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Abstract of doctoral thesis

Development of new tools for quality evaluation of pasta

Typical types of cooked spaghetti in Japan were examined for moisture distribution
by magnetic resonance imaging (MRI). Moisture content was calculated based on the
correlation between spin-spin relaxation time (T2) and moisture content of standard gel
samples. Boiled samples of dried and frozen spaghetti had a moisture gradient from the
surface to the core and a distinct low moisture region at the center. On the other hand,
the moisture content of long-life spaghetti was almost homogeneous. In mechanical
tests of dried and frozen spaghetti, higher force was observed at the region
corresponding to the low moisture core, which means that the state known as “al dente”
was detected. The luncheon spaghetti and long-life spaghetti exhibited soft and brittle
texture caused by higher moisture content at the core.

Moisture distributions and mechanical properties of ordinary dried spaghetti were
compared to those of two quick boil spaghetti samples (spaghetti with a V-shaped
groove and spaghetti with three windmill-shaped grooves). The quick boil spaghetti
samples had lower total moisture content than ordinary dried spaghetti after cooking.
The T» images of MRI during boiling showed that the region around the tips of their
grooves absorbed water and swelled particularly rapidly resulting in closure of the
grooves. Moisture distributions of the two quick boil spaghetti samples were not
concentric. The force-strain curves of the two quick boil spaghetti samples, therefore,
varied depending on the shearing direction. Thin high moisture region at the surface of
boiled ordinary dried spaghetti did not have a large effect on the mechanical properties.

As mentioned above, visual evaluation of the textures of pasta using MRI was
realized by correlating the data of the moisture distribution to those of the mechanical
test.

One hundred twelve commercial dried long pasta collected from all over the world
were classified into four groups according to similarities in their sensory characteristics
after boiling. A total of fifty samples were selected from each group as representative
samples, and they were evaluated sensorially by highly experienced and trained panels
to generate expressions. As a result of the consolidation of them by the panel discussion,
the final lexicon consisted of 35 terms (5 for appearance, 11 for aroma/flavor, and 19 for
texture) were obtained. Twenty-six terms of them were classified as general descriptor,
and 9 terms as specific descriptor. In addition, detailed definitions and concrete
references were determined for each term. Principal component analysis (PCA) was



conducted for results obtained in a trial evaluation of eight representative samples using
the general descriptors, and the data was reviewed correlating the physical and chemical
analysis data to the sensory characteristics. As a result, all of the general descriptors
were found to be appropriate to differentiate the sensory qualities among the samples.
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Summary of doctoral thesis

Development of new tools for quality evaluation of pasta

Pasta is a global food actively traded internationally. While domestic pasta products
are commonly sold in Japan, large amount of dry pasta products are imported from Italy,
Turkey, Tunisia, Greece, the United States etc. Pasta products are sold in various forms
(dried, quick boil dried, fresh, frozen, boiled, luncheon type etc.) in Japan. Required
quality of pasta depends on occasion and place where it is eaten. Regional difference in
preference is also recognized. The quality of the Italian pasta products may not always
be standard for Japanese consumers. It is, therefore, necessary to supply wide range of
products with quality which meets the needs of the consumers in each region and
country. In order to understand the preference of the consumers accurately, it is essential
to have methods and indices to evaluate the quality of the pasta more precisely and
clearly. The size of pasta is small as secondary processing food of wheat, and its
moisture distribution is inhomogeneous and variable after boiling. This makes us
difficult to analyze the mechanical properties and moisture distribution of cooked pasta
for explanation of its characteristics and quality accurately. In addition, lexicons which
describe the qualities of pasta sensorially have not been developed. This situation
inhibits smooth communications about the qualities of pasta between sections within a
company, between companies, and between countries.

In this study, the textures of various types of cooked spaghetti including quick boil
spaghetti are evaluated by correlating the moisture distribution measured by MRI to the
data of mechanical shearing test. A sensory lexicon for dried long pasta with the
definition to each descriptor is developed in order to evaluate the quality of pasta in
detail with concrete terms.

Chapter 1: Moisture distribution and texture of various types of cooked spaghetti

Five types of cooked spaghetti (boiled fresh spaghetti, boiled dried spaghetti, boiled
frozen spaghetti, heated luncheon spaghetti, and heated long-life spaghetti) were
selected for this research. They covers the typical types of cooked spaghetti products
commonly sold in the Japanese market. They were examined for moisture distribution
by magnetic resonance imaging (MRI). Moisture content was calculated from spin-spin
relaxation time (T2) of water proton, based on the correlation between T, and moisture
content of pulverized durum semolina standard gel samples. Boiled samples of dried



and frozen spaghetti had a moisture gradient from the surface to the core, and a distinct
low moisture region at the center, which were not clearly observed in the other types of
cooked spaghetti samples. In particular, the moisture content of long-life spaghetti was
almost homogeneous. Texture of cooked spaghetti samples was evaluated using
force-distance curve of a mechanical shearing test. For dried and frozen spaghetti,
higher force was observed at the region corresponding to the low moisture core
compared with the other types, namely the state known as ““al dente” was detected. The
luncheon spaghetti and long-life spaghetti showed a lower breaking force and a larger
dip after the peak force representing soft and brittle texture caused by moisture
homogeneity. These results indicated that MRI could be used for the quality evaluation
of cooked spaghetti through imaging of the moisture distribution, which reflects the
mechanical properties.

Chapter 2: Analysis of moisture distribution and texture of quick boil spaghetti

Lengthwise grooving was adopted to produce quick boil spaghetti with standard
thicknesses after boiling. Ordinary dried spaghetti with a 1.6 mm diameter (Sample A, 7
min boiling time) was compared to quick boil spaghetti samples, namely spaghetti with
a V-shaped groove (Sample B, 4 min boiling time) and spaghetti with three
windmill-shaped grooves (Sample C, 3 min boiling time). The quick boil spaghetti
samples had lower moisture content (58-59 ¢/100g) than Sample A (63 g/100g) after
cooking. The T» images of MRI during boiling showed that the region around the tips of
their grooves absorbed water and swelled particularly rapidly resulting in closure of the
grooves. While the region with low moisture content at the core of the strand after
boiling was round in Sample A, those in Sample B and C were U-shaped and like a
triangle, respectively. The shearing test force-strain curves of boiled Sample B and C
varied depending on the shearing direction, which reflected their non-concentric
moisture distributions. Thin high moisture region at the surface of boiled Sample A did
not have a large effect on the mechanical properties.

Chapter 3: Establishment of a sensory lexicon for dried long pasta

Pasta is a common and popular food all over the world. However, neither a detailed
sensory profile nor sensory lexicon of pasta quality has been reported. In this study, a
lexicon for describing the sensory attributes of cooked, dried long pasta was developed
using a large sample set of pasta collected from the countries in the world. The target



dried pasta samples were spaghetti (¢1.6-2.2 mm) or spaghettini (around ¢$1.5 mm)
made of 100% durum semolina. One hundred twelve commercial dried long pasta
samples were boiled and then classified into four groups according to similarities in
their sensory characteristics. Among them, 50 samples were selected as representative
samples covering wide range of the sensory characteristics of boiled long pasta. A
highly experienced and trained panel generated expressions following a sensory
evaluation of the 50 boiled pasta samples. As a result of the consolidation of them by
the panel discussion, the final lexicon consisted of 35 terms (5 for appearance, 11 for
aroma/flavor, and 19 for texture) were obtained. Definitions and references were
determined for each term. Each descriptor was ranked for general one or specific one,
according to its frequency of use by the sensory evaluation and discussion. Eight
samples made in Italy were selected from each group as representative samples and
evaluated using the general descriptors of the lexicon which can be used for quantitative
evaluation as a trial. Principal component analysis (PCA) was conducted for the results
obtained in this evaluation, and the data was reviewed correlating the physical and
chemical analysis data such as color, moisture, protein, ash contents, weight increase
after being cooked, etc., to the sensory characteristics. The results showed that the
descriptors were appropriate for differentiating the sensory qualities among the samples.

As mentioned above, visual evaluation of the textures of cooked spaghetti in various
forms and cooked quick boil spaghetti was realized by correlating the moisture
distribution shown in MRI to the data of the measurement of mechanical properties. By
this method some characteristics that had not been detected by conventional techniques
were found in this study. In addition, a sensory lexicon for dried long pasta was
established, and each term of the lexicon were defined and referenced. All of the general
descriptors of this lexicon were found to be appropriate to differentiate the sensory
qualities among the samples by applying it to evaluation of representative samples.

The information obtained in this study will give a useful guidance to develop high
quality pasta products in the future, and it will contribute to the development of the
pasta industry.
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BFL, BRIFNETET ST DL L DIC, WEEOSAZOBRAKS L
REERICHIINL T& 72, LavL, Z2EFEITHITVWTHR L TR . BUEITF
[#128 77 kU Hi#% Tl 5 (Table P-1), ZiLE AANL ANYTZ D ITHEAE L THD &,
WMHE CHEMP 2 ¥ THO 1 VAT 2ARENSAZZRITND Z L
(270D, SRR (Wi CHER] 60 F 1 85) /%y UNEBHAR CHERIK
14 1), NRAZUNOH (NEHEFE CERN 8 ¥ r) LI L TEREWHED
HORLADRD DL IR RS,
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3. RAZDJEE}

WS A L T7 27 b/NEOEEY | LN D HADORVEE /NE
O =R (Fig. P-1) ZFEEE LTHRIESND, 72T 5/NWED 15727 4]
DFEPIL, 77 V5D Dur (V) WO FENGHTIZ D TH Y | /NERIDIE
W DIZA DT ONTEbDTHD, 7 =27 L/ANRDOREKRI IR ED /S A
ZDFERITHLZ Enbil% I~hhu=/ E] BRI TWD, BlI—KD
INELD HO0ME LS, BRI AaEr 2 LT\, RSO S MITHE 130
4000 5 F > THY ., 9 BKI1000 5 kU BARAZDFEE o TND, £i2, T
2 7 SNEITEENE LITBEAIIC L R | TR O/NEDR 6 DS Lk
o6 A THLDIZKI L, T2 7 /NEIT 4 HERTRRONETHD, ZO
T 2T MINEF DN EERT e T /A4 RREEN 2EUELH D720,
WELDIEF IRV (Fig. P-1 EEY), 7o, RBHEWRPIZ, [FEA LD
BR R EH I <HE S Z L3 T (kYY) L5, — KD
INEMD YA I 7 e RORETH LI L, T a7 L/hEOEEY S
TP E R 7 v Rk ORE (Fig. P-1 FB) &7eoTnd, ZOREDORKE X
N, NAZIZH) EAREITIF VW Lo & Lclicx x5 25K E72oT
W5,

PRAL D RIFREAFED BRI S A7 1955 4R Y REX, ENICT = T A/hERO
V(L) e, £ 7 27 /hE LR TRMATE RN o772, 81/
EWTRRZEZREL T (v - v —~v e =St 1995), 5871/ ER
D/RAZNET 27 DANFEOEEY FEMEH L2 H DT T THEOE T
LREIRNDE L, BRIELIOLDPNEDTho7e, £2C, LA LH L
1234 Hp o< W LA S E RN OB I T IGET VT O8I B %



Mztz0+5z L2k, BOEKEHTTRE LT,

ZOHOARDORFMREIZL Y, 1965 FICHARTH —-FDOT 27 L/NEHD
INAMTER L, ARDOEHBANZZICST 27 JANEOEEY FRERAG SN Z
Lo, LU, T a7/ EEEREE Lo A2 YEE0 HROEE
FILLoTUIET ELLWVWO 2 &bV, ZO%K 20 FOMITE DRLAZHIT
30-50%IC & ¥ E o Tz,

A B VT IDEDEANAZ DY =T NEEDHIE- T, HWEFEOR#LT =
7 5 100%DFENEIEZ EARYDRAZORETHDLENI) XHITEDb-TE
oo Flo, RIRICHEDBES, MANZOMIE L Z o TERLI & E%2T,
1986 4EICILZ[EIN CAFE SN A FFEMH S A Z B 4 HARMICT =25 A 100% & S
nNo5E ootz
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EED/NEH TaZLINEDEE)TF
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0. 500mm- d i v/

Fig. P-1. Appearance (upper) and micrograph (lower) of

wheat flour (left) and durum semolina (right).



4. NRE DL

VLIS ZAZNETT 27 L/ANEOEEY 112Kk ZE L THEE T TH L L (Fig.
P-2 LB, WMEAFE L2 b @i Cizgd % (Fig. P-2 TB) Z&iI2k»-T
TE s b, HBRIRIZOWTL, KoEZEBISE D 2 LI XD RAEOR
EOIENT, BRESEBR, AROMRBE L HEREZAME LTHET LD,

IRAR DOHIET, — OIS EoNn— R Ta X7 MNediifkz, Koy
DAFE L WYL A RZ ATV IR LR 6, I LH L YEWHIC 30%R1#% CTh o7z
HiR K53 % BB 12 5%RIMZICE T TR 2 W) 7 rtEATHDH, 1955 4RI
AARDRKF A =T —2 #EDN KIS Z BLEE 2 8N U7 S DRI, AT T
4 T 40-50°CHiif% T 18-30 WRFHIT < 2213 TIT 9 @z L WO b D ThH - 72,
ZHEFRWAZZIEDER DR T, TOERHEETH 72 b DA, B
BEOESICL D ANy FRAT LIBITL, S HICHHGA T AT MIED->T
MO SN b D TH D, T FREEELE] X, 22 TNy FRARE ) w5
P 3-4 HZ L TWe Z &I D & RIEICRFF A BB S 7oA TR
KR TH o7, HARTIIRUELEHEE AR 20 RO Z OFIERDB TH D b
D ETpoTUVT,

ZOHI O NREWEEE] X0 b S HICHRR R & G 5 B #T 1970 4RI T8
REZER] DA BV T DT TANT IR VBRI, T ORI
(I BRI DS 70-75°C TR A A7 T ¢ T 10-15 B & V9 b D TH B,

ZDWIRFMIETEO NI AN A Z I, BB O®E D Fo/NEZ O MBI LD DN
TOENRH-TH, MIRICLDDEREOEMEICEL Y, W TREOEIT H LoAE
DA KT DMPE L — IR TH E WO RIRBIR A Y v R b AL, E72iH
Erpm—2 h (RERD) BB Shic, Dk, i) o bR [&ER

B OB b TN 2k o,



INA L DREI I K & FFARIIS R AERERE ) DR & 7R BLEHE S LB & 7
STELIENZESNITT, LA (FILHL) 88O KRAULICIFEG & & THz
B b 2B H A A U, 1980 FACEITIC TEIRIZE] K0 b E5icah=k
DO BEIRFE) BSBR SN, 2 ORI REIRED 80-95CHiZICE T
FD BV, 6 L CTANRT T 4 OB T T 2L 0 b0 THD, 20Dz
BRIV, EREBY DAR—ZAT LIRS ZY 2-3 o (C4IF) DEPERE N
ER S, 20 NEmIREE) OREMIL. 1990 R0 AARIZHRA &
MASNDZ L ERolz, THLE, NAZORGEIT, ARER A R L T
BUEN RN L L, SNSRI LT, REAN— ML —R NEDH L]

N FEGE 72> TETWVWDS (v« v—~< o =fIEH 1995),

10



o

Fig. P-2. Extruding process (upper) and drying process

of pasta (lower).
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5. /RRAHXOFEH

RAL OFREITHAT L TWAEIFTH 500 ML EH D ESbhTnd (%
AR 2000), SAZITHMARRTE T T, BRIFOFEWVBFOLS, A
DHEASRED=—XUG CTHEIHZESC L TETWD, ANRAZIIIRRICE Y|
IR CTRIN 25 em gitgor >y 7822 & Sy hEiya— MR X
RSN D, B I NAZORERRLOE LTE, Wi v b o THEE

DN EDONS T v —= (EZ0ImMmAETH)., =7V —= (E£14mm
Hit%) . ANXF T o —= (HEL6 mmEiE). A% v7 ¢ (B 1.9 mm §i

%), Yz AIF v U (EE 2L mmEitk) AHY . BrimAsAER TRV o
ELTIE, FNCROH DT AT 4 —=, @) 5-10 mm FiL DO FHIRD 7 =
v M= WEAFEAEO Y v 7 A —% WA NA ¥ %~ Z (Fig. P-3. @
@) e EBHBH (B 2018), eB, INDIEFEA XV TICRBITHEIREODHELZT
bV | FERHETITA Y, E AARREMHEE ASHUK) Tk, 1.2mm 2L
DRE ORI 25 mm RO KEOBERICKE LD E AT v T 4
EREA TG, ARWFROH 15, B2 TIE, HARTE B L TWDERE 1.7
MM BERL6 mm OB T NAZZMREIGRE L TNDHHR, ZHIZ 20T
ARIZEBT DML LTINS TANRNT T 4 L7528 75,

va— MR ZOREFHRIIRE L L, IVWERO~ e = L8R
L7 42 RUEDBICUTNrx, BRI XY o RO 7
TN T7 7y b BESOF VX7 KRWRERLO N> 77U (Fig. P-3. 10-@)

ENnHH (fhvE  2018),

AARATII  a— 2% (whua=%) Ltar 7 2% (AT 0%) O

WHWELRNL:9THY , [FRNICa I RRAEZNE W, KA Z U 7 TiL6. 7
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FHRa— M RETHLEELNTEY, BREIIKREER S, (HIFHGL
IN—"7 AAXIA BN, BRTRU T RRAZBELBERLNTHHERKE LT
1T, HELF X OERMENS HARANT A Z %2 [HifE] O0—>L LTRHTWNED
2 e =3B o EAE ERVRT K ETFETFEL RO D ARAOERIZ
BELIZKWZ &, 74—V TREETERDLIUELTH DL Z &, REBFET L
AN, Ya— M REZOHENPAARTIH T 7 F o0~ hn =47 XA
NIRA =2 =20 D b IRIPRIEEDIERLRVWHEBTHL EEX HILT
Wa,

ZOWFETIR. AARTONAZ DEE DRI GO D AT T bk
Licra o T RA B Zfgextge s LTRY BiFsZ LicLis,
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OB vy —= @7=7V—= @ANRT T 4 —= DANRT T 4
&
OUVzLIF=zv D7 =y FF—x ®V v 7 A —x
fh Il
@% % v 7 @~ H = @7 42V @<
@ -
B=arxJ=x W77 Vv77 vl OBALVFT T ©® >y

&

Fig. P-3. Shapes of the representative pasta.

