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Abstract: [Objective] This study was aimed to elucidate the spatial distribution of phytic acid (PA), mineral concentration and their
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availabilities in pomelo fruits, and these findings could provide theoretical bases for biofortification of mineral nutrition and
comprehensive nutritional evaluation of pomelo fruit. [Method] Five representative pomelo cultivars (white-fleshed pomelo,
golden-pomelo, red-fleshed pomelo, three-red pomelo, and red-albedo pomelo) grown in Pinghe County, Fujian Province, were used
in the present study. At the ripening stage, the representative fruits from each cultivar were selected and divided the whole fruit into
four spatial parts, i.e. flavedo, albedo, segment membrane and juice sac. The PA, mineral concentration and their availabilities were
analyzed by iron precipitation spectrometry, inductively coupled plasma mass spectrometry (ICP-MS) and molar ratio of phytic acid
to minerals in different spatial locations of pomelo fruit. In addition, Zn bioavailability was also evaluated by the ternary model, a
mathematical model of zinc absorption in human intestine. [Result] The concentration of phosphorus (total phosphorus) and
inorganic phosphorus was highest in juice sac, but the concentration of PA was the lowest in juice sac. The PA concentration
decreased persistently from the outer (flavedo) to the inner (pulp), i.e. flavedo > albedo > segment membrane > juice sac. The
concentration of phytate-phosphorus in juice sac was only 4% of total phosphorus, while that in peel was 30%. In addition, the
significant cultivar differences of PA were recorded in juice sac. The concentration of PA in juice sac of different pomelo cultivars
was the highest in red-fleshed pomelo, while which was the lowest in three-red pomelo and white-fleshed pomelo, with 2.6-fold
difference. However, non-significant difference was found in phosphorus and inorganic phosphorus among different pomelo cultivars.
From the perspective of mineral distribution in pomelo, the higher concentration of calcium (Ca) was recorded in peel (flavedo,
albedo, and segment membrane), while the higher concentration of phosphorus was found in juice sac. Iron (Fe) in peel was
significantly higher than that in juice sac, and the variation was the largest in flavedo and juice sac. Influenced by both PA and
minerals in different spatial location of pomelo fruit, [PA]/[Mg] and [PA]/[Fe] was the highest in flavedo, [PA]/[Zn] and [PA]/[Mn]
was the highest in albedo, whereas [PA]/[Ca] was the highest in the juice sac. There were also significant cultivar differences in the
mineral availability in juice sac. The [PA]/[Fe] of golden-pomelo was nearly six times higher than that of red-albedo pomelo. The
[PA)/[Zn] of red-albedo pomelo was 3.6 times higher than that of white-fleshed pomelo and three-red pomelo. Generally, among the
five pomelo cultivars, three-red pomelo and white-fleshed pomelo had the relatively low PA while high mineral availabilities.

[ Conclusion] Significant cultivar and spatial positional differences existed in PA, minerals and their availabilities in pomelo fruits.
Phosphorus in the pomelo juice sac mainly existed in the form of inorganic phosphorus, rather than PA. The results suggested that the
inhibitory effect of PA on mineral availability was relatively small and limited in the juice sac. However, the concentration of PA in
peel (flavedo, albedo) was relatively higher. Therefore, it is necessary to pay attention to the minerals availabilities during pomelo
peel related deep food processing.
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Fig. 1 The whole and cross section and different tissues of pomelo fruit
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Table 1

