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Effects of Lipids and the Interactions among
Soybean Protein-lipid of Yuba-Films Formation

KUNISHO Shigeno*!, NOGUCHI Tomohiro**® and TAKANO Katsumi**

* 1 MitutoyoCo., Ltd., 2200, Shimoguri-cho, Utsunomiya-shi, Tochigi 321-0923
% 2 Food Processing Center, Faculty of Applied Bioscience, Tokyo University of Agriculture,
1-1-1, Sakuragaoka, Setagaya-ku, Tokyo 156—8502
* 3 Department of Applied Biology and Chemistry, Faculty of Applied Bioscience, Tokyo University of Agriculture,
1-1-1, Sakuragaoka, Setagaya-ku, Tokyo 156—8502

To improve quality and production efficiency of yuba films, this study aimed to clarify the
mechanism underlying the formation of yuba films, by investigating the effects of lipids and
elucidating the molecular interaction between proteins and lipids. A thin film with dense structure was
produced after heating soybean protein isolate (SPI) solution, whereas a thick film with a porous
structure was formed upon heating soybean milk, and SPI solution with added soybean oil, indicating
that lipids are indispensable to the formation of yuba films. FT-IR imaging demonstrated the
distribution of lipids as oil bodies in the protein phase of the yuba films. Analysis of structural
proteins by diagonal two-dimensional electrophoresis (D-2DE) identified a specific 17-kDa protein in the
yuba films, which was identified to be oleosin 1-like by LC/MS/MS. This lipophilic protein is known to
have a cysteine residue. The existence of oleosin in the yuba films suggested the presence of disulfide
(SS) bonds in polymers formed by oleosin with B-conglycinin (8-GCa), B-conglycinin (8-GCo”) and
glycinin acidic (GA), and with GA and glycinin basic (GB) protein subunits. These proteins and oil
bodies polymerize to form an aggregate and form the structural framework of yuba films.

(Received Oct. 27, 2016 ; Accepted Dec. 15, 2016)

Key words . yuba-films, oleosins, soybean protein isolate, lipid, disulfide bond
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Color, Texture, Mineral, Volatile Components, and Shape of Naturally Occurring
Uppurui Nori (Porphyra pseudolinearis)
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NAGATA Yoshiaki*® and YOSHINO Katsumi™*
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To characterize naturally occurring Uppurui nori (Porphyra pseudolinearis), we examined its color,
volatile components, texture, and mineral content in comparison with cultured Uppurui nori, Susabi
nori (Pyropia yezoensis) and commercial Asakusa nori (Porphyra tenera) with which, the Japanese are
very familiar. We found that naturally occurring Uppurui nori is rich in volatile components and
minerals such as Na, Ca, and Fe. It is highly chewy while eating and dark black in color compared to
cultured Uppurui nori, Susabi nori, and commercial Asakusa nori. Uppurui nori’s ductile and chewy
texture is affected by its water content and thickness.
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Key words : Uppurui nori, color, texture, mineral, volatile components, shape
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Analytical conditions of GC-MS

GC-MS equipment

ThermoFisher Scientific Tracel310GC, ISQ QD, TriPlus RSH

Fiber

SPME diti
condition Extracting method

Supelco DVB/CAR/PDMS10mm
60C for 30min

Carrier gas
. Column
GC condition o
Vaporizing chamber

Temperature program

He, constant pressurel50kPa
TG-WAXMS 0. 25mm X 60m, 0. 25xm
Splitless (1 min, 250C)
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Transfer line

30—-400 (m/z)
200C
250C
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Table2 Water content and water activity of the different seaweeds

Seaweed Water content Water activity
Hagi nori (naturally occurring Uppurui nori) 28.3+0.1 0.681=0.001
Suboshi nori (naturally occurring Uppurui nori) 23.3%0.2 0.693=0.001
Cultured Uppurui nori 5.7+0.8 0.331%0.012
Cultured Susabi nori 7.7+0.1 0.473=0.019
Asakusa nori 1.2+0.1 0.148=0.002

Values are mean*SE (n=3)
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Fig.2 Scanning electron microscope and stereomicroscope images of the different seaweeds

For SEM images scale bar indicates 500nm.