HiE 7 — AHASt Teolo0EgMaihdA &b
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6. AHFFED HIT

COXICHARTIEART T 42 F LD LT IR I RAXEHLNT, HE
(TSR B DFEES AR RBEZT TETND, S0KRGA XU T 2@ L 9
L. AARMBE OS2 ZORHOELE O 2055, ZOFTHEFED D
HHEX T=—Xb ek, @EML, HHLLTND, 2V o2 T,
INAZDE % ZAVE TLLEICHRRIZ D DD R0 K RETHZ ENRO B
TS, NWRAZIINER ZRINTROFTH YA AN/NhESL 2L NRPTT
BARLNDTDITKG AN RE—TE LT < AERITIPER K3 53 A %
DB DM RN TE 2o 7o 7212, AR R 2 AR L 5B
THZERRETH-T-, Fo. ZNFETRXONE ZEREMICTERT 5 A
FEARLEME SN TR T272, /SR X OERE - fullc b 5 EER, &
. EFRMEE COREICHETIMERaIa=r—va U EATH,

AWFFED BEgIZ, £ £ 72810 - @A - HHHET 2. 4% DX Z L,
DRFE = — RTIGZ DT, NAL OSEDOSHRHMET iz R ESE T, X
DEEIZ, o< FHIiTE L2122 THD, NAXDM
B OFHEIT LD — DI E LA SIIC L D b D, b ) —DIXEEHEIC X 5
LOTHY, AFETEINOHEDOL_IVT v 7 EHE L, BLULBIR AR &
OFEFEEBFI A TREZR b ODOBAFE B LT,

FPWEALEN ST E LT, MRl 238 A L C/RA X NERO K0 Fi % 2 Rt
I REAE L, #tk & OBESIT 21T - 72,

— 7T, MEYEERNT. BRI K DA ORI IC X, SRR Z DB DOAT
EAN—LENRD, AP C DA KRB L 20, e g 24
AMLENRN, REEVSTERAR DD, LR -> T, &EMIZIZEI LT
HRERHAICHE D MERH D, L LR BAERD/IA Z OB RERHIC BT,
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2 AEEICHEBR 2 A EFICZ VW E WS UER H -7, £ 2 THREV %
LV EBRICHEM TE 5L D12, FHEAFRAROEMmHICIR Y fite 2 LIT LT,
Frio, NAZRHO LD R BEPEASINDIT 00 b £ ORREE(L)
BN G OB RERHAR I RE AR DR 1L, IEFICNEER O TH Y | R THAN
BIRNRA BNIRpoTz, ZOT2H, ORI ST RZ OERERHEIE, Hdfr
HINSEN Z > T e, AR Z OEFICH 2 THEL L T, ~ R X OEHERF
DG EEMOBMIEAIERSEL D ETH5HDOTH D,

AWFFENC K VRO E T, B LS 2 2 Bl in o BRSSO K5 ICTEH LS
LD THD,

7. ARG DK

F1ETIT AARTIRE SN TV D BFIZREDOTBLA ST T ¢ BiIZ OV T
MRI (2 X VKGR DENE E Y 2 7S L, Zharlie s —42 &
FOT TREICET 52 BEE21T 9,

B2 TR, AR o TEE DT 7, 2D R D5 B P TANTT 41220
T, WCTLRICBIT AR MOENEZ MRINZ X VT L, B oiizT —Z )
O AMTT A 228 2 THIPEINE 24TV 1BHE ORIBD AT T 4 L OMEDH

L N

i

# 3 ETIE, ERBEIRTH o To, NAZ OFREFHIIAHEN S 5 HFEIC S
T, ZHOMH, HFEOREE, FHFEOERST L) 77 LA (BRARXR)
DERELTDH I LICED, KOWAMREREFNZ1T A 5 X O IZBH - ARk %

79,
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F1E SFEMELA ST T 0 DK Lt

1. I

ANRNTTANFAZ VT ZERET LD TH LN, HARTH ANRDH SR A
ThHb, HlE/N A% (Fig. 1-1B) AL TWO T TR V—R 72 ETHAHT L
TRERRXLDOP RS —KIT, A—/3—<—7 >y FTHlAdZ 3 DA+EOpE i
MIEHITN D, HLE AN A ZE, HIR T 1A EMRFETEL L WO FIEDH D,

A2 & (Fig. 1-1A) 13 RFE S =& & CRBE T ICp TTRRLZLDTH D,
XA BTSN A BN AT T HRETO LT OEBD KBNS N T2, T
FFBRICETFET L LLERIKLE D, ZADNHAARKANDELFIZ~ »F L, 2000
FERUBED r o LT —AIZb 7o T0D, ARAXITIHFEEL LZ2WO T,
RFI% T ICTHBESNTL A R VR ETREEEND Z ENRZ VA, RIETIE
MERREHZ AN ETA— "=~ =0y FOJFHIZH WS Z ENE L o
TW5d,

WIS A B L Z DB Chd HAE/SA X O, BUE, HRAETIZP TMLE
[T AR T 4 L E LB ENTWD, TDO—D>TH D 1987 I HFEN LA
SN AT T 1 (Fig. 1-1C) X, BNTA LY b LFRIOREE TP T
7oA A KT L, BUHERE L CRESNZ b O T, ENUEIND 9 EAREIR,
T = AUETITON TN A DO RE T EE AT T A IUSH LD TH
5o MIRANRT T 1N G S X, FR< P TR TORKNFEH
TE5EWNWH LT, EFEMELTHIZZ7—A M T—=RERLT77IV—L X
NI U EDABEEICBWTHEH SISO, ZORED L EIBRBDO B, 11
PR RIZESRT D L leoT, ZO%RMNE LI Y — R & e CTHEEHM
ELTChiiHEND Kotk ote, Y—ARENRRFERIAICHET D L
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BV TIED L TCOREHRNRAZ A= 2 =R K LDDH LV ZENE
vy hL, A TIHEHBEAERDO 1 Uy v ERTIEEICETICEORTBREITMEL
T&TW5,

B A T T ¢ (Fig. 1-1D) 1%, @ TR AT T 4 HHAEIL . FasllE D
fFiF S5 TF L NREFETHBIN, A—R—v—F v har =z R
APFTETELNTWVWD LD THD, BT LI X0 FERFHE OB T
BRI, HEEHDOANTT 4 L LTERVHER LD TH D,

a7 747 (@T) ANTFT 4 (Fig. 1-1E) (3@ T AT T ¢ % i LE
LTcOBIRTEE L TEDITIBEE SN2 b DO TH D | 1960 FARITHEITE SN
leo ZHUIE L HULEORBIRE DR T, 774" RETMALIZH LT
I LTy =2 b2 TISHRICENOND MM TH D,

ZOEMIbBHEESIZT TRIRBICREDHE X A T DARNRTT 403
fEET %, ZAUFREMOBYEICHIY . BT, DO WFARLEZIT TafkSh
ANRTT 4 2GS (774) HHVIFBETHEL TRESNZ LD TH
Do ZHUTHR L ORI 03035 LITARBIIR AT T ¢ OBz 15512130
2V I E ORI A ST OMEN S D LD ERRMEN H LT, Th
F TV DN A= =P b L TE MR EIAT LM TR TV R, Bl
TED & 2 AT ~DEABEITELS . AFTEOREFRRIT HE O TR,
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Fig. 1-1. Uncooked spaghetti samples: fresh (A), dried (B),
frozen (C), luncheon (D), and LL spaghetti (E).
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HEFIHEND RAZDORBEIZOWTOMREGD Z LIFTHLnWZ A 7D
ANTT 4 RS DDICKETH D, NAZDOWMEICEL TE, KRPEFVIZ
TR IS IS R E R B A 5 A 5 D THEH STV D, i
A2 DYV ES L2 EBELRERIT, Bh—EREDOxy hU—27 LZDHIZ
BENDKIDOZAMTH D, Koy OEEMIL, ML/ A X BEEDOEZEDRIF
DO TIEF@E SN TE 7, LLRRns, ZHETRAZRLAMD DK 5y
iz EERNCFHTT 5 Z LI K> T, ZOMEICED 5 EERHR 259
WFET D #5134 7220 > 7= (Duce & Hall 1995; Gonzalez © 2000; Kojima ©
2001 ; McCarthy © 2002), #DOFEEHIX. —DIF/KD 370 % = A% FE CRLINN5
DFEENRPSTENETHY | b 9 — DI/ A F DRG0 DR 1R 12
RV BHIZELLTLE D ZEDNERLEZREIZL TWenbTH D,

ARG T 4 ORBIIOERBPEIC LV MEST 22 LR TE D, ZHETRA
Z ORRED A L THIR OB E 2 il ST & 72 (Matsuo & Irvine
1969, 1971; Walsh 1971 ; Matsuo & 1972 ; \oisey & Larmond 1973 ; Dexter
% 1983a,1983b, 1985; D’Egidio » 1993; Edwards © 1993.1995; Malcolmson
5 1993; Guan & Seib1994; Kovacs © 1995; Smewing 1997 ; Gonzalez 5
2000), L2 L7eA3 5, Dexter & (1978, 1979) & Gonzalez &  (2000) D
XD XD TG LMD OBISR Zfm 7oA 13T Th %,

ZOWETIX, T HARTHE SN TWADRENRFEHEOMEEANT T (&
MfEL7Zb DL LT, SHRDANTT 1 $mbb, BANTT 4 G AN
FT A WRANRTT 4 MERBANRT T 4, v 7547 (LL) AFT
4 (Fig. 1-1A-E) B L7 b D2 ExG & UTE#EE L, £ OWriE DKo
ERRIGA A =7 (MR (2L 05 L7z, MRIERFR D27 2 Kl 72
ALEE 2 LB & LR W IR R FIETH Y, ERMEL " EEL T5H DT

bo, FRLANTT 4 DYt W7 VT T ERAE O T IXER TEE)
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PEBMERND T, EEEIE (NMR) 7 F DA — A B UARFIRER] (T2)
DOIEDRIEF NI L L > 7T L ORRIE S IA < L T8HE O MRIE TIIML T 20,
Lo T, BTEARLANGT T 4FHELDO MRI TR SNLH DX, Ko7 a hro
VIFNTED, T LT, KBEZWE T, L TKOEEIMENE < K
7u D ToAIZR L 8D DT, MRANTT 4 OFEO T lfgIE, FfH12

B DK% KT 5 (Kojima & 2001) , L7228-> T MRI ZF 31X
Koy B & BRI BN 8 D /K5y F O JEENMEIC B DG A LT Ko
Z2WIot, SIKICHER E L TRT I ENTE D, MRIIRAX Oz T (Hills
5 1997) 0, SNAFXOKFITAE (Hills & 1996) (Z-2W TOHFFEIZE W T A
MESNTWD, RBHFFETIE, MRI22BAF ST K00 & Mot DT — 2 %
Wl LTy Koo Lt & OBIRAE B LT,

2. Wl X OHE

2. 1 AT T 4
HZRFT 13T 27 58F Y FIZ 21%EEONAZ L TEHE L., &E (9.8
MPa) THILHT Z &I VIR L, ®BEA AT T 0 (L7 mm£) (T4AEAN
TT 4 e 74C T 12 REMRZIR T 5 Z LIS X VIR L7z, R A RIS T
XRIRANRT T 4 % 15 3D T, EHIZ-40CTH O THR L7z, YRR
PRIPT AN TR AN T 4 BT TS COMBET 24 FERE T 52 LI2 LY
LTz, LL AT T (13D TG ANRT T 4 277 ZAF v 7 -MOWAMIZA
T CT30 WAL, TOBRMBALTECTT HFRE L T LT,
FROBZEANTT 43BN, BIERBR 7 —T7 bk STV D RsEsnH &
FUETHEEINATZLDOTHY | Kb OHERFRHELS M TNE L T MRI &)
MHREBRO IO DOREL L LTc, EANRNTT 4136 5T, BANTT 0139 43
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DT, MRANTT 413153 T, RTBE AT T 4 13 1500W D ZEH5 &
LU TAINENL, LL AR T 4137 T A /8 TLMEV LT, (RFHCT
(%, LA RS T 0 OFBHIE N E N, ok, W, SEIHEL, LL A NTT
(A ERT D) HESERHERSEMRC OWTIE, ERANRNT T ¢ R ANT T 13—
D& (B4 2 PR OIS 23 0.15 kof FHT & 725 & 5 72 &K Fig.
1-6A) L72b L 5IC, MEANTT ¢ VEHBANT T 4 LL AT T 11%
rnii 2y 80°CZ A 2 K D ICIRE LTc, fEMR D AT T 4 slBHIE HIZ 1 AT
IITHD ZETREERRE, SHICHEETOMT v 7 THEI ZLIZE-T
B ORZELZAN A P I U, JIE £ TOKRGZAMNE DA Z B/ NRIZ LTz,

2. 2 MRIHE

MRIEIZ 1T, B R AFZEEMATA O 7.1 7 27 (T'a b > O HLgE
¥ 300MHz) OBAIZ~A 7 aAf A=V THOMBEEEZEE LT A FR
7 NMR #&&E (DRX300WB, Bruker, Karlsruhe, K- >) ZfEH L7, NMR
DT — % DEUS & F OWLEEIZ X ParaVision & Xwin-NMR 7' 12 75 A (Bruker £L)
EHWZ, 2RO ZRFT o HifjE 1 em ECHID, 77 VAT L— NIRRT
DHEWRAES STDICRY ZF Lo DT 4 IVLATEST, AT T ( Z2R/ET-
7L — FEHME1I0mm O NMR HHOF = — 712 AN, Tz N\— Rr—IHo
NEE 10 mm O T A EEZEH A VAL, Y LVTFATA A —v/LF T2
—i (MSME) "V A27u 75 AT 2+1CT MRIIEZIT-7=, MK LK
% 2%, —a—FFfi% 45 msec & L., 4.5 msec R T 32 D= a—DH|EELT
ST HREFIX 10X5mm? = KU w7 R A X% 128x64, AT A ADJEFIE 1 mm
E LTz, ZORER, LHEFE (voxel) O A XX 78X78x1000 um® &7e 0 | ¥ A%
¥ UL 2 0 1T B L leoTc, AV — AV UM (T2) BGIX FIT 2Ny

r— (Bruker #1) 12XV, 32 = a—@OEFEEE I HEHE L TofEIZHK SN T
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MR L, b, FEFEO TEIZ, KRUCEVHEHLE,

M = Moexp (-t/T2)

2T MIET R tICBI D U UV Mo ldm = —EfE] 0 12381 D v
TFNRE, T lIZAE Y — AV ARFIRHTH D, 2B, T ORHICEEL T,
NMR O 7 F v OISR EEIR AR L < 8T 5 Z L 2R L=, HIEE
ANRTT 4RBEFLARICODE 3 7T BARATA R) IZBWTATV, 2D 9 HIEKHY

RLIODATAADT —HeRFET—X L LTEHALT,

2. 3 IRYEMMLRUBIOFRE | Ko EL T OHIE

TEYERILRUENE . R LT ilg A P T 4 L7272 7 Ak E VS, B
HWNET 27 2t T EEM L TR Lz, sB2 R0 5 R TRRKEIR
Bl TI7AF v 7R-ORIE AL, BIEAKOPTI0 pEME LT, 2D XD
U TR L 72 HEREHE A 7 A F 2 —7 (UM 5mm, £ & 3cm) (2 AR,
WA 7 /L2 (Sealon Film, & E£5EH7 ¢ /LA, B, HA) Tr—L L7,
ZDOHTAFa2a—7% NMR F=a—7 (U 10 mm) IZ A, FLHDOZA~R—
Y= HOTEE L7z, SHEEIO T X277 3Bt E R T <, MRIIC
L VRE Lz, E72, Ky EITEE 2 folfids T 135°C T 2 FyfAlRcif L 72 D &

BEOWDSERESTSHZ LI VE L (Koizumi & 1979),

2. 4 YHEORIE

Fig. 1-2 \Z/R & 5 1T BRI (EZ 7 2 b, BERUEF., 585, BA) % H
W, AT T ¢ OFRROFE BRI O BAZ X0 W AW LB OE BONLE
& X DREOFTEZ RIFRFCHIE L, RO TFREEHEIZ05mm/fb e L, 2 ToR
BRITEIR (25°C) TiTFo72. B ARDANRETF 4 OWET—Z D55, S0 )

DIE A & 72 DBt O i 2 E T — 2 L L TR LT,
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2. 5  FREHENT

\
O

B R T 4 B ORI DA OB T 2 MEREZE L7200, 13
WLREI O KRS EE T HEA2ERA L CHIRERZ/ER LZ, =7 &L 2002
(Microsoft tt:, Redmond, V> k) ZHWT, BE—REUFERET LV (Zar

1999) DU EMHZX ZRE L. MREfRO PHMEIZS 2 95% D13 #H X [ % i H
L7,
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Fig. 1-2. Material tester with spaghetti sample: wedge-shaped jig (1)
and spaghetti sample (2).
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3. ERRBIOEL

3. 1 FAERANGTT 3B Ty i

BHFICRB T LT 0 b OYEO Tolfz 71 7 — A7 — /SN T ey b
L7 iHBR A X ¢ SURHETE O T2 Bif% % Fig. 1-3 12 L7z, gAELA NS T 03K
BED ToEIX, KERSr OFEIIZ 30 T 20-40 msec DFIPHIZI S F o 7228, HolgEA
RIPT 4 LA RTT 4 OFLED T L 10 msec Kii TH o772, T HD
K TN 31T 2 7 e b o DE SR IZH < . T2 EOFREICE T 2
BRI 7 4 T 4 7R TIE R < . OS5I Fig. 1-3 O TIEE N
WL LTRINTWS, —J, ERANTT ¢ CWESERHBEA ST T 0 O FLE
D ToABITHMEA XT T 4 R ART T A\ TENS T2, LL AT T 11
OWNTIE, T EIEWrE 2RIV T 30 msec B2 CTH o7z, EANRTFT ¢ Fofd
AT 4 WRANTT 4 ORBO ToEIX LL AT T ¢ SOYSEFHBEA 7

TAEDEENST,

27



o O

o

H OO OO N @
o

7 |
-1.5 -1.0 05 00 05 10 15 -1.5 -1.0 -05 00 05 10 15 -1.5 -1.0 -05 00 05 1.0 15

Distance from center (mm)

D E

o

Moisture content (% wb)

70

50

40

30

20

Oms

> ~-15 -10 -05 00 05 10 15 -1.5 -1.0 -05 0.0 05 10 15

Distance from center (mm)

Fig. 1-3. T, images and moisture line profiles of spaghetti samples:
fresh (A), dried (B), frozen (C), luncheon (D), and LL spaghetti (E).
Bar on 7, image A=1 mm. Moisture line profiles were obtained on the

central horizontal lines of the 7, images.
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3. 2 T BN GEIE LIRS

