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Studies on the “Fat by Hydrolysis” of the Sweet Potato Starch

—Changes in the embraced fatty acids with
development of the granules—

Shigeo Funmoro
(Laboratory of Applied Starch Chemistry)
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Table 1 Some plants belonging to the “Convolvulaceae” family and their glycosides.

Plant ! Glycoside k Aglycon
Scammonia (Comvolvulus scammonia) Jalapine Jalapinolic acid (16-OH)
Jalapa (Ipomoea purga) Convolvuline Convolvulinolic acid (14-OH)
Sweet potato (Ipomoea batatas) “Jalapine” Jalapinolic acid (16-OH)
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Fig. 2 Photomicrograph of crystal of
methyl jalapinolate.
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Fig. 3 IR-spectra of methyl jalapinolate.
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Table 2 Composition of the embraced fatty acids of the sweet potato starches in commerce.

""""" e Th&g’éﬁ%‘&gg Ibaragi Chiba Nagasaki | Kagoshima | Yakushima

Fatty asid SR %) %) % %
12: 0 0.1 0.2 0. 4 0.3 0.1

14: 0 0.3 0.2 0.5 0.5 0.5

16: 0 49. 5 31.0 61.6 57.5 52.9

161 1 2.9 3. 4 3. 4 2.5 3.0

18: 0 : 4.6 4.0 6.9 6.8 10. 4

18: 1 i 17. 2 14.8 14. 4 14, 1 14. 4

18: 2 ! 20. 6 39.5 9.8 14.3 14.7

18: 3 4.6 7.5 3.0 3.3 3.6

16-OH 0.2 trace trace 0.7 0.4

Total mg % 86.0 78.2 ! 29.3 3.3 | 362

|

* Fatty acids mg/100g starch

Table 3 Composition of the embraced fatty acids of the starches obtained from some

varieties of sweet potato.

\\\ Variety| Norin Chéshi Kogane- Naka Kyuasht Fuku Esatlsli“li'
\‘ No, 3 (%) sengan murasaki No. 34 wase genji

Fatty acid (%) ’ (%) (%> (%> (%) (%)
14: 0 0.3 0. 4 0.2 0.2 0.3 0.3 0. 4
16: 0 34.1 39.5 29.1 40. 3 32.3 32.6 49. 9
16:1 2.1 2.5 1.7 2.1 2.2 2.6 3.4
18: 0 3.7 1.8 3.8 5.8 5.7 6.6 5.9
18: 1 16.0 10.8 45,1 38.7 29.9 37.2 19.2
18: 2 36. 4 35.8 14.9 10.5 23.8 15.9 14. 4
18: 3 6.8 7.9 4.3 1.6 4.3 3.0 4. 4
16-OH 0.6 1.3 1.2 0.8 1.5 1.8 2.4

Total mg %* 51.1 30.8 30.3 22.0 15.1 11.1 i 10. 4

* Fatty acids mg/100g starch
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Table 4 Sources of the various starch samples.

Sample
) I 11

Starch e
Potato In commerce, s. g. (Hokkaido) | Pharvacopoeia, Ebisu Co, Ltd.
Cassava Importation (Thailand) | Importation (Indonesia)
Sweet potato In commerce, f. g. (Kagoshima) In commerce (Kagoshima)
Wheat In commerce, s. g. (Chiba) Reagent, f, g., Wako Co. Ltd,
Corn In commerce, (Aichi) Reagent, f, g., Walo Co, Ltd.
Rice In commerce, (Niigata) In commerce, (Niigata)

s. g.: special grade, /. g.: first grade
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Table 5 Contents of embraced fatty acids
of the various starch samples,

T~ Sample \
T | ‘ 11

Starch T |
Potato 10 ! 10
Cassava 16 32
Sweet potato 28 37
Wheat 35 ! 23
Corn 224 i 203
Rice 230 ; 376

|

Fatty acids mg/100 g starch
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Fig. 4 Composition of the embraced fatty
acids of the various starch samples,
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H% (Table 3). LIZW->TTNHDT E0H AR

HEEHY & %+ o B ORI REEIRIE - & L
LIZdDEEALNA.

S OITHIREIT b & ITHENBEROZ N, OO
ST, T U A BBBINCITOHR %15 -~ T B 4 D
widH-72 (Table 2, 3). b dT i, fSsERAl
BRAZBIL Tid, W 8 SR & 0BT & OIS & 4R
ELUTCHIBAD ZSNC ERRB LTS, LIzhisT
I H O THHERMO S ORI A s Nt L S
i, IR E RO E DIV L BITES,
REMER T D 2 b D23 Y — VBRIZE £ — DM
W, RIMRNCDI > T IET 2 20 A L S .

3—3 MBIEROIEEEER

BRI R OIS RALAR (Fig. 4) &, %k
T BU R OIF O IRIEREELR & OB Y: % 20
HITUL, 25 RIS Ol 3 D72 FRER O NS I B LR
PHBET 5 EDHEINTH B, L L 2HdEasiy
BNDT, 25 EFOME, TRb L HiON
ARy, KR, K, IR, bRz
SAEE 2L, IRISRRHUR 2 U 5~NT2. B F 4 v
YT ONTUZE MRS AT T X 0 T2 0 HIKL
72, BB OAhHI: Folch 15 ok b, 20 2802
DU R X =)V (20 1v/v) ZHEIOTC.
ML ) =z —F gz & Y, Kl v
D h-T R =L (6 100w/v) Tt AL, EBoHh
TIGRAER e A FV T AT WML TH A2 uw h 55T
1+ —TERLIC.

