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Abstract: In order to explore the effects of different vacuum concentration methods on the sensory quality of
concentrated Orah mandarin juice, his study compared three concentration methods: the vacuum low-temperature long time
concentration, vacuum high-temperature short-time concentration, and vacuum three-stage gradient cooling concentration.
The changes in color, taste and volatile components of different vacuum concentrated Orah mandarin juice were analyzed
using a colorimeter, electronic nose, electronic tongue and headspace solid-phase microextraction-gas chromatography-mass
spectrometry. The results showed that the color 5*(12.98), AE (14.97) and Y1 (57.16) values of the restored juice from the
vacuum three-stage gradient cooling concentration group had insignificant changes, compared with the original juice. The
astringency, saltiness and sweetness of the three kinds of restored Orah mandarin juice were significantly lower than those of
the original juice, with the sweetness of the restored juice from the vacuum high-temperature short-time concentration group
being reduced by 75.00%. The relative contents and types of the volatile substances in the concentrated juice subjected to
heating concentration changed. In the vacuum three-stage gradient cooling concentration group, the number of species and
relative content of hydrocarbons increased by 6 types and 22.25%, respectively, and the newly generated volatile components,
such as f-pinene (9.08%), trans-caryophyllene (2.22%) and S-ocimene (1.17%), gave a richer aroma profile of the Orah
mandarin juice. Comprehensive evaluation and cluster analysis showed that the score of the restored juice from the vacuum
three-stage gradient cooling concentration was the highest, which was the closest to that of the original juice. The above
research results indicate that vacuum three-stage gradient cooling concentration can better retain the color and flavor quality
of the original juice, thus is a suitable method for preparing concentrated Orah Mandarin juice.
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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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Table 3 Color changes of different concentrated and restored Orah mandarin juice

pH L* a* b* AE YI
W0 32.18+0.27¢ -2.25+0.10" 13.46+0.35¢ 15.39+0.22° 59.77+1.87°
W1 35.10+0.80° 1.67+0.04° 19.94+0.18" 21.98+0.33° 81.19+2.53°
w2 38.58+0.20" 2.50+0.05° 26.35+0.11° 29.2840.14" 97.56+0.79"
W3 34.17+0.37° 2.16+0.11° 20.37+0.27° 21.94+0.15° 85.19+2.07°
Wl-1  31.85+0.55 -0.96+0.13¢ 10.80+0.94° 12.76+0.64° 48.49+4.80°
W2-1  34.4440.09" -1.68+0.17° 15.2040.62° 17.89+0.41° 63.08+2.72°
W3-1 32.45+0.38" -1.56+0.09° 12.98+0.37¢ 14.97+0.11¢ 57.16+2.25°

E AT B FERRFRRATHALEIEREZR (P<005); HEMRAFHRFTERREE (P>0.05). R 4F.
x4 BT EXRMKGEE TR 54

Table 4 Response analysis of electronic tongue to restored Orah mandarin juice

H Bk FR Bk

W0  626+0.08" -0.77+0.01° 1.32+0.02° -0.16 0.06°
Wi-1  6.17+0.08 -0.73%0.02° 1.20+0.03* -0.15+0.10" 8.04+0.01"
W2-1  6.13+0.08" -0.74+0.02" 1.22+0.02" —0.14 % 0.05"
W3-1  6.17+0.06" -0.76+0.03° 1.22+0.02° -0.12 +0.06"

ok AR ok
8.24+0.01° 232+0.02"
1.00 +0.13°
8.03£0.02° 0.58+0.04°
8.06£0.01° 0.88+0.03
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Fig.1 Response radar chart of electronic nose sensor
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Fig.2 PCA analysis of electronic nose
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Table 5 Main volatile compounds of Orah mandarin juice and concentrated Orah mandarin juice

