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Abstract: In this paper, the effects of tea polyphenols and matcha on the aging behavior and digestibility of
extruded fresh wet rice noodles during 180 days of storage were explored. The results showed that adding of
tea polyphenols and matcha can significantly reduce the hardness of fresh wet rice noodles and inhibit the
aging degree. At room temperature, tea polyphenols had a significant effect on inhibiting the aging of fresh

wet rice noodles in the early storage period (0~60 d), while matcha had a relatively better effect in the middle
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and late storage period (90~180 d). The aging-inhibiting effects of tea polyphenols and matcha at 4 °C were

limited, and the aging degree of different types of fresh wet rice noodles was close at the end. In addition,

compared with the raw fresh wet rice noodles, adding tea polyphenols and matcha could increase the slowly

digestible components (SDC) and resistant components (RC) of fresh wet rice noodles. The effect of tea

polyphenols was more significant. During storage at room temperature and 4 °C, tea polyphenols and matcha

played a significant role in the RC increasing in fresh wet rice noodles. The results provided basic data for

the development of nutritious and healthy fresh wet rice noodles.

Key words: tea polyphenols; matcha; fresh rice noodles; aging behavior; digestibility

AR = RERZ —, RERIR R
REFEAT L [ SH S, A F AR R T
Tt DT 920 ORI AKOK R IR, 2K vk
Bl A IEEUEIK . Witk Frez sl & — RS
T T A A0 2 PR e R OK o Y, TRz
PSR- PSP S e i ol B S v otk
MR PR, TR T T R A =K
2. HUECRERES T, BAMBILE . Hg
ST K REAE Sl TR AR (180 d) OB K
By, 2R TR SIS | IR SERR
XA F A EOR RS T B AR, ) 320 2
HI S EENY,

BERR R RS IR ORI R, AR I
RIS T i T A2 B AN T T B R . — T
i, B F AR BE R o0 T 4548 i WAL= (9 )
ISR G S DA SIS T 3 ALY TP S
MR BT, EOREIRZOEEE, Kisbhmss, o
JEARRE , RBRAE 22 SRR R S AT
R H R, P EERORBR UL, LA kR
R ZE AN 4 °C, B[R] AR IL J3E X i 3 KRy
o dh A ARSI . o5 — T, m TR Y
RAKTERI Y 2 NP, B P SRR R by 2
S M K A s TH e, R TE BB PR
BEEM, BURTERH A ERERIN T T ZREHCR
R T EER KA B RN E

IR, ZEmEY RS TEm Ko7 e
RERETERY 2> T HOAh LS | B MUE 22 1 FL IR g
BERSE, R TE Ry BERL 008 AT N R A,
R LR AR T I, e R
KB B H A RS0 A 22 W 2 B £ S R
Iz 2y . $o8 ), "R H b i 2 1 2K 5
SEM R T RAEGEN, IBPIIEZEER KM

LA B R AL S PO AR U E i EH

HAG, KTFARZW . A BT A A AT
FEEALTT N 5 T Ak Mk RE S A e A 4, B 1RAT
R 5 T A i R R e KA i TR R A
PNy T o D538 2ok ] S KA rh iR 2k £
Wy PRI, B EAE A Ui A A AN ) i oK A o
PR PE RN TR AR AL, BT S 2 . 3K
AN EER KA 1Y B AT R A AR ERE R S e, Dy
P — I R SRS
1 MR5F®
1.1 MR 5
1.1 ARk

BAEANK: 2HRTM K2 (LR
99% ): FFE SOMRBHEARA W s PRk St
RARA AT W (P-7545)., YEkHi A M
fiti (A3306): 5[ Sigma-Aldrich 2\ ; %5k
FAiAF & (GOPOD ): % /K% Megazyme 3 Al ;
TR CHE: KRB BBk M
INEAES A BR A A o
1.1.2 FEUERRE