HIRE Fig. 5 O L35 H Tahh, 2iFhoE
22295859 & 3 3E—HL TV A. & ORI % Sl
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Fig. 5 Composition of fatty acids consti-
tuting lipids of the starchy tissues.
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WY1 BT & % BB O RSAA TR & OE L, Bk
OISR (Fig. 4 s 5 &, WOk
WC b WEENCHEBDREH A SN2, L UAE
KO, MBOIEEONEHRERY YR L Y
D12 D HLET BT d Db S 3RO PSR ER DAL
RIZXHOD TERUL TS EDDRPD. IHITVT
NOWEPNTI T S, BRI H D RRRHRERL D Si25 /¥
WEFUBRITEA T U 55, ABOMEN EEERY
B LUK T ONWTTTIRFE IR TN S,

3—4 [ERFBOEY ZH

(1) g%/ —NLik

AR & 51T, HHIPIBNT & % AR IH IR O fHLE
1, # ORI O E O BB O BT L 5
LOTIZSN. Z2LTOEIC, HBERIOBEDED
TEDITHENNER D & b & AT % RIS HUVITEM/S
WESDETIH INTWAL EWEALLND. CORE
Hedosh 12, TS ORI AR 2 & b
CEEZOHNR2 U ST, R 2 L A
I Z#BiAgL 7 2RV, fgiGERI: Table 6 1TiRY
L0 6 FEFOATNAE FVEMETREKK) OmA
W% HO Tz, SRERE D S 1SR O ORA Y]
F LS, IO F DT L h &SR Z O X D
BBEMELSIZEDTH A,

Table 6 Composition of a mixture of
fatty acids.

Fatty acid ! %
14: 0 \ 19.0
Satd. { 16:0 | 17.4 } 50. 3
18:0 | 13.9
18: 1 11.0
Unsatd, { 18: 2 23.0 } 49,7

18; 3 15.7

BENTHENiEE 2 & h CER BT, HBHLSY B
J¢° Lehrmans® MO#LE42BE L LD XD L HILfT
eoll, Thabbi1 g OREEVREZ &L 85 % 4
2 —,u 60ml HNZlE U IZIEKY 20 g (REEHRED)
ZYIAL, BREEE LSO 5 REZEIER L IcO b
RIC TR LTz, chve g EL, vy 7 AL —
e T 24 B =7 vz -7 0T HH L, Bk
KAEL TO BRI 2 Lo, DIBIE—R DY)
Bl & FRNT R 2t U Z DR 2 U 5
1z,

PIEARHGE & Ul RIAC & H TN EERO
3 Table 7 1TRT LB Y Th-72. KIRIRIET

Table 7 Content of fatty acids absorbed
by the various starch samples.

Starch l mg %
Potato i 360
Cassava i 330
Sweet potato [ 400
Wheat 300
Corn 410
Rice 480

i

RPBIER B AR O/ S Bl b, BB &
IFEUKUETIRITEE 2 & b CATE D, BPORE
I AU EAE L.

¥ TSI ERMiAR » Fig. 6 iwiiL7z. Fig. 6 3%
JeliEEDS 2 N ZNDOREHDE I OHHETLE H T EN
ToESANT, DALV E Bl L0 OFUTHE LUV E S T
REDICHERLUTH B, LITh-> THREDHKRE, &
ISR OOTERIT & DS ML H T E h g T
A, Frbbiafislhgc U R pafiialiig, &<

Absog)ption _ratio
o o »

[=]

) = -
o0 o o

Absorption ratio

o

Fig. 6 Composition of fatty acids absorbed
by the various starch samples.
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Fig. 7 Characteristic absorption of the
fatty acids by the starch samples.
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REFAEOH N DIEE &) CENBHEDEL, &
BT EBE O 2R L T b, Fig. 6 OfEE

%, HEHAMRO XN #Bd 5 & Fig. 7 251850
. MIFUEREERD/S T b IRFEBI6 D v 3 o
BRDSE S BORIFIZ & ) 2230 25 5 T
bHo. BHS SO S N Y o Ll P EERR
T E D 2 FRI AT, [T v oMbz s
TYCBOA VA VEEL Y B ) CENIEES
WEL T3

(2) BXR/—=EBLTF MUY LEE

RIHDEA % 7 — VHa BN To e, wah
b8 HA L/ — VT HIBLBIELIZE DTH B, %
THERIRE % & D C F 4 B 5E L IITTRE DR T T
&ok.b#bcmiﬁﬁwwmkqfwﬂﬁTEn

77 AWEAT B TEHHSNTIs h1oew | TRARIRTE
ENLE - TORHT B L L T B EEEDSH A, L
ZOTHNE, TNHE OHEBBEIICONT b RO
FRZEIOUIBETH 208 LIV, 22T
ETRME L TSR 2 By, & ) BB D78 R
TCIRRZE b ¢ 8, &b THORERHEL
7o,

BN HORE & U T HiEmy (WRER,
1967 48 %, ®HORELE LU TEBREY (T
B, 196842 2 HIANTZ.  F I ASHHER I ARSI e
DV FUBRE, RERISHERDY 72 — Vs (L3
R TEKK, B »SRCBEALT.
EDTERAHEIL CIDBA L — ik 100ml O
A 27 —VHNT K lbesily 20 g & WA 48 %
AL, 30°C OHEREANT 5 ~10 HFE®B LIz O L8
WRVET 5758, 2sdkor (i) b Y o sl BE
NEMiHE 4 & 2 F/KEE(bF bV & AVEWTHFIL 100 ml
DKM E UTZd DT KisiEky 20g 28 AL,
g & ARk 30°C T 5 ~10 HEIRBHEBAIKEL, 1o

200[-

@
<)
T

100

()]
(=]
T

L L
5 10
Time (hr)

Cold MeOH method

Absorbed fatty acids {(mg )

=)
o

5 10
Time (hr)
Na-salt method
Fig. 8 Time course of absorption of fatty
acids by starch samples.

