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Abstract: [Objective]Fruit flavor substances are divided into flavor and aroma substances. The former
is perceived through taste. The research focus on flavor is sugar and acid, which determine the two most
important flavors of fruit: sweet and acid. Acid is perceived by olfactory sense, and fruits contain a lot
of volatile aromatic substances. At present, comprehensive flavor analysis has been carried out on many
fruits such as grapes, cherries and so on. For jujube fruit, the research focus is limited to the sugars and
acids that affect the taste and aroma substances, thus affecting the sense of smell. Substance analysis
lacks comprehensive flavor analysis and systematic research. The fruits of Huizao and Junzao during
mature period were studied in this experiment. The sugar, acid and aroma compounds that affected the
flavor of jujube fruit were comprehensively analyzed, and their sources (Xinzheng, Henan; Jiaocheng,
Shanxi) and four introduced places in Xinjiang (Kashi, Hetian, Ertuan and Wensu) were studied in order
to provide a theoretical basis for the flavor evaluation of dried jujube fruit and a reference for the intro-
duction and fine application of desired jujube varieties.{MethodsIDetermine the total sugar and total ac-
id by spectrophotometry and acid-base titration, respectively; weigh 0.2 g of the dried sample and put
into a 10 mL centrifuge tube, add 7.5 mL of 80% cthanol, shake in a water bath at 70 “C for 30 min, cen-
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trifuge at 8000 r-min"' 10 min, take the supernatant in a 25 mL glass test tube, repeat 3 times, dilute the
volume (80% ethanol) to 25 mL and shake well. Take 10 mL (8 mL) into a 50 mL centrifuge tube, dry
at 55 ‘C, add 10 mL (8 mL) redistilled water to dissolve, filter with 0.45 um filter, it was the test solu-
tion. The soluble sugar was determined by high performance liquid chromatography, using COSMOSIL
Packed Column 5NH2-MS column (4.6IDx 150 nm), the detector was RI Detector L-2490 differential
detector, and the mobile phase was acetonitrile: water (80:20), the standard products were sucrose, fruc-
tose and glucose; the organic acid was determined by ultra-high performance liquid chromatography,
the acid was determined with a C18 column and a UV detector, the mobile phase was a potassium dihy-
drogen phosphate solution with pH=2.4, and the standard product was malic acid, citric acid, succinic
acid and quinic acid. Determination of aroma substances was performed by the gas chromatography-tan-
dem mass spectrometry, and the chromatographic mass spectrometry acquisition conditions were as fol-
lows: Chromatographic column: HP-5MS (30 mx0.25 mmx0.25 mm); carrier gas: helium (0.83 mL-mL™");
sample inlet temperature: 250 ‘C; solution delay: 3 min; program temperature rise: hold at 60 C for 1
min, increase to 250 “C at a rate of 10 ‘C - min"' and hold for 1 min, then increase to 280 °C at a rate of
20 “C - min" and hold for 1 min, and finally increase at a rate of 10 ‘C - min" to 315 C and keep for
4 min; split mode: 10:1; mass spectrometry conditions: transmission line temperature 280 “C, electron
energy 70 eV, ion source temperature 250 C, quadrupole temperature 150 ‘C, acquisition mode MRM.
SPME sampling parameters: aging temperature 250 C, aging time 5 min, heating temperature 60 C,
heating time 10 min, adsorption time 20 min, desorption time 5 min, aging time 5 min after sample in-
jection. [Results] The soluble sugar contents of Huizao and Junzao dried fruits from different origins
were the highest (accounting for 42.09%-65.33% of total sugar), followed by fructose, and glucose con-
tent was the lowest; organic acid had the highest content of malic acid (accounting for 36.02%-
56.94%), followed by citric acid and succinic acid, with the lowest content of quinic acid; the high sug-
ar and low acid characteristics of the 4 kinds of jujube fruits in Xinjiang, which led to a higher sugar-ac-
id ratio than the original place, making them a better taste. A total of 68 aroma substances were detected
in Huizao jujube and jujubes from different origins. The main aroma substances that affected the aroma
of dried jujube fruits were acids, ketones, alcohols and hydrocarbons. The comprehensive evaluation of
aroma quality by principal component analysis showed that the flavor from the original producing area
was better than that of the four introducing areas. The flavor difference in dried jujube from different ar-
eas may be closely related to environmental factors such as sunshine, temperature, precipitation and soil
characteristics. The results can provide reference for the introduction and fine application of desired ju-
jube varieties in Xinjiang. [Conclusion](1) The contents of soluble sugar and organic acid in dried ju-
jube fruits from different areas were different. Sucrose was the main soluble sugar and malic acid was
the main organic acid. Planting land can result in the jujube dried fruit flavor being better than the origi-
nal place. (2) The main aroma components affecting the aroma quality of dried jujube were acids, ke-
tones, alcohols and hydrocarbons; the content of aroma components changed greatly, mainly for acids
and ketones. The comprehensive aroma scores of jujube and sour jujubes from different producing areas
were higher than those from the introduction areas. (3) The flavor differences in dried jujube from dif-
ferent producing areas may be closely related to environmental factors such as sunshine, temperature,
precipitation and soil characteristics. Further study on the key environmental factors affecting the aroma
of dried jujube is of great significance to improve the aroma of dried jujube in cultivation area.
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Table 1 Sample collection site and its climate and soil characteristics

