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Study on the characteristics of quality and mineral content in different

parts of pulp of Hongmeiren tangor

LIN Mei, ZHANG Weiqing’, SUN Lifang, PING Xinliang, XU Chengnan, FENG Xianju
(Zhejiang Citrus Research Institute, Taizhou 318020, Zhejiang, China)

Abstract: [Objective] Zhejiang is one of the nine major citrus producing areas. The traditional main va-
riety in this area is Satsuma mandarin, the maturity period of fruits is mainly concentrated in October to
December. Citrus hybrids are derived from natural or artificial hybridization among different citrus spe-
cies, so they have similar nutrition, flavor, and easy peeling. Therefore, citrus hybrids could be good
choices for structural adjustment of citrus varieties. In recent years, Hongmeiren tangor (Citrus hybrid)
has been widely cultivated in Zhejiang, and previous studies have focused on botanical characteristics,
biological characteristics and cultivation techniques. It was found that the fruit quality of Hongmeiren
showed obvious non-uniformity in the sampling process. The quality and mineral contents in different
parts of the fruits were studied in order to further explore the quality characteristics of this species. Fur-
thermore, a sampling method for quality evaluation was proposed. [Methods] The mature fruits of

Hongmeiren were sampled at different times in the same orchard or the orchards in different regions re-
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spectively in Zhejiang province. The flesh of each group of fruit samples was divided into three parts,
including the stem end, mid and top. The quality indexes, such as soluble solid (TSS) and titratable acid
(TA), were determined by physical and chemical analysis, and the atomic absorption analysis was used
to analyze the 8 kinds of mineral nutrients. The data were statistically analyzed by SPSS.19.0. [Re-
sults] The contents of TSS and sugar acid ratio (TSS/ TA) in the three parts of pulp were the stem
end<<the mid<the top of the fruits, and there were significant differences between the stem end and the
top of the fruits, while the variation of TA was not obvious. The contents of TSS and TA of the whole
fruit were closest to those of the mid of the fruit, with no significant difference. The corresponding cor-
relation coefficients R’ of TSS and TA were 0.980 7 and 0.946 9, respectively. Therefore, the middle part
of the fruit could best represent the whole fruit. The content of element K was the highest in the stem
end of fruit and showed a downward trend in the order of the stem end, the mid and the top of the fruit,
while the content of element P was opposite. The contents of medium elements Ca and Mg in each part
of the fruit were basically the same, showing a V-shaped distribution, and the content of Fe was relative-
ly high within four kinds of trace elements, followed by B. Additionally, there was no significant differ-
ence between Fe and Cu in each part of the pulp, and the largest accumulation of trace elements of Zn
and B were found at the top of the fruit. Most of the elements were positively correlated, while K was
negatively correlated with some elements, such as Ca and P. The TSS and sugar acid ratio of fruit were
extremely positively correlated with P and negatively correlated with K and longitudinal diameter. The
TSS was also significantly negatively correlated with Zn and fruit shape index, while solid acid ratio
was significantly positively correlated with Ca. The TA was significantly positively correlated with K
and negatively correlated with Ca and P. [Conclusion] The fruit quality of Hongmeiren tangor in differ-
ent parts of the pulp was obviously inconsistent and showed a polar distribution, and the accumulation
of large and medium-amount mineral elements in each part had a certain regularity. The quality of the
middle part of the fruit was the most representative of the whole fruit, so the middle part of the fruit
could be sampled and juiced in the field, but it is better to juice the whole fruit and prepared multiple
samples in the quality evaluation process. Fruit longitudinal diameter, fruit shape index and elements
such as K, P, Ca, Zn are most related to the fruit quality. These results would provide a scientific basis
for quality evaluation and quality improvement of tangor in practice.
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Table 1 Contents of Suger and acid of different fruit parts

in the same orchard of different sampling times

E=Loy A b RIS R

Index Stem end Middle Top Full fruit
TSS(t)/%  9.9£0.66¢  10.8£1.03b  11.6+0.94a 10.8+0.83 b
TSS(t)/% 11.4+033 ¢ 12.3+022b  12.740.27a 12.1+0.18 b
TSS(t:)/% 10.5£0.82b  11.4+1.11ab 12.2+1.26a 11.4+1.02 ab
TA(t)/% 0.67£0.04a  0.69+0.05a  0.67+0.03a 0.68+0.04 a
TA(t)/% 0.68+0.03a  0.70+0.02a  0.68+0.02a 0.68+0.01 a
TA(t:)/% 0.67£0.07a  0.69+0.06a  0.66+0.06a 0.67+0.06 a
TSS/TA(t) 149+1.41b 15.7€1.43b 17.2+1.00a 15.9+1.14ab
TSS/TA(t)) 16.8£0.59¢ 17.7£0.60b  18.6+0.49a 17.7£0.37b
TSS/TA(t;) 15.9+£2.10b  16.8+2.95a  18.9+3.76a 17.2+2.86a

