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Dynamic Evaluation of Stability, Sensory Characteristics, and in Vitro
Antioxidant Activity During Storage of a Whey Fermented Beverage
Derived from Milk Dregs By-product

HE Fan, CIRencuomu, CI Danyangzong, LA Mu, LIU Diru’

(College of Public Health, Lanzhou University, Lanzhou 730000, China)

Abstract: To effectively utilize the substantial by-product, whey, generated during the processing of characteristic dairy
product milk dregs on the Qinghai-Tibet Plateau, this study utilized whey from Senburi Village, Gagong County, Shannan
City, Tibet, as the raw material to prepare a kefir-fermented beverage. The effects of different sterilization methods and
sucrose addition levels on the storage stability, sensory characteristics, and in vitro antioxidant activity of the whey bev-
erage during storage (4 °C) were systematically investigated. Results indicated that post-fermentation sterilization signifi-
cantly (P<0.05) reduced the acidification rate, centrifugal sedimentation rate, and the 1,1-diphenyl-2-picryhydrazinyl
(DPPH) free radical scavenging rate of whey beverages, while enhancing viscosity and the scavenging rate of 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) radical cation (ABTS"). Under set sterilization conditions, the beverages with 9%
(w/w) sucrose exhibited the fastest acidification rate (P<0.05) and the lowest (P<0.05) centrifugal sedimentation rate on day

28 of storage, alongside the highest (P<0.05) apparent viscosity and free amino acid content. In contrast, the sugar-free for-
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mulation demonstrated significantly higher (P<0.05) DPPH and ABTS" free radical scavenging rates than other groups on
the first day of storage, recorded as 95.28%+3.29% and 63.58%=0.11%, respectively. Consequently, the beverage with 9%
sucrose undergoing post-fermentation sterilization demonstrated optimal storage stability and sensory acceptance, while the

sucrose-free formula was more beneficial for enhancing antioxidant function. This research provides novel insights for

enhancing the efficient utilization of whey resources in Tibet, exploring sustainable development models for the whey

industry, and diversifying the functional beverage market.
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Table 1  Sensory evaluation rules of whey beverage
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Table 2 Basic components and physicochemical properties
of whey raw material
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Fig.1

pH and its acidification rate during storage of whey beverage
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Fig.2 Viscosity (a) and centrifugal (b) of whey beverage during
storage
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Fig.3 Total viable count of lactic acid bacteria in whey bev-
erage during storage
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Fig.4 Sensory score of whey beverage during storage
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Table 3

F 3 TP LIS OB CR BT R B v 1 2 S M s e SR

Differential free amino acids in whey beverage (post-fermentation secondary sterilization) during storage
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IR

(d)

Zr it (mmol/L)

(Thr)
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(Vval)

SITER
(Ile)
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KN
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R
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HER 225
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BHER
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R
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R
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KEER
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Nl
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7%
1 9%

11%

7%
7 9%
11%
7%
9%
11%
7%
21 9%
11%
7%
28 9%
11%

0.090.03°
0.17£0.01*
0.21£0.05**
0.12+0.01°"
0.17£0.01*
0.23£0.06**
0.15+0.00°
0.19x0.01°"
0.21£0.06**
0.14+0.01°"

0.18+0.03**® 0.32+0.05**"

0.26£0.05**
0.15+0.01°"
0.20+£0.01*
0.24+0.02%

0.25+0.01"  0.09+£0.02"  0.30+0.02">  0.09+0.01**  0.06+0.00**
0.15£0.01"" 0.43+0.01**®
0.19£0.06"*  0.54+0.13**
0.09+£0.01"  0.27+0.02°
0.1440.02**% 0.39+0.04**®
0.19£0.06"*  0.56+0.10"*
0.100.01"*  0.32:0.00°
0.45:£0.04*"
0.50+£0.14*  0.14+0.03*
0.27+0.02°°  0.08+0.00°*

0.33£0.01%* 0.12£0.01"*  0.08£0.00"*
0.09+0.02**

0.05+0.00°

0.15£0.05**
0.09+0.02*

0.40£0.11**
0.2240.01°®
0.310.04** 0.11£0.01"* 0.07£0.01*®
0.11£0.01**

0.07+0.00"*

0.15£0.03**
0.10+0.01%
0.12:£0.00*

0.43£0.11*
0.28+0.01**
0.36£0.03**  0.16+0.02** 0.08+0.01**
0.09+0.02**

0.06+0.01°*

0.17£0.06**
0.10+0.01°®
0.14£0.01%®
0.21£0.03*

0.39£0.12*
0.2240.03*®
0.41£0.06" 0.11£0.01**" 0.08£0.01*"
0.11£0.01**

0.07+0.00°

0.600.06"*  0.16+0.02"*
0.1240.01"  0.32+0.03"  0.08+0.00"®
0.33+0.01** 0.1540.01**® 0.41+0.02**® 0.12+0.01**® 0.08+0.01*"
0.42+0.07**  0.20£0.03**  0.56£0.05** 0.16+0.03** 0.110.00**