For stereomicroscope images scale bar indicates 1 mm.
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RRRT Yy TIVA 20D F M) AEmOFHRIE,

6,515mg/100gDW, 4, 892mg/100gDWT & V), 2.54% 3
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12.4g/100gDWE FH L B & % 5o KT % K
TERLIDICHMENENTHAZ ENMENT VB,
RIRT v TNA 2 VIZEBEEKICS S EN7IRETE
BT 570 KICEENLEES 7 VIMHEL, T0F
FMLTHILICE) BESEHBRETEAL, Kotk
PHZ oNHER, HELBPMLETEEEZ LN, £
2T, KATEEIZOWTHRE L72#ER, KRRy 7oA
JUDONE I Y H5TICARY ) OKGIEEIZ
0.681, 0.693TdH o720 D VIZHIET 5 & BVl
ZR L2 DD, KGEHEA0.85~0. 650 KA I M4
YWoEERD HREMH S, REEEVwEShTn
HIEY, BHEOEEAL ;L OEHICIE, BEIEHE T
MM OB 22 ED3H B ENBY, Rk v
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Effects of Proteins and Lipids of Rice Starch
on Gelatinization and Viscosity

SHIONO Koji*', TSUJII Yoshimasa*), NOGUCHI Tomohiro**® and TAKANO Katsumi**

* 1  Department of Agricultural chemistry, Graduate school of agriculture, Tokyo University of Agriculture,
1-1-1, Sakuragaoka, Setagaya-ku, Tokyo 156-8502

% 2 Department of Applied Biology and Chemistry, Faculty of Applied Bioscience, Tokyo University of Agriculture,

1-1-1, Sakuragaoka, Setagaya-ku, Tokyo 156—8502
* 3 Food Processing Center, Faculty of Applied Bioscience, Tokyo University of Agriculture,
1-1-1, Sakuragaoka, Setagaya-ku, Tokyo 156—8502

We examined the effects of components of starch surface granule (included lipids and proteins) on
the gelatinization and viscosity properties of rice starch. In water absorbing and solubility test, lipids
and proteins inhibited the water absorption power and solubility of starch granule. There effect was
stronger for proteins than lipids. The viscosity profile showed that lipids and proteins in the starch
granule increased pasting temperature of starch granule. In addition, proteins decreased swelling
power of starch granule. The viscosity behavior of gelatinized starch paste showed lipids and proteins
promoted retrogradation of starch. These data were suggested promotion of retrogradation of starch
was due to interaction with hydrophobicity protein such as glutelin and prolamiin in the rice starch
granule. These data were suggested component of starch granule such as lipids and proteins are also
significant in determining the characteristics of starch granules. It can be valuable in developing novel
technologies for starch processing.

(Received Oct. 12, 2016 ; Accepted Dec. 22, 2016)

Key words : starch, lipid, protein, viscosity behavior
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“TIF—BIEBEFY T OMREESET T2 &
G L72Y NERLEIX, FFYIVEREEF b w7 AR
WCTNEF YTV RPST UHB X IR & Ry
5L, WALREORMEDS LA L 2HEL TS,

KWFETIE, KTV T URICHET S5 VX0 EB X
OBRE DR 7 > 7> oWk, B, Wk, Rz s.
2 B RO W TN LI O MR 2 15720 THE 3 %,

EBR A&

1. = %

BREHNKRT Ty (Y=t 2w, 77010
g (WHm) HK100me % N %2, 180rpm, i T20%5
W& HL, 2otk Ll (9,000x g, 20C, 105)
L7y 7 &EILL, ZO#EL 2 BI#Y R LG L7z,
Bohi7 7 v &bz (VD-800RE!, ¥ 1 7
v 74 ST L, FEBRICHL 72
2. ANy GNIE

