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Quality attributes evaluation and analysis of different varieties jujube fruits
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Abstract;: The physicochemical properties were investigated, including
total solute solid content, titratable acid (TA), ratio of sugar to
acid, reducing sugar, total soluble solid, organic acid, and free ami-
no acid, of six different jujube cultivars. The results showed that
glucose, fructose, and sucrose were the main soluble sugars of the
six jujube fruits. Malic acid and succinic acid were the main organic
acids, accounting for more than 92% of the total organic acids. Pro-
line was found to the highest content of free amino acid, accounting
for more than 68% of total free amino acid, followed by aspartic
acid. Lizao is suitable for table eating for its high moisture content
and edible ratio, low TA. and medium ratio of sugar to acid. Hami-
dazao and muzao are fit for dehydration for their low moisture con-
tent, high soluble sugars content, TA content, and ratio of sugar to
acid. For jinsixiaozao and huizao, they are suitable for table eating

as well as for dehydration, due to their relative high TSS, soluble
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sugar and TA content.
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tics

K (Zizyphus jujuba Mill ) J& REB L @Y . J H HE
B — R TR AR RS GRS 10 AR SR LA R
Wi . 2012 4F v [ AR 4F 77 &y 588, 71 7 ), RS
FROBE TR 2 2R T O B AR R0, LA ) L R R R L
SR 2 S AR AU R VT L TR B R AR AR L X TR
sty S BCHL R LGRS LB il A i T EL A R A e
o Li SR A H T e E 5 AT A R MERE R A
BRI 5 A 45 R S BT A T 2 AT A R R
B EBYIICR N BEESA. ERAEA RN Ve Choi
SEPUESE T E R AT 8 A AR K I 1 R TR B B
AR BB B B AR B IR T BB e il AR
MRL AR A R D &SRO TR LR, #HE%ED
FeBL M 1 RSO BT SR 3 Bl A P 32 B R L AT TR
TR RIHIRRRR Ve A BT S 28 Se 1Y & 4 1]
B THE 2 F REFEMIET SR E, Ca.Fe, Mg,
Zn,Co JUR &t T H A 2 Fr KRS 5007 I 97 4 T
ANERACE SRy B R R W] /N TR MR LB
FhEE TR U K SRR I HEE & 2R
B A TG PR . 96 TR B TR R B BE S RN 2 LT
A JEURE X G TR R AT 20 M S P TR AE TR AR P
S B S 2R V4 M A BISE o AT 532 ) A 38 019 i 2 ok 3. Mg A P T
VRS A DL U R 4 S i DL BORE IR LE B IR e
SRR R i Ty R e B AR R 2 L AW ST LR
6 A £ il S B L A 20 BT 4% R B SRRy L R EAT
ab SO 15T T ik R B4R S LS D SR B A AR
B VA B T AR S 2 D i — 25 O e ) A 5 o ot ¢ O

31



AR

2016 % 2 4

AR 2R A
1 bRk
L1 ##EM=E
L 1.1 A5

TR JFUR A2 2L AT AT R A HAR AL, T 2013 4F 9 A
25 FAE LT A Ml B 2 e SR W BT 52 Br [ 22 i o 9% O I8 R i
DAL 22 /NAL T 2013 48 9 7 21 HAEJL 0T 1T 3k i IX 75 4
BLEJ ARG 2AEE KL RAFEBEBX., A
PRI % RN — TR LR A0 TE A 10 2 20 R AR O R
RSN

1MRE 2.0 BUAC 3. iR
Bl 6ARRGINYS

Appearance of six different cultivar jujube fruits
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(D) AF R R 3R B R L U B EA 8. WK
W 8.0 g A%, Jm A 50 mL ZEAR /K ¥ IR T 7 H B 42 It
(UAE)30 min, T 9 000X g T .0 15 min, LA T3 W . i ik
FER KA I UEW T 0,45 pm K R IEIEE 50,

(2) TP PR AR CRE T 6 2 0 RO R 1L B ) 1 0 2 - R
Fi HPLC 087,
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THIA A D B B = 97 1 3(V/V) %R Uk B, R
0.5 mL/min, #EAEHE 20 pL, RBEIC 210 nm, A HLER &
25D mg/100 g « FW (i i) TR,
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(1) FAA (2L BRI 6. 0 g 5 S AT AE 5. m A 80 %
sk %W 25 mL, & i UAE 30 min,4 “C Pl 10 000 X g &
A 10 min, YA FVEW L IEE T E R 2 ) 50 LW A
80 % FA M 4Z &% & 100 mL, B 30 mL 2B F 35 C W 4
10 4% 5 0. 45 pm A HLIESE . 4 0 .

