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Abstract: This study aimed to investigate the effects of different oligosaccharides on the quality and volatile aroma com-
pounds of fermented green tea. Sucrose, isomalto-oligosaccharides, galacto-oligosaccharides, and fructo-oligosaccharides
were added to Mao Jian green tea extract and subjected to fermentation with Lactiplantibacillus plantarum at 37 C.
Changes in physicochemical properties, monomeric phenolic compounds, antioxidant activity, organic acid composition,
and volatile compounds were analyzed before and after 48 h of fermentation. The results showed that, compared with
sucrose-supplemented fermented green tea, oligosaccharide supplementation significantly increased total phenolic and
flavonoid contents, monomeric phenol content changed significantly (P<0.05). Among them, galacto-oligosaccharide sup-
plementation yielded the highest total phenolic content (2552.21 mg GAE/L), while isomalto-oligosaccharide supplementa-
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tion yielded the highest total flavonoid content (365.83 mg RE/L). Oligosaccharide supplementation also markedly

enhanced antioxidant activity (P<0.05). Galacto-oligosaccharide supplementation produced the strongest DPPH radical

scavenging activity (79.20%) and ferric-reducing antioxidant power (23.95 mmol Trolox/L); however, fructo-oligosaccha-

ride supplementation produced the highest ABTS" radical scavenging activity (89.40%). In addition, significant differences

(P<0.05) in organic acid were observed between oligosaccharide-supplemented samples and sucrose-supplemented sam-

ples. Oligosaccharide-supplemented samples had higher total volatile aroma compound levels than sucrose-supplemented

samples, with increased alcohol, alkene, and ketone levels, and the formation of new volatile aroma compounds, such as

isoamyl alcohol, lauric acid, and ethyl acetate, thereby conferring distinctive aroma characteristics. Among the oligosaccha-

rides, isomalto-oligosaccharide supplementation yielded the highest volatile aroma compound content (43987.09 pg/L).

Overall, these findings indicate that oligosaccharide supplementation not only significantly enhances the nutritional compo-

sition and antioxidant activity of fermented green tea but also enriches its aroma profile, providing a theoretical basis for the

development of functional fermented tea products.
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Fig.1 Changes in the viable counts of fermented green tea
with different oligosaccharide additions
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Fig.2 Changes in pH (a) and soluble solids content (b)
of fermented green tea with different oligosaccharide additions
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. XOEFECAICRYE S I Ge R sa A M F LABAT B
M SRR, DAITE E 2 B TR SR 55 rh BAAR I (19 5
1k, FEFRAN A RSN o
23 FAMARERRELAERFEFMENLEENTH
ARBFsEmE LI E ABTS H i3k, DPPH A 3k
FEGA L RE S A T R BRSSP T B T b E
P 3L BN BB 5 AN P AL R 38, T S T
S O NI o . RE SRR R S 1Y)
PR AP, R W T T SR AT T 2% 22 W 2S00 T R A A
M/ INGFZ i) s a] DAL ok K iE H B EE.
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Table 1 Changes in phenolic profiles of fermented green tea with different oligosaccharide additions (mg/L)

LN Xif HR2H KT HRA FJ-IMO FJ-GOS FJ-FOS
WEFRILER 30.81+0.09 26.46+0.05 11.85+0.03° 14.87+0.03° 19.2240.05°
BETFm 23.83+0.01° 23.42+0.03° 21.12+0.01° 21.33+0.02° 23.25+0.02°
JIR-S- 13.42+0.06" 13.46+0.03 13.48+0.06" 13.66+0.03* 13.54+0.02"
RERETILH R TR 58.06+0.07* 59.32+0.03° 60.030.02° 60.06+0.03 60.12:£0.06°
KEETILER 48.890.02" 48.59+0.07" 48.62+0.05" 48.84:+0.02° 48.41+0.09"
WANHERR 107.210.06° 106.69+0.04* 104.45+0.07° 106.85+0.08" 105.43+0.08"
FILKE 41.90+0.04° 40.41+0.09* 38.05+0.05" 39.75+0.08" 35.70+0.06°
BEFILEREE TR 26.98+0.02° 28.08+0.03° 27.30+0.04" 30.28+0.04* 30.210.02°

IR EETIRER 8.02+0.08" 8.15+0.06 8.83+0.05" 8.99+00.1° 8.83+0.07"

