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Studies on Some Effects of the Treatments with Hot Water
on Sweet Potatoes
On Separatability of the Juice

Matsuo KaNiE, Tomonori NacaHama, and Shigeo FujiMoTo
(Laboratory of Applied Starch Chemistry)
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" Sweet Potatoes

'-—washed

—soaked in hot water

I—in a whole or sliced in cosettes
—separated from juice by a dehydrater

|
Juice Cake
i .
!—concentrated \—dried or in fresh
|
Sucrose Flour
Alcohol Feed
Yeast efc. Starch

B-Amylase efc.

Fig. 1. A general utilization of sweet potatoes
by appling “Treatments with Hot Wa-
ter”.
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4. HRZOAR M T 74—

BE% TMS (L LCROERBETIT R T2,
B f& : Varian Aerograph-204, » 5 4 : 1/8inchX
5ft, FEE W 1k : SE-30 5%, {k : Chromosorb
W (60~80mesh), & + Y 7 — /A : Na (40ml[53), 5
& 1 100°C—250°C (4°C/47).

5. X M4
B A 25% OEKIREE LTl L. #E:
HYEBED-3F, BB M, 7405 —: =50,

BFE : 30V, B : 15mA, 2V » FFR: 1°-0. 2mm-
1°, 37 : 20 3°—30° (0.5°/4)).
6. 70457 74—

B D6% BEBRITO\WTIT -7, B
Brabender Viscograph DC-3 % i\ 7z, £—A D
V10K, my FOEY8ADKEEER TtHE. &
—~ A OEEE% 75rpm & L, 30°C X b 95°C ¥ CHIG
(1.5°CI%5y), 10 syfRFE D DB, 50°C ¥ TTFRE LS
BOMERLEYEE L.

7. A—FEBESLUVERIEE

McCready & 12 0o FEC X > CEBEYHRL, £
50ml iz s 2mg, 2 — Fimg B vibh v @
& A0mg B EURIGHRTEAB IR, BAEL, X8
YRt (B3 FPW-4) 2T, lem €1, 660nm
ZANE—RERTEBXER D - TRLE.

BRFEEEORET/ RS 1312 pDead Stop iz
Ivfre, RELLBRMERA-7e777 (A
PB-4) & L.

8. B-7:F—EHMEDRIE

TAKEDA 5 1518 o Fw v, BRIKO. 1ml %
2% WP EORE 0. Iml ww iz, pPHA4.8 (+V b v
X-100 % & s B AEEK), 37°C T 10 /MG,
ERTA=RAL —AER YV ED — « 3V VERTHE
TEL, GHEMY < b —2 gmole/ml THbL

7.
EBRERGSUER

1. RKAEHREOB R

(1) AEGM: & B

HELFEHD %, 45° 55° L 0065°C o {RAKic
FhZh —CRRE Lizob, ARk L THE
Uiz, AE Uc H ##3 1X Lom WITE © ARSIR @ ST
L, Th%h 600g 3o %M A, FHHEaBs
(Shimazu RH-100) %) 2 73z 1. 2kglem? ¥ CTHH
Lic. BOnicBEND, HEERY Y ORLE
BHL, B®EE L.

Table 1. &R T X 5 e, AL X - CAKOHE
KD E E VBRDAEHROKE VLML LTI, 65
°C, 1WlH], BHBH\X55°C, SREHIBE ThHB Z &2
> 5y /NN Al

65°C, 3 Byl EMt T, BARMET T 51
BB bh, Ibic, 70°C PEORE Tk liisiz s
AERTHETH »7-. & ORETIE, B OBILIEE
DXL ELLDTHS.

(2) B oHHEHROEL

HAKBER L O HOBEOHERBRA O #EED
RiER Db, REDOKE X DR ZHEOHL
BT 2@ A LTRiROE by LH-, Fig. 2. 1T
7~ LT,

BNk 2o, doilin65°C olik
EREF LWCEECEET S, H1EMYyET2
ZEBbhB. FLT, ZORET, TCREAOM
H&E (Table 1.) BFEDdDHIAT VB, Fi, 55°C [
ToONERE T, FOMBIEmR EcEE LT
b, BAOBIIFRYB L1, F0HD 5EE O
FRBEETHZ LS. LkdioT, ZoMUHEI
X BBt & LT, 65°C % LR &35 S c am
RE LRHORC X > T xRN EEL LT LS.

