FOE R e R

925 % B2 Vol. 25 No. 2
2025 42 H Journal of Chinese Institute of Food Science and Technology Feb. 2 025
—= - —— |=l-| T‘—‘ 3 0y AR Y /

BH SRR X 3 SR R ST SRS HU A I B K15 B 2 i
BOE g6, BB, ¥ OB BNEY HAl

("HERFESRMAFES IEFR T T4HMN 121013
PABRFREER LA EARENEARAR R FBFEAS TR LS TN 121013)

HE KALBRAFRTG—FETRDA, AR EREA T ZAEA AT WA BT FRR E AT P L
B A9 vm L SRR R A RAM TR B 10 mmol/L # E AR Z A RERF LR ST AL SR AL E LEE
Xt AR AR Hra EREAN HEBLRELENERTRELZTREPRIA RS F TH, £RH RS, X
B Ak 28 Fa 3k FBOR S AU IR BR A% 4 A1 5 8.54 mmol/kg = 8.23 mmol/kg . # K AL T LR T R AU BR A ) A R A BAL B
& & & MdPGI MdPMI MdPMM MdGMP MdGME MdGGPI MdGGP2 #= MdGGP # 4 ik vA % GalDH ,GalLDH .,GalUR.
APX .DHAR .MDHAR .GR &M A & B A& £ % 12 R, # E M4 24 R £ GalDH,GalLDH ,GalUR . APX . DHAR .MD-
HAR #= GR &M 4 A & af B2 R 52 69 1.07,1.09,1.30,1.12,1.17,1.12 #& #= 2.97 & ,MdGalUR .MdA PX .MdDHAR .MdMD-
HAR #= MdGR #8%F £.ik % 4 A& *F BAR 5249 1.29,3.00,1.29,1.45 45 H 2.97 £&, A, KA 12 T3 T R 55 4037 e BR
AACE: B AR E A EERE 12 R, # EmaaR 5w A0 & W R K B A K & 4 A b st BB 24K 27.97 % F»

28.55%, %R ARGE T BE SR M BR S R A BAL B R R 1R P X AEEEE A L B RR R R RS ER AL RALAE
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SEH (Malus domestica Borkh.) 2 — Fly BiL 7 [
I BR AR R KR A 8 0 3R RAR I A UM
JRUBRIM, Bkt SR g e 2 it A, el EDG FIZLE T
I B EE ERASSE N, O EREL R
PR O B0 BRI Z 0T, SR b g BT IR I
12 (Ascorbic acid, AsA) AN 552 8 i Y B 2
fabn M EAEPUE AL R g h BA HE RS, Rk
e AsA ARIHELAE A SR fL A R R R, Hrh
AsA ] Ui s WLEE (L0 &0 L—>F ZLREA D->F
FUBHRE BRI 25 B, 0T L—FFLHE R R 2 20N &
TN, igfeh  GDP-H #8 WAL IR fL i (GDP-
D-mannose pyrophosphorylase, GMP) GDP-L->}*
FL W B IR (GDP -L —galactose phosphorylase,
GGP) Fil L—>: ZL b5 i & [ (L—Galactose dehydro-
genase, GalDH)ZEJEFZMT AsA A AR 1) ¢ 5 il
IO R AsA AR AR 32 20 o SR i
iR -4 e H K (Ascorbate—glutathione, AsA-GSH)
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ARSI, BFSE R, A AsA ik f s 17 AUR S
PTG BE 1™, 1 3 i 2R 52 AsA & i nl AT
RUGE i I ok A v 0 5 A AP, Fan SFUOWESE &
PHR S A PR 2R A AT AR AR R SR S AsA 45
e, T AERE 52 R B 58 i Bt . Huang 851 % 91
AR R Ah PR S BKCER R IR ST AsA AR
A5 2R S T80 5 2 DD AH OC o SR T, 397 SR 2R S 5
WlE) AsA B 1B A R A TR BIE S 1 R L
fiRif

