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Correlation analysis of mineral elements and sugar and acid contents in
peach fruit
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Abstract: The relationships between the contents of main mineral elements and quality indices of peach fruits in dif-
ferent areas of China were studied and the main mineral elements that affecting the essential characteristics of peach fruits
were screened to provide theoretical basis for the evaluation of nutritional function. The contents of sugar and acid and 26

mineral elements of peach fruits from 14 different areas

1075 B #9:2019-10-17 were determined. Descriptive analysis, redundancy
HLTRE . FFBACA 7= b 1 A P 2 #8417 ( CARS-30-5-03) ; analysis and correlation analysis were applied to study the
TTIREAR A Pl HI5 R AR E & H [ CX(19)3006] relationship between mineral elements and main quality in-
EERIN IS (1995-) 2, NS 1 22 ¥ A B AFg A, 28 dices (sugar and acid content) in peach fruits. The results
A= L 25, (E-mail ) 285737477@ qq.com showed that the contents of macroelements, microelements

BIEE A FH, (E-mail) yu981190@ hotmail.com and rare earth elements in peach fruits cultivated in differ-
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ent areas were quite different. The contents of mineral elements in peach fruits from different provinces were significantly

different. The contents of K and Ce in peach fruits were highest in Fujian province, and the contents of Ca, Fe and Al were

highest in Hubei province. The contents of Mn and Zn in peach fruits of Yunnan province were rich, and the content of rare

earth elements was generally higher than that in other provinces. The quality of peach fruit was significantly affected by po-

tassium (K), which was positively correlated with quinic acid, malic acid, succinic acid, citric acid, ascorbic acid and

sorbitol. The contents of organic acids in peach fruits were significantly affected by magnesium (Mg) , which was positively

correlated with ascorbic acid, citric acid and oxalic acid. However, Mg had no correlation with sugar. Calcium (Ca) was

positively correlated with glucose and fructose. Furthermore, molybdenum (Mo) had strong correlation with acid. Besides,

Eu, Er and Yb were positively correlated with sugar content in peach fruits. The effects of different mineral elements on the

quality characteristics of peach are different. Reducing the contents of Ca and sodium (Na) and increasing the contents of

K, Mg, Eu, Er and Yb may be the important technical strategy for improving the quality of peach fruits.
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1.1 HRRERFE

FEARET 2018 426 H ZE 8 40l N2 [H 14
BB RAE 97 B TES ~ 10 AR RIME SR 52, B4R
bel 4% S A PE AT K — BRI ~5 1R, &
BRRBER A3~ 5 HBRVE DA S, BERE A IRAT ]
CRAE R R ), HoBARE R/ B P — 3
PIBRAE A R AR M, B R AR BURE Al Bl 5250 58 24
h 58 BURE A% DT8R TR A Bk B T F I AL
oIS YET KR PFEE 5 min, BESL TR TR IR A
BI5)J5 F-20 CUKFRAT
1.2 UE5KF

HJBA 5 55 1 AR BT A (1CP-MS, Agilent)
T SR €33 ( HPLC-1260 Infinity , Agilent) , B T K
(LRSS R AR A PR R ), XW-80A i
TR e (1 TE B (AR 3 25 A PR A W] 7™ i) , DB-
3A LI IE B (8N 4 s B R A A R
PR TCRARERS A T E AR EY B 5T ol
g KR LB K,
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1.3 XBIESH

ICP-MS: 5T 1 100 W, %58 FIR S i i 16
L/min, 5 L %8 Wi & 0.92 L/min, i B < i & 1.2
L/min, ¥ 5 42 FH 3% 20 v/min, 6 I AR 2 . Al 43 A5
X, A A 3 ml/min,

HPLC kil A ALRR i AL 2% 241 (i A ZORB-
AX SB-C18 (4.6 mmx250.0 mm,5 wm, Ageilent,
GB) , #Eili 40 °C, K 210 nm , #4246
%, VLB 0. 01 mol/ LARFRYE W, it i# 1 ml/min,

