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0.2%HKT, EAl. ESI ¥ hfmifE. B, #%E# 4.0%01 SP1 AT 0.2%01) GG {1 Jyfil
AR FLI T I FUAGTREE . SR i BB D) | R 75 Al B v b 6 i 3 R AR LR
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Abstract

Abstract

Fabrication, Characterization and Properties of Lutein Nano Emulsion

Based on Soybean Protein Isolate-Guar gum

Lutein has strong biological activity, which can protect vision, prevent cancer,
treat cardiovascular diseases. However, lutein is sensitive to environmental factors,
processing and storage conditions, and has poor chemical stability. Due to its small
particle size, good dispersion and low deformation, nano emulsions are often used as
carriers for functional factors with poor stability. In this study, high speed shear and
ultrasonic assisted methods were used to prepare oil-in-water (O/W) lutein nano
emulsions and microscopic characterization. In addition, the effects of different
storage conditions and food additives on the stability of nano emulsions were
investigated. Finally, the free radical scavenging capacity of lutein nano emulsion was
measured, and an in vitro simulated digestion model was established to observe the
changes of lutein nano emulsion during digestion. The specific research contents are
as follows:

(1) Preparation of soybean protein isolate (SPI) - Guar gum (GG) based lutein
nano emulsion. The static rheological properties, emulsifying activity (EAI) and
emulsifying stability (ESI) of SPI and GG were compared at different concentrations.
The static rheological results showed that 4.0% was the tangled concentration of SPI
and 0.2% was the tangled concentration of GG. At the same time, when the SPI
concentration was 4.0% and the GG concentration was 0.2%, EAI and ESI were the
highest values. Therefore, 4.0% SPI and 0.2% GG were selected as emulsifier
concentrations in the preparation of nano emulsions. Lutein nano emulsions were
prepared by high-speed shear and ultrasound-assisted methods, and the effects of
water-oil ratio, shear rate, shear time, ultrasonic power and ultrasonic time on the
average particle size, Zeta-potential and lutein embedment rate of nano emulsions
were investigated through single-factor experiments and orthogonal optimization.

Finally, the optimal preparation parameters of emulsion were as follows: When the
1
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water-oil ratio was 9:1, shear time of 3 min, shear rate of 10000 r/min, ultrasonic
power of 700 W and ultrasonic time of 28 min, the particle size of the emulsion was
225.7344.61 nm and the Zeta-potential value was -43.8740.67 mV, and the lutein
embedding rate was 85.58+1.20%.

(2) Characterization of lutein nano emulsions prepared under optimal process
conditions. Lutein nano emulsions were characterized by optical microscopy,
endogenous fluorescence spectroscopy and Fourier infrared spectroscopy (FTIR). The
results showed that lutein nano emulsions were homogeneous in micromorphology
and the droplets were separated from each other without aggregation. Fluorescence
and infrared analysis show that the stability of the system was mainly maintained by
hydrogen bonding, electrostatic repulsion and hydrophobic interaction.

(3) The stability of lutein nano emulsions under different environmental factors,
food additives, sterilization methods and storage conditions were investigated. The
results show that both over acid and over alkaline environments will reduce the
stability of nano emulsions, and it is more obvious under the condition of acid. When
Na* concentration is 20-80 mM, potassium sorbate concentration is 0.2-0.8 g/Kg,
ascorbic acid concentration is 0.10-0.14 mg/mg and sucrose concentration is 7-9 g/mL,
the stability of the nano emulsion remained good. Moreover, the stability of SPI-GG
nano emulsion after pasteurization is significantly stronger than that of SPI group,
indicating that SPI-GG composite system can improve the stability of the emulsion.
Finally, the effects of storage temperature, time and light condition on the stability of
lutein nano emulsion were investigated, and it was concluded that at 4 <C, and the
lutein nano emulsion within 7 days of storage under these conditions showed good
stability.

(4) The free radical scavenging ability of lutein nano emulsion was investigated.
Free radical scavenging models (DPPH - free radical and ABTS" - free radical) were
constructed in vitro. The results showed that the nano emulsion group had high free
radical scavenging ability under the evaluation of the two models. After storage at 4 °C

and dark for 7 days, the free radical scavenging capacity of lutein in the nano

v
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emulsion group did not decrease significantly. It shows that the nano emulsion has the
advantage of improving and maintaining the scavenging ability of lutein free radical.
(5) Investigation on digestive properties of lutein nano emulsions. The results
show that the droplets in the emulsion aggregate due to pH, digestive peristalsis and
other factors in the simulated gastric digestion stage, but the system as a whole was
not destroyed, which still has a protective effect on lutein. Simulating the intestinal
digestion stage, the nano emulsion was hydrolyzed and lutein was released in large
quantities. In the whole simulated digestion stage, the nano emulsion could maintain
good stability in the simulated gastrointestinal tract stage, and a large amount of lutein
was released in the intestinal digestion stage, effectively improving the bioavailability

of lutein.

Key Worlds:
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BIE &R

1.1 HEEMR

I3 3% (Lutein) & HAR AP 28RS M RPN —, REAETITE.
SROAEHRSE. PR, R AHESIRG AR, BRI, MR R
—REMSAELE THRAS P — R RS MR, RABURIPTEMEE, TTA KN
AR IR, TR & B B (A BRI R BOL, bAh, MR R R
STRBH B AREE 0 R AR RO, Jhy7 oI R B . 38 & DL R iR
RS R TR B 245 2 A UL
1.1.1 MR A FE AT AL 4

I35 2% (CaoHs602) X ATFR A 3°3- 52 dk-a-i130 &, MIXT T84 568.870H,
SrramE 11 fos. Bl VR, HEER S 2 AR, R
SERAEAE T NARFIRE R B0 38 KAy T A P 8 S A R L, Rt A
B DR R SRR A M B R — PRI TOK IRV TR R, RERE AR T
ot —HIEER(DMSO) &k — S G WA, 15 S7E 183-190 °C 2 (A,
B R A BORIPTEA RN, (R H T S8 2 00, 5B IR
HPURENZE, e RO, R, MBI, WA 5 R A S A R
(12,131, Gt 38 2 (1 AR 0 1 B A1 (<10-15%) 41,

