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Effects of Vine Tea (Ampelopsis grossedentata) Powder on Bread
Quality and Its Antioxidant Properties

KONG Yangiu', HUANG Yagqin', LI Qingmiao', ZOU Zhaojie', SU Xiaojun"?, WANG Feng"?, LI Qingming"*’

(1.College of Food Science and Technology, Hunan Agricultural University, Changsha 410128, China;
2.Hunan Fermented Food Engineering Technology Research Center, Changsha 410128, China)

Abstract: Impacts of wheat flour substituted with varying levels of vine tea (Ampelopsis grossedentata) powder (from 0%
to 5%) on the sensory quality, texture properties, internal structure and antioxidant properties of bread were investigated.
Compared with white bread, the chewiness and springness of bread with 1% berry tea did not change significantly (P>0.05),
and its quality was great. However, the quality of berry tea bread decreased significantly as the proportion of vine tea
powder increased. Scanning electron microscope (SEM) results indicated that the internal structure of bread was intact and
the edge of pores was smooth when the addition amount was 1%, but with the increase of the addition amount, the internal
structure of vine tea bread was destroyed and the quality of bread decreased. The antioxidant results showed that the
contents of polyphenols, flavonoids, dihydromyricetin (DHM), myricitrin, myricetin and antioxidant properties of bread
increased significantly (P<0.05) with the increase in the proportion of vine tea powder. Overall, 1% of vine tea powder can
ensure the quality and improve the antioxidant properties of bread, which provides a theoretical basis for the subsequent
processing application of vine tea powder in bread.
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HATERETE . FIRBIE IS, 7T a7 gk i
LI A=l a2 N T2 R & > 7 ey || | SPS 22 S
ARAMEZS LT, 2013 41 12 ABEASbE s &
i R, Bifi e SO A TR 25 B[R IE H sk, HOW
JEFEIA WS 240 =

T, URAZ I P8 B % o B SRl = A= i
PEP T, W5 S 22 1 A5 E P SRS i 3 T
T, BB T 2 MR A H a IR Rk . e
TEEL S IATR U O R E o MR ZR U
AR ST FEEEN A, B b 2
e, EE e mPUEARTE . Ma U WFST A B, il
TN AR U A1 — S A% 45 2 (dihydromyricetin,
DHM) BEAE I HI PG 1 A . PABRERSA FR 58
AR/INZE Ry VR I A2, BET T 1A 5 Gy pl fe R T vk, (EL
B INEE SO Ane] 52 o) [ AR | T o R H
PRI P25 T o £ DR

AW GE ABERS A R IR - AN By, 5%
BEAT AT LT BT AT AR I SR, S s aE 2%
IR T AR SR
1 M5
1.1 MRS
5 e AT ELLT AV R % AT BRA 7]
Chrigs, ik 40 B, 20 . 3. DHM . i1 . 14
& |49 N 133.39 mg GAE/g. 288.21 mg/g.
166.03 mg/g. 1.01 mg/g. 1.06 mg/g); KA E i/ NE
¥y ARTEREEAEERIARA T AR, S
BE AR A R L PP IS S T
AU AR UES L B E T IRARMES, | AP AR v
ih bR ERSEFERHEAT RS A5 2,4,6- —nkiE Sk —
(TPTZ) . 1,1- KL 2-97 i (DPPH) | 2,2"-BR (-3 -
3-L BT BEMEbR -6 R (ABTS) g dsnt A4
B B Fl 5 HoAxiaom) ¥ T B 245 58 Ak 250
B2 H] o

SEC-3Y ¥4 . SP-360 W24 —ZEHIMA R
3w TA. XT. plus BHY 3¢l Stable Micro Systems
5 F]; CR-400 FHe 221 M[JE RERER A F];
PD HASA R THAL ISR & BRA &5
4= AR AR ITENLOXESTPRP-11-01) g4
Hml K JBAT BRAS F; V-5000 Al WLAGEEET
W TCHTAL 28 A8 FR 2N T 5 ML-6C 53V bt 58 7K 433 2
I BINTTREFARBHE A R F]; MICRO 21 R 25
UL 32E Thermo Fisher 23 F]; 2695 =80 AE (0,335
1% ZEE Waters 2\ 7]
1.2 LT3k
1.2.1 FEEALEIE WSS R SR S0 I AL
BHEC T (3L 184.8 g): 245K -/ NEIR -G 3L 100 g(%F
FATEIR G 5 AR 0%, 1%, 2%, 3%, 4%.
5%) . EREEF 0.5 g MEEE 1.3 g, HEPEE 16.5 g
H1g XESSe. Wik 4g. 71 10.5 g, /K 42.5 g,

