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Characteristics of Soybean Protein — Phosphatidyl Choline with
Nanoemulsions Powders
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Abstract; Vacuum lyophilizing method was used to prepare soybean protein — phosphatidyl choline
emulsification powder after the ultrasonic treatment and high pressure homogenization, and the physical
and chemistry characteristics of lyophilizing powder and reconstituted emulsion were determined by
scanning electron microscopy, laser particle size analyzer and infrared spectrum. It was found that the
reconstituted lyophilizing powder had good solubility, and the particle size of the emulsion was the same
as that of the original emulsion. Scanning electron microscopy and lyophilized powder particle size
distribution showed that the nanoemulsion powder prepared by high-pressure homogenization and
ultrasonic had dense and uniform structure, the surface had no cracks and hole, the surface of powder
prepared by high pressure homogeneous was more smooth, the particle size distribution showed unimodal
distribution, the average particle size was only 6.13 pum. The entrapment efficiency and yield of
nanoemulsion lyophilized powder prepared by ultrasound and high pressure homogenization both were
more than 90% , while the nanoemulsion lyophilized powder prepared by ultrasonic preparation was more
conducive to the package of B-carotene and better prevention of the loss of B-carotene. The results of
infrared spectroscopy experiments showed that the a-helix and B-fold structure of the protein powder
prepared by high pressure homogenization were slightly lower. And compared with the stability and shelf
life of soybean protein-phosphatidyl choline nanoemulsions, a significant increase was showed for the
lyophilized powder under the same storage conditions.
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reconstituted lyophilized SP — PC nanoemulsion powders
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Fig.2 Particle size distributions of SP— PC original and

reconstituted freeze-dried B-carotene nanoemulsions powders
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Fig.4 Particle size distributions of lyophilized SP — PC

nanoemulsion powders
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Tab.2 Characteristics of protein secondary structure of

lyophilized SP — PC nanoemulsion powders

AHXT & 5/ %
il #5 77 3% - - -
a- 12 i B-ir & B-Ffhm  TCHLINE
16.77+  39.38x  26.60x  17.25=
e P A .
0.10* 0.32° 0.25° 0.14"
N 16.37+  39.02+  26.58+  18.03 &
i P 4 e b 5 ,
0.08" 0. 00" 0.18* 0.16"
3 gXRIE

LA P R 2 ¥ R T MR 05 A 1 A K L v
177 UR 49 3K S8 R I THE JIEL B 290 K 7L 9 1 45
AR IR — 2 T T R U O R AR S AT
A ZLAME T 25 T By 223 W VR T8k R DL I &2
FLBI P B 22 S R PR AT AT TS o S5 R kT



5 43

VLN 25« TR S 28— I Tt AL 4 oK L 98003 A A e M B 5

365

B AR S R LUK B RAF AR T 5 A L
TBORE 7] P9 48 DK SBORE A2 A1 23 HIOPE 8 580, B TR I R
R AL . SEM L Uk 85 R B KA 23 A Sk /i
e R T 49 T B 0 K LUK R S5 A BUR I 2
PO REGEMALER , H g He ¥ 00 i o B 2R 114 2 i B
VKA AT AR L B AR AR T 2 fELAX
6. 13 o fo BSR4 SO A 1 40 0K 2L IR

VR TR AR AL R MR R B 1k 5] 90% LA L, [
A A5 08 AR FLIROR TR R A AT I b
R, E Tk B-91E N R . RALS
DT~ S 58 8 I I A B e T 1 5 5 4 K LR R
MEH o BT B-IT &4 T EmIK. 25 LIk,
AMIEE S R LR B O T LB 4 K L TR
i Ty 2R PR G T — 58 B BE AR 3R

10

11

13

14

15

17

18

19

20

21

2 £ x Wt

FERREIRA J E M, RODRIGUEZ-A M D B. Degradation of lycopene and B-carotene in model systems and in lyophilized guava
during ambient storage: kinetics, structure, and matrix effects [ J]. Journal of Food Science, 2008, 73(8) : C589 — C594.
YONEKURA L, NAGAO A. Intestinal absorption of dietary carotenoids[ J]. Molecular Nutrition & Food Research, 2007, 51(1) :
107 - 115.

