Bk o2 R 2026,43(7): 1858-1869

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20250583

19 N [E = A A A S
ﬁﬁﬁw;mﬁﬁﬁ
EWE AN ERM & #BCEEL L AER ALK, A"
CRERH R RE S TRESER, RE 300457 SR R EH R B A R A & L HiE5 ) 848300)

BRI 32 2 X 19 o B A S HEE 15 b 2 A AT RGERAE (5 3R ME SRR 2 1 % a4
FEAT LA PRI R , 0 A R AN BT 0 BRI AL ol S SO S . A GC-MS 43 M7 i SECKT i i
T R 2E 8 5 5 B W7 A< 43 AELRR 7 5 2 Iy 288 S B S A6 T R S AL o & i S LG 1 o (S R YA B S5 AL )
FE SRR ARG =0.9) o AR & &Ko HHIG T RHLER (1 AR 4R 3 IR T 35, 300 50 98 T b 140 1R I 1 4 R
77.13%~79.86% 1 /= A KA IR & f, 5 FAM B A AN 2 . By ORI R AN M0 5 ABTS " 5 M fE /) 2 B 2% %
10 o L2530 TR A Fol 137 5 P 2 v s AR B2 () GBI S P s ORRAT 3 & A AR ST M 1 4y » L s i A AL e
BLATF RN 5 AR 5 FRHEIE

FBRIA) AWK S WL s TS s L4y s BRI IR s s ik

FE 55 :5665.4 XRKFRRRAD : A X EHRS:1009-9980(2026)07-1858-12

Analysis of morphological characteristics and chemical composition of

pomegranate seeds from 19 pomegranate varieties in China

Jiao Yuman', Qiao Yingjie', Feng Tianshuo', Yu jing', Chen Junran', Xing Haoran', Hu Liwu’, Hu Yun-
feng"

('College of Food Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457, China; *Xinjiang High-quality
Production Agricultural Technology Development Co., Ltd., Cele 848300, Xinjiang, China)

Abstract: [Objective]l Pomegranate (Punica granatum L.) is globally esteemed for its nutritional and
health-promoting properties. Traditionally research on pomegranate mainly focuses on its arils (juice)
and peel. The seeds, often considered a by-product of fresh consumption and juice processing, have re-
ceived comparatively less systematic attention despite their significant influence on sensory quality and
their potential reservoir of bioactive compounds. Seed hardness, a critical trait affecting consumer ac-
ceptance and a common genotypic classification marker (soft, semi-soft, hard), is not fully understood
in terms of its underlying morphological and biochemical determinants within the diverse germplasms
in China. Furthermore, comprehensive data on the chemical composition, particularly the detailed fatty
acid profiles of the pomegranate seeds from major Chinese production regions such as Xinjiang, re-
mains scarce. This study aimed to conduct an integrated morphological and chemical characterization
of the seeds of 19 pomegranate cultivars sourced from distinct provinces across China. The primary ob-
jectives were: (1) to quantify key morphological parameters, including seed dimensions, weight, and
hardness; (2) to elucidate the microstructural basis of hardness using scanning electron microscopy; (3)
to systematically analyze the proximate composition (ash, fat, protein, fiber) and bioactive compound

