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Abstract: During the storage and sale of bottled huangjiu, precipitation caused by non-biological factors frequently
compromises consumer acceptance. Ultrafiltration has been widely used to control huangjiu's non-biological stability, but
this treatment's impact on the storage stability and flavor of huangjiu is unclear. In this study, bottled huangjiu was treated
with ultrafiltration membranes featuring pore sizes of 50, 30, 10, 5, and 3 kDa, monitoring colloidal stability parameters
(turbidity, polyphenol turbidity, centrifugal sedimentation rate, particle size, and Zeta potential) after 1, 150, and 270 days
of storage. The precipitable components, antioxidant properties, physicochemical indices, and volatile and non-volatile
substances of huangjiu in the later storage period (270 days) were determined, the sensory and color changes of huangjiu
were evaluated, and the optimal pore size of ultrafiltration membrane was determined. Results demonstrated that
ultrafiltration notably diminished turbidity, polyphenol-related turbidity, and centrifugal sedimentation rates in the huangjiu,
significantly enhancing its storage stability. Both the 50 kDa membrane and smaller pore sizes yielded optimal treatment
outcomes. Colloidal property assessments suggested that ultrafiltration might have eliminated large molecular proteins,
resulting in a reduced mean particle size of the huangjiu colloid, a more uniform particle size distribution, and an elevated
Zeta potential. Over the storage period, the 50 kDa ultrafiltration membrane more effectively preserved the flavor and color
of the huangjiu, whereas membranes with 30 kDa and smaller pore sizes caused varying degrees of flavor weakening and
color lightening. The retention of antioxidant activity, volatile compounds, and non-volatile constituents decreased with
smaller membrane pore sizes. The 50 kDa membrane had the least impact on functional components, volatile compounds,
and non-volatile constituents. This study elucidated the comprehensive effects of ultrafiltration on storage stability,
precipitable components, functional constituents, and sensory properties in bottled huangjiu. Considering stability
enhancement, flavor preservation, and sensory acceptance, the 50 kDa ultrafiltration membrane showed the best application
potential in solving the precipitation problem in huangjiu processing, providing scientific guidance for quality optimization.
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Table 1 Regression equations of proteins, polysaccharides,

polyphenols and ferrous ions
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Fig.1 Changes of turbidity and centrifugal precipitation rate of bottled huangjiu before and after ultra-filtration
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Fig.2 Changes in the particle size and Zeta potential of bottled huangjiu protein colloid before and after ultra-filtration
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Fig.3 Content of unstable components in bottled huangjiu stored for 270 days after ultra-filtration
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Fig.4 Heat map of correlation between precipitation
components of huangjiu and colloidal stability index
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Fig.5 Antioxidative of bottled huangjiu stored for 270 days
after ultra-filtration
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Table 4 Changes of the physicochemical indices of bottled
huangjiu stored for 270 days after ultra-filtration

GB/T
B Xif MR 2H
Lyl 136622018 50kDa 30kDa 10kDa
oH 3546 403+ 419+ 418+ 418+

0.03 0.06 0.05° 0.03*

- 160+ 158+ 157+ 157+
i (o >3
WA (%vol) 8.0 025 0.6 04 025

mimAREL 2030 Go Gow e oo
> + + + +
L) 1sima00 PP 2POIEE 20S0i 2030
L) , 16450+ 15833+ 15427+ 15.040+

0.2* 0.52® 055 0.81°
o4 s 4924+ 4878+ 4701+ 4.631+
SR (g/L) 3.0~7.5 0.09° 0.64° 0.24° 035
. - . + . + . + . +

R EL >0 [ 300k 38 3t

TE: R TR R AR A R 71 Rm 22 5 3% (P<0.05), R 5~3K8[Al.
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(P<0.05), BIU/NLARBE ] GERR E T 2 biakobi g &
Yo ARVEEIE Y & B LA YR /NZ BRI, 10 kDa
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Fig.6 Changes in the total amount of volatile flavor substances
in bottled huangjiu stored for 270 days after ultra-filtration
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Table 5 Changes of 12 key volatile components in bottled huangjiu stored for 270 days after ultra-filtration

