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Abstract; Using ‘Starkrimon’, ‘Pink Lady’, ‘Granny Smith’,and ‘Golden Delicious’ as test materials, the
composition and components of soluble sugars,organic acids and anthocyanins in the apples with different
colors were analyzed by HPLC. Soluble sugars in ripened apples were composed of fructose, glucose, su-
crose,sorbitol and UDP-gal,and significant differences in contents were observed among different soluble
sugars. Fructose was the most abundant soluble sugar,followed by glucose and sucrose,sorbitol and UDP-
gal contents were low. The fructose content was relatively stable in different cultivars,the contents of glu-
cose and sucrose varied significantly with dispersion coefficients of 32. 03% and 35. 46%. Five organic
acids,oxalic acid, citric acid, malic acid,succinic acid and acetic acid were also found in the apples of 4 culti-
vars. The content of malic acid was the highest, with an average content of 85.58% . followed by succinic
acid, with an average content of 9. 89% ,dispersion coefficient was 90. 52%. The content of acetic acid was

low. Cyanidin 3-galactoside (cy3-gal) was the most abundant anthocyanin,followed by cyanidin 3- arabino-
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side (cy-3-ara).in the peels of 4 cultivars. But the dispersion coefficient of cy-3-ara was the highest, in

which the content difference was remarkable. ‘Golden Delicious’ belonged to high glucose type apple, while

‘Granny Smith’ was low glucose type apple. Glucose and sucrose could be main factors to distinguish the

differences among 4 cultivars. Otherwise, higher fructose and sucrose were identified in 4 cultivars,so they

belonged to fructose/sucrose type.

Key words: apple; soluble sugar; organic acid; anthocyanins
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Table 1 Components and contents of soluble sugars in apple fruit
- My i ] 2 M HEHE JITEAY UDP-2f 7 b
fi /4 /(mg+g™") /(mg+g™") /(mg+g™") /(mg+g™") /(mg+g™")
Bas 2013 64.96+3.19b 25.4243.68d 27.0241.41dc 3.49-+0. 86ab 3.5240. l4c
2014 62.23+3.65b 24,9241, 94d 26.0341.85d 2.74740.59a 3.4340.13c¢
e+ 2013 54.237+1.49a 11.55+1. 85a 48.69+2.53a 6.50+1.05e 5.27+0. 32a
2014 53.874+3.82a 9.77+1.46a 50. 664 1.92a 5.9941.01de 5.11+0.12a
45 2013 74.23+2.15¢ 21.1242.42¢ 29.0641.92bc 4.92-+0. 84cd 4,7340.13d
2014 71.75+1.32¢ 22.0241.41c 30.38+1.06b 5.46+0. 62ed 4.3440.21d
WY T SE 2013 53.64+2.83a 18.87+1.89b 28.3842.05¢ 4.10+0. 64bc 5.18+0.12b
2014 51.4243. 94a 16.67+1.95b 27.37+1.66dc 3.89-£0. 54abc 5.08+0.11b
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Fig. 1 HPLC chromatogram of soluble sugars in ‘Starkrimon’
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Fig. 2 The structure of soluble sugars percentage in the

apples of different cultivars
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Fig. 3 HPLC separation of the organic acid in ‘Starkrimon’
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Table 2 Components and contents of organic acids in different apples