T o HE 2 2 T HEZE 43 1) R S I TR (4 5 2 R 2 20 RN R T4 25 40, FI-IMO., FI-GOS.. FI-FOSAM s IG5 557 200 (R BE P20 | (TSRS
R AT AR TR R B i AT B 22 5 (P<0.05), #2., %3,
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Fig.4 Changes in DPPH radical scavenging activity (a), ABTS" radical scavenging activity (b) and FRAP (c) of fermented green tea

with different oligosaccharide additions

Trolox/L) , 7EU MM ER 57 22 ZEWH I K 4 45 vh il
= /K- ABTS F HH 698 R 1 (89.40%) , iX
RGNS GE I 52 & R R A b A fhyE
JR A AT RS Z Wb G S hT TS A B AH DG,
WIS Sl R ek S b By & i ), SE Mg sm
Hyra bt
24 ARMARIRBREABIZBNEBRIENTL

YRS HAh SR AR T R, 52351 “fE 3k
BEFN” (1 TEE EAE DG, W3R 2 PN, SR 55K 48 h
Ja, LR . 4. TR A mBgmg & sy
i, SESLER S Bk, 5 T BRLHAH L, BRINIRSRpE
M) R TR AT ML B S i . FLIR R AR A% R Wit
Rt A 1 i B PR, H R T A E
SRR AR A BRI S DN AR, 76 LI 0 U 7Y
S5, NI ZLIR . SRR AR A R I

T2 IR & B A LR & R 28 1k (g/L)

Table 2 Changes in organic acids of fermented green tea

with different oligosaccharide additions (g/L)

SRR PR AR N EEL A PR, AR F AR B &
BET R T E RIS . BRI IR (LR . BT 1R)
b 25 SN 2 AT I R ISR RREOY, BN pE AN
ARNAHMRERBE & BEER AT, ISR 522 2R &
T A5 P FLIR (2.53 g/L) Ak iR (0.65 g/L) & fx
=1 IR A ZLBE Y R R Th 3SR R (1.70 g/L)
S ARG, ST 12(0.38 g/L) FIIEFAMS (3.85 /L) & E:
B BNIMIR R SR R R AT P 212 (3.10 g/L) &%
Hf o X AT RER B i IMIR SRR 1F T & it 7
ORISR R IR, FEELR .. REA YIRS &
Bl g5 HRFRHES LSRN LERERHE 3 T 5 Z A L
PR A AE B o
2.5 ARMARRREABRIIZE L MENRYRAIE L
TH X A a2 1) 20 - 5 R R P R4
JoR A 2 R B B UIAH G, (IR 2 A AN gt M heim
S SN R UAEAT B AU QBTSRRI GE 1, SRR i
LR M RIRIEE . 36 3 B/R TS KNG
¥ IR U B 5 A A8 A, AN E] 56 Fh4 & T AU
EY, s 14 FhlE2s . o Flazs. 6 s,

HHR X4 REEWEZ4] FIAIMO FI-GOS  FI-FOS A . \ \
FLM2  0.40£0.01Y  0.91£0.03° 2.53+0.03" 2.21+0.09* 1.77+0.05" 10 FHARZS 7 FRERZS . 5 FHRESS, 2 FRbe keI A 3 A
YRR 4.40£0.02°  4.00£0.05° 2.87+0.06° 1.7040.09° 3.28+0.04° HoAth (TR B2 55, A UAFiEil i ChemicalBook
ZHR  1.0440.05° 1204005 2.85£0.02° 1.47+0.04" 3.10£0.01° BARFEA W . TARKRBEEREFHLL, RaRAs S & E
ST 0.19£0.01°  0.20£0.07°  0.22+0.01% 0.38+0.01* 0.27+0.01° USRS e e, HorP e s SRR S 22 2
FAEIR 0.23£0.03°  0.2580.02°  0.65+0.02° 0.52+0.01° 0.32+0.02° WG %2 TSR 25 (43987.09 pg/L) , Fe A% R U I e w1
BEFAMR  1.04+0.03°  1.3320.02° 3.63+0.07° 3.85+0.02° 1.52+0.02° KR HAL (27451.06 pg/L) .
3 IRIANRURTRNE R B R KU BT % i i 28 1k (ug/L)
Table 3 Changes in volatile compounds of fermented green tea with different oligosaccharide additions (ug/L)
FFs P J2 e AR B Xif HRZH KT IR FJ-IMO FJ-GOS FJ-FOS
=S

1 alpha-FATHIFE 1381.67+71.50° 3069.14+£147.25° 4886.10+199.02° 3838.48+169.63° 3932.04+225.69°

