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Table 1 Oxygen transmission rate of different packaging materials
&, R A A AR ET & AL B A A& i #F/pmol - 4!
TR 1 448 cm’/(m?-24 h-0.1MPa) 0.4 12922
) R AL 0.86 cm*”(m*-24 h-0.1MPa) 0.5 1.0
I HL ND 0.5 ND
) S HA ND 0.5 ND
A AR 3.53 em¥/d 25 157.5

TE:ND AR Kz,

£2 FRAEHBIKESELE

Table 2 Water vapor transmission rate of different packaging materials

&, A A KAEAETE AR/ HRAAZELF/gd
T AR 2.09 g/(m*-24 h) 0.4 0.042
R AL 0.08 g/(m*-24 h) 0.5 0.002
I HL ND 0.5 ND
T # L ND 0.5 ND
A AR 0.0099 g/d 2.5 0.0099
T :ND JyoARAs

22 AESFEHEXEEERANMEENII
DAL S RhAn s g B0, P AE 1 AR IR 40 B G
EG R SR LA 3, b A A e Y B
T ok e e ) AP A B ok R AL Y
B I R A T, U0V A 2 i s
DLVE , S ECE AN AR 2
2.3 AESEHRITE XY R E R0
230 RTRI A2 A Al o 8 1 2K ) I 1) B T
Ak PR LR ETIEE S TR S SGEE B-
A R PR RS, AR A S
FE ARG RIS AERS, NE 40T UF
R PV R AE R [ A AL B R R A 1 AR
Jei A PR AR B 3 38 TR R P 8 LA A 24 A sl
G S AR (4 2 MR /N 5 B S5 1Y)
A B 2 R B R R & i AR A
PR AL AR I A 1 AR, B S R AL
F(P<0.05) , MEFIAERT R & T 69.22%, Ho4x
B o o B A I A Ak s DL A A 2 1Y
W AF— 4P )5, B B A g A T B (PR
4.65%) , FATIE ) I8 & = A W B AR Ak (P>

x3 TREEMBXNEERENTMN
Table 3 Effects of different packaging materials
on turbidity of Huangjiu

&, A A & JEINTU
TR 2,12 £0.21
) R AL 0.49 £0.11
I HL 0.82 +£0.17
18 %A 0.68 £0.15
A A 1.11 £0.23
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W 1R HROTES & FHT 32.26%, 4

HBET 22.806%, LROTER SRS T 43.39%,

MW S8 TR T 92.56%, HARK M O FIL  WIRAERM S EIZE T 185.48%, 525 LR,
P o LLBRMM O (5 O B0 AR S ok 2 28 IR2EY USRI DRI £ A £ 2R A o 68 A 400 19 B9
By &R TR BT, CRFINERR SR PEREY RS R
x4 TEEENEBCEFN . FEEWRSETH (mg/L)
Table 4 Changes of alcohol content in different packages of Huangjiu before and after storage (mg/L)
, EA 1 FE
B R Y R g - - 5
AR I3 AL 18 % # R A A IR A
bk 9.13 £0.75" 8.92 £0.31" 9.19 £0.52" 9.22 £0.75" 15.45 +1.13¢ 9.17 £ 0.66"
iE R B 30.31 £2.33¢ 28.82 +2.61° 30.97 = 1.14° 29.45 +£2.27° 30.61 +3.15° 29.77 = 1.08*
5 T B% 157.08 £ 10.15*  142.68 +9.67*  152.11 £8.01* 15427 +12.16* 15579 +9.94* 161.30 = 13.71*
5 1% BF 224.38 +20.37*  215.14 +16.40° 217.25 +12.85* 22596 +19.8* 219.43 +11.68" 222.49 + 15.50°
B-R T 85.14 +7.22¢ 86.95 £ 6.76* 82.71 £5.78" 83.88 £4.57° 80.58 +5.16* 83.14 +7.98"
B K 4t 506.04 £ 16.10°  482.51 +£24.51° 492.23 +19.57* 502.78 +25.34* 501.86 +32.78" 505.87 +23.63"