o R FriE R AR ER JEFIR @

fi o /(mg+ g™ ") /(mg-g 1) /(mg e+ g™ 1) /(mg« g™ ") /(mg =+ g™ ")
ANz 2013 0.014-0.002¢ 0.01240.003a 4.95140. 34a 1.49240. 678e 0.0050. 0005a
2014 0.01340.001¢ 0.01140.005a 4.91340. 22a 1. 51540, 423e 0.00540. 0005a
Brer 4+ 2013 0.012240.001be 0.02240. 002b 10,4861, 12¢ 0.41040. 03a 0. 005240, 0004a
2014 0.00920.0015a 0.031240. 004¢ 10. 45440, 69c¢ 0.473740. 05ab 0.00620.0003a
A 2013 0.009740.0038a 0.06640.006d 8.81040. 65b 0.50340. 036b 0.00840.0007b
2014 0.01140.0015ab 0.07140.008e 9.53240. 71bc 0.59140. 042¢ 0.0080.0004b
B 2013 0.01540.0011d 0.015240. 003a 8.53941.31b 0.62140.043cd 0.00640. 0006a
2014 0.01640.0021d 0.016740. 004a 9.72140. 52bc 0.68340.021d 0.006=40.0003a
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Table 3 Components and contents of anthocyanin in different apples

RIEH R3O

REHR-3- LI R R-3-L I

h iR /(mg +» 100g™ 1) /(mg +» 100g™ 1) /(mg + 100g™— 1)
AN 2013 95.121+1. 814a 0.075%0. 006a 4.55340.312a
2014 98. 483+ 1. 836a 0. 05540, 005bce 4. 88240, 245b

Waa+ 2013 71.660+1. 182b 0.067=+0.006ab 2.291+0. 246¢
2014 68.012+1. 524¢ 0.048+0. 006¢ 1. 89240. 087d

45 2013 20. 22241, 717f — 0.265+0.023¢
2014 18.39140.773f — 0.24740. 024e

W 2013 30.924+1.433d — 0.43140. 025¢
2014 23.042=41. 331e — 0.414740.023e

TE U S 4 RN SE (E P S B AR AE S . — O SRR DN B L B S TR P<C0. 05 JKF-

Ocy-3-gul Oey-3-ara M@ cy-3-gal

11l

WAk Bakt & BHEY
vt
TE A 2013 4R A1 2014 AR A LR & 4 00 23 LU B34
B6 AREGRMERRLPESHEET LM

Fig. 6 The structure of organic acids percentage
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Table 4 Correlation coefficients between cy-3-gal with soluble sugars

BEN R REE WAIEE BEAE RS UDP-RTLAE

MREE cy3-gal 0.12 0.16 0.56 0.22 0. 36

RS FERREY cy-3-gal SERBEXES

Table 5 Correlation coefficients between cy-3-gal with organic acids

A EEH O ER O frEm YRR Bimm 4m

MHKFRE cy3-gal  0.06 0.63 0.62 0.70 0. 83

3 #i5iti

3.1 AEmPhFERRLAFMENEHEMST R
AN [5) it Aol 22 18] SRR B0 5 B LU 8 R N AR RE
BEARERE & B L) 22 5 3% X 5 M. M. Petk-



45 6 30

X A SRR ST O R AR T 0 2H 43 B R R 4 AT 241

ovsek " HE R BT A5 R — B, IR LR &
R . A A OBE R RERE A Rk 2, I R Y AR
IR R IR S H 8, AR EA
PP Al LM A T Ml 3 AN A, (4
5k SR B T A e R e R
B R RN T T R T R S RIS R
P 0 8 S R T RN RT RRJE T SRS, SRR
RN TR SO B A 3 AN AR 3%
S SERTE R S R Y () PN S S i)
I S SR T RE R TR S AL, ke
T AR E RS R MR .
Y. Z. Zhang™ S AT IR 45 R — B0, A R B
Y P A FA RN E U U S RS =t w1}
CE T R R R R A R R R E R A
W 38 e ) TR e RN AIG B A AR S U R AT
2 R ARAE

SRR B O R E T SR/ A A R T
S KT B R bE 5 AR Y L (F/ GO X 32 R
MR AR R 2 e AR R R Y AR 4 SR A
Fofr A K SCHR FIr i 38 A9 JUA b b b 2588 B A 2 1) R
FIVHE R, 0 B A B 55 49 1 22 B0k 55 30 R v B
5 22 1) SFOHE A A A RS ) S A AR S rp i
R SR e DR s M XA A% A A T
Ak,
3.2 AEAXRRELENBARIFS