Table 1. Conditions of “Treatments with Hot Water” and
yields of the juice from the sweet potatoes.

T Temp., °C
o 45 55 65 Control
Time, hr. S
1 17% 25% 45%
9%
3 27% 45% 43%

Variety of sweet potatoes : Norin No. 2
The sweet potatoes treated were sliced in cosettes (1 X1cm
square) and pressed at 1. 2 kg/cm?[2 min.
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70 770
60 -1 60
S50 - 50
Soaking (65°C) Cooling (20°C) S
2 40 ~40 &
: £
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30 30
20¢ 520
10 { i 1 I
0 30 60 90,0 30 60 9010

Time, min.

Fig. 2. Changes of temperature of the sweet potatoes during “Treatments
with Hot Water”.

-~ : Temp. of water
O-—Q: bem
® ®: 6cm } in diameter of sweet potato (Norin No. 2)
® ®: 7.5¢cm
The temperature was determined in a center part of the root.

L EOFERMB, Biita BIY &35 RO FBR T, () IEABLH B X B BTER
FEAREML LT, 65°C, 1BsHOMBE A M L. FHHE 3 fiE AVT, RAKABEEHEOBI e ouwT
ek, HEEER 7L BRI VI » TETHA TR A U1, HiEo &M 65°C, 1BMThY, %
KBEEI T o1l DAV ETCA—7 VT REZhOFER% ¥ LT Table 2. R L.

Blick iz, BESMCEVOMRED 7225 FH (i) ~MFexfas—

BeBiidttr @i s o Liiot. ALE ORI ABIAZY o —FVAHFRCBL, 2279 2R
SLTHBELRHO 2 S0BERAYE 3 50BN A Lo TRB A AERBECEX L, 20fBEariidx
5. FHZERIVEHT BT, BHE I<HVWDAR

Table 2. Separation of the juice by using the industrial dehydraters.

Size of Yield of
Dehydrater* Exp. cosettes juice Note
mm. %
1 1Xx5 52
Hydroexpeller
ydroexpelie 2 3%5 53
Dehydrater with 3 1X5 41 pressed 3 times over
two rollers 4 1x5 42 pressed 7 times over
5 1X5 39
“Asahi Press”
6 3x5 37

*  See text in detail.
Variety of sweet potatoes : Norin No. 2 in Exp. 1~4,

Norin No. 2 and Koganesengan in Exp. 5~6.
Soaking treatment : at 65°C, for 1 hr.
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TW5doThs. FAKTERTE B % HX-
100 BT, vA—arz ) o —DOERI0m, X
120cm o/pNRIBRBRHA Th 5. 84 0.2~0.3kg o U
RE BT D BHTERIR52~53% Th -7z, AN
D DIMIBREN O H T O BREIC S -7 h’, BiHR
b obbErote. Lo UBRIPIRBER S TR
R oY AN
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ABIGER L0200 r —F —EThFh&My
FWTHY, v—F—pPHEHFRcEETSsZ L
ZXoT, v—35—0icfA ikl Ebin
T25LD0THD, v — 7 —OEMEK X 5 TP
ey, K OVEUEBATHZ LOABETHS.
R, »— 5 —DEE100cm, £&170cm T,
1A 1108 & Lic B & OB iz 41~42% Th -
7z
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Fig. 3. Diagram of “Asahi Press”.
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(iii) 7ve LA

ABt Fig. 3. w3 X o clBofsrd - Tw
%. 2 o0&FRBE O EA S T RE L
WED 0T, BRERTHA -3k, o
EHRC DN CERTAVNI S B b JEH S h,
W MBI A @ - T T 5. 7, Kuxih
LR E T ECRBLL el AT, A7V —r3—
XM EHINDEDTHS.

AR D-50 B¢, JRBE O E 7 500m, HEHER
255cm? THBH. Wy 7.0kg ONIEE R BT BT
AL 37~39% Th - 7=, [EEERE, RAHEMO M,
HEEOAECHEOREIREXEHCE LD,
EfpE bRV E oS T, RAABEREOR I
I BETHLDTHT.

