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Effect of distillation equipment on the aroma quality of

crude distilled jujube wines
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Abstract: [Objective] To explore novel distillation equipment and address the adverse effect of burnt tastes in the wines caused by
excessively high distillation temperatures of traditional equipment. [ Methods] Three types of low-temperature distillation equipment, self-
developed in the laboratory, along with pot distillation equipment, are used to distill jujube wines. The volatile components in the crude
distilled jujube wines are analyzed using gas chromatography-mass spectrometry (GC-MS). [Results] A total of 74 compounds are
identified in the crude distilled jujube wines, including 44 esters, 8 alcohols, 5 acids, 6 aldehydes, 4 ketones, and 7 other compounds. An
orthogonal partial least squares discriminant analysis (OPLS-DA) model is established with a classification prediction accuracy of 95.0% to
screen 13 differential volatile components of variable importance in projection (VIP)>>1. Based on the relative odor activity value (ROAV)
analysis, 9 key aroma compounds (1<<ROAV<<100) are identified, reflecting certain differences in aroma substances among the different
crude distilled wines. [ Conclusion] In substance content, the crude distilled wines from the low-temperature distillation equipment contain
significantly more esters and alcohols than those from the pot distillation equipment, while producing lower ketones and acids. Sensory
evaluation reveals certain differences between the wines obtained from low-temperature and high-temperature distillation processes.
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Table 1 Basic physicochemical properties of crude distilled wines obtained from various distillation equipment
B T A AR/ MRS /(%vol) pH {i SR/ (g-L ") R/(g-L ") FEE/ (gL )
RS 15.3440.21° 40.20+1.10° 3.4940.01° 2.2740.02° 0.84-+0.01° 0.25+0.01°
305 14.62+0.19° 38.60+1.14° 3.10£0.02¢ 2.4140.01° 0.94+0.01° 0.24+0.00°
T 37 =X 17.47+0.33" 33.004£0.71¢ 4.25+0.04° 1.84+0.01¢ 0.89+0.02¢ 0.1840.01¢
a2 12.8340.12¢ 44.20+0.89° 3.34+0.03¢ 2.314+0.01° 0.9740.02° 0.3540.02°

T PR R R 2 5 .3 (P<<0.05) .

—— it
—a— B
—— Bt

W )
B2 REFHELRE

Figure 2 Radar chart of sensory evaluation
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Figure 3 GC-MS total ion current chromatography of aroma components in crude distilled jujube wines
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Table 2 Comparative analysis of aroma components in crude distilled wines from various distillation equipment

T aw T i mer D)
(mg-L ") a2 itk % 375 =X Sl =X
e Al MR TRk 612 375.834153.11°1927.3141 113.27°2 088.96+1 415.54°2 528.98+ 1 069.28"

A2 LR RS S 526 — 183.254-141.09 — —

A3 TRLER WEE R 793 1.024+0.81° 5.57+5.17° 0.9140.32° 29.17416.46"
A4 O TR SEIR R 1004 — 16.13+£4.09 — —

A5 DL-2-¥% 3 -4- 1 3 HARE 1058 — 1.27+0.11 — —

%2 2 T

A6 FLER LT 806  81.0780.43%  86.96%50.00" 115.36+166.92°  138.83+53.77°
A7 5N TR R VS 847 3.2941.87° 34.64+ 14.56" 3.94+0.88" 17.45+3.15%
A8 RS IER IR 872 15.53+5.61° 40.82410.49° 13.062.90° 131.294-68.95°
AY ZFR2-RITRE  KERF 875 4.28+2.89¢ 85.97429.93% 9.51+6.23° 104.01476.00"
A10 JRTR 2 B R A 900 2.84+2.18™ 7.46+2.06% 2.30+0.89° 8.79+1.83"
ALl 2-8§ R 2T T 1053 0.3540.04 — — —

