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Abstract: In order to reduce the cooked off-flavor of lychee juice after thermal processing, six inhibitors were screened,

including pyrogallol, gallic acid, rosmarinic acid, catechins, ascorbic acid, and glucose oxidase. These inhibitions were
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evaluated based on flavor and nutritional properties such as color, pH, flavor profile, electronic nose, volatile components,
sulfur-reducing rate, as well as total phenols, flavonoids contents, and antioxidant properties. The results showed that the
samples treated with ascorbic acid and gallic acid had the smallest color difference compared to fresh juice. The overall
aroma profile indicated glucose oxidase was the most effective inhibitor in reducing cooked off-flavor, followed by
rosmarinic acid. The electronic nose results showed that the lychee juice treated with glucose oxidase was closest to fresh
juice, followed by catechins and pyrogallol. The principal component analysis of volatile components showed that the
sample treated with ascorbic acid was closest to fresh juice, followed by gallic acid, catechins, and rosmarinic acid. The
sulfur reduction rate showed that glucose oxidase had the most significant sulfur reduction effect, with inhibition rates of
100% for dimethyl sulfide, dimethyl trisulfide, and methional, and 61.11% for dimethyl disulfide. In terms of nutritional
quality, polyphenol and ascorbic acid treatment significantly improved the total phenol, total flavonoid contents as well as
antioxidant properties (P<0.05), while the total phenol and total flavonoid contents of glucose oxidase-treated sample were
higher than those of fresh juice but the antioxidant activities showed no significant difference compared to fresh juice.
Partial least squares discriminant analysis (PLS-DA) of lychee juice quality, integrating factors such as color, pH, aroma
profile, nutritional quality, and sulfur reduction effect, revealed that glucose oxidase had the best effect on the overall
quality. The findings of this study can provide references for quality improvement in lychee and other subtropical fruits
processing industry.

Key words: lychee juice; cooked off-flavor; inhibitors; partial least squares discriminant analysis (PLS-DA); comprehensive
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two-dimensional gas chromatography-time of flight mass spectrometry (GCxGC-QTOF MS)
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1 BRSNS B S B A SR R ik 1)
Table 1 Sensory descriptors of aroma characteristics for flavor

profile analysis of lychee juice samples
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SrHTAF A 120 s $2HL 10 AL @A 1 RR AR,
10 AR A% g M XTI i PE ek L3R 2, SR
== A% 43 43 ¥ ( principal component analysis, PCA)
XL AT X353 o

*2 TR R IR

Table 2 Sensor performance description of E-nose
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Table 3 Standard curves for four key off-flavor sulfide
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Fig.1 Effect of inhibitor treatments on the color of lychee juice

4 ANHIRIAR B 5 BB & pH R
Table 4 Effect of inhibitor treatments on color and pH
of lychee juice

it

s pH : : :
L a b AE

Bt 5.00£0.01° 27.85+0.61° 1.72+0.02° 2.64+0.09° -
ik 4.88+0.01° 26.12+0.90° 1.06+0.09° 6.63+0.74° 4.46+0.69°
WETHEE  4.76£0.01726.15£0.07° 0.65£0.04¢ 3.92+0.15° 2.38+0.09
PURIMER  4.70+£0.01% 28.29+0.19* —0.29+0.02" 3.80+0.14 2.37+0.09¢
HIEFTR  4.82+0.01° 24.83£0.06° 2.07+0.02¢ 5.80+0.06" 4.39+0.08°
JIZEE 5.00£0.01° 21.10+£0.36° 4.28+0.04" 3.18+0.06% 7.23+0.34°
ML 4.85£0.019 23.25£0.58¢ 3.1120.09° 4.03+0.18° 5.00+0.58™
ABAR=TH 4.90+0.01° 22.52+0.10¢ 2.54+0.11° 4.27+0.29° 5.63+0.16"

E: [FSR AR 7R 20m BAT B8 12257 (P<0.05), 26~3KT1H .
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[EIHM R 70 Ab BRI Z5 AT pH UNFE 4 Fzs . SErEETHiv
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SRR, AEINHIFIA S pH BN R i AR b
/N, 3K AT RESE TR pH M T SEPiAE IV,
[F]Est B G-t R T AT T 2 L e AR Y
FasE e,