2 HBOEETMSBKE

(1) A@EEk

KB X A HEAKOLBE,R OB LR, Y
Te=—=nT VYA (TTC) Fefalhiz X o CTH
E L. TTC AEAfc X - TR Sh, REk
DFREHEN ) AFAT 3 A=V ETD T LD
nT\w5 10,

HHEts X O« ORIE I AKATE Y LicH %,
FhEhEX5mm olgdivcl, ZoXRE1Y%
TTC KR E > TLEBMLTCY Y —vicAh, i
DO, FEEPIC HKE LT 18 Bt k13 % YIkiE o
HERBAE LD, FOHH % Table 3. /R L.

AHEFILAC S T RBESh, L rEFRIT
Bl ¥ TBE LTRVERRZDbIE. LiL,
65°C, 1B§fi0 METIX L FEINT, 55°C T
WMBEER R b EREI . SO, &
X Table 1. iR L7 B G & B3R o Bt —
2015,

Fiz, RIILTRE e -72h, 65°C, 104 0 4LFE
T, ARG Gy EBd b, i
BRRABEOBIND By DN PERATHZ EDBE XA

Table 3. TTC-Staining of the tissues treated

with hot water.

Temp., °C i
50 55 | 65
Time, hr:min i |
1:00 ++ | ++ ‘ -
1:20 -+ [
1:40 - {

Variety of sweet potatoes : Norin No. 2.
TTC : 1% triphenyltetrazolium chloride
solution.
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Fig. 4. Water penetration through the tissues
O—: Control, @——@ : Treated (65°C, 1
hr.).
0.05 % indigocarmin solution was used as a
penetrating agent.

0 2

4 6

Time, hr.
Fig. 5. Evaporation of Water from the Slices.
O—-C0: Control, @—@ : Treated (65°C, 1 hr.).
The slices (5 mm in thickness) were put in a vacuum desiccator and

loss of their weight was determined.
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(i) MEBAKDOHME LEHE iz ME
KAbEERTLL Lo TWBZ ERHEEIRS. Th
YHERTHICD, MRELERTAI AR AT
W, KoOEBZEWTAFECL - T, KoMBEreZ
(ERBZ o THBENE I v LB,

LEoHELRARCHEL, —TikYyrIv Iy 7
ICEAT65°C offiKdic 1 BT L. TN
s, —HoEDflnrrhEhy o —y— TR
R U CHIBRBE 2 B RE L. Fh R ofsHn b
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MBI OBRTIZ IR CRRE &l L. &7, —iB
DN THRCECBREBP TRy E8 Lkl
R, MEZEOKIERRFALCTH 7.

B OBERI —EB T o7 I LA T TD
¥, WETF Y7 —2 -t AW TERPHERRY LbX
7. LT, B, BREBRBSCB LTRSS O
SHRRELR LD, YUOERMTE Lz & ¥ R
L.

Fig. 6. itk 3 S¥' 2o oW Tl bhi #5845
1. WY Y 0B (Fig.5.) & [k, BERYIC T
b, KLY LicbooRREEEI L Db TaRe
NTHote. HISEMEBEIME LR ThiE R E
L, BFETHKOCIWLIENRLDRE. 20X
5 IefERRE S CRAF T 5K, MBS & X bR
EERDDPLDEELDRBDT, EoHF ook
CHL FEINTKSRELSFEL TN L hNoh
5.

U EDFEE)D, RAMBIC X - ThiiF L3

80 |-
S
5
§ 60 t—
s W}
S 105°C
2 Room temp. € |->
'5% (Oven)
20 |-
| 1 | 45 ]
0 2 4 6 24

Time, hr.
Fig. 6. Evaporation of water from the mashes.

O—0: Control, @—@: Treated (65°C, 1
hr.).

The mashes were put in a vacuum desicca-
tor and finally in an oven, and loss of their
weight was determined.

