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Abstract Genipin is a secoiridoid that may be

obtained directly from Genipa americana and after

geniposide hydrolysis from Gardenia jasminoides

fruits. It is well known that genipin is a high added

value product which has a great potential for its

application in different fields, such as medicine and

food industry. A lack of information and research

about the development of novel methods for the

environmental friendly recovery and purification of

genipin exists, focused on the green recovery of

genipin through emerging technologies that lead to the

sustainable extraction. In the present review, the

available methods for recovery of genipin and genip-

oside are enlisted and described, as well as the reaction

mechanism of genipin, and the developed methods for

genipin and geniposide identification and quantifica-

tion based on HPLC analysis. Moreover, this work

reveals the scarcity of available identification methods

for genipin, that should be taken into account to fulfill

the recovery and quantification process of genipin.

Keywords Genipa americana �Geniposide �Natural
cross-linker � HPLC

Introduction

Genipin is an iridoid cross-linking compound that

constitutes 1–3 % of Genipa americana L. (Rubia-

ceae) and in a minor proportion, 0.17 % of Gardenia

jasminoides Ellis (Rubiaceae) (Djerassi et al. 1961;

Ramos-de-la-Peña 2014; Tsm et al. 1994). In the early

1960s, Djerassi and co-workers determined the struc-

ture of this natural product, C11H14O5, which they

named genipin (Almog et al. 2004). Genipin can react

spontaneously with primary amine groups of amino

acids, peptides or proteins to form dark- blue pig-

ments. It is soluble in water, alcohol and propylene-

glycol. These characteristics allow it to be used as a

colorant in beverages (Ueda et al. 1991), juices,

nectars, desserts and gels (Barbosa-da-Silva et al.

2006) as well as in cotton, wool and leathers dying

(Taylor et al. 2009; Ding et al. 2007). Genipin can be

absorbed in the intestine to act as a genuine choleretic
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(Akao et al. 1994). It has been demonstrated that

genipin has medicinal effects such as hepatoprotec-

tive, choleretic, anti/inflammatory, anticancer, anti-

thrombotic, antibacterial, gastritis curative,

antidiabetic, neuroprotective (Winotapun et al.

2013), besides anti-depressant-like effects (Tian

et al. 2010). The anti-inflammatory properties of

genipin might be the result from the inhibition of

inducible nitric oxide synthase (iNOS), cyclooxygen-

ase-2 (COX-2), interleukin (IL)-6, IL-1b tumor

necrosis factor alpha (TNF-a) expression through the

down-regulation of nuclear transcription factor kappa-

B (NF-jB) (Wang et al. 2012a, b). Moreover, it has

been demonstrated that genipin inhibits hepatocyte

apoptosis and protects hippocampal neurons (Kim

et al. 2010). Genipin may sterilize tissues during the

time that maintain their mechanical integrity attribut-

able to its sporicidal effect on Bacillus pumilus and

Geobacillus stearothermophilusspores (Reich and

Akkus 2013).

Genipin sources

Gardenia jasminoides

Gardenia jasminoides is a popular Chinese herb

whose fruit is called Fructus Gardenia.G. jasminoides

is an evergreen shrub plant that grows throughout

subtropical to temperate East Asia from Vietnam to

the southern part of Japan (Ueda et al. 1991), mainly

distributed in the southerly provinces of the Yangtze

River in China (Wang et al. 2012a, b). The dried fruit

of the herb is used to treat all forms of febrile diseases,

such as inflammation, tonsillitis, tracheitis, fever,

headache and edema (Zhang et al. 2012). It has been

also used to treat acute conjunctivitis and hematuria

(Hou et al. 2008), hepatic pain due to cirrhosis,

abdominal pain caused by dysentery. Gardenia fruit

has shown to have anti-phlogistic, diuretic, laxative

and homeostatic effects in the treatment of trauma by

external application (Zhou et al. 2007). Geniposide is

the main bioactive iridoid glycoside in ripe Gardenia

fruit (Zhou et al. 2012), and if geniposide is hydro-

lyzed by b-glucosidase, it is possible to obtain genipin
(Yang et al. 2011).

Genipa americana L.

Genipa americana L. is a plant native to northern

South America, the Caribbean and southern Mexico

(Ueda et al. 1991; Fernandes and Rodrigues 2012).

The fruit is called genipap, but it is also known as

jagua, chipara, guayatil, maluco, caruto and huito

(Fernandes and Rodrigues 2012). Genipap is a

medium-sized fruit (8–10 cm long); it is aromatic

and has an elliptical shape (Silva et al. 2010). The

white flesh turns yellow to bluish-purple and finally to

jet-black on exposure to the air (Ono et al. 2007). The

fruit is used mainly in beverage production, but the

flesh is sometimes added as a substitute for commer-

cial pectin to aid the jellying of low-pectin fruit juices

(Fernandes and Rodrigues 2012). It has been reported

that three iridoids can be found in the fruit, such as

genipin, geniposidic acid and geniposide (Ono et al.

