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Effects of different dwarfing interstocks on the total phenols and polyphe-
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Abstract: [Objective]l The dynamic effects of six different dwarfing interstocks on the total phenols
and polyphenol components in Huahong apple were studied in order to provide a basis for selection and
application of apple dwarf interstocks and fruit production with high quality. [Methods] The rootsock
was Malus baccata (L.) Borkh., and the interstocks were CG24, SH38, SH3, MDO001, Mac9 and CXS5.
The scion variety Huahong was grafted on the interstocks, and the trees of Huahong grafted on M. bac-
cata (L.) Borkh. were used as control (CK). The components and contents of polyphenols in the peel
and flesh of Huahong fruits were analyzed at seven periods during Huahong apple growth using High
Efficiency Liquid Chromatography and Mass Spectrometry, and the content of total phenols was deter-
mined by Folin-Ciocalteu method. [Results]The content of total phenols in the peel of Huahong fruits
was significantly higher than that in the flesh, the content of total phenols in the peel and flesh de-
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creased gradually during the period of the fruit development. However, the periods of the lowest con-
tent of total phenols were different in the peel and flesh, it was the 8" October in the flesh and the 29"
August in the peel. The content of polyphenols in the peel and flesh decreased gradually with fruit de-
velopment and maturity or decreased first at the stage of fruit development, and then increased at the
maturity stage. Different interstocks had different effects on the dynamic changes of polyphenols in the
peel and flesh. At maturity stage, the content of total phenols in the peel of Huahong fruits from high to
low was SH38 > CG24 > SH3 > CK > MDO001 > CX5 > MACY, and the content of total phenols
in the flesh was MD001 > SH38 > CK > CX5 > CG24 > MAC9 > SH3. During the period of
fruit ripening, SH3, SH38 and Mac9 significantly increased the content of flavonols in the peel, MD001
significantly increased the content of hydroxycinnamic acids in the flesh. The content of quercetin-3-
alactoside was the highest in the peel and the content of procyanidin B2 was the highest in the flesh at
the stage of fruit maturation. At the stage of fruit maturation, the contents of epicatechin and chlorogen-
ic acid of Mac9 and CXS5 were low relatively compared with the others in the flesh; the anthocyanins of
SH38 and Mac9 were high relatively compared with the others in the peel. The polyphenol components
mainly decreased gradually with fruit maturity. With the increase of fruit maturity, different dwarf inter-
mediate rootstocks had an impact on the dynamic changes of polyphenol components in the peel and
flesh. The content of Quercetin 3-rhamnoside, Epicatechin and Procyanidin B2 in the peel and flesh and
the content of Quercetin 3-xyloside, Quercetin 3-arabinoside, Quercetin 3-unknown 2, 3-Hydroxyphlo-
em 2’ -xylose glucoside, Phloem 2’ - xyloside and Phloridzin in the peel, the content of 4- Dicaf-
feoylquinic acid, 4-O-p-coumaroyl quinic acid, 3-Hydroxyphloretin-2-glucoside and Chlorogenic acid
in the flesh rapidly declined during fruit development, and then it kept stable basically. But the contents
of Quercetin3-alactoside in the peel and Phloridzin in the flesh were accumulated as fruit ripening. The
content of procyanidin C1 in the flesh decreased first and then increased during the period of fruit devel-
opment, continued to decrease after reaching the peak in the middle of fruit development, and increased
at fruit maturity. Different dwarfing interstocks had some effects on the change trend of polyphenol
components. The content of Quercetin3-glucoside in the peel of the fruits on SH38, MDO001 and CXS5,
the content of Chlorogenicacid in the peel on CG24, SH3, MDO001 and CX35, the content of 5-O-p-cou-
maroyl quinic acid in the peel on SH38 and CK, the content of 3- Hydroxyphloretin-2-xylglucoside,
Phloretin-2-xyloside in the flesh and the content of Procyanidin B2 in the peel on SH38, SH3, Mac9,
CXS5 and CK gradually decreased with fruit development. But the content of Quercetin3-rutinoside in
the peel on SH38, SH3, MD001, Mac9, CX5 and CK, the content of Quercetin3-glucoside in the peel
on SH3, the content of Quercetin3-unknownl in the peel on SH38, SH3, CX5 and CK, the content of
Chlorogenic acid in the peel on SH38, Mac9 and CK, the content of 5-O-p-coumaroyl quinic acid in the
flesh on SH3, MDO001 and Mac9 first decreased at the early stage of fruit development and increased
with fruit maturity. [Conclusion] The content of total phenols of Huahong fruits decreased gradually
during the development of fruits, and the content of total phenols in the peel was significantly higher
than that in the flesh. The content of polyphenolic components of the peel and flesh decreased rapidly
during the beginning of fruit development, then it kept stabile basically, but decreased gradually during
fruit ripening, however, the content of quercetin3- rutinoside, quercetin3- alactoside, quercetin3- un-
known 1 and quercetin3-glucoside in the peel, the content of phloridzin and procyanidin C1 in the flesh
were accumulated with fruit ripening. The combination of Mac9 and SH38 significantly increased fruit
coloration, SH38 and MDO001 could increse the polyphenol content in the peel and flesh. In conclusion, SH38
couldbe considered as suitable interstock for cultivation of Huahong apple to produce functional fruits.
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Table 1 Dwarfing interstocks and breeding units