Wane S DFFEVIZH N T ¥ 7 2120, 1%KL T b Y
7 LWVEHE A 100meN 2., 180rpm, 4 COSEMT—HEE L
I LD, @ O5EE (9,000% g, 20C, 10%) Lit
& FIEWC L7, N T v T L ATHIK100me
ZiN2180rpm, 4 CT1KMEEE 9 £, #0408k (9,000
X g, 20C, 1047) L, Fr 7y &AL, Z O#EE
% LB OPHS I 22 TR E LT 720 55
NI2T v 7 0 e BREERE (P4 7y 74 I2THzig L,
Bg oo BRFU T E LT
3. B

Bligh-dyeri:?\2CF v 7 U L 0 g 2 HBEE L
720 BF0g 2 A7) 2 —F v v IS ERLFIHEL,
ZURUORNVA AV I — ) iKk=1:2:0.9 (v/v/
v) R Z30meinz, 30CTIMRE S Lznb,
L (9,000% g, 30C, 1040 L, L&z mEILL
7oo COFMEER2MBEYEL, BONL LERE AH
(No.5C, 7 FnNr 7y 74h) L, AfizH5HE— M
BL, Xoilczuuhkhh i Ay =)V k=1:.1":
0.9 (W/v/v) Chbkysrzuuriabikeimz, Ik
&9 L7z, Wik, FE (Zuuikiva) 2EIL7Z.
C OWAER FREEAT Y, KIEMERS % B LIRE i &
L7zo 1% 5 Nz B i 2 w0 =\ R L —% — (CVE-
3100, HETEALZEMAL) I TWERZEL, L,

Bilg L7z7 v 7 iz th, WERIRE2 AT BER T
T e LT,

4. BONTEORE

R EREHHR ICHEWCN T — ¥ — MT-700
Mark2 (Y F 527 = VH A v 24k) 12X - TllE
L7ze BONBERITKDO Y V87 BBRHTH 55.95
ZRL, TS UI00g M) Dy oy HEITRE L
720
5. 77 ORKNBLBHBEROAE

T VT OWKE, BFEONEIICUS 0K EYE

—HRYL R L THr o 720 7 ¥ 7 »500mg (B E ) %50
mAE T 2= TIFERE L, Mkeomez iz, 737
oy ZEEE (DTU-2CN, #4575 v 7% 2HnT
60, 70, 80C T30/ 4HH; L A SR L7z, BB % &
Lo (9,000% g, 30T, 3040) L LiEi & ibdic
SHEL, W oERLY [Wal, SHHZEEVD-800R
B (A7 7% CLruittoEEr [Wh], k
B OHMECRBEOERE [Wel & L7z, XA (1)
BIO (2) IZTERENBKD B L OEHEZEM L
725
(1) Wk) (g/g) =Wa/Wh
(2) #W= (%) =Wc/0.5%100

6. 77 ORMLREEEEN DB

TV TV ORMLRL EEZE B O T X, RmBoTrTa b D J
P —HMERLIEy FEXa7F+ 54 %— (RVA:
RVA-TecMaster Pertentt#) #HWTiT-720 77
N ERRE T8 % (w/v) 127k 5 X 5 ITHKREZ N
Z, RERICHE L7z WE 7T 7T ZEZBGERES0C 2 5
56 CFOFMSETICITL, 540MMRE, REC
50CIC% 5 ETHS 6 CIOMRSEARETT ST A
THr o720 /X FIVOEEHEEER, FHiGA 5108 £ TI60
rpm, ZDH160rpm THE L7z 5O NI L D
WIACEARIREE, HemhiRE, mREEE B K O foRiBE % oK
D7z,