B — AT AN ENG F R RS ZE 7 3 (p<0.05), Tl tivtat
Iy AR TR 11-15.12-05.12-25

Note: Different small letters in the same line indicate significant dif-
ferent among different cultivars at p<<0.05, the same below. t;+t, and t;

represent sampling time 11-15.12-05 and 12-25 respectively.
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5 Table 2 Contents of mineral elements in
, " " " B different parts of fruit (mg-kg")
jiga) I i bimh G Zil T B P s L L TR T
Huang- Linhai Wenling Xiang- Quzhou Various Element  Stem end Middle Top Full fruit
yan shan regions
b K 1 624.38+ 1414.96+ 140591+  1470.73+
FfdRRIR Sample source 22859 161.44 b 173.97b 17563 b
3 FNREIXEAIRA S BB EEREL %P 80.39: 81.95+ 95.49+ 83.67+
Fig. 3 TSS/TA in different parts of fruit from different 2843 b 28.94 b 30.07a 27.72b
regions 45 Ca 61.62+ 54.00+ 64.96+ 60.56+
25.25a 2036 b 29.64 a 23.56a
N o e N N M 80.45+ 70.89+ 74.77+ 74 .84+
TGRS 5 R 3 S S o R S ) 5 R T L SR ¢ 1571a 13.61b 1356ab  12.00ab
S ERARE . WTLE S HTE R g4 % Fe 231+ 232+ 2.56+ 224+
. . a a o 0.66 0.94 0.69 0.58
N3N E R R E . B, T XA i ‘ ‘ ‘ ‘
B NN Y 4 Cu 0.30+ 0.30+ 0.34+ 0.30+
SR ERHE RS FHAEREE. H 0.12a 0.13a 0.14a 0.11a
i, BT R S AN K R IR SR A R B 036+ 034 0476 039
L i e e 1 0.28 ab 0.19b 0.26a 0.21 ab
TSS 5 R R AUB AL, 29N 25 A o B 0.96+ 1.08+ 1.16+ 1.03+
222 TNEIRIBRLEAZANZIFZGTADHIT H 0.28 b 0.26a 0.30a 025a
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Table 3 Linear regression relationship between sugar and acid of full fruit and different parts

o AV TSS MR TA
HAL Part " , " : , :

F U Coefficient(R?) 77 %2 Equation F B Coefficient(R?) 77 %2 Equation
S 4 Stem end 0.976 4 =0.952 8x—0.184 5 0.8557 =0.886x+0.083 1
Frp ¥ Middle 0.980 7 y=1.016 2x-0.172 5 0.946 9 y=1.046 5x-0.019 7
ST Top 0.9750 y=1.017 8x+0.294 0 0.887 2 y=1.067 5x-0.063 4
242 FRAZERERFEASRGM XM BFE A, B TSS/TA 5 R A % 547 TSS F

W 5 MR AR B 40 56 N SR S EAL o M 4R A 5 HEOR TR
AT B RR BEAT M OCME b, S SR R 4. Raim
R E AR S B R R A R SR TR (1)
TSS.TA 2 TSS/TA %48 FrAH Kk REIIE/ , Tl
E N P cRNTE 7 R YIRS P S R I a7 N =i i ]
TSS A1 TSS/TA 2l ik 3 U AH O, RIS, SRTE 48 H i
5TSS B EE M. Hoh, B TSS 5 &AL
(1) TSSTA J TSS/TA 2t &35 IEAHC, TA 73 3l 5
% HBAL TALTSS 2% 3% IEAH ¢, 5 TSS/TA 21k

TSS/TA Btk & LK, 5 TA B8 # A G
Bz, RS R B B R S AN [FR AL TSS W TA
FHOGFERLN , B PAE  RIE AR H S A A E AL TSS
B E MG, BRI 55 A A AL TSS/TA
Y AT E Y P

243 FRAFZRALERAMBERGEXE R
PIAN [E] 5 A7 % T 25 AR BR TR AR (AU AH S 0 BT 45 SR
LS5, BEMTTRERAHME:KE3 M TRER
EMR, K5 Ca BB ENML, 5PREREEMR

x4 AEIEMIFEERIERS S RIBUIEFRAIEX M

Table 4 Correlation between sugar and acid indexes of different parts and physicochemical indexes of full fruit

