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Abstract: In order to explore the effect of different vacuum concentration methods on sensory quality of concentrated Orah mandarin
juice, the vacuum low-temperature long time concentration, vacuum high-temperature short time concentration, vacuum three-stage gradient
cooling concentration were applied in the present work, and changes in color, taste and volatile components of different vacuum concentrated
Orah mandarin juice were analyzed based on colorimeter, electronic nose, electronic tongue and headspace solid microextraction combined with
gas chromatography-mass spectrometry. It was found that the color indexes b*(12.98), AE (14.97) and Y1 (57.16) of the restored juice in the
vacuum three-stage gradient cooling concentration group were not significantly changed compared with the original juice. However, the
astringency, saltiness and sweetness of the three kinds of restored Orah mandarin juice were significantly lower than those of the original juice,
and the sweetness of the restored juice in the vacuum high-temperature short time concentration group was reduced by 75.00%. The relative
contents and types of volatile substances in the concentrated juice were changed by heating concentration. In the vacuum three-stage gradient
cooling concentration group, the quantity and relative content of hydrocarbons increased by 6 kinds and 22.25%, respectively, and the newly
added volatile components, such as S-pinene (9.08%), trans-caryophyllene (2.22%) and S-ocimene (1.17%) gave the juice richer aroma
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components. The results of comprehensive evaluation and cluster analysis showed that the score of the restored juice concentrated by vacuum
three-stage gradient cooling was the highest, which was the closest to the original juice. It could be concluded that vacuum three-stage gradient
cooling concentration can better retain the color and flavor quality of the original juice, which is a suitable way to prepare concentrated Orah
Mandarin juice.

Keywords: concentrated Orah mandarin juice; vacuum concentration method; color; taste; volatile components
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Table 1 Different vacuum concentration temperatures
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Table 2 Performance description of electronic nose sensors
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6 W1S st F AL R R CH,> 100.00 mg/kg
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Table 3 Color changes of different concentrated and restored Orah mandarin juice
s L a b* AE Yi
WO  321820.27% 22540107 13.4640.35% 15392022 59.77-+41.87%
W1  3510#0.80° 1.67#0.04° 19.940.18" 21984033° 81.194253°
W2 385840.20° 25040.05° 26.3530.11° 29.2840.14% 97.5640.79°
W3 341740.37° 21640.11° 20.3740.27° 21.9440.15° 85.1942.07°
Wi1-1 31.854055' -0.9640.13% 10.8030.94° 12.7640.64° 48.49+44.80°
W2-1 34.4440.09° -1.6840.17° 152040.62° 17.8940.41° 63.0842.72°
W3-1 324540.38" -1560.09° 12.9820.37° 14.9740.11° 57.162.25
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Table 4 Response analysis of electronic tongue to restored Orah mandarin juice

o Bk Fek AR Efek BRI R

W0 6.2640.08°  -0.7740.01°  1.3240.02*° -0.1620.06°  8.2440.01°  23240.02°
W11 6174008  -0.7330.02° 1.2040.03° -0.1540.10° 8042001  1.0020.13°
W2-1  6.1340.08  -0.7440.02°  1.2240.02° -0.1440.05°  8.03#0.02°  0.5810.04°
W3-1  6.1740.06°  -0.7620.03°  1.2240.02° -0.1240.06° 8.0620.01°  0.880.03°

E: RMEFEIIFERR T EATAETEREZR (P<005), /AR FRHEFTEFREE (P>0.05).
2.3 FEEZIRYE T N T ARMIR 48 18 & M4 B gk

231 AT AT BHRGM IR AM KRG TR YR TAC

WL T B I AL SR FSRE AR R R I S L T RS, A e R LA RO TR A
(O A%, 1 BT 10 MBI WRGETE . ISR AR BIEATLAE H,  SIRH R
ML, AN FERAEERE OTANRAET R R R 08 LB SR S AN, A0 o S AT A e
P WIW O BN . BT R0 W2W GEE BRI, 58 Mo Wi R8O W5S (it
AR RIBD . WIS Gt IR RO W2S OWEE. BRI R0, Horh WIW AL RS 8
B, HAEARRBESR D RIZERERR, RIER WIW (LS RA{E Y 2.21~8.16, HU0E W2W (LS, A RR:
W2W RS RAE Y 2.22~7.12, X TTAE SIS A B L R BT 2 20, JRAEHAE 10 AMEERBS b i RifE
B TIRMRAE A R, DU R LR 7 R T SEORAIHE R KRR A RIFRRE Bk, Horp s
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Fig.1 Response radar chart of electronic nose sensor
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Table 5 Main volatile compounds of Orah mandarin juice and concentrated Orah mandarin juice

