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Effect of Ozone Micro-Nano-Bubbles Treatment on “Green” and the
Mechanism in Soybean Sprout
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2.Beijing Fangyuan Ping’an Biotechnology Co., Ltd., Beijing 100097, China)

Abstract: In order to explore the effect of ozone micro-nano-bubbles (Ozone MNBs) on “ green” and the regulative
mechanism in soybean sprout, this study took soybean sprout as the experimental material, treated with 4 mg/L Ozone
MNBs and stored in white LED condition. Physical quality, synthesizing and decomposing of chlorophyll (enzyme activity
and substance) were measured in soybean sprout. Compared with control group, 4 mg/L Ozone MNBs treatment could

¢

significantly inhibit the “green”, enhance the activities of chlorophyllase (Chlase), chlorophyll degrading peroxidase (Chl-
POX), Mg-dechelatase (MD) and pheophytinase (PPH). And it decreased the levels of precursors in chlorophyll synthesis

[#-aminolevulinic acid (ALA) and Urogen ], chlorophyll, chlorophyll a and chlorophyll b. Additionally, it declined the
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content of ADP, ATP, NADP" and NADPH in soybean sprout. Thus, 4 mg/L Ozone MNBs treatment affected the substance

and enzyme activity of synthesizing and decomposing of chlorophyll, effectively hindered “green” in soybean sprout under

white LED.

Key words: soybean sprout; Ozone MNBs; white LED; synthesizing of chlorophyll; mechanism
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Wi« oK AL G P LI B — 2 Y A IR LR . FER
ZENIRE R, SR —Lb gk A RIS R e A, R H R
FBE R R R RO &, EAh, —SEAbrEp . BREShE
CEAR T ANARSISCR o ot A5 20 50, LA ARk
XF NSRRI, BT W2 2 e A=A i E
M BB 2R S2 AR P IR SRR SRR G, 1K
Zy RS CEIERI L “ ik B G2, 2552 TH 28 3 1Y
WAISEAK, X1 S 20 R -G ARz . o RUE
SO G G e R B EE, S e 2
PR T AR R M E R EEL A4, Ozone MNBs J&
AR —TUHRS IR EE R R, AU R, R4 H
A AR CEVEA &L TIEE, H: Ozone MNBs
PN TSI 8 25 “ e fb” FidRiEE b

TR RS B R AR AL R, BAR/ N T
50 um, A EIRNEKEET], I HAKh BEA e
PEP, REEURE PR AT, BA AREEM, Bt
Iz N FTER GRS ARG TP, (HR R AR A E /K
HAENRRE . 5o i metED, sl S5 iar e g
A AT SL A AR K R BV A B AN R R L BETE E 1Y
FEFC, ARG b fif e T SR A /K TR AN TR e 2 43l iy
v, ST 2 B Ozone MNBs TESR G AR 7 1HIA —
IR, EEFER 2R 4 mg/L Ozone MNBs 4k
PR, & IIALHIZH efS R m S LA kR T, vk
SEWESRE IR TRAE, RS T BRI . s
1.8 mg/L Ozone MNBs AMEFE N, W sPAF s SA%E
el Rl 0B T2 31 BH w4, 1568H Ozone MNBs
B SRR E DR PN R T, X
A TEHAT Z K BEACERRT, 5 A Sk vbyErH L, Ozone
MNBs AZb3 i} S5 REAIR T SR S5 A S A4 JE L SR ANAH S
AR e (A4S AN B L B TR/ 22 R B AT R ) A= 1, 82
= TR SRR BT, 4R, Ozone MNBs AZREEXT
RSS2

ASL DL B G EE B, 75 20 °C T, Jl LED
SEHES), #85% 4 mg/L Ozone MNBs AbFR X &5 o7 ZF 10t
SRR, MR A ETIARY), 4R 1, ADP,
ATP FEHEG T & S Fa ARz, LU S e 3 &
ZEAIR LR S5
e
1.1 MRS NEE

WO WSK AT T R E SR R A,
PRIE Y H g SR PTHR B/ N AERE B F 2F, 20 min N
iz P15 E, SEATI050; TAIEN. TooK 2B, Ak,
B DY 2R (EDTA) | WEfR 5040 . B S 40

KA B A 25300 A BRA F] 5 B ke s 7 .