Fruit appearance and basic fruit quality indexes of the pomelo cultivars

A HAEM HEE ANGE: 3] =4 AARE M FHE ERRY
Cultivar ‘White-fleshed  Golden-pomelo Red-fleshed Three-red Red-albedo Mean Cv
pomelo pomelo pomelo pomelo
HLTE Mean fruit weight (g) 1717.6+97.7a 2028.7+£502.9a 1624.3+164.1a 1456.7+243.6a 1577.6+£244.7a 1681 0.19
W Peel weigh (g) 526.6+2.0a 469.4+146.8a 547.8+20.8a 403.0+£61.2ab 176.9+£129.1b 424.7 0.37
RS Fruit aspect ratio 0.94+0.04a 0.91£0.11a 0.910.05a 0.88+0.01a 0.92+0.03a 0.91 0.06
FPIBLL Flesh aspect ratio 1.00+£0.07a 1.01+0.09a 1.06+0.11a 1.01+0.04a 1.02+0.11a 1.02 0.08
R FZJEJE Peel thick (mm) 15.8+0.8b 13.30.8b 22.2+1.8a 16.5+1.8b 16.3+1.8b 16.8 0.19
WIEHEEL Fruit shape index 1.08+0.05a 1.07£0.11a 1.10+0.06a 1.13+0.02a 1.09+0.04a 1.09 0.05
W7 & IKZ Peel moisture content (%)  0.80+0.01a 0.79+0.01a 0.80+0.01a 0.79+0.00a 0.78+0.00a 0.79 0.01
KA 7K# Pulp moisture rate (%) 0.87+0.00a 0.87+0.01a 0.86+0.00a 0.86+0.00a 0.86+0.00a 0.86 0.01
Al fr# Edible rate (%) 0.69+0.01b 0.77+0.02ab 0.66+0.03b 0.7240.01b 0.88+0.10a 0.75 0.12
AT PEE e & TSS (%) 12.6£1.1a 10.5+0.6b 11.8+0.7ab 11.8+0.5ab 11.7+0.4ab 11.7 0.08
T EM TA (%) 0.64+0.03a 0.37+0.00¢ 0.54+0.03ab 0.46+0.04bc 0.54+0.09ab 0.51 0.19
Y% CH R Ve (mgke") 198.2+0.0ab 215.1+11.7a 199.9+7.8ab 194.8+11.7ab 191.4+5.9b 199.9 0.06
[ 2 Lk TSS/TA ratio 20.4+1.8¢ 27.4+1.3a 22.0+0.6bc 25.9+£2.1ab 21.9+3.0bc 235 0.14

FAT A /NG FRER RN A P 22 5+ 3% (P<0.05)  Different lowercase letters in the same line indicate significant difference (P < 0.05)
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Table 2 The contents and distributions of phosphorus (P) fractions in pomelo fruit (g-kg™, %)