(2) FAA B0 5E < R AR LI 90 308 R 2 ) 42 it iy
PITC #E iAW AE b S A HPLC 300 %2 . 3 20 A IE ) - 3% 30 A
AFRE15. 2 g JCKBER4N - N2 85 F 7K 1 850 mL, ¥ i )5
UKESIR M pH 2 6.5, INZF 140 mL, B 5.3 0. 45 pm J§
ﬂﬁo TRBNAH B:80 Y% L KW (LG« #alik= 80 20,V/

o BIETRAT A - MEA fak IS R R AT ME VR W R 200 L,

BT 1 mL B.0EF, fMA 20 pL IERER (1 mg/ml), 5
JNA 1 mol/L = 2 & Z i % i 100 pL,0. 1 mol/L PITC £,
Fili W 100 pL YR 5T %‘iﬁiﬁ%y“ﬁﬁﬁzﬁ 1 hy IMAIE 2 %6400 pL,
P& % J5 BB B 10 min, IR )2 WL 3 0. 45 pm 7K R BE F
W, HPLC—PDA £ W J5 ¥ : 3% #: F Venusil AA ¥ F
(250 mmX 4.6 mm,5 pm) A 42 C, ¥t FE & 3 pL, Ik
K 254 nm, PEBEAFE LR 1. FESR MR E R AR P
) FAA & &Ll mg/100 g « FW if,

(4.6 mm X 250 mm, 5 pm),
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Table 1 Gradient program employed for the separation
of amino acid derivatives
IFE)/ WA WA 1001 A I i S AH
min A/% B/ % min A/ % B/ %
0. 00 100 0 30. 00 79 21
4. 00 100 0 30.01 66 34
4.01 97 3 34.00 66 34
8.00 97 3 34.01 0 100
8.01 89 11 45.00 0 100
17.00 89 11 45.01 100 0
17.01 79 21 50. 00 100 0
L3 BBHITESN

S HI Origin 8. 0 G 31 43 B 3 30 HOHE » 11 50 b 1 i 22 5 %X
i 25 e DUV 39 &= AR ol 25 R 5 I BEAT S I R 5 25 40 5 R
e #5s, 3K P 2y 0,05, P<T0. 05 B, /R 22 7
BFE,
2 #ik5ie
2.1 EREMARNMNBREGKEATRE pH. TATSS &

YEER bE

B3R 2 AT O [ i R A R A B L E O 5. 74~36. 98 g,
Horhmg s KRR R T & 22 /N R, & W R Al 22 5 W3
(P<C0.05), 6 /> jifs b 228 53 G Al R0 B8 Al 4 B2 43 000 o 2. 52~
5.50 ecmfl 1. 97 ~ 3. 85 cm; pH {19 75 L 3 Bl K 4. 06 ~
5.00, BRAYE 5 H Z RIAFLE B E 2 55 (P>0.05) , K4
AR ] MR AE B35 22 5 (P<T0. 05) 3 A 1% 7] 12 3 3% 3 40
(95.10%~98.09%) s Fr /K &N 61. 01% ~73. 28% , H. & Ff
[] 25 S f 3 (P<C0. 05) , F i U A & K & f  , WG 8 KR A i
% s TSS & 1 23. 4 ~36. 47 °Brix, 5% KA TSS &5 .
RN 156 A5, 35 B 0 G200 D R R 0 B R R AR K AE
GEIE EAUER R I PR 7 =N N R R e TR = A= T )
KA RG] B 1 P AR 5 55, P R B R
KA YE £ M TSS Fatr. 6 FafERn TA
TN 0.4026~1.09% P RUR G R TA 828 FH
A A AR ER (P<T0.05) , BEER Lb & A it K SRR PE R T