profiles (phenolics, flavonoids, proanthocyanidins); (4) to determine, for the first time, the detailed fatty
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acid composition of seed oils from key Xinjiang cultivars; and (5) to evaluate the antioxidant capacity
and establish its relationship with the identified chemical constituents. This work seeks to establish a sci-
entific foundation for the use of pomegranate seeds in nutraceutical, pharmaceutical, and functional
food industries. [Methods] The seeds of 19 pomegranate cultivars (Anhui, Henan, Sichuan, Shandong,
Shaanxi, Xinjiang, Yunnan) were analyzed. For morphological analysis, the seed length, width, and indi-
vidual seed weight were measured. The hardness was determined using a sclerometer (FHT-15). The mi-
crostructure and thickness of the sclerotesta (hardened seed coat) were examined via Scanning Electron
Microscopy (SEM, Hitachi SU1510), with thickness measured on acquired images using Imagel soft-
ware. Chemical analyses followed standardized protocols. The proximate composition was determined
as follows: crude protein via the Kjeldahl method; crude fat by Soxhlet extraction with petroleum ether;
ash content by incineration; acid-insoluble lignin (Klason lignin) by TAPPI T222 om-83; and cellulose
content using the anthrone-sulfuric acid method. For detailed lipid profiling, the fatty acid composition
was analyzed specifically for six cultivars from Xinjiang. The fatty acid methyl esters (FAMEs) were
prepared by saponification and esterification and analyzed by Gas Chromatography-Mass Spectrometry
(GC-MS, Thermo Fisher ISQ 7000) using a DB-WAX column for separation, identification, and quanti-
fication. The bioactive compounds were extracted and quantified spectrophotometrically: the total solu-
ble (SPC) and insoluble phenolic content (InSPC) determined via the Folin-Ciocalteu method; the total
flavonoid content (TFC) using the NaNO,- AICL;-NaOH assay; and the total proanthocyanidin content
(TPAC) by the HCI-butanol method. The antioxidant capacity was evaluated as Trolox Equivalent Anti-
oxidant Capacity (TEAC) using the ABTS' radical scavenging assay. All measurements were performed
with at least three independent replicates. Statistical analysis included one-way ANOVA with Tukey's
post-hoc test for mean comparisons and Pearson correlation analysis to examine relationships between
variables, conducted using R software (v4.5.0). [Results] Morphological analysis revealed considerable
diversity. The seed length ranged from 5.30 to 8.33 mm, width from 2.70 to 4.03 mm, and the length-
to- width ratio indicated shapes from nearly round (e.g., AHI1, 1.51) to elongated (e.g., AH2, 3.10).
Based on established hardness standards, the varieties were classified into 7 soft-seed (<<3.67 kg-cm™),
3 semi-soft-seed (3.67-4.2 kg - cm™), and 9 hard-seed types (>4.2 kg - cm™). A very strong positive
correlation (r = 0.9, P<<0.001) was found between the seed hardness and sclerotesta thickness (0.25-
0.54 mm). The SEM micrographs provided structural evidence, showing that the harder seeds possessed
a more ordered, thicker honeycomb structure of sclerotesta cells, whereas the softer seeds exhibited a
more disordered structure with thinner cell walls and significantly more perforations. The proximate
composition varied widely: the crude fat (11.20%-34.90%), the crude protein (9.93%—18.85%), the cel-
lulose (10.63%-21.88%), and the lignin (14.38%-27.50%). The lignin content showed a weak but sig-
nificant negative correlation with the hardness (» = —0.6, P<<0.01). The fatty acid profile of the six Xin-
jiang seed oils was exceptional, dominated by polyunsaturated fatty acids (PUFAs, 83.77%—87.24%).
The punicic acid, a conjugated linolenic acid isomer characteristic of pomegranate seed oil, constituted
77.13% to 79.86% of the total fatty acids. The saturated fatty acids (SFAs, mainly palmitic and stearic
acid) ranged from 4.70% to 6.60%, and the monounsaturated fatty acids (MUFAs, solely oleic acid) ac-
counted for 3.37%—-5.27%. Regarding bioactives, the soluble phenolic content (SPC) ranged from 0.83
to 1.53 mg- g, and the insoluble phenolic content (InSPC) from 0.43 to 1.20 mg - g, with SPC being
the predominant fraction (—58% of the total phenolic content, TPC). The total flavonoid content (TFC)
and total proanthocyanidin content (TPAC) varied between 0.31-0.50 mg - g"' and 0.28-0.57 mg- g’', re-
spectively. The TEAC values, indicating antioxidant capacity, ranged from 9.75 to 12.88 umol - g"'. The
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statistical analysis revealed strong positive correlations between the TEAC and both TPC (r = 0.96, P<<
0.001) and TFC (r = 0.96, P<<0.001). Importantly, the correlation between the insoluble phenolics and
the TEAC was stronger than that of the soluble phenolics, whereas the TPAC showed only a moderate
correlation (7 = 0.46, P<<0.01) with antioxidant activity. [Conclusion] This comprehensive study dem-
onstrated that the pomegranate seeds from Chinese cultivars should be valuable source of lipids, pro-
teins, fiber, and potent bioactive compounds, far surpassing their status as mere agricultural by-prod-
ucts. The research revealed that the seed hardness, a primary sensory attribute, was predominantly deter-
mined by the thickness and microstructural organization of the sclerotesta, providing a reliable morpho-
logical marker for cultivar classification and breeding selection. The exceptionally high and well-charac-
terized punicic acid content in Xinjiang’s pomegranate seed oils underscored their potential as a premi-
um, region-specific source of the unique and health-promoting fatty acid. Furthermore, the significant
antioxidant capacity, which is strongly linked to the total phenolic content—and particularly the insolu-
ble-bound fraction—highlighted the importance of considering the entire phenolic matrix, not just solu-
ble extracts, when assessing the health benefits and processing potential of the pomegranate seeds.
These findings collectively would establish a solid scientific foundation for the integrated and value-
added utilization of the pomegranate seeds.
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Table 1 Location and basic attributes of pomegranate cultivars studied