) A E 1%
5 FEME RS FR % u i) /(min)
W0 Wl w2 w3
1 3,3,6,6-79 ¥ -1,2,4 5-79 £k 1.93 145 —  — —
2 S-SR 10.41 — — — 908
3 2-T A-1-F Aeibeibr, 11.07 — 08 — —
4 D-ApA M 12.33 6198 6899 6875 68.21
5 B-F ¥k 12.89 — — — 117
ﬁ 6 + AR AR 17.46 008 — -  —
jz 7 1,2-FREGETIR, 18.10 024 033 — —
N 8 +oWRAIRTHAR 23.45 014 009 009 017
" 9 (1S, 4S, 4aS)-1-FFAik-4,7-—FH-12344a5- AR 24.68 — 176 150 0.89
10 (-)-o-ZE 7 Fh 25.51 — — — 113
1 2-12 F J-5-(1-F A& THi AR )-8- FAL-BIR A A 25.90 — — — 049
12 ()-a-AaARH 26.26 -  — — om
13 1L1-R A5 26.44 — 039 — —
14 R XG4 26.75 — — = 22
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15 IR X -a- M2 27.11 — — — 075

16 NR-B-i% R 27.61 — — — 050

17 13- #-1133-m P - A% 27.60 016 050 021 —

18 (-)-F\ K 28.22 — — — 042

19 (+)-F-RIRAEF AR W 28.39 — 028 014 —

20 (ZE)-3,7,11- = ¥ 3-1,3,6,10-+ =8 w9 tis 28.95 - —  — 053

21 BT W 29.05 037 — — 049

22 A-FHANH 29.35 068 178 112 134

23 F e 29.44 013 159 030 021

24 1-3-FATH)246-ZFX 33.43 023 — o011 —
it 6546 76,57 7222 871.71

25 Y el 37 095 083 — —

26 (14p)-14,15-— 8- L —Fe-14-B% 13.47 — 031 — —

27 2,6-=F HK-5- B bi-1-B% 16.92 — — — 012

" 28 (B3 54 B B2 17.71 — — — 23
29 (-)-# Su-4-B 19.02 259 207 @ — —
jz 30 3-THEH-2-8-1-REE 19.58 163 021 — —
N 31 otk EE 19.59 — — — 026
32 (+)-p-FF B3 20.81 209 078 124 274

& 33 3-F A1 He-3-BF 25.53 063 009 — —
34 2-T A -1-RBE 26.42 031 — 134 —
35 1-{[4-(=F 2HL)FRIEAY-2-R B 34.67 018 — — —
it 838 429 258 543

36 4- (4-BHAFKK) 48K TERTFEE 8.24 — 179 — —

37 H R ER b e 10.44 — — 862 —

38 ¥ 85 i 14.11 079 — 070 —

¢ 39 T BB KBS 15.60 367 — 019 —
£ 40 2-#k-2-F R R B T LB 19.61 — — 017 —
% 4 CEEF B 20.21 021 — 005 —
) 3,7-= 9 F-6- M AR IR F T B 24.71 102 049 010 —
Y 43 LB B8 24.72 — — — 081
44 2-W R -AER 3-35-2,24- = F R B 25.32 006 023 016 022

45 AR F RBRIAT B 27.10 046 — — —
At 621 251 999 103

" 46 EFRE 10.93 238 — @ — —
. M (-)-AFm 17.91 — — — 024
j; 48 S 20.04 196 055 046 052
N 49 +=B 26.45 — — 020 037
" 50 L NS 33.44 —  — — 019
it 434 055 066 132

B 51 7 B 1.93 — 406 1253 425
£ 52 4,6-=F }-2,7-F —}is-5-5) 10.38 899 1124 — —
1 53 FEAT R 17.69 070 015 047 015
4 54 2-F H-4-(1-F A T A)-2- 3R AR 19.66 012 — — —
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4% 55 7t B 21.32 09 — — —
56 2H-1-1,3,4,5-79 £.-4,7,8- = F # -5- 3 — f -2 21.72 — 036 021 —