HPLC £ il 38 J5 b5 (7 { % = %L. Hi-Plex Ca
(7.7 mmx300.0 mm,8 wm, Agilent, GB) , # & 80
C, N2 K25 (Agilent 1260) A1 40 °C |, FishHH K
ALK E 0. 6 ml/min,
1.4 tFmibiE
1.4.1 FRAESHNE WEFHFRES. 0 g FEME
TR, A 10 ml WAL, B0 i 40 f# 12
h, HERIRE AR WL AN 1L, e s 2
50 ml R, KB T KGR, FIEHEEs A5,
FRE IO & it KN LIRS, ICP-MS I 2 A iy
R TT R S B, R TR R R B
BRI AR BT R AL B A B B 2 L
BRORVBCEE R R . B S PATIRER
1.42 RESRREAANE MEFHRE2.0 g BEME
TRDET A 8 ml HaliK, i 42U AL
TH I T WFEE (1000 r/min) 15 min, {5 3 20 HL
4 000 r/min# 0> 5 min i BEZPOE 2 ml, 3 0. 45 pm
IKZRUEIE AN 2 ml BERGHEAEIR AR, 20 5 A
TR
1.5 HiERERE

K H Excel 2010 F1 GraphPad Prism 8.0 X {5544
PEE ARl VR 1A SR SPSS 22.0 2 4-F1 CANOCO
4.5 SRR LA PRI T AT o T E A

2 GRS

2.1 MERELRFRIEFNT RTESE

HH 2% 1 AT AN [ i b el KR SR S 1 0 i T
EOREFER ZTHRZRHEAN T 1660 =
107.00% . FEFTIN T 2 4k i) 48 S5 R B R, BE Y
A RAR /N AR S R BRI B> 48> 81>
BHSERSBESEESH ST S B> 86, ERBICE T 85
Wi, EA R, AR AL, EMEITTERE T,
Bl e e, B A AR

R1 BRIFTRTESEKTF

Table 1 Contents of mineral elements in peach fruits

% M BME OR(E bR AR RE

(mg/kg)  (mg/kg)  (mgkg)  (mgrkg) (%)
B 1842.000a 980.000 2720.000 313.000  17.00
5 25.400b  10.200 65.400  10.700  42.00
B 87.500b  57.200  139.000  14.500  16.60
! 5.660c  0.530 23.600  3.850  68.20
e 0.693¢  0.180 1.910 0279  40.30
B 4.650c  1.580 50.400  4.980  107.00
i 0.857¢  0.260 2.860 0528  61.60
3 1.640c  0.790 4350  0.684 4170
!EH 2.270c  0.380 21.300  2.330  103.00
i 6.910c  2.960 13.600 2100 30.40
i 0.017¢  0.001 0.090  0.016  97.70

ﬁ;@{aﬁzﬁsﬁmxw#u%@%xmﬁ%ﬁ%rﬂ%ﬁ@%m
H 2 2 AT AT, A [ it ol B el DXk 2R S T %
TR RS RN T67.30% % 161.00%,, 7E il
i + 0 R AR S RBURR B AR R R R,
BSR40, Hfb i - oo R A 3 REU1E
100% V) I, & 4 Mfs ooz, S0 & f e, 18
] 19.40 pg/kg, i BIRZ, HEEINMH TR
s AN 0.03 pe/ke,
F2 HELBITESEAKT

Table 2 Contents of rare earth elements in peach fruits

% ¥iE B/ME BOKME bRfEE ERRE
(pg’kg)  (perkg)  (ngkg)  (ng'kg) (%)
74 2.09b 0.32 24.90 3.37 161.00
i 5.00b 0.65 47.30 6.86 137.00
fili 7.08b 0.65 53.30 9.01 127.00
B 0.94b 0.12 8.76 1.35 142.00
L3/g 4.21b 0.56 38.90 6.49 154.00
17 0.64b 0.08 5.92 0.88 137.00
B 0.16b 0.04 1.20 0.18 108.00
4L 0.61b 0.04 5.98 0.88 145.00
L 0.06b 0.00 0.64 0.09 143.00
i} 0.33b 0.04 3.12 0.46 140.00
78 0.06b 0 0.56 0.09 149.00
£ 19.40a 0 78.20 13.10 67.30
5 0.02b 0 0.18 0.03 120.00
s 0.13b 0.02 0.96 0.14 111.00
# 0.03b 0.01 0.17 0.02 83.70