PAZ E D, ANGEL M, RODRI G-R S, et al. Formulation of B-carotene by precipitation from pressurized ethyl acetate-on-water
emulsions for application as natural colorant[ J]. Food Hydrocolloids, 2012, 26(1) .17 -27.

SOTIRIOS K, MICHAEL H G. Antioxidant properties of carotenoids in vitro and in vivo[ J]. Food Reviews International, 2004,
20(2):99 —-121.

HOU Z, ZHANG M, LIU B, et al. Effect of chitosan molecular weight on the stability and rheological properties of B-carotene
Food Hydrocolloids, 2012, 26(1) :205 - 211.

WANG P, LIU H J, MEI X Y, et al. Preliminary study into the factors modulating B-carotene micelle formation in dispersions
using an in vitro digestion model[ J]. Food Hydrocolloids, 2012, 26(26) :427 —433.

XK E, i, 6,5 FLBRE R -2 WX - & b R IR E M [ /0L ], R HLIE 7 it ,2015,46 (6) :212 - 217,
225. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20150630&flag = 1. DOI; 10. 6041/j. issn. 1000-
1298.2015.06.030.

LIU Fuguo, WANG Di, YANG Wei, et al. Effect of lactoferrin-polyphenol conjugates on stability of B-carotene emulsions[ J].
Transactions of the Chinese Society for Agricultural Machinery,2015,46(6) :212 —217,225. (in Chinese)

WRA, TRBERT, XISBEL, 4. Zim gk FLor &= Besl el 4 T2 RHAE T [1/0L]. LA HLBRA 4R, 2016, 47(6) :250
—258. http: / www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no = 20160633 &flag = 1. DOI;10. 6041/j. issn. 1000-
1298.2016.06.033.

CHEN Dong,ZHANG Xiaoyang, LIU Yaozheng et al. Study on preparation and stability of ginger oil nano-emulsions [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2016,47(6) ;250 —258. (in Chinese)

YUAN Y, GAO Y, ZHAO J, et al. Characterization and stability evaluation of B-carotene nanoemulsions prepared by high pressure

emulsions stabilized by soybean soluble polysaccharides[ J].

homogenization under various emulsifying conditions[ J]. Food Research International, 2008, 41(1) :61 - 68.
GHARSALLAOUI A, ROUDAUT G, CHAMBIN O, et al. Applications of spray-drying in microencapsulation of food ingredients;
an overview[ J]. Food Research International, 2007, 40(9) :1107 - 1121.
MORAIS A R, ALENCAR E D, JUNIOR F H, et al. Freeze-drying of emulsified systems: a review[ J]. International Journal of
Pharmaceutics, 2016, 503(1 -2):102 - 114.
MAREFATI A, RAYNER M, TIMGREN A, et al. Freezing and freeze-drying of pickering emulsions stabilized by starch granules
[J]. Colloids & Surfaces A Physicochemical & Engineering Aspects, 2013, 436(35) :512 —520.
LEE S J, MCCLEMENTS D J. Fabrication of protein-stabilized nanoemulsions using a combined homogenization and amphiphilic
solvent dissolution/evaporation approach[ J]. Food Hydrocolloids, 2010, 24(6 —7) :560 —569.
KEERATI-U-R M, CORREDIG M. Effect of dynamic high pressure homogenization on the ggregationstate of soy protein[J].
Journal of Agricultural & Food Chemistry, 2009, 57(9) :3556 —3562.
SORGENTINI D A, WAGNER J R. Comparative study of structural characteristics and thermal behavior of whey and isolate
soybean proteins[ J]. Journal of Food Biochemistry, 2010, 23(5) :489 —507.
ARIAS R, LEE T C, LOGENDRA L, et al. Correlation of lycopene measured by HPLC with the L, a, b color readings of a
hydroponic tomato and the relationship of maturity with color and lycopene content [ J].
Chemistry, 2000, 48(5) : 1697 —1702.
SPADA J C, NORENA C P, MARCZAK L D, et al. Study on the stability of B-carotene microencapsulated with pinhdo
(Araucaria angustifolia seeds) starch[J]. Carbohydrate Polymers, 2012, 89(4) :1166 - 1173.
QIN X S, LUO S Z, CAIL J, et al. Transglutaminase-induced gelation properties of soy protein isolate and wheat gluten mixtures