REHAL fh B Uil ToALB% TR /B T 5%
Fruit location Cultivar P (g-kg'l) PA (g-kg'l) Pi (g-kg'l) PAP/P (%) Pi/P (%)
R ) A ZHl White-fleshed pomelo 1.37+0.08¢ 1.25+0.05¢ 0.88+0.06bc 25.942.5¢ 64.7+6.8ab
Flavedo 4% Golden-pomelo 1.070.02d 1.390.06¢ 0.77+0.05¢ 36.6£0.9a 71.3+3.9a
2T W% Al Red-fleshed pomelo 1.72+0.02a 1.29+0.04¢c 1.13£0.05a 21.1x0.6d 65.7+2.4ab
=41% Ml Three-red pomelo 1.60=0.03ab 1.75£0.12b 0.90+0.04bc 30.9+1.8b 56.12.8b
I K Z Al Red-albedo pomelo 1.54+0.10b 2.16+0.09a 0.97+0.05b 39.4+2.0a 63.2+4.2ab
9% Mean 1.46 1.57 0.93 30.8 642
BHRAH CV 0.16 0.23 0.14 0.23 0.10
S) 35 A R Z A White-fleshed pomelo 0.57+0.01ab 0.76+0.01a 0.28+0.02a 37.7+0.5a 50.1+3.7a
Albedo 4 M Golden-pomelo 0.51%0.04b 0.59+0.02b 0.27+0.03a 32.6+2.2ab 52.9+4.0a
41 W Z Al Red-fleshed pomelo 0.61+0.00a 0.57+0.03b 0.31+0.03a 26.2+1.5¢ 50.4+5.2a
— 4%l Three-red pomelo 0.59+0.01a 0.61+0.07b 0.28+0.00a 29.1+3.2bc 46.8+1.3a
£IAR %M Red-albedo pomelo 0.63=0.04a 0.58+0.06b 0.310.01a 26.1£3.0¢ 49.7+4.1a
SEEP$ Mean 0.58 0.62 0.29 303 50.0
TREM CV 0.08 0.13 0.09 0.16 0.08
PR A A% #li White-fleshed pomelo 0.76+0.02¢ 0.49+0.02ab 0.38+0.04bc 18.0+0.452a 50.0+£6.3ab
Segment #i 4% M Golden-pomelo 0.75+0.01c 0.38+0.04bc 0.31+0.01¢ 14.2+1.5ab 41.1£2.2b
membrane LT P 8hH Red-fleshed pomelo 0.89+0.01a 0.33+0.03¢ 0.49:0.02a 10.4£1.0b 55.6+2.2a
— 41 %M Three-red pomelo 0.82+0.01b 0.47+0.05ab 0.45+0.03ab 16.1+1.9a 54.6+3.8a
I K Z& Al Red-albedo pomelo 0.77+0.04bc 0.50+0.04a 0.41+0.04ab 18.3+2.0a 53.5+2.2a
SERIH Mean 0.80 043 041 15.4 51.0
A5 RH CV 0.07 0.18 0.17 0.21 0.12
A [ %l White-fleshed pomelo 1.59+0.07a 0.14=0.02d 1.22+0.01a 2.55£0.31c 76.8+4.1a
Juice sac 248 Golden-pomelo 1.60+0.01a 0.29+0.03b 1.22+0.06a 5.2120.50a 76.5+4.1a
W ZE Al Red-fleshed pomelo 1.70£0.06a 0.37£0.01a 1.14£0.07a 6.09+0.41a 67.4+6.7a
=4 %Al Three-red pomelo 1.59+0.05a 0.17+0.01d 1.19+0.03a 2.98+0.19¢ 75.0+3.9a
I K Z Al Red-albedo pomelo 1.58+0.04a 0.23+0.01¢ 1.15+0.02a 4.12+0.15b 73.2+3.0a
9% Mean 1.61 0.24 1.19 4.18 73.8
BHRAH CV 0.04 0.36 0.04 0.33 0.07

[ —F A P R B UAS ) AN R OR AN A B 22 5 I B R 2K (P<0.05), R IA]

Means followed by different letters in the same fruit location are significantly different (P<0.05). The same as below
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Different lowercase letters indicate significant difference (P<0.05)