0.44+0.08*
0.27+0.01°®

0.19+£0.01"  0.14+0.05**
0.24:£0.02°"
0.30+0.08*
0.17+0.03*
0.21£0.06*"
0.3620.05"
0.23+0.00°®
0.290.02*4
0.31£0.04*
0.18+0.01°®
0.31£0.07*®
0.45£0.03**
0.25+0.04°
0.31£0.00"  0.23£0.01°"
0.44+0.02"  0.27+0.01*

0.2240.01*
0.25+0.05**
0.15+0.01°*®

0.28+0.04**
0.19+0.00**
0.24+0.01*
0.25+0.06**
0.16£0.01*®

0.29+0.05**
0.1740.02*

0.14+0.05"
0.3740.01%
0.44+0.15
0.26+0.01°

0.21:£0.03*" 0.35+0.06**®

0.47+0.15
0.3240.01*
0.3940.04*
0.31£0.06™*
0.27+0.05"

0.22:+0.03**" 0.370.03**®

0.52+0.15
0.28+0.03"
0.3940.04*
0.46+0.10"

0.02+0.01"*  0.11+0.05  0.82+0.05*

0.03+0.01**
0.04+0.04"
0.03+£0.01**
0.04+0.01"*
0.07+0.02*
0.03+0.00*"
0.05+0.00*"
0.06+0.02"
0.03+0.00**
0.05+0.02**
0.07+0.03*
0.03+0.00**
0.04+0.00"*
0.06+0.02**

0.17£0.01%®
0.28+0.06*
0.18+0.04°®
0.1620.02®
0.25+0.03*
0.06:0.00°®
0.210.02*4
0.21£0.03**
0.13£0.01°®
0.19+0.03*
0.32+0.02*
0.20+0.05"
0.180.02*4
0.270.02*

2.68+0.20"®
3.51£0.11%°
4.2340.62"
2.58+0.25"%
3.29+0.40""
4.52+0.71"*
2.94+0.03"®

0.110.01%
0.89+0.04**  0.15+0.02**
0.19+0.06**

0.13+0.01**

0.93£0.08*
0.69+0.05*
0.810.11"  0.15£0.02*
0.20+0.07**

0.11+0.01**

1.03£0.05*
0.84+0.01°®
0.96£0.03*"
1.010.08*
0.66+0.05"

0.16+0.01**  3.90+0.21*
3.92+0.72**

2.56+0.18"

0.16+0.07**
0.110.01%
0.94£0.12"*  0.14£0.02**  3.63+0.50°"
0.20+£0.07°*  4.93+0.48*

0.124£0.01*°  3.03+0.21*

1.06+0.07**
0.82+0.07"®
0.8740.03*  0.16+0.02**® 3.66+0.15"®
1.03£0.03**  0.2120.04**  4.64+0.28"*

T REVNG TR AN 28 57 .35 (P<0.05) s AN FIKS B3R gL ] (] — Iy, (b sigs i R Im)) 22 5 3 (P<0.05) .

TEFLIE YRR #9854 0.02 mmol/L+0.01 mmol/L~
0.32 mmol/L+0.02 mmol/L; ¥ Z B (Arg) . 4 & MR
(val) . & MR (Leu) . 35 E L (1le) . RN & R
(Phe) FNZH &1 (His) A ZLIE OB R 19 222k IR,
TEFLERCE A& 4 0.08 mmol/L+0.00 mmol/L~
1.06 mmol/L+0.07 mmol/L; 241 (Glu) FLiE Yk
R 19 TRk IR, EFLIE R B E 2SN 0.07
mmol/L+0.01 mmol/L~0.52 mmol/L+0.15 mmol/L,
KRS R A5 R R BN FLIE O Y B8 = iR o
TG 35 FE ) 451 U S 2 SRR 1Y) R B TRV R AT . Y
TG AR 3 AT RE R F T 2 S R A R
BB A=, R AN S S T R i A L R )
ARAb . USRS I i B a0 LR B A L HR SR
BRE(ILIR (Thr, Ser Fl Ala) 5B 4r PR IR (Val,
Ile. Leu il His) B & & . FEPBR IS 9%
11% B, ZLIE R U 25 22 8 s AR EIR | 97
IR 2 UL 11 5 et S 25 T (P<<0.05), FIRDHEES N
HEA 7% BF LA ORI i B S R 1R B e RN AR I
MR BR R B A LR 1Y S = & I (P<0.05) .
Rt I HA G K, 220 3R S i G A i AR Ak, {HES
AR LR (A1 Val., Leu F1 His) B JHEEH G811
H T BFL(P<0.05), AT HEFE M I3 e W 04 AU - 1
SRR S R A2 N M RN, 5 B SCE 4
FLIEYCRHE 585 R E PRSP B4 T R
—3.
24 FLEREIRRHEICEARNIE KRR