Journal of Agricultural and Food

with high intensity ultrasonic pretreatment[ J]. Ultrasonics Sonochemistry, 2016, 31:590 - 597.

DONSI F, WANG Y, HUANG Q. Freeze-thaw stability of lecithin and modified starch-based nanoemulsions [ J].
Hydrocolloids, 2011, 25(5) :1327 - 1336.

MORTENSON M A, REINECCIUS G A. Encapsulation and release of menthol. Part 1. the influence of OSAn modification of
carriers on the encapsulation of 1-menthol by spray drying[ J]. Flavour & Fragrance Journal, 2008, 23(6) :392 —397.
JACKSON M, MANTSCH H H. Halogenated alcohols as solvents for proteins: FTIR spectroscopic studies[ J].
Biophysica Acta, 1992, 1118(2) :139 - 143.

Food

Biochimica et

(THHET4®X)



74

Ko BLOW % R 2018 4

20
21
22

HUANG Yuxiang, HANG Chengguang, LI Wei, et al. Subsoiling test and evaluation methodology of tillage quality [ J]. Journal
of Northwest A&F University: Natural Science Edition, 2015,43(11) :228 —=234. (in Chinese)

R R, ORI AR R S NI R BT SIS LT ] R AL 5E,2017,39(10) :174 - 179.

LI Huili, HUO Xiaojing, WANG Wendi, et al. Design and test of the comprehensive test system of oil consumption of subsoiling
shovels [ J]. Journal of Agricultural Mechanization Research, 2017,39(10) :174 —179. (in Chinese)

XMR 2, £ e, 20Uk 30, 45 kT AR 5 5 42 51 B IR RS 5 S5 1 S B AL [1/OL . A0k ML % 41k ,2017,48(2) :60 —
67. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1 &file_no = 20170208 &journal_id = jesam. DOI:10.
6041/j. issn. 1000-1298.2017.02. 008.

LIU Jun’an, WANG Xiaoyan, LI Hongwen, et al. Optimization of structural parameters of subsoiler based on soil disturbance and
traction resistance [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017,48(2) :60 — 67. (in Chinese)
R B BRSBTS BT SE [ D] LB - 2k B ARl R A ,2016.

MA Xing. Self-excited vibration subsoiler design and experiment research [ D ]. Shenyang: Shenyang Agricultural University,
2016. (in Chinese)

W a . RS RS R PR B sh R WIS [ D], BUL 7095 K% ,2016.

XIE Lingyun. Research on plowing depth automatic control for high-power tractor electro-hydraulic hitch system[ D]. Zhenjiang:
Jiangsu University, 2016. (in Chinese)

Z9E, TR, G, . EARHEIUHE S PR E M i Sk [ ] R0k T 2441 ,2016,32(9) :1 - 8.

QIN Kuan, DING Weimin, FANG Zhichao, et al. Analysis and experiment of tillage depth and width stability for plowing and
rotary tillage combined machine[ J]. Transactions of the CSAE, 2016, 32(9): 1 —=8. (in Chinese)

X GE LT 4 3 TR AL W B AL B AR b S BAE Rl M52 [ D] 2 PR < PR BRIk R 2%, 2016.