2.2 HPFIFIA BT ZR AT XU AR R A R

2.2.1 JABRERES  EEVE ST, PPN T AR )
XTI T A AR XU iR 2, [ 2 SR T 4ANH]
PR RS ZH AT RS TR IR A . 55 R
ABFRIS AT B b 2R A, F R b R R A ek
VS T BE ) R/ IMIIR Ay« 75 260 W LA > A 3 A 1>
JUAS AR = > & FIR> PRI g, Horh iz bl
SE AT ZE R AR A SR e i 2

—n— it
—e— J#A
—A— SRIR =
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—— AR )
<«— HIE ALY
5 —r— WL
, —o— PR IR
AR g

Gk Pl

T RAT
P2 ORTRHIR R0 25 B0 XU S R A 2
Fig.2 Effect of different inhibitors on the sensory
profile of lychee juice
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1. main axis (Variance: 90.53%)

P 3 ORI b 35 75 T L 5 PCA 4521
Fig.3 E-nose PCA results of lychee juice after treatment
with different inhibitors
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Table 5 Volatile components of lychee juice in different treatments
RI e (pg/L)
s L/EAN - — — -
ZHAH SEME Bt ik WETR  WHENELRE %= E/e7 NNz ILER RIETFR
[z

X1 LB 489 500 67.99£3.81%  53.02+10.41¢ 49.69+£3.72¢  97.26+10.92° 56.98+14.44% 65.06+2.09"" 62.12+4.67*¢  74.71£9.61°
X12 3-HHE3-TH-1-BE 734 734 17024332 12.98+2.90"  5.75£0.38'  9.31=1.01%¢  9.18+3.20™¢  9.82+0.94%  7.56+0.09°  12.05+4.07*
X13 S 743 740 - 6.16+0.97°  6.29+2.09* - - - - 6.12+3.16"
X14  2-HIE-1-TRE 742 742 7.09+0.85 - - - - - - -
X15 3-H32-TH-1-B 772 778 14.88+2.00°  14.83£2.71°  9.60+2.58°  17.44+2.28"  13.980.78"  15.04%0.10° - 19.36+4.49°
X18 IECEE 869 865 5.09+1.40° - - - - 5.20+0.04*
X25 -7 J5-3- 964 968 4.40+£0.44%  597+0.94°  2.04+0.13°  5.47+0.74"  3.04£1.22%  3.45£0.28*  2.72+0.32*  5.06£0.70®
X29 2-Z TR 1025 1014 10.22+1.29°  7.49+1.04%  8.96+0.35®  558+0.77°  6.14+0.91°  593x0.72¢  7.58+0.29*  8.39+0.86"
X34 IS 1080 1086 6.97+1.15°  22.78+2.41%  21.39£1.42¢  4220+420° 20.05+1.43"  27.60£3.18°  10.99+1.24° 26.40+2.67*
X37 LW 1117 1099 - 5.04+1.05" - 3.41£0.35°  2.82+0.15° - - -
X42 4Tl T 1160 1166 1.89+0.12°  1.43:0.53%  228+0.10°  1.90+0.33"  0.63x0.17°  1.81x0.04*  1.13£0.10¢  1.55+0.56"
X45 2'<4'tﬁ2%_g%)m' 1183 1174 1.47+0.10° - - - 2.29+0.87* - - -
X46  alpha-FATHIEE 1189 1181 2.34+0.30° - 4.54+0.52"  6.36+0.19" - 4.43£034°  245£0.19°  3.76x0.18°
X47  L-alpha-#AHEE 1192 1181 - 4.10+0.05° - - 2.63+1.08° - 1.99+0.16 -

