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Abstract: The dynamic changes in color, chlorophylls, soluble sugars, metabolic activity, organic acids, and free amino acids in jujube
fruit cv. jinsixiaozao during six different growth and maturity stages (S1~S6) were studied in order to understand fruit metabolism. The results
indicated that as growth and maturity progressed, the chlorophyll content decreased and the fruit color changed from green into red in jujube
fruit. The contents of fructose and glucose gradually increased, while the sorbitol content decreased gradually. Sucrose was not detected at early
growth stages, but it accumulated at the late maturity stage and showed the highest content. Jujube fruit cv. jinsixiaozao is a sucrose
accumulation-type fruit and sucrose phosphate synthase is the key enzyme for accumulating sucrose. Jujube fruit cv. jinsixiaozao is also a malic
acid-type fruit, malic acid accumulated along with fruit maturation, and the citric acid content showed a declining trend after the initial increase.
Asparagine and proline were synthesized in large amounts during fruit maturation, and are the two main amino acids in mature jujube fruits. The

total soluble sugars, ratio of sugar to acid, and total free amino acids of jujube fruit at the S6 stage were the highest among all growth stages. So

S6 can be considered as the suitable harvest stage for fresh edible jujube fruits cv. jinsixiaozao.

Key words: jujube; growth and maturity stage; soluble sugar; sucrose phosphate synthase; organic acid; amino acid

#(Zizyphus jujuba Mill)J& T R ZFPEE/EY, 4
AT BRL 26 JE REEI 30 Z2AMESK, 22—
BARSZFMMER RN . RREFREGIERSY)
o R MRIRIZ P EER . E A&
RS AR, R SHFENNEE, 25
R, GHUR. 446K C. W, By e, misk
s HER: 2015-09-08
E¢UH: BEREANFEFEESTA
1E& Iy TH4E1985-), B, #L, BIEMRR, HRAE: REmnLT
RIC5EHRST
wiEE: F5M, MR, fRAR: REMIHAR

&, gt

TR ERAEA BREART SR ST fi RS E RO TE FRGES E JE  E
THVER . B RSERAEC R, R kAE T —&
IR A AN, QR RIKE HEATIR KA
s SR MR R LB R 548 . Wang
SR DA AR R, HOKTEMERIRAN Na,COs i
RIRE R, HARREET A, KA. Hvh
SPTR B AR, R, BN
FRIWRE & RIZHTE I, MR ST SRR AR
k. Lu SRR RAE KB AR 4 3 C
By SR, Y SRR RE ISR,

47



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.9

FHR I e -4 R DI TTEVTAL 1 A SR RS
#. Siriamornpun 5PV B4 o AR L 7 5 B A R
Wy, B B AU RE 7353 50l i T R R
RS RA,

S22 /NERZ/ N, RRAHIRG,  AEo—FhEEEn
TR FhanAh, RGN TR, fEIbR, Wb iR
AT M. ST AR KT B
REPE AR R AR O KEREL, TR T a2/
AR R ATV OGS TE . AR
DA S8 B RR AR A AR OE D, R A S DA 22 /18
ORI G, W HAE A K A R R
RV S AU B 1t A LR A S FE R ) 3h A
A, B TE e 22/ NI B RSO S L BRI
o ORI FH R LSRR BRI 2 5 440

1 MRERE

L1 B 5 A

AR AN 4 22 /NET 2013 4 6 H T A]
29 A NREEE T TRA X o DR R K. A
TR REAE AT AR REE R AL, BFR% 15~18 d K&
mh, BHLIRZ Skg, Sargdhit, EFERNY—, B
FEEEAR—F WM. o ERIERLIERER
AR EIRER, —HEREE 6 MK, RIRER KNS
BB 6 DMK, 124 S1. S2. S3. S4.
S5 A1 S6 WA, i 1.