2 FREIEHGFMERAFENE (TAZ)
Fig. 2 Zn availability (TAZ) in the juice sac of five pommel fruits



6 10 FPGE B IS TR 73 ) A A R B S TR A S P IR A3 A R AIE 1235
3 SMEMRLITRITENZTEL%H (DW)
Table 3 The contents and distributions of minerals in pomelo fruit
SESLERAL Ty B 51 ® ® 23 1
Fruit location Cultivar P (g'kg™) Ca (g'kg™) Mg (g'kg™) Fe (mg'kg')  Zn (mgkg') Mn (mgkgh)
B ) A ZHl White-fleshed pomelo 1.37+0.08¢ 8.08::0.41bc 1.98+0.12b  30.0+1.0c 12.5+1.1bc 12.5+0.8¢
Flavedo 42 %l Golden-pomelo 1.07+0.02d 7.6240.72¢ 1.9540.01b  111.6+3.0a 10.9+0.1¢ 12.84+0.2¢
4T Py % il Red-fleshed pomelo 1.72+0.02a 7.70+0.31c 2.19£0.07ab  38.2+1.4b 13.320.4ab 15.6:0.4ab
=41 % Three-red pomelo 1.60+0.03ab 9.28+0.35ab 2.17+0.07ab  34.5+0.6b 14.7+0.5a 15.7+0.6a
21 kit Z Al Red-albedo pomelo 1.54+0.10b 10.4+0.6a 2.43+0.16a 25.6+0.3d 13.8+0.6ab 14.3+0.4b
SF4%E Mean 1.46 8.61 2.14 48.0 13.0 142
A5 RECV 0.16 0.14 0.09 0.69 0.11 0.10
FIR )2 1 A 2 it White-fleshed pomelo 0.5740.01ab  2.56£0.03bc  0.86+0.01bc  77.5+0.3a 2.01+0.21¢ 3.62+0.22b
Albedo ¥4 %hi Golden-pomelo 0.5140.04b  3.030.17a  0.940.07a  70.6+2.9b 2.844024b  0.96+0.12¢
4T Py % il Red-fleshed pomelo 0.61+0.00a 2.31+0.16¢ 0.79£0.04c  78.1+3.4a 2.98+0.18b 4.25+0.21a
=2 Hh Three-red pomelo 0.59+0.01a 2.61£0.08bc  0.84+£0.01bc  23.9+0.4c 7.800.10a 3.89+0.23ab
21 K Z Al Red-albedo pomelo 0.63+0.04a 2.82+0.01ab 0.93+0.00ab  81.1+0.6a 2.84+0.24b 4.010.04ab
SF4%L Mean 0.58 2.66 0.87 66.3 3.69 3.34
A5 RECV 0.08 0.10 0.08 0.34 0.58 0.38
P4 1 Al 2 th White-fleshed pomelo 0.7620.02¢ 3.76:£0.09a 1.1240.02¢c ~ 83.5%3.1a 2.34+0.27d 4.40+0.25ab
Segment # 48 Golden-pomelo 0.75:00lc  3.6940.10a  1.1840.00ab  85.5+2.7a 6.6040.185  4.09+0.39ab
membrane
21 A % i Red-fleshed pomelo 0.89+0.01a 3.45+0.01b 1.22+0.02a  70.9+5.4b 9.39+0.24a 4.49+0.51ab
=21 % Three-red pomelo 0.82:0.01b 3.69+0.04a 1.16£0.02bc  84.2+2.0a 4.59£0.21¢ 4.99+0.52a
ZI A7 2 Al Red-albedo pomelo 0.77+0.04bc 3.75+0.02a 1.18+0.01b  88.9+0.6a 6.510.04b 3.86+0.22b
SF4%L Mean 0.80 3.67 1.17 82.6 5.89 437
R M CV 0.07 0.03 0.03 0.08 0.41 0.12
R 1 A 2 th White-fleshed pomelo 1.59+0.07a 0.88+0.14ab  0.67£0.04ab  19.8+2.2bc 8.66+0.13b 1.97+0.36a
Juice sac #: 4% b Golden-pomelo 1.60£0.0la  1.02+0.00a  0.71+0.00a  15.9+0.8c 9.51+0.26ab  1.91+0.08a
21 A % i Red-fleshed pomelo 1.70+0.06a 0.82+0.01b 0.7040.02a  29.3%1.3b 9.85+0.15a 2.1140.23a
=4I %Ml Three-red pomelo 1.59+0.052 0.76+0.01b 0.64+0.02b  20.4+2.3bc 9.75+0.62a 2.13+0.47a
ZI A7 2 Al Red-albedo pomelo 1.58+0.04a 0.82+0.03b 0.70£0.01ab  76.7+9.4a 3.90+0.12¢ 2.58+0.06a
P43 Mean 1.61 0.86 0.68 32.4 8.33 2.14
R M CV 0.04 0.13 0.05 0.73 0.28 0.16

IR AR B AN [T AL (1) 28 5 REH FE R
[PAY/[Ca]FI[PAY/[Mg]{E H A H AL St die K, 70
([PAV[Ca]) FIAHKJZ ([PAY[Mg]) A5/,
[PAY/[Fe]RI[PAY/[Mn]7E (A 57 )2 AR e dc K, FEREA T
BN e [PAY[Zn){ERAC A i N, TR B2
ARt/ e IRl —TALAN AT 5T 0 25 B R LU IR AR 7 3R
BAREE, PO AR [PAY/[Fel L et K %