SR 3 A SR B B bR vl 22 3R | TRAT A 1R 5 B3R R A 35 M 22 5 (P<0.05) , R I

x5 FAREBENEBELEFEN.E

R RS EEL (mg/L)

Table 5 Changes of esters content in different packages of Huangjiu before and after storage (mg/L)

A1 FE
B k& 9 R e A - - -
T I HH ) A A A A H| AR Ao
Vi By 0.62 +0.12 0.42 +0.07" 0.68 = 0.08" 0.67 £0.11" 1.77 £ 0.24° 0.63 £0.07°
LB T B 33.72£2.18" 2.51+0.71° 33.47 £2.11° 34.1 +1.74" 48.35 + 3.08° 33.96 +2.27
T BR St %, B 0.35 £ 0.05 ND* 0.31 £0.02 0.33 £0.03" 0.43 +0.01° 0.35+0.01°
3Lk T B 132.29 £9.88*  128.63 £ 6.27* 131.18 + 10.97* 133.87 +10.02* 130.29 + 7.96"  133.41 + 12.03"
T =8 = LB 1.30 £ 0.21° 1.25 £0.13" 1.31 +0.17° 1.32 £ 0.09° 1.29 = 0.14° 1.31 = 0.05°
BE % 4t 168.28 + 14.35° 132.81 £ 12.77" 166.94 + 12.65° 170.29 + 15.64° 182.13 + 15.47° 169.66 = 12.81°
2.3.3 N [FIELZEMPREGT B 2R ) B R 1 R DI BEARNEN, MELEY Ao aEEm T

W o 0 B AR LU ARAG, ELAE Sy 3 )
TR 7, 2 B W R 2 Al 55 AR AL B A — 26
N 6 J7is | AN [ 4 25 A i it 0 Y

AR,

2221% , Horh ZBER 2 G T &
1 19.32%, ﬁﬁ%’)ﬂ‘z@@* RRE I K 8 R ) o I
FEA% (P<0.05),

IR T 3333%

IR T 66.67% ,32.39% Fi

17 1AFJa B AL B I & i 22 57 035 (P<0.05),  76.83%, u;ﬁéﬂﬁ@ Bl BER AL B ) B
*x6 AREBEMEBEBENFIN . EEEYREETH (mg/L)
Table 6 Changes of aldehydes content in different packages of Huangjiu before and after storage (mg/L)
eA1FE
g & e A By - - -
AR B ) F AL # AR A AR AL
)i 1293 = 1.15° 17.24 +0.32" 14.70 = 1.46" 14.21 £ 1.26¢ 20.63 +2.14° 13.36 £ 1.15¢
T 45 B 0.88 + 0.05" 1.05+0.11° 0.94 +0.07° 0.91 + 0.06" 1.61 £0.13* 0.91 +0.07°
5t KBS 0.24 + 0.02¢ 0.08 £0.01" 0.41 +0.02¢ 0.32 £ 0.03* 0.55 +0.01* 0.25 +0.02*
P B 0.71 £ 0.07 0.48 £ 0.03" 0.78 + 0.05* 0.77 £ 0.07* 0.75 £ 0.03" 0.69 + 0.05°
R B 0.82 +0.05° 0.19 £0.01" 0.85 +0.08 0.84 + 0.08° 0.91 £ 0.02¢ 0.79 £ 0.06*
Bk At 15.58 + 0.66° 19.04 + 0.91" 17.68 + 1.82% 17.05 + 1.12% 2445 + 2.34° 16.00 = 1.71"
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ST I, e R AR RN R T 3 4R S E K
B, DI Ab T RS ROR S | BIFST A B RE 1
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Table 7 Effects of storage time on the content of aldehydes in Huangjiu in glass bottles (mg/L)