Fig. 1-4 | ZAEHERU LB O KD 71 b oD Tl & | FEIEIC X0 98 LizKSy
i (glg, db) & DOERZ R LTz, Bl Lo AT T ¢ B LT2T 2T bk
BV, TaTrt® Y FEMH L THE L EEEHEREN O 3 AROENFE#R
ONCITFFICBEE BT RO N2 572 (P>01), LA LARNL, Mkl
F 2T LETY SR, RERNSHE LTI 95%DEHEKH (0.3 g/g,
db, moisture content) 23, 7 = 7 ADFEL (£0.3-0.4 g/g, db, moisture content) <>
R AT ¢ Oy (£0.8-0.9 g/g, db, moisture content) & Fb_XT/hE o
2o TZTHIRELET 27 28T 0 0ELNRERE, HEA T T ¢
DB DK GEDIREITHEN T 5 Z LI LT,

M LTeT 27 2t ) S OBEEMLREB OBRERICESWT, T, BHfg Lo
BT RO INER EDOKGSD T A T Ty A NVEFTR LI, £ b0
7'a 7 7 A VIEFiQ 1-8IZ T i & & IR L Th D, il A 357 ¢ (Fig. 1-3B)
IZRWTIE, PN DRBIZNT TE LWKED EFANR b7z, L
(TR EIMEL (<40%, wh) KD T 1 b 3 < KRFIT 2 72 01T To AR T
TIpoTlz,

Z DBAE R ER Sy (<40%, wb) 13, FHERT D RTOFMEA ST T ¢ OIEH
(ZARVK IR (<15%, wh) ICHRT 2 b DT, AT T 4 ICBW Tk biFEn
TWORBETHD, [TATUT) LLTHLNDREAELINT O TH D,
[(TAT T SR E TREAICITWIESTELT, WALERIZZDOEIZ
EDEWERZE LD E WO IRETH D, Dexter ©H (1978) (XEFBAMBE A H
W, Bl AT ¢ DR Td D compact amorphous #5153 T2 %12 AR
T 4 DFRDICIFET HZ Eam LTe, ZHUIX D TKDEEEA T T 1 D

DETIHRELRDSTCE NS ZEEZRLTWD, LIED o TH.OETIRER
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BUIRMLIREEOE EThoTo & EXHND,

WRANRTT 4 DTA T T 7 AMZEBNTEH, FLENLRBIZHIT T
ELWVARDED EFNR S, BB IE AR 2R AR SR AN FAE L, HokR A
NET 4 DAL T, WIANT T 4 1358 % & TR
HfE SETELN D720, MIIREE T CEEZ DK ARSI TND &
TREND, TNEERFREMEL TSN 2 DT, filiz @ ThEik & BElL
TR EIRDDTHA

UK L THAEANT T ¢ 13 BRI T % 30%, Wwh FREE DK BN B H 728,
DTIBDOFLMOKDGELTEANRTT 4 L0 %L WRANRTT 400
RANT T 4 DGEIZA BT X5 BRIBRAKSESIEER O b o 72 (Fig.
1-3A),

PKREANT T 12BN TH, FULEN S RIEIZHNT TDKG D ABLIIAE
RNT, FOERITIZAR 22K 5T /B B iz s> 7= (Fig. 1-3D), Z OYRHE
[T THDOMREIZ LV AKGRREN O FHOHITBITT 5 Z L ICERT 2, @T
BT HRITAKR D DBRIEE 7375 D P OF~NREBITT D Z LIT L - T HHRNOK
SENE 95 Z &1E, Kojima & (2001) O THIDO NMR ~A 7 1A A—
VU DR THEE STV D,

LL AT T 120 TR KR OABUTIE E A ER B2 h - 7= (Fig. 1-3E),
ZHITRRROMBEEIZ L DK O ALITER L T b0 LA LD,
RS T 4 (RURANT T 4 IR AT T 4 DRIE DKy & (>80%, wb)
(X, BRI ANRT T 4 R0 LL AT T ¢ L b@EhoTe, ZOEWE, Wk
MBATIEDOENIER T 5, ERANRFT 4 FIRANSRTT 4 AT T 4
X, TNENGDOFTE4r, 947, 17 THND DT, DTEHND DKM
BRI S, RIEOFERSEAKD E 70D, TS LT, BERBEA S

T4 & LL AT T 0 OREHT, KEMA D Z e ENENET L YT 40
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B, 7740 TLMEASITN 5D,

HANRTT 4 FREHZ DWW T 32D T Hg 6 HULESD B RO TR 0.1 mm
MEIZ X3 LIl OB Ky B AR L. 26 & FLEn b O MRk L
T7wy kL7 (Fig. 1-5), K EOEEREIL, 4 0.4 mm LINOH.LET
1% 0.4-106%TH Y, HMITIL03-26% Th -7, FONTMMRIT, 27T ¢
B DR DK G B2 R TS DT D, MBEANTT 4 LIRRANT T 4T
X, RARTH T2, EANTT ¢ EREEHBEA T T 4 TR R AR
L7 0 . LL AT T 4 TIRIREE — 72K G0 CTh o Te, B ANRT T ¢
TIEV Z7EA K (S7F) BoAKG Ml E R LT e, 2B 5 DDANRTT
A BB DK AR AR IT EUVMT K LUL T0%, wh D& ZA TR, =
AUTHIRIEWERG TH 5, RKILTIEdH D03, Z DO DK ED/SAZ OBk
MSERITHHE LT RRICZEMICIZIAD D EIROKSGEE RS> TNDH EZ AT
X72nint b D, PTHROEL/SAZ DORIFEN (G TOV) WwEICE
TlE, ZOEy X 0 AMAIOD 57K 53 DRI TR & - TR DS I 720 KE T H
D AMIBASDZRIESSE A~ DIRIBEIT LV K5y % K > THRALHIT K5 &S 70%, wh
IZWEBEZ D ET D, W ZOES LY NRIORIK Sy OFEIIEER 12 & > TK
PURRBLTWDHIRETH Y MU S DK ZRINT S, Z 95 LTK
SIMINAZ R E LTINS 5 T~ T 2003 P TOUEHR RO TIEZR
WNEEBZTND, IREB, NAZ O NZERNCHZ B D Ky EITHED
FEICIFE L, BEIANTT 4 2T VT T2 TEF A X 5L
T ORMUEDREE D ARTERRIGAE I, 2 b DK EITKLS . 70%, wb (IZFE T
326, BT RFRICKFHZE W THAKROARITTERITERDD Z Eidhu,
—J7. LL AT T 4 OEITIMBEE R IZ L 0 POl E TRl LTl
HTHAKTE 70%, wb £ THRZIADD LI/ >TWDH, ZOBROEFHOGE

BB LT, B ORMMEDOFREE & RHE L 72y 2~ b DK Gy DR, B L
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Fig. 1-4. Relationship between moisture content and 7', of water
protons in standard gel samples: pulverized dried spaghetti (a),
pulverized durum semolina (b), and durum semolina (c).
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Fig. 1-5. Average moisture profiles of sections segmented
concentrically every 0.1 mm starting from the center of
the 7', images of three spaghetti samples.
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3. 3 FHEEENT=ANRTT o R EOYE

VLR AT T 4 WRANT T 4 BEGHEANTT 40 LL AT T 4 D)
—PRRERI R 2 AR AT T ¢ O ) — BREE IR A X & L T ENICE RS T Fig.
1-6 lZR Lz, FlgA X577 ¢ (Fig. 1-6A) L WA X% T+ (Fig. 1-6B) Dl
BRUZ, B L mm DL ZATEANRTT 4 LD bEneE ZAICALE LT,
ZOMEEIL. KGDT A rTa T A NMTEBWTIE, KK EOEEIZFEYS S
Do NHIDELERIZIZ, ZOEKGHD 2T L ZATHIZELETND Z &
7208, ZOXZ LTI AT U TRENRZOWET —ZIZBW T HMRHS
NIeZ LT, FIAEANRTT Tl 20115 mm BEICB W TS )
&L Z OBBERIZ T TRIBUS D BR300 ZOREBEZNTT
AFEOETET L LEREEZR LTS, Z OREIIE O W o FLE oK
IEPEIRANRT T 4 RWRANTT 4 LV S ZNZ L DI, HRESETH
RN EIZ KD T NT o DEWD DT SR OYNEDIBE VR FE LTS &
BEZbhD,

WMISEIHEE A 877 ¢ (Fig. 1-6C) & LL A% 7 ¢ (Fig. 1-6D) X fliod 2 857
T RBHT AR T S ME D o 7o, 2T, BEEFHEL R 7 T X I
ROVIFEENN TR Y | LL A7 T 3R E O 72 DICR W S C
WHT, KODE—L L TERENSIL LT & 2R LTS, PHEE AN
TT 4L LL AT T ORI IT D, =7 Db L DREREET, b
OFEAWE Y CREPEAME S | FERICRI BT 4 %) 2 & 2R LT\ 5, Dexter
5 (1983) 1&. A/NFT ¢ OREVEIL, FHBREH & . FHBRE O R R 12 BA RS
HDEWELTWD, Gonzalez & (2000) X, FHEL L 7=/ X2 X 0PI BT
DRI E — 7 X, S OFEARL, ZADTHEZOFERHNLERD IO
NTFER> TN ZEE R LTS, EEGHHANRT T 4R LL AT T (b,
D T DR IRE PR R O BT, KEVEIIORIRIZAR R LTz, 2o X912,
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Fig. 1-6. Force-distance curves of four spaghetti samples
compared with that of fresh spaghetti: dried (A), frozen (B),
luncheon (C), and LL spaghetti (D). The purple line on each
graph indicates the curve of fresh spaghetti. The regions
indicated by an arrow on graphs A and B correspond to the
low moisture region shown in Fig. 1-3B and C, respectively.
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FEHOFBEA NG T 4 ORI DIAADE N, Wi LTZT 27 AT T O
HERMERUEL O K B & MRIZEIT 5 To & OFBICES & | T2 Wifg 2 v T8l
B UTm, WA NRTT 4 LA NT T ¢ B LI REHZ B O T, LR
(2T VT TR A R TIARR AR E  NIFE LTz, 2O Z &%, M AN
T AICB N T, @ TEE DK AR HER ST, 2N ERER o N
DIKFFHCREENTNWDL Z L 2R T HDTH D, MOTEED AT T 112
DOWTIE, FOLEBOKDEIT LY &< FFIZ LL AT T 4 5B oK A3
EH—Tholz, [FEOLRICKD T LIEEALOFEEIK DT a7 7 A V% Fu
DEL KD EERNICHET D 2 bR TE R, S BRI BN TES
NP, KM AL T\, BRANT T 4 EWMRANTT ¢ 50k
[ZOUWTIE, OB ORI P FEIEUC A Y 3 Dy A B39~ L 2, K ViR
WSRO BTz, BB A T T 4 & LL AT T 4 I8V TR, o AR
T4 ELL D BIEEENMELS . B O H LI KREREENRH TN,
AUIKG P =272 > TND Z LK RO LN D & 725 T
D2 EEBRLTVD, ZTNODERERNL. KOGMBHFHEEANTT 4 D
YPEZDREDSIT HEERBERTH LI L 2R L, MRl OF — % Z W o
T—2 LRSI D 2 LT KA ERE AW TRBEA ST T ¢ OEE O
MAFAEETHD Z LIRENTZ, 2O LIZEY, MRI Hiffiz & B O <
AL DRFBITHENLTHZENTELEEZEZDBND,
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W2 B TANTT 4 DOKGHAT & WD kT

1. I

B THATORIREANRTT 41X, ZHETHARZII U OIS ETRsb
SNTETWVD, WHEHOHARIZENTE B L TWD 1.6 mm BOHEA ST
T4 Tk, W THEFEIA 7-8 530D DIZH L, Bd TAAT T 4 T34 & 72
D, BLEYo LD, DTRENPENZ EIZEH AT v e LTE, JEEHIC
BWTWTEZZ LR THOBEREZRWVRHFZE DL Z LB R AT T 4
FETEX DLV ) 2 EDIED, DRV XX —THIAN TE 572D B
MHKTE 27217 T, BEICHTH2AMBBO T Z LN TE, REICHR
SLWNEWVWS ZERETLND,

ARG T 4 O TR 2R3 2121, BMiicE 2 5 &R L P OLOhEEE
FLLTKGERCEBBEIENUZLNE WS ZEIZRDEN, £ T HEARS
TAIFHNL DL TLE D, £IT, BTRFHEORIZ MRS
TADKIIZRDEDICL PR TEEBAT H12DI, FIRANRTT 4D
MEICHEEZ DT D2 ENBRINT, EEXOTLHZ & T, @ TLEFOWAKN
FIETL, O TERY OREIDBML RO TICP TRM T 252 2 &0
ARE L Ip oo, DD ONTZRBOTANGTT 1ZiE, WanBo 7 FAVE
ObHO (&R 2005), N FROH O (BEHDS 2010, M TR0 O (5
5 2012a; S 2013a; AR S 2013b; EEH S 2015), 7 v— "—JED

» (RS 2001), BEREORO GO (HEH S 2012b) . B A HFIZFLASBH
TWAH0 (HHS 2015; MRS 2017 ; A 2014) SRS T05, =
NHEDRDTHA TOHIRANTT 4 1FETOHONRDTENY FFIENES
WP C T A < 72 5 DT TEERWY, B TTIEIH L DD, T ERSTZ
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BTHEDPFHANVIZELEOL DTN OUFET D, FLRIKH W T LRV KRS
INEDHDIENY TR, MOPWLDOLHFEET D, B E DR TAR
TT 4 RET AT, @ TEROIME L WPEOW T A ETY 5 Z LN HE T
b5,

IRABRFADREIE A RO HEFR L LT, Ok, EEE (VT y)
DRy T =T DEERHIT b D, —IC, QTR ZOMEEIL, 7T
CERENEA LT B RSE IERRLM AE LTcEs b D & L TRIE LT
VW% (Cunin & 1995 ; Resmini & Pagani 1983), £ L CZD xRy MU —7 i~
DRDGADKFNZ LY | NRAZRLBOFET R OHMMEN BTSN H D
T, KB ELRBKERETLEELRERN 2D, L, HIETRLEX
T, WD THEE D/ SR Z LG P ORI AAE T2 HELTWD
KEEREE L TWOHIMER TIE, ETEHARK LTI MMET 5D TR E
BEOHITES . —F, FLEBTIEREND DKDRE & & B ITHIEAPER~
T D TR DOEIMTEND, TORER, DT LN TR F LA ORI
WZIXFER D b OERBEC IS L7e K O RENELT D, Z ORRFIEARMFELSN T
t MRI B[R PRI FIEIC L W /R STV 4 (Kojima & 2001; McCarthy ©
2002 ; Kojima © 2004 ; Horigane o 2006 ; Ogawa o 2014), Z®D X 572K
DML TOTLERNYBOT LS — R TIER < KT RL AN
- L TRHEERE S Z o< 20 FULECIIBMmkL I & A EEH -
FASRAET, BRI € D K F ik - THIMLEE MRS & 28555 (Lai & 2004 ;
Sekiyama © 2012), F7-. Bonomi © (2012) X, MRI -7 L EH
LFRE Z A D T LTk o T, Hlg N A 2 SR O Rz SR BE A3 /N2

%%Eg@%‘fﬁik Z\‘ P4 }\ ‘7“7}@5}2@1%23 B”é‘ég@‘o\k DT, %hz})‘@faﬁ

i

HRFOWKICH L, NAZ DD TRORBIKICHRS BRI L L2, HLR

IZLTW5, 562, Kojima & (2004) (%, KimX0H 1 =EFEMKIZ, @ T
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i (D EA) mRBAEE L THERDKS G042 MRI TEI{L L, £h it
BRI L > THRONTPNERT A —F L EERICEFEDT THEL TV D,
AMFTETIL Z DRG0 E e A G e FEEZRMM L, @ TRIZHEDN
AL CHEERBESDH D 2 5DOX A TOFPTANNGTT % MRI & #ikiBiic
LVFHET S22 &I L7, £NICKY . B TANT T 4 NEWD THRHETH
DN OREREPHBEFIIZTANLNLTWLDNE WS TZHBEZH 5
T 5, AFETHLNTZIRIEL. LR TRAARS T ¢ O OFRFHIL
DEEZIBND,
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2. BB XUk

2. 1 ARFT L ORE
AWFZE TITIEE OO D WA T T 4 G A) =3 br—L
ELTHEML, 2AEORPTANTT 1 BB & C) i L7-, 100 H&E
HOT 27 /N EOEEY F (EHEEE : 12.89/100g) (2 27 HEHOKZE
AL, XA R %@L TEHEE (9.8MPa) TSR X 24 L L7-#IZ 70-90°C T 5-12
RFIRLE L C AN T ¢ 3B 2R L 7o, 36 A-C OWiiE % Fig. 2-1 1ZR LT,
WHDOEATOANRTT 4 THLHEE A OERIL, 1.6mm ThHo7z, 3k BIC

(TEIHRIS > TV FRDERONTEHEY | 3B CITITEFER DTN T 3 Dl
MONTND, WTHERZIE, AT T 4 OREHE, BEZINA R\ 10 f5E &
UL EDBIEAKICA LTz, & A7 T ¢ BB O i@ TRefIX. BigR 7L
— T DNRAZAFE TN —T DA N=NERHHMT AT Z IV EL, £
DOIRIEFFIAR DO FIZ DT DNTHUE L TW AR W 3D LI 52 H D Th
Do B A DD THRIL 7 73 Th o7z, a8 B & C I3k THRH 2N Z
FNA 3L 3R EIICERFI SN, X O EEORHTHEHNHALD LI
2o TS, HEBEDANTT 4 BHIE HIZ 1 KT D5 D 2 & TREE
fr&, SOHICHAEE TOM T v 7" CTED Z LIZ &> TRB OB 2P LR
L. MEE TOKRDIALMMED LA & e/ NRIZ LT,

2. 2 MRIHIE

MRI I & Z D7 —Z LT, 1 EOMRICEWTER L b 0 &R Ui
BEHNTITo7, 722l MIEICHWI A= R =D T O ks i =
AVFENEE LS MM O H O % v, 1em O SZUIWr Lz 2 KD 27T ¢ 50k
ZANLD NMR HHOF = —7 H 4% 15 mm O & O % H iz, MSME IEIZEIT 5
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MRV UK, ma—& A A, —ERR 4ms) oxa—¥ #HE, v~V w7
AP A RE AT A AR, ZNE4 3s, 4ms, 32, 10 x5 mm?, 128 x64 & 1 mm
Thote, TOME, 1LHFEDY A XL 78 x 78 x 1000 um® & 720 | &EAF ¥
R 30 12 B L 7r o7, PIEIT 21 CTIT o7z, HIEIF AT T ¢ 3B 1 ARl
DEI ST BARATARA) IZBNTITV, ZD ) BRI 1 ODAT A ADT