NaOH. KCI. NaCl PHpeRl2& B4 R &l HCL.
Triton X-100. Tris JbEfb=AiRF) A RS 7 5 -4
# a ZE[H Sigma A\ F]; Tricine & 4AYRME(
) A A B Wl 5 WERREETRAL DUIE (MTT) . #1254 -
6-WilR . MY 2 BiiliREh (PES) . 4-F &g i H7
TR A BRATF; ATP. ADP IgIRAA:
YR A BRI F]; 5-EIELBENER . AL ZE R, JRIb
WHRJEL TIT. 1, S-SR R ALm Al & A
AR RS Hs LA A 5 drati.
3S-T R4 LA RS, 3S-J5000 B4R MY dbaT

[FIARRE 5 A BR 2N 5 5 MF-5000 8040 K <l A 28

IEATERME R H]; UV-1800 5403000 RE
it HAEEAT; IKA M20 WFEENL R E 3 -RIL
TSR PRI F]; D-37520 B0l Jbatide 2l RBE
Fi R RAT PR W ; XMTD-6000 TR 18 i /K 145
k4 AR BR 2N F]; Varioskan LUX 2 W EERf R
I FEBRCHIRBHE (rh D A R F] s KQ-50TDB
A PEVEIL Rl SR R A ]
1.2 L7k
1.2.1 Ozone MNBs A3 ARSLEG DL 8 & 28 AL,
LI 0.5~5 mg/L #JE 1 Ozone MNBs % H: 47 7 5L
OIS FUR R, 2R EE R SCHIERH 4 mg/L AhFRNT
NI BT S EE e ROR R WS TR R AR S W
WK B AR BE 8 28 4 mg/L, Bl TS B AN K<
KRS, AR 4 mg/L HE A Ozone MNBs 4bHH
W ZE, X HRZH FHZRIB /KA Ozone MNBs., % 12 kg
T 2 Ozone MNBs ALF 5 min Jig HUHY, /K 4%
W 2RI 224K 51, B AJEEE N 0.03 mm 1 [ 3:14%,
BTHRE 20 C, I2F 95%, Fa5E LED GBS &1
TR SRR B A, JT T 0. 12, 24, 36, 48 h HX
FEM EAHR R PR . Bl SR E R R, B T80 °C
VKA, JESFE RN e BT A o
1.2.2 REFRMATFEERR(TA) FRAIE  KRER
F TA EfF Martinez-Romero Z81% (78, TA &
T BB AS T 72 TR, T IR e s 7, AR e 28
TEZKFE IR 1:10 Eg2g2K, 3k, B . H 0.1 mol/L
NaOH Vi EAESLIRIR BIRARLT 1L, 855 PA % Fos.

KEE(%) = (W, —W,)/W, x 100
o, W, o8 0 h BESEE T W, HERESAES B AL

1.2.3 ADP. ATP. Urogen M. ALA. JH {4 2 J§&
(PBG)FI 1, 5- B R 1L/ N4 (RuBisCO) & &

AR it e 2 3550 8 (Vg e A B A B
B I A TSR o
1.2.4 NADP(H) & #@MxE NADPH) & HIEAR
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P B4 48 B AU R Zhang S5 U2 B9 S 56 O w5 2R AT I
Eo. 1 g FERHINA 5 mL 0.1 mol/L HC1 JiT NADP il
E, 1 g BESHIA 5 mL 0.1 mol/L NaOH AT NADPH
M SE o I8 AN B K 5 min, KB, 4 C,
10000 xg E5.0> 10 min. _[JZ3E W 43514 0.1 mol/L
NaOH =k HCI - F1ZE pH Ky 7, B fFHEA TS0, B0
SR L B LR IE RN R O o