2 R 365.83+9.39¢ 597.75+20.63% 703.41+33.71° 540.51£15.09° 645.96+27.04°

3 Eugi 978.49+85.93¢ 1923.40£114.38*  2298.97+162.99* 1614.65£108.65°  2008.28+172.62%

4 2-HIE T 63.33£6.51° 178.78+5.78° 231.91+8.68" 228.74+13.38° 140.79+7.59¢

5 SRR ND 431.44+22.88" 345.00+£10.11° ND

6 g ND 1615.68+103.29°  2613.78+185.71°  2636.03+188.66" 1247.98+74.59¢

7 IEBERE 242.15+6.53¢ 418.38+17.86° 389.01+10.92%® 359.72+18.57° 359.10+14.64°

8 R ND 283.69+13.21¢ 2094.10+127.07* 1809.89+161.87" 602.32+22.83°

9 2-Z O 198.31+11.50¢ 369.39+16.33° 979.04+82.66° 625.24424.75° 283.7148.15%
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g3
3 PR M R 52 pogiikatl J et iRl FJ-IMO FJ-GOS FJ-FOS
10 1- T 109.03+4.75¢ 260.95+5.09° 1003.35+84.73° 221.58+7.14° 701.72+38.13°
11 + 278.57+6.59¢ 401.40+27.87° 378.57+15.85® 351.40+17.78% 329.88+13.52°
12 S B AL A ND 121.45+9.77¢ 166.07+8.57% 154.38+5.57° 172.12+11.85°
13 J'WAA?&TisEﬁa@f HNE ND 833.52+33.67" 848.33+42.78" 899.96+54.86" 690.05+30.08"
14 226,§fz?ifﬁ£}§§m ND 607.35+39.98" ND 873.10+49.29" ND
it 3617.38 10680.88 17024.08 13873.45 11113.94
1 EEEE 881.67+47.81° 2059.27+164.46 2506.47+208.91° 2137.55+90.48%  2229.35+151.42%
2 (+)-FriEh 556.43+19.15" 1717.49+165.73" 2136.51+124.11° 1999.62+235.78° 2082.57+201.23"
3 (E)-B-% s 188.66+7.04¢ 699.56+51.99¢ 904.58+69.54" 739.46+55.56" 838.94:+42.84%
4 B e SR &Y 585.97+28.81° 1339.42+80.27" 1683.47+121.62°  1478.19+113.91% 1562.95+92.05%
5 3-E 62.51+4.89° 162.3549.05" 204.82+9.80° 225.62+9.93* 180.14+7.78°
6 il T 81.78+4.20° 641.66+37.89" 761.16+44.68" 613.74+21.07° 884.95+86.97°
7 B ND ND 124.25+6.21 ND ND
8 13- R 95 ND 579.53+32.44° ND ND 727.98+42.94
9 1,7,7-= W BEER[2.2. 115824 396.29+23.42¢ 1119.11£136.50° 1561.40£155.90°  1488.72+120.25® 1228.98+78.88™
J=¥an 2753.31 8318.39 9882.66 8682.90 9735.86
1 NI ND 54.75+2.26° 97.66+6.73° 84.76+6.90° 59.35+4.65°
2 WAL ND 44.84+4.10° 55.21+3.28° 92.01+6.39° 55.20+6.12°
3 IR ND ND ND 21.07+3.66" 38.63+5.67°
4 FRERR ND ND 69.19+5.76 95.85+8.34° 97.18+9.25°
5 FR ND 30.87+6.75 75.53+8.49° 76.53+8.64° 64.38+3.20°
6 EZER ND ND 42.89+7.98 ND ND
it 0.00 130.46 340.48 370.22 314.74
[lEES
1 4-F I3 130 -2l 299.68+15.34¢ 322.93+10.90% 380.45+18.38% 343.38+14.51% 403.86+19.23°
2 FH S B A T ND ND 158.35+8.58" ND 177.3249.09°
3 beta-%¢% =il 233.58+7.31° 300.78+14.88° 329.60+9.80° 333.59+18.78° 370.87+10.88°
4 5-H 3-2- L 478.09+20.62° 184.46+14.57" 151.85+9.46% 196.66+19.94° 124.75+6.80¢
5 2-J 173.82+4.31% 167.76+8.20° 420.70+23.69° 649.72+42.20° 234.19+18.91°
6 KE1-H 575.87+42.58¢ 877.42+38.82" 1113.55£117.41® 1172.79+£166.92° 852.38+35.10°
7 2-T-fil 227.76+13.97° 527.43+20.61¢ 782.54+46.80° 1174.86+87.51° 1829.64+123.04°
8 2+ BEfR 102.38+4.21¢ 200.93+13.68" 1827.34£167.30" 216.77+8.44% 353.19+24.82°
9 (3E,5E)-¥:-3,5- " J-2-Fl 77.56+4.79° 118.30+7.57¢ 159.60+8.27° 144.03+7.95% 134.35+6.08"
10 3,5-F ZJfi-2-Ti ND ND 164.62+16.93 ND ND
Bt 2168.74 2700.01 5488.60 4231.80 4480.55
2
1 Nivy-4i 1 1275.82+121.20¢ 1762.56£175.32%  2914.58+287.16" 2902.09+228.23" 1809.39+133.43°
2 F R C e 163.1247.79° 220.95+9.46" 306.59+12.64 222.83+5.39" 208.16+7.37°
3 KR T i 109.58+7.45¢ 169.95+5.20 266.46+9.46" 251.47+7.00° 145.77+4.04°
4 LR T ND ND 114.91+5.03 ND ND
5 Slivesit ND ND 408.37+17.35° ND 258.91+12.35
6 XFoR R TR 103.64+5.39° 193.77+6.77° 189.88+6.75° 182.33+7.99° 197.94+17.38"
7 LRI R-1- T e-2-5 T Hg 112.35+4.51°¢ 186.21£6.10° 152.59+2.88" 179.16+7.75° 174.28+6.02°
J=¥an 1764.51 2533.44 435338 3737.88 2794.45
[
1 AR HIE 237.61+8.67° 283.69+9.67° 547.99+19.15 566.73+29.42° 293.40+9.97°
2 e ND ND ND 1222.84+133.80 ND
3 PR ND ND 116.39+3.20° 114.55+5.78" 91.19+4.89"
4 IR ND ND 367.71+11.38" 433.73+26.76 ND
5 2,4- " HIER ND ND 2133.57+183.95° 860.66+77.60° ND
s8a 237.61 283.69 3165.66 3198.51 384.59
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Hk3
T ¥ AL R pogiikatl Ao FIJ-IMO FIJ-GOS FJ-FOS
e
1 p-AAEkE 103.33+4.82¢ 201.45+6.07¢ 401.07+17.78° 366.44+7.34° 279.96+8.02°
2 ARt 188.61+6.55¢ 581.99+20.56 671.34+62.49° 797.19+25.94* 557.04437.46°
Bt 291.94 783.44 1072.41 1163.63 837.00
HoAth
1 3,5-ARUT EOR 1076.30+130.74% 901.73+88.98" 1218.16+96.85° 928.77+53.56" 1032.63+120.36™
2 [ELFRZSZNS 99.43+7.21¢ 132.49+4.45° 194.76+6.82" 220.80+9.52° 147.24+4.65¢
3,6- A -4-H 5E-2-(2-H 3E-1-T0 " " b
2 .53+106. .90+82.92% 51+130.29* 14+114.
3 )2 H- L ND 986.53+106.07 1246.90+82.92 1365.51+130.29 1020.14+114.85
Bt 1175.73 2020.75 2659.82 2515.08 2200.01
i 12009.22 27451.06 43987.09 38398.70 31861.15