4 BEUT T FARPBEAS I B RIS B AT LIS K
BT EALMERERSE I . YRR . FTRDHER
InEh 0% B, ZLIEUOBHE I - N Is & 4iRF s bt
S bGP, DPPH H H3L7EBR RN 63.55%+6.39%~
95.28%+3.29%, ABTS" 4 FH 3% 7§ Bk R N 60.63%=+
0.28%~63.58%=0.11%, i 35 & T FH Ath & B ¢H (P<
0.05) . FEPHEAGES AT LA Kefir XTI A9 FH,

PRAS BT S A 7 [R) LR A T, 300l 2 1 T A Rt
IR, VLIS R 0 53, DT REAIRBL S8 AR R
AP AR AN ARV B, T Kefir H BBt
FLIF  EAE POFLEEE s, RIS 3Z BRI 4514
N, ARSI 2% A AR K S A SRR A G AR, — 7
B & A (20 . 20 &R i A AL S iR s 3L 1Y
NI, 55— T A R 22 B A ML AR AR I (Ui AL
P AR P H G A ) P, dEmi e T FL
HUEHAPTEILRE T M ERPBEGS N — i, &%
J& IR AHEACFRAY DPPH [ HH L 17 4 25 I 35 [ AIG
(P<0.05), i ABTS"H 2L % R i & F+ & (P<
0.05), —EHARFEMPIEMAERIMITEES —HS5HH
W ERAIPLTRIAS R A L0, DPPH H 235 MRE
= W AR P B (AN K PEB TR AR BUPT AL
FEME, R AT LA SR AN B SERLIE O R Y
FLIR B, [R] B IR T BT AR A 1% P IR A S AR Tl 1)
Zh ey, AT S 20 DPPH [ FR 355 35 B R R AR B
ABTS" [t L5 BRAE 7 322 I A 22 P9 A 45 57K P
R AR A E N I ST RGP, RPN RESS
T EGE R AR M, B R T 22 oK M SRS R N F
FL(-SH), X LEFILPA AT DA B 50 B L2568 1, t—4
fii ABTS™H HELIGERFETHE P70, 5540, A4z
PROBHE I JEE WA 25 28 d BY DPPH M FH 3% i Bk 3 ANl
ABTS" [ HHIE7E BRR ) B I8 T IO EE 1 d(P<
0.05), X 5 Bk 510 H2 3l i 45 R AR — 34, AT
TEBRLRE VT WP IERh P SRR A ehr, A B0 R I A e b ik 1]
f) DPPH H HI3E7ERRLL AL ABTS A HETESHRE
TR KRR, Hafssh & BEm Y DPPH H
FH L9 B SR A AR I 2E 28 d B2 % (P<0.05),
ABTS TH BRI M I IRCHA T LR 2T T f4(P<0.05), X
Seos R ATEE S RRN . R T R LU RS R 5 .

2 H FLIEOBHE R 5B 5 28 d 1 FRAP {H1)
AR TS 1 d(P<0.05) . KRB & mikrT
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Table 4 Antioxidant function of whey beverage during storage

W ARG A FAPHE DPPHE M3 ABTS HHHZ:  FRAPH
W) ZUORE BnE WEBRR(%)  WEBRFE(%)  (mmol/L)
0%  95.28+3.29"*  63.58+0.11°*  0.54+0.14*

o 7%  73.11£7.89°C  36.64+0.44°C"  0.62+0.08™

= 9%  82.69+£1.04®  41.38+1.03® 0.62+0.22*"

11%  66.88+3.24"  38.88+2.64"°¢ 0.61+0.10"

! 0%  94.30£2.21"*  62.03£0.80*  0.40+0.08**
- 7%  88.23+14.52*%" 33.43+2.00°° 0.41+0.04*

o 9%  83.47+£5.08"*"  39.79+3.14® 0.38+0.19*"

11%  74.27+3.80"  36.99+2.01°°¢ 0.39+£0.21**

0%  94.58£1.90"  62.97+£0.68"* 0.52+0.11*"

- 7%  62.21£11.08°%" 3537+0.81"" 0.58+0.21"

= 9%  72.40+£7.51°®  38.59+3.12"F 0.59+0.49"*

11%  66.17+3.57"  36.41+1.36®  0.59+0.18"*

! 0%  89.35£7.29°*  61.82+0.24**  (.39+0.22"*
. 7%  86.77+4.44*F° 32.30+1.51"C (.38+0.07"