11 HEBERSFEHR

Fig. 1.1 The molecule structure of lutein
1.1.2 HE RN ThRERE

HE R MR MERRERMY), BAZMAEYEEN. EAE
R Mg, R RN B R RO — R E AR, BRI IR PUAL
FE R B R R DA A0 B e 52 S A RO DS S — Dy THT, B AR AR R AR AE IR
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MIBEBEIX, WRUSCRE B SR TE BB A W, AT 4ERE IR B IR A e . B ST RO, &
RANTRM B R FAERE 6-14 mg AEW A BB 3 BEAR PEAN (3 pylte 11, i3
AA—Emzatt, WraiEmi, #EEmANH AN 3R ERHIER R 40 mg
i, AERAEEESIL T AR RN, R, R s ) LB AR
NBRBGA DI RE . O IUVE R . Prot. PLE L. SiRE . PumsSAaED
flL 19,200,
1.1.3 MR AR

M35 WAE RN RE G R, R R I R BN DL & Ak H i 7 22000, [
I, 3R RO E K VA R E AL S RS MRS, AN BE BRI BIK R & i
W, I SRR I RS, WKL (O/W) LR FR R U EiR ]
. M ERHEANECEWIEE, FEAENGHBgE . BABEL . BEARHIE B
THAL I TR A e AROMH BE O I R RS S g K MR A s e . BRIk, AL
J5 WO R RSV TR, Sl s i o NN b R, IRE N b
2 240 P F v R B rh S FUBE ORI 5 G, PR S N A (A A8, DT 4
e B EO0 AR R ARl R A

S—J7 M, MR IEY AR A B RS R R .
WERBTHARRR OGS, 55 KAERER, WMTEm R A kA R
A G, O S ER B A TR R RS

12 KEAEERAMR

121 KESBEA#S

RO AMHAMEGEE R WEDZ—. KEPWEARSTEEE, AKX
NE IR ) 40%I% 281, JbAME S A BENR . 4R TRy, AR
RPN BEE AR ([REESEEY R, KE 5 %5 (1 (Soy protein isolate,
SPI)& MR G R H BRI R — AL B, EFRINMER, BT ZMH T
Wy, YORMEFLM S e 21, SPI BAT RAUF I ThRedRrtE, EEAFEAANE. BUR
Ve R ARGEThAE, XA EE . JERRE . o . I A5 LA Bh R A

),

2

ul



F 1% 4t

122 RO BEREAEAMER

REHEAR SPI XS FRGHREASHFE WRIEEIER .
PR BUK B IERREPY, 5 SPI R FRE & 7 KEMB S T FHE T,
Mifide s T SPI FALRFERD, SPI A RSy ik 1.1 fivR. Hok 7S F011S 2
KEFREAREZEAR, 4795 SPI R 45%A1 34%62, 7S BREAH a. o F1 B
WHEARSLAN 25 G TR R G A, 11S BRET T B 750 Btk MU 56 (As) FT R 14 31 25 (Bs) i
o i SRR R, 7S BREE AR B LAk, 11S ERE A AR
SPI E %t K AOBERE P . AR I AR /K 128 361,

F L1 KENEERERKRE
Table 1.1 Composition of Soy Protein Isolatel]

b 75 (><10%) i L (%)
25 0.8-2.15 8

7S 6.17-21 35
11S 35 52
15S 60 5

1.23 KE4BEARKAR T

SPI [RIFLAR R A LA T 4 M VR FLA R V2 B T ATl B8 390 g
SPI 1M [l i 75 75 A SR /K AR B /K ik B0 44, B DAL ME R AT SRk Jp K28 42
B, 55— m MR R E B D) & N R T LI . SPI PSR, A
MTE ARSI LR R B FLR AR E . S FRY], SPI AL
PN DR 2R (B 1 S BRI 48 R A A S ) R AN DR 3R (pH 808 R 51 i P 458 [
fjf][25. 29]

SR, HETE SN SPI BB S ARSREUD, X SPI BRI TEAR AN F #B
KiEvg e RIEE R, FE, #—BIFR SPI =, 9% SPI =M IE & AT
AR, A R TR AR B R

1.3 JR/R G R AGR

JUR G (Guar Gum, GG) XARJIUR B IR, A& —Ff NN ™ ) G RHE
Py IR S b SO SR o 281, TUR G R — P B AWK e . R S PR R K I
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Y. RGIRMTEEm, 2408 20-30 /1, &—MEEy. V. 57
git b, JWRERCA(1-4)-B-D-H By AL N Ee 188, BEtH o-1,6 B
HER o-D-LFAMEHTI . IH S S AU 2ty 1.8:10aML 2:1), Bridal
EAEF IR BB AL A — A B U SAALAE C-6 055 EREAHENS, 534,
JRUR SLIBGEAAT 7 5 R FR 10, 49,500, L4372 ) DL ] 1205192,

CHOH ——————— = semmns

a-1,6-E5E

o]

CH,OH pA4-ER

l : Jdn

HEREEHE

1.2 [URER ST FE#K
Fig. 1.2 The molecule structure of guar gum

JURGHRT 1993 ERE N E T, IR R AR RS BN eE, 76
fridliE. AR, TR EEE 2R B, R, RS
BEA V2 ThRERRIE, . AEOE AR [H BEA M A0S 57, (RHEGIEMIR2) . &
2% 1 He s 2R 8, il N RORG BE M L YT (R AN TSR 45 s T B 01, [t
AR R, AT TR S i TR R H a3, JTUR SRR Rt %
B 2 (R B B T ShBEE R fhh . ARTICIEN], — R 2 RE T 5
B RO A B, AT A e B v AL R R B TR SR
PRI RIF RO G ey v B AE AR Ve NE B v I T4 5T b R ket v 4
T -2 W 52 G DRI B K A TH RE TS 2 3k R IAR e M, W Santos %5 AP
W A SRR AP IR TR, DU AL R M Zeyue Ren %5 A6
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731, FERR A FLB AR E

1.4 HHARS 2R EKHE TR

HAFMZ RN B 8RR aeseE, 2T EIEA R, 23
T Z M R3E . A AN 20 2 18] A B SRR 20 ih: 3L Al
BAT P (SRR S B2) AR LA AH AT Y R U 0 /KO LA P B i 45 ) 104671,
141 M HELEH

H M 220 B 3 AR AR 2 B SR L, XA R SRS B
ANONE (VAR B BB, 385 H A R S RIS T) L JRLSE e pH S A PH e i R A2
hn, 220 BT W A S R & SRR AN LIS - R A A, s R
AT, AN 1 S AR PRI PR o 222 B 3R IO T e EE ARG R 1 LA S B 1M 1 LT
HEAEMIIRETE. TXUEEIRRT S, B S h il I R 3 FLIE B BEAT B 2
WL, i 1 U E 1 -D R R - A A B = ook EE W, iR e 1R E R
FLACPER G AL
1.4.2 M EEH