P =N
ok T kel
X AR 2 50 kDa 30 kDa 10 kDa
LR LT 19549.38+131.46" 19318.17+314.00* 18679.53+291.63" 18592.23+409.26"
— LR T 16747.30+308.43" 16536.92+333.79" 15960.18+521.95" 15738.89+165.99°
H
- CRZBR 710.70+0.60° 703.5246.13" 690.09+18.23° 633.59+50.53°
BT [ T 311.48+1.21° 300.09+9.55%® 292.50+5.90% 285.69+8.27°
HFEE 11.95+0.85° 10.77+0.62% 11.03+0.10® 10.2240.65°
. R 139.45+6.39* 124.18+10.56° 115.96+6.30° 110.51+1.48°
@§7K—
- AR 376.67+8.75" 347.91+20.93 348.99+25.78° 364.08+5.97
T 1270.07+126.16 1233.08+189.07* 1005.41+16.98" 1008.704+22.34°
K 47867.81+351.32° 46358.95+224.39" 45248.89+629.79¢ 43453.91+682.15¢
=S SR 8494.68+36.74° 7897.56+76.35" 7469.11+86.58° 7423.03+22.30¢
ST 1688.96+53.03" 1665.62+57.81* 1650.92435.74° 15464.20+316.56°
[i7ES R 180.588.32° 167.86+3.20° 160.84+2.65" 149.78+4.42¢
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X 12 OGRSy, BRI R h R 2,
P A L2 L BETE 10 kDa 4B )5 5%k B 20 A7 i 5k
257 (P<0.05), <30 kDa 4bP5 ZLAR 2.5 -5 X FR2H
A 225 (P<0.05), 1 50 kDa ZbFEIIXTZLAR £,
P JCHA S 520, BNV INFLAR I IR AT BEXTIX = FhliEd
AT — 2 1A B SO BRHE FH ;. % SIETM R 1, S556F
HEZHAH L 30 kDa 1 10 kDa AZbFH 34 i 35 R 7E 5
WP Y B (P<0.05), E— 2B Ui T BEFLAR /NGt
R BRI 5 A D SE IR o X IRESS Y B IR
JBT, 10 kDa JRADIE ) FREAR T A7 22 3 L AR S FIRRIEE
&5 (P<0.05), T 30 kDa JIEEAb BRI i 35 REAIG T 48
RN & (P<0.05); EAh, <50 kDa ARHRHLEEAIRT
G S 1R S B (P<0.05) o BT R TSR TR,
WFLAE ZBR . LR 215 . R LTS ANV I AR 2 BR 5%,
VE RN TRNE, AN Wi ok T IR A7 R0
SR, I B AR [ B i i T R B — 2 A fel e
RO R, O P RS L RS BES L RIS HN
ZWEA ) SO A M R P [ A T 2 TP 2 AR 14 AT
A FIRIPYRAEAEP . KFLAE (50 kDa) FUAEEAS AR FH,
AAFRRSEY IR/, IR R AR B T 3 9 XL
MR AL TRENE, X WS E S RFR AR PLA
At S BB PN B S B 45 A — 3, i — 2B 38E T
50 kDa AEJE ARAN B BT S T A AU e S AN L
2.5.2 AT TP A R MR BRI E LS R T A
HILBR AN B 2 IR/ Sy e v7g v 2 A AN ) T,
X BV U | (R N SR SRS, AR B IE AT S
R B AR e MR L (LR I & k4 o B ARG T
ZEIL, MEFLAESN 50 kDa. 30 kDa F1 10 kDa 95256
21 AT ML IR NI 25 2 R, LA R 2o ik i B ok

Mo MRYEFR 2 AYIRLME TR, T T LA b
FHAPRRIY &I, 4R UER 6 s RIsEFEMR O
WG EER S MR, K05 R AR A TP 2 IR i
HE, 45Nk 7 R

6 HIEAFS R 270 d AR AT HLIR AR LA Bl
Table 6 Changes of organic acids of bottled huangjiu stored
for 270 days after ultra-filtration

T it (mg/L)
HHLIR
X B2 50 kDa 30 kDa 10 kDa
HRR 2.73+0.42° 2.61+0.46° 1.7740.23 1.62+0.32°
AR 94.93+5.61° 78.20+6.08" 52.87£6.06°  51.32£6.07°
AR 21.51+3.61° 18.26+3.70° 17.44+3.62° 16.9342.09°
W 66.45£6.37° 49.7348.43° 43.13+4.95°  43.48+5.39"

FLER  1459.51+107.46% 1231.02+124.49° 1219.79+101.75" 1216.98+69.38"
LR 467.95+28.03°  451.18+17.23%  432.52424.68° 427.14+34.56°
PR 889.22+65.46°  654.82+42.93"  622.88+58.48" 615.25+73.88"
BRIAMR  13.29+1.99° 12.83+0.14 12.1943.12°  12.82+0.21°

55Xt R L, AP 7 T, SO WA TR . FLIR
T AR 1 5 S A FE AR R IS REAIG, Horp/NFLAR IR
(30 kDa. 10 kDa) i) B R R HHH &2, 1 50 kDa #8
VEREAD BT TP A M LR M s /N TR . ZLERFIBE
MR SR/ YR 7T 2B/, IR &Rt EA
o UFE LR 7 T, BRI S B E e R N
AR ZE AR E . L5528, 50 kDa XA HLER
MARBRWRHEAR T, BEHEENE,. 5
30 kDa ZHAH L B /NFLAR AU (10 kDa) Zb B, 2 FEFR
ErE A BT T, HENE R IR S e TS
[\l - 5 AL i 30 kDa FLAR IR, B R KR 3%
FEMR ) 43T HE /)N, e i il BE AL, (R 2 SR LA

