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Progress in research on the commercial use of cochineal
insects and cochineal dye
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Abstract The cochineal insect (Homoptera: Dactylopiidae) has a long history of artificial breeding and commercial use. A
red pigment, cochineal, can be extracted from dried females. Cochineal is mainly comprised of carmine acid, kermesic acid,
flavokermesic acid, DC , DC , and spiroketalcarminic acid, and has high stability and safety in a wide range of applications,
including in medicines, as a natural pigment additive, cosmetics and other fields. Due to its high price, encouraging farmers to
breed cochineal insects is a Poverty Alleviation project in remote parts of Yunnan Province. However, the quality of cochineal
is affected by variables such as gender, and development stage, and environmental factors such as temperature, humidity, light
and pests. Because of this variability, NMR, HPLC-DAD-ESI MS/MS, excitation-emission fluorescence data and three-way
PARAFAC decomposition, multivariate statistical analysis and other techniques are used to detect and validate cochineal
quality. This paper reviews the commercial application of cochineal and cochineal dye in order to attract additional research
interest to these products.
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Portillo 2005 Van Dam etal. 2015
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2009

D. coccus
Madariaga et al. 2006
D. coccus

2003;

Haile et al. 2002
D. coccus
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D. coccus
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Cockerell 1893
Cockerell 1893
Lamarck 1801
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D. coccus Costa 1835
De Lotto 1974
De Lotto 1974

De Lotto 1974
Dactylopius salmianus De Lotto 1974
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Dactylopius zimmermanni

D. coccus

Guerra 1992
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Chavez-Moreno et al. 2009

14%-26 Flores-Alatorre

etal. 2014

Flores-Alatorre et al. 2014

Wang and
Nobel 1995
Zegbe etal. 2014
88%-95%
0-0.5%
Stintzing and
Carle 2005 Bustamante-Brito 2019
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4-6 mm
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1
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2010
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Tulle bag D. coccus
Barbera et al. 1995
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Moran and Hoffmann 1987
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D. coccus
2010
Magakian 1977
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Mendez et al.
2004; Stathopoulou et al. 2013
16
Serrano et al.

2011

Takeoetal. 2018
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Carminic acid
492.39 1
94%-98% De Graaff et al.
2004 Greenstein 2006

El1 PRASLIERZEH9E (Ttoetal., 2017)
Fig. 1 Structure of carminic acid (Ito et al., 2017)

2008 pH
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Kannangara etal. 2017
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Carmine
Flores-Alatorre €t al.
2014 Kannangaraetal. 2017

7d 50%

8h 95%
2011

+ 2+ 2+ 2+
Fe** Fe** Ca’ Sn

Eisner et al. 1980
Hyperaspis trifurcata Leucopis sp.
Laetilia coccidivora
Eisneretal. 1994
2%-6%
DCIV 2-C-0- DCVII
2-C-B-

2 Stathopoulou et al. 2013 Flores-Alatorre
etal. 2014 Lechetal. 2015

2008 DCIV
DCVII
Monomorium destructor Zaima etal. 2017
R Fast
——
Ce—

2 1&Slow

2218 Slow

El2 FEBE4IER, DCIV 1 DCVI KA RP ST REE (Zaimaetal., 2017)
Fig. 2 Schematic illustration of the dynamic equilibrium between CA, DCIV and DCVII in
aqueous solution (Zaima etal., 2017)
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Lech and Jarosz 2016 Kannangara 2017
C-

D. coccus
6-0O-a-D- D
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2015
Ito 2017 3
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OH O CH; O

[#] 3 Spiroketalcarminic acid Z544[& (Ito et al., 2017)
Fig.3 Structure of spiroketalcarminic acid
(Ito etal., 2017)
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Takeo 2018
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Beckonert etal. 2007
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NMR
Mendez etal. 2004
1 3 9
NMR
:H-_ R Vs
3.1 BZHHRNAEE (NMR) GNMR
NMR 10 min
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Table 1 Comparison of detection and identification methods for cochineal dye
Detection NMR Multivariate
technology HPLC-DAD-ESI MS/MS 3D-EEMs-PARAFAC statistical analysis
Advantage
Beckonert et al. Mantzouris et al. 2011;
2007 Lech and Jarosz 2016 Mendez
10 min  Sugimoto Easy to identify glycoside etal. 2004
etal. 2010 Universal; no cc_)mpounds; fgst and Rubio etal. 2019 Comprehensive
dto di . | reliable evaluation of a . . and complete
need to dissociate ana yt§s limited number of samples Easy  high sensitivity data analvsis:
and can recycle samples; high . fast measurement and ysIS;
. ey eqe Mantzouris et al . ur accurate and
analytical reproducibility portable; low cost; strong °
Beckonert et al. 2007 : 2011;Lechand Jarosz 2016 anal ti,cal ca at’)ilit ) reliable results
. ’ Y Pabllitys Mendez
fast and easy  analysis lasts compounds Wlﬂ} etal 2004
only 10 minutes Sugimoto multiple overlapping a
fluorescence spectra
etal. 2010 can be distinguished
from external
interference
Rubio etal. 2019
Disadvantage Frank Van der
etal. 2015 Beckonert Can only be observed in
etal. 2007 Less sensitive the extract when the

separation step is carried out
than MS  Beckonert et al.

2007 Frank Van der
etal. 2015

Combine multi-
dimensional data

Rubio etal. 2019
The relevant analysis
has little progress; the
method is old-fashioned;
certain selectivity between
the two products measured
at the same time can
affect each other to
some extent Rubio

etal. 2019

complicated
operation
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2011 TiO,
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