— S EREKT—2 L LTHRMA L,

2. 3 TAHZEKGEITHFE T D720 O ER

T2 % /K4y & (g/100g, W. B.) |ZHH 32 7= O EARIL, FEHEMLEED T,
fili & 7K 53 B D Bk DFEHBIE I K D ElFR TR 7o, FEEMALEURHT, Hlg X
RTT 4 O & IR A B2 TRMKEIRE L TT T AT v 7 -ORIT AL,
WBIE/K 1T 10 S FINEL L TR U 7, MM EEEHI T T 2D (F4E 5 mm,
FE& 3com) ICAN, fisE 7 4V ATE T T, NMR F2—7 (4% 15 mm)
ZHRA LTz, SR LEELD ToEIX A 577 ¢ 3B MRI &R U HHEIC XD

HE L,

2. 4 KOEEORHIE
DT T HBDO AT T ¢ R OERER LB O Ky BiX, walgged © 135°C T 2

PR S E R OEEORDBELZHE T S5 Z LICL VRO,

2. 5 PEORIE

1 EOHRICB W TER L7z & [F CH BB Z VT, RS Tas
7T 4 OB AT o7z, RO THREANRTT 4 DAL, @ TOHRNCH S
2y COMED Seum I KMED A > 7 TERIZ S, W T EFRISENIHA T TH o
WONERDPDL LI L, WHEERET DX ZOE S LT AW H M
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AR LT, KRBt ) —E A E . @ TH 5-10 77O AT T ¢ OA#E 10
RKOWPET — % DOV EFHEA L TRDT,
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3. ERRBIOEL

3. 1 RBEBEANTT ¢ QWi & DT L3 FEDOTIR &K Sy

Fig. 2-1 ([ZAEEH Lo KA T T 0 O Z2nR LTz, AT T 4 B
ECITA XY BLIME EmER) 1TR&E o7, Tz, MEARXTFT 4 BEC D1
A OEEIL, AR TEIRRE -7 (Table 2-1), #EIA /N7 T ¢+ AD
TEAED TRERNIL 7 40, BIL 40, ClE 30 THDH, TNEIZ OIEHERE D Tz
BRI, BECIZEBIZADDTENRYDFFLIFIERI UKRIIZ/2D L) IZEE S
TW5, Table 2-1 ([CHzETHIE LT, FANTT 4 AL B, COWDTLERDY
RED KB AR LTz, B AR T ¢ A DKL T 539 TH & 63.1% (Table 2-1,

A2) 1ZbH72 0 | 455D TOHIEANTT 1 B (58.0%) X° 343 ThD C (59.0%)
IZHERTE D o7, THDOPDTRMIZEBWT, H£ANRTT o HEHIRERD D
S L7 RIS T o T, WA T 4 AITOWTIE 55 v TH & B C
DWP T LNV IZIE VKI5 58.6%IZ72 > 7= (Table 2-1, A1) 25, Z DIREETILE
P TREHIAE D 3, FOEORMULEH SRR E N7, DRI, A
NREF 4 BECIEA LD B TENYROASEMEN-T-R, ZhiZB & C
DRIBIZ AZERARGOEPIESAFELRNWTZD EEZ BND, 2D D
REV, RPTHEA T T TP TREEP LS Lvb K EDMERVVRER
TRERANLOIZE LIIREEL 725 Z L RHI LI o7,
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Table 2-1. Weight and total moisture content of the spaghetti samples

Sample before boiling A B C
Weight/strand (g)? 0.69 £0.01 0.81 +£0.02 0.81+£0.02
n=10

Sample after boiling Al A2 B C
Boiling time (min) 55 7 4 3
Weight increase of

100 g dry pasta 205 223 207 220
after boiling. (g/100 g)

Moisture content 58.6+0.4 63.1+04 58.0+0.5 59.0+0.3
(9/100g, W. B.) n=5

Weight/strand (g)° 1.38+£0.04 153+0.03 1.63+0.08 1.72+0.04

n=10

Mean value + SD.

a. Strand length was 25 cm.

b. Strand length before boiling was 25 cm.
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3. 2 ANRFT 4 OREO T2 @G & K0

BRI ARG T ¢ BB O W T LRRICBIT 5 Ta i OZ&E A Fig. 2-1 1R
L7ce H1ETHBRAZD, AT T 4 BHIB W T, MRIEZET 5 T fEl 34
MBI DK EREEXWRT 2O T, W TRENETIZ O TREN S HO
T TO Lok NEE L TP <SERT2 T2 EGh 6B T, AT
T4 RAE A IZOWVTIE, D TIRRRICE W TKRSIEIFEE D & FOEBIZh > TR
B LT, To o ARIERELL R & 72 o 70, & LT T2 fE 5 ms AR OfEI A o7 )
IZFE ST L ZATANT T 4 IFBERNDDOITHE LI T ERVIREEL o7,
BB & ClzBWTIE, HEUNTIED DO - 1= 555 O Sebinf U A3 i I A
L CiEDPA U7z (Fig. 2-1 B, Fig. 2-1 C) , £ D& KD b NEFIZ K3 DNRE LT,

@ TR B oW L, 32 U723 AT b3 MR - T hd, 2R
IRANBLTIEE DI D AT T 4 LD LR NE D IR R T2, 123 B Tl
WM U CoERICEER o 7oAy ARG AR RO PRIRICIE 22 & 37, AROK S0 R
IZUFH L 70572 (Fig. 2-1B), 4 57 TOREL B IZHB W T, ToEDIRFEIEK D
mfEIX. 7 0@ TORE A KV IR T2 ED m OB LR A [T~ TR
272, 3437 TOFEL CIZONTH, T ER Y REOIMBLITIE T DA D X377
TA4EEDLLRWEIICRZ T, £z TAEORWERIZ =ARRICRY, 20
HFEIX O TR EWDIZ S 00 5T 4 5539 TOREB L0 &/ 2o 72 (Fig.
2-1 B, Fig. 2-1C),

Horigane & (2006) O D X 912, EEROFECHIEE S /-4 (5-70 ms)
D T2 fE & K5y (9/100g, W.B.) & DRIZIE, FEEEIERI MBI 2 7z (Fig.
2-2), HLEFENE (RTA_X—A HAL :g/gdb) OKDEEL L TORLEELED
Fig. 1-4 L ZHEARY | T2 TIE—BIICHWON AR EREE (V= v F_X—2Z
Hf7 @ g/100g, W. B.) DKy B Uiz, FEAERILEURE D & 45 7 i i 4 1
LT, T2 B OKBHED T EEZKGEICHE S 5 Z & TR AEGREHSD 2
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EWTET,

Fig. 2-3 [ZTHD AT T 4 SRELOAK S3AER L Ky T e 7 7 A VERL
Teo KT 77 A VITEBEBDOFE TR LIAED D TH D, kB A X,
ZDRVLIR DK 5345 2 KB LT, 55439 T (Fig. 2-3A1) & 739 (Fig.
2-3A2) IZBWTHIRIEDK T 07 7 A4 V&2 LIz, #E AL O THfEITIHE
Weh, DK T R T 7 A TERE A2 DK T e T 7 AV L0 BERLO
IR EA W AMEW 2D FULEIDRK S ER A LV IR, REDOKSEEBIK
Mol TR 7 72 Ok A OFLEIZI W TR, RKRE 23/ S 72 PR
2% - 72 (Fig. 2-3 A2), H1ETHEARTZLIIT, ZNHANVDLYLT VT Tk
BETHD,

— T, BB oKy T e T 7 AT, R FR T2k Sy oA & Sk LT
Z L IR TH -7 (Fig. 2-3 B-1, Fig. 2-3 B-2), &k ClzBWTH, Ky
07 7 A VIIIERNIE TH o 7= (Fig. 2-3 C-1, Fig. 2-3 C-2) 28, H.OLERDIEKAKSY
PRI TEEEB L0 b/hE o T,
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3 min 4 min 5 min 6 min

0.5 min 1 min 1.5 min 2 min 3 min 4 min

1.5 min 2 min

7 min

70<
= 65-70
= 60-65
= 55-60
50-55
45-50
40-45
35-40
30-35
25-30
20-25
115-20
=10-15
®5-10
m0-5

T, value (ms)

Fig. 2-1. Cross sectional images of strands of the dried spaghetti

samples and changes in the 7, distribution during the boiling

process. A, ordinary round spaghetti; B, quick boil spaghetti with
a V-shaped groove; C, quick boil spaghetti with three grooves

in a windmill shape. The bar on image A indicates 1 mm.
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y = 1.00€0-0500x
R?=0.994

—

N B O 0 O

o O O o O
1

T,value (ms)

40 50 60 70 80 90 100
Moisture content (g/100g, W. B.)

o

Fig. 2-2. Calibration curve for conversion of 7, values
into moisture content using pulverized dried spaghetti
gel samples. x, moisture content; y, 7, value;

R2, determination coefficient.
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Fig. 2-3. Images of moisture distribution and moisture profiles of
spaghetti samples after boiling. The moisture content profiles
were obtained at the positions indicated by a red line on each
image. Al and A2, ordinary type dried spaghetti boiled

for 5.5 min and 7 min, respectively; B-1 and B-2, quick boil dried
spaghetti with a V-shaped groove boiled for 4 min; C-land C-2,
quick boil dried spaghetti with three grooves boiled for 3 min.
The bar on image Al indicates 1 mm..

55



3. 3 WTREANTT o Etomik

ENENDANRNT T ¢ OREAE T D722 32 L7z, £
BEANRTT 4 AIZOWNWTDTRHZAEZ T2 AL & A2 IZOWTIMERBR 21T - 72
EZAH AL IZITWTRA 2550 | BB e — 27 Om ST A2 Ol e —7
ERICLARLTHoTEN, E—TICBITLEARE (%) A2 L0 H AL OHNR
INEooTe (Fig. 2-4 A) . ZHUT AL O3 THREFRAEL S . AKAK 57 DR A A
{BLFEIEDNIAS > TWA T ThH EEZbID,

BEWTHIREA T T ¢ B & CIZOWT, WHRER 21TV, A2 Lk L7z, B
& C EHITKRGAABFRLIARE R BRNTD, HAWMT 2 HMEEZD LW
PR ZE D> T Db D EB X T, ENENFAEEZXTT A MNE{ToT2,

R 27T 4 BIZOWTIL, BLF 3 2O AW 1 TF A R &1T-> 7= (Fig.
2-4B), Jih B-1-1 1%, A U728 K5y Sk 2> HARK TR A3 i T A%
TT AT LT b D TH D, ZDS)—FEHMRRIEL, EAET0%LL T T, 3
DD B bIRVMLEIC & 7228, 2R RS E AR DA D T2
FNZD3 o T D HIMFN e Th D, E7z, e — 7 OEFNZ IMED & E
S>TLBDIE, HEBAS T BFEDE LI H DR35S x LTy )
MNLBEL 25720 Th D, J7 B-1-2 (X, Hl B-1-1 L1 H 1 TH Y | KAk
E D6 @R DETZANT TANTT 4 AW LT b DO TH LD, AR 70%
LIFD & ZATIES M B-1-1 X0 b @EWLEIC ) — AR < 225, Ziudt
AT LSR8 To IEAZR TR B MBS E 7 I A Y | SNSRI BN BB R D720
Th b, FHiAB-21%, FHH B-1-1 K51\ B-1-2 |Z%f L TEED F R AW L7
LD TH D, 3HMOPTH—ELMBIP RS EVLEICBIE IR, 20K
MDOKZDZA 777 A/L (Fig. 2-3B-2) PO bbb X oI, IEDHEY
BIZBWTRAKGEHT O HD HFENREL, TAMORINOHRHFEE TT
S RERANAVMLELRDTDTHD, TOXHIT, HEANNTT 1 B T,
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PR IC B W TR SN EIIR S i An e KSRk L, AW J7 i
TREL BB b o7- (Fig. 2-4B),

HLIE AT T ¢ C Tl 2 b AW 21T -7 (Fig. 2-4 C), J5H C-1 131
MU= 2 bh R e LTCREAW LD TH D, £72. Hm C-2 13EKDH
DEIMRELTEAMLIZELDTHL, DD 2 DO AWM T O N
IBITDHT). BHRE GIZ A2 DM EEVMET, A2 & C-1, C-2DJ]—FEH
R DOE VT NEhoTz, ZHHD 3 SDOFAWT B TO, *Had 5K D T
A 7a7 740 (Fig.2-3:a2,¢c-1,¢2) ZR5 &, KoEPHRHERRLLT DK
KR D IR S DFIER U CTH -T2, ZOZ ERYHEMREZ L2 H DI LT
HEBZBND,

A2 OFE O EKIFEIRIL, O DO T O IR THIE S 2 9tk
WZIT B2 B2 72015 T, MO ERTO R KD NI B A2 5 2 5 OIEHLHES
DIRAKGFEE Ch o720, T9 L TRUEF A ITEI B C L0 W TR E <,
FFRR 2 78 O 1372 O OO @ KD %A LR S b il S 2 Mk L
TWseEEXLND,
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Fig. 2-4. Picture: Material tester with spaghetti sample.
Force-strain curves of spaghetti samples after boiling (left row).
Al and A2, ordinary type spaghetti boiled for 5.5 min and 7 min,
respectively; B, quick boil spaghetti with a V-shaped groove
boiled for 4 min; C, quick boil spaghetti with three grooves
boiled for 3 min. Red arrows on each moisture distribution
image (right row) indicate the shearing directions.

The force-strain curve of Sample A2 was overlaid as a control
on those of Samples B and C.

Green arrows: i, first breaking peak; ii: second breaking peak;
iii: cutting point.
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3. 4 WTEANXRTT 4 OREOKIOEA NI T A

P TIZANRTT 4 DAKSYDE A MJ T L (Fig. 2-5) %, Fig. 2-3 (28 L7=K%y
AR B RO T=, K5y E 45 g/100g, W. B. i O M OFH 48 1%, 70k
LIZBEWTIE13% % D TWeDIZx L ikt A2 TIZ9%IZ & TR L Tz,
ZORRIZ, W THMTAKGBREZELTNDZ LEERLTWVD,

Ko EDEMMEIL, 3B AL (WP THER] 5.5 47) Tl 65-70 g/100g, W. B. TdH -
7208, REHA2 (W THERE] 7 43) TIX 70-75 g/100g, W. B.IZ 1T L. 75 g/100g, W.
B. JVKGEDZVEFREOHAHEE LR VML, 20 &k, EREHO
SOERBEEND TKICELS EHEND Z & T, B OBENER, K&
BERELS RO TWVWALZ EEZRTHDOTH D,

BB L COE R NI T ATBWTIL, ¥ —73/K5 & 60-65 g/100g, W. B
2R B4, 75 9/100g, W. B. & 0 Ky B DL\ EIFE OFEGAEE 1R A2 1Y H
HINTE Do Tz, ZHUFTHR D TANT T 4 O TREHENENZ LIZERT D b
DT D, Ak A2 ORE TR K& THAE LB 0 T 28I THh 23,

DFIRIT D TIZ AT T A DERDLOIZHE L TWDNE I nE W) EICIX
WEEH 2 Tk o lclbhs,

B B @ 45 g/100g, W. B A O /K /> O EFEOFXHEE L, B C kv b &
Molo, T, BUEF B I, A G I &) — E AR ORI
BOWTREC LY bW H2300% (Fig. 2-4B,C) T EDEMIF LD, 20
L5 IZHE C 0 TRFRIZI T 2 L~ DK RGEERE T, 3B B LV bl

<L KRGO, % GUEFB 281, BUBHC 23 3) o aexiT T\oH &%

h

ZHD,
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Fig. 2-5. Moisture histograms of spaghetti samples obtained from
moisture distribution images shown in Figs. 2-3 and 2-4.

For samples indicated by Al, A2, B and C, the type of spaghetti
and boiling time were same as those in Figs. 2-3 and 2-4.
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FPTANRTT 4 2AFlT 5 —2DHEL LT, @ TKOHLEEA~DIRE &
WU 2 S D 72 DI > TEE DT 2 2 &b 5, RIFFETHEM L
7 2 FEO R D TANRGTT 4 OWiHITP THRITITZHTZIZ /R o 72 h3, w@E o H
TEDRIEA ST T 4 LITFEIR Y (KGRI RIRIZIE R & 2o Tz, AN
T 4 WERD K AT OALE . B EFBIZ L VRED | T BT TR AN
T 4 DS — BRI BRI L 7B AR B T, EEAT R
TANRGTT 4 OF AW H N L HWPEDEWD . ABFRIZE VLN E o,

EIZOMFRIC LY A LB AMEE T D RE O mK s fEl T T AR
BT 4 DRBICKREREBLE G2V EGRENT, TDH, AFFRICH
W BPTANRET 41X, BHDOANTT £ L0 L THROBRKD BRI
LEL LT, WRFICZT AL DRI ER->Tind,

AIFFRIZHBNTIL, D THEESX 25 F 2o T, MRI JIEIZ LY E7-
KGR E . J1—BH AR OREC X0 BT E E BRI 5 2 & ITHk
WL, ZOEBRERIL. HEOT D ENFPTONRRYLHOERIZAH W)
ThHIEHIFGELT, WE2H 2 LI10E 0, Ky P LERATICEHC NI
2% S, WL A RESEL ZENTE D,

WIS 3 DD AT T 4 DEVEIZL, 12 1 DD ANTT 4 L0 HEEHER 72 A3
TT AN EDQIA LTz, £ BRI 2305 e RO T3 E AR K
DD 2T D bbinol, — T, WTREANTT 4 £EDEK
SRR, BRI R E B R 5 2 o To, T O XD I IERIE RS R % B
B35 2 LT, MRI TR TOMMRANRTT o OWtEE TRk 562 &
INTE ., AHFZE TR ITES%HT LS Z o5 DR OB I B 2 b
MTELHEEBEZOLND,
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B3 FE  HuRw TR OB R FE AR OAESL

1. I

PNRAZE, FEROT 2 T AANEORIRER (BEY ) ZKEERA. L
LI, Wl 3 B0 TRAR TRIEIND, 2056, flld, KoTEk
T S TCRGLOREEHEZ @O LT TR, HFELnE, Jk (71—
=), B (77 AF ¥ —) LWV ot BT RIS ET 2 EER TRT
D, WNAZDT I AF ¢ —IZOWNTIE, KX OH 1 BB IO 2 ETIT-o
TVWD X ITHHEREIC L > THiEfb S D Z & b0, BRI EEIT L3
LY ANEBE DT 7 AF ¥ —% LT 5 LIRS 7220 (D'egidio & Nardi
1996), F7-. HEIRHIZ X 2WHERIE TIE, M EEZ T 2 ITRAR &
D FALAY TR S A X OSBRI ERERHGIC X VAT O MERH D,