A12 DL-2-F3E O R T 1058 2.724£0.91° — 2.28+1.59" 4.96+0.37
A13 ZEH R H R A AP 1091 9.84+3.01° 10.64+0.47" 8.34+2.56" 27.55+15.59°
Al4 BER LT KRF 1099 5.5440.71° 11.76+0.31° 3.6240.37¢ 7.2740.82°
AlS R -2-FIRMR TR KRE 1248 — 0.984-0.08 — —

Al6 AP LT KR 1169 164.00433.68° 220.47+10.47° 150.28+34.63¢ 464.294239.32°
A17 T R 2Bk 1183 10.87+10.66" 5.0340.34° 4.45+3.94° 8.5942.65%
A18 7-¥I TR LT 1189 1.134£0.05° 1.724+0.27 0.6720.05° —

A19 /K7 TR T g W A 1191 2.22+0.50" 0.84+0.09 0.86+0.49" 2.76+0.71°
A20 1R LT KR 1198  11.22+1.98 19.154+2.77" 6.87+1.82° 9.2240.57"
A21 KR T T 1244 5.1040.84° 6.1240.54™ 4.62+2.07° 10.64+3.44"
A22 LRI TR e 8 W 1256 2.7540.52% 2.0040.30" 1.554£0.91° 3.90+1.28"
A23 KGR LT T fr 1268 4.68+1.47" 5.8841.02° 3.8941.52° 428+ 1.48"
A24 ZRPYR PR T 1274 1.13+0.31" 0.934+0.22° 0.870.48" 1.7640.71°
A25 TR TR VLS 1297 0.85+0.20° 2.1140.48" 0.664-0.19° —

A26 KN LT B 1348  27.8645.09™ 30.354+3.13° 24.83+12.64° 44.08+18.95°
A27 y-FNEE iR 1361 1.59-40.42° 0.64=+0.12° 0.67+0.50° —

A28 RANWHR TR sk 1376 0.874:0.18 — — —

A29 ZH-9-Z IR R TR 1388 — 3.23+0.39 — —

A30 1R T TRk 1396 6.70+1.59° 22.56+5.48" 4.40+0.85" 8.7341.95"
A31 KR 5 R KSRk 1435 0.9440.15° 3.0240.65" 1.274£0.36 —

A32 R TR ISEVS 1496 — 0.97+0.33 — —

A33 HH:®m W T 1525 9.7343.55% 18.2546.39" 1.914+0.60° 39.10+9.76"
A34 +DURR LT MR-k 1795 4.66+2.64° 2.2041.11° — 18.8744.44"
A35 SRR TR TR 1964 0.5140.04 — 0.5540.52 —

A36 TSR W g 1927 0.8440.58" — — 1.20+0.25°
A37 SR T HR TR 1964 1.8140.39 — 1.92+1.63 —

A38 9-T kTR £ TR 1984 6.89+3.53" 9.09+45.65" 0.70+£0.57° 8.26+1.76™
A39 FEHE R 2 TR LURILS 1994  47.62432.26" 12.33+6.70° 1.32+0.89¢ 86.49+23.42°
A40 + B 0 - (9, 2163 0.4140.16 — — —