TA-XT Plus JEA4 53 B4 :5E[E Stable Micro
Systems 2\ 1] 5 SHA-C H IR /K IR 7 v - 4 T Ui
XA BRA 7] TDZ5-WS B0l WHUNE OHLE
FRA ] 5 FDU-1200 ¥ VR T4 0L b2 IR A
B2\ 5 UV-3802 %640 UL 23 o 6 B 1 55
UNICO A7l; BS210S/BS224S i, 173 M K-
{8 E Sartorius 2N H]; DHS20-1 P 7K 43 524
f#5[F Sartorius 2\ H o
1.2 753
1.2.1  ERRKBHETZ

RIS BER I — T K — 3 I BT i 7350 3%
(255 2 SR A B R A — & - kb —

2]



RHREER 285 2020 F £ 2 5

TARE

R 12— L2 A e — K — B
122 SRR BRI

ek e B R AT (TPA) Tt Huk
BE S om ZEA RS, MUHTERE 1.0 mmys, WL
BEFE 1.0 mm/s, M5 1.0 mm/s, 10 25
5mm, itk S go MIAEK S WKL, T1H5H4
RECFHME
1.2.3 SRR TH AL BRI

%% Englyst" W 05 I HGE M4, VE b1k
AMEEALLIN E R SIS AL MERE I SE I Tk o K
(3 g) 520 mL LEFKHERE, 763 000 g
TES L 15 min, K 13.5 mL EiH S 225 U B
Wy EE A 1 mL MR BTAKIRE, & B
Wo # 1 g THFES AT HUE 20 mL ZR#Hh 2%
W (0.1 M, pH 5.2) ', ZIHFWSH 4 mM
CaCly, SRJGIMA 5 mL 745 JBEMHEA I F 45 b
V1R 28 T V5 R o A T RCAE 37 °COKIA T i B4 5y
(190 r/min ) W7, 7E 20 M1 120 min B, 43 5H
tH 0.5 mL 253K IRAWL, ST RIS 20 mL70%
CEERA . FEOHLLL 3000 g B B L 5 min,
W 35, T GOPOD ¥:i 5 W Ak 31 1] e 7k 1)
M S . BRI T S E R S
1.3 HESH

PR B 2 /DA T GE 3 IR, Bdia g
WP E bR 122 ( meantSD ) LXK, i
FH Origin 8.5 3K {45181, >k SPSS 24.0 H 4% i
L%y €13 i WS Ve e =0 [N G B U 1 VAL = o NI i 84
TR EMEHT, P<0.05 NEGH¥E X,
2 HERE5SH
2.1 R ZERRIRF X BEE KM ERIT IEZ LT
Al
2,11 IR TR AR 2 W FR S G EEE KR
ARAT R 19 5 1

JEF 43 AT ( Texture Profile Analysis, TPA ) Hf)
fifi B ( Hardness ) 1] DL R A 5 Y0 K 8 fifh i o 72
TER AT N, SRR, AR
Kl la WoR, TEREAEGHTE (0 d) X IR ARG
KA HAA B R A FEAA, VRIS 2 1 i e 1 K
R RE A 2 3 T R, BREIET I L 2 R A U 2 1
55U A3 T Y L U R MR E 23 ) R S TE

MUEELSF AR ELAE T3 1) 5 437y i,
AR B KB B AL R o B IINIRS AS 2 FR AR At
JEE, 7E 0 d WX T 2 A e A BRI, nlfe

SHASh R LW SRR (4920%) £k,
4000 F 3
3000 F
0
% 2000 -
1000 -
0 A 4 A A A Z 4 2
0 15 30 60 90 120 150 180
et el /d
a. W

4000 g sk DN ZEERN EER RIS

3000
L0
el
= 2000
=
1 000
0 A 7 7. A A
0 1 2 3 4 5 6 7 8 9
PRI 1E]/d
b. PG
1.5+
a
d
C cdedeicddeef bcdebcbgcde bede bedef
efg
1.0 e
o
ﬁ |
% Y
/
05 Z
/
%
%
%
%
%
0 A Z A 2 A A A
0 15 30 60 9 120 150 180
fitsmeInt 1el/d
c. Bk