AL TR E AR R — R I —HE L BT —

e A
e
BEAT

Ke— M (1 2k: 170 °C, F2k: 190 °C, 10 min), HAK
PAEUTR:

a. FI : JFORE R0 1R A, B AR AL, A
20 min;

b. KW B A B T RE LA P, dR)E 38 ¢ TR
J 80%, WA 2 h, 1H EATRLGRZ I R AT 2 4%

c. B SRk H K Wby 1 Tl A HE AR TE I, i
IR AR T KRR 1 hs

d. JEk%. 78 FKIREE 170 °C, FAKHREE 190 C
SAF R, KRS RO AT RE 10 min,

AL HE IS AL LS . (e . Bkl . PISREL

FRAVEE PP, 3 B o TR E R FH LS v 15
JEALBE B TR, I WA By e M AR
TERETT -
1.2.2 BREAST LS, O e =2 2= el
M7 % LIRS, VIRZY 15 mm HEEL A,
HURE & v 18158 43 24 186, A CR-400 (6% (6 2%
TR E, M 5E LB o B b, I B A IEAE =
VAL? +Aa” +Ab”

LA 52 22 GB/T 20981-2007 skt

JER AR AR 22 22 2 el T () v A S TR
H 2 h )5, YIZY 15 mm JEAY AL, BORE & v a)
AT AT I . W A SR A TPA B, 35k B
P/36R £k, MR AT BE %224 2.0 mm/s, M= B30 52 o
1.0 mm/s, MRS EZ N 1.0 mm/s, JE4E BN 70%,
BNV S go

BB PR 23 GB/T 20981-2007 EALALRS & 5T
PEOrARiE . AR E R TR E 2 h J5 T EE PEAT,
FH 15 ZRSE . BRE RBOT HA—E L5 a0 M 5
SPAT, 253 100 43, BEE PR LSS 1.
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Sensory evaluation scale
PEHIbRiE
16~20: F 4 5E%, SNBANE, HAFTEZOR, T

11~15: FRBIEATFEA, O/, A7 i il
5~10: REATH, HibG, LA/, BIEABUR R £

16~20: IREk A, FIN5), R TR
LI~15: JRE A, BPEATS), R Bl
5~10: NEIREGEAD, £ J R

16~20: 7 3ikb, SCALERMGERIR, DI H 5 PRSI

am e

A 1115: A9, ALK —, DI IR it
5~10; JCHE, AIGUBH, DI F S ]

16~20: BtrE I, HLA BRI AR, BE2R RS B
LI~15: BB 5, A F ik SRS AR
5~10: Btk S5, MALFERESIR, TCHH WA AR
16~20: AR, WHIT G AN, R4 RsaE
11~15: FUBARAE, THIG IS 030 T, A R
5~10: FUBRERELTT, FhF . Ris R

Table 1
WH  AHMEGY)

SMIER 20

EKmaE 20

1.2.3 HREASHM N FBSELE T AL S
ZEgHe T BT ALV A 2 h S DI 15 mm
WA, MRS 6D B AHALR B 18 A IF ] Image
pro plus 6 FAFXF R T A LI