RO BRIE S A AN . NGRS D /S A X OAVEL,. JEE. T2 A F v — L
ST NHBERTE B X 8. TRb B ERERIEICE 2 5 BT OV T,
SEIEREATHELRH D, BlzIX, FEHZOWTIX, T 27 /N EOT VT
YOMRENFFICEERMEREZERN THLZ ENRAMIN TS (Feillet &
Dexter 1996) , & 7=, FRRE A E W & ME W B35 & o (Giler © 2002 ;
D’Egidio & 1993; Zweifel © 2003), RfREE & 7T o OMWENR AT T ¢
DB 2 D BIZ OV THE (Cubadda & 2007) %&b 55, AL Ok
IZBWTS, HEEEZ 7T0CLLEICE® D EEAEOEMEIZLY . W TROR
FHUMER L, v—2 ~ (BRI FBH5 3, RIES— KNt b2 L%
FIRLTWD, EHIZ, LI LD X A AOMBENRSAZ OREICKE
BIAHZ L EI<MENTEBY, T7a MoK A4 22 L TESNT/SZ
ZIIREMW RO HINT, 7R RO A ZEEH L TEON TR Z 3K T
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PHLL 72 %,

BHERFE 2 I 5 ST D i b IEBEA DO RA0 72 T IEIXE RERTAN T H 5 A3,
ZHET, KEPOMBER RN Z OFREFM O WM L7220 > 7o, AR D FeAT
WRICEBN T, BRI THORA TS L 00, ZNZENOHSEHIZIE T
TIRERRBDIZE EE o Tz, LL, RAEMRSZAZ OERERHEDIEE
A 7R FLRVE DS ST WVALE, AR X OB SN DERICE N T, T
AL HLHE L P2 BT 2BV TH, BRVEVDDLRN= I 2
=r—varnEbil, L0 EBINCEMRIERZSBNAEEL 8D LEX BN
2o

FBRR BRI O 70121, MBI O ERFEOH T HFEZRE L, E
BOTHZENEETHD, ZOBRIC, BErEdHliHEEAR (sensory lexicon) 73
ML ESNTEBY, ThE2MT 252 N TERE, LV IEM CHIRNREEET
iz 5Ehi T % %, Lawless & Civille (2013) & . ERERHMHZEARD AR S
52 L CERIHMIOEREL AT & | ZOEEMEEZIER L T\ 5, £ 2 TIEAE,
459 (Imamura 2016) . FHMEEEH  (Pujchakarn & 2016), —t—t — (Chambers 5
2016), ‘¥ ¥ D F—X (Talavera & Chambers 2016), HED=HEE M T 5 sufu
(Chen & Chung 2016), #1¥ =—7 > (Griffin 5 2017) OFlD X H iz,

in Z & DFHEHFE R RPN SRS, A Tnb, Lirl, Thb

S

RFEMRRIL, F& LTRKRSEFY OMGEZMRE L THBY, 77 AF ¥ —4F
P& AT HEERSRIZ. b~ kB (Hongsoongnern & Chambers 2008) . #k (Belisle
5 2017), ¥ a—F > (Griffin & 2017) & % b DD HFFEBITED 720,
UL, BFOSEBROREICR L TIRY 77 LR (BRRAAR) ITbEEF]
MTELOMFERREHER LT VR, 77 AF v —ORMEICH L TIXY 7
7LV ADOREVPEEL . HEEFERPHBEELIZK WML THL EBEADND,

BYBEHEO HFERRICOWTIE, £ 2 MFfEDK (Limpawattana & Shewfelt
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2010) Lk (Bett-Garber © 2012) O AL FHMAFEAR IR SN TN 5D,
NAZBE LTI, Y — Koo (Lotong 5 2000), 7 7 > A X (Hayakawa
5 2010a). -~ (m—7) (Elia2011) “FEDHFEAERIHE S, 2 b OFHf
HEEOMIE LA Ao s (Callejo 2011) b5, LL., ZTHLE THL/SAH
DR GER R OWE 1T 2L Moo tz, NAX OFRERMEORIUCE LTI,
(4 X | TR B O35 | TRy OVEH | 0 3 5543 1SO7304-1 (2014) & 1SO7304-2
(2008) ICEZSNTNDITTET, ZHRRBRNO AR OERERMEEZ RS
IR+ ThrEEZOND, £, RAXDOHRD K AT AL —TH
. 77 AF v —I3KGDHDOEAL L & HITIMEGHEZ I AL T D720,
BREREAMHEE 2050k D 5 ZIBE L CTHEEMEZ G 2 2 L ITAS TiEkuy,
T ZTAREICBIT HDHIETIE, a7 X% (FEIZANTT 4) 1220
T, INEGHEL O FHI I 0O SR ROR R 2 B ISR ET A 2 TT 2 A F
— DRI L DB R/NRICIMA T, EFE UV 77 LU AZMLEE
BEREMAHFER R A HWET 22 L2 BN E Lo, £, HEEARRIZERRN20EH
HAE L, AAGERZZT TR SEFERBIER Lz, S HI2, HE L ERERHMm
HFERR DN EEROFH CHEET 2 Z L 2R T 272 0ic, HEEARREZEH LT
B REAEAm 2 54T L7,

2. Wk LOE

2. 1 2RRUYRE

AWFFEIE. R R SRR OB B3I K W KGR &= 1 TEM L -,
PN, RO EBIIC S E A 0T L SRS L7z 16 NDBERE DD
ANRGT 4 W OFHREI B L O ERINC Lo TR LI 74 (B3 4.
e 4 4) TR LTz, BRSNS Y R M, Rl A2 OEMRR S 5\
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TEERNREREEIZEAT 2 5-258 FORBREA L Th Y., 51T, 60 KL L
D /N R L O FLIR A 72 BRI IC A6 LT RBR A A L Qo B R O
FKxBhT 5 Cdlc> T, FEFHA LI OD 1 Kot >y g % 2 [
i U7-, BEA RO &8 IE O 720 OB RERH & X O ICIZ SR U 2 b
BEANBML, HEEERREZHWIZEREMORITIE 7 4% 6 £ D% U R K

NI T,

2. 2 Bk

SEIERETHEESNE ASAZ 112 B2 INE L= (Table 3-1), #F
%, REEOHITDA—"—<—07 v FHLWTHEHE DA —/—~v—57 > |
MBEEA, A Z =y FZBUTEA, 50T, BHMOREBRETA—T—
MO DOEBEAFICE > TNE LT, A THGEE T HNRZET, AT T ¢
(¢1.6-2.2mm) EFIANNTT 4 —= (¢ K15mm) L L, T=2TL/hEDE
EFVUF 100 % TELNTZBD & Liz, SR TIES NS A XTG4 & Lz,
ETORBOMHEIIME Th o7, #EHIZNZE 3009 L EAF L, Gk
B TORE 3FARND b Dz A,

HRER R OREEZ RN HED D7D, NFIVOFREIC L | INEGH B
DB REFFIEDFLINEIZ L7o 23 > Tkl % Table 3-2 IR L7k 970 4 7 v —T I
KAIL7= (Cherdchu » 2013, Imamura 2016 : Pujchakarn & 2016), #—® 7L
— %, TR RO A ATHLH S LER (>80C) Tl & HEE
SNDLHABIT, ZTNOHDOFRREL., OXORLRHY . REPE LT, <
RERIR N B DD oTc, BE_OTN—T1L, 770 B-{OX A ZTHLH
SRR (<80°C) TRz EHEE SN DB T, 2 b OFERER L.
KIADVE HNT, ORMEVHAICH -T2, HB D7 V—T71F, 7u X8O
AATHLH ST &R (>50C) TSI LHEINLIHE T, Znb
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DERERMEL, RENORLI HHOWVT, INEORENH Y | LCMEVWME NI H
Slce HUEOTN—=T1F, Tur Z/Wo 24 2 TH LH SHEE (<50°C) T
RSN CHEE SN OREI T, RO DOERBFMHIIREN S HONT, /hE
DJEIRDTR S | LMD D DM D o7, RIT, K7 —T D HAERE
ik Uiz, INFIPHOERERMEAMEMET 5 L 5. &FF 50 ikt 2k Lo, B8k
IZBWTIE, FEOREA DR ES 1 RBHIEEND L O ITEE L, £
RTEITN—=T0n6P 1 RHIEBRSNTWD Z L 2R LIck, 7%
D OFEHIER U RIMR e < SRR @I LT,

FESE LI HEE ISR MRRE T 2 2 L 2 9 2712, HEEIR 2 W2 ERE
PTG 2 AT Le, BREREI OFATICH W D 3EL L LT, & S LB RERER
RO R<FHIEND LD, BEIN—ThbA 2 TROBEZ 2 55 o8k L
leo B2 2 ) 7HRE LTeDT, F—JFEE TR L—7IZE5END
DIFAZ YV TROBTHSTT2dThHD, ZibD 8 FMEHZ DWW TIL, Hib®F
BT K 0 R de L7z (Table 3-3), oM/ S22 DEAEIT, BIESITEA
7210 RDOFERR D i &2 2 A 7 VXD E G (Peacock Model G, Tokyo, Japan)
THIE LTz, Hof A2 OREEIZ, 530EEE CM-5 (Konica Minolta, Tokyo,
Japan) 2LV 3WTHIE L-BAEE, 37205 CIEfE L*, a*, b*T& L7, L*
[FEBE%A 0-100 & LT, a*l3fERRKEWIZERALRS b ITEA KRS WIZ
EHOBNBNT LT, SR AN OREM S IX, V—F —BHME

(VK-8700, Keyence, Osaka, Japan) Z FiV N CTHIlE L 7= Rz i (10 A OM YO & &)
I DFEH L7z (JISB0601:1994), F 7=, Hilge/ A &2 1 3H% (Blender, Model
MX1200XTBUJ, Waring Products, Calhoun, Georgia, USA) (ZX YD 0.5mm D X v o
= AR D K 9IS L K HE BB K5 & £ L 4L AACC International
Approved Methods @ 44-19.01, 46-30.01, 08-01.01 IZL7=» CE&E L7, &

AEEIL, EREICREET 200 THEH L, EAEOFRE [ MEL, Orth &
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O'Brien (1976) D FELZLLT DO X HIZHE L THIE L7z, /SAZ O 0.5 g
(Hep#a) % 50 ml @ 0.05 mol/L FEl&IZ 1 el & L T, 5,000xg T 20 53f#]
SRR CiEL L, BERTIEMEEAEOBA (PSR) 13RO X 5 IZFE LT,
PSR(%)= (0.05 N Frfg|ZiafiE4 % B B E f(g)/#E B E &(g)) *100
BREREM A D /XA Z5ABHEL 100 g ZFHE L T, Ny 7 —PICKFL I N TV D HE
B CTHREMIC L7223, JKiEK (B 65-70 mg/L) 2000 ml O HF1 T Tz, T
KIZEBITMZ 2o Tey WAZPEAL LTI LT IZE THEIEYE, @ T
HHZHr R K D IR IZib D 7z, HESE W TR EIPH CREL SN TV D
SraiZid (B2 9-12 73) . T OHFH DR T Tz, £z, #ERE D TR OFEKED
MIRNG AR, B OREIDOLHER L TOTRMZRE LTz, 72E XX, H
P16, 1.7, 1.8mm O/ X OREHIZNENT, 8, 93P THI L & LT, #E
LD TRFE B L7 HEHIZKZE Y | W THEEEY (W) ZHEIEL, /<%
UA MM L, D THREEY (WD) 1Z5AZ B3P THITRINL 72Ky &
EORTHRET, ko X)X THE SRS,
WI (D THEED) (%) =
(D THDONRAZOERE (9) /P THRIOHEE A X OERE (g)) X100
R Y A MIRMET HEEOREORE T L% 70-80°CTH Y . FHMDOERIZIX
50CLLETHDEHIC LTz, £72, FHHIZ T 5-10 AT -7,
UL LB OFRRG 51T, FEASRIEEE & - AT O™ 7 I LTz,
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Table 3-1. Dried long pasta (spaghetti) samples collected for this study sorted based on the country

of production

Country of origin All collected samples 50 selected samples Samples for trial
evaluation

Australia 1 1

Belgium 2 2

Canada 3 3

Egypt 2 1

France 1 1

Germany 2 1

Greece 2 1

Italy 55 24 8

Japan 10 3

Malaysia 1 1

Mexico 5 1

Netherlands 1 1

Spain 1 1

Tunisia 5 3

Turkey 16 3

UAE 2 2

USA 3 1

total 112 50 8
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Table 3-2. Dried long pasta (spaghetti) samples collected for this study sorted into groups according

to their sensory properties

Group Sensory Estimated production All 50 selected  Samples for
properties condition collected samples trial
samples evaluation
die material drying
temperature
1 reddish, roasted  Teflon high 19 9 2
aroma, firm with (>80°C)
smooth surface
2 slightly firm, Teflon medium or 61 25 2
with smooth low
surface (<80°C)
3 slightly rough bronze high or 19 7 2
surface, wheat medium
flavor, slightly (>50°C)
firm
4 rough surface, bronze low 13 9 2
strong wheat (<50°C)
flavor, slightly
cohesive
total 112 50 8
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Table 3-3. Dried long pasta (spaghetti) samples for the lexicon trial evaluation and analysis data of the samples

Color Surface
No. Diameter
n=3 roughness
(mm) L* ax b* Rz (um)
n=20 brightness reddishness yellowishness n=6
1 1.70+£0.02d 56.46 £0.52 a 6.91+0.09 f 45.10+0.21d 20.55+0.91 a
2 1.83+0.02¢ 55.79+0.10a 8.08+0.12¢g 46.79+0.04 e 2325+239a
3 1.62+0.02b 58.98+0.19b 6.00 £0.02 e 4721+0.12¢e 1940+ 1.44a
4 1.68+0.01c 58.79+0.24 b 4.46 £0.04d 4522 +0.06 d 2091+216a
5 1.66 +0.04 ¢ 65.30 +0.21 cd 3.60+0.05b 4161 +0.06 ¢ 4126 +1.94 b
6 156 +0.02a 66.44 +0.65d 4.26 +£0.09 cd 37.29+046b 41.64+2.01b
7 1.90+0.03 f 65.03+0.54 ¢ 3.98+0.05¢ 35.59+0.49b 4546 £2.46 b
8 1.91+0.02f 65.72 £0.67 cd 3.11+0.02a 32.78+0.15a 76.22+9.08 ¢
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Table 3-3.  continued
Moisture Ash Protein PSR T Boiling
No. Wi ff
content content content time
(% wb) T (%) (%) (%) (9/100 g)
(min)
n=3 n=3 n=3 n=3 n=3
1 11.11+0.01d 0.77 £0.01 bc 1149 +0.02 e 21.23+£0.75b 9 2327+1.0b
2 11.02 £0.06 d 0.81+0.01d 10.88 +0.01d 16.69 +0.58 a 7 2041+26a
3 10.35+0.07b 0.80 £0.01 cd 11.82 +0.00 f 29.34+£0.40d 7 2258+3.3b
4 11.90 £0.05f 0.75+0.00b 9.62+0.03b 38.23+£0.25¢ 8 2321+1.0b
5 1168 +0.11e 0.76 £0.02 bc 12.01 +0.03 h 36.29+0.10e 9 2422+09¢c
6 11.03 +£0.04d 0.79 £ 0.02 bed 9.03+0.01a 2546 +£0.27¢ 8 2440+0.3c
7 10.59 £ 0.04 ¢ 0.65+0.02a 10.83+0.02¢c 4843 +0.59 f 7 2102+16a
8 9.75+0.04 a 0.82+0.01d 11.90+0.01g 41.84+094 e 7 2079+69a

T Protein soluble ratio for 0.05 N acetic acid solution.

PSR (%) = (soluble protein for 0.05 N acetic acid (g)/total protein content (g)) x 100

T Weight increase of 100 g dry pasta after boiling.

WI (%) = (weight of boiled pasta (g)/weight of dry pasta before boiling (g)) x100

1 % on wet basis.

Moisture content (% wb) = (loss of moisture after being dried for 2 h at 135°C (g)/weight of pasta sample (g))

x100

Values are means + SD. Different (superscript) letters indicate significant differences at p < 0.05.
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2. 3 MEEHRROMHEE

MBI <L Do, Bl OB ORI BN B TH 5720, 50 kA
B TR L, &30 U 2 RMEBNZE AR RO T HEEZZEEH L,
ANFY A RIS v v g T 6-8 Bl 2RI L 72, 2RO R I 6 70 LA THE
AL X R LT, "R A MIAREOFHBORIC 1 2R OKRE Z - 7,
=JR1% 22-25°C & L7,

ETOMGHFELZEFT L, U TONNRVOFRICE > THEZEMH Lz, £
T 2R OFEE T, MR RREOHFELHIBR L, WEIBEE L - RA 20 A
L7, D% 2 [N 7% 2 BRI OFERIC K 0 JHFREE-Ox 26658 2 A b L T
HEZHIR L., SB6I2, EANREREZ b HOHGEIL. H—DOBEWROHEEICS
fi# L7- (Lawless & Civille 2013), FHEE Y A MZOW TN EREITE LT,
26 [FIlZO72 % 2 FFRIOFREEATV, S THEZ ER ST, ThThUIH LT
V77 Ly A%RE Llc, BRerHio REIZIEL, &l Lo T A TE %
JREE (universal scale) & . XIZRECEHRICHHE L7 REE (product-specific scale) 73
H57 (Mufioz & Civille 1998 ; Arroyo & Seo 2017). AHFZE T, alkHE
D72 722 R 2 T 272018, AGRBHFICR L LI REZEH L, £V 7
7LV ADREEZRE L, &Y 77 LU RAOBEORRIL, 4% OFHMIZI
WTHEA OREE (B 15 mOREE, 10 AR, VAS RES) ~EHTE 5 &9,
i (ZVAR T —) 1ZxtT B /8—8 e L, BIFET 25/ 32X OBLERRIC
BB ED VUL E 100%, KIEDOL~ULE 0% e LT, FiHliHzEDO Y 7 7
L ADBEZRE LTz, VLEOFE T, 2~ U 2 MILEIZS CTRENO
IZBVIR SO 21T o 7,

feW T, A% ORHE 2 BT D BRIC. B ERERED & OREHBI T 50
WTDIFRERTD T2 OICE RN 21T - 7o, £ B RERFIEDY 50 AEHI A S D
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WEIIPEMEER L, GiEdl T, 0 I hzyy) 1 (RIS ihsd) ORET
T2 ufGc, 2B, U EORETOREIT, =i 22-25°C T1To 72,
FHFEARSRIL, AARGEMZEE LIZOBIZINEZRIRT 5 2 LI L0 5555k S
TERE L7,

2. 4 MEEEROA AR DO IZ 0 O Reatl ORI T

MR EZFE LBl 43T L, S5 HES BT CTH 50, HEEK
RNE BRI AN HERET D IOV THER LT, 6 L D/3K U Z RN 4 [A] 0D
0 Dy a AHEFE L, FHMEORTOFME LT, /<% U X MI TP
2 [BlDFHM 24T - 72,