X51 REAERE 1220 1213 21.84+6.54™ 26.46+526"  8.36x1.92°  14.74£3.83% 22.58+1.06™ 17.44+4.18% - 31.69+5.53"
X52 i 1212 1215 172.36£10.56" 168.47+26.85" 91.13£8.91°  94.63+7.33° 109.77+11.92° 138.35£13.56" 93.09+6.15° 171.29+20.33"
X54 ST 1232 1227 9.59£2.58%"  9.41+2.15" 7.79£0.41%  11.21:0.96"  9.23£0.43"  6.26+1.09°  11.40+1.63
X55 I st 1247 1237 26.85:4.67 46.41+8.51" 20.83+£2.89' 24.62+0.33% 43.17+7.24" 3543£2.72% 24.47+3.63% 52.93£10.16"
X61 3,4-TFIRHEE / 1644 0.98+0.15°  1.01x0.10° - 1.25£0.06°  0.92+0.12° - 0.87+0.09°

eSS 364.91 390.62 231.87 330.71 305.72 334.51 220.36 430.78
RS
X3 THE 589.5 582 - 5.37+2.82 - - - -
X8 S 664 666 3.3240.40°  6.52£0.70°  1.67+0.32%  1329+1.81°  1.21£0.09°  2.03+0.89%  1.58+0.30°¢  2.66+1.58%
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RS
RI e (ug/L)
%> YIBAFR — — —
ZHEH SPME E JinA BT WEREAEE SR LR MR JLER RIETFIR
X9 2-FIRETRE 664 677 425+0.60°  4.34£1.74°  2.50£0.28™  7.17+0.46" - 2.37+1.02% - 4.90+3.16"
X16 3-HE-2-THEE 79 789 7.72£0.34%  10.19+2.08"  5.39+0.91¢ - - 8.58+0.08"  6.26£0.39%  11.31=1.21°
X17 U 798 797 2.66£0.53"  3.42£0.10"  1.53£0.34%  2.03+0.98" - 1.82+0.08  1.14+£0.15¢  2.64+0.43®
X22 IR 961 950 - - 19.75+2.81 - - - -
X23  5-FPREmkmgE 954 953 - - - 4.24+0.47 - - -
X30 LW 1043 1029 5.72+2.09% - 7.49+0.98" 4394020  3.34x0.93"  3.55:1.24"  7.26+2.27
X35 TwE 1101 1091 1.68+0.22°  221+0.09®  321+0.43*  3.52+0.79"  3.43£1.34°  3.49+1.47°  3.04+0.53"  3.60+0.54°
X49 ZEME 1203 1193 - 0.85+0.05" - - - - - 1.54+0.22°
X53  S-FRHREmREE 1224 1225 - - - 30.83+3.68 - - -
X56 FrigiE / 1255 3.56£1.18°  1.94+0.26° 1.94£0.37°  7.52+0.42° 1.93+0.04°
S Bt 23.19 35.19 14.30 60.56 51.62 21.63 15.57 35.84
X4 CIRH Tk / 588 - - - - 8.60+0.93" - 5.96=1.09° -
X36 (g’{gg%@ét / 1095  21.38£1.76°  48.03+4.96" 34.71£1.22°  84.49+9.25" 31.90+4.81° 51.22+558" 22.77+1.20°  53.39+2.92°
3,6- " -4- gk
X39 2-(2-FJE-1-4 1153 1137 2.54£1.12°  10.91=1.86°  6.03£0.31  17.08£1.27° - 9.02+0.75*  3.97+1.88°  8.69+0.53¢
FE)-25 -k
X41 iRl 1181 1140 - - - - 2.72+0.43° - 3.05+0.45°
X48 REAEmE e / 1184 8.64+0.15"  3.43+0.38" - 2.90£0.08°  2.72+0.61°  3.210.11°  1.95+0.12°  3.03x0.21°
[l 58 32.56 62.37 40.74 104.47 4322 66.17 34.65 68.16
X19 N 888 884 2.97+0.98"  2.39+0.49% - - 2.68£0.86°  1.90+0.10° - -
X26 HRER 987 975 8.61+0.79 - - - - - -
X31  (Z2)-p-ZhlE 1031 1031 2.45+1.57° - - - - - 1.7240.04° -
X32  L3-EEETE / 1071 - - 1.710.38 - - - -
X33 24-"HIHEZR 1076 1075 3.01£1.37%  4.17+0.76" - 1.60£0.12  3.21£1.03"®  2.72+0.76" - 1.09£0.19¢
X40 liysmj%g / 1140 3.1540.72 - - - - - - -
X50 3-E i 1031 1191 - 2.07+0.13° 5324274 - - 1.63+0.30° -
R 11.58 15.17 2.07 8.63 5.89 4.62 3.35 1.09