B1 ERHBDRETEMREERNE TPA SHETL

1E 0~180 d M= AT RE, 252 By RELE i
I (15 d N ) T FRRAREER AR 1Y 2 0 /E
(P<0.05), TfiiZEffmEs ]k 30~180 d BT BN,
WS INAS 22 W () oKy 5 % BECKOR PR (. (210
B ) AR —H BINBRAE KR 76 A 78T 2R AR
5500 E AT HIRE T, FEAEBUS 01 & 1k i Uk

3]



TARE

RHRERE 8285 2020 F 25

AW, WREH THIH PR Z B INE A
b g EmR . BT AR S T ey
T S5ER T A EAERIE NS R Z MR C,

WAL 1b Jroi, 38 8 43 B 56 1 KRy A il 1 WL g
PEASA T DL B, BT A R b 1) PEL UG 4 {1 5 e
SEALEES T AR ARt s, MSEMER (RP=
0.800 0 ), P b MEL PR th, T D ok 3 iF 300 KA £
I FRVER AT A B SRR S
S — U4 5 ARSI S R d RS R B, X e
ANTEIVRE S BB PEAE, AnPE 1, A% TR R) A JE 4
NI RE & s AR L AR BE /N, UEIAAS 2 )
PRAS (08 00 X 5 30 K A3 76 fi i iod o L 11 J ) 5%
M0, BN B S TR A JE Y 11 Rk
2.1.2 4 CAiftmat A8 22 M FHEK 4% % fif 1 oK A 24k
11 R 9 52

SRR, 78 4 CHABET, JORTEM B FR
B B P iy S Al U120 S ot = A ]
MEAMITE 4 °CTF AT I, (5] 2a S b B (H AR
R B o S NS 22 W 1) BT K K 7 it R
(90~120 d ) (A & N FE (P<0.05), Tdm
PRI (1) BEIR KA A B (B U 7E 30 d T 120 d IR
FEAR (P<0.05 ). ANEEART , 55 IR AR A%
b, 4 CHERLRE M KA AL, il 4 CH2 R
Bite— SRR LS TR . KA B KR
EARAT R I ) S5

&l 2b Kl 2¢ 2 4 °C¥& it 72 A [ i 2 fif
KAAE 0~180 d P PELIEPE Ak 1) AR fR A o 45
R, AN TR it L 5 R 32 (=2 ] 4 R G
PERC IR BT (RP=0.800 0 ), ULHATE 4 °Ca] LI HIH
W M R AE VR 1 AR TRIR, 7E1%
SRR, X IRl — BRSPS A AN
W&, LB T TPA SECEAT LRI, 4 °C3F
B8 % A R K 53 1 TSR S EUCRITE M 2 AT A
WA, FERRIME YR REZmA
PRAS X B 1 Kok i 4 ) & A A 7 & IR R B T 3R
P
2.2 FHEAERE N R KM B RS AT L
E:0pA
221 IR R AR 2 1 R A 0 K T
TR RE Y52

i Y KR T AR BE R AR b pE T B R T

so00. NN SMEZEY  EE IO

abc
3000
Lo
#2000
=
1 000
0 4 2 2 2 A 2 2
0 15 30 60 90 120 150 180
A IE)/d
a W
bed cde abe CE)
3000 ef
20 2000
sl
=
=
1 000
0 A A Z %. A A A 7.
0 15 30 6 9 120 150 180
A El/d
b. FHAEME
1.5+ .
2 b h cd bede ab
bed | abeab a0 efgh en cdeig
Lol abcd | abcabe ofgh fghefg defg
sl
#
0.5+
0 A A A %, %, A A
0 15 30 60 90 120 150 180
fE AT IR /d
c. Bk