AUBHI MR R E L 3D T v & ha— R&Ef L Aao/NMILZE Y (15T
RAYAMIBELT, 2SR U A ME 1.0 HAHD 0-10 OFRRLE ECTHEEOFE
PEZFHIE L7z, S3 U 2 ML, BBAEDL S 7T IROSHK TR 23
TEOfERLE, #MlX, =i 22-25°C T, &3 % U A MBZENENRID T —

TINTITo T, ML 2 Y K L7z,

&

i

2. 9

=i}

AT

BB OB RERHMIEIZ X, 24T (analysis of variance ; ANOVA) & a4y

=~

Z3#1 (Principal component analysis ; PCA) % L7z, §of S 2 Z 30O 73 i e
Wk LT, R A EZ % p < 0.05 & EF LT Tukey’s honest significant
differences (HSD) test 17> 7=, fEHTIZ1Z SPSS Statistics (version 22; IBM, Armonk,

NY, USA) Z Hu iz,

3. FERBIOELE
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3. 1 HEKRORES

50 ONAZEEZ AW AR Y A SN ESH LG HAELZEH L, 296 iE

|

DY A FEfl, ZLOMEHFEICONT, NRADOFHEICE > TRERA
FEEHIBR L7z, 72 & 20E, TE 72 (fine color derived from high-grade flour | |
R [ 3 72 5 (afaint off-odor) | @ X 9 72 HEEIL, BEMEE S EHEMS L
ITHIE 7 HREE LTHIBR L7, F72, TRV < TV & W o 72 Fifro K
SRR T DRI AMISE ORI G4 E L CHIBR LTz, 72 b, KIEF A A
DIDEAICLVIREDL DD TH Y, KSEZEZEOMEANRLET LIV, K
SICERLTELDZNARZDT 7 ZAF v —Z il R & LI TR ERRES L
TIHFEDTHDLEEZX TN THD, 0%k, MEICEU LG HEERE
L, BEELTVWALDOEHIB L., 728 201E, T8 &5 (rough) | 12 TEH-
< (rough) ] EXBITDHZENEEL W=D, VA MPBHIBRLEZ, LLEDORGERE
HIZk-oT, BRIV AL LTO0EE OMILLTEE, &Y - AL 36 7EH, 77 A
F ¥ —375F) Z1&7- (Table 3-4),

S DICRFHEZIT - T, HEEOREFEL 7V —7 L, &7 —TOhoi
KRR MFEL . EICHEREO LT SITH EDOWTEE L, =& xIE TR
KD % (reddish) | & [ZEEV (brown) ] 1X/32 % O FEIZEBW TR C
FrE A G LT HERGR L AR SND ., TRZDOH % (reddish) | DF525 & 0 B
ThHoHTD, THE (brown) | ZHIBRLTZ, £/, A Z OFEREFHIIZIHB
Ti, I<FTAZE (dull)] & MBSV E (bright) | 1Z5E5EETH © — AR O
BT CEDRZEMD, EHLON—DIHAETHILENTEHEERT, *
2T IKFAEE (dul)) OFPERTIET RO THOFHILLT NI &b,
T 5 (bright) | ZHIBR L7o, SofERI7Z2HEEY A M, Table 3-4 127”34 K 9
(Z3BFETH o7z, RIC, 7S, RERUEE L7z 50 UL 0 62 RUED

INAZNZODONT HEBRICEHE L T, HEEOBMN W & 2R L,
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FREGFEIC R LT, NV OFRRICK D EROTEITW, V77 LR %
RIE LTz, B0 T, [7A7 7 (aldente) | (X, 3% %4 &HIE
T D EMERZREFIE T, TRV /950 23l g 5 E B RFMETIIRW L DEE

CELE, [TVFT T 342U T3EO aldente (HI2%47-5%) ZERE L, H
ARFETHHKEL LTES L, AL DOT I AF v —&fiGET oI L b
NTW5, HLIEEFE2EICBWNTS, [TAT U7 13 TEEREKSES D
FOLEBIC/ NS IR PPRICE A TR TH 5 ) LT D, £Z T, ZOHE
DEEEICHRIC S 2 N K2 D) LER L, T2 <HWER DTN
UL E IR > TV D REE) L OB b INA T, MEOFEL LRVWEN
HI72 8L & Wy D (E TL7, £72. TL® VD L&Y LU (Grittiness)] &
R (flakes) | HEMEHIZREFH L WO ALESITIC L, Zo 25FE, BEfZ
BIANZBIRBA LT LS MEO LR S 5 WIS TEOHR 25T 500
T, g/ ] TLAFITE RN EBEIbNIENLThHD, Thb 33E
[ZOWTIR, HEEERRICITEEMZEBL L LTRi#iT o2 L & LT

FRGENZTHRED 50 BEHE N ZIUCRA S D00 E ) iR L <, HBUE
FEZ R0 72 (Table 3-5) . 26 FFPEIIRI -5k (46 %LLE) ORUEHII W TR S 41,
Z D9 B 18 REEIT 90 %Ll EoEHI R W THRAaT S iz, 2o 26 FiE (HEE
TNA L OGERHIZ BT 5 —fREVR BB R EALES T 2, —, KD D 9

MV, B S A7 BB B0 BB 5 B 7 RUEBHLLTE (15 %) Tl o7z (T4
Lk (astringent) | [53 £ D20 (bran) | T2 FE D XK 5 72i2F0 (cinnamon) |
[F1 0% D80 (chlorine) | T =2 — > D23\ (corn) | TR 7212 350 (pungent) |
[T LD L 972 & L (rubberiness) | TU 2V LW LU (grittiness) | [
(flakes) 1), 24U 9 FHIE. & 2 HKFE D Ry PRUE SR AT O B RERr M 2 3 B
TORBRIGHFEL LTI 22 8IC e, ee R, Tv 'O LSRRI
By (cinnamon) | X, EIEICRE L L TAL — b7 B —N—3FTH 5 1M
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THIE SN N2 EFREE THRRAZNORAINSFETHL, ZhbD
Rk AR, 2 < O/ 2 OFREFHIIIC BV TR S D ATREMES B VDS, &
DR B R A Tl G & TS ITIE, HELRMGE L L THIET 2 L5 2
BY (A

MFEARIZ AAGE THEE LT O BIZHRGERZ B L. & IF % Table 3-6 (7R
L7z, FMEHGEIIAFOETRRL, ERL V77 L A&ZG# Lz, JATht
TS LD HGEARROBITIR, 77 AF v —D U 77 L ZZHIRO R W
HID Z ENEH-7- (Hongsoongnern & Chambers 2008 ; Belisle & 2017 ;
Griffin & 2017), LU, "AZ OERHIICE W T, §FlleT 7 A F v —
FHmANRFICHEZZ L B R, AZETIR, 727 AF v —ORMEIHT o) 77 b
VADKEMEIR LD LR DX OB L., £0I2), U7 7 L Ak &
ZOEFENHTL2OTIERLS, AT LRGP ZRE L, St BE
FICFE T 2 LT L,

35 FE TR S D BB 72 REIRSRIZ, MBI 3. &Y - BBKR 1155, 77 X
F ¥ —19 FEPL D bDOTH 50, SMIRER LOFD - BIKRRIETIE, 5
FREZFHPMENS S LI EL, 77 AT v —TIHEREEOBLAO LML
T, WEELmbL, v 727 2 =K1 —LEER LT (Fig. 3-1),

MEEOREL A 7T 2 ) —Z & OMFERIE. HEEAREZEEO BRY7ZT TR k)
LRI L > TEDD, T2 2IE, a—te—d, ZIRCOREEOF LR
WRdH 57D, 2— b —OHFEAERIZ1L27FENHRD, DI H6LEENEFD T
23 FESHE - EKTH > 72 (Hayakawa © 2010b), Chambers & (2016) 72345
L7z a—b—RARICET 2 HFERRIZBWTY 110 FEL H o7z, #HiELESe
DRI D~ v T — 2Tl 5720 O FEEARR I 20 EORBEFE LS 11 fHo
T 7 AT v —FEED BRERL STV 2 (Suwonsichon & 2012), ZiuiE, v =
—OERFEOHHA A — =KD BN LML TWD EEZDND,
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Flo, BEOHGERE T 7 AT v —OHFERIL. ENEhOhT T —OERE
Rt OEFESCEEME L KL TWD EEXBND, 77y R —E—YDH
FERRIT 14 FEOMERC T, SMBLIC 455, IZHBUWIT 358, BBRIZ 335, 77 AT ¥
—IZ43ETHD (Pereira » 2015), ZDZ i, 77y RY—t—YVDERE
FPEOE@EN 2 —b — L L T/hanWz &, 79y RV —E—VDREIC
BWTIX 4 D2 TOAT Y —PNHFIZEETHDL L W) ZERHRIND,
AWFIEN BN TIRIK LTS A X OFRERHE &2 KRBT 2 72 DI 27 HEE O EL
[ 3BIENSINTEY, a—e— R LIEGE, SIFELTR A H

DEREFFHEDOZENENS 72— —FOBIFMIEELE TIIRWI L 2B ET D5 L.

FERE LTERETHD EEROND, FZOHEERRIIBNT, 77X
F¥—Z2RKETOHEBEBOHE K bEWI &L, TRETRHFBESINTEELD
T 7 AF X =S NAZDEBEREERBETHL L2 L TVNDEERD
nNs,
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Table 3-4 Consolidation from the second list to the final list

Appearance
Second list Final list
AU Yellow 4 Yellow

H-IXVY  Whitish

RHD &% Reddish
A5t Brown
F LUt Orange

Bl 5\ Bright
<FHNRH5H  Dull
JKE Grey
FHAND>TW5  Bluish

BERN S5 Speckled

728 57372 Smooth

DRV D Glossy

EENH 5 Clear

HF AT LU Glossy with wet surface
IHO%XNH%  Rough

HZW2 & T Dry

1LY 2% 5 No shrinkage

R Reddishness

<94 Dullness

BEsL  Speckledness

2 502X Smoothness

Second list

Aroma/flavor

Final list

INERYDIZIYY Wheat flour (aroma)
INEDIZE Wheat (aroma)

fig{t 5  Oxidized (smell)
fefb i Oxidized (flavor)
HUWZEVY  Old crops (smell)

/NEDIZEY Wheat (aroma)

WM DIZE  Deteriorated grain

81



HZFEYY  Old crops (flavor)
BOHOIZy  Bird feed (smell)
B DIZF  Granary (smell)

B oEM:  Grainy (flavor)

INERYDJEM:  Wheat flour (flavor)
/NEDIZTE Wheat (flavor)

2 FBE Umami

ok Sweet taste

H UV EBE  Sweet (flavor)
Hurizksuyy  Sweet (aroma)

FIE LWV Toasted (aroma)
1572128\ Dark roasted (aroma)
JE R Roasted (aroma)

FIX LW EBE  Toasted (flavor)
FEIF 7= JEBE  Dark roasted (flavor)
RERIE  Roasted (flavor)

FY 7212380 Pungent

J1VFDIZEV  Chlorine

I —DIZFBVy  Corn (aroma)

T DIZEVY  Cinnamon (aroma)
T FE @AM Cinnamon (flavor)

ST FEDIZEVY  Bran (aroma)
ST FOEBE  Bran (flavor)

z < Acrid

MEMk  Astringent

2Bk Mouth-puckering

DL H7RIZBVY  Grassy

B X 9 72128V Straw-mat (aroma)
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INED D F I Wheat (flavor)

Huvizkvy  Sweet aroma

JERIE Roasted aroma

FII 7212380y Pungent

JIVXDIZEV  Chlorine

a—DIZFVY  Comn

'O X H 72128V Cinnamon

5T FEDITIE Bran

MERE  Astringent



o X 9 72128\ Soy sauce (aroma)

ATy 7 A DFEK  Corn snacks (flavor)
MBT DL 95727V Deep-fried bean curd (flavor)

MERIR ] & UhEolizBuvw) & THWZEBW)
(257

”

Separated into “roasted aroma”, “wheat aroma” and

“sweet aroma”

MERIR ] & TEWEB OB (23%

Separated into “roasted aroma” and “deteriorated

grain”
Texture
Second list Final list
I H25<  Rough X 5-25%  Roughness

725 57 Smooth

L7227~ Flexible

Fm N EEVY - Surface being firm
FMEASEK S A\ Surface being soft
W& % Elastic

50 50 L7 Resilient
H AU Fragile

SR H A
EZIEF L
Perceived retrogradation (dry and crumbly)

Core being crumbly

vy Firm

=Y =Y L7 Hardtochew
bbb Soft

Mg 2s KUy Cutting off slashingly
525517 Breaking off lightly
% Dense
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L7220 & Flexibleness

FwEIOM X Surface firmness

/) Elasticity

A X Fragileness

il X Firmness

HEl o X & Slashingly cutting off

S5 DL L Lightly breaking off



XXX L7 Porous
NY XY L7 Light
ARF¥ARF L7z  Snappy breaking off

ZL2aHD  Core being tough
LZ LZ L7 Corebeing chewy

LE o7& Tight

kEt23 3 5 Cohesive

tHHH L7c  Rice cake-like (cohesive and chewy)

<HBxo< Limp

B2+ < Adhesive to teeth

¥y -1EVy  Powdery

KA~ 7=>< Bulky
f+#% LT\ % Pasta strands adhere to each other

W2 N5 Chewy

TIVT 7 Aldente

A=Y =Y L7z Thin core being firm
TRV Core being perceptible

LD X 972 Rubbery

LY L2 L Grity

ST EORK Bran
#H Flakes

Z L Core toughness

FEME Cohesiveness

<H2-D2&  Limpness

WA < U Adhesiveness to teeth

¥y~ X Powderiness

EHED7=->%  Bulkiness

W5 % Chewiness

TIF T Aldente

IO K H 7L Rubberiness

LY U LKL Grittiness

¥ Flakes
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Table 3-5 Frequency of attributes in 50 dried pasta (spaghetti) samples

Category Attribute Number of Ratio
detected
samples
Appearance H Yellow 50 1.000
Appearance 72 HE Smoothness 50 1.000
Aroma/flavor /NEDIZEYY  Wheat (aroma) 50 1.000
Aroma/flavor /NED 5 FFH Wheat (flavor) 50 1.000
Texture FimOfE X Surface firmness 50 1.000
Texture /) Elasticity 50 1.000
Texture H A X Fragileness 50 1.000
Texture M7= S Firmness 50 1.000
Texture pEliLo X = Slashingly cutting off 50 1.000
Texture S5 DL L Lightly breaking off 50 1.000
Texture Z L Core toughness 50 1.000
Texture AhitE  Cohesiveness 50 1.000
Texture Bglts 2. Chewiness 50 1.000
Aroma/flavor HUMZHYY  Sweet aroma 49 0.980
Texture L7222 &  Flexibleness 49 0.980
Texture ¥y>1XE Powderiness 48 0.960
Texture 7T 7 Aldente 47 0.940
Appearance BEsL  Speckledness 46 0.920
Appearance < 4% Dullness 38 0.760
Aroma/flavor JERISR Roasted aroma 38 0.760
Aroma/flavor WY OIZEY  Deteriorated grain 35 0.700
Texture FHED7=>%  Bulkiness 35 0.700
Texture WA < BT Adhesiveness to teeth 33 0.660
Texture <HLDE  Limpness 31 0.620
Appearance 7R7  Reddishness 26 0.520
Texture X5-2%  Roughness 23 0.460
Aroma/flavor RO L D RIZBYY  Cinnamon 7 0.140
Texture TLD X972 L  Rubberiness 4 0.080
Aroma/flavor ST FEDITEV Bran 3 0.060
Texture L0 L LT Grittiness 3 0.060
Aroma/flavor A 7212 80 Pungent 2 0.040
Texture % Flakes 2 0.040
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Aroma/flavor a—2DIZEBV  Corn 1 0.020
Aroma/flavor MERE  Astringent 0.020
Aroma/flavor JIvFDIZEVY  Chlorine 1 0.020

[EY

Each sample was assessed for the presence of each attribute.
The double line separates the general and specific attributes.
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Table 3-6 Wl > 7 /XA L (ANTT ) OFHEEE & £

ik TE % I Loz V77 LA (BRLAK)

S8,

i EE, DTS TE51050%IC 70% = T =T /RO FLE (K5

Yellow B2 AN 0.57%) M HIESNTZ 2L (] ~ -+~
—TVLIT AT VLY RARTT 1 ¢l7
mm) ZRANLIZHD
0% = R —%K (F RERMmM 13
VAV TR LIz SAZ ZRA VL
~HD

IR RWVE TR H D, WD THID - TE5-10531%1C 80%= XA/ XA X (fi]~ « ~— AR

Reddishness

<FH
Dullness

BEAR
Speckledness

TR HINE
Smoothness

Gy S

INEDITE W
Wheat (aroma)

e ST R T 2,

ST E RO kD
et L < I3 EREAOHE
RRIABREND,

OB, HTHTL
<, REMP7RDHINTD
5205 LTN5,

INERFRE DD,

RIS %,

W} THI - T 5-10 5412
Pl %,

P THA > T 51073412
R 2.

P THA > T 5107341
R 2.

WD T BITITB N IR
THAM T %,
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ZT 4 el.6mm) &R U AELEE
T 85°C4 REfEIMEAL T ARA L LT
D

0%= 7 =7 L/NEOHFLE (K
0.57%) MNHIELNTZ/RAZ (B <« <
—TVIT AT VLY RARTT 1 9l7
mm) ZRANLTZHD

100% = 5 ) 450y (] RIESmH T4
—a ) OENRAX FRSISERT
24 FERE L T D ARA NV LIZH D
0% =7 =7 L/AEOHLE (K5
057%) NHELNTZ/ AL (f] < - <
—TVIT AT VLY RARTT 1 9l7
mm) ZRANLIZHD

50% = (AFZEP] L TV, FRASEM
DBER DB DHNAZERANLIZHD
0% =7 = 7 L/NEDOHILE (K5
057%) NHELNTZ/RALE (] < - <
—FVIT LT LY RANRTT 4 gl
mm) ERANL7ZHD

100% = 7 = 7 L/NEOHLER (K5
057%) MBIESBNT 2 X (] = -~
—TVLIT LT VLY RANRET ¢ ¢l]
mm) ZRANVZIKTLDZHD
10% = 7 XL A A THRELT-/3A
B —"—=RA N LI=bD (B T4
F = a1l FR 953 % 155K A V)

100%= 7 = 7 L/hFEOEEYF (il A
TER R TUA—x]) [ZKZIMA TH
D (EEYVF k=115, EFLY
T 5,



HWEYOIZB N
Deteriorated grain

INED D FE I
Wheat (flavor)

A
Sweet aroma

R LR

Roasted aroma

HIPREY 72z F 0
Pungent*

BIXDIZIBUNF
Chlorine*

a— 2 DIZBNF
Corn*

CFEVDL O
lZRBWF
Cinnamon*

ST EolIzHn
Bran*

METR™*
Astringent*

T AT —

IO
Roughness

LA =27 NV A VY )
FLR,

NEEFA ORIk - &%
B DFEH,

TASALREMICEED
RSN

BRI L > TAEL D
JSYUE

BORESLERIT XD
BV,

HIVFDIZEY,

WTEHIHAHZ LER
DEDITB,

TlEU BB AA—
M a—R—2lbED
(B SIAN

STEEMpELICEB

W,

Z MR, TERR, R 2
AR L & ik
MR ORI,

KEIH E 2D 5 IRHE,

WD TIHITITB UV Z IR
TR %,

e S 2
2,

W eI - T 5 3H%ITIT
BWEBRNTHEMT 2,

WD eI T 5 3%ICIT
BWEBRNTHEMT 2,

QT EAZITITIB AR
WTHHET 2.