(O: Sweet potato, []: Corn

TEAWERYE (pH 5.6) LU A0 FKITKIET %
TrE BRIV, & ITHABBIZAE L T B EEEER %

v Z AV =BT L Y T F v —F VTR, B
TH & AR e S5 EE 2 fhHL Lo,

Fig. 8 ITURUT #5343, DWHEL Vb &b & a2
NTWIHRGER % X0 b DTH 5. mﬁ&téﬂ
WY & EREREIIEIE U O HE TSI 2 &
CATWA, FEHTEFNTSVIFUIEEY J —
NVEEDIEHRILE ORFSIT HIIIFRTRH 4: 1 Tho-
1z,

3—5 E®R

7 RN O PSS I R S B BB I R D2 12
F—EU, FTHNTEHBRSROZ L O 2 -
BRI 7, DI OOV T 3 L BRICE D HEfIDS B
= T2 — UM O PIBHEISBRHLAR & #IER DS E O
FRRIAR & I e DRI L T3 Y, iR R O Rt
YEER S NI h - 72,

BORIC AR 2 & b C SoIc8at, B
BMIENCIHS U D E D CADOERIIIEAE L, Fiss
WA F B L Y g, pik (GE2E)
UT2 L 50T, KERIRBE T I3 N Be 1 B MYk D R f24T &
BRVBKREY CENBZEDEEALNLDT, TT
IR UTIRIZ & ) CF B ARBOBA t@&bc
HDOBIINES THAS., L LT o
T 2 DK OIS LR L, Bk ofls HBE@%&
FRASNV 2 FUBBITE N T L, AR ISERR S
CHRBRTVIFUBBRLZ D Ehicc k
BT 58 DTHAH .

FI S (T LB E, T e— AR KRS B
IV AWEWHIE L TIE, BT YVEE (8:0) H—7Y
Vg (10:0) Dk 5 s HBNIKERD D e s
PENTND. U URBBODISOIEEBIE, Vo
TCATIv—RREHYTENTY, ZFL—F 0
ETHOHHINDT VL 5 TH 52, AT DOEE
TIx, PIESH ORMHICT I H 3T OMERGn % v
v DAL= HHEHT LY mF vz — F T 24 R HY
ULTWa. ZOMBRC L H HEBN» S I h 34
e %2, PISIERiRER & bl L 72—l % Table 8
9. ROl Table 2 (52 %) HOD 5 F
DT O VLHETH 5.

NEBRERAERIXINT T 0 ) DD T ) R F LIS L
WL, chs Bz Frn—F ATHEINRT N
&R UHRU D S TRIEIT, NIRERIGTE & TSI & S
AEENTIZXKPT E 20 ERFHL T A, Lichs
o TAEKERT, »OV I FUBE b IREBOD OIS
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Table 8 Composition of the embraced and —FUTHIE U, COMEic k5 BB, HEHE
Et,O-extracted fatty acids of the - s e
sweetpotato starch. W24 %, ERREH2ILTHT
(2) #EBWE
Fatty acid Em&a)ced E‘z?%xtd- W) 20 g 17 8 BAMIEE 100 ml 2 fiA, 1112
! S FOBBEEEE Lo 30°C ONERAIC 4 HEE,
e %2 &9 2. ChERTTLE=7KC pH 6.0 IKHFIL IO
le: 0 .0 5.1 BIEBHIZR v 7« CHEAL, BUFAIE & ARMCLE L
183 0 5.8 7.5 o, BEIOMRLE, TRERICE ) EBINE R T
82 b e BAMR B E LT, KIORRMISHTHEL 55
18: 3 4.9 3.5 %, EEERBRW OO0 L TH-1C.
16-OH 0.2 3.8 S
(3) a-7 I 5—HNE

The average values for 5 starch samples
in Table 2, were represented

BEDE ) L AEMDIZNDE, CHUCHT AT T o —
D EIIDSFNNTZD T H A S . FIARFIRE AR O
BINC X % & b 2 HBOETR, REF#EGHThith
U T2 PRI thad % SrikRREsts® itk 56 0
LEALNA.

AR BMHORA AL ARERROEL

4—1 FANE

YRS RS Y T30 L Wb 5 T R UK
ZH 5, FIIRES ICHATRL S TIHETH 5
TEDBEINTOA, & HICRONIEE AR LA
ESRMERRITT 5 EOWEE »H 5.