2005). The recovery of genipin from genipap fruit is a

critical technological step because aqueous extracts

release simultaneously pectic substances and proteins

(Ramos-de-la-Peña et al. 2014) leading to the cross-

linking of genipin for extractive purposes before

recovery, that leads to the undesired blue color

formation (Renhe et al. 2009; Roesler et al. 2012).

Recently, Ramos-de-la-Peña et al. (2014) developed a

method for non-cross-linked genipin recovery, where

pectinesterase was an aid to contribute to the poly-

electrolyte complex formation that avoided the gen-

ipin cross-linking with endogenous proteins of

genipap fruit.

As mentioned previously, genipin has a wide field

of applications, but few studies about developing new

methods for its recovery are available. Modern

technologies that allow the genipin extraction while

reduce the high costs that traditional recovery methods

imply are needed. Moreover, the final cost is increased

as a higher purity percentage is required. In this short

review, the authors relay available scientific literature

regarding with processes for genipin recovery and its

identification and quantification with the purpose to

recognize areas of lacking studies that can be devel-

oped to make more feasible and less costly for the

recovery of this high added value product. Figure 1

shows the genipin recovery from gardenia (G. jasmi-

noides) and genipap (G. americana) fruits.
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Reaction mechanism of genipin

The capacity of genipin to react with primary amine

groups as well as the reaction mechanism are important

issues that must be considered before the recovery and

purification of genipin to avoid the undesirable cross-

linking reactions that may take place if the recovery

process is not carried out under the required conditions.

The formation of cross-linking reactions between

genipin and biopolymers that have primary amino

groups is described in two stages (Fig. 2). The cross-

linking includes a bimolecular substitution, where a

substitution of an ester group of the genipinmolecule by

a secondary amide takes place. The second reaction is a

nucleophilic substitution of ester clusterings, that

occurs lately in the reaction. This second reaction

begins with a nucleophilic attack in the C-3 carbon of

genipin by the primary amino group, forming an

intermediate amine group. The gap of the dihydropy-

rane ring is followed by the secondary amine attack

formed in the first stage. The cross-linking reactions

allow the formation of blue pigments that include other

reactions with a higher level of complexity (Renhe et al.

2009). Butler et al. (2003) described the reaction

mechanism among biopolymers containing primary

amine groups (chitosan, Bovine SerumAlbumin (BSA)

and gelatin) and genipin. They investigated this reaction

mechanism through IR, UV–Vis and 1H and 13C NMR

spectroscopies, PTR–MS, PCS and dynamic oscillatory

rheometry. The results confirmed that two separated

reactions promoted the formation of cross-links among

primary amine groups. The authors found that the

fastest and first reaction was a nucleophilic attack of the

genipin C-3 carbon atom from a primary amine group

that led to the formation of a heterocyclic compound of

genipin linked to the glucosamine residue in chitosan

and the basic residues in BSA and gelatin. The second

and slowest reaction was as previously mentioned, the

nucleophilic substitution of the ester group present in

genipin to release methanol and to form a secondary

Fig. 1 Genipin recovery from gardenia (G. jasminoides) and genipap (G. americana) fruits
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amide link with chitosan, BSA or gelatin. They

suggested that an acid catalysis was necessary for one

or both reactions to proceed. Moreover, the reaction

mechanism of chitosan cross-linking with genipin has

been previously described under acidic, neutral and

basic conditions, where pH plays an important effect in

the cross-linking reactions (Muzzarelli 2009). The

author describes separately the reaction mechanism of

cross-linking depending on pH. Under acidic and

neutral conditions, a nucleophilic attack by the amino

groups of chitosan on the olefinic carbon atom at C-3

occurs, followed by the opening of the dihydropyran

ring and being attacked by the secondary amino group

on the newly formed aldehyde group. In the product,

short chains of condensed genipin act as cross-linking

bridges. Meanwhile, under basic conditions, the reac-

tion of genipin occurs via nucleophilic attack by

hydroxyl ions in aqueous solution to form intermediate

aldehyde groups, that subsequently undergo aldol

condensation. The terminal aldehyde groups of the

polymerized genipin undergo a Schiff reaction with the

amino groups of chitosan to form cross-linked networks

(Muzzarelli 2009).

Recovery, concentration and purification

of geniposide/genipin methods

Endo and Taguchi, (1973) developed a method for

genipin recovery fromGardenia fruit, that is described

in the flowchart below (Fig. 3). The authors proposed

the initial extraction of geniposide from the dry

pulverized fruit of gardenia with chloroform and

methanol. Then they suggested a subsequent chro-

matographic fractionation and recrystallization in

acetone, obtaining the purified geniposide, that must

be subjected to hydrolysis by b-glucosidase to genipin
(Winotapun et al. 2013). Many improvements on the

geniposide isolation step from Gardenia fruit have

been developed, for example, the water decocting

method, which is used in China for the geniposide

recovery, avoiding the utilization of organic solvents

(Ding et al. 2011; Bi et al. 2014). Usually, the

transformation of geniposide to genipin is performed

using enzymes such as b-glucosidase, that hydrolyzes
the geniposide into genipin.