P CIEAITICE VAR
WCHEHET 5,

P CIEAITICE VAR
WCHEHET 5,

P TIRZITITRBWL 2R
THAM 5,

P THA > T 5431%ITIT
BRI TS 2,

DT T EHHBICE
NS B,

HifR 3 A% DI A L., F
ZEH L CEMET %,
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100% = (T & & (TR Mgz s
XTI 5T 1FEER]D ICBKEIER
Wb D (1XEE: k=11)

80% = 7 = 7 L/AhEOTLE K5y
057%) NHIELNTZ/RAL (f] < -~
—TVIT LT LY RARET 4 olT
mm) ZARA /L LZHD

80% = 7 = 7 L/NEDFLHEE (K5
057%) NHELNTZ N2 EZ (B ~ -~
—TVIT AT LY RANRTT 4 0l
mm) ZRANVLIZHO

80% = kAR SR L (fi] v+ v —R
NTT 4 @lomm) AR Y IR AFUELEA
JE T 85°C18 FERIAEA L TH B AR A L L
=bD

100% = HiE & D VIHRIRRE (80°CLL
T) o2 E B T4 F = asll) &
L., AAGEEWEERZIAELDZY &
L7zizkBwn

100% = 2.5 ppm K i SE BT R U 7 Ak
T

100% = bvET =Y (FfEN) &5 4
DT H D,

100% = AA — k7 B —/N—=D/N—TF
e

100% = 5| & o4kcky (B B g
[Z——T 7 A L n—F]) (k&I
2T (B : k=11) 2= MRICHEED,

100% = Hig ARV T (B e
o7 (=T 5 F ) O ), Mk
NIRRT EDEART, 7T v h—a—r
T L— 7 BRETIEET,

80% = 71 XE A A CHESE L 728 A
BT o B—R_A N LT Bl 54 F=
TSIl TR 9% 8y RA V), il (2%)
EESL, T v TN T RBERT
%, BFLUUIMEALEZ LD

10% = —fiRAI7R/SAZ AR AL LTIZ G
D Bl =« v —=ZAN T T 4 el.lommE
RT5Y)



L7 s
Flexibleness

K O S
Surface firmness

W
Elasticity

HAHS
Fragileness

PRVl
Firmness

o kX
Slashingly cutting off

EOSEOLEREL
Lightly breaking off

ZL
Core toughness

HOPTHELeANC R L 5
N5 L> TRDEL,

Bg ChTNER S
Jo L ETIND I DRE
X

Co

B CTIEAI DD & &
Bk, KT 5
BN EME & fRbR L7 & &
DRI I,

D Lo TREIC AN T
W< AR

BB TR A2 5T DI
i ioRE X,

BInasd 2 E TR0
MHH, IG5 & A
AP Rk (Y =

ZERBENH 0 | BOERR,
S0 UMD L,

W A1 U DI 6B A Fg A
NS FROD LR A
BIET DI DD DR

L
&

HiHR 3 A% DT AfL, &
& O CIEMG L fiEbRE
5-6 [El{§ 0 KT,

HlifR 3 A % BLp g < £
TS TRHIT %,

gk 3 A % Wl TR
ML, £k, JI&fsR
T,

A 3 A L TR
%o

SR 3 A % B T A
57,

H#R 3 A % WL TR T,

i 3 A & L H CIET e,

iR 3 A 7 B Tl e,
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90% = M RIRFIGED A HZ (B XY T
¢1.7mm R 94)) ZARANLI=bD
0% = TRE: (BOCLLT) 27 v % —
RANLIZHD (] 74 F = a#ll FoR
953 % 45y RA L)

90% = — AR AL (i~ - v — AR
T4 el.emm) %R YR ANFLEE
T 85 C24 BBV L T B ARA NV LT2
D

10% = — kAN 72 /SR B B A — R —aR A
NLTZb D (il ~ -~ —RZRTT 1 ¢l.6
mmER T % 155 R A L)

90% = R AL (] <= - = — R
RETT 4 @l.omm#FEIR T 57) & 4R LA
FAKEERIC 34 A L L, AKEAKTH
LLZbD

10% = —fRIN7R/NA K e A — =R A
NI D (B = =—ZRTT 4 ¢l6
mmFR 7 5% 153K A L)

100% = —fxMy72 X2 % (B ~ - ~—2A
INTT 4 el.emmBIRT ) R A L,
W Q2w ZFS5L, vy T ENTT—
WD LRAF LT b D

10% = —fRHI7R RA X ZRA L LTZE
D Bl =« v—=ZANFT 4 el.lommE
~T157)

80% = B FIRFIRD AL & T o F—
AANVLIZbD (Bl NY T ol.7mm £
R4y E BAyRA )

10% = —MEHI7R /R A K & F— R — R A
N LTebD (il ~~—Z T T 14 ¢l.6
mmFER 755 % 155K A L)

70% = /RAX A —_"—RA VLI
D B Y T el.Tmm FoR 9% 1357
KAL) ZRKEKTHRLIZLD

10% = 2% (FTaaT7 /N EOEE
U 7 1009+ 7k 30g IR A%, ¢l 9mm 7
TuarE AL ATHLEL) %3508 A4
AU, T F AT T 20-40 4 JikiE,

60% = F{REME (BOCLLT) o7 =5 Y
—=ETUE—=RANLTbD (] T
4 F = a#l0RR 6% 453 RA L)
10% = —fRIIRNA A ZRA L LTS
Dl =« ~—AFT 4 ¢l.6 mm E
RT5Y)

0% = E"RAY (T a2TLNEOERE
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FIRUEALATHLHL) & 255K A
NLTZHD

10% = —fRI72 /R A X & A — N —R A

NLIZHD (il =~ —ZTT 1 9l.6
mm R 745 % 1558 A L)



Kt
Cohesiveness

<HroE
Limpness

HZAT T
Adhesiveness
to teeth

WmolFx

Powderiness

KMl DRT=DOX
Bulkiness

s R
Chewiness

TNT T
Al dente

T F- 1 U DI B 72 Sk
INSVR, AL D ET
DOEBNBKREL, O,
W) 5 & &I R&E N
Minin % IREE,

ERLLT L, bbb
WV, EEISAE D IR,
YIS HE N,

NELIE LTV D RIS,
WATET DI,

i

EDINERDINIZFE - T
WHEHRET

HHARAR B O 25 PE DS BR
Bt

B2 10 BT DIZ B
o E

L N N Nl R PN fa &
LM VERE, <A
WER DTN LS
25> TV DkE, (M
8L

R 3 A % WL TR Te,

i 3 A& R 5,

FHR 3 AR VMR 5,

FHR 3 AR WENR T 2,

FHR 3 AR WENR T 5,

Hifp 3 A% 10 [EVEME S
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FHR 3 AR 2,
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RT5Y)
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Table 3-6 (continued) Dried long pasta (spaghetti) attributes and definitions

Attribute Definition Technique Reference
Appearance
Yellow Yellow. Evaluate the sample 5-10 70% = boiled pasta made from durum wheat

Reddishness

Dullness

Speckledness

Smoothness

Aroma/flavor

Wheat (aroma)

Deteriorated grain

Wheat (flavor)

Reddishness.

Lacking brightness.

Brown or black specs
originating from bran or
germ.

Glossy, watery and smooth
surface.

Aroma associated with
wheat flour.

Odor associated with

deterioration of stored grain.

Flavor associated with
wheat flour.

min after boiling.

Evaluate the sample 5-10
min after boiling.

Evaluate the sample 5-10
min after boiling.

Evaluate the sample 5-10
min after boiling.

Evaluate the sample 5-10
min after boiling.

Sniff the sample after
boiling.

Sniff the sample after
boiling.

Taste the sample after
boiling.
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grain core (Ash content 0.57%) (e.g.
“MA-MA Premium Blend” spaghetti ¢1.7
mm);

0% = boiled pasta made from high-grade
bread wheat flour (e.g. “Million”, Nisshin
Flour Milling Inc.).

80% = boiled pasta (e.g. “MA-MA”
spaghetti ¢1.6 mm) heated to 85°C for 24 h
in a thermostat-controlled oven before
boiling;

0% = boiled pasta made from durum wheat
grain core (Ash content 0.57%) (e.g.
“MA-MA Premium Blend” spaghetti ¢1.7
mm).

100% = boiled fresh pasta made of
normal-grade bread wheat flour (e.g.
“Ocean”, Nisshin Flour Milling Inc.), kept
for 24 h at room temperature;

0% = boiled pasta made from durum wheat
grain core (Ash content 0.57%) (e.g.
“MA-MA Premium Blend” spaghetti ¢1.7
mm).

50% = boiled pasta with brown or black
spots, which were observed in products
without color sorting;

0% = boiled pasta made from durum wheat
grain core (Ash content 0.57%) (e.g.
“MA-MA Premium Blend” spaghetti ¢1.7
mm).

100% = boiled pasta made from the durum
wheat grain core (Ash content 0.57%) (e.g.
“MA-MA Premium Blend” spaghetti ¢1.7
mm), cooled in water just after boiling;
10% = over-boiled pasta extruded through a
bronze die (e.g. “De Cecco” #11 boiled for
15 min).

100% = mixture of durum semolina (e.g.
“Leone”, Nisshin Flour Milling Inc.) and
water (1:1.5), heated with a microwave
oven.

100% = mixture of adlay (e.g. “Cereals
cooking club adlay”, Hakubaku Co., Ltd.)
and hot water (1:1).

80% = pasta made from durum wheat grain
core (Ash content 0.57%) (e.g. “MA-MA
Premium Blend” spaghetti ¢1.7 mm).



Sweet aroma

Roasted aroma

Pungent*

Chlorine*

Corn*

Cinnamon*

Bran*

Astringent*

Texture

Roughness

Flexibleness

Surface firmness

Sweet aroma unique to
starchy food.

Roasted aroma, which is
perceived in pasta dried at a
high temperature.

Sharp, strong odor.

Odor of chlorine.

Aroma associated with
boiled corn.

Aroma associated with
cinnamon or sweet clover.

Aroma associated with bran.

Complex combination of
roughness in flavor, such as
astringency, bitterness and
harshness.

Surface roughness.

Capable of being bent and
returning elastically to
original nest structure of
pasta strands in the oral
cavity.

Resistance to slight
deformation with the
molars.

Sniff the sample 5 min after
boiling.

Sniff the sample 5 min after
boiling.

Sniff the sample just after
boiling.

Sniff the sample just after
boiling.

Sniff the sample just after
boiling.

Sniff the sample after
boiling.

Sniff the sample 5 min after
boiling.

Taste the sample 5 min after
boiling.

Place three pasta strands in
the mouth and move the
tongue.

Compress three pasta
strands 56 times between
the palate and tongue.

Deform three pasta strands
between molars slightly.
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80% = pasta made from durum wheat grain
core (Ash content 0.57%) (e.g. “MA-MA
Premium Blend” spaghetti ¢1.7 mm).

80% = pasta (e.g. “MA-MA” spaghetti $1.6
mm) heated at 85°C for 18 hina
thermostat-controlled oven before boiling.

100% = sharp odor emitted just after pouring
hot water on the pulverized pasta dried at a
medium or a low temperature, i.e. <80°C
(e.g. “De Cecco” #11 spaghettini).

100% = 2.5 ppm sodium hypochlorite.

100% = boiled fresh corn.

100% = herbal tea (sweet clover).

100% = mixture of finely milled
whole-wheat flour (e.g. “Super fine hard”,
Nisshin Flour Milling Inc.) and water (1:1).

100% = breakfast cereal made of whole
wheat (e.g. All-Bran®, Kellogg’s®). Crush
with crackers or cornflakes as needed.

80% = under-boiled pasta extruded through
a bronze die (e.g. “De Cecco” #11
recommended cooking time 9 min, boiled
for 8 min), coated with oil (2%), kept
overnight in refrigerator, heated with
microwave oven;

10% = ordinary pasta boiled for
recommended time (e.g. “MA-MA”
spaghetti ¢1.6 mm, recommended cooking
time 7 min).

90% = boiled pasta dried at ultra-high
temperature for recommended time (e.g.
“Barilla” spaghetti ¢1.7 mm, recommended
cooking time 9 min);

0% = under-boiled pasta dried at medium
temperature, i.e. <80°C (e.g. “De Cecco”
#11 recommended cooking time 9 min,
boiled for 4 min).

90% = pasta (e.g. “MA-MA” spaghetti $1.6
mm) heated at 85°C for 24 hina
thermostat-controlled oven before boiling;
10% = over-boiled pasta (e.g. “MA-MA”
spaghetti ¢1.6 mm, recommended cooking
time 7 min, boiled for 15 min).



Elasticity

Fragileness

Firmness

Slashingly cutting off

Lightly breaking off

Core toughness

Cohesiveness

Resistance and resilience to
deformation with the
molars.

Easily breakable texture.

Force required to bite down
on pasta strands between the
molars.

Being cut off sharply and
easily after cracking, even
though some effort is
required to crack the pasta
strands.

Porous and light texture.
Little effort is required to
break off the pasta strands.

Resistance of the core of the
pasta strands to being bitten
with the molars.

Force necessary to bite
down is high and strain is
large at breaking, even
though the force necessary
to deform is low.

Compress three pasta
strands between the molars
partially and remove the
force.

Compress three pasta

strands between the molars.

Bite down on three pasta

strands between the molars.

Bite down on three pasta

strands between the molars.

Bite down on three pasta

strands between the molars.

Bite down on three pasta

strands between the molars.

Bite down on three pasta

strands between the molars.
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90% = boiled pasta (e.g. “MA-MA”
spaghetti ¢1.6 mm) for 3 min, cooled in tap
water, after being soaked in water for over 4
h;
10% = over-boiled pasta (e.g. “MA-MA”
spaghetti 1.6 mm, recommended cooking
time 7 min, boiled for 15 min).

100% = ordinary pasta boiled for
recommended time (e.g. “MA-MA”
spaghetti ¢1.6 mm, recommended cooking
time 7 min), coated with oil (2%), kept
overnight in refrigerator;

10% = ordinary pasta boiled for
recommended time (e.g. “MA-MA”
spaghetti ¢1.6 mm, recommended cooking
time 7 min).

80% = under-boiled pasta, dried at high
temperature (e.g. “Barilla” spaghetti ¢1.7
mm, recommended cooking time 9 min,
boiled for 5 min);

10% = over-boiled pasta (e.g. “MA-MA”
spaghetti ¢1.6 mm, recommended cooking
time 7 min, boiled for 15 min).

70% = over-boiled pasta (e.g. “Barilla”
spaghetti ¢1.7 mm, recommended cooking
time 9 min, boiled for 13 min), cooled in tap
water;

10% = fresh pasta made of durum semolina,
extruded through Teflon dies (¢1.9 mm),
boiled for 3.5 min, kept for 2040 min after
boiling.

60% = under-boiled Fedelini dried at
medium temperature, i.e. <80°C (e.g. “De
Cecco” #10 recommended cooking time 6
min, boiled for 4 min);

10% = ordinary pasta boiled for
recommended time (e.g. “MA-MA”
spaghetti ¢1.6 mm, recommended cooking
time 7 min).

90% = fresh pasta made of durum semolina
(e.g. “Leone”, Nisshin Flour Milling Inc.),
extruded through Teflon dies (¢1.75 mm),
boiled for 2 min;

10% = over-boiled pasta (e.g. “MA-MA”
spaghetti ¢1.6 mm, recommended cooking
time 7 min, boiled for 15 min.

100% = fresh pasta made of durum semolina
(e.g. “Leone”, Nisshin Flour Milling Inc.),
extruded through Teflon dies (¢1.9 mm),
boiled for 3.5 min;

30% = ordinary pasta boiled for
recommended time (e.g. “MA-MA”
spaghetti ¢1.6 mm, recommended cooking
time 7 min).



Limpness

Adhesiveness
to teeth

Powderiness

Bulkiness

Chewiness

Al dente

Rubberiness*

Grittiness®

Deformable, tender and
non-adhesive texture.
Non-crisply cutting off.

Adhering to the molars
during mastication.

Feeling of uncooked raw
flour

Pasta strands adhering to
each other.

Force required to masticate
the pasta strands 10 times
with the molars.

Pleasant texture caused by
slight resistance to the teeth.
Thin core of boiled pasta
remains slightly uncooked
and dehydrated.
(qualitative)

Rubbery texture. Difficult to
chew.

Feeling of some sand grains
between the teeth.

Masticate three pasta
strands.

Masticate three pasta
strands.

Masticate three pasta
strands.

Masticate three pasta
strands.

Masticate three pasta
strands 10 times.

Masticate three pasta
strands.

Masticate three pasta
strands.

Masticate three pasta

strands and evaluate just

after swallowing.
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50% = over-boiled pasta dried at a low
temperature, i.e. <50°C (e.g. “Setaro”
spaghetti 1.6 mm, recommended cooking
time 7-8 min, boiled for 13 min);

10% = over-boiled pasta (e.g. “MA-MA”
spaghetti 1.6 mm, recommended cooking
time 7 min, boiled for 10 min), cooled in
chilled water, coated with oil (2%), kept for
3h.

80% = cooked pasta in microwave oven (e.g.
“MA-MA” spaghetti $1.6 mm 30 g and
water 200 g, 600 W, 6.5 min);

10% = pasta coated with oil (2%), kept for a
few hours at room temperature, after being
over-boiled (e.g. “MA-MA” spaghetti ¢1.6
mm, recommended cooking time 7 min,
boiled for 10 min) and cooled in chilled
water.

70% = under-boiled thick spaghetti (e.g.
“MA-MA” spaghetti ¢1.8 mm,
recommended cooking time 11 min, boiled
for 7 min), kept for 10 min;

10% = over-boiled pasta (e.g. “MA-MA”
spaghetti ¢1.6 mm, recommended cooking
time 7 min, boiled for 15 min).