S
X7 R TR 612 626 26.26£6.72"  18.45+1.98"  12.40+£3.46° 1831+1.48"  11.99+1.10° 13.46x1.78" 12.01+2.11°  14.45+3.28"
X20 TR 908 909 - - - - 3.95+0.40 - - -
X59 BZCZZE?E:T%%P%&%.% / 1591 - - - - - - 1.04£0.17°  0.82+0.17°
X62 MFRTHEST e/ 1675 - - - 2.22+0.76 - - -
R At 26.26 18.45 12.40 18.31 18.16 13.46 13.05 15.27
g
X44 ELSS 1290 1274 3.212£0.20° - 8.58+0.27" - - - 3.32+0.60°
X58 24-ZAUTHAB 1502 1489 152.1£2.32% 161.16+5.32¢ 299.48+67.45" 99.93+10.64° 247.00+30.90™ 255.50+4.38% 297.44+43.82" 212.60+17.51%
[[EF58 s 152.10 164.37 299.48 108.51 247.00 255.50 297.44 215.92
TS &M
X11 7.1 663 716 18.80+3.71° - - 33.98+6.17° - - -
X21  13-FR / 921 - - - - 2.77+0.20 - - -
23-"43,5- TR
X38 H-6-WHE-A%(-ME 1134 1134 12.63+10.59° - - 16.32£1.26° - - -
Ti-4-Tifl
X57 B it HE PR 1444 1430 - 1.05+0.03" - - 2.2040.99° - - -
2 &R S i 0 32.48 0 0 55.27 0 0 0
A
X2 il B = 7 544 545 38.94+5.37°  24.1242.39° - 31.8144.72°  38.91+4.95°  30.74+£3.96"  21.78+3.59°
X5 WAAEEFRCE 600 7.29+2.34 - - - - - -
X24 W= mE 962 954 0.88+0.44 - - - - - -
[rikEa7/DsN: o 0 47.11 24.12 0 31.81 38.91 30.74 21.78
HAth
X6 ECHE / 613 - 2.93+0.05 - - - - -
X10  2,2-"HFCOHE / 701 2.17+0.10° - 3.23x0.81*°  3.06£0.97° - - - -
X27 R 997 - - 18.99+3.67 - - - -
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&S
RI HRFF (pg/L)
i L7/ — - —— — — — — -
%M ShME Bt PJIIEZS WEFR AR SRR UKL R IS HILEF R
X28  [HISEIHEHIOR 1026 1008 1.75+0.28*  1.88+0.37° - - 0.90+0.13" - -
X43 3-Ck / 1172 - - - - - - 2.19+0.60
X60 RIVAYS / 1609 - 0.62+0.06" - 1.58+0.77 - - -
oAb S 3.92 2.50 22.05 1.58 0.90 0 2.19
e R B AR AR R TR R R B2 5 (P<0.05), “—"FRERIIZYR, /" FRENISTH R A FIRL
2 E AR R B e IS R M S By T Rl
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Fig.4 Relative content (A) and type (B) of volatile substances
in lychee juice of different treatments
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PCA 431 ol 45 A BRAH X 43 TT 194 R F 554
3A-TREREHEE(X61) . P EE(X52) . T Nl
(X20) ., RS (X22) . ZKLIFE(X19) ., 2,2- 3
BE(X10) | 2,2,4-=F H 1,3 0% W — 5 T L F
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= Ab S B2 BT, S AN PR S R, RE T
Fii . PR ILFR LA S LAS SRAN S 114 2% Ll HoA 0
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HE TR, SRR ARSI O R ik HA
JEERA FISE A B2, . TR AR, AXAE inAst 3 vp
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PIEFMRAGIS &8 LT, R E TR, miaikealt
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GC-MS 1) PCA 455 W R HUIR i Pe A B 2H e 22300 57
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s R rEmAb Y I ER T GC-MS Joik Ry
] 21] 4 3 0 B A 42, AS SR FH A D BR AR ) GC <