5 HE S LA F) R AN 22 A T DU SRR L R ) sk AR A
SERAEAEIM A EAERT, AT R0 (1 ST 0L, K AR I R A B A A
. PEEm eI, BURAEMRE I T, FEARRR pH FIEFRERA T
SR H S 2 0 A R AR SR AR LA TS

S ER A AR ELATE i 7R R SRS DA T SR B A S N R A S A S
HAER B, S inli, R Bs| 7 — s, A, GG il
RIGERYE, WOMRMME HY, BB pH KT SPI 55 S (pl=4.6, LI SPI
wAH). Bk, M GG 5 SPIRA, —HWIELEAHE. HiF S NMMEE
fEM4i&, v SPI-GG ke 2 & R0 it s R BT IR 1 "I 4Tk

1.5 PRILBER
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1.5.1 K FLVRA R

FLIR VB 9 R LA VA 2H 43 A B FLAGTRU R — 2 IO RE RN, AN J—
YR AR T 2K 23 HIOEE 573 — Fiig A v 1) e 5 R 91, AR il A 7K 7R (W/O)
KA RO, SEHF BT, R TEFEILE 50-500 nm 2 I8 LR EFR A 4h
KFL (Nano emulsions)l’” 81, R FLR RA /NIRRT R, & —FeES) /1%
RS E AR R
1.5.2 R FLWR I 5 v

Ak L & 07 EHE = BRIV RVICRR IR, mRe ik R B R g 2 B e A
ARG BRIFIREIR 7, A3 M LA ARV RV AR 2 ) ) 57 T A AT BB S (B0 B4, I
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(1 LA 7Y, gy i T i SR RV A FLRE S, e R
TR AT A AR, ML T e . ORI R AL, R B A
FEAE RN, Re B PRI A KA, T G /N R B B9, BT T ThE Rk
D, PR AR, B0 A A FLIR ] B 5T
1.5.3 PR LA E M T
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PRI, SR 2 1 B RNV 1] 23 R AE AT BSE 2, AT AH FLAE 48 5 B0 &
I FAEEN BRI A B R D A WO E A B AT — SE IV AL, Bl I
)R E K, /INBRZ T R 0 o1, &bt DAE 1), R i R A E
FAGTIE R 2 TR A, CARE i R 0 2 Rl Feoe MR AR E VR, BRI
i [0 P AT RIS B AR J L3R, DT I B4 i oK 7L AR o PR P4 P (8eT
1.5.4 IR FLBAE & i IS A

B P AR YE YR A RN L A AL S R R T L AROR A AR E, AR
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ABTS" -H LG IETY), DU SRR LN DPPH A1 ABTS™ -5 Hi 2k (i5 R
RE I VPN BT S 1 MR AN AR, DT IRAE. Zeta-HI AL, H
H3EIEBRBE /1. SDS-HLUKFIE 85 5 Wi R T %, 0T 70 i 38 3 oK FLIRAE R AU IH
S FE A AR
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F2E REHBEEA-MNREREN T RIKIBIHZ
21EIE

M3 RN R 2, BN E. T AR BUR, WK T
SRR . ik, WERE —ERe Mg RABIE R, s
AT EM, e RN EEE EE R L

ABEEHHRUKRGHEEESP). JRER(GG) NI, 5P LA
FEANFREE N I ER SR 2R . AU S TEEAN LR E R (ESD), A
IR EBAEIREE . ik, RAEEY). HAEHE % SPI-GG Atk =4Ik A,
W, CLPIRIAR . Zeta- AN AN 28 2 AL 20 FR AR, @I R R IR A iR,
K Ee(9:1-1:1) . BT17)3 % (6000-14000 r/min). BT [E](1-9 min). A
Ih#(100-900 W) K8 75 1 [6] (10-50 min) et i K LIRS0, 7 5 90K LI #x
EXIE- NI

2.2 MRS %%
2.2.1 MRS EA
* 2.1 5
Table 2.1 Materials and reagents
B 44 B FA% GV
KREFEEA LR b AR IR A F
- b AR AE A TR A
JRR G L
A
A R AE YA TR A
IR L
A
REFRCHEM ARG IRA
+ R R R AN e -
FooKi LT IAISESP:iveEi)
LR LB I3 Hr 4l FE 25 R M A R IR A 7

222 /5%
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*k22HBERE
Table 2.2 Instruments and equipment
& ELX S s CVRI I
AR TR R HJ-4A R AR B A PR A T
L b R JD200-3 TURA e oA BR 2 7]
P I DA KQ-250DE B2 1L i A A A AT IR A 7
N TR Z AR A R
7R 7 A L B A SCINETZ-08 Ax
AL DHR-3 REFH RN B PR A
R BT TIHL Ti8 E KA A7
YK T FE -Zeta HAAX ZEN3600 HL[E Malvern 24
AT W e T UV-2550 H 7 Shimadzu /A 7]

2.3 LW

2.3.1 BAWMBR RN

i H DHR-3 WA & SPI. GG WRAEAFIMREE N I FR S AR 22K 1
SPI VAR IR EVE B BN 0.5, 1. 2. 4. 6%, GG VAT i ik VL
WHEN 0.05. 0.1, 0.15. 0.2, 0.4%. {EEET, BIUEEEEN 0-400 sTikfT
5. H24HE Herschel-Bulkley 571 77 F X it A2 A AT 43 #r71

T= Tog+ Ky? covvervme e (2-1)

X« ABYIRN ), Pa; v ABYIEZE, st w AERME, Pa; K NHHE
RH, Pas"; n iR HE,
2.3.2 AR E
2.3.2.1 FLATENE(EALI E

22 SN TR IR B . B 30 mL AFEIRE SPIEWR S GG Wl
SRR 10 mL EKIRA, A 10000 r/min A EE BT OIALARE ST 0B 1
min, ZRJ57E 0 min A1 10 min BN A] 5570 I B 100 wL 73 HORE H S 294,
AZF] 10 mL 0.1%+ — e BB (SDS) I F . EH S, L 0.1% SDS i
WO XTI, fE 500 nm YK AL 53 I E R Al 2E 0 min I TROGEE Ao FIZE 10
min B IO BE Ago, Ao B 23 BORE (1 FL AL 14 46 £ (EAT R,
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2.3.2.2 FLALARE T (ES)IE
1E 2.3.2. L A b, e AL AL AR e MR (ES) 2 30in T s itod;

