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Abstract: Tea residues are the remaining residue of tea after processing and utilization, which are rich in multiple active
components. To investigate the effects of different types and molecular weights of tea residue extracts on the pasting
characteristics of potato starch (PS), the ethanol extract (TRE), water extract (TRW) and alkali extract (TRA) of tea residue
were obtained by continuous extraction method. On this basis, the different molecular weights of ethanol extract (TRE-1,
<30 kDa. TRE-2, >30 kDa) and water extract (TRW-1, <100 kDa. TRW-2, >100 kDa) were prepared by a membrane
separation. The effects of different tea residue extracts on the viscosity properties were investigated, and the microstructure
of potato starch added with tea residue extract was observed by scanning electron microscopy (SEM). The results showed
that different types and molecular weights of tea residue extracts could significantly (P<0.05) reduce the peak viscosity and
swelling power of potato starch and inhibit the pasting behaviors of potato starch. The inhibition order was as follows:
TRA>TRW-2>TRE-2>TRW-1>TRE-1. The peak viscosity of potato starch was gradually decreased with the increase of
different extracts. After adding 10% TRA, TRW-2, TRE-2, TRW-1 and TRE-1, the peak viscosity of potato starch was
4624, 5013, 5431, 5911 and 6195 cP, respectively. TRE-2, TRW-2 and TRA could better promote the link between potato
starch fragments and result in a more complete and smooth lamellar structure, compared with TRE-1, TRW-1. In summary,
the addition of different types and molecular weights of tea residue extracts could effectively inhibit the gelatinization of

potato starch, and the inhibitory effect of 10% alkali extract was the best.

Key words: tea residue; ethanol extract; water extract; alkali extract; potato starch; pasting characteristics

H AT R BRAE RS S AE IR 290 600 JT i, 7EAS
T I Y N [ I BB S £ €2 N VS RS R BN 4IPS
Fl4xhy, Ppdp E A4 AT P=4E 500 J7 R A AS  T
A, TR . BURCkRHIn T T 2045 HAE
AR TR A TR R ALY, IS TR AT
A UL, A9FE 4.2%~10.1% M2y . 13.0%~
19.0% HIHLET 4k, 26.0%~35.0% A< 45, H
Hh, ZE 2t R 2B 2R A AR BT AR
eGP, B N TR fhE s R 2454
. B, IRAWFGERE P iE T RSy s FH B, BT
IR 0TG g, SEELE i b SR (o n] F5ek
od

ThAL S BE MY HAT ORI, WK B2 KD, R Ah i3
ARG, Z0 38 v AR, F Th AR SE U R DRI A L i B 2 TG
B PR B 1 H T8 s A G RE R TR, FEAE
TEFER PN Z Wy . 2P AN A5 LRANEY) .
TEM LB S 0B R A2 Ty BRA MR T A 5 e
SYAREAE RIS Du S50 WS T AT
JERIME T GE R S A A ER AP TR AR, & BN 2 1R
T, AW 0T U S K (= 400 MPa) i 19k
KVEB I, I AR LA FNERA AL BT . Yin S50
WFFE T RG-LRBEEXT 448 pE BRI s . 45
SRR, RG-1 BRI 2 BRI T S8 3E M1
UAEAEL R0 B AN AL, 3 T SH 48 S5 D R AL TRLEE
N T IR 1 BT AE AR, P T e U A e
o XA WS T FLIE 8 L S HO KT S48
ELER AR NE AL R BT 5 . 25, TR
JINFLIE 2 A S HOK e e T S S oy i A
J¥ . Chen %5 WF5E TR AEA T R GRS 44 24
TEM AL R RO . SEIRFEHH, KOG A IKRENERE
IR EH S e A B AT 5, $2 5 Sh AR S TE Ry k1L
TRLRE . RO ERAEUS) G s T 2 e R B B Y
RN, ALFE ZZ W YR L FRE L SR A E R R YR S 4k
PR N3 . Lil'™ B4 T ieEM - F45 . /K&