S1 52 53 54 55 S6
———

E 1 FEEKAEEAE 2/ )N RN E
Fig.1 Changes in the appearance of jujube fruits cv.
‘jinsixiaozao’ from different growth stages
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# Ja] /min A A A48 B
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45 0 100
45.01 100 0
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Table 2 Color of jujube fruits cv. Jinsixiaozao from different growth stages

A KA L’ a b* H°
S1 48.87+1.11% -7.92+0.38° 13.94£0.58°  119.57+4.38"
S2 49.88+0.46" -7.11£0.39° 162741.24°  113.57+4.02°
S3 52.19+0.44° -5.67+0.43¢ 16.39£0.86°  109.05+3.14*
S4 47.35+0.80° -4.67+0.41¢ 18.6+0.73 104.06+2.13%
S5 45.29+1.81¢ -2.700.30° 20.36+1.13% 97.51+3.85¢
S6 40.79+0.90¢ 1.1940.38" 21.42+1.05° 86.86+2.32°

E: Bl —RIERIATERE S EoM S T, 1 KT RRFEEATH BE £ F(p<0.05).
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Fig.2 Full wavelength scanning of acetone extracts from jujube
fruits cv. jinsixiaozao at different growth stages
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Fig.3 Changes of the chlorophyll a, chlorophyll b, and
(chlorophyll a + chlorophyll b) contents in jujube fruits
cv.‘jinsixiaozao’ from different growth stages
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Fig.4 HPLC chromatograms of water extracts from the jujube

fruits at stages S1 and S6
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FW(S1 ) E 2% 95.17 mg/g FW(S6 ) (p<0.05).
TE4 22 /NIRRT AR, (LA i T T
B, A ST IR 225.36x107 mg/g FW & [4% S6
#1119 99.80x107 mg/g FW (p<0.05). S#T ASCHRF L,
X e /IR TR 9y S B E— B E R . Li %
USRI T G bt /N AR MERERI S S B, b SR

HIEHE . B L ALRERIRERE (S R 0N 19.1%.
22.5%. 12.2%. 2.1%F1 14.1%. A K AR
Ahr tH BRZEME . M AT R0 SR R R SR A

BERIHNEARF S BT E IR A S B E . B
LG22/ NAORERE, i S BT o SR R 6 K R R
THTA, MASCERRE Tk Li U
TEPERERS, RIEME. IR, 4. KEA. ¥
e, RITREAGRE, SRIWRF T e
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Table 3 Changes in the contents of sucrose, fructose, glucose, sorbitol, and total soluble sugars in jujube fruits cv. jinsixiaozao from

different growth stages

AR EM/(ng/gFW)  FEBE/(mggFW)  RAE/(mg/gFW)  LEEXI0Y(mgg FW) B TEMAE<10(g/g FW)

S1 ND 17.38+0.63° 20.12+1.31° 225.36+14.67° 3.97+0.17°

S2 ND 21.02+0.57 24.49+0.70 173.86+10.45° 4.7240.14°

S3 8.97+0.94° 25.10£1.16° 30.22+1.76° 153.38+19.63% 6.58+0.33¢

S4 49.95+2.58° 47.51+2.82° 51.07+2.31° 146.28+33 59" 15.00+0.76°

S5 77.84+3.13° 49.69+1.73 54.04+1.47° 130.98+5.55% 18.29+0.61°

S6 95.17+3.11° 76.81+2.01° 80.53+1.23° 99.80+:8.88" 25.35+0.47°

E: RF AR FEETA REF EH(p<0.05), NDAFRIEH.,
A 300 130 Pl SR Sk B iR bR e —, AR R
S 25} i 15 o rh— AR R RUR R BRI R . RN S R
E,, ol I ;ﬂ; AR R B VIAH S Bl 32 Z2A0 55 SPS. SS A Ivr. &5
E = I /N K B AR AR b SPS SS A Tvr ¥
2 st 1% 2 b WS (A) LB, 7EEL/NUEANMEK
% 0 110 & it SPS EEE EFHES: JhERRAK
5 . {s 2 WIICSI~S3 ), SPS TEMEA KL BB (p>0.05),
1o 1M M S3~S4 1, SPS 754 M 6.86 umol/(h-g FW) {2 3 1
0