AT g M ESI =
AR Ao—Alo

s Aol Aso 73 ) 973 ORI LI T[] 9 0 min A1 10 min I HIOGAE: At
MRS ZE, 10 min,

2.33 A ERNPORILEE RIH] &

DAV T 3 R I FOKMAE AR, W T SPI A GG IZEIR/KAE A7KAH
e B B U 5 A AR B VA 4% SPI-GG M B RALK LI, LIFEIRIAR
Zeta- Fa AL 3% AR ONTERR, HEKM L], BIYER . SR A, A
Ty 2 U1 75 I (8] 56 40 K FLIRIK _ER AR bR ™ AR IR e o 3 o B K] 3R S 6 2 1B A Sk
AR SRAF 6] % SPI-GG i RALK LR B L2454
2.3.3.1 /K. JHIAHELHI

JKAH: Kt SPIAN GG ¥y AR M T- 284K b, 15 SPIAI GG A Jo &3k B2 7))
N 4.0%F1 0.2%, FeorkEFIHERE 2 hAf SPI AT GG SE & T /KF, BT 4°CF
A5

WA SREFMUE T PIEBL, B R ESECN 0.06%I1
LA 43 BT oK T EAT R 44, S 10 min DUARBII 3 RV AR T R oK
B, ORI ETRREA, T 4 )CTRBOGAE AR P
2.3.3.2 SPI-GG M35 3 A K L) 4%

AR L7 SPI-GG W 5 & A M R AMAHZ —E LB &, 2 1 hi
DWEFESS, T — @ s B VIR TSR B, FE I — e A T
PR BTS2 SPI-GG M RYK LM
2.3.4 SPI-GG M RPIKILEH & T2 MM

CASPIRIAE . Zeta- FOAL B i 22 60 LA AT HE A, 005 o) % T A2 v 7K
e BIVIE AR BYYIN R] EE D) S A I (R LA BRI R XS SPI-GG M i
AR BIRFRRR R, JEHE— B R BRSSOk SPI-GG
35 2R A K PR AR ) 4 T2
2.3.4.1 7K LL A

FEBYI AR 12000 r/min, BYYIIFEA 5 min, #@FAEDIZA 500 W, #iH
12
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I 18] 9 10 min 92645, WEAMEEEI 38 9: 10 4: 10 7: 3.3: 2. 1: 1
i) SPI-GG M35 RYWKFLIFIThIAE . Zeta- FALAT S 35 F AL R A RE M
2.3.4.2 BYPHR

FEACGHELN 9: 1, BIYIRFIAIN 5 min, A THE N 500 W, AN
10 min 444 R, & E B DI Z 55124 6000 r/min. 8000 r/min. 10000 r/min.
12000 r/min. 14000 r/min B %} SPI-GG M3 RYPVK LB TFIIRIAE . Zeta-HIfL
Ui ok kol AR
2.3.4.3 B [A]

EAHELEI A 9: 1, BIYIEZ A 12000 r/min, A IR K 500 W, B
(624 10 min B2, wEIYIRE 5729 1 mine 3 min. 5 min. 7 min. 9
min I %F SPI-GG M3 ALK FLIR T RAR . Zeta- FEAT S I3 3 ELHE R (V5200
2.3.4.4 HiFE T %

FEAKMEEEI N 9: 1, BIPIEZA 12000 r/min, BIYIRFAN 5 min, R
)79 10 min B260F T, W E S D)% 7709 100 W, 300 W. 500 W. 700 W,
900 W IFXf SPI-GG M2 RANKFLM-FAkiAE . Zeta- AL L 2 3 AL () 5
i .
2.3.4.5 S T[]

FEACGH LN 9: 1, BYPIEEZR )y 12000 r/min, BIYIEFEA 5 min, L)
HANTO0OW WIZAET, WE M AR R3] 79 10 miny 20 min, 30 min. 40 min,
50 min IFXf SPI-GG M3 B AUKFLBCT-IIRIAR . Zeta- FE AL S 39 3R LR 5
M .
2.3.4.6 IR AL

1% 2.3.2.2 ) SPI-GG M8 RAUK I 4 0%, 7250 PR F 0 i S At
b, R K R A A AT B A e B (R 55X SPI-GG
B R GOK LIRS E MR R I R A N B 50 G ik IERCIER R WA 2.3,
KH Lo@3)* IEZRIMLE SPI-GG M RPPK IR M e fEl & T2, 4R IE
2.4,
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+® 2.3 EXIRBEARKFER
Table 2.3 Horizontal table of orthogonal test factors
FIES
K A I [A] B i A T A C ByPls % D B[]
(min) (W) (r/min) (min)
1 28 600 9000 2
2 30 700 10000 3
3 32 800 11000 4

2.3.5 {EHr IR
2.3.5.1 “FHykift

FIFH A Koks fZ-Zeta AL SPI-GG M35 R 4K L ) T H5ki4% . WX
—ERIIGUK IR, FZKRRE 1000 f5 SE33E B, LAINE 9K LR
SEEPRIAE RN . BRI TE R IR N T, JEEENE 3K
2.3.5.2 Zeta-HL {1

F FH AL -Zeta HL AT E SPI-GG M2 R FLIR Zeta-HLAIAE . T
B — & I GUK IR &, FIZRTRK MR 100 £, 688 2R Rt A7 00 €
BT R S 7E I N T, JREENE 3 K.
2.3.5.3 Mg R A

2@ Sharmal'2Z: [ i RIS . SR FIFRBUEN & SPI-GG M35 &
AUKFLR I R AR, —E B PURILRE 5 O CFRE IR 13 1
RRBURAS], iErE 30 s & Lh 10000 g AI3EEE #5.0 10 min DU EH A gl
MR W EEAVARE T AR, WfEA S 50 mL. AR
FEVATRAE XS IR, T 448 nm AL R S RO RE Ao [ BRSPS R0 2 1
3% 2 B2 BRI (0.1, 0.2, 0.4, 0.6 A1 0.8mg/mL), £2:Hi|IH- 3 2% A b ih 2%
(B 2.1). HRAErE BRI R RS R AR, % PR R e R
TR ALK

M 0 % (%) = r; 2 100 o eveveere e en s (2-3)