BRELVEE

1. RFCTUICHEETZIEAONVEHLVEEE

KF VT NHFAET LY v EBLORER (5
72100g) %Table 1R L7z KTy 7Dy %
7 B H1367. 3mg, FRERIZ191.0mgTH Y, KFv T
WZIx 7 Y82 850 ~0.1%, IBED0~1%BEEF
NLHEVH)INFTTICHMEDODLEAEEEEHML L
oz, Fiz, BURLEETIZ S /37 Bi364. Tmg& K
X BRSNS, By 87 BALBETIX19. dng & K
ECIKTL, RARBIZE>TRFYTFrns s Hix
BILE0%WEHEALL, REIERSY 37 BREIZL S
BAEIZ10.TmgE BTN TH o7 TNHDOFEREND,

Table 1 The amount of protein and lipid in each
treated rice starch

Starch Protein Lipid*
arc

(mg/starch 100g)  (mg/starch 100 g)
Untreated 67.3+£2.5° 191.0+16.1°
Deproteinized 19.0+1.0° 180.3*4.1°
Defatted 64.7+1.0° N.D.

n=3

*Calculated amount of lipid in extracted solution from starch
Data marked with the same superscript letter within a
column are not significantly different based on the results
of Fisher’s PLSD test (p<0.05).
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BOGEEZHFELTVEY, ThbHboZlhs, TOX
I RKRT VT UIIBITBEBAKRIB L OBEHRD LIS
NOHBKEOTV S Y7 BERREOKRFICL YTV T
YRR OBOKEEIME T35 2 LISENT 20 L
217

Db, RFy 7T URIHEET B 5 37 BB XL ORE
T Y7 OMERIZ L Bk EfRe IR T5 2L,
FORBIY VR BEOREPRECZEPHL L
272

3. RFUTCOME S SUREERICRIET 2 NY
B LUEEOZE

VA27 574 =12 L7z % %Fig. 28 X OTable
218 L7ze Br % ¥ 7 BB X o THIMLFIAGIREE 13
4, 0CIET L, WHLBEB L U7 v 7§ 5 Ji6
BRIZBWTERSY VX7 BRBIZE > TRTF Y 7 v O
FEWIEHRE AL L7z IR -CIIMI L B AsR B 1
1L6CITL, FEFEORE LA D LR MEMICT 7 b
L, ShODBEIIRSY v 2387 BUBIZ LA/ E o 72
B, REMEIER S o BB X 5 TR VT
YOl IREEREML, BIRREIZ X 5 TO. IR L7z,
F72, REMEROREIIRLIT YT B L OFIRL
B 7y TIRISCTTH 7225, By w7 g v
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21
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Effect of proteins and lipids on water absorbing power (a) and solubility (b) of rice starch

Data marked with the same superscript letter within a column are not significantly different based on the

results of Fisher’s PLSD test (p<0.05).
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Fig.2 RVA profile of various treatment starches

Table2 RVA parameters of various treatment starches

Parameter Untreated Deproteinized Defatted
Pasting temperature (C) 77.1 73.1 75.5
Peak viscosity (RVU) 103.4 115.9 89.3
Minimum viscosity (RVU) 58.6 52.8 51.2
Final viscosity (RVU) 133.8 119.1 103.1
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Y UNRIBEBIOREZT YT OWKS, BEEREK
TEERENTHY, ZOEEIY VNV HANKE P>
720 KIERBRM OB RN S, TS 7 V7 HB LY
PREXT > 7 v OMMLRInRE Y FASE5 2 L, FFiC
R HIIBE LT A 2 FH LI L7, ML
WAL L 727 v 7 v DR ERE S, Tr T ROy~
NIEBIUORENFRELZRET LI LA HL2ITL,
R B BRBRORETT VT VICHFET S S
VT TSI v vs 2Bk Vo S
TBLDEHELEL 726

VOL.43 NO.2 2017 (20)
X ik
1) ABEIER - NEFIE - E - BEES D Ehe

Fofi (WEEFE, HE) (2010)

2) XmancLl K., PING, Z., ZHONGQUAN, S. and JINSONG,
B. : Physicochemical properties of starches from
diverse rice cultivarsvarying in apparent amylose
content and gelatinisation temperature combinations,
Food Chemistry., 172, 433~440 (2015)