T ALVETEEEYI TSS SR TA [ i LE TSS/TA

Index TSS, TSS. TSS, TA, TA,, TA. TSS/TA,  TSS/TA,  TAA/TA,
7 Fruit weight -0.084 -0.116 -0.182" 0.063  0.135 0.089 -0.111 -0.189° -0.177
4% Horizontal diameter -0.063 -0.101 -0.159 0.062  0.139 0.110 -0.099 -0.183' -0.180°
Y12 Vertical diameter -0.241" -0.265" -0.345" 0.044  0.086 0.058 -0255" 02417 -0.235"
BIFEH Fruit shape index ~ -0.318” -0.314" -0.375" 0.002  -0.029  -0.043 -0.220° -0.172 -0.166
Al Mk ) TSS 0.988" 0.990" 0.976" 0.303"  0.281"  0.242" 0.457" 0.414" 0.332"
HERTA 0.208' 0.293" 0.339" 0.925" 0973  0.942"  -0.641"  -0.709"  -0.720"
[E i b TSS/TA 0.470" 0.415" 0.366" -0.647"  -0.703"  -0.711" 0.923" 0.970" 0.941"

T E 0.05 KT ERZFEIR, T 0.01 AT EREFMR NS TR sumt 2RI B TR, R IE .

Note: Represent the correlation was significant difference at the 0.05 level, ™ represent the correlation was extremly significant difference at the

0.01 level. Subscript small letters d,m and t represent stem end , middle and top respectively. The same below.
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Table 5 Correlation between mineral elements and quality
b mK 5 B {75 il B {0 1] AVATEE TR SRR iz
Index Ca Mg Fe Cu Zn P B TSS TA TSS/TA
K 1
5 Ca -0.234" 1
Mg 0.078  0.479" 1
£k Fe 0.128  0.210° 0.416" 1
i Cu -0.062  0.174 0.149 0.350" 1
B Zn 0343 0.180" 0.339" 0.367"  0.243" 1
WP -0.198"  0.430” 0.342" 0.147  0.058 0.073 1
B 0.028  0.157 0.318" 0.468"  0.374" 0.449"  -0.055 1
AVEMEEEATSS  -0.6007  0.142 0.070 0.013  -0.162 -0.260" 0.275" -0.009 1
HERTA 0.261" -0.474" 0.076 0.032  -0.154 -0.008 -0.376" -0.002  0.121 1
[ 2 L TSS/TA -0.538"  0.502"  -0.015 -0.015  0.100 -0.076 05147 0.008 0.391" -0.844" 1

MR, HZn BB EEMK;Ca 55N nHERE
A, S K 2R E MG, 5 Mg P 2B
1EAHSG, 5 FeZn 2.3 IEAH G s Mg FR 5 K. Cu L i
FAFEMES, 5 H A CaFe Zn P.BZ 5Nt R 2
W MK Fe 55N R 2R EFEMK, 5 Mg,
CuZn.BEWMEZEEMK, 5Ca R BEFEMK, 5
K.P & FE MK Cu 5 Fe . Zn.B 2 &2 [FA %
M5 HARTCER WA Zn I B E AR TT R AL
Z,BrPAN, SHRSZ LR EEFE IEMHIPE3A
TLEREEEME, 5Ca Mg 2WEF EH>, 5K
B ZE M B 5 Mg Fe.Cu.ZniX 4 Pt & £ 4%
BEIEMX. B2, g RE R A KZH IR
B IEM %, UK 5 Ca.P.Cu R HAHE. HHHERR
Febr 50 R A SEME - TSS 5 P A 535 1IE A,
HK.Zn 2B E AR, SHRASHIOELREM
KM s TA S K 235 1IEAHSC, 1T 5 Ca P 2%
F UM% TSS/TA 5 Ca P TSS £ EE ML, 5
K .TA £ 8 E MK, LA nIa R, 5HR 5
i B A B G &N Ca P K. Zn, A7 Ca.P £ I
HE, K Zn A,

3%

A T 53 I3l R () — SR el AN [ B ) B 7 V28 A
[F) [ i SR [l S B 41 56 N ettt SR S I ek 43 A ol SR
PRI P AN [0 30 o7 348 A7 0 B A I 28 509 e v o T 5 32
322 N IR 3 AN A A AL TSS F1 TSS/TA MR
e FE R B R T S 'm AW B, 2R AR,
DA SR THL 8 XU B 45 L SR PR AS [ 3 A5 ) 47 A B 2 1)