WA ID , oL bt AT A L "y

FAID o 7 BRAR e RE S R  masn

Cultivar . Single fruit . Peel Seed .
Source Cultivar name Edible rate/% . . Wood index/%

1D mass/g proportion/%  proportion/%

AHI TR AR 322314490 efgh  65.97+1.08a  33.98+0.13 i 3.00£0.29 ab  4.55+0.44 fghi
Huaiyuan, Anhui Hongmanao

AH2 TR LA EAFF 332.39+21.76 defg ~ 41.88+0.56 j 57.15£0.57 b 2.66+024bed  6.34+0.58 abedef
Huaiyuan, Anhui Honghuayushizi

HN TR FA A RJe i 355.83£9.86 bede  59.73x1.83b  40.32+0.16 h 1.93£0.05 cde  3.23+0.08 hi
Xingyang, Henan Tunisia

SCl1 )1 Ee R e 426.73£10.01 a 58.64+0.42 bed  40.72+0.40 h 1.55+0.10 e 2.64+0.16 i
Huili, Sichuan Tunisia

SC2 PR 2522 BENACTR 372.87+16.59 be 56.68£0.92 cde 42.43+2.11gh  3.21#0.19ab  5.66+0.33 bedefg
Panzhihua, Sichuan Panzhihuasuan

SDI1 IR A VR 324.11421.46 efg ~ 44.61£2.01 hij 55.20£1.46 bed 3.08£0.47ab  6.90+1.05 abcde
Zaozhuang, Shandong ~ Damaya

SD2 IR A HE 420.34+3.07 a 51.54+0.34 f  48.48+0.03 ¢ 3.88+£0.67 a 7.54£1.30 ab
Zaozhuang, Shandong  Qinpi

SX1 B 1 1 22 1 vt G R 440.90+11.48 a 43.53£1.331j  56.41£0.08bc  3.09+0.17ab  7.09+0.39 abed
Lintong, Xi'an, Shaanxi Jinpitian

SX2 ¥ VG 75 22 11 7 KA 443.65+12.06 a 36.55+0.69k  63.24+0.13 a 2.69£0.27 bed  7.37+0.73 ab
Lintong, Xi'an, Shaanxi Dahongsuan

XI1 I, KEETE 281.80+15.82 i 47.8541.49¢  52.5740.96d  2.96£0.96abc  6.19+2.00 abcdef
Yecheng, Xinjiang Danaike

XJ2 TR R 75 5 297.33+11.89 ghi ~ 46.57+0.82gh  53.41£0.52d  3.18+1.00ab  6.84+2.14 abcde
Yecheng, Xinjiang Aqike

X713 HraErg il E i) 275.01£11.21 i 47.07£1.05gh  52.93+1.69d 1.80£0.25de  3.83+0.52 ghi
Kashgar, Xinjiang Laxi