12 )-8 2T
A41 TR T LERILS 2169 1.55+1.10 — — —
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23k 2
T O g e )
(mg-L™") G i $ 20 I 75 =X i
M52k Ad2 SN IR £ TG T i 2173 7.084.45 — - —
A43 18- JUmTR T 2283 1.82+-1.14 — — —
Add E-11-FNHIERRER 1974 — 4.96+3.45" 0.7540.64° 5.4240.89"
Nt 827.13 2784.61 2461.31 3715.89
XK Bl LA L e+ Bk 713 — 39.46+16.60 — 496.80+195.79"
B2 2-FBL-1-T ML AUS 720 — 64.68+12.87° 21.17+4.05° 216.16+92.41°
B3 1-J RS 744 — 672.88+158.98"  229.41+190.66" —
B4 3-FBL-1-T KRTEMR Rk 717 54.4542.07 166.45+36.75" 85.26422.43" 507.51+161.71°
BS KHIEE 1031 6.71+£3.36" 3.08+0.31° 3.44+3.07° 4.50+3.56™
B6  FLER S IGEE ek REEAE 1068 1.48+1.53° 3.004+2.10° 2.914+2.90° —
B7 B-HKLEE HMF 1109 2.2940.74* 0.974+0.07° — —
/N 64.47 950.52 342.18 122497
EHRCl O F R 401 0.7740.47° 2.0140.74° 0.62+£0.27" 41.93+38.42°
C2 ZRWIE F N 963 — 9.734+2.34° 7.8542.65" 164.21495.64"
C3  HEmE [iIESNUS 824  81.99439.79°  154.85415.36 77.30412.94° —
C4  5-F SL e FISEIUN 964 1.90=1.21 — — —
C5 RO WA R E 1040 4.56+0.82" 2.534+0.46" 1.74+1.30° 5.4543.38"
C6 XA -2-T-Hit i 1 77 1195 0.65+0.18 — — —
Y 89.87 169.12 87.51 211.58
R D1 2R iR bk 610  653.04+594.45 — — —
D2 “ER KR 1178 — 5.3041.05" 7.71+6.59° —
D3 %W 1369 4.1542.54 1.37+0.81° 2.84+291° —
D4 JEFR g Wi & 1081 4.88+1.86" 1.854+0.33" 2.82+2.89" —
D5 HAH:m® LERILS 1564 — — 1.60+1.73 —
/N 662.07 8.52 14.97 0.00
2 EL N F Rk 713 126.48+19.56 — - —
E2 3-LBEHE-2-THEl W 893 1.154£0.39° — — 5.70+0.32°
E3  3-2¢ff KR 985 4.7940.16° 7.36+£4.52" 6.68+0.37 11.8041.49°
E4 KO- SERE HME 1383 0.920.04" — 0.464-0.20° —
Ny 133.34 7.36 7.14 17.50
HAbLF1L 1,3-T4&RHR,2,4, 706 — — — 62.6543.70
S-S
F2 WAL 916 — 8.74+2.76" 11.04+10.86" 19.97+7.07*
F3 1-(1-& | ¥ & % 985 — 1.9440.51 — —
5 ekt
F4 1,1-= % H-3- KREEH 855 2.664-1.33 — — —
5T ke
F5 IRk KA 1295 — — — 5.614-0.40
F6 2,2- 24 W FriEnk 1325 1.55+0.35° 1.39+0.11° 0.5940.12% 3.48+41.25°
F7 1,6-—H%-4-(1-1 1675 1.3440.39 — - —
S )%
/N 5.54 12.07 11.62 91.71

T FRARK I TR AR R R P A SOR B M 28 5 (P<20.05) .
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/R N L W - = WU R L W B =W it R |
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342.18,1224.97 pg/mL, Horfr 3-He-1-T B B H % ek
FAR B  2E H aR  H 22 R RLK, 410 Oy 54.45,
166.45, 85.26, 507.51 pg/mL., #. R = & B (1.48~
3.00 pg/mL) W] Sy 7% R A O Wh i bk A I8 SR W B
15(0.97~2.29 pg/mL) W T 78 W S &F <1

Wl 5 245 Ak 45 0 AE TR 28 R i 2 <P 3 i 22 oh R
M ) £t A BT R S SOF BRI M . R R 28Rk
25 1 £ (0 KL% 0B P LR Y L R ER R S . Hob A
BB =R S R R A A A 7, 4,5,
2 Bl EA R R B, % = 4y WA 795.41, 15.88, 2211,
17.50 pg/mL, G W5 2 3-32 10, & & 43 iy 4.79,7.36,
6.68,11.80 pg/mL, WZRIBIHI IR T KR F R W
FEAER TR TR R £ H O R & i, R ZR R
R T RR R A B IR