RS E —Fh R R, HA W B E
JEI 0 AR R AR AT U A5 5 "S5 4E ] . Zhang
SESIRIE G e B, SR Bl I 9 A B o O 4R H-
= W5 2 i (H'—ATPase ) .Ca>*—JIf H = W2 i} (Ca®—
ATPase ) % 118 It & i (Succinate dehydrogenase,
SDH) Fi4fifs (5 K %A fk i (Cytochrome oxidase,
CCO) VM Je B ik, Pt A A AL e 7 1Y
BT, DI E 25 R J 4 A RS2 i Ak, T miah
M 3 R AsA FIBE BT IR 1l R (Dehydroascor-
bic acid, DHA) & it DA K it S Pr IR i iR if 5 i
(Dehydroascorbate reductase, DHAR) FI4T 35 IfiL fig
i S AL W) i (Ascorbate peroxidase, APX) {74 3k
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P m MEAR SE I BU A AL RE I, A TSR AR i i
o 10 o) O 2 A Y R R M T AR R S Tl e R £
FrpE R AR SRS ST, SR BSOS AR
SRS R FE e AsA RIS 52 ) i A UL HiRGE
ARSCLL RRER ER R SRR B 58 R S i
SF BV T Ak I X SR S E) L2 P R AR D-
e LI R 1 42 AsA—GSH 7 PR rp 56 B il 375 7 A1
BE PR 238 DA KR SCAR B = 2 B i s, DT
FIFY 5 A Ak L 3 SR R S AsA RIS ) R A
KRR FH T A SR G I JE RN e 4 S S I A

1 MRERE
1.1 ##t

BRI SN TR T T A T Y
— AP HTECRS 4RAR (B4R 45 D) ALRIGTE 6
h Wiz 8925 % I AT ) el s . RICH KRR S
AL E DR W) R (16.020.26) % , S ARE
(9.84£0.14)N,

IR0, L 2R VO Ak 2 3 A R 23 ) 5 2 3 F
F it [ 50 (Phenylmethylsulfonyl fluoride, PMSF) |
i IR BEEE (Dithiothreitol, DTT) 4Hfiif0 2% C L-
EFUME N TR 2R £ M SR B B (Polyvinylpyrroli-
done, PVP) b R EAYBHARAR ;2=
¢ 1 & 12 (Ethylene diamine tetraacetic acid,
EDTA) H i, KA1 1k T i 0 A BR 2 & 8-
He LT BRI AL 2 UR T Triton X=100, K3
T R 27 32050 B 4 A BR 23 W) 5 SuperReal  PreMix
Plus(SYBR Green) , RARAMRHE (LA ABRAF
12 UR5EE

UV-2550 5 5h—rT WAorstst BTt iR AL B
Fo A B ] s H1650R Cence A 5 20 185 2 12 VA 5
OHL, b B R 2 AL A BR 2 ] 5 Thermo
Forma 900 vKAf, Jbat & =ML YR A R
A ;ABI-2720 PCR, ®ia{fb ik {0 s 8 A BR 2>
7 ;CFX96 Touch™ Real-Time PCR, {HRHfivEE
2EPE () HBRA F ; NanoDropTMOne/OneC ]
i 22 A -1] WA G B T FRER T R B L Hh [
ABRATA
1.3 FHi&
1.3.1  FHSRHAL BRI B R/N—2 . ol
HuFFIAILA A 1) 2R SEBEAL 23 U 20, BE4H 300 4>

R o, B SR 2 40 S AE ZE 08 7K (3 IR D) A1 10 mmol/L
FHSE A WOh R0 10 min, E AR TS S S27E
(21£1)°C, HIXHR E (70+5) % 5k R 1 . 2
M Ge S8 J7 LRI 5802 0~15 K AERR 2 d B 30
AT SR R A B A X B R S SR JE R A T 0.2~1.0
em b2 A R A T -80 CIRAE

1.3.2  AsA .DHA it = B4 bk H BK (Reduced glu-
tathione, GSH) FI4 AL A 43 Bt H K (Oxidized glu-
tathione, GSSG) & EMME AsA SEMNESH
Zhang “SFUSI 7 I B0, X BRI SE 08 AL #EARL A
HE1(1.5 g) FH 3.0 mL HC1(0.1 mol/L) ¥ 7 K%
ZeME N WRES AT ARG AE 4 °C 10 000xg 5514
B0 10 min WO BV, SONWAR RAHE 2.0 mL,
pH 6.0 B ik 2% & (0.1 mol/L) , I ¥ ¥ (0.1 mL)
FZEMIK (500 wL) o 850 BN JE AR 265 nm Ak
I W EAE, AsA 7 1 DL mmol/kg fif 55 %R

