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Optimization of Technological Conditions for the Extraction of
Lycopene by Supercritical CO:

CHEN Jun-jie, MA Yong-giang, WANG Xin, LI Chen-chen

(School of Food Engineering, Harbin University of Commerce, Harbin 150076, China)

ABSTRACT: The work aims to get the optimal technological conditions for the extraction of lycopene by supercritical
COa. Fresh tomatoes were freeze-dried and crushed, and then single factor and response surface experiments were used to
determine the best conditions, which included the extraction pressure, extraction temperature, CO2 flow rate, modifier
flow rate and static extraction time. The results showed that static time and extraction temperature had significant effects
on the extraction rate of lycopene, and interactions existed between the flow rates of modifier and CO2, between the flow
rate of COz and the extraction temperature, and between the extraction temperature and the static time. The optimum con-
ditions for the extraction of lycopene by supercritical CO2 were determined. The extraction pressure, flow rates of modi-
fier and COa2, extraction temperature and time were 35 MPa, 5 mL/min, 6 mL/min, 46 °C and 90 min, respectively. Under
the optimum conditions, the extraction rate of lycopene was up to 90.21% and the lycopene content of tomato powder was
3648.57 pg/g. Under the optimum conditions, the extraction rate of lycopene is higher, the optimization effect is better,
and it has considerable practical application value.
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Fig.3 Effect of extraction pressure on extraction rate
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Fig.8 Response surface and contour plot showing the effects of CO2 flow rate and flow rate of modifier on the extraction rate of lycopene
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Fig.9 Response surface and contour plot showing the effects of CO2 flow rate and temperature on the extraction rate of lycopene
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Fig.10 Response surface and contour plot showing the effects of temperature and static time on the extraction rate of lycopene

8—10
COz COz
3
CO, 5.96 mL/min
45.51 °C CO,
45.51 °C
90.37 min
CO,
5~7 mL/min  4~6 mL/min
CO, 5~7 mL/min
40~50 °C
40~50 °C  80~100 min
[19]
253
5.07 mL/min CO;
5.96 mL/min 45.51 °C

90.37 min

=
=
=
#
Ka
E]
40 42 44 46 48 50
WREE/PC
b EFEL

90.27%
5 mL/min CO, 6 mL/min
46 °C 90 min 3
90.21+0.0027 %
3
CO,
CO,
1 35 MPa 5 mL/min
CO, 6 mL/min 46 °C
90 min
90.21% 3648.57 ng/g



41

3 CO2

- 49 -

SE MK

(1]

SESTAK Z, BRITTON G, LIAAEN-JENSEN §, et al.
Carotenoids. Handbook[J]. Photosynthetica, 2004,
42(2): 186.

KONG K W, KHOO H E, PRASAD K N, et al. Re-
vealing the Power of the Natural Red Pigment Lyco-
pene[J]. Molecules, 2010, 15(2): 959—987.

(1. ,
2017, 38(13): 201—206.
ZENG Yao-chi, HUANG Shu-fen, XU Hua, et al. Ef-
fects and Mechanisms of Lycopene on the Function of
Bone Marrow Endothelial Progenitor Cells in Diabetic
Mice[J]. Food Science, 2017, 38(13): 201—206.
1. (

), 2016, 37(1): 72—77.

HAO Li-qin, DOU Dan-dan, HE Yu, et al. Enzymatic
Extraction of Lycopene from Watermelon and Its An-
tioxidant Activity[J]. Journal of Henan University of

Technology  (Natural Science Edition), 2016,
37(1): 72—77.
[J1. , 2014, 32(5): 50—55.

LIN Ze-hua, REN Jiao-yan. Research Progress on Ex-
traction Technology of Natural Lycopene[J]. Journal of
Food Science and Technology, 2014, 32(5): 50—55.
[J1. -

, 2015, 17(9): 1938—1942.
LIN De-ju, SHAO lJia-jia, ZHANG Yu-yan, et al. Study
on Optimization of Extraction Conditions of Lycopene
from Tomatoes[J]. World Science and Technolo-
gy-modernization of Traditional Chinese Medicine,
2015, 17(9): 1938—1942.
[J1. , 2019,
40(1): 207—213.
WANG Zi-xuan, LI Ya-qi, GUO Hui-qing, et al. Pro-
gress in the Extraction of Polysaccharides from Three
Common Lycium Barbarum Fruits[J]. Food Research
and Development, 2019, 40(1): 207—213.

[J]. , 2010, 31(5): 61—64.
HE Chun-mei, ZHOU Zhen-bing. Saponification and
Microwave Extraction of Lycopene[J]. Food Research
and Development, 2010, 31(5): 61—64.

H 5 5

[J]. ,2019, 55(1): 88—92.

[15]

[17]

GONG Xu-hao, ZHANG Lu, DONG Ling-ling, et al.
Advances in Extraction Methods of Astragalus Poly-
saccharides[J]. 2019,
55(1): 88—92.