BIEZ O TIEMRROFEIC X iRAIc & H X
N AR S T & RHS T UICHY, AFTIRERY
RO RS RSy & SATIRNS MR B & ORIk 5 W3RN
OEIT X ATHOME S E 2R LT, SORHIRTE
& FIRH Y ERERN 2 H L, LS OBk
BiAKIT L AR, AEEBREL B0 a-7 7 -
T L AW E DRIS 5 RERNC X H DTy
L, BT DRI B R & PSRRI B oD Bt
AR A DRSEaN ful

4—2 SEUEBOEE

(1) BxuE

By 20 (Epiesy, DUFREED 2B4 4okl
[HNITIRIB L, 9 65°C OBEHRHIT 2IFHW 50 0iL
LTz, BIRT 3HEASHERL T LB IR
X, RS EOBIA A Lk 1 ¢ R ANA ERR S R
CHWLI., INBRyF o TlEMEL, K XX/ —
W, L mF AT —F VT NERERLTZO L Gl
L, Vw7 ALl LD il 24 K — 7 =

% —+) 10g % 100 ml OEBERK (pH 6.0) HIT
PYAL, 35°C OHAaT 2 KB E ML T
WY & T, CORSTHHIKRICEY 208 2 AN,
32°C T 24 B ERHEBI LT, O PhEKER
b LITRATDS, HIEED 0%, ERFENSTS
OERED B - 12, WBRE AT 2 BLE AR
Zebhr: ULUFOEBCEL 1T,

4—3 HEBRAERBOMR

(1) Fere

% T BRI B A 3 — N KIS IR L TR
U7z, Fig. 9 OWMESHIORLILL S, A8
I H R b REERY & JITMROELZ LT
WL 328 BIRKILIE T EERBRIZE S Iz
MUTH Y, HERCS L DIEMUITNS S 5. &
HRRENT T & S TRiT s, £T2i3EAl
g — R INTVSL. a-7 3 53— HELTcd
DIRBEEYSH b, & ICHEBRIRRICS ST
Ribs Huo.

(2) 3—FEBRXI ML

HALBENT & 5 R 2 AR LT O b 3 — K 2B
R MVRRIE LTI E % Fig. 10 lomUTc. 3%
el (36 %) ORI -7,

KB AR 7 M VHSRIROZ L D § R
WTHHT N, 7 u—ApERmicEi ahicieY
ThrH. —F a-7 37— Lo — 7 AL
Oer) BRWOZHE Y BEEMCH Y, BHI—
REEE LT ERT S 680 nm AED WKL
V. O EIBERESTOLD AEIEN L DAEL
otz é, THbb7Ein—RX by 7inoxRIF
LTk b BRIt s Ic L EBRL TV,
X DI AR R TOB N, & U Tk - 1005y
Th, BEAEMNILUINTOAZ EB D
B.
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Fig. 9 Photomicrographs of the partially decomposed starch granules.

C: Corn
2: Hot weter,

S: Sweet potato,
1: Control,

(3) #HREE

Fig. 11 IT X#5 757 b x — % — (HBEEES D-
3F) Ik A XERINPTK 2 LT, XD &ML
WIE 30 KV, B 1SmA THEGHECH B, s
UTe Xz = o r v 7 ¢ v —T Ky 2%, %
Uy MRISFEHRY » b 1°, 2XRXY » k 0.2mm &
U7z, HT0ERAE e 1°(260) T, 3~30° O#ipH
RUB LT, ZSEBARHS 25 I Ak a4,
TN = ABIOROUEITH 5 2 2R L ToaE
My L Tl LI,

K ALER DB DS L D O 2 b > T 5 T 213
LHHThY, ELICEREBRITTOSTZAMILL T
DEEAC U S 56010, —F a-7 3 F— i
TR DOEIFTHR & HTHD § DITLE L TR R RHEW T H

3: Dil. HCI,

4: a-Amylase

b. UL CORBSRATIRERBEVIMN S C &
BALISO. LICW - T ORI, JEsEENE %)
BV LIS T20 ET b LA E LT L X
NI THASH. Fig. 10 iTiLiza— K B@mie
N2UMTZEDTH B2, FIHHEB TR
BEENE, SERUC LEEL X b B BT 2 RL TWL
B FD L OB ARG B AL ANT O IRIA
N, RIS L HEL oo &7 RS T
»H3.

(4) PIERBERAEE

HEE B ORI 2 L, BIETHRE L
12 6 HEIDIENBR DAL E 2 KTz, Fig. 12 131885
BREL L BNO R E DBIRE/RUIZ G DT, Hikk
b ERERBN L JIIAROKETH-12. T5bb
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Fig. 10 Iodine coloration spectra of the
partially decomposed starch gran-

ules.
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Fig. 12 Correlation between loss of the

embraced fatty acids and weight
loss of the starch granules.
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Fig. 11 X-ray diffractograms of the par-

tially decomposed starch granules.

Rigakudenki D-3F, Cu-Ni, 30KV,
15mA, 0.5°/min

S B s DOHKIE Table 9 O &35H T, W
T WEOHUE & 13- e OILiE > T D, —Hi
W RIBIE I O BIA NS AR H b,
HiFRWLE ORI L E F UBER R T 7 ) L BOEIS

E T

WS OBULEIZ/N S L, AR ORISR L DL L. 2TCARFEENBO S HTE AL A
1. B3 7 U A RIS R T O 2 55005, ) 2 — b
Table 9 Composition of the embraced fatty acids retained in the partially

decomposed starch granules,
! Treatment
t h tt ids ' T oo
Stare Fatty acid Control Hot water D11 I—ICI a-Amylase
| (%) (%) (%) (%>
14: 0 0.5 1.5 1.8 0.9
16: 0 59. 6 63.3 77. 1 58.7
18: 0 7.0 5.6 10. 5 6.5
Sweet potato 18+ 1 14. 6 21.0 5.6 18. 1
18: 2 14.9 .5 3.8 13.2
18: 3 1 3.4 1.1 1.2 2.6
14:0 | 0.1 0.5 0.9 0.1
16: 0 ! 25.7 38.1 45.3 35.0
18: 0 1.2 0.8 8.6 1.7
Corn 18: 1 14.8 23.2 15.8 17. 4
18: 2 ; 53.6 33.8 26.7 43.9
18: 3 ! 4.6 3.0 2.7 9

1.
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S t
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Weight loss ot starch granules ( % )

Fig. 13 Loss of the saturated and unsat-
urated fatty acids by partial de-
composition of the starch gran-
ules.