TR EBIRE AR NG PR AN F TR Y 8 2 5 B (P<
0.05),
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97 Mk LA it 1) SR S b JB (AT R AT AL
MR B ) FEAR N ER 3 I 4 FR , NI i ff K el X f)
ST AR —E 2 5%, B3R 3 ATH, 7ERTI 4
PRI e M L AL AR SR S b & (IR LA 57
FERE R, A8 57 R BUA B 88. 60% ; 7 4 AR A )
/N, N 36. 80% 5 Bk R S B BESE LLERE Sy =, O
Y& ik g 42,90 me/g, W3 4 AIHL, AN R fR A
el DX Bk SR S A HILIR 7 i 1 A8 S5 R B T27.10% 2
77.40% ., FEFTIN 7 AP, WA PR AEBE R 5L
PR, SRR IR S s i ok, HAR S R BUR /D, T
BRS¢ R

®3 MRIPAUHEESE
Table 3 Contents of titratable sugar in peach fruits

T BME EBOKE ¥fH iz BRRE
(mg/g)  (mg/g) (mg/g)  (mg/g) (%)
e 3.19 75.6 42.9a 16.90 39.50
M 2.39 17.10 7.51b 2.76 36.80
HH 3.07 24.60 8.94b 3.53 39.40
1Tl 0.09 11.50 2.39h 2.12 88.60
st 26.50 101.00 61.70 21.00 34.00

RPHEBIREA RN F R RAF TR SR 2R B E (P<
0.05)

®4 MRIPENRESE

Table 4 Contents of organic acid in peach fruits

P F/ME EBOKRME ¥fH bRz ER R
(mg/g)  (mg/g) (mg/g)  (mg/g) (%)
£ TR 0.210 1.650 0.479a 0.197 41.10
WRER 0.250 1.200 0.672a 0.182 27.10
FrERIR 0.030 0.930 0.271a 0.210 77.40
LR 0.120 1.410 0.547a 0.223 40.90
iR 0.040 0.270 0.157a 0.045 28.80
AR 0.030 0.160 0.060b 0.010 31.40
PRI 0.010 0.040 0.018b 0.007 38.40

Oﬁg?{ﬁﬁﬁ}ﬁﬁlﬁld\gi%%Kﬁﬁ?ﬁifﬂ]ﬁ%bﬁ%(k
22 AEEBHURIPT RTERIEER
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BHCR LS E s R SRR R R m A
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SR Bt s TS LA R AR S Rl T R
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JLE T, AR P i s, A o R
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S AR S T BT R SRR 1 e (B A AH
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Ko E R o R M Lo R &k 5 — A Rk,
N AR SGHA T SE b, FRER 7 WM BRER SErh
W TR SRR bR IAEZEAR DG, Hh i 547
Mg SEAR BRI & B E A O, SRR Bk
1% LB 0 2 TR AR OG5 550 R R BEFIR 5 1
FEVMX, 5E T AR AR R D
IEARDG, NS 3R FAR S A 3 AR OC  (H 5T AR
HIAHE SRS S AE S IE ARG, BE S PUIR M AR A
P RERR | LIRS A I 2 ml e 2 IR AR OG, BH S R
R EIEA, SRR 2N EE EAEX, 5HAS
BLIR K AT i e BRI ASATAE S AH O A0 TR
S E ARG, 5HADRRRTC B E A e 5P
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ERERE SO R S TEAR DG, S5 LR TG 2 AH G
PR, MR 7 AL BERENA KR T S5 BE R B
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24 HERBPITESHERSEMN RDA 517

Wl 1 R 5 —HE R bR i R 10.5% B BE IR
Al 5 —HEFP AT iR 5.6% I BERR A L, KT
RE S BE o TR AL R - n R A R
BRI BRSSO R B i R IR T, BeAh, X
KETE, BS5ETR WAREREFEML,5
SRR BRSO OC, S BE A A I 3 IE A
K B SRR BRI R | L1 B R S A 0 3 A G,
SR B2 T DC, SEE R 2 IE ARG B 547
MR FLR HUORINR LA B EAG, SR
FEEAR G X TR IR, BT R A R
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Table 5 Mineral element contents of peach fruits in different provinces