FIHAB B (SEM) S5 5H iY77 J 2 h )5
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BT LA A RSV 1 mm A, R mmidsit
s TH#EF R TR 30 5D H S5 -
1.2.4 BEASHALE R TP A LRE 1R
1.2.4.1 A, BEASHAIE MRS e SRR H
52 FREL 5.000 g BEA98y /R T8 T 250 mL 194E
T PN, B L 1:10(g/mL), 80% Z. i #3 75 2 B
30 min, &> (5000 r/min, 15 min), & iR
3K, G IF FIBUR, THeE28 AL hZ8 R Wi e W e
WET 25 mL 55, A 80% 1Y 2L B5 a2 45 2 Z|
B, $24), 53 B E A 200 mg/mL 1R, 4351
B IR BRI AN R BG 5, VE e i RN VR
M RE PR AT & AU AE AL RE T o

a. 2y 25250 (AL B, B 1 mL
FEMR T 25 mL iy L A8 T, A 0.5 mL #8ARE 5 T
REFALREGIZ WY 3 min, LA 7.5% BIBRFERENS 2 mL,
FEFEE 10 mL, IR51E THREAN RGN 1 h, v 45
HETF 760 nm AL SEW S GEH . LA & IR AR
WIBT, I TR & R AR, IOGIE A SRR,
29 AR 27 F2: v=12.526x—0.02( R*>=0.9995) [
FIH A W&

b. BN S35 WEH 5" 19773, B2 mL PRI
T 25 mL B EL @A, il A 0.30 mL 5% ) NaNO,
WSRAES], JICE 6 min S5 0.30 mL 10% A1(NO,),
IR FE], E 6 min J5 LA 4 mL 4% [ NaOH
W, IR TR 22K AEZRE 10 mL, F 290 nm A0
WO L Stz iy, —EWtle R &
R ARGR, TOGIE A SR, A5 pR v £k 7
F: y=5.3943x—0.024(R*=0.9972) F T3+ i & & .

c. DHM: Z MR EI 258192005 4 fit—F B 57 VI
D HY7 1, GRE SN 0.1% BElR-H WE(70:30) M
ShAH, Kl > 290 nm, Hii#E 1.0 mL/min, #il4E
#5230 °C, YRR 10 uL. DHM WARAEY BT, HeE N
T Ak i, 06 T B A 9N Ak R 22 AR B o R 4R O R .
y=30000000x+109298(R*=0.9943) JI T-i144 DHM

d. M . M3 S VPN IR E,
3% 254 (3% Zorbax SB-C ¢ (AilAE (250 mmx
4.6 mm, 5 pum); FaNAH: FHEE(A)-0.1% BEER (B), £
FEV¥E R : 0~10 min, A-B kb4 30:70; 11~15 min,
A-B b4k 40:60; 16~30 min, A-B b fy 45:55,
i % K 360 nm, i 1.0 mL/min, £ 7& 30 °C,
BERERR 10 Lo S LAGHETE | iR AR vl e 5
Shy R Al i, 068 TET R SRy 9N Al R 22 A5 b T Bl £k D #R
y=20000000x—195636( R?>=0.9931) . y=40000000x—
449463 (R*=0.9928) T i1ttt s,
1.2.4.2 #EAR1E4L DPPH [ HILVEBREE M &
BORF IR 1.2.4.1 §il 45, SH 23007 1y 07 ks
B BEAR AL Ag: 0.5 mL FE#E+70 pmol/L DPPH T.1E
W 5.5 mL, $£57, BEOGA 30 min, R XFHRZH A
80% M ZEE 0.5 mL+DPPH TAEW 5.5 mL; UL V. A
BHAEXT IR, 80% LBEFVHZE, T 517 nm JIKSGIE . AR

LA A5 DPPH H BRI R
Ac—Aq
A

C

x 100

DPPHH HEEBF (%) =

1.2.4.3 ZAZNmEL ABTS IEBRAE TG HRBUGRE
BB 1.2.4.1 #14&, 208 Cheng 2509 {7 B ok R
PEf 4 Ag: 0.3 mL FE ¥ +7 mmol/L ABTS T/
3.0 mL, #&4], #EGI W 10 min; XFARZL Ac: 80% 1Y
L WE 0.3 mL+ABTS T AE#K 3.0 mL ££ 2 7 il ; LA
Ve R BAMEXT ], 80% L BEIRZE, T 734 nm PG
{Ho ARIELLTF AR ABTS <iFER#*.