K M Hodges %" 77 : 115 DHA & &, ¥
2.0 mL.pH 6.0 B2 2 s (100 mmol/L) 5 100
wL b3t F 3 M 500 wl.2.0 mmol/L. DTT iR 4,
FE 24 CFIEHE 8 min J& I 2N IR A AR I K
265 nm AW YGAE , FF T AsA bRl dh 25 bt
INIMPR (T-AsA) ¥, FH T-AsA & 5825 AsA &
=155 DHA & & , &/~ 8 mmol/kg,

K H Zhang 5S4 7 ik 2 GSH & & . H
100 mol/L. EDTA (3.0 mL) 2 3¢ R A H LU (1.5 g),
10 000xg &L (4 °C)20 min 755 355, &R & £
£4% 1000 wL b3 % ,500 pl . 4.0 mol/L. 5,5 %
BRAR R = (2 Z AR F R ) A1 1000 wL.0.1 mol/L
BERR 2 vh i (pH 7.0) . 1E 24 “CJ ¥ 10 min J& , I
SE VIR A E B K 412 nm AR YW , GSH &5
17 L mmol/kg 3R,

K M Zhu S5 7 3R AE B S0 E GSSG &
L AR R N 500 pl b M 2.5 mL 4.0
mmol/L LM MENE .24 °CI v 1 h J& , 5 SOV IR &
WAE B K 412 nm AR OG(E . GSSG & 4t LA
mmol/kg TR,

1.3.3  GalDH . L-J-FL¥E-1,4- N BE i A B (L-
Galactono —1,4 -lactone dehydrogenase, GallLDH)
N D—2- FUHHEE 2 18 JR i (D—-Galacturonate reduc-
tase, GalUR) {&PEM 2  GalDH & PE I & = %
Gatzek ZERPV 71 F 4.0 mL 50 mol/L 2 2% i
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W (pH 7.5) % PMSF (0.1 mmol/L) Triton X-100
(2.0 mL/L) PVP (15.0 g/L.) H1 B—%i 3k £ B (2.0
mmol/L) ffF 5 S 4 21 (1.5 g) , K 15 8 1 5 % (4
°C, 12 000xg) B 0> 20 min, 15 FVHIEER . SV IR &R
£145 1.8 mL 2 FLBE (0.5 mol/L) 3.0 mL Tris—HCI
(pH 8.0,0.1 mol/L) 200 pL KA ¥ A1 1.0 mL —
W B2 i BE A% fF B (NAD,0.5 mol/L), ¥ 0.01
A ODsyg/min 28 b 7€ Ry — A B 15 £ B AL (U)
GalDH 75 14 LA kU/kg fif 8 % w

GalLDH 7% P 52 MR 4% Oba 252 J5 35 JF W
S, SRAHZL(1.5 g) 1] 4.0 mL 100 mmol/L %
FRZZ hil (pH 7.4, & 0.4 mol/L HEME .30 mmol/L
B-%iF £ 10.0 ¢/ PVP 100 mL/L H 3 F1 1.0
mol/L. EDTA) 75 vkt 55140 T WF S 13K . SR 5 7
10 000xg (4 °C) & F B0 30 min 3+ L5, H
2.0 mL.0.05 mol/L. Tris—HCI (pH 8.5, % 5% H it
F15.0 mmol/L. GSH) % UTTEY , 15 FM B, 2
N AK AL FE 200 L ML ,400 WL 1.0 mL/L Tri-
ton X-100,500 L .0.02 mol/L 4l g {2 2 C 1 200
pL. 1.5 mmol/L L—FFLAENTEE, ¥ 0.01 AODss/
min & S — RS ERAL (U), GalLDH i 7 LA
kU/kg i 8 5