57 1-(2-#23K-5-F K IR)-4-F JR-2- R M- 1-BF) 29.21 —  om  — —

58 AR 36.66 o — - —
it 1082 1592 1321 440

59 AR 7.32 020 014 — —
60 N-AFR = 5 Bh-N<N°- = F H Pk 8.18 045 — — —

# 61 N-(1,1- = F 3-2- A M A )-4-(1- F 2L L) R e 12.89 174 — 116 —
o 62 (+)-FF 13.42 033 — — —
1 63 5- LB -2-F Fhotkrz 13.47 —  — 020 —
4 64 4-(3-BHAFI)-2-F HA-FART B 14.82 026 — — —
#h 65 5,6-—£-4-F A&t (2,3-d) % 20.45 032 — — —
66 5-54k-1,2,3,4-19 5-4,6- = T -2- ARk 22.37 150 — - —
it 480 014 136 0.00

i R ARH,

A BL%

QRN T 2 IR
Bl 4 REIRHREETE R EMRAOELE
Fig.4 Comparison of volatile substances in different concentrated Orah mandarin juice
TR B RS RARM R AR IR RO Wik 5 Fos. B3R 5l A, 453 66 R sy, WO, W1,
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72.22%. 87.71%, H:rili@S A& 82058 63.03%. 71.05%. 70.01%. 84.67%, iZ&EH 5 1 o1 BN
BEGE R RIS, HAR S0 51 10.82%. 15.92%. 13.21%. 4.40%, {RANLL5PHRHEAE
(PIRAIEA S R B DA A R A R A T B AR o 3 P RMR ST 5 T A P R A 8 Fh, &
N DA AERAG . (1)p-F bl W, VEGTESE, BRI RN E B E R, K DA
W BA A NIRRT R G AOR, R RS R e &<, BAARG TR SRk A S5t J 7R
RV EE XU 2 TR SR 5 =Rkt i) DI AR & B2 BN 61.98%. 68.99%. 68.75%.
68.21%, FHULATIL, APty AT IR B ARG BRI A <
ANTRIRA ARG I 25 A R VDB RSB & ST S WA 4, 25 EoR, STMRITAHEL, AFREAK
7577 35 F BRI R MDD UM AR & B R AR, WL PR RS BRSS. ISR Ad A T i AP
AR B BT IR T, AR 5T AR & B 1 5.10%, H4 N BRSOy i 4,6- — W 3k-2,7-
T ZJf-5-, b SRR AT B AR A IR A TN | FE Sl e, B U A W2 TR 4E iR
FERLm, WRARERE A TRERI, FEOHEENIGIR OIRlE, W2 BRSPS & B m TR R
s RN T 1R, 3.78%; SiRMH IR, W3 HEEIS. B S AT AN AR A D, (HHE
VTR BRSBTS S B N T 6 By 22.25%, B AERHER A £ BN pIRIG . BB ()-a-BETE
AR Q-aMIAM . RAATTIRS, SEESCPRESE p-RM . B-B W, ()-a-EB A, Y RRAR T I R
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24 AR FE RS0 R TIRGE KA T RO LY 57 2T A R R A
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TUREFebrrh, dd LR ME, KIVERIE . AE YIS TVE T SECEECKR, 75128 0.41. 0.27. 0.20,
VLIAIX 3 TFRARTEVPAM IR IR ARV B S A (5 BB, R EER(E . WIW. W2W. 3 Fiok4aiE &
R HIZRE VR RNERE . W3-1>W1-1>W2-1, ZR&1Fsr70 )y 018, 0.02. -0.20. AWFFREE REW], KH
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* 6 FEIRHIRAE TR EMRNESITES
Table 6 Comprehensive evaluation of sensory quality of different concentrated Orah mandarin juice

o ARAAAR ity

iR P EE RAAK RE

Wi-1 W2-1 W31 WiIi-1 W21 W31
AE 15.21 2.57 0.17 027 -09 104 -009 -025 027 -0.02
Yl 56.24 7.34 0.13 020 -106 093 012 -022 019 003
N 6.16 0.02 0.004 001 058 -115 058 0003 -0.01 0.003
ok 074 0.02 -0.02 -0.03 087 022 -109 -0.03 -001 0.04
PHAZ S 121 0.01 0.01 001 -115 058 058 -002 001 001
sk 014 0.02 -0.11 -0.18 -087 -022 1.09 015 004 -0.19
FRIR 8.04 0.02 0.002 0.003 -022 -087 109 -0.001 -0.003 0.003
ok 0.82 0.22 0.26 041 083 -111 028 0.34 -046 011
Wiw 412 0.35 0.08 013 05 -115 059 0.07 -0.15 0.08
W2w  4.05 0.24 0.06 009 047 -115 0.68 0.04 -0.10  0.06
W5S 151 0.03 0.02 003 -073 -041 114 -002 -001 0.04
W2S 1.38 0.02 0.02 002 -112 032 080 -0.03 0.01 0.02
W1S 1.86 0.02 0.01 002 -032 112 -080 -0.01 0.02 -0.01
e
o 002 020 018

5 FEIAMHERTINEAE RRBLDT
Fig.5 Cluster analysis of sensory quality of different restored Orah mandarin juice
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