LIU Xiaohong. Research on working mechanism and work parameter on line monitoring pf vibrating subsoiler [ D]. Shenyang:
Shenyang Agricultural University, 2016. (in Chinese)

XUBHAR BB A6, KRR T, 55 IRAME M R A PR ST 5 g [ J/OL . ARk HLAR 2 41 ,2016,47 (48 T ) :43 —48. hup: /
www. j-csam. org/ jesam/ch/reader/view_abstract. aspx? flag = 1&file_no =2016s007 &journal _id = jesam. DOI.;10. 6041/j. issn.
1000-1298.2016. S0. 007.

LIU Yangchun, YUAN Yanwei, ZHANG Junning, et al. Design and experiment of remote management system for subsoiling[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47 ( Supp. ) :43 —48. (in Chinese)

PR RIR DG, YT, . RO RS HLIERES B AL 58 [ T]. Rl LA %4 ,2015,31(21) :17 - 24,

LI Xia, ZHANG Dongxing, WANG Weixin, et al. Performance parameter optimization and experiment of forced-vibration
subsoiler[ J]. Transactions of the CSAE 2015, 31(21) :17 —=24. (in Chinese)

B, A0 R AR S T AL AR R B LB LR A SOk [T ] Rl TR R ,2013,29(4) <15 - 21.

XIE Bin, LI Hao, ZHU Zhongxiang, et al. Measuring tillage depth for tractor implement automatic using inclinometer[ J].
Transactions of the CSAE, 2013, 29(4): 15 -21. (in Chinese)

TR . — AL BB IR SR W &R 48 .203100718U[ P].2013 — 07 —31.

B FH . — R RE T TR A B M AR b B A R 51 104793552A[ P]. 2015 - 07 - 22.

B A — Rl T SR AL S AR VR TE LA I 42 ' A U5 5 1 104977586A[ P]. 2015 — 10 — 14.

(#5365 M)

22

23

24

25

26

27

28

29

LEE H A, CHOI S J, MOON T W. Characteristics of sodium caseinate-and soy protein isolate-stabilized emulsion-gels formed by
microbial transglutaminase[ J]. Journal of Food Science, 2006, 71(6) :C352 - C357.

SORGENTINI D A, WAGNER J R, ANON M C. Effects of thermal treatment of soy protein isolate on the characteristics and
structure-function relationship of soluble and insoluble fractions[J]. Journal of Agricultural & Food Chemistry, 1995, 43(9) .
2471 -2479.

BARTH A. Infrared spectroscopy of proteins[ J]. BBA, 2007, 1767(9) . 1073 - 1101.

MAUERER A, LEE G. Changes in the amide I FT-IR bands of poly-L-lysine on spray-drying from alpha-helix, beta-sheet or
random coil conformations[ J]. European Journal of Pharmaceutics & Biopharmaceutics, 2006, 62(2) ;131 - 142.

MENG G, MA C Y. Characterization of globulin from Phaseolus angularis (red bean)[J]. International Journal of Food Science
& Technology, 2002, 37(6) :687 —695.

ZHAO X, CHEN F, XUE W, et al. FTIR spectra studies on the secondary structures of 7S and 11S globulins from soybean
proteins using AOT reverse micellar extraction[ J]. Food Hydrocolloids, 2008, 22(4) :568 - 575.

LI C, HUANG X, PENG Q, et al. Physicochemical properties of peanut protein isolate-glucomannan conjugates prepared by
ultrasonic treatment[ J]. Ultrasonics Sonochemistry, 2014, 21(5) :1722.

LEE S -H, LEFEVRE T, SUBIRADE M, et al. Effects of ultra-high pressure homogenization on the properties and structure of
interfacial protein layer in whey protein-stabilized emulsion [ J]. Food Chemistry, 2009, 113(1):191 —195.