D8543, 1 oifMiiaNAkss b ehsz b
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DR IgstemE 3, FoRBREEN DLW
T&E L.
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holc.
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Fig.7. X0 Fig.8. s L. KB & - T,
B okEREIPR ARIIAE S Y, ¥, BYLBRAE
EXE ks s, RERENETTS2 L, BX
B, 7v—0 8o vl b ERNADBR
5, thboz bix, ABHEOCBRLKTO I A
SHEBEC T > TWBE LR TRT 5.

WEDa— r 2AH Ik X BREBEEME L Table 4.
DEBIT, ThbrBELTRELITWERZX



HEORALEB T 2 0% 161
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(65°C,

1 [
25 20

28, ¢

8-

Fig. 7. X-ray diffractograms of the starch
samples.

Variety of sweet potato: Norin No. 2.

App.: Rigaku-Denki D-3F, Radiation: Cu-Ka,
Electric power: 30 2V, 15mA, Slit: 1°—0.2
mm—1°, Scan: 26 3° — 30° (0. 5°/min.).

5.

(2) VW% MEBE

AR IOTKAETEo B EE LR
i3 Table5 DEEBHTH-T:.

TS EroBEXZLR BN, Zhul,
& LTRAPAOBH L33 0, 5508
BTRIBNDTHR L sk EINS. BHE
BICHNLH 758 OWINE R LT 508, AlEH:4

1000, 2-U:
800/~
600 |
! ——— Treated
400
] \ \\ ~——— Control
200\~ \ )
\ oy . \‘\ \\
\ e 10min =
AN W \
T0o 80 95 95 50

Temp., °C
Fig. 8. Amylograms of the starch samples.
Variety of sweet potato: Norin No. 2.
App. : Brabender DC-3, Temp. : 30°C — 95°C
(hold for 10 min.) — 50°C, 1. 5°C/min., Rota-
tion of cup: 75 rpm.
Sample : 6 % suspension.

Table 4. Coloration with I, and Amperometric
titration of the starch samples.

| Coloration

|
! Amperometric
|
Treatment | 3p V¥ titn
B S I
Control | 0. 444 i 0.32
| ‘
Treated \

0.455 ? 0.32

*1 repressed as OD 660 nm Values

*2  repressed as ml. of 0. 005 N KIOs.

Soaking treatment of sweet potatoes : at 65°C,
for 1 hr.

Table. 5. Contents of carbohydrates in the sweet potatoes treated with hot water.

4
| Wt. of sweet Starch Soluble sugar ! Reducing sugar
Treatment | potatoes % (ratlo) / (ratlo) ‘ % (ratio)
— — — — - 1 [ e ROUR e e [ t
Control | (100) 22.18 (100) 5.61 (100) 0.036 (100)
Treated [ (100) 22.11 (99.7) 4,00 (71.3) 0.246 (684)
e I N B

Varlety of sweet potatoes Norin No. 2.
Soaking treatment : at 65°C, for 1 hr.

WEoXTMIIERETHEch v, EERTHEOEH S/
I ’
BERE A7 a< 27574 —T LRI
Fig.9. ol E v Th-t. BALECX > THOM
B 0B L2 B bbh, BALEHE R T
i, V-2 tELPhBERBEO -2 b0
757 b —ADE -7 RNl L. £k XOEKAE
HEoOWShicd <A F —ADFENRED ORI,
ChOOEORTREHEOEI SR E DT REN-

.

HEk% R LT 60°~70°C wffeo &, kMo
Brc X - C, HEPeHFETS -7 317 —-E2R
WMelEF LT, 2Bo<A F—A0R TRz L2350
BhTuws., Lal, BALECE UL, #BiT5
Iowr, HEEFD -7 1 53— oRENLVIZEMN
rbbF, v —AOFELEIL I VOT, Mg
PR > TuhisWnWbntELbh 5.

(8) =—7ARRYE LOEAR
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Treated (65°C,1hr)

b

Control

jGT

' 5167

123 4 .
Fig. 9. Gas chromatograms of the soluble sugars.

\¥ k\NJJhkﬂuxA

L 1 1 L
100 156 200 250
Temp., °C

Variety of sweet potato : Norin No. 2.

App.: Varian Aerograph-204, Column : 1/8/ X
5/, 5 % SE-30,

Oven : 100°C — 250°C (4°C/min.), Carrier gas :
N3, 40 m!/min., Detector : FID, 280°C, Sample :
TMS-sugar.