HE AR .6 R AYBERR L 9. 09~17. 05, H oy iy 2% KR R AH
AP R ER b T AR A (P<0. 05) , HIRIK K N &
22 /NAE FLAS R AR A

iz R/ L SR B K R R IR EE IR LTSS A X
G ST AR R AR T R v BB R LU S b Rl G Y
A 5 M R AT N R o R R AR X KL R K A R B R
TSS & WHER LU 2385 G T W0 Rl 4 22 /N ORI A
AR A8/ o B K BAR L (H R 5 55 TSS &, il by e £ 1
e R A SR AR R T B R LR R AN T
S5 TR S RT V  E OBE R 2R A B R 2 I SR AR A
(TR SN A O @ s S s o o L e S R s o T
A
2.2 AEGRMERPATAEBEASREE

2 2 6 Ffr AS [ i ol 2 532 % vl 2500804 €5 335 1 ) A o
il ) L 6 b R LA ARG T SRR A A BRI L B

HI 2 3 TN, 6 A i il 1) B8 AL IR o B L BB O i I
e L BT e dp IR T e 9 R RESR K  IL B . 6 Ab R
LU A O 56. 38~218. 81 mg/g + FW, H g 25 kg iy
FEWE & 43k 218.81 mg/g « FW, 2 AREMY 3. 88 £, Ak 5
A E A A A R 5l 28.16~80. 53 mg/g « FW
F121.18~76.81 mg/g « FW, H v gy 2% R 5T oy R0 il 44 2
W& R ERTHEMM(P<0. 05, HEESHH
28.92 mg/g « FWHI 21. 18 mg/g « FW, #E ] H vl f 5t 5 &
T AR AE -l TR 250 W S5 A T 0 4 TR R AR O SR T R
A B A BT R R R W R A B 1 i AL R B AT,
A E B R G R R RS R T A
WEFIRME & 4 (P<T0. 05) . 4 22 /N P 3 2 4 R R A A &5 &
¥y 6 P A R w400y 76.81,80. 53 mg/g « FW; HE
Bl S ALK TR % R, & &y 95. 17 mg/g » FW., BRIG %
KA, AR T A E, & &R 99. 80~
361.56 mg/100 g « FW, H it AR & i g i, HOROZ LA LK
M 4 22N

6 i A SR 1 30 JEWE 1) A AT AE B 25 R (P<T0. 05) . 18
DS R O B N B AR R R X 5 &4
JINTREF G 2 R AL AT S T R A R S A — L R
HA 0 B o 2 A TR Sy A 25 W N SR i R 95 hr R

R2 TRASMERIRE HE ARESKETRR pH . AIHER. TSSETEMMERIL’
Table 2 Vertical diameter, horizontal diameter, weight, moisture, edible ratio, pH, TA, TSS,
and ratio of sugar to acid profiles of different cultivars jujube fruits

il A YAz em Hi42/ em R/ g FokE/ % s/ % pH TA/ % TSS/°Brix BERR 1L
A 4,2540.26"  3.3540.19>  24,7343.59> 73.281.75* 97.2340.34> 4,49-£0.02¢  0.464-0.02¢ 23.407£0.10¢ 12.1740.37¢
Grog /N 2,5240.131 1.9740. 08¢ 5.7470.781 62.064+0.52¢ 96.4940.58" 4.6040.01¢ 1.0340.05*  36.2040.10* 14.1740.37"
KA 3.5640.25¢  2.41240.19¢  11.282+2.56¢ 64.150.46¢ 95.1040.50¢ 4,7240.01> 1.0240.04> 34.6340.11> 9.09=+0. 224
M2 KA 5.5340.39*  3.850.26°  36.98+6.66* 61.0140.50¢ 98.0740.26* 5.0040.01* 1.00%0.10* 36.4740.60* 16.02+1.07*
ARHE 4,0040.17>  2.3640.15° 11.4241.77¢ 65.43£0.82¢ 96.51£1.13> 4,06=£0.01¢  1.0940.01* 29.60=£0.17¢ 12.7240. 43¢
FE 4.3040.43>  3.4240.25% 25,4845.23" 66.71£0.11> 98.0940.41* 4.524+0.01¢  0.4040.019 30.1040.25¢ 17.05=0. 48

