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Effects of high-pressure processing on microbial indicators, physicochemical

indicators, and aroma components of golden tea beverage
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Abstract: [Objective] To systematically evaluate the comprehensive effects of high-pressure processing (HPP) on microbial inactivation,
physicochemical properties, and volatile aroma compounds of golden tea beverage, and to optimize a non-thermal processing technique, in
response to the negative impact of conventional thermal sterilization on its quality. [ Methods] Golden tea beverage was treated under
different pressure-time combinations using HPP. Microbial indicators were determined, and microbial inactivation kinetic models were
established. Changes in physicochemical properties (tea polyphenols, free amino acids, total soluble sugars, pH, and color) were analyzed,
and sensory evaluation was conducted to determine the optimal processing parameters. Meanwhile, volatile aroma compounds before and
after HPP were characterized using headspace solid-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS).
[Results] The Weibull model more accurately described the non-log-linear inactivation behavior of microorganisms. Under the optimal
condition (400 MPa for 5 min), the total viable count decreased to (8 +=2) CFU/mL, fully meeting national beverage hygiene standards,
while achieving the highest overall sensory score and maximizing the retention of color and taste. Aroma analysis showed that HPP reduced

certain floral and fresh compounds, such as nonanal (decreased by 86.2%) and linalool (decreased by 65.3%), while increasing ripe-sweet
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compounds such as #-myrcene. The aroma profile shifted from a "fresh floral" type to a "ripe-sweet" type, without generating typical heat-

induced off-flavors. [Conclusion] HPP (400 MPa for 5 min) effectively inactivated microorganisms in golden tea beverage, better

maintained aroma harmony, and avoided flavor distortion, demonstrating its feasibility as a non-thermal processing technology.
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Table 1 Effect of HPP on microbiological indicators
&/ ¥ 3% 1Y PNE L TE T RN B 1T/
MPa  (CFU-mL ') (MPN-mL ") (CFU-mL™ ")

0.1 17704270 ND 521419°
100 290+11° ND 117+6°
200 111412 ND 2945°
300 34+7¢ ND 10+2¢
400 16+1° ND ND
500 ND ND ND

T NDFERAK I FIPNG F AR R 22 57 8.3 (P<<0.05) .
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Table 2 Effect of HPP on physicochemical properties of golden tea beverage

J%71/MPa pH ANE KZW/(mg-kg ") AR YE R/ (me ke ") WFE AL/ (mg kg ")
0.1 6.2340.00™ — 365.71+0.44" 286.77+4.40° 149.44+0.43"
100 6.224-0.02° 1.640.00° 365.56+0.24" 349.35+£5.25° 148.7540.33"
200 6.2640.02° 1.660.02° 364.83+0.30° 362.31£2.41° 148.68+0.13%
300 6.2440.02% 1.684+0.01° 362.45+0.40° 388.67+£8.68" 148.58+0.27"
400 6.23+0.21" 1.6940.02* 360.15+0.33¢ 393.5740.92° 148.29+0.10*
500 6.2440.02% 1.7140.00* 358.16£0.60° 342.04+7.92° 148.20+0.03°

T FSNG SRR #8225 3 (P<C0.05) o
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Table 3 Effect of HPP time on microbiological indicators

i [h) / T 75 K NN i T A RN TR/
min (CFU-mL ')  (MPN-mL ") (CFU'mL ")
0 17704270 ND 521419
5 75+3° ND 26+2°
10 34+7° ND 1042°
15 154+4° ND 4+2°
20 1+1° ND 341°
25 34+2° ND ND

T NDFRARRK ;A G/NG TR IR R 22 5 3 (P<0.05).