e A B 1A /4 %13 5+ T BE T 45 B 2-W R T ER 5t KBS T B
0.3 18.91 + 1.68' 0.45 = 0.05° 1.61 £0.42° 0.23 +0.01° 0.51 =£0.02° 4.74 +0.24
1.0 26.84 + 1.31° 0.62 +0.03 2.26 +0.68" 0.37 £ 0.02" 0.88 + 0.06" 6.02 +0.31
1.8 32.46 £2.70° 0.67 +0.03" 2.59 £0.18 0.41 £0.01" 1.02 £ 0.09 7.36 +0.54°
3.7 36.61 £2.26° 0.95 = 0.05° 2.86 £0.12" 0.66 + 0.05" 1.26 £ 0.05 9.85 £ 0.69"
10.0 47.07 + 1.59 1.19 = 0.10° 3.47+0.11° 0.95 = 0.08" 1.67 +0.04" 11.48 +0.88"
16.8 52.33 +2.64° 1.24 = 0.74" 3.63 £0.38" 1.03 = 0.05° 2.15+0.15° 12.87 + 1.73¢
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MR8 I LA B, RIEEIAF T 10 4R LA L
I ity BT R R S P S TR IR 2 T )
A5 S0 A7 0 a3 5 R, DB R R AR 4
14 PR UE A A BT A R R R AR E . A TP R
R A I ()R 2 5 (P<0.05) , fHLZ R T
% T TP T A A £ A e IR AR, b X A

BE Al B BEACFE AR HEAT TR (32 9) , 45 TR AR A2
AR/, BAT5 2 B R bn i, BTl T 3 4R AR
WYJ5 , R FH B H HLTE % 1) B0 | H IR AR B A A
B E AR A 22 BN, o K IH S S
TR, e R TO R T 2R

®8 MIFER B KM E B RELMERY RS ENIE(m/L)

Table 8 Effects of storage time on the content of alcohols and esters in Huangjiu in glass bottles (mg/L)

W A B IR /5 5% IE A B 7T B 5t % B B-R T B LR LB LB T Bg
0.3 11.82£1.01° 20.92+1.25" 101.05+8.79" 121.08 £ 6.36" 49.23 + 1.15* 29.91 + 1.03* 84.72 + 3.55¢
1.0 1336 £ 1.51"  21.43+£1.37° 98.65 £4.58" 117.26 £ 1.12" 42.75 £ 1.69° 46.80 = 1.17* 100.61 = 6.42"
1.8 16.99 £ 1.35°  18.18 £ 1.20° 81.96 £ 6.78° 112.65 £ 6.03"* 53.05 £3.57* 40.01 £2.54° 116.26 £ 10.21*
3.7 16.16 £ 1.22°  18.09 +0.98° 86.85+6.40™ 117.94 £4.91" 46.87 £3.59" 56.86 +3.46* 103.92 +8.28"
10.0 2047 £3.17" 2021 £ 1.47" 9598 +6.93" 106.33 +5.82° 48.93 +4.09" 51.07 +4.22" 117.38 + 10.06"
16.8 25.08 £1.38" 1993 £1.33" 8544 +5.20* 119.71 +7.14> 54.47 £3.48" 49.60 £ 3.80" 95.17 + 6.35

®O MENEINIKEREEEELERNZID

Table 9 Effects of storage time on the physical and chemical indexes of Huangjiu in glass bottles

e 7 B 16 /4 i 4 B 1% vol M/ge L %A lge 1! BB A Ry L
0.3 12.05 = 0.62 4.50+021" 28.03 + 1.64° 0.51+0.03
1.0 12.11 +0.97* 4.42+0.14" 27.27 +2.71% 0.53 +0.02°
1.8 12.16 + 0.78" 479 +0.62% 28.89 + 2.43¢ 0.55 + 0.04°
3.7 12.28 + 0.49° 475 +0.37% 27.22 + 1.51% 0.55 + 0.03°
10.0 11.95+0.51° 4.67 028> 28.45 +2.38" 0.55 +0.02:
16.8 11.93 =0.81° 5.17 072 22.46 + 1.79" 0.57 +0.03*
3 HFHig T ARG s A5 XU By 5% B 20 1R 20 e T4 i

HutE AT b, A% 50800 8 0 %8 X
R BR T WM AL AR A
K A% A B 1) LDPE JE, A7 R H s i, (A2 &)
W0 % P A e [t B 5 f B AR g k2
AR AATTXE AL bR IR B REAERI A, HF &
TORIERAL 0 A A ) A ey X TR R R A
PR RAL G AR, T EAE R PRE ™ & B R
FE, UARCTE 38 B A 3 R v ) AR R T R IR
7= i A T A R