P AL HH AL
No. Dwarfing interstocks Breeding units
1 CG24 5 [ HEAS R OR 25 T P9 TL A6
Cornell University and New York State Agricultural Experiment Station, Geneva
2 SH38 v AL B R P D
Pomology Institute, Shanxi Academy of Agricultural Sciences (China)
3 SH3 LV A Al o 27 e SR AR T T i (o D
Pomology Institute, Shanxi Academy of Agricultural Sciences (China)
4 MDO001 SRR A R AR Bt P 2y B (h D
Mudanjiang Branch of Heilongjiang Academy of Agricultural Sciences (China)
5 Mac9 SR P2 LK
Michigan State University (USA)
6 CX5 H FELAO B e R T T
Research Institute of Pomology, Chinese Academy of Agricultural Sciences
7 Ji» Bl i (R HE) -

None,rootstock was Malus baccata Borkh. (CK)
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Fig.2 Effect of different interstocks on content of total phenolics in peel of Huahong apple
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Fig. 3 Effect of different interstocks on contents of total phenolics in flesh of Huahong apple
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The upper left figure represents the trend type, and the lower left figure represents the number of indicators under the trend.
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Fig.4 Dynamic change trend of polyphenol components in peel and flesh of Huahong apple with different dwarf interstocks
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Table 2 Effects of different dwarfing interstocks on the content of polyphenols in the peel of Huahong apple

w/(mg-kg")
Z W) Polyphenol CG24 SH38 SH3 MDO001  Mac9 CX5 XTHE CK éﬁ jz‘ﬁ
% i % 25 Flavonols
Hit iz 2% 3-7 1 44 Quercetin3-rutinoside 1478 ab  1540ab  27.76a 8.10b 1427 ab 9.12b  13.65b 6.79
itz 2% 3-2F- FLBEH Quercetin3-alactoside 383.09ab 374.60ab  469.17a  226.75b 373.51ab 27381b 351.52ab  0.48
Hif B2 % 3-8 % B R Quercetin3-glucoside 19.45b 2042 b 30.01 a 13.28b  19.29b 15.08b  19.76 b 7.04
Hit iz 2 3- AR BETF Quercetin3-xyloside 3936ab  40.59ab  43.94a 3835b  38.58b 3433b  4391a 472
#t 2 25 3- A1 1 Quercetin3-unknown] 1142ab  1494ab  20.69a 7.64b  11.80 ab 7.46 b 995b  12.43
L1954 B EVR(SE IS 77.14 a 79.83 a 82.33a 71.70ab  72.78ab  60.86b  79.08 a 2.00
Quercetin3-arabinopyranosid
Hit iz 2 3- 412 Quercetin3-unknown2 7.03 b 7.79b 8.39 ab 737b 7.07b 7.15b 9.55a 2241
Hit iz 2 3- B 25 HE1F Qercetin3-rhamnoside 86.11ab  90.12ab  99.37a 87.50ab  82.28ab  77.38b  98.10a 1.58
Fa 3 R FEER K Hydroxycinnamates
ZR R Chlorogenicacid 25.86 a 36.59 a 31.64a 25.79 a 3233a 26.12a 3532a 3.64
# 5¢ B2 Flavanols
JE7£75 % B2 ProcyanidinB2 12036d  158.75¢  173.16bc 21327a  181.40abc 186.46 abc 207.29ab  1.57
Jfi4£7 % C1 ProcyanidinC1 11629d  141.97c¢  149.52bc 178.85a 151.83bc  14937bc 17522ab  1.65
% )4 % Epicatechin 99.93ab  124.05a 91.52b  11425ab  97.39b 9420b 110.55ab  1.54
& A /R 2% Dihydrochalcone
3-FRARRE 3 27 A A 2 B 26.55a 2545a 19.99 a 22.6la  2149a 20.12a  23.84a 4.59
3-Hydroxyphloretin-2 " -xylglucoside
M3 % 27 - K¥EFF Phloretin 2 -xyloside 18.17 a 17.94 a 16.59 a 1538a 1535a 13.70a  17.88a 5.30
R J2# Phloridzin 20.22ab  21.88ab  20.88ab  3035a  20.01b 2097ab  23.6lab 532
167 2 Anthocyanins
RIH 7 3-FT A s 1.06 ab 3.19a 1.70 ab 1.10ab  2.28ab 097ab  047b  86.25
Cyanidin3-arabinopyranoside
RIEHGR 3-FFLHETF Cyanidin3-alactoside 3729bc  5797a 33.71¢ 3497¢  48.03ab  3632bc 34.52¢ 4.83