AL PR RO S R B TR TR AR B m R
[ 24 10 min B 0] 35 P BB & i m , T RE R R R A A
IR T AR 25 Z W2 AW = = G5 1 10 U5 Fg K
HT AR, A K 0 1 2o W e S 157, DR ot iy 30 ] ok A
T R TR R i R I IR 4 Sk S K AT b
1 Sy 26 7 78 52 07 19 T 0 % 34 0 T R, TR b T T e
SN R U R A R i B A R e I JR] R S BT
R, 3 g2 PR Ok o e ] BB A 3k R 11 B P K AR B Ak Bl L
Ak 2 SR, 5B o) 2 R (W 75 2R 22 2 TR ) 7 1 B
" 2% 1, 76 300 MPa |, FE K 8 155 R Ak B[] 1T i —
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Table 4 Effect of HPP time on physicochemical properties of golden tea beverage

i} ] /min pH AE LW/ (mg-kg ") AR A/ (mg-kg ') IR/ (mg kg ")
0 6.231-0.01° — 365.7140.44° 286.7744.40° 149.44+0.43°
5 6.22+0.02° 1.64+0.01¢ 368.01+0.70° 384.01+5.66 148.9740.12°
10 6.244-0.02" 1.684£0.01™ 362.454-0.40° 388.674-8.68° 148.58£0.27"
15 6.24+0.02° 1.7040.01° 360.69+0.50° 371.60+0.16 148.384+0.20%
20 6.274-0.02% 1.69+0.02% 359.314:0.50° 314.904-0.74° 148.2140.08%
25 6.2840.03" 1.67+0.01° 357.5540.63" 273.1340.26° 148.00+0.11¢

T RSNG R R R R 22 5 W3 (P<<0.05) .

161



162

% K Fl DEVELOPMENT & APPLICATION

wta
84 100 MPa
200 MPa
£3 \ 300 MPa
400 MPa
82 500 MPa
81
80
N  — -
ke TOER
(a) #A 5 1 X 453 i o 19 5% i)
A1
Figure 1

I TRD X 28 V5 i BT 2 e = 28007 B 3K T A 8] 1(b)
FRR
2,13 HEERE LEWE

(1) T I8 58 A7 I £k - an i 2 07 7R, W RR 0 1 Ak 38 s ()
JE A 4 A TOR) rh Bk A7 TR VR S ECRE S/ L T FLEE R TR
JEJIHRR, TR B 8. s A8 R (RS5)E
WY, — g3l J1 24 B B (Log-linear 5 Y ) (1 4 56 2 B R2HN
0.77~0.98 , [ 7£ 55 1= J& J1 i) (411 400~500 MPa) 48 & 4 4f- -
M Z T, Weibull #81 i R* 4 0.95~0.98, i /R H 8 )2
B 3 NP 5 R e R0 R B R TR A L 5 R ik SR
PG M RAATE B MRS . LT Weibull #5571 1) 41
ST T IAE] GB 7101—2015¢ £ 46 4 H K bR if
PR (1gN<C2) BT d By S AR TR I 1R 45 3R W], 76 AN [+
FE &R 3K B0 br kBT A 09 S5 B I R4 0 R
100 MPa i} % /> 26 min, 200 MPa i} & /> 12 min, 300 MPa
i % 2 5 min, 400 MPa i % 7> 2 min, 500 MPa i} % />
1 min, 254 813 45 A T 4 1 T 38 4 28 ORI I i JER BT
3 AF BN G P A bR IR SR RAF Y R — i gl A A

35

3.0

% 25

£ 2.0
§ § : —=— 100 MPa
WZ 15 —o—200 MPa
oo f —a—300 MPa
10 —¥—400 MPa
—+— 500 MPa