XJ4 Bz Al 286.68+26.39 hi 42.11£1.31] 56.4142.43bc  3.04£0.44ab  7.21+1.04 abc
Pishan, Xinjiang Piyaman

XJ5 HraE ) FRII 221.62+16.60 j 45.96+1.74 ghi  5437£1.80cd  3.64+£0.68ab  7.92+1.49a
Cele, Xinjiang Saimanao

XJ6 W b 305.96+15.14 fghi  67.89+1.49a  33.22+1.60 i 3.86+0.46 a 5.680.68 bedefg
Cele, Xinjiang Sainingmeng

YNI1 PPN RAgLL 378.12425.76 b 54.60x1.41e  46.13%1.34ef  2.7440.28 bed  5.03+0.51 cdefgh
Dali, Yunnan Tianshihong

YN2 =K KR 368.13£13.15bed  56.57+1.39 de  43.46+0.75fg  2.77£0.33 bcd  4.90:+0.58 defgh
Jianshui, Yunnan Jianshuisuan

YN3 PE = AL 277.63£12.72 i 59.56£1.34bc  41.50+0.13 gh  2.85+0.21 abcd  4.78+0.35 efghi
Mengzi, Yunnan Tianguangyan

YN4  mEEFEH [ieoii 338.95+22.11 cdef  67.65+1.51a  32.50+1.261 2.93£0.23 abc  4.34+0.34 fghi
Mengzi, Yunnan Suanguangyan

V{8 Average 340.55 52.37 47.60 2.89 5.69

BRRECVI% 18 17 19 21 26

K AH Max. 443.65 67.89 63.24 3.88 7.92

/M Min. 221.62 36.55 32.50 1.55 2.64

B LA 5 YO B SR S E bR HEZE R OR (n=5) o [ —FI PSRN TR R 2 5 2 (P<<0.05). FIA.
Note: Data are shown as mean =+ standard deviation of five independent replicates (n=5). Different small letters in the same column indicate signifi-

cant difference ( £<<0.05). The same below.

PE i Bl AT, TR R DI TR L BB
(SEMD EUE A 25 FE (1D 6

A FF K B AR R A 5.30~8.33 mm, 5 E N
2.70~4.03 mm; & & bt (1.51~3.10) sz M J LA FE2 4R