HE, BRI OPEE L SRS IEZE AR TE R WA VERY
WA

AW 5T SR FH 3% 22 2 Bk, 43 5 50% 2B
80 °C 7KW . AU S AL AN T it B vt v g 0% R
41, FEXT CBERE B FUK SR R4 TR 3 2, PR
BB ST HTC(RVA) A4 L W A5E (SEMD ST
T AR Al S U ] S48 e AL R Y
A, AR IR E BRI TR A R R 3
FEES P
1 MREREE
1.1 MR5EE

I A NErE R SR A R w4,
LEASAE 80 °C FiE4E 30 min J5 AT 3R 1310 T 4% ;
LA BETERY (B K 17.14%, IEF &8 0.47%)
VLA FRLE R AT BRAS Rl HE 4L bl . $his .
G Yok atn, 254 2E R R A SR
NI

Eppendorf Centrifuge 5424 R %l i 3 2500 AL
At ZE R TEE B A BR S Wl N 1210 BUjies 78 & AX

BN 55 G RHE AT BR 2 F]; RO-NF-UF-4010 74

SEEO IR S B E U EE YR RR M AT R F]
FD-SERIES AU VR THEHL g HARS L A R
H); DHG-9243BS- I #UKLAH B igdh A Rk
PR F]; RVA-Super 4 BIPSEZE AT FgdiLyiim
I #54N E]; Phenom-World BV B3 dads  Z40E
HAUZFARR AT
1.2 SLWHE

1.2.1 Bt Hud &
1.2.1.1 ZEERE(TRE)  SRJHSCHR [17-18] BY)5

L HFEAESE R, eI E s 20 B, 5
50% ZEEEENR L 1:25(wv)IRESHEFE, T 50 ¢ F
$EHX 80 min, B5.0>(4000 r/min, 10 min, 4 °C) J5 W 4E
- VE W, W TR 2% AR G e PR AN IRy 2, IR
B4y Fh <30 kDa F1>30 kDa B PFAA2H 57, He4i s



<78 - £ Tl B4

2023 4F 11 H

R TS BRI, 5344 TRE-1 1 TRE-2.
1.2.1.2 KAEEHE (TRW) R Wang 35U §)J0y
7, FERE S R AR BUS S HET (65 °C,
48 h), 528K FRIE L 1: 200w/ ) IREBEFE, #E
80 °C F#£HX 90 min, .05 WA HiE WL, J1iE i iE
FRFRRANHGYS o FFHARIRIASIN 4 f5TK LEET 4 C
SR DLTE, 8.0 (4000 r/min, 10 min, 4 °C) J5 YT
TE, ULVEINZEIR/KIL G, T ORI AR AN 47, L
WO AN TR, I3 T-8:<100 kDa F1>100 kDa A9
A~ 53, He i J5 Vo UR THRAS /KSR B, 43 B fn 44 h
TRW-1 F1 TRW-2,

1.2.1.3 HfRBUI(TRA)  SRIISCEREP) B0k, I
TR . BKIEBUS LS T5(65 °C, 48 h),
155 0.8 molVL MYE AN FEENE LL 1:15(w/v)TR
A 1EFE, 78 80 °C THEHX 30 min, .05 WAL FIEW,
IE R AR S UTIE S, YA pH 2 4.5 ULREARER
1, B B Uiie in 2848 /K 985 pH £ 7.0 J5 i85
AT, AT G 2 RASCAAR , Yo VR T JE A5t B
W), fiw 44 TRA.

1.2.2 #ifbPERENIE AT PSR ASIEIR YT e
BESERYRIAL RN, SR Yin 2502 i07 s, IERETEE
U ¥ 3 g BEBEIEM ST INGSIN 0.5%. 1%. 2%. 5%
1 10% HISSHEHEEUY) (wiw TERST3L), SRR Z