0.5

0.0 L L L L L
5 10 15 20 25
Hsf ]
Time/min

B2 HAEEHR—EHHTEF L
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Table 5 Model fitting of microbial inactivation kinetics

ey Log-linear f5 %4 Weibull 5 %Y

MPa IgN=IgN,—k R? IgN,= IgN, —(¢/a) R?
100 IgN=3.02—0.045¢ 0.85 lgN=3.24—(1/16.05)"* 0.96
200 IgN=2.98—0.071¢ 0.90 1gN=3.24—(1/7.79)*%  0.97
300 1gN=2.74—0.094: 0.84 IgN=3.24—(1/2.74)"* 098
400 1gN=2.55—0.103 7t 0.77 1gN=3.24—(1/1.05)**  0.96
500 1gN=3.05—0.624 8¢ 0.98 IgN=3.03—(1/0.04)*** 0.95
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Table 6 HPP sterilization process test design
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Table 7 Sterilization effect of HPP test conditions

LI JE J1/MPa AR JE 5[] /min
1 100 26
2 200 12
3 300 5
4 400 5
5 500 10

Rl JE T B ZEOR o R R 8 FT A, 45 Ak BELEH (8] pH 5 i B R

PR 5 i AE AR W 5 SRR B ALAT L, A AL 3 4 A9 2%
P AT OB AT T R AR PR S R 2 B
BEREAR

25 Ak HRL2H 2 [ €0 R R A R /N AL AL B 5
AEAEME & o BCE AN 45 R (3R 9) IR, A [R] 4k 2R 2% 1 %3
TR W WY, T RE R TR R R A 0 4 O S 2% i
i 0 5 A2 BN, (e e IR SR B s R B oR

R e

i

e WA AU K v RE/ B BRI R/
(CFU-mL™")  (MPN-mL ") (CFU-mL ")

KA 914421 1242 215+7

1 146+8 742 2042

2 70410 442 61

3 29+3 ND ND

4 8+2 ND ND

5 ND ND ND

T NDFRARRK ;A G/NG TR R R 22 57 12 (P<<0.05).

W HZ A, AT 4(400 MPa ., 5 min) A9 45 & B P4y
B UHAEFES SR TS RARALR ELR &
THAZ 2% R AE 5 31 % TR 285K A () ) A8 A 2 32 b £ B 7
B KU 5 R BRI 25 A A W R AR B AR AR AR AR
BB 3T AR, B AR IRR B R AH N R T L
44K« JE J7 400 MPa, B[] 5 min.
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Table 8 Physicochemical properties of golden tea beverage under HPP conditions

b B 21 pH KZW/(mg-kg ") AL A/ (mg-kg ") W @R/ (mg-kg ")
AR 6.234+0.01% 365.71+0.44° 286.77+4.40° 149.444-0.43"

1 6.22+0.02° 363.7540.52° 315.10+1.18¢ 150.2041.57°

2 6.2640.02% 364.64+0.07° 369.18+0.67° 148.64+0.07°

3 6.22+0.02" 368.01+0.70" 384.01+5.66 148.9740.12"

4 6.2240.02° 366.0240.24° 386.73+0.54" 148.410.09°

5 6.24+0.02" 358.1640.60" 342.0447.92¢ 148.2040.03"

T RANG TR R R R 22 5 W (P<<0.05) .
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Table 9  Effect of HPP test conditions on color difference (AE) and quality score

yLL kel AE Bk (14 53) HFARR5) Wik (1343 JE R (B4
R — 94.0740.12° 93.58+0.71" 94.18+0.20° 93.9540.28"
1 1.65+0.01° 93.00+0.00° 92.6040.53 93.3840.40° 93.03+0.04°
2 1.66+0.02° 93.1740.29 92.07+0.31% 92.46+0.19° 92.46+0.08*
3 1.6440.01¢ 93.134-0.23" 91.3740.47° 92.7240.37° 92.334-0.04
4 1.64+0.01° 93.2740.25" 93.67£0.21° 93.7940.07* 93.64+0.14°
5 1.7140.00° 93.1340.23° 91.0540.71° 93.4740.12° 92.55+0.20°

T FPNG TR R 22 5 3 (P<C0.05) o
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Table 10 Quantitative results of aroma components in golden tea beverage by GC-MS
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