AN I B B B oy A BRI 1 2500 S IR R
A A A o Bl B4 AR S IF 9T &5 SRS A — B, [H]
IS, 5 R A A [ S8 A R 5 %) T A s W 77 Y AT )
SER—F X T RS FRAL PR R, R R
T X U ] A SR S R AR 1 BE AR SR A
NS A = WITER G K 8 I 7 (1932 $i 43 BC R AiE
K, e WG VT 32 18] 2 A7 7F B i B B R
72, T 56 J0 95 S50 A ) AN [F AL TSS I 980 M
B IR % AT AE TV 0 B, BV 5 200K B ST g , [+
i B 5 W WA BH % i3k 47 0% & 4E F BAR T TSS B &
[, BF 50 34 R I BT A AR AR TSS 11 51355 30 5 SR Tl
YY) R S 2 2 S, L D) A e SRR 2 B R A 5.1%
BB RS RN AR TR S A I E R R, B
71 H O R SR PR B B PR AN 38 SRR X RT S S A
KR MM AEN R X RED M LR EMNS
OB T RN S A IR T IR A28 5%, %t
T AT AN T 2 R DR v 2% P R S R R —
W 75— A T

1B b VAN 1 55— > B BLER AR TA, 7EXT L
B XA N AN [R] B A G 35 Hh ke ISR T30
TA AHR B, B AERE AR AN L 58 20 3] B R 1, SR
IR R AL TA K2 R 2R AR H R T TA
e RN sl HER AR, 5 TSS.TSS/TA
el A, R 4 B TSS . TA 45 51 5 % 347 3k
AT LRI BT B, FRAGFHS b S0, R B4 R 1)
TSSTA ¥ 5 55 o 3 52 0 I 38 HH DG, 5 VA6
WFFELE AW £ DR, 6F T 4058 A28 Mt SR T oo
PR AR SR BN 350 50 1 it PR e R ) 00 ] %o SR i
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T BRI AN BEBEALES I, 4R, B2 (1) 5 5T pEAfr
N 2 FEAR A IRV IUORE HL 2 IR, T g4 LS
R SR SR T

TSN TR 23 1 AN s e Sl T35 18 77
AR BB 37K R SR FH 35 22 45, [R5 SR SR e
(1) it PR PR DR RV, dci DL iR s g e
T AT 3 A H A5 2R S ot 5 AH D T R A AT,
T RN g SR 7 A7 & S A AR A o 7 R AR
e H — b B LR AR, L B AT E A A, 5 R
SR EAF IR . AL N RIS [F AL 97
o3 E 8 S TR bR B A G HER F A5 R R IR R
BICR OB ETTRAER LG AR RRG —&
AR, e R K AR # R R % H 5 TA 124
K, Fon R WA ACHE B S 3R A5G40 T, R B A
B, 5af A FANNEm S BN K S REmRT SRE
e 388 SR B R PO — B, [ B R BHLR TR R R 2 B
JCE AN IEA DG, H 4N J0% Ca P K Ml Zn J SR 5E
Az I FEEOX AN Z A0 BEAL 48 bR 5 S SERE R
JoR A AR 3 AR G, DRIk vt JO ) SR S AR AR K
IR I I ] S A TR B R, B AR B AR
RICHIRE & & %050 45 o] DO TR 5 i fR ik —
FEMZZE . 0 TG AS R AL 0 7T BR w] LU 3R 5
R — B RIS HI, — LR G EY IR AL
BERRE, QAT A A K R R i T A A 9 1m) SR T Ak
JE& B, I RE M SR ST T 46 & AR T 3% I8 8 m) 2
i# Wb AE J VA 3 B B S AS [R] A AR A DB TR AR
YEER S B —E I

4 4w

WL A8 AN R] XA T 21356 N A SR AN [ B A3
RIRREIR & B i G s B R AR SRR 4 SRR
21 NI IR SRS SR AT S PR AN 2 S0, 2R
PAIFR) TSS B[] 12 L MSR A 8 R v 8 81 R T 25
AW, BT, TATESSBAL AN ZE RA R
KB R TT R S B o s A R A 5B AR
FHEERENE, R K BRI R &2, P UL
RUBIR R % AR I UEAS t AL AT o 38 i o 5
AR A A FH AL A R A R rh v IO s 7 i T
# P.Ca.K.Zn R L2 RTLARE S 5 A5 i i
A2 R AR SR A, R P I R 3R (R T 2ok A v
RS BIF TS SR AT LUl S P4 A o R
Bt mS%.
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