GalUR {5 PE 22 2% Shen PR 575, 1.0 g
RAA L 3.0 mL .50 mmol/L % {2 2% vh ¥ [pH
7.2, % 2.0 mmol/L. EDTA ,2.0 mmol/L. DTT,20% H
AT 20.0 ¢/ PVPIFEARIR T 7253 WF B | SR J5 7E 4
°C.10 000xg I &> 30 min Y4 EE# . GalUR J2
MR FRALEE 0.1 mL 35 W A1 3.0 mL.,50 mmol/L
WL 22 vh W (pH 7.2) , o &4 0.1 mmol/L X
i R W — R AF BR B R .30 mmol/L. D—2F-FLAE 2.0
mmol/. EDTA Al 2.0 mmol/LL. DTT, ¥ 0.01
A ODsyg/min € XA — A% P B A7 (U) , GalUR
WPELL kU/kg #  RR
1.3.4  APX $i ¥k ifi 'R & AL i (Ascorbate oxidase,
AO) ., & Mt H BKAE 5 B (Glutathione reductase,
GR) .DHAR i 5L Il S0 B0 I8 1l % i )i 1 (Monode-
hydroascorbate reductase, MDHAR){E M2 =
% Zhu 5PN J5 B APX  GR \MDHAR 1
DHAR T . Fr A M BFRLE 4 °CTF SR 1, X IR &
AL PR 2L (1.5 ) H 3.0 mL 100 mmol/L

BEERZZ vh I (pH 7.5, % 3.0 mmol/L. AsA A1 0.5
mmol/L. EDTA)#FJE B2 3K . SR G 1E 12 000xg 5%
PR B0 20 min, 15 FH B APX SN R R AL 4G
100 L AL , 2.6 mL .50 mmol/L W52 2% th ik (pH
7.5) %1 0.3 mL.2.0 mmol/L. H,0,, GR JX W 1A & {1
5 200 wL KL %, 100 pL.5.0 mmol/L. GSSG #i
100 L 3.0 mmol/L, 0 Ji P4 A Bt i A W i — A% 17 iR
Wi 2 (Reducing nicotinamide adenine dinucleotide
phosphate, NADPH) ; DHAR & i {& & &7 100 pL
ML B % ,400 pl.2.0 mmol/L. GSH,300 wL.0.1
mmol/l. EDTA 1 400 wL..0.5 mmol/l. DHA ; MD-
HAR JZ W 1K & & 500 pl L6 #% ,200 pl.10
mmol/L. AsA,100 wlL .40 wmol/L #i &2 4 1 200
pL.0.2 mol/L. NADPH, 743 5 7E % £ 290 nm (APX
1 DHAR) 1 340 nm(GR 1 MDHAR ) &b i 5 J5Z )i
RAEWHIWIEE , R Zhang S50 4601 AO 76
P, & A 10 ml/L Triton X-100.1.0 mmol/L
EDTA 120 ¢/L. PVP ) 3.0 mL 50 mmol/L B iR 2%
M (pH 6.5)TE vk Th TS R A 2L (1.5 ¢) , 9k
JETE 12 000xg (4 C)Z5F T #5020 min W4E LG
W, MR R T EA 0.1 mL MBI A 2.9 mL |
0.15 mmol/L AsA , LLEEZr BB 4216 0.01 —
MG P AL (U),APX A0 .GR .DHAR F1 MD-
HAR 1% M kU/kg fif 860K
1.4 MW HEE PCR(RT-qPCR) 4 #7

Z: M8 Huang M J7 2R 7S e 2k = 2
TRACA AR BUR A 42U RNA, SR A Zhu 26208
T 0 AL RNA e BE RS2 36, JFK RNA
B SR cDNA, I A s JE R 0 51 9 7 4 e I g
ATERIIFE MR GER 1), 519 5 P FR JOR
i 2xTaq PCR Master Mix( KM )ik, i JH Su-
perReal PreMix Plus (SYBR Green, K # ) #l Step
One Plus™Real -Time PCR % 4t (Thermo Fisher
Scientific Foster, USA)Zr#7 & H ) %35 I 11H5H
HIXF 2k L Mdactin NS HEN
1.5 HEHH

i Excel 2016 iH5 A 3 W E &2 5610
P 152 22 RIS BE AR R, R 27 T+ 5E KA
XF ik, ] SPSS 26 #E AT /N B T2 )
Br, & MEBI{E y P<0.05,
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#&1 RT-qPCR & #iiy&E & EH 5| 415 51
Table 1 Primer sequences of the selected genes used for RT-qPCR analysis
AR 514 53] (57=37) GeneBank ID