2 4 °CREIEEULIET RN TPA SR

AB. T IEM M EHR AR T ) FEE R, TR e
TR (14 T8 AP R RTINSy i VE R 1 T AP e T
TE o MR B R OK A E AR ML IR BT b I Ak RN
A, AT 4% 428 AP 4k B4 (rapidly digestible
components, RDC ), 1 JH 4k 43 ( slowly digestible
components, SDC ) F1 T 1H 1k B 43 ( resistant
components, RC ) 122 2 5 i i ik FR A [] A2
i 1K T AL PR RE I AZ AR AE L AN 1 o .
FERERIN D 0 d IF, SXFROREIHEL, @S
REZ W SRR RL AR KKy T RDC B &,




RHREER 285 2020 F £ 2 5

TARE

H 91.89%3 [ % 82.97%7i1 85.52%,RC T
FIFERT SDC, AlREEHh FE2MmBY R %S
5T UM FRARTE AT T B0

TERRCE BB 25 DB B, WS INZE Z2 1 AR
FE Y SDCHRC 7 34978 T X BRI KA o A i
HIH (0~60 d), WHNZEZmEHR AR RDC &
WAL, RC ST EAWF R, 7E 60 d BfikF)
23.11%, TE=RAEIN S (120~180 d), #d
) RDC & X ¥ Tk, [HiF SDC &k RC
BB T W R TR U WS NS 22 1 0 R K K
TEA#RE RT3 32 B i RC T 766 36 300 ) 3 5 A
B SDC. XU RS MoK by, AR LA
U INZE 22 W AR 2R AL, (ELTE A Y B S B Be
( 150~180d ), SDC [5] RDC #i1 RC #%4k,, f#i1§ RC
)75 1t 24.97% A KT SDC 1Y% #( 20.54% ).

222 4 °CHfmad FERR R AL MERE M AR 1k
2O 4 CCHR G RS [F R 2R B KRR T 1k
PEREM ARG Ol . 5 R B/RTE 4 CR IR FE T,
ANFEFESH B FIH T RDC S84 & TR
A (P<0.05 ), HApxf BEHEKKY SDC &
FrgLTt e, RC SRS 60 d B35 2 i
1 18.80% o MR JIN2% 22 1 FIHA S B 18 KB, RC
RITESS 180 d WA B EE, A Hh 23.61%F0
23.57%, W ULIE 4 CIHBEh AR 2B SRS a2
FHEESE ORI BT AL PEBE o 76 AH 7] B[] o5 6 77 4 1)
FER T LA, SIS 2 B AH RC Frids
BT HALP RS, FTRER h TREZMEZEmRY)
JO X A9 7K A TS MR TE B T e AR, o T RE
JE/ NG ATEM o T8 25 s B TRAR SR
ZhHy, TR S B TR K T S8 Y,

F= 1 EREEIEAEMAEEE R EL RN T L %

B i) /d XJ HE KA 2K Z B oK WK
RDC SDC RC RDC SDC RC RDC SDC RC
0 91.89+0.26° 3.49+0.36°  4.62+0.47° 82.97+0.57° 4.91£0.56° 12.13+£2.73% 85.52+1.06° 6.04+£0.74°  8.4340.95°
15 75.44+1.37° 14.22+1.17*° 10.34+0.79% 69.60£0.93% 12.45+2.08° 17.95+1.26° 78.21+0.62° 8.16+2.08% 13.64+1.47¢
30 76.62+1.45° 10.19+2.26° 13.20£1.23° 66.59+1.07° 13.87+1.08" 19.53+0.03° 71.68+1.90° 11.76+1.62¢ 16.55+0.28%
60 65.75£0.34°  9.66£0.29°  24.59+0.63" 65.98+2.28° 10.91+2.20° 23.11+0.26° 68.59+1.69¢ 11.31£1.22¢ 20.10+0.51°
90  68.14+0.29° 16.70+2.07° 15.17+1.79° 68.85+0.76° 10.66+2.82° 20.48+2.16> 72.28+1.16° 11.21£2.29% 16.51+1.67%
120 73.53+2.49° 12.12+4.48% 14.3542.04° 69.50+0.80° 10.27+0.65° 20.23+0.41° 63.97+2.26° 18.54+4.98° 17.49+3.59*
150 50.12+1.70%8 35.48+3.46° 14.39+2.11° 47.86+1.45% 26.49+3.50° 25.64+2.27° 49.71+1.80% 27.68+1.70" 22.61+1.61°
180  54.64+1.67" 28.28+1.89° 17.07£2.05° 46.62+1.66° 29.58+2.51* 23.79+1.2° 54.48+1.96" 20.54+1.83" 24.97+1.50°
W B RN E « hrifEfw2E, R =3 h AN E R FRRRE BEM 22T (P<0.05)