SES R IR 2 A DL O E R R L LR R 3R
HIRR , B . LT AP & i ARAL, 5 A AW oE 45
—ET AT R R SR R i AL, 5 B R
() 75.85% A& A K m M BEFIIR . 7 MR 23%, 5
PHEVIRB R -8 WaahM o ar It ARR
25 V30 SR T R0 v B R P R A R AR O BT 4
B SRR R . FEAS TR R B A S SR SR S h SR
AR TR 1) R S v 5 85 AH X 5 o A i TR I SR S v A )
AR AR I M T B SR R R A B
S AT AN, S SRME AR R Y SRS
FRGH 55 1o (R 2508 30 5 B2 il — B RFEAR ST 50 TE .
3.3 AEXRREEESTHARER

SR I B T AR T T RN ORN & i REAE 7 T A B 5
fif WL ARGE . AR AR ER B R SR REZ ML
TR cy-3-gal, 5a7 A AFIE 251 — 2, cy-3-
gal T I E 48 bR 95.36% ~ 98. 73%; Hk K
cy-3-ara, EH SRy 2. 58 % HAS S R B ik
58.53% 5 cy-3-gul & ik e A%, I AE 206 & B < 40
Fe S A7 ot il R ;1L D < < 1 A 51 P N R SR 22
FRPRREE PRI FREZF BRI R oy
3-ara, i A& & e 1 cy-3-gal,

3.4 BEBREEFTHEHXR

AT PR O AR T A B AR B e A
HA B S o AR A e f T i e O R
AR 2 03 2 5 AT R R R B A R AR Y AR
DR R X AL Y A A Y £ AR
FE AR gY F W], AN T €5 58 28 Y g S R R B v
A BEEALT T cy-3-gla 5 H 50 LR ] 35 M4
PANAFAE . 35 AR A (ELBEA 19 AR ¢ 2 800 8
THAB T P . 22O AL RS SR AE R B AT
T BT AR R AR R S R R 3 R A
DEMEN ot SRS OB S S SR R AE T TR L 5
M i AN W Af o ik — 2 T

i ] LA o 3 R A p L (EL A T 2 i A6 7
(R E L I AT G pHL R A9 B0 S0 B i — £
il Pt T D A R IR — 6 i 0 9 1 S A A T
HACHIHERE A R R R R R R AR
R U W AR MR S A A R
A HLRR & AR R A LR i BT 2
AL B QSR AU E TR RN AE T T A R
B TR B TR R o BLRR A R . T
o 2R B AR A S R A A BILIR AN A A AR
Ktk AT BES 5R B PP R ).

S 23K

[1] EW, MO0, BRA AR A5 it B0 SR i 2R 52 % XU 99y it
AR BT ] rp Aol B2, 2010,43(11) : 2300-2306.
WANG H B,LI . G,CHEN X S, et al. Flavor compounds and
flavor quality of fruits of mid-season apple cultivars[J]. Scien-
tia Agricultura Sinica,2010,43(11):2300-2306. (in Chinese)

(2] Z3HE. TUAN 3 A b S S0 R B 3R BB A A G il 1% 44 A2 AL 1
FELD]. Bk - AL R AR B K%, 2012.

[3] EISELE T A,DRAKE S R. The partial compositional charac-
teristics of apple juice from 175 apple varieties[ ] ]. Journal of
Food Composition and Analysis,2005,18 (2/3):213-221.

[4] LIU Y L.ZHANG X J,ZHAO Z Y. Effects of [ruit bagging on
anthocyanins, sugars, organic acids and color properties of
‘Granny Smith” and ‘Golden Delicious” during fruit matura-
tion[J ]. European Food Research and Technology.2013,236:
329-339.

[5] ZHANG Y Z.L1P M,CHENG L L. Developmental changes of
carbohydrates, organic acids, amino acids, and phenolic com-
pounds in ‘ Honeycrisp’ apple flesh [J]. Food Chemistry,
2010,123 (4):1013-1018.