Horf, my BRI GK L P SRS R, mg; me AL LR EEAL
il W N
Wl 2.4 fos A s E bR HEM . HHRRAE 448 nm AL RRHERTZE T RE N -

14
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y=10.432x+0.0332, L&MW EFBIHIARC RE R?>0.999, X Ui B ZbrifE I 2 A
Bo MM RIRIESE 0.01-0.08 mg/mL Yo B, WROGEETE 0.1-0.8 2 B HZk
MR R RIS

09 L y=10.432x+0.0332
L R*=0.9997 A

08 /
ol e

WGAE (A)

02 e
- ./
0.1 F

0.00 0.01 0.02 0.03 0.04 0.05 0.06 007 008 0.09
P AR A TR FE (mg/mlL)

E 2.1 HRRITERLZ

Fig. 2.1 The standard curve of lutein

2.3.6 Fm b
TSI EE 3K, LIg; R UL SES R ZR, FIF SPSS i##4T
B2 55 BT .

2.4 SR 550

2.4.1 ARAFAFEBEH SRR LR

FLAT A ST AL A VE AR GOK FL A B R e PEAN S5 #y R 258 21 1 b
BRI .. Bt 2.2 f(a), (b)Ear T ARIKEER SPIFB GG # IR I
Wi 5B ULER LR, KA Herschel-Buckley #RIHTHHE G, HTES
B 2.4, K 2.2@), () H, MBIYIEARLE 0-400 s, PIARFLALTIE
YRR WKL P2 25 6 A LA TR BE AR T 5 n, - B4 B DI A VE HIE 0-50 s,
A TR L P o LA 1 2 R P2 I 2 B D33 4 FXg 8 i VT A, AR B R A
SRR, B RAFRORGRE . BT U1 AR Y fIE 50-400 s, ASFEIVREZHY
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T A LA 0 B IR B 5 DT A B T A R K BA_E 90 B A B
UOAT Sy, RS UM IR o B B MK, 0 B Y0 2 T 0 LA 7
SUROM AT BTIE S, SEORRNREI I RS . WA, R
HEREEWTEIE . IILR S AR, SR AR5 Fih 3L

08

(a) SPI (b) GG
20 F B + —a— (.05%
. " 0.5% ’
o 1% *—0.1%
o
- 06 | : 4—0.2%
00
w ! * v—4% |o v 0.4%
. 0,6 . +— 0.6%
= . +— (% = *
£ B
Hiof ve = 2
AT * fer=y
= * = *
BTy = %
R’ v ® M
05| ‘e . 02k ¥ *
A * . o A @
I ‘A\I«. Ty M M . “' v e .
Ak A Al +
ool e add—4 = = —_i— vovr oy v h
W S w— & i I
00+ &
L L L L L L L L L ) \ \ L L L | |
0 50 100 150 200 250 300 350 400 0 50 00 150 200 250 300 350 400

B L () HIDIH R
22 FEFLUFBER (a:SPI, b:GG) EFRRE THHNERSRUMENXR
Fig. 2.2 The relationship between shear rate and apparent viscosity of different
emulsifier solutions at different concentrations (a:SPI, b:GG)
R 2.4 FEIFLAFIR R SRENESH

Table 2.4 Static rheological fitting parameters of different emulsifier solutions

M 7% K(Pa
P it I (%) o FAHEH N PRIE ZRHR?
05 0.4658 0.798 0.9913
1 0.4604 0.647 0.9925
2 1.1764 0.663 0.9963
P! 4 2.063 0.623 0.9992
6 8.0116 0.644 0.9999
0.05 0.368 0.77 0.9921
0.1 0.3741 0.756 0.9904
0.2 0.3897 0.638 0.9962
°e 0.4 1.005 0.577 0.9994
0.6 2.3669 0.635 0.9976

AR TR n=1 FARRASERE, 2 0<n<1 I, RUIZERVREBIER
PRI, i3 2.4 A, PIRRELALRIRIRASTREL n BN T 1, BRI R
VAR, HoE 28 R KT 099, MIELREUS. H—J7H, MAERK KE
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b5 ALK EE s 3 i . 75 SPLIEWRH, MikE T 4.0%0, K [EHEEE
FUA T E (3G KT B T e BB R A KRR BRI BT B BO0S 8L 1)k
PR gaLE R DS, i 4.0% % SPIETRIMELEIRE . 75 GG IR, MikEET
0.2%HF, K A B FLAL IR B2 (3 fRSE T, R 0.2%B108 GG R 48
SEUREE . AR R R RERG A R TRy b B A . AR, ER & FLII L AR T,
RIS B B SR, FLA T 22 7E — 8 i ) AP R 35 (15
Wi R AR AR 210, BT AR R AR TSR AN R R IR AN A, AT I T 4
K FLIB N A RS, [ At 2 B I FE 4 ORI, Rk, P T4l & oK LR
SPI A1 GG BRI B 73 | AR I 4.0%F1 0.2%.

2.4.2 ANRFAMFERHIFALIEE(EAN T ZALTE E PR (ESH)

FLACHFIE 5 FUALFITE /K ST WO . 3 BOR e g1 A oeloT, adE
TG MR B EAN M AL B M F e B (ESH®, X2 UL B Z4s . EAL Al
ESI VT LA FITEAK i S LAV BE I R AF FeARDO8, EAL R ESI i, WITE
R AR R AR E . AR S UTE. B 2.3 (), (b)A SPI A GG 4 IEA R
WIRFET EALFL ESI B840, IR, BEEWREERIF &, FAALLTIE EA
A ESI BRI EAE FREMER . £ SPI IKELE 0.5-4.0%EE A, EAL Al
ESI Jhe By B B2 3 (P>0.05). 24 SPI WKE N 4.0%IN, k3| & &EE
EAI (1.70 A)Flx mi{E ESI (557.99 A). 24 SPIVKJETE 4.0-6.0% 5 I, EAIFI
ESI 5 — s REN FMERA B EEZRP>0.05). %4 GG IKETEH N 0.05-
0.20%5, EAIFI ESI G0 H % BA B3 12 7 (P>0.05). 4 GG IK[E A 0.2%IH,
LB B EAL (1.95 A)FI# i ESI (97.17 A). 24 GG MKk JEHE7E 0.2-0.6%0,
EAI #1 ESI 47— e FEEE (T 4 H A AT B35 22 72 (P>0.05) . Kato!®Ifyff 5 i
PR AR S AT R T BK ARG, R BKMET e AR S 7% 77,
MmisEm LR . FLR AT W, BEE AL AR BT, SPIAT GG
Y158 22 (o K S L ) Tk ARS8, Bk 2R AR 3. f77ET SPI Rl GG
PRI K R 2 55, K MR R IO, i 7 k5 i 6 R e T AR
(i A it 7K 5k A 5 ek 3 i AR R B 5 Tl HE A A L ST 5K g Bl ST SR (A1 52 0
gk, MEEEE FHEAIE, KSR SN, TR R R T
PRI 1 EALFT ESI. EALFI ESIFEKAT g2 K & 1) SPI I GG 5 kA4 —
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SEREE R RN, SEOY BN 7 T MM SR E, AR 1 7K 5 i
FasEtE, S8 EAI M ESI FE(K. BEai RS2k, £ 32 ARt 7t b i) 424k
%

