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Effect of Ultrasound-Oak Slice Combined Aging Technique on the Aging
of Hanfu Apple Brandy

ZHAO Jin, LIU Xia, YAN Ting—cai

(College of Food Science, Shenyang Agricultural University, Shenyang 110161, China)

Abstract: Aging is an important part of brandy production process. Natural aging is lime—consuming and labor-consuming. In order to
solve this problem. this paper studied the effect of oak chips with three different baking degrees and ultrasonic combined with oak
chips on the aging of Hanfu apple. The results showed that: in the process of single oak slice aging. the best one was the oak slice
with heavy baking degree. After 45 days aging, the content of alcohols decreased from 60.2% to 56.95%, the content of esters in-
creased from 31.089% to 42.136%. and the kinds of esters increased from 25 to 30. The acidity, astringency. aflertaste and bitterness
of the wine decreased, and the sweelness increased slightly with oak aroma The sensory score increased from 57.1 to 80.0. The results
showed that ultrasonic oak composite aging technology was more excellent than single aging technology. which significantly increased
the ester and alcohol content of wine aroma components, and decreased the bitterness and astringency of wine. The results showed that
the quality of the wine was the best. the content of esters increased to 56.168%, and the sensory score reached 96.6. After aging, the
wine had harmonious fruit and oak aroma. mellow and soft sweet taste. It can be seen that the effect of ultrasonic combined with heavy
baking oak chips on Chen Hanfu apple brandy is the best, and it can quickly reach the market standard of brandy in 45 days.
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DK-822 {8 i /K ¥ 85 O M AR R A PR S 7)) UV=5100 48 4b— 1T W43 066 BE T ( E il T {28 A PR 2
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Table 1 Sensory evaluation standard for Hanfu apple brandy

95 4328 bk e
Project classification Standard Seore
MRS 40) IESE B Bright and clear 5
Appearance JCYGHE T Lackluster and clear 3~4
(5 points) Pk Epinephelos 1-2
BEFI{% % Amber color 6~10
EE(1047) e
. o I} Hih 0 Topaz color 3~5
Color( 10 points)
B%ﬁ'ﬁ?’%ﬂtjﬁm?ﬁ]llrk yﬂ”n\\: colour or absence of colour 1-2
RO A A BRI R B A 2630
Harmonious aromas of apple, oak age and mellow wine E
I SRR -
FS(3045) Aromas of apple, light oak and wine - )
Aroma( 30 points ) TAGATE R F I EF AN 16-20
No oak on the nose. apple aroma clash with the wine 's
TAGAT , BAT W <, A Sl E A R 3%
No oak on the nose, with a corrupting aroma, apple and wine being not harmonious .
BB, ek 1, Ao 3035
Sweet and nippy. long aftertaste, no miscellaneous taste o
TP e 52 B R, R0k 20-29
HEE(3545) The wine is {ull bodied and mellow without miscellaneons lavor
Taste(35 points) A S L AT RV I 1119
The wine iz slightly thin, with a slight bitterness
TG A HLAE , A7 17 1 ke 110
Rough — hodied, with a marked hitterness
T A R PR INE], FLAT LR JAURS _
S (204 The wine is ripe, well-balanced and has a characteristic apple style -
Typicality TR B s AT S AL AR 11-15
(20 points ) The wine is well-halanced, with a touch of apple—specific style
AN IR, FEE A LR 1-10

The wine is incongruous, no apple—specific style

1.3.7 gt F 44 FIH SPSS o Bl B i a2 1k . 8 Duncan 20 105 VRS J7 i A T E 2 AR 2
[B] f 25 5, Horb, p<0.05 {UR BRG] 25 57 1 3
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TR —BEF SN, PR LS . R 2T, JE R SR 2 R U2 LU 2, AR R B 28 04T, 15— 28
AT IR 2 BARRNE s i 2 09 2 R0 , X BEEURE P S AT 19 B G K O BRI 43, 8 2855 T I 40, 2 Foh iR
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Table 2 Effect of aging treatment on aroma species of brandy

. B ()RR SR (%)
FURST 2 Quantity (PCS)/Relative content (%)