B 9%  76.61£6.42"°¢  39.15+1.88"® 0.39+0.22*

11%  66.88+3.24°C  34.84+2.75"C 0.39+0.12**

0%  90.43+3.05**  62.25+0.16™  0.47+0.29"®

o 7%  51.82+6.00°"" 3527+0.25%5 0.57+0.10%*

= 0%  42.86+4.88C  37.424231" 0,56+0.20"

11%  54.51£2.90°C  34.67+0.60™C 0.59+0.16*"

14 0%  82.54+1.74%A  61.45+021%™* 0.32+0.29°
= 7%  85.15+£3.72**°  32.23+0.58™" 0.36+0.07°*

9%  61.65+0.61"  38.39+2.65® 0.36+0.38"*

11%  57.31£3.14®  34,05+0.57"C 0.37+0.10°*"

0%  86.62+7.44™  61.96+0.22" 0.38+0.75"

o 7%  42.98+1.40%°  34.95+2.78"F  (0.55+0.11°4

- 9%  35.15+6.38"  37.39+£1.05*® 0.54+0.10**

11%  41.20+£7.91°"  34.43£1.02"%  0.56+0.07°*

21 0%  81.02+£5.62°*  61.42+0.16™  0.24+0.93%
= 7%  77.53£1.84™"  31.86+2.31° 0.36+0.06°*

9%  60.46+5.73°®"  38.08+3.51°® 0.36+0.20°*

11%  51.51£2.63°  33.90+1.17"C 0.37+0.14"*

0%  63.55+6.39"*  60.63£0.28*  0.26+0.04"

o 7% 19.39£5.219"  33.15:0.18""  0.51x0.27*

= 9%  17.24+1.46°  33.70+5.13*®  0.53+0.36**

11%  39.71£7.66  30.28+4.18""  0.54+0.21°*

28 0%  70.41+0.80%*  60.74+0.28"*  0.21+0.15®
. 7%  69.08+£3.49%A"  29.97+0.61°C" 0.34+0.15%

B 9%  59.78+3.20°®"  36.34+3.43*%"  0.35+0.14**

11%  44.23£3.16%  32.49+0.79""  0.36+0.17**

H: AFNG FRERIR AN 2 57 B3 (P<0.05); ARIKE TR R 415
([T, AR P AR ], TR I AN R]) 22 57 i 2 (P<0.05); * 3
FRYLIA] (IR — I3, A Rb B as s A R, RS EARTR) 25 5% B 3%
(P<0.05),

KRR B XTF FRAP {H B RZ A, A3 T A
BEASIIER 9% (VIS 1 d) LUK FIRPHRER A
11% (P 5EEHASE 14 d) iFLIEUCE FRAP {H (P<0.05),
S HoAth 45 2H LI CRHEIN Y 1 FRAP {H G 5 35
M, CYARPE A . FIRPBEAINE R 0% B, FLIE
YORHY FRAP B 5%/ (P<0.05), Hifth JL2H 2 18] JG i
EHXES

454G =P FE bR AT BT, JCER IR 2
FLIE YRS 4 55 1) DPPH [ i ET5 % . ABTS”

I H RET BRI AT FRAP (B, 1M e B £
{RFLIE DR DPPH H HHIL7ERRFAN ABTS' H Hi3&
R, FHE I FRAP . Y RS I — e i,
TR HACTEAT LIREAIE DPPH [ it ILIEERAE ST T
=1 ABTS" H FHZEIEFERAE ST, X FRAP {H TG b 25200 .
3 g

AHIFGE TR, KBS YR S AL FRAE 25 R
FLIE R R B O UTTE SR, BN HRG B, A
TR R LIS ORI i A iR s (EX 2Ly ok
BB VS I S B IEIR A G B3R X E L
RE), IR H e RS LB R ABTS A H
FLIELRER | I DPPH H ISR, X FRAP 1A
TCEFEFEW . HEPPE ISR T PR A5 B 52
B R, YA S —ER, APPSR 9%
PR ZLIE CRMEENE G i 125 2 SR R B fe iy, B M
i T JCHS IS AL 7 AEHE = FLIE Uk T A Ak st o
XoF T AR FH UK R P FLIE UORE, 24 RS 0 =
A 7% F11% BsF, ZLIEORHER S 1~21 d 2L
FRLRERSRE o (H 32 MR K i il E 7 =X i
i), 7R e DA [ DX P s i = i LTS A o3 2H
A BN 2E 5, AT B — e LIS e
Fruifl, M d A XIRE A R e TR R, DIgk
KRR a1, IR PR i LI TR i A A R R
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