ZE 5 ARAE (T AHL A 15 DAL , B {E (i AH2 f)
3.10) AR . MR Patil 2509 ST 43 bR « B
5 <3.67 kg - em” N KT, 3.67~4.20 kg - cm™ 2 F- 5K
¥y >4.20 kg em? NAEFF . o EARAE , ASBF 5T 19
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Table 2 Morphological and mechanical characteristics of 19 pomegranate seeds
fi il 1D & g B [ [ WA F 1
Cultivar ID Length/mm Width/mm Length/Width Weight/mg Hardness/(kg-cm™) Sclerotesta thickness/mm
AHI1 6.10+0.25 bede 4.03+0.21 a 1.514£0.05d 32.70+£3.40 a 4.93+0.08 a 0.54+0.07 a
AH2 8.33+0.30 a 2.70£0.20 3.10+£0.34 a 32.50+3.50 ab 4.48+0.11 bed 0.42+0.11 a
HN 7.37+0.32 ab 3.00+0.10 cde 2.46+0.18 ab 15.45+£0.50 d 1.96+0.19 1 0.30+0.07 a
SC1 6.70+0.36 bed 3.67+0.31 abc 1.83+0.07 bed 15.58+0.70 d 3.20+0.06 j 0.35+0.09 a
SC2 6.33+0.40 bede 3.00+0.20 cde 2.12+0.19 bed 19.34£1.10 cd 2.48+0.15k 0.26+0.03 a
SD1 6.30+0.44 bede 3.53+0.40 abed 1.79+0.13 bed 25.37+3.80 abc 4.48+0.13 bed 0.37+0.06 a
SD2 5.27+0.50 e 3.10+0.30 cde 1.72+0.49 cd 25.33+5.00 abc 4.38+0.28 cde 0.42+0.10 a
SX1 6.40+0.21 bede 3.60+0.52 abed 1.82+0.51 bed 31.41£3.60 ab 4.83+0.17 ab 0.47+0.34 a
SX2 6.93+0.72 abc 3.83+0.47 ab 1.83+0.35 bed 26.36+7.00 abc 3.89+0.14 ghi 0.38+0.16 a
XJ1 6.87+1.03 be 3.23+0.40 bede 2.17+0.60 bed 24.36+7.10 be 4.90+0.12 a 0.49+0.20 a
XJ2 6.33+0.40 bede 3.00+0.20 cde 2.12+0.19 bed 19.34£1.10 cd 3.97+0.11 fgh 0.44+0.19 a
XJ3 5.87+0.12 cde 2.73+0.25 ¢ 2.16+0.16 bed 18.67+1.30 cd 3.52+0.26 ij 0.39+0.08 a
XJ4 6.83+0.06 be 3.30+0.20 bede 2.0840.14 bed 26.37+3.40 abc 3.60+0.20 hi 0.36+0.07 a
XI5 5.30£1.13 de 3.1340.21 bede 1.70+0.21 cd 24.31+4.40 be 3.62+0.17 hi 0.41+0.08 a
XJ6 7.13+0.35 abe 3.1740.12 bede 2.25+0.05 be 30.5343.90 ab 4.814+0.19 ab 0.45+0.13 a
YNI 5.8740.12 cde 2.73+0.25 ¢ 2.16+0.16 bed 18.36+1.30 cd 2.36+0.14 k 0.25+0.09 a
YN2 6.80+0.95 be 3.00+0.36 cde 2.31+0.60 be 25.5242.60 abc 4.04+0.10 efg 0.41+0.14 a
YN3 6.03+0.50 bede 3.3340.49 abcde 1.8440.31 bed 28.5742.70 ab 4.30+0.15 def 0.45+0.14 a
YN4 5.33£1.39 de 2.93+0.15 de 1.82+0.16 bed 24.55+2.10 abc 4.71£0.14 abc 0.45+0.07 a
PIIMH Average  6.43 3.21 2.04 24.45 3.92 0.40
TREBCVI% 12 11 17 22 22 18
#5%/)ME Min. 5.27 2.70 1.51 15.45 1.96 0.25
IR RAH Max. 8.33 4.03 3.10 32.70 4.93 0.54

AN B AT 43 D TN EORE R 3 AN 2 ORF i R AN
9 AMGERF AT . I I 4 FLBE (SEMD WL A IR AR
T VITH , A DURE A6 Fh B & BE S B 7E 0.25 mm (YN
% 0.54 mm(AHD 2 [d], 5 SCifhoE — 2.

R R 5 B A B R B R R IE AR =
0.9, P<<0.001; & 2) , B R A AR FF 03 5 5 Rl A S 101
B IEM % (=0.8,P<<0.001). 4Rifj, K% b AR
KU T e b ) 51 T8 B A M (B 2) . %3
AN B 2 CHIORT < 2 B00FF VRDRE D 16 5 TEEAL J 1 o0
(B 3) Bow , WA FR Bz 2 B AR RIE X 0 Ok 5
TEERF , (R AR AR R A0 S PR B SRR &
2.3 19FABIILER S TR
23.1 BAMAFEBLF RS 19 FA AL
BT N3 3 s, AR 4E R B 8RR N 10.63% (XJ6)~
21.88% (AH1 F1 SX2) , K it & & & & 46 [~
14.38% (XJ5) ~27.50% (SC2) , ¥l & (1 & B AL IR A
9.93% (AH1)~18.85% (XJ6) , A1 MK HF i KL i s
SEEIEZEL RN Cr=31%), U FE M 11.20%
(HN fF)~34.90%(SX2 fhft) o

232 #HIBER GG RARY>T R4N
H ] 58 DX R I T T A 5 X A AR
B2 AR S (PUFAS) , & &30 N 83.77%~
87.24%. HHAIRIERNFEZ AMWAMRIIIR, A
SR R S B I 77.13%~79.87% 35 B AT KRR 11
SR G 7 R (SFAD &5 & 5 IR 107 IR = & 1) 4.70%~
6.60% , LLEEHE R (4.68%~6.41% ) AT JIE 2 (2.35%~
4.33%) N F . BEAEFE R (MUFAs) X H i R
YRR, TE A RRF I R S SR TR A2 1 3.37%~
5.27%.