Invertase activity / (umol glucose/h-g FW) w
o
T

4
2+
Sll SI2 SI3 SI4 SI5 S|6
& 5 FEIEKHFREAS L2/ E SPS, SS(A) F lvr (B) SEIEHIZS
4

Fig.5 Changes of SPS, SS, (A) and Ivr (B) activities in jujube
fruits cv. jinsixiaozao from different growth stages
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TEITEL, SS G PELL SPS i M S3~S4 ], SS
PERFLLR ST, (R I 24 (p>0.05); SS
1E S5 WA FIHIE(E, 4 22.32 umol/(h-g FW), BHi I
TEMEREL SPS WM, TWilt)S SS iEMEA IR R %, SPS
EHAR S R R AAEE, JEH, BR S3 AL,

HAeAK RS R SPS iEMES T SS iR, X
Ui B SPS X 15 4 22 /N AR B RERHAR 2R 5 9 04k
MUIE 5 (B) mfLA, TE& 22/ NRAKEGE RS,
AR Ivr iR 5E ETHE T RERES . N S1~82 3,
Ivr 35 PEM 6.19 pmol/(h-g FW) R % 7.82 pumol/(h-g
FW) (p<0.05), FHikZE(E; dbfs, WIEIIEET T FE
(e, FRYERFBARINE K. TR K,

A Tvr yEPER R, B UL B SR RN TE Tvr
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WIfERT RO B, EZDR B RO TILERL
PRI, Ive PRI, BRI BOACR AR K A
et MIREAE SPS AR R A e, X 54U
SROBE %6 B LA RERE AR (A TIE

26 FREAEKKHME L DRANER S E

FBORE Bt oy & A

4 RAFAEK IS 2/ NEGHIR S E S
FRECIAR . MR 4 ATRN, 2 /INETEREAN A Rl
R, R HERERRR. MTERAISHR. s AR
AR, SERIRATEIIR LA AR S .
SR SRR IS AE K AR & BB, M S1
WA 269.03x107 mg/g FW 142 S6 1 860.58x107
mg/g FW; JEHIRRNIBES K A S E 2

PLUZHTHEINES, M S1 I 166.44x107 mg/g FW
H4 2= S6 WK 737.60x107° mg/g FW; kIR I 525
ETHE TR, M 960.46x107 mg/g FW 4
1017.87x10% mg/g FW (S1~S2), 4R 5 & Wi b &
124.12x107 mg/g FW (S2~S6 ). 424/ NS HIR
e AERK R R 20— s, o s4 1
BAPRE =&, BERTHRSEK A
(p<0.05), T1fi S6 WAL ANER & Eim, DE&mT
FR B AR AN BER LV N RS i — N E 2
fabw, FARGATVE R B AR . SR 4 el %,
REAE S1~82 M, WEER HLHAK HoAR KA B E A b
(p>0.05), 1M S3~S6 H, WEERLL TN (p<0.05),
Hor S6 HARERRLLAZ ST HAM 5.16 £ . 5B R R 1)K
XU, S6 WA R4 22 /N A et (e AR O