90% = over-boiled pasta extruded through a
bronze die and dried at a low temperature,
i.e. <50°C (e.g. “Setaro” spaghetti ¢1.6 mm,
recommended cooking time 7—8 min, boiled
for 13 min);

10% = boiled pasta dried at high temperature
(e.g. “Barilla” spaghetti ¢1.7 mm,
recommended cooking time 9 min).

80% = boiled pasta (e.g. “MA-MA”
spaghetti $1.6 mm) for 3 min, cooled in tap
water, after being soaked in water for over 4
h;
10% = over-boiled pasta (e.g. “MA-MA”
spaghetti ¢1.6 mm, recommended cooking
time 7 min, boiled for 15 min).

90% = over-boiled pasta (e.g. “MA-MA”
spaghetti ¢1.6 mm, recommended cooking
time 7 min, boiled for 8 min), cooled in tap
water, heated with microwave oven (e.g.
1500 W 1.5 min for spaghetti 100 g);

10% = ordinary pasta boiled for
recommended time (e.g. “MA-MA”
spaghetti ¢1.6 mm, recommended cooking
time 7 min).



Flakes* Residual feeling of small Masticate three pasta
flakes. strands and evaluate just
after swallowing.

*specific term

Percentage of full scale for reference products/materials indicates the intensity of the attributes.
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Fig. 3-1 Dried pasta character wheel.
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3. 2 HERAEROA MANEHERE O 720 OB RERHL O T

EPERIFRBLE X O B HEEZ PRV 25 IHE O — ik HEEZ W T, 412 U 7 #d
D/IAL 8 FEHIOWTHRERHMlI 23T L, o r—Z %, Al &V -
JEBK, T 7 AF v —IZ571F T PCA Z ] L7z,

SMBURFPEIZ DWW T ORE R % Fig. 3-2 (A) 1T LT, fER B AREIOSELD
R st A5, 72 & 21, 31, 2103 [JR% (reddishness) | @i < ITHE
ENTEY, ZhbidTable3-3 /R LIZIEY a* i@\ Z &b 2725 R
T ol

FY - BERICOWTORIRZ Fig. 3-2 (B) (Z- L7z, PCLIE, VhNEDIZEW

(wheat (aroma)) | [/INEDEME (wheat (flavor)) | THWIZEVY (sweet aroma) |
PDNIED AN, TRERiIE (roasted aroma) | <2 [ 7 W D12 350 (deteriorated grain) |
INEDITANTALE SIVTWD Z &b /IR RO M7 B 2 SO 2% 6l &
RN TX 5, —MIC, FBRRENEWNE SZAZOENRELS 8D | INEGREER% O
RAZDOEIPML, BERRBME5IND, £lo, RBERE 2D &,
RAH DEAENEN U CEHEBIAR~DO A RENME 325 (Zweifel & 2003)
DT, HERHED Y HORFRIZERT 2EAHOE S TH D PSR 13/ 3R X DL
BRREOR S OEIEE LTRHHE TV S, k4, 7, 8 D PSRIZHWZ &2
5 (Table 3-3), HzBRRENMEWEHERITE D, T b OREHE, Fig. 3-2 (B)
T, [VhEZDIZB\Wv (wheat (aroma)) | [/NZDEEE (wheat (flavor)) | [H iz
BU (sweetaroma) | DI ICEEINTEY . NEAROE Y LB E A LT
WD Z ENFEAIIL D, KEHT, PSR MK < FRlg ) @ WS TRz S v 7s L HE
B 23K L, 2, 3, 61X PCL OADHMICEE S L THEY | /INEARD R
TIER<, WL VA5 s/ TEERIR (roasted aroma) | 2NRFEHITH 5 &
EZzob, £, BB 1T THWEWOIZIV (deteriorated grain) | 2358 < |
INERRORENRIE L bNenolo B BN D, F-, PC2 X, &ML
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TN e E/ Y - BRZ R T CH D LML 7o, PC2 IXaEIORLE O
W, WHERL/NHIWOT, PfERZ EIEE 20, UhEDIZE Y (Wheat
(aroma)) | <° [l VB DIZF50 > (Deteriorated grain) |, IG5 RIS (Roasted aroma) |
WEWZ LB, PC2 ORLEND T2 LR BN E& Y » BBE) 2358V EEk
PR TE 2O TRV EHEET 5,

T I AF X —IZOWTORER%E Fig. 3-2 (C) (Zx L7, PCl i, #HH KD
WEIEOTREEZ RS 2 S O L iR S D, #2358 <AV EUEHT PCL O IE
DN, FEHED & 0 85 W EEHT PCL OA DT AICELE S A EMIZH -
Too F7o. PC2 IFFEIT/NAZ O] THIBREF O KITEEIRF 2 AL A 7= 37k &
fEIR S D, WHIATHBEED 27 L (Table3-3), ZOENE L 2513 EPT
INEARE D AKIZ X DAL HEA TNDHZ L E2RT, WIRNE - &b E<, bR
HEATND EHERI S 55086 O PC2 DAEIZIK < | SCHFIZ WIE 2MEWEEF 2, 7,
8 1 < . PC2 DfEIXE - 72,

Lk ko 9iz, 8 BBt BREREMRE ik, BLEMRIER R AbEd L. B
BELEAHORMRNAIEECH 7o, LI > T, ABFEIC L 0 REE L 7= HEE
RRICEENHAHTHFEIT., ZNbDO I FIE R OBEREREDEWEE
Bl 2 DICHAMHERET D LEXBND,
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Fig. 3-2 Principal component analysis (PCA) of sensory attributes of pasta (A): PCA for

appearance.
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Fig. 3-2 (continued) Principal component analysis (PCA) of sensory attributes of pasta
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Fig. 3-2 (continued) Principal component analysis (PCA) of sensory attributes of

pasta (C): PCA for textuture.
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Factor loadings of 25 general pasta descriptors and principal component scores of the

eight pasta samples are plotted. Numbers within boxes indicate the samples for the

lexicon trial evaluation (see Table 3-3).
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WLlm o TS AL DBEREFHEEZ B ST 5720 ® 35 AfE UMELGE. &Y - &
0k 11 5&. 77 AF v —19 58) THEM SN2 HEERRZMEE LTz, 35 §BlZoOW
TERSTEATV, EEMREHETHD [T 477 (aldente) | & /3R & Bl
T 7Ty MCERT28E (TU20 U b LU (grittiness) | [
(flakes) |) Z#BR< 2FBEIZOWVWTITY 77 LY ADOREBIT-T0, S, Hik
RRD 35 FENORFBRAFE A BN 25 GEAZFHBEE & LT, FHEO#RR D 8 fE
DINAZZRELE L, EFE D 77 LR EREMI 2T LTZ, 0D
FER. PUBHH OB BERFEOE W Z RIS TE 2 2 LAV RSN,
AT L D BE SN T HEERR TS HGEICOWTERE ) 77 L AR
fFEnTVWL0T, SENOMER. S4H. EEEEOMTO, FMoH
BEREEOLEMMBER G T D WS b, 72, ZOHGERRIZIESNT,
ERENDFBINRFE 21T 201E, SESEhen 72X OMEIZE T 5
RAERZPARIHIE TE D X010 d B2 b, H9EE ., REE ., INEEL.
EANHYEREN ) oD 2 - K TE 2 X522, WEEHOBIL
R, EEOFHEORIEIZL O D, I BT, WRELIKIEICZIH T 2 /D
S LT 5720, AN SEZTDHEE PG ZRERCLARTH D,
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HARZZT Th<HERPTRAZOFEERLTREREEZZT TETND, 20
HCIE, NAXOREZ ZE T EICHFEIC DD T K KRBT HZ L
DROBITND, LU BRAZIT A XN S L KRG R —
TEAL LR < IERITMERR D AT O B DT SR EE T o 72, F 72,
ZAIVE TR Z OB Z BERIIICELR T 5 HEEARR b Bl ST\ ieho o7z
D, NAZEEBFE ORI TOMEICETO2MNERaIa=r—va b N
ThHol,

Z ZTARME T, /A OIHTRHGHEAT 2 56 g S TREMA D D) 7
KNAZDOMEZFMTEDL LT 5 &2 BIIS, IMEGRERGE D Z~T
TABIORRPTDORNRTT 41220 T, MRl IZEDKGHAAOT — % 2k
WET—2 EBESIT L Ik, BRAe b L TRl 2 2 & 2l iz,
Flo, RNAXONEE BRI SECHEMCEBINICGEHMEcE 2 LK oIcT o
Ex AT, N2 ZOFREFMMFEOERROMIE LT 72, 295 LT, EBED
PRAH DEVEFHMHICSE L ShD . WBMLERISITIC & 5 Tk & BRI &
LFREOM G2, &L HIERIEDL Z LI AT

1R TR BRTHRIE SN TV D BFEERROFMELZ 7T ¢ "GOV T,
MRI (2 X DKM DT — 2 ZHElET — 2 & BRSO TREICET 2542
HAToTe, BHEOPEANTT 4 TIROBEANRTT 4| WRARTT 1|
WHRANTT ( WERE AT 4 a7 547 (LL) ANET 1 DAINE
HEHE MRIC X D IEREECHOMT L, o T BEN G, Bt LeT =27 2k
TV FOEERYLEL DK EE MRINZEIT 2 To & OIS X K535
MEGR AR LT, BRANRTT 0 LR ANT T ¢ Z i L7 slBHZ W\ T
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1%, R HHOEICE > TKRSAR DB FE L, FOEICT VT T RkEE
AT AR 3 5 AR LT, MLOFEFHD A /RF T 41220 THE, Hl
DRGFEIZL V&L, FFIT LL AT T 4 B OK G D AmTEEE —Th o 72,
VIR A NG T 4 LIRANST T 0 O ERE L= & 2 A, thofEED 237
T L LT, - BB R I B THUL BB ORI Ay BRI A 2 3 B fEdek I
BOWTEWORRD LI, Wbwd [TTFrT ] OREERETSZENT
T, BERBA T T 4 L LL A7 T 4 IZB W0 TE, HILEOKST D% ST
FLR U728k 5 0 < THEW I 2R3, IRV ) Lkl e — 27 o b L R E 72
NOBEHLIABPR STz, ZbDOFERKERNG . Ko7 — 2 134 )
B L. KOIART —Z I HFREEANT T 4 OSEOFM A FRETH H 2 & AR
STz,

52 BT, MR > A DTz, 2FORRD RO TANRTT 1, T2
bV FRIOWEN LARKDONZ AT T 4 (BT RN VR 457) . B X OEFR
IZ3ERDEN DN AT T ¢ (DT ENVEM34Y) SlE OO 1.6 mm
BOANTT 4 (DTLERYERF 7 43) 2OV T, W TLRIZET D KG5010
DZEALE MRIZE VIR L, BohieTr —42 %&b LIZRPTANRST T 1 12o0
TITEAW M2 2 2 TOERIE 21T, lE ORI O X7 ¢ & DLhig %
1To7c, FLTUEEZ DT RO TANT T A NEVDTRRETHY i b
HEHEICZTANONDBEITR > TWVDLDONEBLE LT,

D THOKYERIT, BE OO AT D 639/100 g 1IZHE~T, 2 FED
FPTANNSTT 11425859 9/1009g & L VKo7, D TEREFTO T, B O
M, FPTANRTT ¢ T, EOFEIZ LV EEDOANRTT 1 0 D TKNR
BHLEIZEE L, R OO MEES D Z LRI NI, Fio, D
Se b 810 ORI R BIRIZBROK U CIZE L 7o/ . 1A U COMNE Al o
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ARG T A DEITHANZ 2D Z LR ENT, @ TEFROEF OIED R
INTT A DKGFGIABRLIR & 22Tz DIZxE L, 2 FEO R T ARG T 1 DK
AR FPRIRIZIZZ2 &9, B di# & RO PR T2 oK o3 340 & Sk LT
HAMT D HICE VB LTz, @ Tl ORELD 27T ¢ Ok dhigh
Hix, BEOEKGHEBIZIESNHED 20, BIRIITREREEBE 52
RN ERTREINTZ, AFRICHWE 2 BEO R TANRTT 1, FOEO
EAKRDHEIRA A TIER NS DODIE - & D L ZDFERRDOHNDH T ETLS
MO ELEWIT 2 2b20 L, REBOGEKSEKIND 20 2 & TRKDEN
WD, ZNEIIHEICKREREELZ ST HIRVOT, pTRHENELS THIH
BECZITANONDBEIM B> TWND EEZ bR,

93 mTIE, {ERBR Th oo, A XOEREIMEIZMHEH S D HREIC O
T, k0 AR EREIMZ1T 25 & 0 IC# i - KR EIT-o72, HRZENS
100 %7 = 7 LEE Y F TR LCER 1.6-2.2 mm OFEEANTT 4B L OE
BRI LEmMmM D AATT 4 —= BEF 12 E AT L, D THROBEREREDHE
EPEIZ L2 o T 4 DO T N—TITH5H LT, @R a A Ll S 7z s
FNINZEDOH ML E L TE®RE LT 50 0P TR X EEIOBREREAM A 1T -
T, RNRAZERBATHLHEBEHLEZTo-, HENTHEIZ SRV OFRRIZEY
BAERS L, AofRBIIZ 353 MBIGEE., &Y /EBE 1155, R 1938) 2 DI
SN HEERRE/RTC, ZOAMEMNFEICE LT, Bedkii X 26 HHE
WZEEDWTIZ SRV DOFRERIZ I D . 26 54 — NGRS L. 9 GEZ Rk EE & A& AT
T7ce Flo, FHFEICK L CEEMIRER DI L BEMR Y 77y L2 (BZHREA
R) OREHEAToI,

IHIT, HIN—TERE LA 2 ) 7T ROMRERE 8 fico>nT, E&
72 B EAT 3 AT RE e — Mk FIEE &2 W CRBAOICH BRI 21TV, B ohic T —%
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IZOWTEMT T (PCA) 1TV, AFHSCERESIK . KogE, @ T
B0 Eomiinyis L O PR o EZ2 B L BhE ST TEZE L, £
DFER . Z O DB HEEIZ L > TR ZRBOEREMNE OBIRE /2R T X

L2 ENRENT,

ZDOE DT MRI K DK ANTT — & kR oo 7 — &2 L B O
L2 LIk, HBE DK AN Z LRGP THRAZ O REA TG T — 2 1T h
DWTHAT L2 ZENAREL 2V | RO FIETIIMA TE Aeh o T Fitk & R
T2 b TE, RFEBIOZ ZTHELATZARIL, B LWIHBLE A AR
T4 RBDTANTT ¢ ZlX CDEFD S 2 & SOHH OB D% FHOBH %
Y RFITEH LG O TH D,

o, NRYOFREHMEAFEORREZHEE L, Zive EEORBEHIICA W
ToAER. BURRICEEHH O SV EZE AR T 5 2 LN TE L, ARBFJRIC K DA
NI HFERRIZ. SHFEIC O W TEEMARER & BRI 77 LU AR Eh
TNHDT, ZOHFERRIZESHTIEMNOEBI R MAIT X, S
Fhen L IRAZDORBEIZBT AR R AP T TE D L0tk D &
EZ b, NAYEEOWEEIZE 5T, J UNTOLEOMA, WEEH,
BB, W EPGET DBOMHEOLHEICB W THRAR LD LR 155,

ZD XD, MRI &2/ 2 2 NERD K 53 5340 D WAL & FEEE A WradiR
F— R BB EDED Z LIk > TWH LS 2 S ST L L L bic, B
REFTAM A FEASR OFEAHIC X 0 BREFI S LAt S5 Z L3 cE, WM
2D /N L DEE DT L BINRIC BRI Z LR TEEEX
TWVD, KX THLIMAIL, S%EMER AN /G ZRE ST D200
AR 52D L HIT, NAYFEEORBIZEML Y 2D EE2 6N

113



114



CoaE

K Xak ELDDITHIZY | WSLATBOE NSRS TEFTIR BB AT 782 &
RN B ARBFFED & o iF &2 52 TV a2 &, AARBREAMEERZICENT
(IAFFRBICZ T AN TWIZTZE | WFFEOHED 770 b Ehamm L O, 45
DPED THEZ T TR, HEERLAL LTOH Y FIZED F THRIARD
TRV £ Lo HEBRICE LB L BT E T,

ARG LN IBNT D /XA Z DIRGAAIHTITE LT MIED DT — Z ffh 5 B b
ROBLE TS OIERIZZE 2 £ TR & SR ST/ R 1 2
BNelEEE L, ESHEILB L ETFET,

AR B RERFAG A GE AR OMEEUCRI L C, BREREM A & T — & ORFMT,

A Ay vary, wmERET, RERWHIRICORZ Y BHEHIRY | e
EHIZSETWZ & & U7 RS & A FEE0 P 1 ORI 0 & ks
HLEFET,

FRAFFHRAR B S TR P O RS SAE L BRILASAIE £ R ARG, S
fENTE > & — O/NEPRITE LA 1T U & T RICITERICE L C IS, &
RGZEHY E LT, ZZIWZEELBE L BT ET,

HARBRE M2 RZOMATFEE 213 CORMBE, B ZEFHE
DERRT I RFEE A & LTRSS Z T AR TWEEE | IFMERERT —
ZHPIZOEEF L TITHRSE WS E Le, BB L RIFET,

b

MRSt RIERE 71— 7 K4 OB OAIFFRSCRIZIE, MRI 34T D & 27T
HHZ TS, AZEICEALZL OBE & ZHREZBV £ L2, X0
LR L B £,

FIADOEALEUFIZE LT TER W 212 & (4 IO o TR TxHE.
THELEESVE LRSSt RERR 7 v — 7R R R S, mil e

115



T, BREZK, HFHEZRIOLE VR LT,

BRammstoER L LT, ERIEE~O IR E TS DIEN, 2 < O
W0 F L2 g 7 — AR St oRT HERL LI = LB L B ES, £
7o, FUCL &R OHEFEEHR L L TEREE D IR N2 W IZE £ LTk
SALHVER 7 v — TR SRR IR O SN F IR, R RER T 0 &0 R
HWELET, SR OFREFMICE L T, ~ - ~—~ 78 =S O
il OTHE L TR EWEEEEE Lz, ESE#MEZR L ETFET,

RS BIER 7L — T AR ORI, ARFRSUE R - R 210h T
DFEIEIEN L TN EE L, o, AR D D ICHTZ . Z KA
T E TEBEEWT R E RN I ICBARI R T Z EBHK RN Tm£<
DIF 20 KV IEHHR L BT ET,

WRBRIZR D E LN, KRR EED L IZHTZD ., WOLEETH L <EN<
FOMFEZHEAE L, ISE L TSN TWDEEK, BECES B#E L £,

AWFFEIL, RSt AIERG 7L — 7 RO R LY FEiiShE L
ZlEm, ZTICRT L L BITEHOBEERLET,

SRk 3142 A

NI ¥ N

116