VAN FNG FRER IR Duncan K56 25 7 53 (p < 0.05), T

Note: Different small letters indicate Duncan significant difference at p << 0.05. The same below.
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OMETRSEEMERK, HAER RN
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Table 3 Effects of different dwarfing interstocks on contents of polyphenol in flesh of Huahong apple

w/(mg-kg")
LI Xt g A5 R
Polyphenol CG24 SH38 SH3 MDO001  Mac9 CX5 CK V%

5 Ji 72 Flavonols

JR 1€ 2 B2 Procyanidin B2 63.56 ¢ 74.00bc  79.29bc  98.04ab 83.03bc 99.69ab 111.19a 2.41
JRA£75 & C1 Procyanidin C1 42.85a 4801a 55.64a 53.03a 51.84a 60.92a  63.39a 235
% )L#5 % Epicatechin 28.66ab  40.89a 33.87ab  44.72a 28.18b 33.08ab 36.53ab 3.59
T Wi 72 Flavonols

Hit iz 2 3- R ZEHEFHF Qercetin3-rhamnoside 1.84a 1.36a 1.78 a 1.74 a 151a 191a 142a 64.81
F2Jk W RS Hydroxycinnamates

%5 % Chlorogenic acid 27.03ab  24.60b 31.09ab  46.13a 24.64b 20.88b  32.65ab  4.63
5-0-p-F¢ G/t ZE TR 5-O-p-coumaroyl quinic acid ~ 3.69 a 3.54a 3.79a 429a 3.39a 3.66a 5.01a 17.39
e3¢ )52 4-Dicaffeoylquinic acid 2.28a 1.67 a 1.87a 2.09a 224a 1.94a 1.88a 50.12
4-O-p-7 E it % T 4-O-p-coumaroyl quinic acid ~ 0.82 ab 0.76 b 1.39 ab 2.04a 121ab 0.67b 0.96ab 114.24
T AR B2 Dihydrochalcones

3-FRM B 2R 2 - A AT 278 a 349a  291a 385a  272a  2.86a 321a 2826
3-Hydroxyphloretin-2’-xylglucoside

MR R 2 2'- A BEF Phloretin-2 -xyloside 1.19a 1.46 a 1.67a 1.62a 1.36a 1.00a 1.37a 40.48
3-FRMR R 3R 2 A R 5.10a 6.05a 583a 6.96 a 6.27a 5.6la 6.79a 11.01
3-Hydroxyphloretin-2’-glucoside

2 B2 ¥ Phloridzin 197a 299a  3.88a 333a 532a  2.53a 192a  34.77

/N R OGRS R N 2.41%H0 2.35%
TEFBEEE T, MDO001 414 Fl SH38 4 & R &

JLA TR &8 o o B R $E T 22.40% F1 11.90% ,

CG24 4 SH3 414 SH38 4H & Fil Mac9 41 & 5 4¢

2 B o0 ) et HE R ) 8.72% 4 21.90% A1 55.73% 5
SH3 2H & 3 B2 3% 2'- AWl HF R AR B2 1 7 B Bo0) HE 42
151 6.57%A11 102.08% ; CG24 41 & . Mac9 41 & A1 CX5
H AR R B 5 0 ) O R 32 151 2.60% 4 177.08% A1

