES TS5 Il
PRI LERBICHSTERLICCL, BRPRED
oLV EON, BE BRI LTI
Vb LToO@EENBO N, T2, {&hthk (EHN
B, REMESHY, a7 REKERNOLEL LRVWE
E, R IERE RO LB E R, S
ELTHATEZZ PO E L 572 (FRS 1984,
1988).

WA T4 7Ry Ena Y BEAHEV b R
TEH, BERAFIZLVELELR T, BAkEna
LA ENT VWS, H T KA D REN
BRWIEDS, TEREHCTRL74) 2 7%
HWLTERFOETV M B0 VBRI LHBLE. £
DR, YTEMEROZIDE bYE0a L @BBICE
NTHS, WY, REFEHCBYTFESHNER
L, ¥YTEHIILEV LR FaalL— N4 L ED
T4V ELTHFATELRI L E o
(Takahashi 1986).
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#* Significant at the 1% level
* Significant at the 5% level

Fig. 10 Properties and preference of kuzuzakura by sensory evaluation.
Q: Sago, @®: Kuzu and potato (3 : 1).
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3) HTEBEAVAETE, beUbL, HREE

AXRDEEHLEHTH S {FHPLLO UL (A
1983), WBEWE L2 S OBB Y VRS, D60 hER
NeOrTLORS, FLTEEPSHEIIMTTOFE
CEMHICRZEIHRLL, HERdSNL8ME LT
CHLINhTWE., ThbnaHE LTIRERENDY
B TEANL L, HHECED 2 EonEsRdh
5.

CFRIZBIHROEN B EHHRS V2 M C, BHLAR
FLHBLRT L, BXLERKEBOFESORMH S
<, BHBLHEHLEOURFERSINDG. —HITIEL
FTEBYEEE LTHEONATYV 255, & 2T T8
FHW, dBELTHETS (1976) O F L ERERE %
31 OHAITRELLTRERYL, fEheTsLE
B, ORE L. FORE, STEBEHVALT
BAUIMED R4S, B, WECBhs 2 Eofas
TEN, BEREIMICBCTOTTEREHVALOWE,
CFEBHEBE 3:1) DL DI TRD O THT
HWAH Y, EBEE, B, YL S THVETESES
N, Thesnl ks, Y ITEHEHCA TR,
REROLTERD VIR TEEHERBREEGOIOLC
HRTENRTL, LFThaIesHLPERo L,

S ARV A< b T (R NG i
HITEABETHEASD VI LR LY, (THRORE
BAEPEBLYTS, BEEIGETS VAL, 12,
Y TRKOPEOHEFIVT, KEBOWEOFAMLRE
WhEOHENBOOISEEZLZONL(EIF - BB
1994a, ¥1% - FRE 1994b).

HoUFb bLIIBFREOMETLLTHELERTEY, b
5UBHASESND A, BEREHERBIS (Ebh
Twa, $o@EpEAv: [Fobs] e@EBLLES
%, b UERE BSOS TERBEREL (, B
S LBETIHFEFNAEMERLE. b UFRHRBED
foHEERSHCSNTE ), SWELTLELTS
FEBTRE LATTHBEVADTH Y, Y IBBFFO
Cryraiti i@ TS YT HIRETERIC
FERBMETE LTOSBRVIZAIBLIWlERE L
THITFBZENTES.

—%, SRR CTEICT D SR A ThnE
L b DT, HEHBIZERPERVEHBO—-DOTH
A, HTBLUCTEBBICTIHBKORDbY & LHE
30% M2 CHIREBOMED Ficl U CRB L BRI
Fotzbls, YTEBTAVZLOHITEROLO
AT, KRR E B, PRk L (BRI
n, PHREECBVTH TRE~OREL LTRIMAT

22 rELIGNE (TRBISECEMR D, B
BoY ITERBOFEZTSIHETE 2 (B - TR
1994b).

4) H THH R IR (fenpi) D AR

rh EER Ve & 0B H A (B 1950) IR B % IR
e LTSGR, £3-EERMITREATYS, H
KT, A8 BN 1973 E 7 T FY ] 0Bk
T, {TREHEOBRBIEHL LTHVWLATYAS,
Bz, BREArELFMZ)TLOELTEEE
CHEEELEALNT, FRICERINIYHENE
MEELT, fED 2 TEBVLRHEI S, SOBKIE
FBREHELASFHAThPT I e, WILADORE,
IR LARTVR EORENERSINS, £2T,
HTERO S LR T R T OBBMAEFIALT
BELSANL TRBBEEYRH L. §bETKES ¥
Ry EEMOSE, BEORKE - KRSt wEE o
B SRS HRRET L 7.

TR BCTRROE S IIBHERE LEAL,
(TR EDNKREL, BEREOH12OBTHY,
Ut <, BHEELRATFMTIFEhaMmERLL.
FTHREOGHRLGEIC L A PEABETERDO6NT,
BB L DEL L EWRERDDIBERAFBLR
1. KEF Vs ER 5% BNLERECIVERELL
IRk, BREREODECEETIHAFELR,
L1 ORBHMETE B (KRS 1990).

5) FIEBERVRTT 4 rBLTVORR

§ TEM OB LRBE~ORB L LT, LRI
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