MdPGI F: ATTTGCGTGGACAGCATTTCTTCG G0562785.1
R: CAGCTACAACGAGCCCCGTAAAG
MdPMI F: TAAAGCTGAGGCGAAACGATAGCAG XP_008342936
R: GCTGAAGCGAACCAGTCCTCTG
MdPMM F: ATTCCGTTGCTGTCGCTCACTG G0539513.1
R: GAAAGGTCAGATCCTCCCACAATGC
MdGMP F: TTCCAAGTCACAGAGGACAACCAAC G0559919.1
R: CCGTTTATACAGCGCAGGGTCTG
MdGME F: CTTTCATCCCTTCCGAGCCCAAC XP_008345712
R: ATTACCACTTTCGCACTGGACAGAG
MdGGPI F: ATCCTCGCCTTTCTGGGTTGTTTC XP_008349897
R: GCTCCGTGTATAGCCGTGATGTC
MdGGP2 F: CCCCTCATCTCCTCTCCACACC XP_008363580
R: ACCGCCTGGTTTCGAACTGAATC
MdGPP F: TTCCTCTCCTCCGCCGTTGATG NP_001315780
R: CTCCACATGCTTGGTCTCGTAGAAC
MdGalDH F: TTCGGTGCTTCCCAACAACATCC AAP21783
R: GCCAAGCTCTCGGAGTTCAACC
MdGalLDH F: CCACAACCACCTGAGAGCCATAAC NP_001315785
R: CGGCGATGAGAGAGTGGATAATGC
MdAPX F: CATCGCTGCTGCTGCTGCTAG XP_008344846.1
R: GCCGTCTTGTACTCTTCGCTCAC
MdAO F: ATATTGGCTCAGCAAGGTGACACAG XP_017181342
R: CATGCCAGTGGATCGCTACATTCTC
MdDHAR F: ATTCCGTTGCTGTCCTCCATTACC G0536704.1
R: AGCGACCTCGAGAGCCATCTG
MdMDHAR F: GTCCGTCCGATCAGCCATCAATG XP_008391762.1
R: ACCGCCTCTTTGGAAATGACTGC
Mdactin F: TGACCGAATGAGCAAGGAAATTAC NM001294098
R: TACTCAGCTTTGGCAATCCACATC

T FAREESIY RHETIIY,

2 HRE5H Ak 3 SR S o BR ZH SR S0 3,14 4% (8] 1b) . it
2.1 3E A I 3t AsA.GSH.DHA #1 GSSH SR A TR 6 I 2 S S GSH 2 5 78 BN I g 1)
SENEN P T, SR SR A B I 2 R v T R AR

X HERITER SR Ak L SR S0 1 AsA 7 f Bl A I
G Fof [0 ) S < 30 47 R AT, 7T T S il Ak L 200 2R 512 1Y
AsA F IR E T IR RS (] 1a) , R 6~
15 K, HSEmsAb #1025 52 5 T 250 AsA & i, 4%
5] 2 o B ZH RS20 1.04,1.03,1.06 4% F11.04 4%
IS 0~15 K, HiESRm A BEZH 2L 521 DHA & &
T XS HRA, AR 12 K28 e K SR

9~15 R GSH & ik, 43 Bl & xf il 41 5 5 1
1.05,1.09 51 1.09 £% (B 1c), K 1d w50, %F
HEZH 5 GSSG & AE N 0~9 d T, 55 9~15
FREAR, 1 SR A Ak BE4H SR 52 GSSG A e AR I i
9 0~12 RFw, BRI FRE, ZENEES 12 F
15 K, S04 #RA IR S GSSG & i 43 2 % i
LR STHY 117 580 1.32 4%,
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Fig.1 Effects of glycine betaine treatment on AsA (a), DHA (b), GSH (¢) and GSSG (d) contents in apple fruit

22 FHEWAIEI AsA ERERXBEAERIE
sEA
22.1 X MdPGI MdPMI MdPMM F1 MdGMP %
KR S AL B A SR S MAPGT i MdPMI
1) 235 fa B 5 0 A SR SR, R R I 3R ik
I, A B G 2T R JF B At 31
HF S MAPGIT T MdPMI () 1k 53785 6 K ik
PO AE , T S B Ak B R A TR T P R T
MdAPGI F1 MdPMI /) 335 (5] 2a F1 2b) o W25EES 3~
15 K, X B 20 I =2 a4 P 2H SR 52 2 6] MdPGI 1Y
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JEXT RS SR 2,70 A5 R 1.33 £, BRES 0 K4,
At S f b PR AE IR 15 RN BT MdPMM 1 3%
K (F 2¢) TEIRERS 12 F1 15 K, 320 Ak B2 R
SEMAPMM 1335 153 0 2 ook BRA SR SR 1.39 4%
1 1.66 i, WA 6~15 K, EH =2 hi Ak #4121 52 v
MdGMP ) 3 3k &t 53 ) 2 % B2 SR 50 1y 1.80,
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Fig.2 Effects of glycine betaine treatment on the expressions of MdPGI (a), MdPMI (b), MdPMM (c)

