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Effect of Ultrasound Pretreatment on the Quality of Lotus Root Juice

LILi, ZHENG Zhan, LI Shuyi’, ZHU Zhenzhou, WANG Xuehua

(National R & D Center for Se-rich Agricultural Products Processing, School of Modern Industry for Selenium Science
and Engineering, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract: To investigate the effects of ultrasonic treatment on lotus root juice quality, ultrasonic pretreatment was applied
under varying conditions: frequencies (25, 33, 40, 59 kHz), power levels (40%, 60%, 80%, 100%), and treatment durations
(0, 15, 30, 45, 60 min). Based on six nutritional quality indicators: soluble quinones, protein, vitamin C, color, soluble
solids, and pH, along with four browning-related quality parameters: total phenolic content, browning degree, polyphenol
oxidase (PPO) activity, and peroxidase (POD) activity, combined with principal component analysis and correlation
analysis, to identify ultrasonic processing parameters that effectively enhance the comprehensive quality and sensory
characteristics of lotus root juice. Finally, an electronic tongue analysis was conducted to evaluate the degree of flavor
change in lotus root juice before and after ultrasonic treatment. Results indicated that moderate ultrasonic treatment
improved lotus root juice quality. The optimal ultrasonic processing parameters identified were 30 min duration, 60%
power, and 40 kHz frequency. Under these conditions, lotus root juice browning decreased by 28.13%, PPO and POD
activities decreased by 66.67% and 62.07% respectively, while polyphenol and protein contents increased. Simultaneously,
ultrasonic treatment reduced bitterness and enhanced acidity in the juice. These findings provide a foundation and
theoretical basis for the development of lotus root products.
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Table 1  Effect of different ultrasonic treatments on the quality of lotus root juice

by 5t A l_flﬂ‘l‘HJ HERE TR AR EH ' R lﬁlﬂﬁ% -
(min) (kHz) (W) (OD,575m) (mg/100 mL) (mg/100 g) (AE) (°Brix) p
X, 0 0 0 0.059+0.005% 130.39+3.13¢ 9.08+0.53* 28.57+6.54° 2.00£0.28*  6.57+0.08"
X, 15 40 60% 0.064:0.006° 150.08+1.41¢"  7.48+1.07% 31.7542.16™  2.15£0.35"  6.68+0.16"
X5 45 40 60% 0.043+0.005¢ 184.77+8.91° 3.21+1.07% 31.35+2.33™ 1.90+0.14*  6.69+0.01°
Xy 60 40 60% 0.042:£0.003¢ 182.50+4.30% 2.67+0.53¢ 26.60+1.61° 2.00+0.14*  6.72+0.01°
Xs 30 25 60% 0.052+0.001"  137.97+3.36%  5.34+1.07°¢ 51.71£0.42° 245+0.07*  6.92+0.25
Xs 30 33 60% 0.0542£0.005"  157.11£5.78%*  4.81+0.53*¢ 49.51+0.17° 2.40£0.14*  6.81+0.02°
X5 30 40 60% 0.045£0.004>  177.97£1.02*  2.67+0.53¢ 47.76£1.03®  2.40£0.28"  6.86+0.05"
X, 30 59 60% 0.046+0.003>  169.38+3.67*  3.21+1.07% 52.87+1.28" 2.35+0.21°  6.85+0.09"
X, 30 40 40% 0.051+0.003*  157.66+10.86""  9.08+0.53" 41.7243.10™  2.05:0.49°  6.88+0.01°
X0 30 40 80% 0.047+0.004* 167.03+5.70% 5.88+0.53" 39.75+2.18™  2.05+0.35°  6.80+0.10"
X 30 40 100% 0.044+0.005° 180.3143.36°  3.21+1.07%  42.40+12.20™  2.05+0.35°  6.86+0.13°