HFERB2EE R T, fFEEAEE+,CG24 41 31.77%.
4 SH3 214 .MDO001 2414 - Mac9 41 & Al CX5 H & \ A
3 W w

it Bz 3R 3- 2B 5 B B R T 29.57%

25.42%.22.51%6.30%H134.53% . fERLERER 31 RARTLLAEIEDEMREASSENTES

H, MDO001 2H A 28 )5 R B 43 iR B2 F1 4-O-p-77 51
ZE TR T BN IR T 41.27%  11.17% Al
112.50% ; Mac9 41 & B 4 i T2 A1 4-O-p- 7 B2 T
PR 2 B 43 Sl 3ot HEHR 1 19.15% 81 26.04% ; CG24 41
G 1 CXS H A B 28 J5 8 7 & 4 ) B0 HE 3R T
21.28%F13.19% ; SH3 H & 4-O-p-F S WL & TR &
BRI 44.79% . 7E A A HHH , MDO001 4
G R R 3R 2T\ 3-FRAR B R 2 AR A 3
PR R 2% 2/ 2 W FAR B B 40 g xR A
1 18.25%19.94% . 12.57%H11 73.44% ; SH38 4 7 3-
FRMR R 20 2'- AW R AR B R 2 AR AR

T

VWA 2 By ) — 2, AT AT U R B3R
FEAT 100 2 FPEREEIL S0, DHFRIIKE 2
3R SR S 2 B S TR A5 (1 AN 2L o)
AFAEW R 22 3 AEAS RS, B AG I 17 Fh
TR ZE 53 SR A RSt 12 Fh o Ho e 8 b 2 B A )
Ji R AN R R SEAT 9 2 Wy 2 70 I AE SR B P
H 5 4 Aot S SRR PR N 5 5 S SRR S A R A
RT3 & AN o A PR R 2R 2 70 AR IR
HARZRR AR S T BT 55

SR ALK E AT By B e BN (] 3R
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b, BT & B AN RS, ARHE T b, He 4L R s
IR B RS A ST 25 S R A, R B
STy B R R B, SRS RS T AR B A T
B, R b Ay R TR, S AR RS
AR S B ES Bk 208, fEEE
ZT S I LA R DR 43 24 B T A7) Joi A SR R AR
DA HR s /D R R T 7 B PR 2 BT R 3 1 3 R
. SRR SR A 2 3-SR 2R R LR R AR
Tl R B2 O EMERILK BV =, F SRR &
BRAG RARIEE R ClL & RIS R g K
Ak, FER LR E % RIS -, Bl 75 SR s
KB JEW T, TR BT BT, B8 R AR 2L
% Wy 20 73 730 A 3 R R A R AR A )7, S SRR R
O B A R S RGP ARY . AR A, R R
DA RO AR B EF B e SR S AT  (H R AR B A
o D i o TSI R AT BRI
32 AEENFEBARITEI DB EASFISE
EapA)

32 Ak o T il 6 3 SR I S0 IR ) S e 22 T THD
(47, i DU DL S50 Wy S SR A 90 R IR, S B AN [
AR b 25 Wy S o 5 B 7 AR T, L A g R
BRAL FRE S B BB G n] DU AR
i 1 S S L T R 1 R S Ty e A B R LT
T [ R 250 ) » Mac9 Rl CG24 15 £ 1) %
Jis SR SE TR B A B R SR A VI B ™ FEAHIE
FEH, CG24 14 F1 Mac9 1A 15 Bk B 5 K A
My e T AR AR R RS 4 G, (B R SE 13
BRE, BRI, CG24 4H 4 A Maco 4.4 1 H
WA SR TXRAEMA S HCcG4aH AR
R Ty & B A T BB AT Mac9 204, CG24 414
fot T R0 3 W B 2 0 BB RSLIR B, T IR E
S T AR A A R R, R LS B S R N R &
BRI FAh, CXS A TSR R R S A A
TEBKT AR, 2246 KE , #E0 Mac9 45 F1 CXS5
A BRI S EY K, o] LA @ AR LD B aE Ak B
Kviklys 25 FE A ARk A 37 S B 2228 R LA
FMGF IR BN, AR, AR
WG AR R R AR LR RS R R & B
BEER MERBHASNEEAARRERS .
[FIE B R e E & s, ERILENRIE
AN [ REAY A 6] iy 2 e A 75 0 R 8 e e 2 2 1) 5 32
AAFFEE 5 e, R EEH R RILE —RE