TE: S5 = AT B SR PR BN TR 10%; “ND” R AA

P R LR RN T B 5 = S HUAL 3 R
PERBRY BT, RIS o5 SR AT HE K R AR 5T 5 2 i
M) 35%~39%. USRS MHE 1) & lE L 255 v B S I
ErEr e TR BT, L, IR 22 2P0 Y R IR
FEWEEY) TS e By, 15 17024.08 pg/Ls BRANEERT
R AIEIS Y o s Ak, 2 10680.88 pg/L.
7, alpha-FATH B IS0 G 90 00 5 2L 2H B F 4y, He
HAETHME . RBLEHEIE, BRI & Brsk
4% alpha-FATHEE & &= T USRS, P infiR
S PPN alpha-FAVHEE & 5w KN 4886.10 pg/L.
FEEACIE . 7 A P At S e A P Y 2l e &
Wy, oy BB E R SRAAR A . AR RN AP,
KM JE SR A5 v = RIS B B N (P<0.05), HoH,
WML T 57 2R I R B X P A A I . A5 o ise
IH-Piss B e, AR 703.41 . 2298.97 F12613.78 ng/
L. &b, 5 5ame s i i SROpE A0 41 A= 00 XUk 4
SR, RERBSERK T T 2SR E®E= . EH
fist | A AL B AN 7 I B A RIS Y B NPT B2 B A b
TR AT 25 IR0 U IGER 2 LR Y K iz st
Forhlieyy i 2, A 14 Fh, DUBA SNG4
PSS HE N Eg S TP S T A RN & .