K2 4CABEBEREFRMEEERMBHCEENTL %

A ) /d X HEOR #y REZ KA AR
RDC SDC RC RDC SDC RC RDC SDC RC

0 91.89+0.26° 3.49+0.21°  4.62+0.47% 82.97+£0.57° 4.91£0.56° 12.13+2.73% 85.52+1.06° 6.04+0.74°  8.43+0.95¢
15 82.26+0.25° 8.98+0.08'  8.76+0.17°  74.12+1.07° 7.59+1.77¢ 18.29+£1.45° 72.0242.04° 9.36+2.54¢ 18.62+1.61°
30 73.87+1.37% 12.51+0.17° 13.62+1.66° 71.14+0.05° 6.36+0.29% 22.50+0.28" 82.48+1.29° 2.24+0.22" 15.27+0.63°
60 68.63+2.93° 12.56+3.34° 18.80+0.40° 68.47+0.75" 12.12+0.70° 19.41£0.55° 65.38+£0.92° 16.22+2.08° 18.40+1.16°
90  77.97+2.46° 15.89+3.15* 6.14+0.95° 76.39+0.31° 8.06+1.14° 15.55+1.37° 62.83+2.03" 28.23+1.84"  8.93+0.56"
120 75.76+1.23% 17.66+£2.17°  6.58+0.93° 72.95+0.52¢  4.08+0.05° 22.96+0.09" 74.62+0.46° 10.63+0.63% 14.74+0.73°
150  47.67+1.08" 36.67£2.08" 15.66+2.39° 45.90+1.96" 30.63+£2.91* 23.46+2.14* 55.53+1.07¢ 20.91+3.17° 23.55+2.09*
180  48.36+1.84" 37.04£2.72° 14.60+1.41° 50.87+2.85% 26.51+2.48° 23.61+1.78" 53.83+1.09¢ 22.79+2.75° 23.57+1.84%

T BORFRR P = et 22, [ — 20 b AR R P REFROS A BE 2R (P<0.05)

3 #ig
TG T 4% 25 Wy R A% X 6 Y K0 i ek Ao
FEEA T h S RE R, LR B RS

15y R = R AR S R Ay ) R S AT REL IR, ORI
KB B o A R AR AR 2 2 B AR K fiE
RO AL T, HRZ B A RCR

5]



TARE

RHRERE 8285 2020 F 25

M, T 4 CCYR RPN 2 9 55 3k AR R A o R,
TEMIE SRR T AN 25 22 W 5 ROR S8 B (25 i vy ff
MK K3 SDC Il RC #5 i ; FEREBIHI AR BB,
sz Zm AR BA fedt RDC [m SDC 5 RC
eARROVE T, WS IN i 2 1 i eE0 OK by B dR e 1Y
RC 4 1k HF525 52 1T 2 7 SR A 10 1 4
SRR, A B THESIOR R 5 R A AR Y
K,

SE M :

(1 29, T L%, B, A s m kA = EAE L 0 Y
FERA =5 5y o3 M [J]. B 5 5 ()8, 2005(6): 49-53.

[2] HORMDOK R, NOOMHORM A. Hydrothermal treatments of
rice starch for improvement of rice noodle quality[J]. LWT-Food
Science and Technology, 2007, 40(10): 1723-1731.