233 A FEMH RS A Trolox ¥ AL S
(TEAC) ZEHFEDME 7ol imtE KA B S

SWyREE, Kb iEEm ks G, J5 )
70.83~1.53 mg-g' s NiGHGEAEMBEEN
0.43~1.20 mg-g'. AIVPEmY 2N 3 B4 5 (L) 5 2
My 2 S 58%) o FTMlIAE i ) 5 35 i & & (TFC) A
0.31~0.50 mg - g'; & L H R & & (TPAC) Ju [l N
0.28~0.56 mg - g'; 80% FF B Hi2 B4 1 Pt S8 7 12
9.75~12.88 umol - g' (£ 5).
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Fig. 1 SEM images of the equatorial cut pomegranate seed
AJF K 5 # Lignin content —0.60%**
214k % 7 & Cellulose content —0.2 0.40
-
1.0
Al JE B Thickness 0.48* —0.59%* 0.90%** 0.5
0.0
-0.5
Ji & Mass 0.69%* 0.38 ~0.42 0.80%** 10
K96 Ltk Length/width —0.04 —0.26 -0.29 0.28 —0.22

i TR ERE  AHERGE AKARRSE fgi ez
Mass Thickness Cellulose Lignin Hardness
content content

AR TS, 5B VAT DU S HRR (FP<<0.05, **P<<0.01, ***P<<0.001, ns=C 7.3 % 7).«
Pairwise comparisons between groups were conducted using Student’s #-tests, with significance levels denoted by asterisks (*P<<0.05, **P<<0.01,

***P<(0.001, ns = not significant).
2 ARMEESHSSHRUFRI BRI REEXRY () REEEY
Fig.2 Pearson’s correlation coefficient () and related significance between the hardness of the seeds and the morphological

parameters and chemical compositions of seeds
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Fig.3 Distribution of physicochemical attributes across three hardness groups of the samples

®3 19 MABHFHNUERTSE

Table 3 Chemical composition content of 19 pomegranate seeds %
s ID w53 w4 Z) UCNE9) wCHLIEID wOHE D
Cultivar ID Ash content Cellulose content Lignin content Crude fatty content Crude protein content
AHI1 1.59+0.12 g 21.88+0.01 a 18.13+3.54 c¢d 21.85+0.06 h 9.93+£2.15¢
AH2 2.40+0.09 fg 18.33£0.01 h 23.13+4.95 abc 21.50+0.03 i 10.37+2.16 be
HN 8.90+0.24 b 11.46+0.02 o 27.29+4.95 a 11.20+£0.06 r 18.84+1.76 a
SCl1 1.59+0.07 g 12.50+0.01 m 25.63£3.54 ab 22.1540.15 g 10.82+2.35 be
SC2 5.70+0.31 ¢ 19.17+£0.03 ¢ 27.50+2.83 a 19.05+0.05 1 13.84+2.13 be
SD1 4.37+0.26 de 13.33+£0.03 1 16.25+2.83 c¢d 24.25+0.09 f 11.49+1.93 be
SD2 8.72+0.24 b 18.96+0.02 26.67+4.24 a 11.95+0.02 q 11.75+2.44 be
SX1 10.18+0.04 a 18.75+0.00 g 17.71£2.12 cd 20.70+0.04 j 11.35+1.45 be
SX2 10.65+0.27 a 21.88+0.03 a 21.67+1.41 abed 34.90+0.07 a 10.32+4.58 be
XJ1 5.58+0.70 ¢ 17.71+£0.07 i 16.04+0.71 cd 17.92+0.08 m 13.70+1.85 be
XJ2 3.24+0.18 ef 21.25+0.02 b 18.96+4.95 bed 22.00+0.04 gh 11.00+1.59 be
XJ3 5.30+0.07 cd 15.60+0.01 k 18.75+1.41 bed 20.05+0.11 k 11.74+2.33 be
XJ4 1.50+0.27 g 17.08+0.03 j 18.54+0.71 bed 17.45+0.04 n 13.07+0.97 be
XJ5 8.15£0.14 b 20.00+0.01 d 14.38+4.95 d 27.55+0.06 d 12.11£1.68 be
XJ6 3.2240.55 ef 10.63+0.05 p 18.13+£3.54 c¢d 30.80+0.02 ¢ 18.85+1.93 a
YNI1 1.40+0.51 g 12.08+0.05n 23.13+3.54 abc 12.20+0.07 p 14.71+1.33 ab
YN2 2.06+0.31 fg 19.17+£0.03 ¢ 21.67+1.41 abed 25.50+0.28 ¢ 11.2240.25 be
YN3 5.23+1.10 cd 18.75+0.11 g 22.29+2.12 abc 15.52+0.05 0 14.83+0.87 ab
YN4 5.12+1.49 cd 20.83+0.15¢ 18.33+1.41 bed 31.97+0.05b 12.19+0.41 be
“FYJ{E Average 5.00 17.33 20.75 21.50 12.74
B RECVI% 61 21 19 31 20
5 /ME Min. 1.40 10.63 14.38 11.20 9.93