S Bk ap 5 B o i B K B il ] H
B (mgkg) (mg/kg) (mg'kg) (mg'kg) (mgkg) (mgkg) (mgkg) (mg'kg) (mg'kg) (mg/kg) (mgkg)
17 20 1 844.000ab 28.000bc  92.700a 5.130ab  0.637abc 4.480b 0.988b 1.740ab 2.250b 7.600ab 0.017b
LS 17 1 .825.000ab 18.300¢ 79.000a 4.270ab  0.560bc 3.120b 1.130ab 1.530ab 1.670b 6.180ab 0.007b
WAt 13 1 .840.000ab 22.400bc  87.600a 3.910ab  0.731abc 4.240b 0.619b 1.270ab 1.790b 7.900a 0.024b
1PE 10 1 826.000ab 32.400ab  90.700a  11.800a 0.942ab 5.090b 0.642b 2.220a 3.190ab  6.540ab 0.015b
Wi 5 2102.000a 21.000bc  85.800a 4.000ab  0.503¢ 3.290b 0.767b 1.480ab 1.390b 6.300ab 0.016b
sl 5 1960.000ab 40.600a 83.500a 4.480ab  0.500¢ 2.180b 0.407b 1.080b 1.440b 6.870ab 0.006b
Wt 5 1918.000ab 43.000a 95.400a 8.650ab  0.862abc  13.400a 0.831b 2.170a 6.270a 7.690ab 0.023b
pay7] 4 1562.000b 24.000bc  75.700a 8.570ab  0.635abc 5.520b 1.090ab  2.250a 3.980ab  5.930ab 0.008b
bEE] 4 1762.000ab 22.200bc  97.800a  3.220c¢ 0.576bc 4.840b 0.444b 1.430ab 2.340b 7.760a 0.018b
B 4 1764.000ab 18.300c 84.200a 5.830ab  1.034a 4.600b 0.559b 1.470ab 1.620b 7.140ab 0.023b
BiTye 3 2106.000a 16.400¢ 86.900a 3.880ab  0.838abc 3.480b 1.740a 1.380ab 1.160b 4.320b 0.014b
LT 3 1 849.000ab 16.900¢ 93.200a 6.560ab  0.695abc 5.460b 1.100ab 1.840ab 2.200b 6.790ab 0.059a
Hlr 2 1737.000ab 22.400bc  93.400a 4.110ab  0.886abhc 4.050b 0.758b 1.310ab 1.590b 6.010ab 0.019b
[SqL] 2 1475.000b 26.900bc  81.900a  4.300ab  0.692abc  6.630b 0.656b 1.600ab 0.870b 6.190ab  0.007b
IF)— B EH 5 AN R /NG S8 FOR R R 48 03 AR R BOC 3R 3% 1 22 5 .3 (P<0.05) .
x6 FEIEAMURLHIHLITEEE
Table 6 Rare earth elements contents of peach fruits in different provinces
B 1‘2;% A i fili i £3's % Hi L L i Bk i (73 i) i
(ng'kg) (pg'kg) (megke) (pg/kg) (ng/ke) (neg'kg) (ne/ke) (ng/kg) (ne/ke) (ne/ke) (ne/ke) (ng/ke) (peg/kg) (ng/ke) (ng/kg)
7 20 1.490b 3.970bed  4.980d 0.691be 2.800¢ 0.450bc 0.129cd 0.402b 0.046b 0.233b 0.041b 18.600a 0.017b 0.105b  0.025b
YLJR 17 1.310b  2.920cd  4.760d 0.546bc 2.210c¢ 0.374bc 0.101cd 0.335b 0.037b 0.199b 0.033b 20.800a 0.012b 0.084b 0.021b
Wik 13 1.820b  5.000bcd  8.950cd 0.959be 3.880c 0.652bc 0.148cd 0.578b 0.061b 0.315b 0.055b 19.900a 0.020b 0.123b  0.024b
g 10 1.640b  3.810bcd  7.210cd 0.809be 3.300¢ 0.600bc 0.158¢d 0.516b  0.060b 0.308b 0.058b 25.000a 0.023b 0.139b  0.032b
Wil 5 2.380b  4.100bed  4.970d 0.814bc 3.430c 0.586bc 0.168cd 0.570b 0.072b 0.375b 0.060b 20.400a 0.021b 0.125b  0.024b
pajl 5 0.600b  1.190d 1.820d 0.222¢  0.995¢ 0.170be 0.075d  0.122b 0.019b 0.092b 0.011b 12.400a 0.008b 0.042b 0.012b
¥4t 5 3.020b 11.600bc  4.680d 2.260b 9.060bc1.300b 0.309be 1.130b 0.110b 0.537b 0.093b 19.400a 0.034b 0.208b  0.040b
B 4 13.050a 22.200a  17.300bc 4.380a 18.400a 3.230a 0.697a 3.260a 0.365a 1.830a 0.343a 30.100a 0.094a 0.536a 0.089a
R 4 1.200b 2.170d 3.940d 0.528bc 2.170¢ 0.406bc 0.096d 0.322b 0.035b 0.216b 0.039b 20.600a 0.017b 0.106b 0.024b
M 4 1.260b  3.500bed  3.770d  0.565be 2.120¢ 0.406bc 0.113¢d 0.335b 0.048b  0.203b  0.041b 13.600a 0.021b 0.089b 0.027b
@i 3 3.370b 12.100b  28.900a 1.950bc 7.410bc1.050bc 0.322b  1.190b 0.089b 0.465b 0.083b 13.300a 0.030b 0.177b  0.033b
L7 3 1.940b 4.260bcd 21.200ab 0.798bc15.100ab0.532be 0.118¢d 1.160b 0.066b 0.279b 0.048b 14.500a 0.022b 0.120b  0.028b
HilF 2 1.010b 3.170bed 3.880d 0.441bc 1.910¢ 0.353bc 0.085d 0.270b 0.031b 0.183b 0.029b 10.200a 0.011b 0.085b 0.016b
Beps 2 0.467b 0.811d 1.070d 0.153¢  0.681c¢ 0.118¢ 0.046d 0.089b 0.015b 0.075b 0.009b 14.700a 0.006b 0.041b 0.012b