AF(TIIHI :'il)i"t'[l"!i

o 0d 2513
classification AR 454 C 4541, 454 M 450 H 454 LU 454 MU 454 HL
Od distillate
i f'_’ff_l _ 9/73.621° 10/60.25 0/49.378" 10/51.993¢ 9/56.950¢ 9/48.707 8/47.318 0/42.6900
i
E__‘;i 19/16.502¢ 25/31.080°  20/46.188°  26/47.344°  30/42.136'  26/50758"  24/51.572"  33/56.168°
ﬁﬁ-‘ 2/0.331° 2/0.187" 2/0.025¢ 20,0214 3/0.086° 2/0.028" 210,104 110.086°
(J%‘rﬁiffl 10.010° 0/0.000 0/0.000° 0/0.000 1/0.000" 0/0.000° 0/0.000¢ 10,1147
fe 0/0.000" 1/0.012" 200.011" 10,003 0/0.000" 10,004 1/0.004° 30018
Hydracarhon
ﬁ‘ﬁﬁfﬁ 1/0.065" 3/0.188" 10.0260 2/0.108" 2/0.135" 1/0.031° 2/0.139" 1/0.0327
"él'f‘fjf 0/0.0000 3/0.410¢ 1/0.027¢ 3/0.131° 2/0.191" 1/0.039" 3/0.383" 3/0.359°
i
J7 i 810.480° 14/0.728° 11/0.344" 13/0.399" 13/0.412 13/0.434¢ 13/0.480° 13/0.534"

Aromalic series
PR 3 I A R B AT A0 NG R 2 R (p=0.05)

Note:The values in the table are the average of the three measurements, different superseipt small letters in the same line indicate significant differences (p<0.05 ).
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Table 3 Effect of different aging treatments on volatile aroma components of brandy

- AR 5 ke

Serial e Relative content of aroma ingredients

oeri

' ) ZELE K
number Compound {;;' ‘i',"ﬁwf 45dC 4501 45dM  45dH  45dLU  45dMU 454 HU
distillate
1 5 T 1 Isobutanol 0.349 0.102 0.095 0.093 0.082 - = =
2 L5 T Tsoamyl acetate - 0.871 1.848 3.176 3.865 4.052 5.635 6.335
3 1 T B Normal butanol 2.799 0.352 0.077 0.071 0.065 - - -
- A Tsoamylol 60.656 43,012 36.353 41.951 43.565 37.985 36.65 30.324
5 L% £ 1 Ethyl hexanoate 0.460 6.349 9.781 7.121 9.187 10.444 11.803 10.18
6 £ 2R Hexyl acetate 0.443 1.277 3.680 2.999 0.870 3.847 4.586 3.894
T B P i M ethyl heptenone 0.010 = — = = - = =
8 FLRE 2.1 Ethyl lactate - 0.795 - - - - - -
9 iE LB Hexyl aleohol 20.684 17.207 11.958 9.154 12.422 8.538 8.781 9.364
10 1=F## 1 = heptene - - 0.006 - - - - -
BT RE S —ff5
. R 0.0 ) i ) i ) ) )
Methoxy—phenyl-oxime
12 33— 3 - octanol 7 0.099 0.176 0.059 e 0.194 - -
e far T
13 ﬁﬂﬁLf%ﬁkHﬁn 1.219 2.624 2.688 1.908 2.182 2.541 2423 2.745
Propyl isosulfocyanate
14 S 2. Ethyl caprylate 6.896 15.784 12.718 15.179 13.283 18.578 15.390 19.357
15 11 BEEE N=heptanol 0.291 0.292 0.244 0.192 0.223 0.265 0.261 0.242
16 AL BEAGEEE Methylheptenol 0.257 0.265 0.202 0.158 0.224 0.224 0.227 0.215
17 HEEE Furfural - 0.100 0.062 0.081 0.854 0.082 0.103 0.110
18 Z R Octyl acetate 0.004 0.049 0.064 0.046 = 0.019 = =
S T

19 BEsHIRRS T e 0.024 0.158 0.201 0.139 0.134 0.207 0.226 0.204

Isobuty] succinate
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Bkt FR I MR B Tt
_— b Relative content of aroma ingredients
Seral G | a ]E{"rﬂﬁﬁ
pumber G il 45dC  45dL  45dM  45dH 45dLU  45dMU 454 HU
O distillate
|- L
20 IR 0.149 0.107 0.065 0.089 0.081 0.079 0.071 0.067