T 25 I Al gy o 7E R AR P AR S B E A
BT AUE T S IR 1 DG B 43, o2 4 R H: 2 R X
M B E A S 40, X I AY T JERORT G R AT W R e
N TF) 25 188 15 4% 1 4% 1) KEL 28 0RS h K Hh 6 i R SIS 4 o
TRABZEY BT, Hoh e e =R Bl 2R
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TG R KR R . AN, LR R A
ROAV {H H 0.1~1.0, % KU 1) T dik A X 5/ AHAT 7 — 52
TR JE 1 5% e 35 7% R 00 XU AR 1F o

P FE I 4 4 R ZE AT P OGRS B R
BT E SR W R o N UL W e W e B = g 9 i)
ZEMW RN 15,16, 14 R . A 2 28 B A iR 4 e 2k
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Table 3 ROAV values of aroma components in crude distilled wines from various distillation equipment

ey U E i : L — —
(pg-mL™") ’ T3 EUE T 7 2 [ 2(UE

LW T KSR 5 22.85 11.13 100.00 28.99
LR T i FRR 2 2.64
TR T WERE SRR 0.9 0.35 0.18 0.24 1.86
R LT SRR 2.2 0.21
5 IR £ T VS 0.01 100.00 100.00 94.31 100.00
TR 5 )N T FiRUS 0.15 31.48 7.86 20.85 50.17
QTR 2-TP I T i KR 5 0.26 0.50 0.46 1.19
R LT WRE WEFE 1.5 0.58 0.14 0.37 0.34
PER 2 T KR 1.9 0.89 0.18 0.46 0.22
AR B KR 55.56 0.90 0.11 0.65 0.48
¥R OB KRR 19.3 0.18 0.03 0.09 0.03
B4R LT KRR 5 0.41 0.13 0.21 0.10
Vo [ v e L0k 4.9 0.23 0.00 5.81
2-H - 1- TR HIE LS 15.9 0.12 0.32 0.78
1-JC B EEAUS 150.2 0.13 0.37
3-HI k-1 TR R R 4 4.14 1.20 5.10 7.27
WO A R 6.3 0.22 0.01 0.07 0.05
R -2-F M s it 4 A 0.15 131
P 1 ES S 14 2.75
K+ WRFE B 0.004 69.79 27.68
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IR 2 TR 1 ROAV {H 5 5 o 25481 45 th T [l i 44 1 1A
RN T2 TR I T 28 08 ) T YA S0 00 I s L e
234 HWOPFHE ST ETTRE ME NS 4R
TR 1 B 7% VR T R AU A S Y IR R R B L O DA b 2 TRURR
TEAE B B3F 5 22 sk oR 45 R e 4, k4 B 4750,
T4 A 32 800 1 R A 52 5 35 R B, 43 ok 27,77,
20.69,10.88,5.93; HLAT R 3k (9 1% 1 , BEAE A 2R WEAS [F]
FEAB VLA P A 2RI A A AN BT . B SPSS 20
HE— 25 R A5 5 3k B0 R AE A AAH X R 09 3 R4 B B0 P
JE45 kg 2l pR By B2 Rk B S A3 R AR AR R
FUTE % 25 208 1 4% 1 HELZ8 08T A S0 2 B4 o F, 55 g
MBI A BN 550 F 0 R BT B
F=0.4F, + 0.3F,+ 0.2F,+ 0.1F . (3)

x4 TEHBEEHEZBEINSFTERRE
Table 4 Interpretation of variance in the main components

of crude distilled wines from different distillation

equipment
TR RIEE P RETTERR% BT 2 Ui ER%
1 27.77 37.53 37.53
2 20.69 27.95 65.49
3 10.88 14.70 80.19
4 5.93 8.02 88.20
5 2.66 3.59 91.80
6 1.58 2.14 93.94
7 1.49 2.01 95.95
8 1.37 1.84 97.79
9 0.82 1.11 98.91
10 0.69 0.93 99.84
11 0.12 0.16 100.00
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Figure 4 Characteristic aroma profile of crude distilled

wines from various distillation equipment
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Figure 5 OPLS-DA analysis score diagram and permutation test of crude distilled wines from different distillation

equipment
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Figure 6 VIP value of aroma components in crude distilled wines from different distillation equipment
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