(O: Satd., -O-: Unsatd., (Others: see Fig. 12)

BREY LI EOWET b L v 5. Fig.
12 DR % RIRIENE & A RS WJF@ EITXRIT %
& Fig. 13 2540540, RUFIHSH) ARIC LI L AR
W IR LT N EDBW S TH B, 1217 a-
7T UMD H EBOADFINEGTE D, Th
WHZRRITIE  TO B RS E T & (Fig. 9) gl
LU, #&ik G 6 8D 33 .5 5 it A s fafn s iz
M ERUMHI TS

4—4 E8®
EDOIRALBNT I 0T & KB & ERRIEILIE
EAE O Z U2, & ITHEBIRIAERIZIE L
E%&M%uﬁﬁw%®%6»$&%ﬁb%®%mé
AEFENRRIZ s t0 72 & B L L T 5 (Fig. 4)
EH 0, DIALBIT U TH SBE & R
bR LIz L3, TS ORFED MBOWIIBRENT >
WTEMHMERE D &2 BT 5

T KRLENT £ H 7 & v — @GS L A &
EZIRHIDBIRT H A5, ZAUTHEOIEITEEOAH
bl 5 a-7 I - UMTIE, 7o
RO F DT % DR S S et s
O =2 BT, COEMIIBITEDIE & A
EDVERRILTIZ. s OfIUE, ISR M Hie
BOBALPOETT i n—R LG THAC L%
MUY 5. T a-7 i S —Y MO, g
Wil 2 W LIc 7 & o — R HIEE S ENNT 03 B HE
PIHEDS RN E DEM L™ ORRICAET A, Lty
- THIEHRBIZIE D 7 3 v — 2D B EDOHIIZ T 3 1
TWADTHAS. IS § A OREY 2R HI
(LU 728 & RO S 2 iR T AL KT
UTCEBAICE L OIRNROSR A DL, 75 v—2
&\_ud INFTFTIHEHINATIDEELLNS.

— i & AT THBUER DL Ay, RURNSHGTR & A

ERBROHVLEDIA X S B L, AURIISHRR I A5y
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MOEER TIIAHB S TLER L L MR hisss,
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BMUTZ. U 2i - THEGWHIT S0 39T & g
NRATERD 2 DU Tld 2w, # 70 FHHERIL A OO 2 0D
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RGeS R I I & b C F 405 affef: & Drsuo.

UTIDs - To 0 — Z55 IR Oy TC d % RIFES
B2 Ul TOAEA S, ML 1o T Cd 5 REH
TR 2 W UIc B & Tud, AT abd 2 HEfoh:
DAED OB LAVZ U & SITARIFIIEN B A 4L
DIFRALEIT & LU L 03 s 122 202, fR
IEIGRE & 875 D 7 & v — 2000 e LI O 741 L

TS0y, HHIT T 00— 2DUAD AR RIS L O
ThhHT E D4 5

F5E HERBOAZIH LUHERSRM

5—1 Fans

CAOVE TR & HEITRRIC IS 2% o AR 75 ) HL %
D IMHUTDY, AEIUR T o OfIR b &
U, PEBHRNGEE & B0 IR L & DG % 98T
H. FTORHOREBMEE L THKZRATL. C
PUSEEDS A TR L L3 s, Lo
B LAIT DT b KT 2 O TR LRI OS2 2 3Ky
K232 DICHR EBbNIZIcDTH B
INELTORETIE, &L THBEG 288 e U
2. L L ZO& ) @ o uE T 2l
KETIRFR 2 VIO R AR ORAYTH A 5. 12L&
ARBHE GBI IFYINROAIIZL
THh, B2OATOAHE L M—-Ti1250.
KOERIL, MARE TN TV ROV R 4T
2LDTHAH. FREWHKIILGOKESILE>TH
PEPUI RIS 219, U 7ohi- THEREIC S X 5800T
BN 51T, 2305 OMEOWES &b 2
B2 TE 212000 20805 5. % TAGT
i, TN X 335 LU O MBI X B Bk
OYEBTD I 5 B L 72,

5—2 HMIBRPEOHE
HEEBRAOM mikE s ORI % Fig. 14 125R9.
FSTHRORNIESUM (18kk 215, 450g, (fif% 8 cm)
DHER 2K 2 em fOHRYI DI Lo b RO
B EALITATEIL, RMOLE b 2N ZFNKREH] T 9 —
TR 2 ST T2, B OIR 35 L o8 LRI
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Table 10 Yield and average size of starch granules from different sections of sweet potato

tuber,
Sections 1 2 3 O 8
vield (%) 89 19. 8 19. 3 20.2 1 8 | 183 .8
Size (1) . 68 7.1 8. 4 1.6 5 126 6
— ” NN 28 57 C A FIL, DR |
Peel
Cork cortex / U3 IALT T A R EIL T2 2Tl

Phioem 7 A 7
Primary cambium /
Secondary xylem e

Secondary cambium —=——

Fig. 14 Diagram of transverse section of
sweet potato tuber,

Table 10 4T/ 3L T2 &350 T, 1 O MNLEHR) T RO
Wrzd 2~ 5 DM AHL T D ETVER
PETIZ 3 & A N d B 2D ORSH B Hfie
UG & 24 L, olmiz 1 U2,