4 NEEKEHIAS 2L/ N\ EEREHERS SMFERRLL T
Table 4 Changes in ratio of sugar to acid and the contents of malic acid, citric acid, succinic acid, and total organic acids in jujube fruits

cv. jinsixiaozao from different growth stages

AR RS 10 Amg/g FW) s
FRBR ATARER FRIAB S 2
S1 269.03£18.61°  960.46+:64.98" 166.44+20.40° 13959386700 2.85+0.18°
S2 29225+16.10°  1017.87+43.81°  223.60+27.80° 1533.71+16.00°  3.08+0.08°
S3 34743£1632%  677.09+2543°  293.81+17.38°  1318.33+44.88¢  5.01+0.41¢
S4 486.92+11.52° 235.2042.07° 568.03£31.89™  1290.15+27.72°  11.62+0.45°
S5 616.10£30.52°  16157+14.40° 7027542399 1480.42+13.05*  12.37+0.69°
S6 860.58+21.79* 124.12+1.43¢ 737.60+5.21° 17223142242 14.72+0.39"
E: AP ARRFEEATHALEERF (p<0.05).
27 FREKRRBELAEFAAWEL O]
5x
AR FERITTAEZS & HPLC 7732 5E B 6.0x10*
HEIERR, 19 FEIERFRER SRR (5D % F Lo
7B JE 10 HPLC il B4 6 . ot HERRAE R £ g o
BAWFIA], RELS1. S2 A 17 fh FAA, S3 A4t 18 Ff LSx10¢
FAA, S5 frHi 15 F FAA, S4 Al S6 YK 16 Ff FAA, oo
a 0 5 10 15 20 25 30 35 40 45 50
1.2x10° 19
s {REA IS ] / min
o Ho EARMEARES () FHEMRER (53 I ()
g LTHEHIRIHPLC B R
§ 6'0)(10: Fig. 6 HPLC chromatograms of the derivatives of 19 amino
‘2‘.2:2‘* acid standards (0.25 mg/mL) (a) and jujube (S3) extracts (b)
00 . . . . . | . . | 7£: B ¥ 1-Asn, 2-Glu, 3-Asp, 4-Gln, 5-Ser, 6-Gly, 7-His,
0 5 10 15 20 25 30 35 40 45 50 8-Arg, 9-Thr, 10-Ala, 11-Pro, 12-Tyr, 13-Val, 14-Met, 15-Ile,

{R G} 1E] / min

16-Leu, 17-Phe, 18-Trp, 19-Lys, M#47-Neu.
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Table 5 Changes of free amino acid (FAA) contents in jujube fruits cv. jinsixiaozao from various growth stages

KRR A KRR E FAA AEx10%(mg/g FW)