T OHIRAEIT A 270 d AR BT 17 R O AR LR AL
Table 7 Changes of 17 amino acid contents of bottled huangjiu stored for 270 days after ultra-filtration

J o i (pg/mL)
BIEIR B 1 [E] (min )
X RRZ 50 kDa 30 kDa 10 kDa
RAHR(Asp) 3.033 193.33+11.99* 191.66+7.55 175.8+11.83° 187.69+11.93°
AE(Glu) 3.427 321.67+20.33° 291.37+40.95% 257.46+34.50° 287.35421.11%
22512 (Ser) 6.400 54.33+4.99° 53.20+5.71% 42.43+6.21° 43.54+5.36%
2H %42 (His) 7.360 87.47+7.36° 84.03+5.69%° 69.18+9.55" 81.55+6.17%
HZM(Gly) 8.183 258.85+8.95° 246.98+29.65 207.22+34.76 240.35+45.2°
J12 MR (Thr) 8.501 96.53+6.09* 94.51+8.25 83.36+6.68° 92.97+5.80°
Hi%dM (Arg) 10.105 370.33+21.78" 366.78+23.43" 332.36+55.75° 365.14+42.97°
AR (Ala) 10.691 458.07+30.9° 454.37+42.04* 386.86+41.15 436.61+40.78"
% 2% (Tyr) 13.088 235.19+33.89° 227.71£30.39° 185.05+24.09° 221.32424.19°
AR (Cys-s) 16.049 7.73+0.18° 6.5140.48" 5.37+0.63" 6.18+0.78"
#i5MR (Val) 16.828 213.85+40.07* 209.98+25.26° 178.31+31.13° 204.13+26.72°
EH R (Met) 17.093 48.56+7.55° 43.14+6.05° 28.90+3.84° 41.11+3.68°
RN %% (Phe) 19.820 273.88+21.41° 268.90+11.68" 239.66+25.65 264.55+9.74*
S5t adR (1le) 20.168 113.35+20.14* 110.79+14.86° 95.07+3.63" 109.51420.05°
52542 (Leu) 21.471 350.16+22.05° 347.67+42.30° 304.56+42.53° 341.94+36.52°
iR (Lys ) 22.270 203.02+12.01° 201.84433.10° 165.37+34.96 194.51+13.31°
it (Pro) 28.962 369.96+19.44° 351.64+23.30™ 252.35435.45° 312.25+10.85"
B HER / 3656.20+£265.13" 3551.11+£348.88° 3009.36+392.49* 3430.70+£300.56°
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R F 2 A WIE A (AN ER SR A I B sk
FHTR- GRS F UG, IXLLE RN E Sk
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Sl 15 BE 10 K4 (A (1 R sl IR B ) nl B S ib—2b
Sy alORR L A R, 1B IR 1 A I I U B E
VR, SECEIERR R RIT . IRAE, Mg R T
AEAEAE S PRV E A e s O, 586 Ko+
CAN RS ) 9l e e ol e 25, R M e, DT 4 v 8
TR AR I A IR o
2.6 BEEITESFEET

AR P BT S S 86 g5 B, AR X & i 50, 30,
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Table 8 Sensory change of bottled huangjiu stored
for 270 days after ultra-filtration

Jatk payiiEitl 50 kDa 30 kDa 10 kDa
BEFRMR  8.83+0.12° 8.26+0.75" 7.97+0.35° 7.93+0.40°
LS 6.10£0.17°  6.17+0.47° 5.77+0.21° 6.03+0.25"
R 7.06£0.06°  6.80+0.56° 6.30£0.26° 6.37+0.47°
fif iR 6.57£0.12°  6.07+0.31®  5.63+0.35*  5.97+0.15°
S 4.93+0.06° 4.80+0.26" 4.73+0.38" 4.4340.67"
[ivgis 7.40£0.17*  6.87£0.35®  6.90+0.10®  6.70+0.44"
i 6.57£0.23"  6.47+0.50° 6.30+0.30° 6.30+0.79"
BRF  6.20£0.17° 5.93+0.40" 5.80+0.26° 5.70+0.53"
58 8.40+0.17*°  7.87+0.12®  7.70+0.82*  7.37£0.51"
FME  6.43£0.12° 6.13+0.49° 6.13£0.61° 5.90+0.10°
A 5.83+0.12°  5.70+0.30° 5.73+0.25°  5.70+£0.30°

Pl 7 RIEALIE S A 270 d HORE BER AR 1
Fig.7 Color change of bottled huangjiu stored for 270 days
after ultra-filtration
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