il KA LI =St g
Sample Collection place Latitude and longitude Climate type Soil type
AR SRR EE b DX T 78°00'~0°30'E , MR il ol TSP e A Hemyb 4
Huizao, Junzao  Luopu County, Hotan Region, Xinjiang 34°22'~38°27'N Warm temperate arid desert climate Loamy sand
AL SRR v 5 — 4] 79°39'~82°01'E, 3K N N L5 e
Huizao, Junzao ~ Aksu Second Regiment, Xinjiang 39°30'~41°27'N Warm temperate continental climate Sandy clay
Y ENIES FrEmE A X s B 71°39'~79.52" E, Iy KB U oy (RO K+
Huizao, Junzao  Shule County, Kashgar Prefecture, Xinjiang 35°28'~40°16'N Temperate continental climate Silt (sand) loam
AR T S B o Xl A B 79°28'~81°30'E, gl ff A T S A it
Huizao, Junzao  Wensu County, Aksu Prefecture, Xinjiang =~ 40°52'~42°15'N Warm temperate continental arid climate Sand

KA TR AT 113°30'~113°54'E, Wiy RRh R K fi 1
Huizao Xinzheng City, Henan Province 34°16'~34°39'N Warm temperate continental monsoon climate Cinnamon
LES L PE A A EL 111°24'~112°17'E,  WRIRAH KRG T 24U Wt
Junzao Jiaocheng County, Shanxi Province 37°28'~37°54'N Warm temperate continental arid climate Cinnamon
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Column SNH2-MS &% 44 (4.6ID x 150 nm) , & Il #%
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SRR AR S ONSE SRR TR IR R AN TR
AR A MR & B (mg - g )=F-H/BR KW I
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Table 2 Sugar composition and content of dried jujube from different Habitats (mg-g"

il FEH TE RS Soluble sugar 2

Variety Habitats HLP¥ Fructose %1% Glucose T B Sucrose Total sugar

KA [ Ertuan 160.50+22.54 a 122.42+11.53 a 457.97+15.10 b 830.85+24.68 b

Huizao I 4 Kashi 127.75+13.89 b 99.42427.13 b 402.14£15.60 ¢ 865.42+24.04 ab
ANHH Hotan 134.12+£39.26 b 117.60+17.52 ab 573.89+20.57 a 878.49+18.72 a
&1 Wensu 169.5611.79 a 115.57+7.43 ab 461.44+12.49 b 841.09+44.14 b
B8 Xinzheng 126.84429.70 b 85.98+4.77 b 416.02+13.44 ¢ 822.37+17.05 b

BAR [ Ertuan 124.71+27.28 b 112.49+22.43 a 400.85+13.83 b 747.21+£23.48 ab

Junzao %41 Kashi 181.24£13.52 a 124.98+42.92 a 318.04£19.95 ¢ 755.67+22.79 ab
HIH] Hotan 108.23+22.53 b 97.54+13.45 b 486.29+38.79 a 790.26+24.76 a
11 Wensu 139.02+18.06 ab 97.80+15.20 b 366.65+20.76 be 728.99+24.38 ab
A2 Jiaocheng 98.73+6.55 b 89.26+15.98 b 306.12424.72 ¢ 715.16+47.08 b