50 uL B JEWE WM A 60 uL. 1 mol/L Tricine-
NaOH ZEig, 60 uL 40 mmol/L 2. —JZUZ FR(EDTA ),
60 uL 4.2 mmol/L MTT, 60 pL 16.6 mmol/L Wy 2,
i iR £k (PES), 60 puL 25 mmol/L 7 %% % -6-15 ik F1
450 pL 0.1 mol/L NaCl # ¥ H, 37 °C /K 5 min,
B 5 A 50 pul 200 U/mL 11475 28 B -6 -1 i i & il
(G6PDH)#E, 37 °C. TIFE 40 min, HSSHIA 600 pL
6 mol/L NaCl S 1RV o K Ir3kAR i R N IR &
Y 4 °C, 10000 xg Z5.0> 10 min, [ 4 mL 95% T4
fARMITTHE, 570 nm FIERIGIE. 455 LA nmol/mL
S EAN R (EFREFEHAE) o
1.2.5 IhgtE a, HERE b MiMFESERE S EHIE R
P8 Shi Z81° 1 R E B S 2R 4 a, M4t
b A4S, BRI 1 g HEFRESAIA 10 mL N
- B (2 DR, #2514 C 454 F 12000 xg
B0 10 min B FETE R, SR G AR A0 530 606 EE T
E FJZTEWAE 645 nm 1 663 nm | 1YW SGIH, M4
2% a FIHEEER b YRR E.

0. = 12.72A4 —2.59A45

Py = 22.88A45 — 4.6 A

MK B, = p, + oy = 20.29A45 + 8.05A,
pxXV

mx 1000

2, p AT EAF AR R AT, mg/L;
V RS HEBORUSAARFR, mL; m RES TR, ke
1.2.6 M4 Z2 BB I 2
1.2.6.1 JEPIHIES  LUTFRTARERYR A Shi £5:03)
BTl 4 . alint4tEE a(Chla)iksl 10 mg, ARPE T
T AR B FH DS BRI W C i o PH4R12 a(Chlin a) (9l
4. 40 mL 4 MEENIAF] 6 mL 200 pg/mL 4% 2 a
PR, ok o3 25 R I ik AR FHZE 187K (20 mL)
P =R, BJE A 1.33 mL 300 mg/mL KOH I
W25 A Chlin a. 43 &5 Chlin a BTTHE I iR
TEZEWR/K T REET4RER a(Phy a) il 4 HHERER TN
WP N A — 0.1 mol/L By HCI, 2 min J5 A —
7% 0.1 mol/L NaOH ' Fl, Phy a ¥ & 146/ <2 8 17
ETEOCERECH 156000 mol/L/ecm 1% K 2 409 nm
AW CAR TR
1.2.6.2 TAEE GG 3 g FEMTE 22.5 mL AN R
(=20 °C)#f#, —20 °C FH 15 min, K5 F 4 C,
12000 xg 5.0 5 min, BUILHEFIN 22.5 mL & TR,