BB M A IR T T, [ e K 53 25 g, BRIT 454
N AIREWT 50 °C, AR 1 ming IIERE 95 C GER
9 °C/min), £ifF 5 min; R A 50 °C (G332 9 °C/min),
£#4F 1 min.
1.2.3 THOMESFIES  HE 10% FYZRIEFEEUY) (w/iw
TERYT3%) AN 5y F 95 °C WiMb)e, Fas 8
Tk, B 100 H i, 38 454 i W A g O
TR 2281k
1.2.4 JEERNE B 0.6 g DA ERER (4 T) 55
N 0.5%. 1%, 2%. 5% F1 10% Z% & $ Y (w/iw
VEMS T 3L, BVA T 30 mL 284K i, 455 =
50. 60, 70, 80 #I1 90 °C, Jii#k 30 min, B HE =)
25,05 (4000 r/min, 10 min, 4 °C), I&IE 3 h UL vE B 1
SrEmy B e E 2R,
1.3 IR
P DU i A 2 AR S A T =R, SR LP
PHEEAREIR 22 RN, SEE045 A SPSS 26.0 414
FEATIRSTREAS £ K56, p<0.05 o225 %, FiRes
P FH Origin 8.5 pro.
2 FERESR
2.1 FBREEYIN DREEMHCER R R0
=R R Y (TRE, TRW I TRA) X 544
HRERIIL AR TE RS FE I, ANIE 1 BN, ZRTE IR

R ZRERIN DR ETER IR IE S5

Table 1 Effects of tea residue extracts on the characteristic parameters of potato starch pasting
FEf A R E (cP) BAEFRE (cP) JfEE (cP) LR (cP) [l A= fE (cP) WHLIREE(C)
PS 10321+43° 2640+7' 768150 352448™ 884+1™ 710.05°
PS+0.5% TRE-1 9709+25¢ 2804+13 6905+12° 3758+13" 954+0™ 70.2+0.06°
PS+1% TRE-1 8893+29° 2866+10" 6027+19* 3826+16"" 960+7" 70.95+0.06¢
PS+2% TRE-1 78294291 29334128 489617 3869+13°% 936+1 71.8+0.15°
PS+5% TRE-1 6724428™ 2925448 3799+24! 4041+25° 1116+£21%F 70.9+0.15°
PS+10% TRE-1 6195+40° 304622" 3149+18" 4248+79° 120257 70.95+0.35¢
PS+0.5% TRE-2 9963+21° 3045+13" 6918+8" 386641 821+28™ 70.2+0.05¢
PS+1% TRE-2 8396+41" 3120+19¢ 5276+22¢ 3929+35% 809+16™° 70.15+0.15¢
PS+2% TRE-2 7215+50 32194174 3996433 400084 781:£68¢" 70.9£0.05°¢
PS+5% TRE-2 6158+33° 3233£21° 2925+43P 4225+118° 9931308k 70.9£0.05°¢
PS+10% TRE-2 5431+33° 3224419 2207£36" 4263+67° 1039+68"H 71.8+0.05°
PS+0.5% TRW-1 8813x17" 2759423 6054+6° 3718+531 959+30"iK! 70.2+0.04¢
PS+1% TRW-1 8010+28' 2722410 5288+18¢ 3647201 9254264 70.95+0.05¢
PS+2% TRW-1 7254+18" 2649+14! 4605+4 36414+201 992+ gehiik 70.9+0.05°
PS+5% TRW-1 6578+37° 2568+32™ 4010+5* 3611£9™ 10434307 70.9+0.05°
PS+10% TRW-1 5911184 2395+27° 3516+9™ 3414+49" 1019228 70.9+0.04°
PS+0.5% TRW-2 8638+36° 2727+24* 5911+12° 3855+86°% 1128+62°% 70.25+0.05¢
PS+1% TRW-2 7805410/ 2723+14* 5082+4" 3775+77¢ 1052+63°t 71£0.5°
PS+2% TRW-2 6641+43" 2630+18! 4011+25" 374127 11119%f 70.95+0.1°
PS+5% TRW-2 5632+30" 25294+26" 3103+4° 3708423 1179+3%¢ 71.7+£0.2°
PS+10% TRW-2 5013+27" 2528+7" 24854231 3745+60M 1217+56° 72.45+0.05°
PS+0.5% TRA 9833+31° 3056+12° 6777+19° 3856+55¢ 800+43" 70.2+0.05¢
PS+1% TRA 8668+43¢ 319630 5472+13" 3924+59%F 728+29° 71.47+0.62°
PS+2% TRA 6977425 3192413 3785412 39544584 76245 70.95+0.05°
PS+5% TRA 529012 3189£12% 2101£16° 4320424 1131£26% 71.65+0.05"
PS+10% TRA 4624+24 3183+11¢ 1441£13" 4767+69" 1584+58° 71.7+0.05°