ABDUL HM, MOHAMMAD S R H, MADEEHA L, et
al. A Comparative Study on the Recovery of Secondary

Chinese Veterinary Journal,

Metabolites from Potamogeton Chinensis by Tradi-
tional Solvent Extraction and Supercritical Fluid Ex-
traction[J]. Journal of Zhejiang University-science B
(Biomedicine 2016, 17(9):
683—691.

MOHAMMAD Y, MEHDI R, SEIED M P, et al. Su-
percritical Fluid Extraction of Essential Oils[J]. Trends

in Analytical Chemistry, 2019, 118(5): 182—193.

& Biotechnology),

] ,
2018, 39(5): 209—218.

MIAO Xiao-yu, GU Da-hai, CHENG Zhi-bin, et al.
Supercritical Fluid Extraction Technology and Its Ap-
plication in Food Industry[J]. Food Research and De-
velopment, 2018, 39(5): 209—218.

[J1. , 2019, 27(2): 149—151.

QIU Cai-yi. Supercritical Fluid Extraction Technology

and Its Application in Food[J]. Science and Technology

and Economy Guide, 2019, 27(2): 149—151.
HPLC-MS J].

, 2015, 36(12): 70—75.

WANG Zhen-qiang, LI Xiao-kun, WANG Hao. Re-

sponse Interview Optimization of Ultrasound-assisted

Extraction of Lycopene from Tomato Peel Residue and

Its Determination by HPLC-MS[J].

2015, 36(12): 70—75.

Food Science,

b} s

[J1. , 2015, 36(10):
16—22.

LI De-he, WANG Jun-wei, ZHAO Yue. Response Sur-
face Methodology for Optimizing the Extraction Pro-
cess of Lycopene from Rhodobacteria[J]. Food Sci-
ence, 2015, 36(10): 16—22.

CO2

[J1. , 2015,

i b}

36(10): 76—80.

GU Ren-yong, YANG Wan-gen, YU Ji. Response Sur-
face Methodology for Supercritical CO2 Extraction of
Polyphenols from Young Fruits of August Melon[J].
Food Science, 2015, 36(10): 76—380.

[J1. , 2019,
39(4): 1114—1117.

LI Zhen-xia, SHEN Huan-huan, GAO Miao-miao, et
al. Spectrophotometric Analysis of Lycopene in Dif-
ferent Solvents[J]. Spectroscopy and Spectral Analysis,



-50 - 2020 2
2019, 39(4): 1114—1117. Ginseng Volatile Oil[J]. Food Science, 2016, 37(4):
[18] s , , . 58—61.
CO2 [1]. [22] s s s CO2
,2017,32(3): 36—41. [J1. , 2014,
CHEN Zhong-wei, DING Fen, WU Qi-fei, et al. A 35(6): 138—143.
Comparative Study on the Extraction Quality of Rice TU Bao-jun, LI Yong, CHEN Shang-long, et al. Su-
Bran Oil by Subcritical Propane and Supercritical CO2 percritical CO2 Extraction of Lycopene and Its Anti-
Hexane[J]. Chinese Journal of Cereals and Oils, 2017, oxidant Properties[J]. Food Industry, 2014, 35(6):
32(3): 36—41. 138—143.
[19] R s , . [23] ANNIE D, CHANDRAMOULI V, ANTHONYSAMY
[J1]. , 2018, 43(10): S, et al. Freeze Drying vs Microwave Drying-methods
164—169. for Synthesis of Sinteractive Thoria Powders[J]. Jour-
WANG Wan-yu, LI Jiao, ZHANG Xiao-feng, et al. nal of Nuclear Materials, 2017, 484: 51—58.
Response Surface Methodology for Optimizing the [24] SRAMEK M, SCHWEIGGERT R M, VAN K A, et al.
Extraction of Flavonoids from Grass Fruit by Etha- Preparation of High-grade Powders from Tomato Paste
nol[J]. Chinese Seasoning, 2018, 43(10): 164—169. Using a Vacuum Foam Drying Method[J]. Journal of
[20] s s . CO2 Food Science, 2015, 80(8): 1755—1762.
[J1. ( ), 2008, 37(1): [25] , , . CO2
105—108. [J1. ,2005(4): 30—31.
LIAO Yi-qiang, HUANG Biao, LU Ze-jian. Super- WANG Xian-qing, WANG Dan, CUI Hui-zhe. Study
critical CO2 Fluid Extraction of Lycopene[J]. Journal on Extraction Technology of Lycopene by Supercritical
of Fujian Agricultural and Forestry University (Nature CO2[J]. Food and Machinery, 2005(4): 30—31.
Edition), 2008, 37(1): 105—108. [26] KEHILI M, KAMMLOTT M, CHOURA S8, et al. Su-
[21] R R R percritical CO2, Extraction and Antioxidant Activity of

CO2 [J]. , 2016,
37(4): 58—61.
CUI Li-li, PANG Shi-feng, LI Ya-li, et al. Response

Test Optimization of Supercritical CO2 Extraction of

Lycopene and B-carotene-enriched Oleoresin from To-
mato (Lycopersicum Esculentum, L.) Peels by-product of
a Tunisian Industry[J]. Food and Bioproducts Pro-
cessing, 2017, 102: 340—349.