T [E B R AR AN ] B R R AT % 25 5 (P <C0. 05),
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Figure 2 HPLC separation of the soluble sugars in jujube fruits
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Table 3 Reducing sugar, fructose, glucose, sucrose, sorbitol, and total soluble sugars profiles of
different cultivars jujube fruits
- & JEHE/ koL 7 v/ TERE/ 1AL mE/ ST/
. (mgGle+g ' «FW) (mgeg '+FW) (mg-g '+FW) (mgeg '+ FW) (10 *mgeg '+FW) (10 2g+g !« FW)
AL 64.35+1. 08¢ 29.3040. 90¢ 28.1640. 83¢ 65.8341.71¢ 298.40+35. 907 12.63+0. 32¢
v /N 204.11+3,13¢% 76.8142.01* 80.53=+1. 23 95.1743. 10° 99.80+8. 88P 25.3540. 47
TR A 98. 4444, 99¢ 38.7541.40¢ 38.05%1. 40° 94,8843, 88P 280. 14+60. 20° 17.45+0.66°¢
W 25 KA 56. 7242, 284 21.1841. 22f 28.9241.59¢ 218.81+14. 29° ND 26.89+1.58°
KA 117.67+15.97° 43.614+1,93" 45,03+1,.93 56.3841. 22¢ 361.56+26.02° 14, 86+0. 524
FH#E 104, 509, 14b¢ 35.414+2, 024 34,6842, 024 87.0740. 86° 170.19410. 96°¢ 15. 89-+0. 404

T BB EARAS R B R RA % 25 5 (P<C0. 05) s ND /R KA 5 Glo 2675 i 4 B

R A, 0 JEURH SR L H B SN R ) T G i SN U R | R

I R AR AR MR AL M T B R AR . Rl AR AE T A

WL JEURE St R R AR K AR AR O R

1M W 8 DRAE T A Dy T A 1) 3 B B T < 22 /NI A R

1A JEOR 7 ) o AR R AT RE K AR T A AR AR A BN

TESE PR A 77 v o 4 22 /N AR OB 2 s O IR L i 468 1 A L e
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MR A E . R 4 AT, 6 TSR A R R AN BE AR .
ﬁ-*ﬂ%é%dﬁﬂwﬂiﬁaﬁ/'\%ﬁﬁ#ﬂim 3E R
BEHIRE R R EEANER. 5 RBRM 92X L . BKE
A H aﬂiﬁqﬂm%&éi%%,u?ﬁﬂ VIR B 55. 0% ~
85. 1% KB KEMAEERR S REES THE 44
*H%unﬁﬂ(l’«).05>,,\{k;'%77<*$n$%/1\ﬂ& T B 4 i A &
S SRR Ay Bk, 6 P D ARSI R B AR AT S
5 (P<C0. 05) , Hor KR & e » 4 1008, 9 mg/100 g « FW,
RARHY g AR, & B 105, 34 mg/100 g « FW.,
2.4 AERMERF FAAEARREE
Xt PR A FAA B4 8 B ), BUAS (4 2 /N RO I35 K
AR A K 14 Fp 16 B .16 Fh .17 ﬁ'\léi Fip 0

>

7

16 fh FAA, f3 5 T, E R E & FAA, H B s & %

(TFAA) & 1076, 11~1 773.51 mg/100 g « FW, 1%
RATIRE TFAA FRAE FAA JHCR R 6 Fd R b i

PR 6 i it AT SR A SR T B A R L T A e
X6 oAt SR Y PR P R AR H R R R TE RO & 2 N
TRAT AR A P A H R 7 I A AR Y 5 T T R
ﬂU*E?&Z@\ﬁE‘QQ/J\W\T"\F'Aﬁ?jtﬂ“fwﬂﬂﬂm/\f7k*'ﬁ

AHA PR . 6 R A A R 1 FAA B R E iR,
ol 734.53~1 271. 84 mg/100 g - FW, i % & F H 4y FAA
& (P<C0.05), 6 Pt R B AR & MR & | i TFAA &

B 68% A B, H AP R AR Ik 81 04 %0 s R p KA H IR &
ALK F AR, 4 k181, 66~423. 64 mg/100 g « FW,