JEH[PAY[Mnlfe K K T [PAY[Zn]i K AT
[PAJ/[Felfck, [PAY/[Mgli/)No
2.5 EWMRLPPHES HREEREERILZER
GBSk
AR P Aoy, BJFCE LR R LRI AT 6
PEAE RS B 45 A AR (8 2. & 5) . A
KM BRI, R AR e b 2 S A 2K
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Table 4 The distributions of molar ratio of phytic acid (PA) and minerals in pomelo fruit

BRAL Y [PA)/[Ca] [PA]/[Mg] [PA]/[Fe] [PA)/[Zn] [PA]/[Mn]

Fruitlocation Genotype

B ) %M White-fleshed pomelo 0.009420.0009¢ 0.023420.0023cd 3.54+0.25¢ 10.0£0.7cd 8.37+0.88b

Flavedo 44 B A Golden-pomelo 0.0111£0.0008abc  0.0263%0.0010bc 1.06=0.03¢ 12.6+0.5b 9.09+40.27b
21 N Z Al Red-fleshed pomelo 0.0102+0.0001bc 0.0217+0.0003d 2.85+0.05d 9.6+0.6d 6.88+0.07¢
=4 %Al Three-red pomelo 0.0115+0.0008ab 0.02970.0019ab 4.30+0.35b 11.9+0.8bc 9.27+0.46b
ZIAf# Ml Red-albedo pomelo 0.0126+0.0008a 0.0328+0.0022a 7.12+0.38a 15.5+1.1a 12.60+0.5a
% Mean 0.0110 0.0268 3.77 11.9 9.24
BREH CV 0.1167 0.1660 0.55 0.19 0.22

H B )z %M White-fleshed pomelo 0.0179+0.0004a 0.0323+0.0002a 0.83+0.01b 37.4+33a 17.5+1.3b

Albedo 4 %M Golden-pomelo 0.0118+0.0004¢ 0.0231+0.0016b 0.7120.04b 20.7+2.4b 51.67.6a
21 %A Red-fleshed pomelo 0.0150+0.0011b 0.0266+0.0019b 0.62+0.03b 19.0+0.5b 11.2+0.9b
=41 %M Three-red pomelo 0.0143+0.0015bc 0.0269+0.0028b 2.17+0.26a 7.84+0.8¢ 13.2+1.8b
ZIH3 %M Red-albedo pomelo 0.0126+0.0012bc 0.0231+0.0023b 0.610.06b 20.4+2.1b 12.1+1.1b
P Mean 0.0143 0.0264 0.98 21.1 21.1
BREE CV 0.1655 0.1464 0.63 0.47 0.77

B F A # M1 White-fleshed pomelo  0.0079+0.0002ab 0.0160+0.0005a 0.50+0.01a 20.9+3.4a 9.23+0.20ab

Segment 4% M Golden-pomelo 0.0062+0.0007bc 0.0118+0.0012bc 0.37+0.03b 5.69+0.70bc 7.79+1.46bc

membrane
2L N E Al Red-fleshed pomelo 0.0057+0.0006¢ 0.0099+0.0009¢ 0.39+0.04ab 3.45+0.35¢ 6.10+0.78c¢
=4 %M Three-red pomelo 0.0077+0.0010ab 0.0149+0.0019ab 0.47+0.06ab 10.2+1.6b 7.83+0.37bc
2L A2 M Red-albedo pomelo 0.0081+0.0007a 0.0156+0.0014a 0.48+0.04ab 7.59+0.68bc 10.70+0.50a
P4 Mean 0.0071 0.0137 0.44 9.56 8.34
BRFH CV 0.1596 0.1977 0.14 0.68 0.21

KA A # Al White-fleshed pomelo 0.0102+0.0023d 0.0079+0.0012d 0.62+0.12¢ 1.65+0.20c 6.28+1.69b