27 SPI Ml GG IERAST AR 2 tE s B, KR 79 AN 4.0% 80 0.2%:;

Z2% EAI FTESI 2552, 24 SPIF1 GG HIWKFE 437N 4.0%F1 0.2%0, LI FL 404
Ml lf. 45k, k3 4.0%F0 0.2%1E K SPIFil GG M LU E .,

18
o : Joo 2085 i
—m—EAl o -
*—ESI SR T —e ESI b
L6 < Sa T ~—__b 18 +
~m {500
— < .
i ¢ Loy g M
Lar c b 400 T,
—_ 4 / = =a b [}
< g £E< L
= d 300 S a .
<1 = S12 - b
) s z b
‘ii/ 200 .
I / 1.0 ¢
1.0 o d
/ e 100 08 & e
e/ - .
[
0.8 L
d 4 0 0.6
1 1 1 1 1
0 1 3 4 5 6 0.0 0.1 0.2 03 0.4 05 0.6
SPI (%) GG (%)

2.3 FEIRE AT (a:SPI, b:GG)MZLILIEE(EANFIFL TR EME(ES)
Fig. 2.3 Emulsifying activity index (EAI) and emulsifying stability index (ESI) of two
emulsifiers with different concentrations (a:SPI, b:GG)

W HETZRREEZEREAEEP<0.05), ARATFRREZFHEEEP>
0.05), PLFE. FHFEEFE .
2.4.3 7K M EEX IR PR LM P Be Ml

B 2.4 K. HAREFILLBIG SPI-GG M3 RYPK AT HIRAZ T Zeta-Hi
BLHIFEN . 7K EE B Dy 9:1 I 9K FLIBCA S NP I KiAE 275.448.90 nm 5t
KRHJHRALLXME 45.720.31 mV. BEA AR EGI G0, 99K FLRRRLAS 2 2 4
BN 3180.674105.55 nm, HLALLENHE 23 FEKE] 35.240.70 mV. Kl ELBIA
4:1 WK FLICF RS KM L) Dy 9:1 I PSP REAR AR B, ARAREIHS 22
MEZE 5 (P<<0.05): M7KMMLLRT 7:3 I, HoKulith 9:1 AR B3 7 7 (P>
0.05), X i W i 24 £ iy 40 K FLIBC i AF BT o BE R 3R B~ kLA S i AN K
(B G4 28 B0 FELAE 28 N 2 35 . BT RL, S ORAR 0 P o B A8 B2 R0 I 1
HERMEE, HEG AR RN 2B E &R AAFIA L IR HRF17EK
TR, AN RS RE S A RN, YRR F) R R D 0RD, SR R R
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7] B E A PRI
-60
[ FEks
3500 —m— {7
a
1
3000 |- - -50
n
b
€2500 - d\i T
RS c\\j 1 14~
XH2000 | T S I %
g a a =
= 30ﬁ
1500 | -
i i
1000 c
= -20
cd
500 d
0 | 1 1 | 1 -10
9:1 4:1 _7:3 3:2 1:1
7K i EL 5

B 2.4 KL X AR I IR PR R AR AL IR

Fig. 2.4 Effect of water-oil ratio on the particle size and potential of nano emulsions

FEM S AR LN, — 22 A TR AR By D) . R 55 SRR MBS D BN
MR E MR, HitaEs b ERsk. WK 25 ATLE RGP
I3 2R ) R 0 2 A B B0 8 KT P3RS, R L 5 0 P 1 AR A o B v U
B R EBE . S S TR, RS R, AL RHE
FEAS, AR FLIBAR e PR AR, — 0 P 36 3 DRI /KB i 22 M AR DR M T B R T
K, FEEMERAL. MKMEEI 91 K, M RAMEILH] T 83.3240.18%,
5K By 4:1 i B a0 B 28 % 7 (P <<0.05), T=4HIE &
MR (P>0.05).

PRI, DLAEDS (03 BF 2 s B O AR, DAANOK PR RE WS 445 A2 0 VT IR,
e LR IRiAe. BALRIARAL, JEEKI LRIy 9:1 Kl % K FL

19



ER N2 oY A

100

Ly =k
a a
b b

80 c
S
MGO_
=
%

540 |
g

20 |

O 1 1 1 1 1

9:1 4:1 3:2 1:1

I (weo)
[ 2.5 KHEEBIXT PR AL P H R RIBRIFM
Fig. 2.5 Effect of water-oil ratio on the embedding rate of lutein in nano emulsion

2.4.4 BUYTHE N H 3 R YUK AL BR R

EOE B YL AR, BIYDE AR R NE — R B B R K LR R AR
SENE. B 2.6 MK 2.7 73l s 7 BYUIIR 0 FLIRCT R4S . Zeta- HLAT DL S B
FOMAR . SREY, FEEYEREN, R TRE. BAE
PRI TR B, e 2 A Y 2 IR NS R .
BT U] 34 # /£ 8000-10000 r/min A AL, FLIR B BRI AR L HLALAE 23 0 A
537.6324.35 nm. -37.6740.49 mV [£{LF] | 293.0346.89 nm #1-41.1740.67mV,
3 X AR 72.8940.36% T =1 %] T 90.4140.18%, HIHHGEEMZERP>
0.05). ULILGULHT, WG BIUIEARIIEI, AR EIY) IR, KA AN W AE
JIHINE R WO N, TS RLAR R T ek S FLTE i3 ST L. 485 Uik
FIG M) 12000-14000 r/min B, BIYIJ). AEOUTFREEIN, A& RN KA EHIZZ)
ISR, YR [R] RS A 5 B0 O K AR S A TR UK, 9 392.1044.03
nm Al 407.73215.89 nm; - FIRARIE R, SECATIA L LL4ERE K I A T
FEAEE, FLBHALM RN, SR B TR,

g b, Ui BEESTY)E )Y 10000 r/min i, ] A5 0 R 99K IR
SETRIAR RS Zeta- FA 260 fi e LM 38 3 AR A ey
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: 450
ERE R
550F  a “mh
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I cd d
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L ir‘/
8450 |- b 1P~
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= . 2T
B H -2s
350 |
i +{-20
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2.6 BUENREI R PR R (LRI