H: FIFIA R R R BAT 3 25 57 (P<0.05) o
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Fig.1 Effects of different ultrasonication time (A), frequency
(B) and power (C) on the polyphenol content in lotus root juice
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Fig.2 Effect of different ultrasonication time (A), frequency
(B) and power (C) on the browning degree
of lotus root juice
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Fig.3 Effects of different ultrasonication time (A), frequency
(B) and power (C) on the enzyme activity of PPO
in lotus root juice
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Fig.4 Effects of different ultrasonication time (A), frequency
(B) and power (C) on the enzyme activity of POD
in lotus root juice

PPO [iff i 2 B # o 35 IEAH 2 (P<0.01), AHE RE57
%A1 0.991. 0.770. 0.825, SEA & dEH B3
TAHE (P<0.01), FHKR R ECH—0.816, 1] WLAEFE T
AR SR Ve S EE. PPO BTG HE B, #6788

ANl P AR BERE T i A AR S A

Table 2 Correlation analysis of the quality of lotus root juice with different ultrasonic treatments

i T YAE R AT PR Z HEE Ve PPO POD R Y27 pH
Y 7AERE 1.000
ATV MR 0.991 1.000
2 -0.596 -0.661" 1.000
EH -0.816™ -0.837" 0.680° 1.000
Ve 0.770 0.805™ -0.764™ -0.783™ 1.000
PPO 0.825™ 0.830” -0.637" -0.931" 0.825” 1.000
POD 0.593 0.670" —0.860™" -0.689" 0.923" 0.666 1.000
s —0.154 -0.200 0.603° -0.054 —0.247 0.104 —0.428 1.000
B2 0.121 0.064 0.438 -0.251 -0.214 0.261 -0.397 0.844™ 1.000
pH —0.369 -0.408 0.740™ 0.203 -0.300 -0.168 —0.434 0.832 0.583 1.000

T R TR AR E] 2 A (P<0.05), **FR/m BT a R A AR 7 B E A (P<0.01), ** 387K Fh B a bR A1 A i & AHH 2 (P<0.001) o
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PR . PPO MG 5 2l & 22 W 3 B AH G (P<
0.05) . H5&#E A& E 2R W2 7 AH ¢ (P<0.01),
5 v, &E2dEW B3 IEAMH>(P<0.01) ., POD lE
Y2y Sl w B A SC(P<0.01) . SEHR S
HE R EMAKP<0.05), 5 Ve SRR B IE
A (P<0.01) . HIAHICHETEEH T LAE H, 25368405
()AL — 2 PO AR S, B 11 AR 7S A HR 2% 4]
RE PIFEPRGS A S SR, R R 22X 10 TFshRiEA 7
Syl
2.7 ERAOIESR

FE AT oM IR — B A Tk, T LK 2 4
BARRE Sy — A E s, £ B 09 FEEARRERY . R
SPSS 26 HAEXT 11 AT 25000 8 WdstnibA T
ST HT R R AHSCHE AT SR rT s PR )
1 pH WINF8FR), i3 3 R0 7 22 STk ] 1, /i
P RS R IEME R T 1, B3 J7 22 STk Rk 5]
88.972%", FRBHIX 2 i3 Pl S B E IS 8 N FEHRY
2 LpNGH 5 i S ) S N

3 ERI R AT
Table 3 Eigenvalues and contribution rates
of principal components

PIHAHSHE PR A

RSy ip DETOR BBUTR o WETOR BBUTH

B o m(oe) T Ton) (o)

1 5.685 71.068 71.068 5.685 71.068 71.068

2 1.432 17.904 88.972 1.432 17.904 88.972
3 0.513 6.411 95.383
4 0.242 3.025 98.408
5 0.076 0.952 99.360
6 0.034 0.425 99.785
7 0.016 0.199 99.984

AT AT AR R R T 8 T S R PR PR TEAS
SRR B AR ) RN, RS S AR B PR TR
ma (9 R, IE AR AR T I i 22 5B, sk 4 )
HLES 1 B FELRE TS | AT PR S £
Wi AR, Ve & & . PPO i . POD i
WHEPR. 5 2 FrERG 7O, K, X
AH Y E AT AR AR RA 8 AR, SCINEE I
4EH M-

N Wi BERE (S

Table 4 Eigenvectors of principal components
RS R
%
1 2
Ry 0.890 -0.202
ALV 0.924 -0.141
£ 0.844 0.434
EHE)N 0.902 -0.317
Ve 0.937 0.044
PPO 0.897 -0.369
POD 0.869 0.304
R 0.276 0.923

MR T A P ARRE ) B AR AL S 1 B s nT 45
2 2 A FEAT A R R =U(F, L Fy) .