I K AE Max. 10.65 21.88 27.50 34.90 18.85
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Table 4 Fatty acid composition of pomegranate seed oil extracted from cultivars from Xinjiang, China %
TR

E‘zg E:c}ﬂdi mposition X1 XJ2 XJ3 XJ4 XJ5 XJ6
C16:0 (£#AH T Palmitic) 6.05+0.02 ab 6.10£0.45ab  4.89+0.07 ¢ 6.41+0.55 a 4.68+0.17 ¢ 5.46+0.66 be
C18:0 (TH#IEF Steric) 2.35+0.24 ¢ 2.93+0.08 be 3.18+0.44 be 4.33+0.79 a 3.42+0.18 ab 3.2240.67 be
C18:1 (P& Oleic) 4.25+0.82 ab 3.37+0.09 b 5.27+0.41 a 5.12+0.10 a 5.03£0.92 a 4.79+0.13 a
C18:2 (V. HE Linoleic) 537+0.41 a 5.44+0.47 a 5.5240.31a 4.56£0.26 b 4.93+0.27 ab 5.54+0.04 a
C18:3 (VR Linolenic) 2.82+0.55 a 1.93£0.18 bc  1.61+0.44 ¢ 2.08£0.36 b 2.99+0.17 a 2.39+0.11 ab
C18:3 (f1 1 E Puncic) 78.70+1.06 ab 79.87+0.01a  79.15+0.38 ab 77.13£2.13b  78.79+1.10 ab 78.27+0.33 ab
C20:0 ({£4E % Arachidic) 0.45+0.23 a 0.3740.11ab  0.37+0.03 ab 0.38+0.03 a 0.17+0.00 b 0.33+0.04 ab
LA IR D7 2 8.85 9.40 8.45 11.12 8.26 9.01
Saturated fatty acid
LV NGOp iy 425 3.37 527 5.12 5.03 479
Monounsaturated fatty acid
Z R AR R 86.90 87.24 86.28 83.77 86.71 86.20

Polyunsaturated fatty acids

R LA 3 PO G (P E AR HE ZE R OR (n=3) . A FIARE/NE FEERIRTE P<<0.05 K FZERLE. .
Note: Data are shown as mean+standard deviation of three independent replicates (n=3). Different small letters in the same column indicate signifi-

cant difference (P<<0.05). The same below.

x5 19 MABITEMEMNR S X Trolox FHInELEES (TEAC)