2~3 (UBKIMI), kv4~8 (P 3 ¥
TIXEIL D %L 283K ST B S

c
WIsIziER  Fig. 15 1257 JZRIMSOMITIE O
30, BRI E O AEL T DL E TR
b MDA 2 U e & W b 2 O0E & A ENE
DREYRID AL T s NI IR R & I
BEZS NN & (A B A%, — TR X X <
Fih NEO L OB L. Ll 28D JIRALORMIN &
DL L TomiioRiie Fig. 16 oLz L 9ig,
& TR 2 R s A T
6 OB B 24T idoo 3
HATTAYRIL, SNLO) Tt LA oRyY)  Fig. 17 TR
U1z, CORTUE, [T Bk 2 0y b S Bl
HIOO N X XC L O B Oni e 2 B0 O LEASH i
PeH T ERL T AL TR HNS OB S 91
U 72, R ORI s 2 .

SRV TR RL YA

Fig. 15 Photomicrographs of the cell-starch from the different sections of sweet
potato tuber.

1: Peel, 2: Cambium,

3: Inner tissue

The cells were isolated after microbial treatment with Rhizopus
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Fig. 16 Photomicrographs of starch granules from the different sections
of sweet potato tuber,

Peel, 2: Cambium, 3: Inner tissue

. ot Peel Cambium Inner tissue 53 MR BIRH O RN

209 Wm% 0 Bl Filos PIRINZ BT 2 & Bic L, BL RO
50 A , ,1 ] LA Jer..lwws‘zm LU IR
0o BRI 1 ] UZZITAMES CRSRA 2 b5, i hARS i s, 196741 10
200 s ] JI 24 THIRLD kb, /b ‘I/U24g> tkb‘ﬁ’fi‘%
jz;’ 37 (Ve 256 g ) il 12, (g 5 . B

XJTZ)ZJ‘Q, )&’lJn i j&/\) (- '\_. CJ: ”’) : l) 'L’( L[}}:NL y
VERITERST A L 9o wiz. Table 1l iz 224

|
50 (%) 100

Fig. 17 Corre'ation between the weight of

tubers and the ratio of tissues sec- DBIIOIA EVEIRITE e i3
tions, IS RSB L U 800,119 B8 03 2

Table 11 Yield and average size of starch granules from the sections of small and
large tuber.

! , | |
‘ : Peel ~ Cambium Inner tissue ~ (Whole)*
Symbol (S-P) S-C)  ($D |
Small tuber | B ‘ i
(Av. wt, 24g) Yield (%) | 8.9 14.9 21.6 | (15.5)
| Size (u) f 8.3 8.1 12.2 ‘ (9.2
: Symbol (L-P (L-O (L-I)
Large tuber } ] . ] - ]
(Av. wt, 256g) | Yield (%) 7.7 20.3 20. 6 ] (19.6)
. Size () 10.0 | 10.0 13.7 (11.7)

* Calculated
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T
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Fig. 18 Amylograms of the starch granules
from the different sections of
tubers.
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Fig. 19 X-ray diffractograms of the starch
granules from the different sections
of tubers.

Symbols: refer to Table 11 (e.g. S-P:
Small tuber - Peel)
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[E RS CY N FopY 3 30 VRMES it (TG M MO IR ECASAR
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3 — ] LA & PRI R BRI L T IS
HotzOT, WHEOME% Fig. 20 iwoRLIc. 2 —
R OGUARTZ AR S OB Gl R IAL, Al
S0ml Higty2mg, a— K 4mg, FuiLH Y o s 40
mg OFIT \HA S L s (L FPW
-4) AHpoSTem v, 660nm 7 4 v —TOROL
18 2 e Lz, E IR R OSE W 2 FUTIB RIS
YTk~ 1o, Fig. 20 12450 T, 23— N Hafii s N
Il ey ik & O MR 2k 5 & r=0.811 &g
%, a—F AT 7§ v - 2AaEITIEIT S &
HEZANBDOT, 7Ia—ADOEBNE 0 E IR
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AR OD 23 7 & v — AR WIS 2 2 { A
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Fig. 20 Correlation between iodine coloration

and content of embraced fatty acids,

Symbols: refer to Table 11 (e.g. L-P:
Large tubers - Peel)
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Fig. 21 Correlation of granular size, iodine

coloration and content of embraced
fatty acids.

Symbols: refer to Table 11 (e.g. L-P:
Large tuber - Peel)

~

TW5. Fig. 21 30 s 2B DA R JITo0T
HBUIZE OTH 5. TEREHRC RESOBmENIIR DA
SVHEDIRET T v —20fEIERS DI T 2
Y, FEREHE T3 DBIRASINT IS > T 5.

(4) PEBEERAEE DR

HWAIaw hro7 4 -—-ltkhRplzzNZFhON
HAER DMK % Table 12 JTRELT. K/ NFEE
DIEREROBINE, WRASTHRROMAR & LU T
5. U U & N oOment, Mok x ics
DDEHRLET 5. FLANORR 5L, R
MOBINTIZT V) VB Y T 7 — VDS RN S
KEEN, ZIEHDOBENIBS OV F UBITE S
E, WALT L A5 A 5 N 5. UL LefkELT
&, WV FUBODERBENBEREOSNE DIIE
B> Ths,

5—5 ER

UED L5, 1RHOHMEBEORTS BBz L b
WHEHORZS 2Bk aEh, 2RO KE
JWEHELHINTOS, &I EROBENIEN
HOEDEFEUL LS.