T AR R ING FRER R [R5 B R 22 5 . 25, P<0.05; #K2[H].
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Fig.1 Effects of tea residue extracts on the pasting characteristics of potato starch
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Fig.2 Effects of tea residue extracts on the microstructure of
potato starch (1500x)
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Table 2 Effects of tea residue extracts on the swelling rate of potato starch

i (g/g)

50 C 60 C

70 C 80 C 90 C

PS 2.22+0.04' 6.85+0.18"

14.11£0.10° 19.26+0.13° 22.53+0.05°
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k2
i (g/g)
HESh
50 °C 60 °C 70 °C 80 °C 90 °C
PS+0.5% TRE-1 2.24+0.06" 6.83+0.01° 13.95+0.01¢ 19.1440.01° 22.4140.01°
PS+1% TRE-1 2.25+0.06* 6.54+0.01° 13.53£0.018 18.94+0.01° 22.1140.01°
PS+2% TRE-1 2.31£0.01 6.39+0.35¢ 13.23£0.01! 17.62+0.01" 21.95+0.01¢
PS+5% TRE-1 2.37+0.01°% 5.82+0.03" 12.74£0.01™ 17.62+0.01" 21.7440.01°
PS+10% TRE-1 2.40£0.01% 5.55+0.01%* 11.82+0.01° 16.90+0.01 19.65+0.01%
PS+0.5% TRE-2 2.22+0.014 6.21£0.01° 14.21£0.01° 19.01£0.01¢ 19.94+0.01
PS+1% TRE-2 2.354+0.01%" 6.1120.01°% 13.07+0.01' 18.55+0.01¢ 19.47+0.01™
PS+2% TRE-2 2.38+0.01° 6.01£0.018 12.76£0.01™ 17.63+0.01" 18.30+0.01"
PS+5% TRE-2 2.42+0.01% 5.21+0.01" 12.26+0.01° 14.64+0.019 16.19+0.01°
PS+10% TRE-2 2.53+0.00° 4.96+0.01™ 11.58+0.01" 12.77+0.01" 13.24+0.01"
PS+0.5% TRW-1 2.33+0.01" 5.62+0.01% 13.65+0.01° 19.270.00° 16.60+0.01'
PS+1% TRW-1 2.35+0.01%" 5.63£0.017 13.49+0.01" 18.73£0.01° 17.94+0.01°
PS+2% TRW-1 2.35+0.00" 5.50£0.01* 12.52+0.01" 17.32+0.01° 17.1240.01°
PS+5% TRW-1 2.36£0.01° 5.49+0.01* 11.86£0.01¢ 16.82+0.01* 16.01£0.01*
PS+10% TRW-1 2.35+0.01%" 5.30+0.01' 11.6240.01" 16.00+0.01" 13.38+0.01%
PS+0.5% TRW-2 2.25+0.01% 6.20£0.01¢ 14.10£0.01° 20.59+0.01° 21.20+£0.01¢
PS+1% TRW-2 2.34+0.018 6.10£0.01°% 13.92+0.01¢ 16.40+0.01™ 21.68+0.01f
PS+2% TRW-2 2.32+0.011 5.88+0.01" 13.8120.01° 15.3420.01° 16.93+0.01¢
PS+5% TRW-2 2.34+0.018 5.75+0.01" 12.33+0.01° 14.24+0.01° 13.62+0.01"
PS+10% TRW-2 2.43+0.01¢ 5.51£0.01%* 11.73£0.01° 13.02+0.01" 13.49+0.01Y
PS+0.5% TRA 2.34+0.018 6.85+0.01* 14.05+0.01° 19.25+0.01° 20.35+0.01"
PS+1% TRA 2.36+0.01°%" 6.78+0.01° 13.92+0.01¢ 16.90+0.01! 20.24+0.06'
PS+2% TRA 2.38+0.01° 6.67+0.01° 13.66+0.01° 16.52+0.01' 16.66+0.01"
PS+5% TRA 2.38+0.01¢ 6.06+0.01™ 13.29+0.01' 15.57£0.01° 15.99+0.01"
PS+10% TRA 2.63+0.01% 5.80+0.01" 13.13+0.01% 13.80+0.01° 13.84+0.01"
3 £ posites filled with tea biomass [J]. Transactions of the Chinese Soci-
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