4 A R (mg/kg) =

FE 2~3 IR EVTHE PSR OaR 25, TTiE RN PN ERAS
1.2.6.3 HHAEFHIZEL  Chlase $2HL: 0.2 g NER¥Y 5
3 mL 50 mmol/L PBS(pH7.0) ZZnikiR4&, Hirh g2 nh
W ALHE 50 mmol/L KCI Fl 0.24% Triton X-100, Ji%
A 30 °C fEIR A, #dE 30 min, ZR)5 12000 <g 55
L 5 min, B 2 . MD 28 0.1 g PN BBy 5
1 mL 50 mmol/L PBS(pH7.0)ZF bk iR &, S5 i
il 5 I g 22 il B SO R P BT R AR ], TR A O
0 °C FHiFE 1 h, BEJE7E 4 °C, 12000 xg E5.L» 20 min,
B _F)EIEW . Chl-POX $2HX: 0.15 g PIMIKr 5 10 mL
10 mmol/L PBS (pH7.0) & HiiR4, 0 °C FHEFE 1 he
4 °C, 10000 xg Z5.0> 20 min, HUFJZ7EW . PPH $2H:
0.15 g NS 1.5 mL 50 mmol/L pHS8.0 Tris-HC1 2%
MRIRA, 0 °C FHiFE 1 h,4 °C, 15000 xg B.C> 15 min,
B 1 29E W
1.2.6.4 Chlase R PERIIE  Chlase T PHERIIE R
Han 22" 5. OV 0.5 mL pH7.5 100 mmol/L
PBS (¥ 0.24% Triton X-100),0.5 mL LAz 0.2 mL
200 pg/mL Chla PNERE A . KNV 25 C KT
40 min, FE/SINA 4 mL A RERZEE B, B30 4 mL
ECkE, FARA, 4 °C, 12000 xg Z.0> 5 min. MG
NJEAH 667 nm AR GAE, B2 nmol/(g-h) .
1.2.6.5 Chl-POX {HMMIxE  Chl-POX {H MM iz
JH Asumi S5 (7, OB : 0.5 mL fiffU&, 0.2 mL
Chla P i %5 #% (80 pg/mL), 0.1 mL H,0,(0.3%),
0.1 mL Triton X-100(1%),0.1 mL 4-F&HZ(5 mmol/L ).
1.5 mL pH5.5 PBS ZZ0i%(0.1 mol/L) . X 25 °C
#9510 min J5 M 2 668 nm &b W G A, BA A7 K
nmol/(g-min) .
1.2.6.6 MD i&EPEMIRE  MD 3% M0 52 32 ) Suzuki
SR Iy, R R AL & : 0.2 mL B WE, 0.75 mL
Tris-HCI & h i (50 mmol/L pHS8.0) Fl1 0.3 mL Chlin
a. SV 37 °C ARUE 10 min f5lE 686 nm AL
18, 57"~ OD/(g-min) .
1.2.6.7 PPH i&EMEME  PPH i MENE iz Aiamla-
or Z5 U Iy ¥k, I W WK A 0.35 mL B, 75 pL
Triton X-100(2.0%), 0.1 mL Phy a, 0.7 mL Tris-HCI1
2% i (50 mmol/L pH8.0) M Ak, W 25 °C 13
90 min /5 4 mL ¥ PIERNZIE, FIIA 4 mL 1EC
ke, ARG, 4 °C, 12000 xg B5.0> 5 min, 2 PIER
JZFE 667 nm ALY GE, B43724 nmol/(kg min) .
1.3 IR

SR WPS 2022 A 78R 403, K1) SPSS
22.0 BRAEXTE R T B R 3R T 2245301 (P<0.05) . 3B
FH Origin 2022 A4 B, RNEFEFR R B E 2R
(P<0.05),
2 GBR5SH
2.1 Ozone MNBs A 3238 T SR/ SR R AISZ M

BN it SO R Sz B SR 5 i T AR Ak e B I FE AR o
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FHIE 1 ATREEHAE LED FDGREST 24 h JFXTHEERT Ozone

MNBs &b B 2H B8 & 25 34 H B A 5, o) B
20 “HAL FRERE Ozone MNBs AMRZHFHH . X2
R ARG BAMHDCEVERRIEET), [RIBEK
AT HEA B IESAOEERE, Mhias T 5L
EAVERAR AR, 5B Ozone MNBs ARFEA]
A B T 2R A ML BT, VS5 etk R A

Oh

24 h

N )
e, AN 5

Xt R 4 mg/L Ozone MNBs

K1 Ozone MNBs AbFR X} 5 24L& Bt A 52 1)
Fig.1 Effect of Ozone MNB treatment on exterior quality of
soybean sprout

2.2 Ozone MNBs SR E T SRR EZRF TA RIS/

IR H R A SR R AN AT 3B e ) — 3
lAR Ak, XSS SR SR . AT R, SLAARE
WA AP IR A TG VE T, (0520 SL A Ab R
SR PEAA Y R, 1 A T Y, R e A A
Ozone MNBs /R EAT AT AL FHN] BE 2 BRI S X
ORI . K] 2A BoR, A LED FAOGREST I
P FEH, Ozone MNBs AbFHZH FIXF BE2H 2 B R gL
— . Ozone MNBs 4bFH S, 2% 85 R 48
XFREZH . AT AERE N o 2R S K B, I HLA e
#5579, 52 %] Ozone MNBs U il PR 4 M I 4544, i
BT KA, A, B 2B o TA fEARAE
Ozone MNBs A4b B 2H F1XF B 40 vh Y45 M Fa &, BB
12 1 48 h &b, BRI BRI P H 22 5 2 (P>0.05),
1] Ozone MNBs X TA & HIFZIAARXT /N
2.3 Ozone MNBs 08X & Z 5F ADP. ATP. NADP*
#1 NADPH & E£850