F,=2.123X,+2.203X,+2.012X,+2.150X,+2.234X -+
2.138X+2.037X,+0.657X

=0.242X,—0.169X,+0.520X;5—0.379X,+0.053X s~
0.442X+0.364X,+1.105X,

o X ~Xg SR AR Z S AR R | AT
WS M e A&, Ve @i
PPO [iffiE . POD Piffi . (A3 8 PHEtr.

iEIE LA 2 A FE ARG AR IEAE A U T
AL, A EE T — A~ TR A P AR, RIS T 5 T 0F
AR

F..= 0.799F,+0.201F,

Lol A ARSI L ANER 5 TR, I T34
7 LG8 HER S —, RIS 7GBASHTE] 30 min,
AT 40 kHz, AT 60%) 1] I 3T
THEEA SR EAEIN T 250, [RIA A SC & BB 5
FEFE (X Xy X0 X0 X)) FIEIFR (X, Xo. X0
Xios X)) BUBE TN, ZEFETH S BLLR G190 D T2
T (EL, B AR LR AR AR A T B o 1 75 A3
FER(X . X X X510 X)), L1350 25 BT S
A, HAE 40 kHz AbiA SRRl .

5 RS S RS LR G TG

Table 5 Component scores and comprehensive assessment
of ultrasound parameters for different products

ARSI AR

STD/E S e A T S
X, 0 0 0 —25.823 —1.607 —20.956 11
X, 15 40 60% —17.430 —0.011 —13.929 10
Xs 45 40 60% 10.738 —2.200 8.137 5
X, 60 40 60% 11.575 —-2.833 8.679 3
X 30 25 60% —5.606 2442 -3.989 8
X 30 33 60% —1.422 1979 -0.738 7
X5 30 40 60% 13.880 1.136 11.318 1
D # 30 59 60% 9.928 1.560 8.246 4
X, 30 40 40% -—10.868 —0.296 —8.743 9
X0 30 40 80% 1.947 -0.125 1.530 6
Xi 30 40 100% 13.082 —0.045 10.444 2

2.8 BTFEILER

SR T TSR AR EE ) FE TR R R ), )
T AR AL S R R AR B FE T R RIR | AR |
IR S L EIR | TR A L [mIR | S R A LRI (25
P LRgZESE . W 5 R RER TR IS K s (B R 2k
PR EERIHRED)

DI 2880 P A BR A T S R R ZH, R Tk A
AE PTG . S5 2R, P AL PR
FVTRRER T B PR AN, (H R A HAZZ R 5 5T
BARFI g w0 | IR [T R IR S5 22 R ) o 5
A A RAEAER, JREIAR i R W il sy , (oA R A AARIZ5 IR T
AT, A ROAGE T HEGERE T i —LeiiRakiE . (B
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Fig.5 Lotus root juice taste radar map
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PIAEF= ST 2 BAR R 2516, s 32T
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AR SR A, XA 8 TFEARIEAT T FE RS,
FE B A T2 Al R R AR AR B Y 88.972% 7 B,
AENE T WL T A BT A AR TR FL. =0.799F  +
0.201F,, 5 AR EHB R I T 280455 PE5-EFHES)
iR, 538 B4 Fe AR 75 D T2 30 min, 40 kHz,
60%. TEUML T Z2450F N0 S sFebri s 2 s, 45
AR TS FE VT4 28 FE % AIK 28.13%, PPO #l1 POD fifi
WIS 66.67% F 62.07%, 221 & & A1 1 )5
B HEIN T 36.70% A1 39.41%., &/GIRSE T8
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