8478 % 1)

oW , S SRR CEZE A KU S8 e B oy

- 185 -

0.15 | " ny
0.10- "™ I
0.05 | "o n

S 005
-0.10 | ] ]
—0151 W', P
-0.20 |
025 |
030!

pl1]
Al s

10

TR
AATREA L
v A=y

o SUR IR

b =

C kR
i

i

AN PR S B A U PCA

Fig.5 PCA of aroma components of heat-treated lychee juice with added inhibitors
TE: A: 130018, B: 2 4]

GC-QTOF MS HARSFHTAS Rl FIXS DU+ 2 LR
eI RIVER . g5 Rz 6 iR, et 0
DMS. DMDS. MTP ¥ J& 43 51| 2}y 3.63+0.28., 0.76+
0.12. 0.036+0.004 pg/mL, A A& ] DMTS; I#J5
DMS. DMDS. MTP 43 5| $# & 78.51%. 42.10%.
50.00%, 3 r= 4= T 0.23+0.04 pg/mL [ DMTS.
ZIALE Y BRI AT LI i I8 5SS R 8 S N /T
i SR BOI-G& rAERL A E) 2R 5. SR bR
SRR A B, AH T I 28 B SE A AN [RIX 55
RN H R SR AN AR ] o PO i 245 4 o Ak B 0% 5 42
7T+ DMS. DMDS 19 & #Jo i 3 22 5, 5t MTP i
T, RIET R ISR = 1 AP R ROR B AT, B DMTS
W5, LA R MB & FRRXT DMTS #R il Ve, H
I TR A RSO B4, AR = M FI ek S5

Xt DMTS M F=A e e VEVE . 33X ] BB 2 i 401
2R = Py AR IS T R AE PN T 72 H 25 5 Bl B A i
25, VN 2 R S Bl S N, fEiE MTP 48k
DMTS!MM Ao 25 i 48 A il Xsr DUl S5 4 o 14 4100 i)

R UF, X DMS. DMTS., MTP B4 11 ] 2 3% 5]
100%, X DMDS MH]3A 61.11%, iX—455 5%
B VPN R S0 2 bl SR A B T 2 A R B AT S

Fh T4 A A LI AT LA A A S 1 A R A A R
Fiisd AL, ARG 0] LAIRIL R pH, MNifdisti L
YIaiA S-H HEE &R (S-methylmethionine, SMM ) J5t
Tk, vl K HR R IR SEAZ B i AR S T LA

EAk DM, A= G i 5 i (A IR AR AL 545 S
R =y [RIRE T A5 R {428 280% (methionine, Met) JZ

R, B Z I BE IR E AL &9, il MTP .

6 AR AR BRI B SR S AR o LS

Table 6 Effect of inhibitor treatment on the concentration of key odorants in heated litchi juice

B At KA 5
FEfh DMS =R DMDS % DMTS EIEES MTP IR ES
(pg/mL) (%) (pg/mL) (%) (pg/mL) (%) (pg/mL) (%)
it 3.63+0.28¢ 0.76+0.12° - 0.0360.004%
Jina 6.48+0.82° 1.08+0.11° 0.23+0.04% 0.054:0.004*
RIEFER 4.17+0.07¢ 35.65 1.0420.04° 3.70 0.30+0° -30.43 0.033+0.003 4231
% e 431%0.16° 33.49 1.05+0.08* 2.78 0.32+0.06" -39.13 0.0310.002 37.82
YRR 5.74%0.14° 11.42 1.0120.02° 6.48 0.25+0.09® -8.69 0.029+0.002¢ 46.28
JLAE 4.12+0.1% 36.42 1.00+£0.04° 7.40 0.19+0.03° 17.39 0.038+0.001° 28.63
WETR 3.89+£0.21% 39.97 1.0240.05° 5.56 0.08+0.03 65.22 0.035+0.001% 34.20
A A AL 100 0.42+0.08° 61.11 - 100 - 100