. Ac—-A
ABTS /&R (%) = % x 100

c
1.2.4.4 #EASIHIGL-OH JHERAE I e $RHORIE IR
1.2.4.1 il #g, Z MGG AERY B3 [ b SRR e J7 vk A
fZH Ag: 0.75 mmol/L 4B —%(3E 1 mL+0.75 mmol/L
FeSO, 1 mL+0.2 mol/L pH7.4 [ PBS ZZ /P& 1 mL+
FEA 0.5 mL+0.5 mL 0.01% /% H,0, F 10 mL kb3
B, ERE SmL, T 37 C /KIEERLLIE 60 min, 1511,
A: 0.5 mL 80% K Z A AR, Ac: 0.5 mL 80%
19 BN, 0.5 mL ZEIE/K AU 0.01% 1Y H,0,.

F 536 nm M SGE . W& LI AKX -0OH 7E
. Ag— A
*OHIE R H (%) = AS_AC x 100

1.2.4.5 %AWl FRAP PriAfbpE hle  $RHUR
208 1.2.4.1 H145, 288 Zhao &2 [y B un T .
B 0.3 mL BEWE+2.7 mL. 37 °C Wi FRAP TAEM
(pH3.6(0.3 mol/L) FY Tt iR 22 A K . 10 mmol/L #
TPTZ %W AN 20 mmol/L =S AL u LA 10:1:1
(viv:ivIRE), F4, #86 37 °C /K¥E 10 min, RF0,
Ve FHPEXTRE, T 593 nm MWEOGE . DL-E/KEG R
TRV R R ER BT, T I GBS S5 X i -E 7K B i
BV R B S22 i A R AR AR, WROYGIE A SRAAEBR, 2515
FRUERZR T2 y=1.9729x+0.0714(R*=0.9998), FH T
145 FRAP PréafbiE ).
1.3 R

A E R 3 IR, IR L R IR £ s/, 2R
JH Origin 2018 FAF2:1E, >R H] SPSS 26 #HATHNZER
5 2Z418T . Duncan A 722 5 L35 . Pearson ARG
S3HT o
2 ER5H
2.1 EHFEMXEERBRAFNE

o P L B 5 i Y 2 A O AL Y R 2 AR, T
WS R B R 2 T IE N, 5REB IS8
O TENEL AT b, SR INAE 200 J5 G0N i) AE B R, i
B 1(A. B)ATLUE W, BYINRESON IS, A% B BRI,
HB AR S, D& TR0 R O a6, B s
ELEIRG M, W 2, B 1(A) Ui, BHEERTS
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Table 2  Effects of different addition of vine tea powder on bread quality
BEAOBRINE (%) 0 1 2 3 4 5
AE 24.68+0.45° 30.07+0.61¢ 33.85+0.36° 36.09+1.38" 39.20+0.64° 39.18+1.22°
H4¥ (mL/g) 3.24+0.02° 3.19+0.03° 3.04+0.00° 2.87+0.01¢ 2.80+0.02° 2.68+0.01"
i (g) 1239.17+20.56° 1394.17+144.76° 1562.76£55.13° 1657.42+45.63% 1735.93+20.87° 2043.26£81.14°
i 0.92+0.00° 0.92:0.00° 0.90+£0.01° 0.900.00° 0.87+0.01° 0.88+0.00°
NEL B 736.38+10.12° 810.64+75.88™ 880.45+27.48" 805.59+79.77% 878.95+20.26" 1079.40+26.87"
BETH 5 (43) 79.18£1.01° 74.47+0.59° 74.74£0.25 73.74+0.65™ 74.23+0.64™ 73.47+0.72¢

1 TR F RS A 3 M 25 57 (P<0.05) o

S RN, AL S S RRAIR(P<0.05), s i
IEF] 5% Hf L 25 B IR 1k 17.28% JR K4 T
T — 2 RE A P AT TR M 1 Z2 Wy 2 IO 5L 1 T 3
Do 285 25 A4 v 1Y) -S-S -5 e R /K RO T A AR
T TP, S A RSE PRI,
ALV BEAS T T 5T I 48 G5 A T2 A, T 1< RE
J1 R, S0 A ELASREAIR .