Juice sac ¥4 %M Golden-pomelo 0.0175+0.0017b 0.01540.0015b 1.5740.15a 3.07:031b  12.8407a
21 N Z Al Red-fleshed pomelo 0.0273+0.0011a 0.0192+0.0011a 1.060.06b 3.69+0.13b 14.6+2.0a
= 4% A Three-red pomelo 0.0135+0.0011cd 0.0096+0.0007cd 0.71+0.14¢ 1.72+0.24c 6.80+1.63b
2L A2 M Red-albedo pomelo 0.01700.0003bc 0.0122:0.0004c 0.26+0.02d 5.86+0.35a 7.42+0.21b
SFHH Mean 0.0171 0.0129 0.84 3.20 9.58
BRFH CV 0.3547 0.3312 0.56 0.51 0.39

[PA}/[Ca]. [PA)/[Mg]. [PA)/[Fe]. [PAY[Zn]. [PAY[Mn]ZilRpnMEIRS45. B Bk BERIALIEE /R B
[PA]/[Ca], [PA]/[Mg], [PA]/[Fe], [PA)/[Zn], [PA])/[Mn] represents the molar ratio of PA to Ca, Mg, Fe, Zn and Mn, respectively
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Fig. 3 Correlation coefficients among the contents of P

components, minerals, and their molar ratio among

various fruit location
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) PA S ESE RN 6.5 . MWRSEAF AL PAP
HILCHIE , A 5 B 2 A0 B2 2P ) PAP/P 24 30% 7
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KAh, FTREE S HHIR 1/ W T EAN A . RIRER
ARG, ARG hE MR R SR G
1.57 gkg's FJZ: 0.62 gkg!) ST AR BRI
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Table 5 Correlation coefficients among the contents of fruit

P components, minerals, and their molar ratio value
in different fruit locations

$RIR B3 A £ 34
Index Pulp Peel Whole fruit
PAXP 0.547" 0.825" 0.225
PAxCa 0.182 0.931" 0.943"
PAXMg 0.620" 0.889" 0.917"
PAxFe 0.043 -.534" -0.113
PAXZn 0.167 0.778" 0.600"
PAXMn -0.045 0.892" 0.912"
PAX[PA]/[Ca] 0.950" 0.263 -0.101
PAX[PA}/[Mg] 0.997" 0.671" 0.752"
PAX[PA]/[Fe] 0.575" 0.903" 0.870"
PAX[PA]/[Zn] 0.452 0.016 0.290
PAX[PA]/[Mn] 0.934™ -0.112 -0.005
ZnxFe -0.930” -0.596" -0.589"
ZnxMg -0.145 0.901" 0.678"
ZnxCa 0.121 0.883" 0.618"
Znx[PA]/[Zn] -0.795™" -0.543™ -0.499™
Znx[PAJ/[Fe] 0.678™" 0.757"" 0.704"
Znx[PA]/[Mg] 0.192 0.212 0.131
Znx[PA]/[Ca] 0.129 -0.186 -0.036
FexMg 0.217 -0.460" -0.039
FexCa -0.245 -0.490” -0.010
Fex[PAJ/[Zn] 0.887"" 0.187 0419
Fex[PAJ/[Fe] -0.672" -0.787"" -0.518"
Fex[PA}/[Mg] 0.022 -0.409™ 0.005
Fex[PAJ/[Ca] 0.127 -0.206 -0.334™
MgxZn -0.145 0.901°" 0.678"
MgxFe 0.217 -0.460"" -0.039
MgxCa 0.687" 0.986" 0.987"
Mgx[PA]/[Zn] 0.502 -0.294" 0.089
Mgx[PA]/[Fe] 0.343 0.791"" 0.767"
[PA])/[Mg]x[PA]/[Fe] 0.581" 0.587"" 0.596"
[PA)/[Mg]x[PA]/[Ca] 0.959™ 0.880"" 0.274°
[PA}/[Zn]x[PA}/[Fe] -0.275 -0.091 0.048

*RIRAE 0.05 /K LR FMT, #*RIRTE 0.01 KV LRFHAK

* indicate significant correlation at 0.05 level, ** indicate significant
correlation at 0.01 level

(0.81 gkg™) « M H L (127 gkg®) H4HH
ﬁ[29-30]0
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