3) LmveBack, D. R.: Current concepts of starch
structure and its impact on properties, J. Jap. Soc.
Starch Sci., 33, (1), 80~88 (1986)

H. F. : Molecules to
comprehensive review, Starch/Stirke., 40 (2), 44~50
(1988)

5) ImBERTY, A, BuLkoNn, A., Tran, V. and PEgrez, S.:

4) ZO0BEL, granules A

Recent advances in knowledge of starch structure,
Starch/Stiirke., 43 (10), 375~384 (1991)

6) RinG, S. G.: Stiff tests for designer starches,
Chem. Brit., 4, 303~307 (1995)

7) Lowry, G. D. A., SARGEANT, J. G. and SCHOFIELD,
J. D.: Wheat starch granule protein the isolation
and characterisation of a salt-extractable protein
from starch granules, J. Sci. Food Agric., 32, 371~
377 (1981)

8) Smiono, K., Tsum Y. Nocuchr, T. Sato, H. and
Takano, K.: Extraction and Identification of Rice,
Maize, Wheat, Sweet Potato and Potato Starch
Granule Surface Protein, Food Preser. Sc I, 42 (6),
237~242 (2016)

9) Nocuchi, T. Kaneko, M., Oka, D., and Taxano,
K. : Confirmation of the Presence of Amylase-
binding Protein on Maize Starch Granules and
Characterization of the Enzyme, JAFPS., 38 (2) 67
~71 (2012)

10) NierLe, W., El BavA, A. W., Kersting, H. J. and
MEYER, D.: Lipids and rheological properties of
starch. Part II. The effect of granule surface
material on viscosity of wheat starch, Starch/Stirke.,
42 (12), 471~475 (1990)

11) Suujun, W., Hevang, L., JiaN, Z., ZHONGGHU, H.

W. : Alkali-induced
Functional properties and in Vitro Digestibility of
Wheat Starch: The Role of Surface Proteins and
Lipids, JAgric Food Chem., 62, 3636~3643 (2014)

12) Bricy, E. and Dyer, W.: A rapid method of
total lipid extraction and purification, Can. J.
Biochem. Physiol., 37, 911~917 (1959)

13) M, C., Ling, F., Honexian, Z. and Hong, Y.
Effects of amino acids on the physiochemical

and  Suuo, Changes in

properties of potato starch, Food Chemistry., 151,



(21)

(WFzE/ — 1) K7 v 7 v OBZEH) 75

162~167 (2014)

14) PaBrLo, D. R. and Cristina, M. R.: Effects of
enzymatic modification of soybean protein on the
pasting and rheological profile of starch~ protein
systems, Starch/Stirke., 62, 373~383 (2010)

15) K, C. S., and Warker, C. E.: Changes in
starch pasting properties due to sugars and

emulsifiers as determined by viscosity measurements,

Journal of Food Science., 57, 1009~1013 (1992)

16) SwinkELs, J. J. M.: Composition and properties of
commercial native starches, Starch/Stirke, 37, 1~5
(1985)

17) UtnumporN, U., SHARIFFA, Y. N, Fazian, A, and
Karmv, A. A.: Effects of NaOH treatment of cereal
starch granules on the extent of granular starch
hydrolysis, Colloid Polym Sci, 290, 1481 ~ 1491

(2012)

CP28410 H12H %24), “FHi284:12H 22 H 2 #H)




(23)