T FFIAENG FRRRERRE (p < 0.05). TH,

Note: Different small letters in the same column indicate significant difference at p << 0.05. The same below.
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Table 3 Components and contents of dried fruit acids of jujube from different habitats (mg-g"
i N ) HHLEZ Organic acids T
;X;ﬁity 7 Habitats SRR Malic acid #7451 Citric acid ZE PR Quinic acid  HEIAML Succinic acid Afz value
IRA —_[# Ertuan 4.88+0.67 a 1.6040.31 ab 0.80+0.07 ab 1.6940.33 ab 8.57+0.33 b
Huizao W 41 Kashi 435030 b 1.080.19 b 0.63+0.02 b 2.06+0.20 ab 8.3140.64 b
A Hotan 4204037 b 2.01+021a 0.76+0.17 ab 1.73+0.28 ab 8.36£0.59 b
1R 7 Wensu 4.23+0.62 b 1.29£0.10 ab 0.84+0.03 a 2.03£0.79 a 9.13£0.46 b
B #8 Xinzheng 5.16£0.49 a 1.95+0.31 a 0.73+0.12 ab 1.89+0.85 b 13.06+0.71 a
R ~[4] Ertuan 4.42+0.89 abc 1.95+0.19 b 1.03+0.06 a 2.24+0.19 a 8.75+0.39 b
Junzao W% A Kashi 4.59+0.40 be 0.97+0.08 ¢ 0.73+0.11 b 1.50£0.22 b 9.18+1.18 b
HIH Hotan 438+0.17 ¢ 1.55+0.28 be 0.67+0.02 b 1.56+0.16 b 8.29+0.78 b
1R 75 Wensu 5.75+0.15 a 2.80£0.23 a 0.81+0.14 a 1.61£0.25 b 14.37+1.18 a
23, Jiaocheng 5.3240.15 ab 1.95+0.19 b 0.61£0.16 b 2.07+0.04 ab 14.77+1.42 a
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Fig. 1 Sugar- acid ratio of dried jujube from different Habitats
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Table 4 Aroma components and contents of dried jujube fruits from different habitats %

s Variety 771 Habitats R Acids 2K Ketones g2 Esters  [£2% Leohols 2K Dehydes %85 Olefins  HAth Other
KA M Ertuan 57.73(14) 14.34C10) 15.12(7) 1.33(D 4.90(18) 0.51(4) 6.07(5)
Huizao W | Kashi 68.24(14) 10.31C100 9.59(7) 1.02(6) 4.93(18) 0.49(4) 54105
1M Hotan 60.91(14) 15.69(10) 10.43(7) 1.21(6) 7.42(18) 0.44(4) 3.90(5)
185 Wensu 56.59(14) 13.12C10) 15.34(7) 1.30(6) 7.09(18) 0.56(4) 6.00(5)
1A Xinzheng 57.44(14) 23.88(10) 8.51(7) 1.69(6) 4.93(19) 0.71(5) 2.84(4)
LS —[4] Ertuan 53.79(14) 23.86(10) 11.49(7) 1.05(6) 6.28(18) 0.71(5) 2.82(5)
Junzao W%+ Kashi 64.94(14)  18.49C10) 6.10(7) 1.06(6) 7.01C19) 0.58(4) 1.82(5)
1 H Hotan 59.67(14) 22.70(10) 5.57C1) 1.09(6) 8.89(19) 0.37(5) 1.72(5)
15 Wensu 51.14(14) 28.26(10) 7.57C) 1.43(7) 7.89(19) 0.95(4) 2.76(5)
A4 Jiaocheng 45.47(14) 36.12(10) 8.17(7) 2.19(8) 4.59(19) 1.10(5) 2.37(5)

5 P R AT TR K

Note: *The value in brackets represents the type of aroma substance.

*5 ARFHEFRESHSPERD S
Table S Principal component analysis of aroma

components of dried jujube fruits from different habitats
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0 0
PA K Y KA = SPEINL=A ¥ A — 3 A AT ik
e ’ 3071 <1501 <1501 I3 RAE WAL T R E 5 A B DTk
Huizao 1709 28.487 82.997 ROEAR R BN 28.487% , B B R K (RS (S
SRS 1 4341 72345 72.345 KIRFANNA 5 R RN — F s ot
Junzao R " . .
2 07 176 89987 R 7 R R B 72.345% , 2 T 2K L
F 6 BEREMRSHIFEREMEFETIERSE
Table 6 The eigenvector and loading matrix of the principal components of aroma
KA Huizao IR Junzao
BT PCI1 PC2 PCI1 PC2
Atoma cOMPONentS gefppf  HGHE  RERR REE RERR REE FERR R
Feature vector Load value Feature vector Load value Feature vector  Load value Feature vector  Load value
Xi -0.360 -0.652 -0.576 -0.753 -0.452 -0.943 0.009 0.009
X 0.521 0.941 -0.074 -0.096 0.455 0.947 0.238 0.245
X; -0.129 -0.234 0.642 0.840 0.220 0.458 -0.853 -0.876
Xa 0.548 0.992 0.090 0.117 0.435 0.906 0.389 0.400
Xs -0.164 -0.297 0.479 0.627 -0.387 -0.806 0.254 0.261
X 0.505 0.913 -0.112 -0.146 0.449 0.935 0.028 0.029

XL BRI X BHPE X BRI, X BRI, X RS, XL Rk

Note: X, is acids, X is ketones, X; is esters, X; is alcohols, X is aldehydes, and X; is hydrocarbons.
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KA : Z=-0.360X;+0.521X,-0.129X:+0.548.X,~
0.164X:+0.505X5;

Z—=— 0.576X,— 0.074X, + 0.642X; + 0.090X, +
0.479X5-0.112X¢;

R : Z=-0.452X,+0.455X,+0.220X:+0.435X,~
0.387.X5+0.449.X;;;

7,=0.009.X,+0.238X,-0.853X;+0.389.X,+0.254 X5+
0.028X;.