®4 TERMERENBRARREE

Table 4 Malic acid, citric aicd, and succinic acid profiles of different cultivars jujube fruits

e AR/ FrERR / BEHIR / B/
(10 ?mg+ g - FW) (10 2mg-g '+ FW) (10 Zmg+g '« FW) (10 2mg-g !+« FW)
B 698.274+15.91°¢ 77.6740. 64" 261.78+7.134 1037.73+15.57¢
G /N 860.58+21. 79" 155.80+7. 54° 737.60+5. 21" 1 800. 94424, 41"
KA 907. 28431, 24" ND 1 008. 70435, 42 1 915.98+54.61*
I 2% KA 1 085.84433.05% ND 568.30+14. 12¢ 1654, 14443, 73¢
AR 1 002.31+35. 68 70.2243.78¢ 105. 3445. 08¢ 1177.87+44., 43¢
FHA 671.32419.47¢ ND 265.29%+11. 044 936.61+29, 15f
T [F3JE bR AR BE R R A 3 25 5 (P<C0. 05) s ND R KK .
RS TRASMERFAAMERESE'
Table 5 FAA profiles of different cultivars jujube fruits mg/100 g « FW
i A Asn Glu Asp Gln Ser Gly His
EAL 15.18£1.05% 14,9941, 10> 262.68+22, 48" ND ND ND 0.5240.05¢
Gt /NA 13.2540.67>  12.0940.70¢ 181.66+35.73¢ ND 0.16+£0.084 ND 0.7540. 27¢
KA 10. 36 +0. 36¢ 6.79+0.24¢ 224.00+15. 35¢ ND 0.44=+0.01" ND 1.7140.03*
M9 KA 15,7440, 98¢ 19.98+1.43* 423.64431. 142 ND 3.4140. 252 2.86+0.42 1.3940. 20"
AR 0.6240.074 9.58£0. 609 201.9349.70¢ ND 0.2740. 04¢ ND ND
A 11.0340. 20°¢ 10.34+0. 159 283.29412. 02" ND ND ND 1.3840. 13"
i Arg Thr Ala Pro Tyr Val Met
EARY 19.87+1.00* 7.5440. 314 ND 734.53+23.52¢ 2.5240.29¢ 1.1740.08¢ 1.254+0.05¢
Lroz /N 11,9041, 27¢ 7.09-0. 69¢ ND 951. 7175, 42 0.94+0. 03¢ 2.91+0. 220 1.5640.01¢
KA 15.35+0. 720 12.71+2. 49 ND 1092.40£32, 24> 7.06+0.08% 3. 4440, 05% 4.5040.01%
AR 11,0040, 66¢ 1.0740. 14¢ ND 1271.84+58. 24 5.68+0. 69" 0.3840. 041 1.16+0. 244
N 1.0140.09¢ 28.6741. 21 6.78+£0.17* 1 173.39428. 48 4.42+0.19¢ 1.49+0.074 2.09+0. 15"
FHA 1.57+0. 244 2.6440.07¢ 1.1640. 13" 843.43+71.33¢ 6.6941.05% 2.01+0.29¢ 2.0940. 14
S R Ile Leu Phe Trp Lys TFAA
ES 0.18=0.09¢ ND 8.21+0. 20" 2.76+0.07" 1.66+0.49¢ 1 076. 11+34. 39¢
4t /N 0.34=+0. 14¢ 0.454+0.17" 8.7140.50" 1.50%£0. 23¢ 8.27+0.54* 1 214.81489.98¢
KA 1.0340. 04" 0.747+0.04* 20.0440.47° 2.8340.02b 5.6540.33° 1 399.48436.48"
I 485 KR 1.6840.13* 0.3740.05" 4.74+0. 38¢ 3.67+0.30° 4.84+0.15° 1 773.51%65.02°
AR 0.1540. 044 0.4940. 12> 8.4440. 50" 1.59+0. 064 7.1240.02" 1 448.07439.11"
FHAL 0.36+0.01° 0.14+0. 03¢ 9.06+0. 71" 2.01£0.17¢ 3.4140.07¢ 1 180. 66464, 68°
T BSE R F R RN % 2 5 (P <C0.05) s FAA SRR W8 2R s TEAA 278 BUiF B 2 5L s ND R RAG I .
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