WG RERE R TOCEEM, it R
BRI S, ¥ RGBTk | YA BRI . iRk
RSB S A, I AR PR A ARk, sk
RIS FE R ADP 5 Pi 45 5T ATP, B
L ATP (4 [R]BsE, 3R BT 480 T s i 760 e it 1T
(NADPH) P, FGEAE SRS, @ Rei Y™
o WK 3A IR, A LED OGBSI S A2,
Ozone MNBs 4t B2 Fli%t R4 ADP & &8 Tt

A X/ HE M 4 mg/L Ozone MNBs
’ a
a
a

202 a
g .
|
i 7 b
K 0.1r b

I

0 12 24 36 48
TR ] ()

(B) 0.06 XHE [ 4 mg/L Ozone MNBs
a A @
20 3 o
_0.04¢ W a I .
§
<
H
0.02 1
0.00

0 12 24 36 48
TSR] (h)
¥l 2 Ozone MNBs AbFXT 5 & 2F 2R R (A) Fll
TA(B) & w5t Y5 e

Fig.2 Effect of Ozone MNB treatment on weight loss rate (A)
and TA (B) content of soybean sprout

T R OR R ING B R [l — g st (] P, P4 22 5 2
P<0.05; [ 3~I8] 7 [,
JE KA, 36 h BSf Ozone MNBs ZbBHZH FIXT FE2H 14
IEBNE(E 435 R 711.167 nmol/L F11 710.733 nmol/L,
X HB2H & ¥R = T Ozone MNBs 4b32H, 12 h 0
48 h 2253+ B3 (P<0.05). & 3B 1 ATP & &281b1y
AR ARIGZ S TR AT, IF BT IR & s
F Ozone MNBs 4bFH4H . FH &l 3C Al 1, NADP &
IR E — EH K, 12~48 h X BEZH Al Ozone
MNBs AbZH 2257 i 25 (P<0.05), 48 h B PHZH kA%
A, 539 14.23 nmol/mL Fi1 8.84 nmol/mL. &l 3D
/R, NADPH & AR B SETH G Bk, 3807
HHMa] % BE2H & 575 T Ozone MNBs 4 HHZH, H 12~
48 h Xt B 2H 7 = W] W B0 5 (P<0.05) . ADP. ATP,
NADP*, NADPH 7E Ozone MNBs ZH#8% IEZH & HHIK,
PiHH Ozone MNBs FEAK T 6-&MBERZ LI AR, M RE
CAVERIM R A, A RELE T 36 G251 “ 4107
2.4 Ozone MNBs & 32 %} 8 & ZF Urogen Il . ALA
N PBG 2 ERIFMN

Urogen Il . ALA F1 PBG {ENMERESMAETHAY),
REASXT 4 2R -G s B LA B0 s E R 24, 3
BERIT A T Fr BRI AT BE SRR 2 2R 10 A %
M R R I R BRI, b B S SuES .
K 4A BoR, 34~ LED HYGREGHI L F2 5, Ozone
MNBs ZbHHZH Urogen T &5 T B, X AEZH )
RAETHERE . XTRELH & IR Z4 ST Ozone MNBs 4k
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1500
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0 12 24 36 48
ISR (h)

©) s [0 X 4 mg/L Ozone MNBs
r a
2 12}
s
i
T 6
A
2
z 3
0
0 12 24 36 48
IF- TR (h)
(D) 16 [0 X [ 4 mg/L Ozone MNBs
7
=
=}
g
&
i}
4o
jant
»
@)
<
Z

0 12 24 36 48
W] (h)
K3  Ozone MNBs 4bFEX}# & 2F ADP(A). ATP(B).
NADP'(C) I NADPH(D) & &[54

Fig.3 Effect of Ozone MNB treatment on ADP (A), ATP (B),
NADP" (C) and NADPH (D) content of soybean sprout
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