[6] BAN Y., KONDO S, UBI B, et al. UDP-sugar biosynthetic
pathway: contribution to cyanidin 3-galactoside biosynthesis in
apple skin [J]. Planta.2009,230:871-881.

[7] SMEEKENS S. Sugar-induced signal transduction in plants
[J]. Annual Review of Plant Physiology and Plant Molecular
Biology,2000,51:49-81.

[8] BXEAT . IhATLE  HE AL AR, (L 7R 30 SR v ] s M A BILAR 1 F 5



242

75 b bR B 272 4l

31 %

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

(171

(18]

(191

LI IR A M R 2 244 1995, 26 (3) £ 355-360.
ZHAO Z X,SUN Y H,HUANG H C. Research of soluble sug-
ars and organic acids in apples of Shandong []J]. Journal of
Shandong Agricultural University, 1995, 26 (3): 355-360. (in
Chinese)
SPAHE R A AR RO 3 R T s R R S A
BLERLT]. £ Bk, 2012,33(2) : 227-230.
GUO Y, LIANG J,LI M M, et al. Determination of organic
acids in apple fruits by HPLC [J7. Food Science,2012,33(2)
227-230. (in Chinese)
ZERh AT /MR B /N L SR W A X L 3 2R SR SR B A S )
[T, VGAbAk BE % 4. 201126 (1) : 90-94.
LI M,REN X L,CHEN X L. Effects of different harvesting
time on fruit postharvest quality of ‘Gala’ apple[J]. Journal
of North west Forestry University. 2011,26(1) :90-94.
R AR LR L SRR L A5 BTG S R A kR D SR L BUAR K A
HERLT]. VUL BE %4 2008.23C 1) :130-133.
GAO H,ZHAO Z Y,LIANG J,et al. Advances in the resear-
ches of apple breeding and development in Shaanxi Province
[J]. Journal of Northwest Forestry University. 2008,23( 1) :
130-133. (in Chinese)
XK R SR, AR SR IR R A A
B CHRPELT ], B iR 4E. 2013.34(17) £ 47-52,
LIU Y L,CHE F,GUO Y P,et al. Correlation between changes
in soluble sugars and anthocyanins contents during fruit coloration
[J]. Food Science,2013,34(17) :47-52. (in Chinese)
PETKOVSEK M M,STAMPAR F,VEBERIC R. Parameters
of inner quality of the apple scab resistant and susceptible ap-
ple cultivars ( Malus domestica Borkh. ) [ J]. Scientia Horti-
culturae.2007,114(1) ;:37-44.
RAR e, X K A5 AN TR) A SRR S o R A AL
3BT ] PUACARAARA F R == B AR, 2010,39(10) -
163-170.
LIANG J,GUO Y,LIU Y L,et al. Analysis of contents and
consitituents of sugar and organic acid in different apple culti-
vars[J]. Journal of Northwest A & F University: Nat. Sci.
Ed. .2010,39(10) :163-170. (in Chinese)
X L AN () 35 2 RSP R A € 300 0 R A Ak B A 5 1 B URR
TEWFFELD]. B b « G 3L R AR 2, 2013,
FOURIE P C,HANSMANN C F,OBERHOLZER H M. Sug-
ar content of fresh apples and pears in South Africa [J]. Jour-
nal of Agricultural and Food Chemistry,1991,39(11):1938-
1939.
TRHEEL W TR AT A TR B R M s R LT, fE 22
#2.2009.36(3) :447-452.
ZHANG Y M,FENG TAO,ZHANG C Y,et al. Advances in
research of the Malus sieversii (Lebed.) Roem [J]. Acta
Horticulturae Sinica,2009,36(3):447-452. (in Chinese)
B 57 75 AR R Bk, AR SRR SO R B b 5 BB AL
o & LT ] VLA 2 42 . 2009, 29(6) : 1193-1199.
WEI ] M,QI X D,ZHU X Q.et al. Relationship between the
characteristics of sugar accumulation and fruit quality in apple
(Malus domestica Borkh.) fruit [J]. Acta Botanica Boreali-
Occidentalia Sinica,2009,29(6):1193-1199. (in Chinese)
HECKE K,HERBINGER K,VEBERIC R,et al. Sugar-,acid-

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

and phenol contents in apple cultivars from organic and inte-
grated fruit cultivation [J]. European journal of clinical nutri-
tion,2006,60(9) :1136-1140.