5%
AN TRVAE 2R A 1 Ao T i SR PAY AR 435 ) ) R

Effects of different addition of vine tea powder on the

3% 4%

0%

1% 2%

B 1
Fig.1
appearance and internal structure of bread
TE: A ARSI R 2 1AL S L5 B AN [RI AR i g 2% 1 55
AT C: AN TR i A AP B

T AL P TR AR - L o B BRI, ik 2 ]
N, 55X L AR e, BRI R T 1% A% 2% T Bl
J£ | MHIEEIG IS, S RAAR, Tl AN FLAE, 3 1 /8%
ARZE | TAMELIEVE B R B AEASTRIMEL Y Z2 W 2 It
AT, SV T A3 P 28 S5 A R A, ToT AT ™0 57X
AEJIAL 2%, SR ALAE R | REIEPEIE RS w5 ]
Z W) o2 S SE R T EL A ISR R, AnTaTRS RS
ey e 7/IGiE: 5 RN e v il S S e
AORE IR | FAPEREAR, MR 22 . 522, B2
AL AN [ RE A 520 T AL AR A BT, S Ase
BRES IR R T 1% - HLEEAS a3, i a4 -

N, ANIERSAR 22, SAFLARASEE W/, LHEUVERR,
ARKE, PERMOINEE, HERAR S, [FA T AR XU
TR, R BVEEA IR G, SR =, ARSI
FEE S LA BB PR T 232 R N
2.2 SRMYEERNERSEEEERIFE

TETELAAFR ) 11 BRI AL 1 N RS FLR N A
B, A Image T XTE 1(B)#EA745007, 4558 W6 3
FE 1(C). A 3 FE 1(C) A%, S5XF B4 AL,
BEE BRI AR, T e F LA W 2
(P<0.05), S AFLHEAL R 3 T % (P<0.05), S FLAE
EYINER S

Syt — 2B AT EELAL BT S N EREE A I e &, A
JH SEM X E BT T S5 FAE, 455K 2. 5
T RRZHAERL, 1% MIBEAS TN AR FLE B2, i
b HGSEHE . (BB RN, SFLAE/IN, A,
ARG . LR DR S A A AT 19 T B P
HS T A AR 1 5 SV S DA 18 R T 1 A9 8 1 108 S
STHEAEA, AR T EIE s SeIE g M, TikEE
BEASYUS IR (AN, Z2 M2 o S i B, 222
Y JBTIA T -S-S-, SN [ AF AR 1 RIZS S5 A BT L, T
A1 K WL PR, S 8mi a4 g fa A 2220 gt
FEHEE RS INE & B BaATR, AR S T 2RI
5, Je TGN e A T L Ll ZR S5 A AR B ek, (Rl
BRI, A G54 32 BRI EE R
23 BXRMNESMELEEIHEN
2.3.1 A XA PR R IE T A
Xt L A TE RS PUEALRE JI T 1C, 1H, Z55R UL
2% 4 FE 3. B 4 nlHL BRI S FRETERL
A3 o B A5 S S 0 A T B o, HC 2y L PR
DHM. #1517 . i8R SR EA RSB R
[a] B i 3 22 57 (P<0.05); T T Hr s el o5 ket
A P AT AN i LR A9 5% 2R ) I R AT RS D N

223 AFBREAS IR I XT A AL I
Table 3 Effects of different addition of vine tea powder on stomata of bread core
BRIV N (%) 0 1 2 3 4 5
SALBEE(1/em?) 335.50+2.12¢ 431.00£0.00¢ 569.50+2.12° 537.00+1.41° 539.50+0.71° 540.00+2.83°
SALHFR(%) 24.49+0.14° 21.51+0.13° 21.28+0.41° 19.94+0.37° 20.41+0.02° 20.34+0.01°
AL AR (mm®) 0.07+0.00° 0.05+0.00 0.04+0.00° 0.04+0.00° 0.04+0.00° 0.04+0.00°

AT AN R RN AR 3 25 57 (P<0.05) o
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Fig.2 Effects of different addition of vine tea powder on microstructure of bread (30%)
F A4 AIRRESMUS IR X T A P (4 A T PRI R 1C 5 (AR50

Table 4 Effects of different addition of vine tea powder on bioactive ingredients and IC, values in bread