RE DHED TEMBEIT BB b S LT L
¥, HEBHO—IC UIZ UVITBEEIZ X 3 Lo R
BHEDOMHOIZINTNAS, CUTMBOEE TN
BUEL TS OWBIRIT D 5 T & b0 [EEB & L3
1, WEYSLER O 2 DEEELALERSS P n2en 75 &
MZORAELD D AT EVBHEINTND. UL
WIS 4, b & EHEORUH S T LIT]
WNRBNC KT 2 3 OTH A 5 L, ks

Table 12 Composition of embraced fatty acids sections of the starch
granules from different of tubers.

Tuber Small tuber Large tuber
Section Peel Cambium | Inner tissue Peel I Cambium | Inner tissue
Symbol (S-P) ($-O (S-D (L-P) (L-O (L-D
(%> (%) (%> (%> (%) (%>
Fatty acid | ?
12: 0 0.1 1.5 i 0.7 0.1 1.5 0.8
14: 0 0.4 0.5 0.5 0.3 0.4 0.7
16: 0 53. 4 47.0 46.7 54,7 50. 8 32.3
16: 1 2.4 2.8 3.3 2.1 3.1 3.0
18: 0 11.7 9.3 8.9 9.0 8.2 ‘ 9.6
18: 1 15.3 13.2 18.7 12.2 13.7 27.9
18: 2 11.6 17.1 ; 16. 1 15.5 14,3 19. 3
18: 3 4.4 53 4.3 4.1 4.2 5.5
16-OH 0.7 33 0.8 2.0 3.8 0.9
I —— ’
Total mg %* 54.7 | 33.3 i 31.5 68.1 | 33.6 13.

SN

* Fatty acids mg/100 g starch
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B, —WHUT RS ORI AR 2B A TR ELT,
HEE TN BN IR 2 IS A A EN E 5 LT W
%. Ui UH SRR O8I BT H 12/ B bi D HE IR
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5 OEBUHRICEAL DRI ifmE i, 20OMHE
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Table 13 1T/Rg &35 b, HIRBREW LT OREET
RERU TSR (Bbk 293, 1968 4E) %, BBHRE
JEDFH % XHIT 51208 50 HRIFRT 3 [Bicbdbi T
INHEL 72, ETORESOBRM TR AR LIS O
JOREBHTER LI OB BB E LI,

b HBORGEIZAE S 1D T2 b D RBREAEROH
Jn#x Fig. 22 i, FIoAHINEERAICEH T 5 BIROER
AER> Fig. 23 iU,

COMITERRED 5 AL b 7 1 BT B
DIRBEDSHENTZ DT, AGVEHH F IR R B
B, 18T H OMBEEER D - 7200, 24
AL S o BT H 2 NTERLIC 8% 2T
12, QEOBENZ &L HAMRAL S5 HEHO BB
JOMER L L WIOK 2 5 2R 0 T2, HIERE O
{LidRER% 20 B A X h DAk S A, SAREUE HoiRm
BNz sZES s L bl T, Fig. 23 OfEH
Th, BRI S5 HHOYMEIEERICI ITIEFRE S
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Table 13 Planting and harvest of the sweet potato.
Growth stage i Early ‘ Middle Latter ] Ref, 1 Ref, 2
Date of planting : V-18 | V-18 V-18 V-18 VII-12
Date of harvest L VIE-12 VII-31 X-28 | X-28 IX-5
Growth period (day) } 55 | 105 163 163 55
Number of harvested plant | 820 | 156 104 107 216
| '

(1968)
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Fig. 22 Growth curves of the sweet potato
tubers.
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Fig. 23 Distribution of number and weight

of tubers harvested on each grow-
th stage of sweet potato,
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Fig. 24 Size distribution of starch granules
from inner tissue of tubers harvest-
ed on each growth stage of sweet
potato.

Early, —— Middle, — Latter

Table 14 Yield and average size of starch granules from inner tissue of tubers harvested on
each growth stage of sweet potato,
Growth stage Early Middle Latter
Av, wt, of tuber (g) 23.5 156.0 264. 0
Yield of starch (%) 13.7 19.5 18.5
Av, size of starch granules (x) 9.0 10.7 15. 4
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Table 15 Average size of the starch granules classified according to their size
and growth stage of sweet potato tubers yielded them.
Growth stage | Early ’ Middle ’ Latter
Class | | Small | Middle | Large | Small | Middle | Large
i
Symbols i E M-S ] M-M | ML . L-S \ L-M L-L
Av, size of starch | . :
granules () ‘ 7.8 6.0 | 12.8 ‘ 17.3 6.8 14. 4 } 21.9
. 1000 v
EO Early ) AM-S Middle L-S Latter 3 / / /,-/
® i | 800/~ / L
goj- E - o / T e S -
A /‘ IM-M M-L i 600~
L0 ’(ll \\\ [~ ’vl’ I~ ,,'
-/ N L/ -
!l’ \\\ l/l / ]
ok 1 kY [/ LA | [
0 10 20 O 10 20 30 0

Granular size (M)
Fig. 25 Size distribution of the classified
starch granules.