A2 B R SR A DT AL G W I R B4 R
5y, R BEER A HE M XUBR ) T B S B Y 22%~
31%, USIIMIRER 5 22 2RI R IR S I 2 ot & e
=120 9882.66 ng/L, N N RERE A K I SRk A4S I AR R
8318.39 pg/L. HWFFEF ] H G XT 455 1 22 XUBR
A EZTTER, F R YT, B EE
WARTT | TFARE M AAEED, BRIMIER 522 20040
KBRS A AR & i W 2 E TS IR 4 (P<
0.05), 24 2506.47 pg/L.

TR S SO S 2 2 R W S A = A i XUk ) o, e
KRN R, O RJeR . AR . FIR . I3
152 6 i, BSHNENR G & BRSSP AT Y 3 Fh, BRnAIK
RMHI R A TR Y 5 B, Horp s R 2L
%) & B LR AS TR IS L B & o de =i o 370.22 pg/L,
HIE R E XSRS R Y 0.01% i IRRPERY
WIS K PRaR 2P G e iR . H AR 5 1IE 25 1% —Ff

BRZEWI I, S IR T T R BELR A T A KAl AL TR
H BRI E S, SLRHESINMICRE £ S T &0
ST IR EY), A B T EGEE R SSERT
AR, T AZ I P T R

RPREER AR 101 S IS . BRI
G & A DG, IR R M AR IO Ay 2 I ™ it
FRAL T A HEAZ i IRUREY - a2 rh B HARER PR R R
A YRR AN | beta- 282 22 WA 2-THRE, 4351
T TR ASHOER . WS S AEAAMR | ITAC T 5 I SR AR
FEAR, TEUSIIMICSRBE 1 2R I & B 25 PRSI 2]
KL A-AREr i  1172.79 pg/L, TEGS IR SR s
ZH PRSI HY beta- 58 2 22 AT 2- 7T i 5 g = 43 i)
A 370.87 pg/L 1 1829.64 pg/L, A B T8 F <4
AERITE Il RS SR AR S N, P I 2871, (IR ERBE 1)
BSINPERE T B AN KA, a2 vh a2y BT i ts
HEEWE, ORITRER RSP ARG
Yy, HAT IS 24 | FEAR R AR AR T ) A HE S, 7E
WIS 5 22 ZE M 1 & P 25 A ARG S o v 5 2
2914.58 pg/L. BRI ERME ™ A= i PR FIET G 254 ot
R8O e IRSETS, 539 A 18 R FK R
AR TRISHE KA XU S 1 MG i 5 % st A b A AR
Py I AR R A A G, Tl RSt & LR VR R A
REO, BRI SR A I SO 51 | IE I, B
BEFN 2,4- — FH RS 4 Fhieisyy o, RISy i e
TR T US I, b, ISR LR R R
el 3198.51 ng/Lo USHIMRIR 52 ZEHEFIMIR IR
LR KRR AT ARSI 31 48 i T 2 o 2 i, 13X AT
BB IG5 22 2R B AR SRR i A InRE (e E i
TR A R B 44 S P XU A I P14 A it S

i s B IR R R XU BT 54T T 2K
WP, LA R P oC R . ISR ERE I &
BRLR S S VUSRS . IRIIMIRER 5522 ZEhl )
BRER A —28, ARG HAM R B 554 B i 2=
B, FEA R IR ot (L BRI TR L 3,55
J&5-2-F) FEEZEY T ( LR LR . FFREHR) o BN
PRI R WA —25, oo = I ot
(BSTE . BRI ) o U INEENH I R LRSS —25 . B



- 168 - 0 Tl B

2026 4 7 H

FJ-FOS  &MExtHR4]  FI-GOS

|

$ﬁ -1- TE -2-RTE

ﬁlﬁki“m l 2
1

RN N S+
s:l PRI SO | |
ﬂm%sswaw i
i
%ﬁ*
o
E
(=}

£y
[

" I
B
I
)

N Ll

?ﬁ! 2-(2-FAE-1-FAEE)-2H-It

=RE-5-Z IR M E k-2 FEE

I. 1l IIIIIIIIIIIII Bl IIIIIIIII

FJ-IMO X HRZH

FS BIA [RME SR A e 2R 4 A Ak IR ) Jo A P

Fig.5 Heat map of volatile flavor substances in fermented green tea with different oligosaccharide additions
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