FAA
S1 S2 S3 S4 S5 S6
Asn 6.92+0.91° 7.97+0.42¢ 10.45+1.47° 16.79+2.63° 11.5140.32° 13.25+0.67°
Glu 11.42+0.74* 12.2740.57" 5.81+1.30° 12.90+1.11° 12.05+0.36° 12.09+0.70%
Asp 36.12+2.71° 85.18+9.04¢ 101.38+9.83° 192.67+4.84° 172.92+4.40° 181.66+35.73%
Gln 4.16+0.26" 4.75+0.21° 5.3740.91° 0.52:£0.04 ND ND
Ser 1.17+0.82° 2.1840.56° 3.66+0.32° ND 0.37+0.07° 0.16+0.08¢
Gly 1.07+0.06° 1.11+0.01* 0.37+0.18° ND ND ND
His 11.04+0.30° 3.30+0.22° 3.90+0.74° 2.5140.07° ND 0.75+0.27¢
Arg 1.64+0.16¢ 10.79+0.64° 6.20+0.28° 15.30+0.08° 1.30+0.13¢ 11.90+2.67°
Thr 13.1140.59° 11.04+0.65° 8.62+1.02° 17.30+0.28° 9.27+0.42¢ 7.09+0.69°
Ala 4.92+0.32° 5.88+0.39¢ 16.00+2.76° 8.62+0.18° 6.91+0.18° ND
Pro 4.39+0.29° 4.12+0.20° 21.26+2.84 343.98+22.7° 620.50:£46.6° 951.71475.42°
Tyr 5.71+0.16° 5.87+0.77° 2.64+0.50° 1.59+0.06° 8.28+0.61° 0.94+0.03°
Val 1.51+0.07° 1.78+0.19° 0.90+0.11¢ 1.80+0.21° 0.78+0.07¢ 2.9140.22°
Met 1.97+0.16" 2.31+0.28" 1.74+0.28" 2.18+0.22° 1.72+0.05" 1.56:0.01°
Tle ND ND 0.36+0.06" 0.41+0.06" 0.38+0.04° 0.34+0.14°
Leu ND ND ND ND ND 0.45+0.17
Phe 2.00+0.13¢ 9.19+0.78% 3.80+0.30° 10.16+0.45° 2.92+0.86% 8.71+0.50°
Trp 5.32+1.61¢ 10.25+0.22° 6.69+0.87° 9.87+0.19* 8.85+0.26° 1.5040.23¢
Lys 3.63+0.15° 6.38+0.31¢ 10.07£0.09" 14.36+0.81° 15.05+0.26° 8.27+0.54°
TFAA  14134+721°  232.68+17.56%  209.04+1530°  650.99+42.17°  872.83+652°  1214.81+89.98"
E: Rl —RIFRATER EF E0H, AP RRAFEERTALE 25 (p<0.05); TFAA: total free amino acids, # & RILERE &
ND &k,
door o A KRR FAA T, RIS AR
5 1w :ngOAA-Pro (Asp‘)j'f S1~83 /ﬁﬁ%%q:‘é\%%%, ﬁ‘ﬁ S4~S6 A
2 1000 w Ap RAPHER (Pro) B, HIUE Asp. X 5k %:
S soof (PILE G373 PSR (B JRLL e R Sia s
£ ol LA P EBERANS TR R Pro FEE,
u ol Asp IRZ. AR Asp Al Pro 4 BHE/E K st A
2 ol Fh S [ ThaY, Hrh S4 IR Asp AT
ol B (B 7), &St 533 £%; 1fi Pro 7£ S1 5 S2 1
ST 2 3 S4 S5 s6 RPEH SRR, AREREZETNL (p>0.05); HMN)
7 RE4E RIS 2/ E TFAA, (TFAA-Pro). Pro #1 Asp S3 #AFFUG, Pro FEREMMN (p<0.05), HH S6 HH
3 AR Pro B L STHACR 216.8 f5. 7i4h, AR

Fig.7 Changes of TFAA, (TFAA-Pro), Pro, and Asp contents in

jujube fruits cv. jinsixiaozao from different growth stages

K 5 NAFRAE KGN AR R 19 A
FAA MEIFBEARER (TFAA) BBk, Hh#%E 5 [l
R, BEEARRMAEKSE, M S1~S2 1], TFAA & &
RN (p<0.05), S2 Al S3 # TFAA & EATEAE R,
HER (p<0.05); MM S3~S6 |, TFAA & &
N (p<0.05), FEAE S6 HAIARFemr, +& S1 HAR 8.6 firo

54

S1~S3 M TFAA N2k H T Asp FE [T
BN 1M S4~S6 A, AHH TFAA & &N £ 25T
kR H T Pro S (B 7.

Pro {ENMYIEAFRINHSZ —, WA LAFELS
JTZAE TR . TR, TR BRI A
BF, EYRNIEE Pro SRS BT, WTHEIG S
IR LA G AR 9T SEHR
), AITEREZ ARG IR A K SR 1 F R
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ARG A KB Pro AR T2 G AT IR R R
LR A PR SRS | g, B4, S1~85
PR ARG REER (Lew), XAE S6 WA R
DERH (0.004 mg/g FW). S4~S6 HAFLE
FIHE (Gly); SI A1 S2 ARt A 2 57 74
12 (Ile).

3 Zig

Gt /NRAEAE K AR, AURM S S B
%, PSRRI, FEE. RELZPREAR, ml
B BRI R, R R B AR5
W, H&ERm, S/ RRIRSE, SPS
FEREMER RN S22/ NAONSERIRAR S, 3¢
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