73 ¥l 59 LDPE 3 J2 58 45— B 41
VEREAH FHAR B PR S, AR i AR R B
AR PEE™, MRS R G E A R S
BRI A A5 B A B Rl R
I AF B Y ok A A N EE S, H BRI
UUVE ., R, 24 B K 2RSS i R, 380

B Rk PR, 5 ) AR R AR A AN 1 5
FHA I AF, SR 094 B 32 22 HDPE, 4
Raf it FALF 2 A B A R (LDPE/LLDPE )Y, H
RHMTE I TRAM, KEESTRIKTHE
AR, Ktk HDPE S0 A 35 5 XU 20 43 Fefi 2k
/IS AT A 1y AR S 328 P S0 o - B L B
PR KR AR M A 2585 T, A 5 3 XU 1) R e
FUE A T I AE, SRR % B 1 4R
DA o ISR P A 28 2 R TR T TS P A 2 A
FELETRR W T AL NI U i Tl 1) AR
FHaAT LR PR RE L, 2RI AE S Y BT XU R 5
RAEAME, BV R/ B A TRAREE 3 ZE A
BEASfude . AR A B RESC B 1~2 4RI
. 54 B AL 7 & T 2 AR K
I A7 I AR PR B T 354 A XU 3 S B B O
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Effects of Barrier Properties of Packaging Materials on the Flavor of Huangjiu

Hu Jian'?, Huang Yuanyuan’, Liu Guixiao', Liu Shuangping', Mao Jian"
('National Engineering Laboraiory for Cereal Fermentation Technology, School of Food Science,
Jiangnan University, Wuxi 214122, Jiangsu
“Shanghai Shikumen Wine Co. Lid., Shanghai 201501)

Abstract In Chinese market, rice wine is generally packaged in composite film bags, glass bottles, ceramic bottles,
plastic buckets and Tetra pak pillows. The barrier properties of different packaging materials are quite different, which
have different effects on the flavor of the finished rice wine. In order to detect the change of flavor of rice wine in dif-
ferent packaging materials, the oxygen transmittance and water vapor transmittance of packaging materials, the turbidity
of rice wine, the contents of alcohol, ester and aldehyde and the physicochemical indexes were detected by the pressure
difference method, coulommeter detection method, cup method, infrared sensor method, turbidity detection method, solid
phase microextraction method and the detection methods of alcohol, total acid, total sugar and amino acid nitrogen. It
was found that the composite membrane had the worst barrier performance, and the permeability of oxygen and water va-
por were very high, which were 1 448 c¢m¥ (m?:24 h-0.1 MPa) and 2.09 g/(m?:24 h), respectively. The finished wine
had obvious flavor loss within 3—-6 months of storage, and a large amount of precipitation appears after storage for 1
year. Therefore, packaging materials with poor barrier properties were not suitable for packaging rice wine. The barrier
performance of the plastic drum was in the middle, the oxygen transmission rate was high, but the water vapor transmis-
sion rate was low. HDPE plastic bucket would accelerate the oxidation of the wine body, making the turbidity and the
content of a variety of volatile substances rise, which was not conducive to maintaining the stability of the flavor, and
the shelf life should be set within 1 year. Tetra pak, glass bottles and ceramic bottles had better barrier properties, and
lower oxygen and water vapor transmission rates. After storage for 1 year, the precipitation was less, and the flavor con-
tent of rice wine remained relatively stable. The physical and chemical indexes and flavor of the glass bottle packaging
products stored for 1-17 years were analyzed. The quality of the products was good and they were still suitable for
drinking. The content of most flavor substances in rice wine remained stable, but the content of aldehyde compounds in-
creased under the influence of slightly dissolved oxygen. This indicated that the rice wine is stored in glass containers,
and the aging changes also occur.

Keywords Huangjiu; packaging material; flavor; shelf life; oxygen transmission rate