Fig. 2.6 Effect of shearing rate on the particle size and potential of nano emulsions

100
b a | |HrERaEE
80
C
g d ¢
S0
=
%
40 |
4
=
20
0 1 1 1 1 1
6000 8000 L 10000 12000 14000
BYUE A (r/min)

2.7 IR EM AR B PR REERHR M
Fig. 2.7 Effect of shearing rate on the embedding rate of lutein in nano emulsion
2.4.5 BUYII RN H 38 R PR PR BE B
BT [0S 38 R AR LIRS i an R 1 2.8 MR 2.9, M ETYIRF DY 1
min B, GPRFLIRCFEIRIEN 394.23413.15 nm, Zeta-FiA7{E N-41.8740.71 mV,
3R Ay 92.0040.09%. MARILI 3R O R AL, (ER R PR
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BRI IR AT RER Ay 24 BT V) I TRk R I, A 5 v o AR 2 SR FH FRD IS ] 4
N, G MAR 5K R TS B AT ORI T R A O/W &
K, BN AR RAS R AAERF IS A (RS E « 3Bt (a9 3 min I, & &R i-F
BRI IA B i /ME  328.2344.35 nm,  HLALN-42.4340.95 mV, M RN
87.2840.49%. MBIVINSIE7E 5-9 min i, FEEHSIGEK, ZrHLmt A&, YL
PR EUARIRE TS, R O A RS S A5G, WO 1R 2 BRI
K. 5 1 min BAHEL, 3 min BRI AIFBIRARREMS 7 20.11%, Zeta-
HUAZ AL AHE PRAR T 1.34%, Mg R AMRIEK T 5.41%. Hubn] W, BIYJHf(A]
XK FLIE BT R AR 52 e BE N2 25 o Wi DA B DI IS 1) X5 9 oK LT 3 R A 1 52
R R B RER R, EBEBIUINS A2 3 min DA &4 KL -

600 —
ab —m— ke -45
ab ab [ e ]
e a
550 | E“\E - -40
a .35
500 |- a T
E ] I
g S
xd 13°%
450 - b ;
e + ~
ﬂ__\' d - 25_533
H"400 - T
i 420
350 | . 1.5
300 1 1 1 1 1 1 1 1 1 _10
0 1 2 304 5 6 7 8 9 10
B UIRT 8] (min)

] 2.8 BUEIRFEI X 4K P R R AR (L R

Fig. 2.8 Effect of shearing time on the particle size and potential of nano emulsions

22



$2%F KENHEEO-NRIKETHEMALRGH %

[ JsrARaEE

100

o0

=3

T T
H o

(=)
o
T

i
<
T

M3 R A (%)

(]
(=}
T

0 1 1 1 1 1 1 1 1 1

o 1 2 3 4 5 6 T 8 9 10
BII 7] (min)

2.9 YYIRtEI AR P R R BB RHR M
Fig. 2.9 Effect of shearing time on the embedding rate of lutein in nano emulsion
2.4.6 A TN H R YUK AL BRI
A DA SR POR FLR L RERI R AN R ] 2.10 AT 2.11. B A DR
[FYGHIFE 100-700 W I, GKFLIREI-F- 3R 2 2 AR, Zeta- FL A7 480 26 %
RJE e, I3 R IR 2 R G 0 3 1 2% 7 (P<<0.05). 4 Th3ik 3] 700 W
i5f, “PHIRARIA B B /IME 373.6746.39 nm. FEAZ 440 B i K 47.1040.60 mV, If
WA WAy 87.5020.12%. M AETRGET 700 W G, KR T HRAR 251
K, RURLZE R AN 2 3R 00 I SRt S8 PRAIR, I W3 24 1) 98 o 75 ) 2 g
R B AR AN K LB P 3 Ri AR . $R v B 40 E, RN 3 R AL S R B i AN K
ik — G IR P D AR AN B SR =R R I AL E AT B R AR, M RTRE S
DRI . A 5 H e o 7 45 AR RIS, T O & /K A SR 13
TE AR 8 K PR 75 L AR R Re s i (), ok Lo FERE RS, RV
REEE HUHRFEAN, S0 T R R AR, — e A UG /N X2 B R AR,
M BUE R PR A AE R, PRI, 4% 700 W 1E il
K S B B AR P D)
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Fig. 2.10 Effect of ultrasound powers on the particle size and potential of nano
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Fig. 2.11 Effect of ultrasound powers on the embedding rate of lutein in nano emulsion
2.4.7 875 BRI H 3R PR FL A BE B

TR IS TR S GOR FLIR R R 45 R an 1] 2.12 AniE 2,18 B, SLl-F
PPRiAE . Zeta- FLALZRHE I 30 3 R B 5 2 [t 35 6 7 IS TR (9 N e Dl JE 3, 9
FEE ISR 30 min P EpRiARE 8 i ME . AL A E A 31 R S A 2
NAH. A 30 min ZJ5, FLBCRIAR CEIIESOESS, mTREBRIVAKILIRE i
I ) )l A AL v ) S A RE 2 T S BOCHBGR Z5 A TR BUROR, 9K IR R R E
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Fig. 2.12 Effect of ultrasound time on the particle size and potential of nano emulsions
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Fig. 2.13 Effect of ultrasound time on the embedding rate of lutein in nano emulsion
2.4.8 IEXZRIMAEGER
RAE A IR 25 R, Wb Ta), A DA BY A AN BT Y] 8]
IEACEG R 2, PLPIIRAR . Zeta-HAAL AN 2 AR A NN E 1R bR, JFIEFES
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ER N2 oY A

&SI KT, BT Lo IER IR o TEAT 50 AN IE A 130 1 22 73 A &5 SR 40 )