N 30, [ — 39 SR b, DRI A AN () JHG SR R R SR PR ) A
P RS 8 W A AE 22 3, A5 A, HEMI A A ]
DA 3 5L S R o 1 2 e AR — e B . ]
i — 2500 5 AN [F)RAK A 1)l 0t o 2 06 S SR 22 Ty
2HL 53 Je I RE ), ) B 5] RS A S SR SR ) s A
oy e R R
REMPeeFEHETESERE AHHFS
A Pl A S S R BB N AR AE T AL
R, SR ORE T RTF TR A RE
3 3 FUMEE VR 3R 3BT R AR A
R 3 - RMEE LU 3 AT B, AR A
REFRZ - LI REHER3 - PIRATHEL .
Fallahi %58 LG H % AL [H) A% 1] Scarlet Gala SE 5
B AT 52 A8 A, e A 15 4 M9 R MI26 H [a] il SR Si2
A, REARE M SRS B e (L R AT A R 2R
P BRI (PAL) 25 /K i 55 44 i CCHD 28 35 1
HE T RSB (UFGT) 3 MBS 1, AT 52 48 75 1
B G R LRI . AHIE TR AN [F 34k
)G R AR 21 R R S e T 5 & B3R 5T, B
Mac9 21 & H1 SH38 24 & f B 3%, AN G T T
RRR IR 3-Flhr A0 H A R 4G 3= 3- S pE
i MR R AT AR AR P A Al
A AR A 20 5, 32 T A5 (4 F DL Mac9 241 & Al
SH38 ZH & e At , 7] LAE— 20 5% I e AN [A) R A v ) il
He 21 36 (SR I AH OC BE DRI AT S8 BRI AT, R 0%
AT 5 | A S SR L
33 ZIMELEAERRAMBLPITEER
ZAE R IR BARE 721, 2 — R 2
FE G & 7 I GRS, 5 R i) 2
Begy, BA U PUEA S E R A H DR SRR
2 W2 8 RN A 2 — 5 S R AE AL 2 2
FAGEE (PPOD 5| LI, By 240 Jo % 84k 5 42 I E {2
RE EREAER, RABL, ERAHSESER
M A TR S IR AR OGP AN [w) it ol 19 32 SR 00 4 78 1 A
SRR EARA, &+ &R SR AL RN U, 40 L 4L
FEAE A B2 55 S AP U 5B AN 7 AR R AR AR, 4,
ZFEC AR DRI AT T, & L e AR
P s, FHUCHFALR , S il AFSERR LT
SRR E1:726.0 mg kg 7444 1100 mg-kg '™,
B 428.1 mg - kg BLEF % 536.5 mg - kg 41 2 445.8
mg-kg' f14: 76 370.3 mg - kg ', AHIF T, HELT B
] A RS BN 308.86~358.24 mg - kg, K T4
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L2y o b, SRR AN LAY RN A B
WA EZ Y™, REMETEESRILEERL
FER M RIF IR i 5 W IE A OC, A G B e 1) 2
FILH R, HIRNGRR , RILF RS RBCER T
AL BE S R B RAGRRME LR RS
4798 550 mg - kg 1190 mg - kg™, 4: 76 N 153.6
mg - kg' #165.8 mg- kg™, BT RN EIL
AR 3 NGk SR /4 ) N 28.18~44.72 mg - kg Al
24.64~46.13 mg-kg', &) LIE R AL R IR & & W AL
T A it el I A 213 SR B A I e T Re
kAR Z W& 2P, RIEBIKIIR LA ZM
LRIRIR & &K

4 %5 @

TR strp, By & A RS R G B
FEAR, SR RINTE 7N R B I LS & I E
S B S T R 7R SR ST N
AN [ A PR (1Al 265 1) 22 By 4 FEABL, 78 DL R AR T
R RILBR RGN T K2 B H N & &
B 55 TSI il I T PRI, 21 350 4 WU SR 5 R 7 B B
JeBEAR , Bl A SR S R A =, AN RV H )l 26 %)
R RN Z B H 5 ARG R . 58
1, Mac9 414 F1 SH38 4 & B &R m R A e B H S
&, SE ATk SR 5225 (0 SH38 24 A1 MDO001 20 & %t
RERANZHMASAETERAKRE . 56KE,
SH38 4G 7] 5 FEAE N m AR 203 o s vk s 1
T A
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