andg (d) in apple fruit

222 X MdGME .MdGGPI MdGGP2 1 MdGPP
FIRMREW AENECES 3 A 12 K, EEE el A B4
RS MAGME 33K 153 5 2 6 FRAT 552 1Y) 2.38 %
147 £5 (K 3a) , WEERS 3~15 K, =2 md4b #1240
AL MdGGPI 33k 15 53 il 2 X B2 SR 5219 2.08,
2.60,1.58,1.17 f5 40 1.64 15 (& 3b) . XF HR£H SR 52
FIVEH S0 Ak B AL SR 52 MdGGP2 3635 T FE I AR 9
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Effects of glycine betaine treatment on the expressions of MdGME (a), MdGGPI (b), MdGGP2 (c)

and MdGPP (d) in apple fruit
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2.23 X} GalDH .GalLDH F1 GalUR 7 1 % 3 (K
FIRM R SX ARSI, RS A B A
FEA Y N Y T GalDH 36 (& 4a) , 7EIE
S 6 FIEE 9 K, RS2 f Ak 1A SR ST GalDH 1 7
Oy PR BRI 112 F5 A 111 A, R e
SERR AL FE T RS2 MdGalDH 33k, TS
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Effects of Glycine Betaine Treatment on Postharvest Ascorbic Acid Metabolism in Apple

GAO Tian'?, QU Linhong'?, GUO Mi'?, HUANG Rui'?, LI Canying'?, GE Yonghong'*
(‘College of Food Science and Engineering, Bohai University, Jinzhou 121013, Liaoning
*National and Local Joint Engineering Research Center of Storage, Processing and Safety Control Technology
for Fresh Agricultural and Aquatic Products, Jinzhou 121013, Liaoning)

Abstract Ascorbic acid is a nutrient in apple fruit, which plays a crucial role in human health. In order to elucidate
the effects of exogenous glycine betaine treatment on ascorbic acid metabolism in apple fruit during storage. "Qiujin” apple
fruit was used as the material to investigate the impact of postharvest 10 mmol/L. glycine betaine dipping on changes in
ascorbic acid content, key enzyme activities and gene expressions related to synthesis and oxidation regeneration path-
ways. The results showed that glycine betaine treatment delayed the decline in ascorbic acid content in apple fruit
throughout the entire storage period. By the end of the storage, the ascorbic acid content was 8.54 mmol/kg in the be-
taine—treated fruit compared to 8.23 mmol/kg in the control fruit. Glycine betaine up-regulated the relative expressions of
MdPGI, MdPMI, MdPMM, MdGMP, MdGME, MdGGPIl, MdGGP2 and MdGGP, as well as enhanced the activities of
GalDH, GalLDH, GalUR, APX, DHAR, MDHAR and GR in the ascorbic acid biosynthesis and oxidation regeneration
pathways. On the 12" day of storage, compared to the control group, the activities of GalDH, GalLDH, GalUR, APX,
DHAR, MDHAR and GR in the glycine betaine—treated group were 1.07-, 1.09-, 1.30-, 1.12—-, 1.17—, 1.12- and
2.97-times higher, respectively. Additionally, the relative expression levels of MdGalUR, MdAPX, MdDHAR, MdMD-
HAR and MdGR were 1.29—, 3.00—, 1.29—, 1.45- and 2.97-times higher than those of the control group, respectively.
However, glycine betaine treatment down-regulated the activity and gene expression of ascorbate oxidase in fruit. On the
12" day of storage, AO activity and gene relative expression levels in the glycine betaine—treated group were reduced by
27.97% and 28.55% compared to the control group, respectively. Conclusion: These findings suggested that exogenous
glycine betaine could enhance the antioxidant capacity of ‘Qiujin’ apple fruit by activating the activity and gene expres-
sion of the key enzymes involved in ascorbic acid biosynthesis and oxidation regeneration pathways.

Keywords apple friut; glycine betaine; ascorbic acid; L-galactose pathway