[6]— B I A [l /N B R R AN TR A8 £ (60 A [ o0

A~

&)

2R BE(P<0.05),
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Table 7 Correlation coefficients between sugar and acid content and mineralelement content in peach fruits
ARG R B
B 5 il B H i Lt s
£ TR 0.238* 0.351* 0.164 0.162 -0.074 0.071 -0.094 0.087
FIRMR 0.214* -0.221" -0.048 0.074 0.306 ** 0.186 -0.203* 0.165
FriEmR 0.264** 0.229* -0.026 0.330** 0.025 -0.175 -0.102 -0.196
EEAR 0.220* -0.220" -0.278 " 0.131 0.091 0.000 -0.177 -0.054
FR 0.188 0.132 0.048 0.459 ** 0.213* -0.051 -0.110 -0.057
AR 0.083 0.267 ** 0.286 ** 0.104 -0.104 0.006 0.016 0.056
B MARR 0.294 * -0.017 -0.131 0.203 " -0.004 -0.015 -0.298 ™ -0.034
A -0.013 -0.092 0.064 -0.063 -0.023 0.217" 0.169 0.276 **
M 0.057 0.281* 0.321* 0.111 -0.192 0.071 0.271* 0.158
S 0.180 0.395** 0.390 ** 0.199 -0.123 0.087 0.229* 0.160
TR 0.431* 0.160 -0.008 0.284 ™ -0.115 -0.058 -0.152 -0.049
Pyt 0.071 0.045 0.159 0.026 -0.076 0.194 0.196 0.266 "

" AE 0.05 K- (R B FEAHSE; ™ AE 0.01 K (R b I

0.6

RDA 2 (5.6%)

S

-1.0 ‘ )

RDA 1 (10.5%)

WEIR (LA 5 Sk AN R ) 2 TR S RIR AT IR (BRIAIR |
BRI ARR PUAMER REWE A0 R L ALEE S, O
(LA 7 Sk OHLER o) 0 S BE BN BE A B
CRU AR R B R R B A b 3 (P<0.05) Bt 3 (P<
0.01) (HESI ¥ = 499)

E1 97 BHkREPEREEST RITEXRK RDA HiFE
Fig.1 RDA ordination diagram of the relationships between
sugar and acid content and mineralelement content in

97 peach fruits
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