| = amino anthracene

2,5~ X = F K S TR

21 2, 5—bis trimethylsiloxy benzaldehyde 0.057 0.028 0.006 0.022 0.016 0.022 0.020 -
22 T-fi .15 Ethyl pelargonate = 0.037 = 0.031 0.046 0.053 0.069 0.071
23 i 5 LIS Isoamyl caprylate 0.016 0.029 0.049 0.040 0.022 0.042 0.041 0.031
24 (¥ B N=-caprylic aleohol 0.266 0.285 0.253 0.186 0.234 0.286 0.246 0.2092
25 %_?3“:_":;i‘ii}’iﬁﬁﬁ%ﬁ?ﬁf‘?ﬁu 0.037 " 0022 0018 0022 0026 0025 0022
26 L 5 IV Tsoamy] Lactate - 0.043 - - - - - -
27 5—HUILBERE S—methylfurfural = = 0.007 0.009 0.011 0.011 0.013 0.018
28 B2 G Methyl caprate 0.017 0.037 0.056 0.045 0.033 0.047 0.055 0.050
29 CLH% CL 5 Caproic acid ester - - - - 0.022 0.023 0.024 -
30 i -5~ 45— 1 - Cis—5-octene—1—ol 0.157 0.176 0.133 0.098 0.140 0.153 0.128 0.141
3l 5215 1% Ethyl caprate 6.175 9.133 14360 12.393 9.515 15.843  13.138  13.055
3.4 = (= HURERE SRR oK 278 P
32 o 3. 4-tris (trimethyl siloxy) phenylace- 0.043 0.026 0.015 0.015 0.015 0.021 0.016 0.093
tate methyl ester
33 3L 0.124 0.187 0.297 0.252 0.205 0.245 0.175 0.279
Butyl 3—methyloctanoate
34 A< H % 2,1 Ethyl benzoate - - - - - 0.020 - -
35 4- 55 2,145 Ethyl 4-decanoate - - 0.006 - - - - -
36 | Diethyl succinate 0.004 0.007 0.004 - - 0.004 - -
. TG S - - 0032 - - ~ B -
Chloromethyl 7-chlorodecanoate
38 954§ 2.1 Ethyl 9=decanoate 0.099 0.162 0.290 0.249 0.178 0.235 0.245 0.266
39 [ -4~ %51 2,185 Ethyl trans—4—decanoate 0.012 0.019 0.038 0.033 0.024 0.028 0.031 0.030
g P BUUE K p-dinydroagallofu- 3 : 0.027  0.04] 0.037 0039 0067 006
rian
i 975 W 47 B 2. 1% Ethy] 9-hexadece- ) ) ) ) S 653 ) )
noate

42 |-— % £ Ethyl undecanoate - 0.035 - - - - - -
43 Z5HE 5 1 I Isobutyl decanoate E 0.019 0.027 0.022 0.010 0.031 0.036 0.028
44 1E %4 /% Decanol 0.024 0.039 0.048 0.044 0.040 0.050 0.014 0.053
45 B- 7 A B-geraniol 0.065 0.034 0.078 0.079 0.083 0.031 0.032 0.032
46 K 2. £, Ethy] phenylacetate 0.031 0.036 0.035 0.029 0.030 0.042 0.014 0.035
47 9-%44-1-B1 9-decene-1-ol 0.010 0.012 0.011 0.010 0.006 0.012 0.013 0.013
48 J1 B 1 Methyl laurate 0.007 0.011 0.015 0.012 - 0.012 0.009 -
49 1 LS Hexyl Octanoate = 3 0.037 2 = S = 2
50 # Z.BF 2, F2 1 Phenylethanol acetate 0.055 0.056 0.055 0.046 0.052 0.055 0.070 0.067
51 H HEE 2.1 Ethyl laurate 0.764 1.165 1.725 1.499 1.210 1.942 1.773 1.632
52 413 7 1115 1soamy] decanoate 0.034 0.057 0.085 0.074 0.060 0.064 0.084 0.080