HABTR I (%) 0 1 2 3 4 5
% (mg GAE/g) 0.51+0.01° 3.65+0.12° 5.99+0.02¢ 7.03£0.17° 9.72+0.04° 11.06£0.21°
A (mg/g) 8.02+0.02° 29.20+0.12° 32.38+0.04¢ 40.18+0.05° 45.74+0.06° 51.23+0.06
DHM(mg/g) 0.00+0.00° 0.1340.01° 0.30+0.00¢ 0.52+0.00° 0.94+0.02° 1.1240.00°
i (mg/g) 0.085+0.010" 0.087+0.002¢ 0.088+0.001¢ 0.091+0.001° 0.093+0.012° 0.095+0.002"
kit (mg/g) 0.0970.002° 0.098+0.001¢ 0.098+0.002¢ 0.099:0.000° 0.100+0.023° 0.101+0.002"
DPPH"-IC,,(mg/mL) 181.57+3.10° 10.81:£0.90° 5.16+0.16° 3.05+0.25% 2.8540.20% 1.81+0.44¢
ABTS'+-IC4,(mg/mL) 52.41£0.31° 4.20£0.04° 2.44+0.02° 1.67+0.00° 1.19+0.01° 1.08+0.01"
FRAP-IC;,(mg/mL) 174.23+3.58" 10.12+0.27° 4.85+0.08° 3.8+0.12° 3.17+0.08¢ 2.66+0.08¢
-OH-IC;,(mg/mL) 32.18+0.09° 26.74+0.08" 14.56+0.14° 13.85+0.15¢ 8.10+0.12° 6.51+0.03"

T [T AR Rl B 2R AR B 525 5. (P<0.05) . FRAP-ICs,: LA FR0.5 mmol/LAYFeSO Tt 1o FE 4% T ful HEE U e JEE A 7R s HEARIC 53 US4 51

TR XN 14 52 TRV R 238 21 S0% R Y AREAS I R SR IBURIVR BE /R (B 1 JEmg/mL )

VR AFTE | 55K 1 A2 3 1 P 0 3 PR AR it LA e
556 7 B 1 22 TR SR AR R 3 350 2 5 B
1Ko BEIRES | BE el Al Zhul? S8y 2% S5 e il
THT il s Z2 13 2 o B RS 0 B A B i g o o
2.3.2 BEACHIRTIHGPLEILBE S gsEm & 3 TT
H1, AN RS N & 0 AR 45 AL 4 X DPPHe . ABTS >,
FRAP. «OH ELEHUEILAE ST, H 28 H B B 1571 i
AP . ~OH PTAA AL 50 TCHRFE A BN I L AR A T )
$E IR e BE PR AL Ol — b AT SE 5, B A o L g
2 4 PSS DPURILFR PRI 1C, (ERFIRHT AL HE
JIEREsS . ik 4 7T FRAP 2B TR RE I 5
DPPH /R AE J1AH 24, 48 ABTS -IFBRAES1 22 1M
*OH % BRAE I AEARUS g BHL T DPPHe, ABTS™s,
FRAP HiEfbGE ), B BN a3 i, oAt =24t
SEALRE 1A T-OH 1EI5HRE ) -

FH & 4 %0, A 1 1Cs, (B BEES = A 35 hm
Wi/ e Hidp 0% X R ZH 1A A9 -OH 30 4258 P
EA, H 1C, HACA 32.184+0.09 mg/mL. i Ffi7s
ST, ABTS -2 i 2 80 AR P4 fL e
HE 3 poRgs R, oA ISR i R RS

HALE & 2 Wik&9), BTt Esm P ek, i
0% Xt BZH T B A — 2 P e b BE T K T
A S NTEE SIS, LIRS A 2
TER R F= P anZe B2 | R . S A TLAMb A
YIRIAFAER

2.3.3 ARG PR FibT A AL E J1 B AR S5y
Br o SHERFE 5 FEMERT SRS ALY 4 Ptk
e 1 Z AR A, X Bk 5 FhiE ko5 4 R
B AL BE I 1Y 1C, HEATAHSC 40T, a5 SR W3R 5.
Z ;. HlH . DHM. g Fikg ity 22 5 5 SR A0usn
=R S AH S (P<0.01); DPPH-, ABTS's, FRAP,
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Table 5 Correlation analysis between active components of vine tea bread and ICs, value
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