TE: —FRR AR, MR SRR AL BEAE X I BB AL vk BE O £
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151 s B 2R B SR A A P2 ) R P B S ST BT L iR
o531 1.55., 0.24 fi%; HUPR iR b3 %) Ly &
BT EETT BT T 0.49 %, (BN R T
27.20% [FRERPHIF GBS 25 A 7 B B & 2
T, AR DAGS A 35 T TR A AR T e e ] e 15
HRE LA R NER2K =y . w2 AL BT
PR AL B %) 5 AR T B R R R AR 45 5 e v -4 A T
1.23. 1.06 15, (H 5 hn#Ab BTG 25 22 5, PUIR ML AR
AbFREZH () SR RSHT B TR T 0.36 A%, (HRSInEY
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2.3.2 prEfkRE A8tk BUEALRE ST RIEM R G T
SRS R AR, L5 R PUEARBE IR R, oS
P 61 I8 2 1 R R e S LRI,
YRR, 3X n] BRI R T2 =i S & iRty
B =AEBSEAEAI L3k, mdE HHA = m)
SR, IEANLESER | KB F R AN LIR MR W REA
REETH AT AP SR AT, SRR S ZZ W A O i iR
ARG HAPUEM: . BUASKE, BRI e
PO IR 7T A SE AR B b2 T+ 73 B0y H b s e, i
A A ALE W X H A S AN
24 ETHIGTERE MR PLS-DA 774

FH P 7SR R AR A TR R I 22 5%,
T VPA IR R A A A S B RS2 N, 255
BE PPN . TR SR R AR L A S SR B
ZENZE AT PLS-DA AL, 55 401E 6 s . PLS-
DA RIS R R R T O° 515l 0.942 0.842,
0.605, £f 5 R’—R,/<0.3, H 0*>0.5, i fi HEA I 1E
95% P B DX 8] PN, Dt AR A B s fee vk A R
G ge it & 6 A 1551 E BN AL BHA PN IR AR,
ALFRZA ]I k43 25, FLrh i 2 B A AL AL B ARG 5
B EERE S T — S R, IR 2 fRlT, T H A A A
AR S e T LR A SR R, R
JLASES

A% 5 $ 52 B 2 PE (variable importance in the
projection, VIP )il H F TR XA Y BTk, —
M VIP (BE>1 AR = 1T LA R EZAPY, & 6B
LIAFRSTFoN VIP>1 AR, AFHE 35500 S 2
T iy &b BAbrh MTP 1 DMTS ¥REE . A se
AT 2 DL T R RS R, X 13 >
AR T X AP AN R A PR 2 (6] 75 A v it B E B Y

T8 ok Ay L AT LK AR B SRR G SRS R] A AH DG
PETTRLARDS), TN & 6C FraN, AN AL BN 25457 7 it B
F-Li. MTP. DMS 44855 8RGE 0 ; 5tk R, Bt
A I P2 ALb 55 AR A R A S A B 0T, o 2R AR
A4 B I SE M AT IS I B TR . RIEFHIR
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Table 7 Effects of different inhibitor treatments on total phenol and total flavonoid contents and antioxidant capacity of lychee juice
R B (mg GAE/100mL) ¥l (mg RE/100 mL) ~ DPPH(umol TE/mL) ~ ABTS(umol TE/mL)  FRAP(mg V/100 mL)
S fick 12.59+0.11" 25.33+0.358 121.79+18.41¢ 68.95+13.84% 6.64+2.19°
i 25.85+0.55" 56.61+£1.97% 177.55+24.41¢ 89.00+2.82¢¢ 14.1140.53
BET® 41.58+0.69¢ 52.15+0.62° 363.55+27.87° 119.14£7.1° 183.91+7.73"
YRR 18.82:+40.15¢ 34.46+0.19" 300.71£14.39° 95.41+10.35" 85.05+13.56¢
1 e 81.20+0.59° 134.87+2.12¢ 381.17+38.37° 154.55421.3" 350.74+44.08°
IS 56.40+1.44° 181.99+0.91° 239.97+52.48¢ 111.97+3.27* 56.34+5.83%
HIEER 66.99+0.39° 485.45+13.36" 322.43+43.24" 103.32+12.95% 149.44+18.62°

iR A A 32.12+0.6° 61.51£1.52¢

159.49+25.44¢ 61.08+15.63° 27.72+5.06
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Fig.6 PLS-DA of the comprehensive quality of lychee juice
from multiple inhibitor treatments
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