AT EE /%

Jr5 FBEME AR #R 8 F 14] /min
w1 w2 w3
1 3,3,6,6-19 F 3£-1,2,4,5-v9 £, 1.93 1.45 — — —
2 S-S5 N 10.41 — — — 9.08
3 2-TH-1-F Aovkeiodn 11.07 — 0.86 — —
4 D-AFAL M 12.33 6198 6899 6875 6821
5 B-F ¥ 12.89 — — — 1.17
6 + ¥ IR R A A 17.46 0.08 — — —
7 1,2- SR EGE AT 18.10 0.24 0.33 — —
8 + = F AR TR 23.45 0.14 0.09 0.09 0.17
9 (1S,4S, 4aS)-1-F A& -4,7- —F &-123,44a5-~ 8% 24.68 — 1.76 1.50 0.89
10 (-)-0- 3 st 2551 — — — 1.13
11 2-T F A -5-(1-F A T AL )-8- F A - R A% 25.90 — — — 0.49
i 12 (-)-0-F AR 26.26 — — — 0.11
13 1,1- 3 AR 26.44 — 0.39 — —
f; 14 EWw s 26.75 — — — 222
15 IR K -o- 5 27.11 — — — 0.75
16 IR -p-i% Rt 27.61 — — — 0.50
17 13-2C-1,133,- 19 F k- — A% 27.60 0.16 0.50 0.21 —
18 (-)-+ |\ 28.22 — — — 0.42
19 (H)-F - IS F R 28.39 — 0.28 0.14 —
20 (Z.E)-3,7,11- =% % -1,3,6,10-+ =B w3 bis 28.95 — — — 0.53
21 B-FT M 29.05 0.37 — — 0.49
22 A- AN 29.35 0.68 1.78 1.12 1.34
23 &2 29.44 0.13 1.59 0.30 0.21
24 1-G-FATH)246-ZFK 33.43 0.23 — 0.11 —
Jvit 6546 7657 7222 8771
25 — W ks b —BF 3.71 0.95 0.83 — —
26 (148)-14,15- —5.- L M- 14-B% 13.47 — 0.31 — —
27 2,6- =9 H -5 bi-1-B% 16.92 — — — 0.12
28 (£)-7 5+ % 47 B% 17.71 — — — 231
B 29 (-)- 75 F-4-B3 19.02 2.59 2.07 — —
X 30 3-LAL2- 8 1-AEE 19.58 1.63 021 — -
L_E 31 o-Fr ik BE 19.59 — — — 0.26
ZEY) (Hp-5F B 20.81 2.09 0.78 1.24 2.74
33 3- H - 1-F Hk-3-BE 25.53 0.63 0.09 — —
34 2- TR -1-REE 26.42 0.31 — 1.34 —
35 1-{[4-( = F &I ) T 1 8K& }-2-A8F 34.67 0.18 - - -
it 8.38 4.29 2.58 5.43
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e BARE AR % 8 1 /min e
w0 w1 w2 W3
36 4-(4- BRI )-4- 5K T R F B 8.24 — 1.79 — —
37 ¥k R M B LB 10.44 — — 8.62 —
38 1 B4 5 B 14.11 0.79 — 0.70 —
39 I ARER = . BE 15.60 3.67 — 0.19 —
EE 40 2-#2 7k -2- W A A B T AR 19.61 — — 0.17 —
47; 41 LB F B 20.21 0.21 — 0.05 —
;‘?’; 42 3,7- = F A -6- 4 AR B St T B 24.71 1.02 0.49 0.10 —
43 LA By 24.72 — — — 0.81
44 2-WH - AER 3-54K-2,2,4- = F KBS 25.32 0.06 0.23 0.16 0.22
45 AR ORERIN T B 27.10 0.46 — — —
vt 6.21 2.51 9.99 1.03
46 R 10.93 2.38 — — —
w47 (-)-AF B 17.91 — — — 0.24
ESST eSS 20.04 1.96 0.55 0.46 0.52
23 49 + =& 26.45 — — 0.20 0.37
W50 #HRES 33.44 - — — 0.19
it 434 0.55 0.66 1.32
51 7 1R 1.93 — 406 1253 425
52 4,6-—F 3 -2,7- £ = Hi-5-F) 10.38 899 1124 — —
53 AT 17.69 0.70 0.15 0.47 0.15
i” 54 2-F R A4-(1-F A T A )-2-3R TH R 19.66 0.12 — — —
55 2 7t B 21.32 0.90 — — —
f; 56 2H-1-1,3,4,5-09 5-4,7,8- = & -5-K — {3 -2-H 27.72 — 0.36 0.21 —
57 1-(2- 25 -5- 9 A KL )-4- F A2 S M- 1-B 29.21 — 0.11 — —
58 AALER 36.66 0.11 — — —
it 10.82 1592  13.21 4.40
59 HRA KA 7.32 0.20 0.14 — —
60 N- AR R F BL NN - =9 Mk 8.18 0.45 — — —
61 N-(L,1-=F 2R -2-A M K )-4-(1-F A T - R 12.89 1.74 — 1.16 —
fé 62 (H)- 7+ R 13.42 0.33 — — —
% 63 5- TBLIL-2-F Hekoa 13.47 — — 0.20 —
;'; 64 4-(3- AR A)-2-F A 4- 2R T B 14.82 0.26 — — —
65 5,6- = &.-4-F AR5t (2,3-d) e 20.45 0.32 — — —
66 5-HHE-1,234-195,-4,6- —F & -2- AR 22.37 1.50 — — —
vt 4.80 0.14 1.36 0.00
Er =T RRAALH.
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Table 6 Comprehensive evaluation of sensory quality of different concentrated Orah mandarin juice
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AE 1521 257 017 027 095 104 009 025 027 -0.02
Y1 5624 734 013 020 106 093 012 022 0.9  0.03
Bk 616 002 0004 001 058 -115 058 0003 -0.01 0.003
ok 074 002 002 003 087 022 -1.09 -0.03 001 0.04
Rk 121 001 001 001 -LI5 058 058  -002 001 0.0l
ok 0.4 002 011 0.8 087 022 109 0.5 004 -0.19
Aok 804 002 0002 0003 -022 -0.87 1.09 -0.001 -0.003 0.003
ok 082 022 026 041 083 -1l 028 034 046 0.1
WIW 4.12 0.35 0.08 0.13 0.56 -1.15 0.59 0.07 -0.15 0.08
W2w 405 024 006 009 047 -1I5 068 004 -0.10 0.6
WSS 151 003 002 003 073 041 114 002 001  0.04
w2s 138 002 002 002 112 032 080 003 001  0.02
W1S 186 002 001 002 -032 112 080 001 002 -0.0l
o 0.02 -0.20 0.18
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