53 4- 2,5t 1 i) A<l 4-ethy] guaiacol - - 0,008 0.012 0.018 S 0.014 0.022
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e A UHAT AT 5 it
Serial e 4 Relative content of aroma ingredients
oer
- EaT
siiiiibiae Compound IR 45dC  45dL 45dM  45dH  45dLU 454 MU 45d HU
Od distillate
54 He LW Phenethy] aleohol 0.074 0.084 0.070 0.055 0.073 0.084 0.092 0.080
55 L R Tsopropyl caproate 0.012 0.015 0.021 0.016 0.018 0.020 0.016 0.027
56 J 2 N AR Whiskey lactone - 0.006 0.013 0.014 0.018 0.033 0.071 0.064
57 25458 Ring decane - 0.002 0.004 0.003 0.002 0.004 0.004 0.003
27, AL P RE AR 2—ethoxveinnamic
58 2 - - 0.014 0.011 0.009 0.011 0.003 0.005
acic
59 AT [ 2,1 2—ethoxycinnamie acid = = 0.018 0.015 0.016 0.015 0.015 0.017
60 A2 phenol - - 0.006 0.008 0.010 0.005 0.021 0.020
61 T & Eugenol - - 0.002 0.005 0.007 0.0008 0.012 0.015-
17 2 = B 46 3 B Tran— R
62 Iz 2 — 8 B BB Tran—neroli tertiary B B B Gl diioh ~ b.di B
aleohol
63 + MU FEZ 7, 18 Ethyl tetradecate 0.009 0.014 0.019 0.015 2k 0.014 0.022 0.024
64 =1 Octanoic acid = 0011 0.009 0.008 0.008 0.011 0.007 0.009
65 FE Mz {5 2,196 Ethy] cinnamate - - - - - - - -
66 =52 415 y—decyl lactone = = 0.010 0.013 0.015 0.014 0.016 0.018
67 S Capric acid - 0.012 0.016 0.013 0.061 0.016 0.017 0.066
68 A P 86 Methy] palmitate - - - - 0.593 = - 0.525
69 Tl Oleic acid 0.016 - - - 0.010 - - =
24— B 2, d-diten—butyl
70 W LR, ey = 0046 0038 0092 0089 0054 0132 0122
'[Ih('.‘l'l()]
71 T HE Petroselinie acid 0.315 - = = - = = -
72 A B R Propyl hexadecanoate = = - = 0.042 - - 0.038
73 B B 15 T 156 Methyl stearate - - - - 0.260 - - 0.204
s 8= /K T I Methyl 8-octadece- B B B B S B ~ s
noate
Z.E-3,13—F A\ b -1
T - - - - 0.095 - - X
: Z.E-3, 13-octadecanediene—1-ol s 0089
2 Tk L % i 2— teri—buty
76 2 BT AL AT Y AL T 2— tent butyl _ _ _ ~ _ B B 0.006
I'I_]“H|h_\-'l ph(-‘n{}l
77 e i i A Met hyl palmitoleate - - = = = = . 0.028
78 il 2 B Ethyl oleate - - - - 0.140 - - 0.134
79 P 9 %2 P Methy] linoleate 0.097 = = = 0.324 =% = 0.272
8 R R T ; . ;
4 (45 L) 75 B (phenylmethy] sulfur) B B _ B 556 B ~ diiie
acetone
81 T ABERE N Propyl octadecanoate - - - - 0.059 - - 0.054
—4- 4 e = g
8 O— = N Y B Propy] 9-octadece _ = o - 0.539 - 0.128 0.493
noale
83 1A FREE 16 naphthenic - - - - - - - 0.010
84 & -13-F A 'h'!‘?ﬁji Tlrans—l_'i—m‘.lu- _ _ _ _ 0.015 B B _
decenoic acid
85 g Eicosane = = E - = &= = 0.005
86 - HLKERE TS Methyl Pentadecanoate - - - - 0.334 - - 0.310
87 SR T TR Dibutyl phthalate - - - — 0.050 - = 0.062
-7 ViAES]
i o /A TR B _ _ _ - - o 0.018
Propyl 11- oetadecenvate
AT I TR (ADL*S)
" ' 9.88x10°  8.96x10° 1.43x10° 1.69x10° 1.58xI0° 1.21x10° 1.27x10° 1.41x10°

Total chromatographic peak area(AB#*S)

FE e RM AR T A R R

Note: "-" is not detected, below the detection limit of the method.
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FH 2% 3 RT 0, SE BTSSR 2 M A 45 Ao B b KRG 1) 88 A A AU A, S 2 b e R A DU A A A R
IR E OB TR R BSRR SR R 0 R 60.656% ,20.684% .6.896% FIl 6.175% . 20 id (i€ I ik B 45d
Jii o BT S NS R e | RS A A AR S I T L AR R B RE ] S B — e A A SOl
i, B A FRE HE— 2P X S S o, R REE— 203 I A RS o &t D RS S T

GE

%
i

51.993% 1 56.950% , 5 %] b5 7E 18 Wi (84.902% ) Fl C(61.722% ) ZHAH LE , L M H 3 21T BE 7 0 43 v s 2 ) i+
oF B L 7 AR R [0 1) 8 B (p<0.05) . S G AINE O 9 2 98 S0 1 22 M 3 A 0 - i L i 45d )5 L 3
YT RE S A IE O EE A AR X 5 k2 el AR T [ SR PRIR C 41 (p<0.05) o SFIREEST B FEAIR 24 24% . 19% F117%,
1E O BEA B FEAK 9% . 12% F11 8% . 75 Ab PR 5 B2 ) B AH X & & 1F— 20020, LU \MU  HU 2P B SRS 25 9 i
FHXT 35tk 57931k 47.645% ,46.326% H140.706% , #8759 5 2S00 0 i 8 UK . axX i AU Ak B BB A0
S A M R AL, B A B S i — A X A R

Pt 2 W o EL R AR A o R 2 2 1 25 M A% T B SO0, TR S TR ORI o 5 i A 8 i 2 1 22 b T AR
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HEbg ik L) (RES A S YR PE &
Aging methad Appearance Color Aroma Taste Typicality Total point
A
:ﬁ-{ml‘& i9 1.4 16.8 8.9 11.5 42.5
Distillate
454 C 2.9 2.6 21.2 17.8 12,6 571
45d L 38 35 225 20.5 14.5 4.8
45d M 4.2 5.2 24.1 221 16.4 72.0
454 H 4.8 6.3 273 24.8 16.8 800
454 LU 44 6.4 25.8 276 17.5 8.7
454 MU 4.6 8.5 27.6 304 18.4 895
454 HU 4.7 9.5 29.1 338 19.5 96.6
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