Table 5 Bioactive compound composition and Trolox equivalent antioxidant capacity (TEAC) of 19 pomegranate seeds

wRFETESS &

HFND w(ATEPER ) KEE) w5 wCRA T D . wCBRJEIEHE ) ?Z(Tr(ilbox MEPT
Cultivar ID SPC C(:ntent/ InSPC content/ Total phenols . Total ﬂavonmd_ls TPAC ﬁontent/ =R Ai-yaD) .
(mg-g" (mg-g") content/(mg-g™) content/(mg-g") (mg-g" TEAC/(pmol-g™")
AH1 1.2740.00 ¢ 0.84+0.00 fg 2.1140.02 cdef 0.45+0.02 ¢ 0.38+0.01 def 12.111.30 ab
AH2 1.00+0.02 jk 0.72+0.01 h 1.72+0.07 ijk 0.32+0.00 gh 0.38+0.02 def 10.60£1.25 ab
HN 1.16+0.02 defg 1.11£0.06 ¢ 2.28+0.03 bed 0.48+0.02 abc 0.36+0.01 fg 12.28+1.02 ab
SCl1 1.23+0.00 cd 1.18+0.01 ab 2.61+0.17 a 0.50+0.00 a 0.57+0.02 a 12.88+1.78 a
SC2 1.09:0.04 ghi 0.90+0.01 ef 1.990.03 efgh 0.400.02 de 0.29+0.01 i 11.67+1.68 ab
SD1 1.14+0.06 efg 0.80+0.00 g 1.94+0.05 fghi 0.39+0.01 de 0.44+0.01 b 11.52+0.62 ab
SD2 1.13+0.04 fgh 0.43+0.03 k 1.56+0.22 kl 0.3120.02 h 0.34+0.01 gh 10.17+0.76 ab
SX1 1.05+0.05 hij 0.72+0.01 h 1.76+0.12 hijk 0.35+0.02 fg 0.37+0.02 efg 11.34+1.59 ab
SX2 1.53+0.04 a 0.95+0.00 de 2.48+0.15 ab 0.49+0.01 ab 0.42+0.01 be 12.59+0.76 ab
XJ1 1.220.05 cde 1.12+0.01 be 2.34+0.03 be 0.48+0.02 abc 0.38+0.01 def 12.49+1.82 ab
XJ2 1.02+0.01 ij 0.820.00 g 1.84+0.14 ghij 0.37+£0.02 ef 0.34+0.01 gh 11.43£1.09 ab
XJ3 1.19+0.06 cdef 1.14=0.00 abc 2.330.02 be 0.48+0.02 abc 0.55+0.02 a 12.47+1.19 ab
XJ4 0.8320.05 1 0.510.01 j 1.3420.04 1 0.31£0.01 h 0.35+0.02 fg 9.75£1.02 b
XJ5 0.9320.00 k 0.81+0.02 g 1.74£0.15 ijk 0.37£0.02 ef 0.41+0.01 bed 11.34+1.17 ab
XJ6 1.05£0.01 hij 1.01£0.00 d 2.06:0.05 defg 0.41£0.01d 0.310.01 hi 12.06+1.68 ab
YNI 1.41+0.03 b 0.63+0.00 i 2.03£0.02 efg 0.46+0.02 be 0.30+0.01 i 12.02+0.66 ab
YN2 1.20£0.01 cdef 0.44+0.02 k 1.64+0.15 jk 0.35+0.02 fg 0.28+0.02 i 10.44+0.95 ab
YN3 1.22+0.06 cde 0.98+0.05 d 2.20+0.02 cde 0.47+0.01 abc 0.40+0.01 cde 12.230.96 ab
YN4 1.09+0.05 ghi 1.20£0.08 a 2.300.03 be 0.48+0.01 abc 0.35+0.01 fg 12.40+1.60 ab
PHIME 1.15 0.86 2.01 0.41 0.38 11.67
Average
A R 14 28 17 16 20 8
CVI%
¢ /]MH Min. 0.83 0.43 1.34 0.31 0.28 9.75
i KAH Max. 1.53 1.20 261 0.50 0.57 12.88
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Fig. 4 Pearson’s correlation coefficient () and related significance between the main bioactive molecule classes and

antioxidant activities of seeds
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