WU J.GAO H.ZHAO L,et al. Chemical compositional char-
acterization of some apple cultivars [ J ]. Food Chemistry,
2007,103(1) :88-93.

TRANHE R AR 2 0GR R R BT R S AR AL A 1
Al ZREVELT ] B 202441 . 2008, 35(2) - 277-280.

ZHANG X Y,CHEN X S,PENG Y.et al. Genetic diversity of
mineral elements,sugar and acid components in Malus siever-
sii (Ldb.) Roem. [J]. Acta Horticulturae Sinica, 2008, 35
(2):277-280. (in Chinese)

Tk B, AR T R AR A L A ORI S v S SR R A I OC Bl 5
SRR AT AR R 6 R T, W 244 .2010,37(1) : 1-8.
YAO Y X,LI M,YOU C X,et al. Relationship between malic
acid metabolism-related key enzymes and accumulation of ma-
lic acid as well as the soluble sugars in apple fruit [J]. Acta
Horticulturae Sinica,2010,37(1):1-8. (in Chinese)

MAZZA G, VELIOGLU Y S. Anthocyanins and other phe-
nolic compounds in fruits of red-flesh apples[J]. Food Chem-
istry,1992,43(2):113-117.

TAKOS A M, UBI B E, ROBINSON S P, et al. Condensed
tannin biosynthesis genes are regulated separately from other
flavonoid biosynthesis genes in apple fruit skin[J]. Plant Sci-
ence,2006,170(3) :487-499.

HARA M,OKI K,HOSHINO K.,ez al. Effects of sucrose on an-
thocyanin production in hypocotyl of two radish (Raphanus sati-
wus) varieties [J]. Plant Biotechnology,2004,21 (5):401-405.
i i, BRE ERERRES R REOR RN
SRR, AP 2% H.2010,30(8) : 1675-1680.
XIA J,ZHANG Z,LYU D, et al. Changes of peel pigments
and flesh sugar contents in bagging Malus pumila during De-
velopment Stage[]]. Acta Botanica Boreali-Occidentalia Sini-
ca,2010,30(8):1675-1680. (in Chinese)
WA, L B AR, S BRI LR TR R EY A R
L i E AW 550 FEW 5, 2011,27(4) :364-369.
YANG S H,WANG L,MU C,et al. Anthocyanin biosynthe-
sis regulated by sucrose in arabidopsis thaliana seedling [J].
Chinese Journal of Biochemistry and Molecular Biology,2011,
27(4) :364-369. (in Chinese)

TENG S, KEURENTJES J, BENTSINK L, er al. Sucrose-
Specific induction of anthocyanin biosynthesis in arabidopsis
requires the MYB75/PAP1 gene []]. Plant Physiology.2005,
139 (4).:1840 -1852.

SOLFANELLI C,POGGI A,LORETI E,et al. Sucrose-spe-
cific induction of the anthocyanin biosynthetic pathway in Ar-
abidopsis [J]. Plant Physiology,2006,140 (2):637-646.

AL LD BRI T AR & R A R S BRI RS
[D]. # ut B a2, 2007,

NORO S,KUDO N,KITSUWA T. Differences in sugar and
organic acid contents between bagged and unbagged fruits of
the yellow apple cultivars, and the effect on development of
anthocyanin [ J]. Journal of the Japanese Society for Horticul-

tural Science,1989,58 (1):17-24.