Peak No.: 1 p-Fru., 2 a-D-Glc., 3 3-D-Glc,, 4
Inositol, 5 Suc., 6 a-D-Mal., 7 §-b-Mal.

A ¥ L ONRAKAAEH 2 2 h Ehlll], ERLT,
R b 4 % ol ERCHEEE . BRTERS IO
iz owT, %R, BAERB LIV =— 71 EHO
HAEE LY LD f5R % Table6. 2R Lic.

=— FAFEYIEE LTEIBRS Ch 5. AEE
OB =— 7 ATE R Vi ERE LT 12
witiBARFA~OBEHE, ol 2k LTRAED D 1
LOTEMR X - TP A~OBT 2Dl T
ERBTOND.

EAEIHCE LB LT, BHTE~oBT ik
WE EDbhY, Zolcd, BITBOEHENRE b
TE.

) B-7 335 —viEh

H#EZB-73I5—¥igdAk, -7 315 —tofHl
HEELTHILAVWBRTWADT, BALE K X
HEREEOB LD B\ I, Ec X 2BHREY L
b7z,

MRE LCoEHHER LW EIMREE S L
NTERDT, ¥a—Y—THEEEFS R,

Table 6. Distribution of nitrogen and content of ether-extracts in the juice.
; in Cake ‘z in Juice
\ _ S
Treatment | Distribution | Distribution I Ratio of protein-N | Content of ether-
| ofT.N.9% | ofT.N.% |  toT.N. ext. mg %
Control } 35 | ‘ 0.738 42.5
Treated ‘ 79 0. 476 | 14. 8

Variety of sweet potatoes : Kokei No. 14.
Soaking treatment : at 65°C, for 1 hr.
Yield of juice : 44% in both.

Table 7. Distribution and activities of g—amylase in the juice and the cake.

Separation of juice Activities of g-amylase *!
Treatment e ; T R :
Method | Y‘,,}ld Total*? u., (u./ml) D‘St“bu;"“ ratio
L L - R )
; 366, 000

Juice 20.3 ’ 39.5

Control by a Juicer (18, 000)
Cake (79.7) 561, 100 60.5
Juice 26.5 %%%& 3.2

Treated by a Press ’

‘ Cake (73.5) 857, 000*3 96. 8

*1  Maltose pmole/ml, pH4.7, 37°C, 10 min.

%2 calculated on 100 g of sweet potatoes.

*3 determined on a homogenate of the cake.
Soaking treatment : at 65°C, for 1 hr,
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Summary

When sweet potato tubers were soaked in hot water the temperature of which does not cause gela-
tinization of starch, it was found that the tubers lose the rigidity, becoming apt to release sap water.

This treatment with hot water affecting on the separatability of juice from cake was applied to the
dehydration process of sweet potato tubers, and on the basis of which, a scheme for a general utilization
of sweet potatoes was represented.

The treatment of soaking the tubers, in a whole, in the hot water at 65°C, for 1 hr., followed by
squeezing (1. 2kg/cm?/2min.), resulted in the best separatability of the juice, showing 44 % in yield.

The three types of industrial dehydrater were also examined on availability for dehydration of
the treated tubers.

It was observed that the above effective condition caused inactivation of oxidation-reduction sys-
tems in the tissues, and that the separatability of juice was apt to increase prior to the complete inactiva-
tion of the systems.

With the slices of the treated tubers, water penetration and evaporation through the tissues, and
with the mashes, mobility of water of the tissues were examined, respectively.

As a result, it was confirmed that the water in the tissues becomes mobile owing to some release
of the mobility-restricted water in the tissues by some of the influences of the treatment with hot
water.

The effects, on the constituents and g-amylase activities, of the tubers were also examined. It was
interesting that most portions of g-amylase remained active in the cake, without coming out into juice,
by squeezing a whole tuber treated. The fact indicates that the treatment does not cause such severe
denature or cleavage of the cells that f-amylase is enabled to leak out through the cell wall. The 8-
amylase can be recovered in a geod yield by mashing the cake.

On the amylogram and X-ray diffractogram, it was indicated that the micell structure of the starch
recovered from the cake turned to be somewhat firmer.