-

H A fin BsRl27 &t

PRI X B AR F AR E

B R T R BT OE %
1R BN 2

* 1 BEBURFRF A RIS R:
* 2 RBRAFSLBRBE MK R ST ZE T
* 3 IR EAES
* 4 EBRORPEY B IR

VOL.43 NO.2 2017 [Habifis) 77

RS VIIES

Discriminating between Pithy and Non-pithy ‘Mizu-nasu’ Eggplant Fruit
by Visible or Near-infrared Spectroscopy
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We assessed the applicability of an X-ray transmission imaging system and visible or near-infrared
spectroscopy for discriminating between pithy and non-pithy <‘Mizu-nasu’ eggplant fruits. We
determined that the X-ray transmission imaging system was not appropriate. Visible or near-infrared
spectroscopy was considered suitable for discriminating between pithy and non-pithy fruits. The
second derivative values of the absorbances at 712 and 832 nm were applied to the discriminant in a
multivariable analysis. The discriminant was as follows: Z= —1067 X D2 (712 nm) — 72900 X D2 (832 nm) —
3.793. Eggplant fruits were harvested from plants cultivated under the same growth conditions as
those used to grow plants for developing the discriminant. The harvested samples were examined for
the presence of a fruit pith cavity, and the discriminant was evaluated to assess the applicability of
the method. The accuracy of the discrimination between pithy and non-pithy fruits was 92%. This
finding suggests that the proposed discriminant is suitable for distinguishing between normal and
pithy ‘Mizu-nasu’ eggplant fruits.

(Received Aug. 1, 2016 ; Accepted Dec. 8, 2016)
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Fig. 1 Histogram representing the degree of pithiness
of marketable ‘Mizu-nasu’ eggplant fruits

Fig. 2 Images of ‘Mizu-nasu’ eggplant fruit cross-sections produced by an X-ray computed tomography scanner

The degree of pithiness of individual fruits was 1~ 5 %.
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Table 1 Sample sets for calibration or validation of ‘Mizu-nasu’ eggplant
fruits
Purpose Source Number of samples
Calibration Plants grown in a plastic film 196
(in 2013) greenhouse at the REAF*
Validation Plants grown in a plastic film 12
(in 2014) greenhouse at the REAF
Plants grown in a plastic film "
greenhouse by a commercial farmer
Plants grown in a field by a m

commercial farmer

* . Research institute of Environment, Agriculture and Fisheries, Osaka prefecture
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Fig. 3 The number of correct and incorrect predictions
of the pithiness of eggplant  fruits
according to an X-ray transmittance method

‘Mizu - nasu’

Z . Degree of pithiness of individual fruits as determined
using an X-ray CT method.

A : Fruits
transmittance method.

B : Fruits predicted to be non-pithy based on an X-ray
transmittance method.

predicted to be pithy based on an Xray

Open ([J) and closed (M) squares correspond to correct and
incorrect predictions, respectively.
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Fig. 4 Single correlation coefficients between second
derivative values and the degree of pithiness plotted
against wavelength
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Table 2 Results of discriminations between pithy and non-pithy ‘Mizu-nasu’ eggplant fruits

L Number of Correct Percentage of correct Preference of
Samples for validation . . .
samples discrimination discriminations discriminant*
Plants grown in a plastic film
12 11 92 Detected
greenhouse at the REAF
Plants grown in a plastic film
greenhouse by a commercial 44 25 57 Not detected
farmer
Plants grown in a field by a
srow Y 44 29 66 Detected

commercial farmer

%  Calculated using a one-sided binomial test (P <0.05)
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Table 3 Results of discriminations between pithy and non-pithy ‘Mizu-nasu’ eggplant fruits based on observations of fruits

Discrimination results Percentage of Preference
Samples for validation - - - - correct of
Non-pithy fruits Pithy fruits discriminations discriminant®
Plants grown in 3 non-pithy fruits 2 (Correct) 1 (Incorrect) 67 Not detected
a plastic film
reenhouse at . .
‘}[ghe REAF 9 pithy fruits 0 (Incorrect) 9 (Correct) 100 Detected
Plants grown in 27 non-pithy fruits 12 (Correct) 15 (Incorrect) 44 Not detected
a plastic film
reenhouse b . .
g commercialyfarmer 17 pithy fruits 4 (Incorrect) 13 (Correct) 76 Detected
Plants grown in 14 non-pithy fruits 5 (Correct) 9 (Incorrect) 36 Not detected
a field by a
commercial farmer 30 pithy fruits 6 (Incorrect) 24 (Correct) 80 Detected

%  Calculated using a one-sided binomial test (P <0.05)
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