K 2 2 BIFRIR G E R E X Xore e
Xo 73 I ZRR 6 i U AR HEAL S AR & . AR
Ja BLER — V55— F i SRR o oo A 9 BUERL, 25T
FRLGEA VMR F= Z <t Zox oo, HH ZE A VPN T
WRHIMEFCR T . ERNTERE15 70 W] DL U
LR, AR T AT DAE R, B K
AL — E o B3 feim , “BIRRAESE —
oy LAy dmeen Ve AT IORAE SR — B Th 1S
I EAR SR HE AL A B T, AR5 iU A AT R
BALGE TR 4D 51 A, ATIER
HAES — TR 1500 sy, A G AAE 5 —
oy BRI B SR HEFE DUR A i AS I A 2R
B mTsEUA 5 Akt R, KO8 R ETE

x1 BRYBRWRELEERS S REF
Table 7 Principal component score and ranking after

standardization of aroma substances

it o FEHE HE P HEF HeF
Variety Habitats l Sort : Sort Sort
A —H 0.391 2 0.553 2 0371 3
Huizao Ertuan
WAt -0.276 5 -0.492 5 -0291 5
Kashi
FIH 0.024 4 0.443 3 0.139 4
Hotan
AE 0292 3 1.031 1 0.453 2
Wensu
A 1.545 1 -0.132 4 0.805 1
Xinzheng
eSS —H 0.220 3 -0.664 5 0.042 3
Junzao Ertuan
WAt -0.515 4 0.090 4 -0.357 4
Kashi
FHH -0.590 5 0.333 1 -0.368 5
Hotan
AE 0.401 2 0.195 3 0324 2
Wensu
T 1.435 1 0.281 2 1.087 1
Jiaocheng

ANTR] 7 1 ) 64 B S o 8 5 1 o3 B 3 1 S
ZE5E, B LA AT R A S 0 die e » DRI E R 7 3
AP RAE LT 51 Hth.

3oH i

31 PR ETREBREY RN

B R 24 Joi A S sz v 3 B S L R R R vk , T
RS ATV E PR o 7 o T SR R 2
Y R SR /N, Fo R R DA R Dy 20,
A LR LA SRR S 220 (B A [ 77 T R e 2
VIR G BAAEER, X HE7 L BRREZE
Ko THRBERR, SEHEATRTEESERES
T H A= HL S, FRAT S 5T R B A R ] v
SRR GRS R EMOC R SR BT
KBEER L, R EE T 8%, 53 A it 6 5t 0] B R
FERARBER . Ak, Brim A oK 2 508 G 75 0
I (1) S BE N b, 38 R 5 A 5 i R A KR A
1 3 TR 2K, H 30 S S Rk £ B A A
F o A AN AR B, 5E (A ShHP 8 RE 62
HR T Rl AR S & BRICA VLR & &, kT
WRBERRLL , 32 TF TR Rk, H R = 1 5 O\ T 5 R
B, B3 RS A A R 2 S EUR TR
PR AR AEARAY o TN S PRI 70 2 WA R FH s [X 41 A
S % W /D AT ORI P A (38.55%~
41.90%) , T4 MK (210.05~240.8 d) , A K ZFE=10 C
FUIR 51 (4320.78~4545.02 C) , Y B P 5, &
W 2T A KR R R R AEX . A AL RS
L35, R 3R A RN HH AR AL R R e, L
B IR LA v T At = b, 3t 5 350ORT P AR AL L IR ALt
P IR AR - A= 1
32 FHMNESYRAEN

ANTR] P2 AR A IR A R MW R R S 2 AU,
IAERE IS B2 IR HAh 2R B S i s AN
] AH A SR 2 R ROK, LR BRI TR
B2, W & BRI B & SN 70% , Hedsgr
IR AZWIR R IR R I & EARE T am 4 4
G AR EAL , E A T RN REY R 5 EFSGE
135y BB ARG, IR R & ElK, &S89
B TR A E N R T RSP —REENEER
VIR P, 5y 1A i S ARG i A N BE S (R S A
S, AR 5 &SGR0 R 53 EAHEX,
AT i 288 42 o BT A S TR AR R
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