[3] BHATTACHARYA M, ZEE S, CORKE H. Physicochemical
properties related to quality of rice noodles[J]. Cereal chemistry,
1999, 76(6): 861-867.

[4]  EUSBL X, SOk, S OREERE ST 4R SRR B
BRAIZIRI]. AR SilAR,2016 (11):58-61.

[51 HSCAN, XEAR, X0k, 45 JER AN E BRI ST HEET].
WA SR T, 2014, 12(3): 30-34.

[6] FIA. TR B AL B B I FSE D).
£, 2004,

[71 CHUNG H J, LIM S-T. Physical aging of glassy normal and

el K

waxy rice starches: effect of aging temperature on glass
transition and enthalpy relaxation[J]. Carbohydrate Polymers,
2003, 53(2): 205-211.

[8] FREI M, SIDDHURAJU P, BECKER K. Studies on the in vitro
starch digestibility and the glycemic index of six different
indigenous rice cultivars from the Philippines[J]. Food Chemistry,
2003, 83(3): 395-402.

[9] FORESTER S C, GU Y, LAMBERT J D. Inhibition of starch
digestion by the green tea polyphenol, (—)-epigallocatechin-3-
gallate[J]. Molecular Nutrition & Food Research, 2012, 56(11):
1647-1654.

[10] XIAO H, QINLU L, GAO-QIANG L, et al. Evaluation of black

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

(20]

(21]

[22]

[23]

[24]

tea polyphenol extract against the retrogradation of starches from
various plant sources[J]. Molecules, 2012, 17(7): 8147-8158.

AL VE R SR IL EL  R A SARERTSE (D). BRI R R,
2014.

ENGLYST H N, KINGMAN S M, CUMMINGS J H.
Classification and measurement of nutritionally important starch
fractions[J]. European Journal of Clinical Nutrition, 1992,
46(Suppl 2): S33.

XIA W, FU G, LIU C, et al. Effects of cellulose, lignin and
hemicellulose on the retrogradation of rice starch[J]. Food
Science & Technology Research, 2014, 20(2): 375-383.

Hue. KEATER EACRE BSE M E R B [D]. R Talk ok
%,2014.

LS. AR PR B B oK 2 AL R 1 B T 5T L BE I ER[D].
MBS, 2014

WEISS D J, ANDERTON C R. Determination of catechins in
matcha green tea by micellar electrokinetic chromatography[J].
Journal of Chromatography A, 2003, 1011(1-2): 173-180.

GOTO T, HORIE H, OZEKI Y, et al. Chemical composition of
Japanese green teas on market[J]. Chagyo Kenkyu Hokoku (Tea
Research Journal), 1994(80): 23-28.

e, sEbeER, VPRTEE, SE. EIARIER B S T RIS
[1]. FELRR, 2002, 35(9): 1145-1149.

JARE, Xk, PRy, % ORRIER B E R BOARST
FOHERE[]. MR Tk RS2 ( AARIERR ) |, 2014(2): 104.
g, SRUK, SKIE. AR AL B o TEN B
RIFZMAT]. AR 5k Tk, 2005(6): 26-27.
ENGLYST K N, ENGLYST H N.
bioavailability[J]. British Journal of Nutrition, 2005, 94(1): 1-11.
ENGLYST H N, KINGMAN S, CUMMINGS J. Classification

Carbohydrate

and measurement of nutritionally important starch fractions[J].
European journal of clinical nutrition, 1992, 46: 33-50.

WU Y, CHEN Z, LI X, et al. Effect of tea polyphenols on the
retrogradation of rice starch[J]. Food Research International,
2009, 42(2): 221-225.

JFORESTER S C, GU Y, LAMBERT J D. Inhibition of starch
digestion by the green tea polyphenol,(-)-epigallocatechin-3-
gallate[J]. Molecular nutrition & food research, 2012, 56(11):
1647-1654. @

(FH: MEK)