W% 2.5 M3 2.6, PABHE M3 R ANK LB & i L ZE 24
F 2.5 HERPKIA B ERFERERR

Table 2.5 Orthogonal results of preparation conditions of lutein nano emulsion

Sk
ESES G Or  E o
FF5 1%
A B C D (nm) (mV) (%)
1 28 600 9000 2 287.5 -42.17 83.92
2 28 700 10000 3 265.47 -45.43 86.27
3 28 800 11000 4 292.5 -41.93 79.57
4 30 600 10000 4 307.35 -41.83 78.90
5 30 700 11000 2 241.77 -43.23 81.23
6 30 800 9000 3 257.93 -42.23 79.90
7 32 600 11000 3 316.8 -39.7 71.91
8 32 700 9000 4 310.87 -41.17 74.24
9 32 800 10000 2 320.3 -39 73.24

& 2.6 HERPKRIALEHZF RO ERXERLER

Table 2.6 Orthogonal result processing Tab. For preparation conditions of lutein nano

emulsion
~ . FSES ‘
SRRy WESHT W 25 53 A 5 B
A B C D
Ki 281.82 303.88 285.43 283.19 AEH = R B R
., K 272.17 272.7 297.71 280.07
SRR ? AsB,C3D»
Ks 315.99 290.24 283.69 303.57
A>B>D>C
R 43.82 31.18 14.02 23.5
Ki -43.18 -41.23 -41.86 -41.47 ANF R R i PR 25
. K> -41.72 -43.28 -42.09 -42.46
FHAT A1B2C:D>
Ks -39.96 -41.06 -41.62 -41.64
A>B>D>C
R -3.22 2.22 -0.47 -0.99
Ki 83.26 78.24 79.35 79.46 AR A=A Rk B 2 R
K 77.68 80.58 79.47 79.36
(2L RS ’ A1B3C2D:
Ks 73.13 77.57 77.57 77.57
A>B>C>D
R 10.13 3.01 1.9 1.89

M2 2.6 AIAN, P EPRAR N 22 70 M Al DA S~ 2R AR Y TR 2 K
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/NP A>B>D>C, HfEFZRA AN AB2CsDa; K HEALEIF I KN A
A>B>D>C, IfEREHEN ABCoDy; W TR AR K/ A>B
>C>D, BAERZEMAAN ABiCoD1. L4 IEIRIN 1 LA S5 K 2 4518 n] 4,
SN B R AR LR & A2 @ tE B R BMRTGR A>B>D>C, il % i s = 4
KA R FAE N A1B2D2Co.
2.4.9 HERRPUKILRH] E RN T ZHAE

10 1E A 43 AT R R A i B R AR FLIR R A SR A g I [R]) Dy 28
min. FFEIIFEA 700 W, BIYJEE R 10000 r/min. BIYJEEA 3 min, EH%
PR I E R UK AR E M R 2.7 FR.

R 27T BRI EHZHFTHRRAKRIEMER

Table 2.7 Properties of lutein nano emulsion under optimal technological conditions

PR HLAL (ERLiES
(nm) (mV) (%)
2213 44.6 86.72
230.5 433 85.69
225.4 43.7 84.32
2.5 KB/

RFR B RGO R BEAT T &, JEX & L 2T TRk, 3R
ik

(1) BT FRSRA LR EALL ESIHIAHT,  SPIAT GG IR 4 HIAE 4.0%
1 0.2%8 FL A e HE I AR R P AN LA ARR

(2) KA F B FAREAE AL 7 BT 45 B & 3 R A L L E 235
N KIMEREIA 9:1. BIVIRFIAIN 3 miny BYYIE Y 10000 r/min. FERA DhERN
700 W JGEEFEIS ) 28 min, FEULHIA KA, MR GUKFLIBCTIIRAE
225.7324.61 nm. Zeta-Fi{7 (i N-43.8740.67 mV JH# KW IHE A 85.58+1.20%.
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%38 KEABEEAIUREREMRRIOKIE BRI R E TS
5

31ES

BRATE A, PAREIN T g AE S AR, RSB I
Rl IR pHy HRE . LEISHICAT AT . Rk, B8R N7
(B PUAALT B EH R 0TI A7 26 (3 TR B . BRBBOR S . R 7 30
AP . DGR R AF I ) B B oK PR R E At A5 T 2

AREIIGH, PLKG B EASPI). R G (GG MR, F K A
M, ARHE S = ARG I AR L2510 Nl % SPI-GG M H AR AN
WA R, I BN WD 7 B LD 2 BT (FTIR)
SR S5 1 B IR SR B R oK FLIB A RIS AT RAE . Ik, BLYH
KIS AL &M B R AR e M Tehs, B8 T R K A
EARE pH(2.0-12.0). A[E Na*ik & (20-100 mM). /N [E] 1L B4 1 4 v & (0.2-0.8
0/Kg). AFPLIRIMERH EE(0.1-0.16 mg/mL). AS[F EMEIEE (7-11 g/mL). AR

W7 (B IRARTE S SR ARTUKR) . R 18] (0-14 d) A7 To e IS A T i e
P, B KPR T RE R T K FLBAA ZR A A7 R A SR A SR B PR S A
32 MR 5k
3.2.1 MR 5
® 3.1 MRS
Table 3.1 Materials and reagents
PR A4 FR A G
KEEEA Fih bR AR R A
o bR MY AR 2
JRR G L
4
b MR R A
N B ih
]
Tk ELEEN NS by ]
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g BEaNRERETHFARLRYGRIERAARZTHER

gk 1
R T MRAEIAF A R A
L SrHTat
A
‘ g AR TR A
TR A S HTat
HJ
g AR TR A
AN PalIEA!
=il
R EMRAEIRFE R A
R Srpral
=il
R R AR E R A
Rk SriTal -
g AR A TR A
L B I iral .
i . g AR TR A
PR MR riral .
R RAEIAFE R A
R SrpTal
=il
322 B/ ERE
RKI32UBE5EE
Table 3.2 Instruments and equipment
INC A A= PR R
WA= HJ-4A i AR RS A TR A F
BT RSP JD200-3 TEPH R T A R A A
BT T18 18 [ IKA A
N T Z R A A R
6B 7 44 PO R A SCINETZ-08
NG
et B T1-SM H A Je FE A A
W I RF5301 SN /N
{8 B 2T A A IRXross H < Shimadzu A ]
YKL JE -Zeta HLATAY ZEN3600 #[H Malvern 22 ]
VAL &b i 2a UV-2550 H Z< Shimadzu 2 7]
3.3 LW A
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