----- Small, —— Middle, —— Large

BLORD

B, BRI Ok (BRD,
KEaWVE CARD O3FT >R R EUTRATI. 2
ON-Epitis Table 15, Fig45#iit Fig. 25 0 &1

HYThb.
6—4 B0k
(1) #hR
FRL T FRRIO Y S O 7
LR, RIS B RIODA B DT S BB AR

in 4 5 u % Fig. 26 o\
7 95 95  Temp.(°C) 50
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starch granules.
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Fig. 28 Effects of thermal condition for
dissolving the classified starch
granules on iodine coloration of
them,

The sample solutions in 0. 5N NaOH were
treated as follows; I : Non heating, II:
80°C, 10min, II: 85°C, 20 min
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Fig. 29 Effects of thermal condition for
disolving the classified granules
on iodine coloration spectrum of
them,

The sample solutions in N NaOH were
treated as follows:

——+~—— Non heating, —..——80°C,
10min, ——-««.———85°C, 20 min
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Fig. 30 Inhibition of iodine coloration by
DMSO.

Prior to addition of iodine, starch gran-
ules were dissolved in DMSO and then
trerted as follows:

O: filled up with water

A allowed to stand overnight before
filling up with water

. : allowed to stand overnight before
filling up with water and adding
iodine, respectively
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Fig. 31 Change in iodine coloration value
of the starch granules differing in
their size and growth stage of
tuber yielded them.

O: Early, (@: Middle, @: Latter



HEBRBONRHFICET 3 Hx 219

065

060~
= o
E L
~ 055 ~e
Sl - ©—
< 050 ® — e g
=z T—
2 *-
S o04sh
S

0401

L ! ! 1
4] 5 10 15 20 25
Granular size (4 )

Fig. 32 Changes in KIO, titration value of
the starch granules differing in
their size and growth stage of
tuber yielded them,

O: Early, (9: Middle, @: Latter
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Fig. 33 Sepharose-2B column chromato-
grams of amylose from some classi-
fied starch granules.

O: Early (E), @: Middle-Large (M-L),
@®: Latter-Large (LL-L)
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Fig. 34 Changes in fatty acid contents of
the starch granules differing in
their size and growth stage of
tuber yielded them,
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Fig. 35 Changes in fatty acid composition
of starch granules differing in their
size and growth stage of tuber
yielded them,

Symbols: refer to Table 15
————— Size distribution
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Fig. 36 Proposed diagram of the develop-
ment of starch granules in sweet
potato tuber,

Quantities of fatty acids and amylose
are represented by black points
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Table 16 Preparatidn of starch granules from immature tubers of sweet potato.
. Yield
Harvest time Av, wt, of tubers Granules %) Symbol
5.5g Suspensible 0.1 a
(Whole tubers) Sedimentary 8.1 A
Immature (40th day after planting)
33.4¢ Suspensible \ 0.2 b
(Peeld tubers) Sedimentary i 13.7 B
Mature (In commerce) Ordinary —_ C
Table 17 Analysis of starch granules from immature tubers.
Av, size Moisture | Protein Nx6.25 Turbidity
Starch sample ¢ (%) | (%> (0.D. 600)
a 1.7 13.6 ? 0. 96 0. 628
A 4.7 13.5 [ 0.32 ; 0. 247
b 1.8 13.6 ; 1.02 0. 679
B 4.7 14. 2 ! 0.28 0. 168
C 12.2 14.6 0.12 0.072

Symbols: refer to Table 16
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Fig. 37 Photomicrographs of starch granules from immature tubers.

Symbols: refer to Table 16
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Fig. 38 Iodine coloration spectra of starch
granules from immature tubers.
Symbols: refer to Table 16
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Fig. 39 X-ray diffractograms of strach
granules from immature tubers.

Symbols: refer to Table 16

Table 18 Contents of embraced fatty acids
of starch granules from immature

tubers.
Starch sample ; mg %
a 173.0
A ‘ 60. 0
b 213.4
B 57.9
C 36.0
Symbols: refer to Table 16
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Fig. 40 Fatty acid comositions of starch
granules from immature tubers,

Symbols: refer to Table 16
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Summary

The starch granule, normally, contains a small quantity of fatty substance which exercises
a considerable influence upon its physical properties. However, it has been left unclarified
whether the fatty substance is contained as impurities or as necessary constituents, The author
investigated it to make this problem clear on fatty acid, a main constituent of fatty substance
in starch granules,

First, among different starches, such as potato, cassava, sweet potato, wheat, corn and
rice, 2 tendency was found that the starches containing much fatty acids are abundant in
linoleic acid and those containing less fatty acids are abundant in palmitic acid. On the other
hand, when these starches were, artificially, subjected to the various fatty acids introduced
into the granules, there was little difference in the fatty acids-intakes owing to the kind of
starches and palmitic acid predominantly introduced among the fatty acids, Further, the
starch granules of sweet potato and corn were partially decomposed by either being dipped in
hot water or in diluted hydrochloric acid solution, or treated with «-amylase, accordingly the
fatty acid compositions of the granular residues were studied, As a result, it was substantiated
that the saturated fatty acids were embraced hard in the spiral structure formed by amylose,

On the basis of the above facts ascertained on the embraced fatty acid in starch granules,
the role of the fatty acid in the development of starch granules was examined. In order to
collect the starch granules differing in their development stages, tubers were harvested at
three different times, and the starch granules obtained from the respective harvest were differ-
entiated according to their sizes. Thus, these starch granules were examined on their physical
and chemical properties. The results showed that the starch granules developed not in uni-
form, but in stratiform, and the author proposed the diagram of the granular development,
Further, concerning amylose, it was ascertained that the content was higher and its average
chain length was longer in the earlier stage of the development, including quite smaller gran-
ules just formed. It was also confirmed that fatty acid, palmitic acid in paticular, was in
higher content similar to in the case of amylose,

These findings indicate the possibility that a molecule of amylose embraces palmitic acid,
at first, to act as an initial nucleus of the starch granules, in vivo.