To achieve genipin recovery, three generalized steps

should be included. A previous mashing is necessary to

break the cell walls of the fruit, which are composed of

structural and reserve polysaccharides (Waldron and

Faulds 2007). Based on this principle, research has been

conducted to improve the mass transfer from the cell

wall to the solvent. Moreover, chemical methods that

include liquid–liquid separation of geniposide have

been tested. The development of new separation

methods using chromatography that may easily be

applied to large-scalemanufacturing processes has been

included, where the separation step can be performed in

less than 30 min through a short activation carbon

column. This represents an improvement over the

Fig. 2 Cross-linking reaction of genipin and primary amino groups (Renhe et al. 2009)
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traditional chromatographymethods that require several

hours and result in low yields (Paik et al. 2001). Chen

et al. (2008) studied the chemical constituents of G.

jasminoides that were recovered after isolation by a

column on silica gel and octadecylsilane (ODS), and

geniposide was identified. After isolation, the chemical

constituentswere identifiedbyNMR–MSspectroscopic

methods, and the presence of nine constituents was

demonstrated: imperatorin, isoimperatorin, crocetin,

5-hydroxy-7, 30, 40, 50-tetramethoxyflavone, 2-methyl-

3, 5-dihydroxychromene, Sudan III, geniposide, crocin

and crocin-3.

Methods that include mechanical mashing followed

by treatments where emerging technologies have been

tested to enhance the cell wall disruption of genipap or

Gardenia fruits to obtain geniposide or genipin. These

methods avoid the use of organic solvents and carry out

green extractions that lead to the environmental pres-

ervation. One of the most used emerging technologies

for extraction of different compounds is ultrasound.

Ultrasound assisted extraction offers a net advantage in

terms of productivity, yield and selectivity, with better

processing time, enhanced quality, reduced the chem-

ical and physical hazards, besides that is environmental

friendly (Chemat et al. 2011). This technology has been

used for geniposide/genipin recovery and many authors

have obtained higher yields of geniposide/genipinwhen

compared to silent processes. Ma et al. (2007) obtained

geniposide from Gardenia fruit when extraction with

ultrasound was carried out in aqueous solution 50 %

ethanol. Moreover, they found other molecules such as

gardenia yellow pigment (a-crocin and a-saffron acid),
geniposidic acid, pectin, as well as ursolic acid. Despite

geniposide could be obtained in the mentioned study,

the authors reported high impurity contents. Ultrasound

has also been used to improve the leaching process of

geniposide (Ji et al. 2006), where deionized water at

20 �C was used in the extraction process. The authors

studied the process until the equilibrium was reached

when static, stirring and ultrasonically assisted condi-

tions were tested. They also determined the external

mass transfer coefficient kf/R (0.15 W/cm2) under

ultrasonic conditions, which was 1.6 times higher than

the obtained for the static process. The intraparticle

diffusion coefficient De/R2 was 3.2 times higher when

compared to the reported for the static process and the

optimum time to achieve the concentration of genipo-

side of 0.2 mg/mL was 150 min for the ultrasound

assisted extraction and 24 h for the silent condition. In

addition, no effect of degradation of geniposide was

Fruit mashing

Extrac�on I

Methanol (3x)

CHCl3

Extrac�on II

Concentra�on 
(reduced pressure)

Chromatography IMethanol extract

Chromatography IGlycosidic 
frac�on

Geniposide 
hydrolysis

β-glucosidase

Concentra�on and 
crystalliza�on

Ether-methanol

Purified genipin

Fig. 3 Genipin recovery

flowchart (Endo and

Taguchi 1973)
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detected after UV–Visible spectroscopy at 238 nm.

These results indicated that ultrasound is a viable option

for geniposide recovery, due to this alternative inten-

sified the mass transfer and the intraparticle diffusion.

Wang et al. (2012a, b) agreed with the statement that

geniposide recovery is enhanced by the ultrasonic

assisted method. Different methods were compared to

identify the most suitable option for geniposide recov-

ery. The geniposide extraction was carried out through

maceration (40 �C), refluxing extraction (90 �C, 3 h)

after a re-extraction, microwave assisted extraction

(10 min) and ultrasound assisted extraction (500 W,

40 kHz). The obtained yields were 21.5 ± 0.8,

24.8 ± 3.0, 36.3 ± 2.1 and 40.3 ± 1.1 mg/g, for each

treatment, respectively, being the obtained by ultra-

sound the highest using water as solvent, with the 1:30

ratio (solid/liquid) at 70 �C for 30 min. Table 1 shows

the different developed methods for geniposide/genipin

recovery. Ramos-de-la-Peña et al. (2014) reported the

recovery of genipin from genipap fruit when cold-

mechanical/sonic enzymatic assisted extraction was

carried out using water as solvent. They separated the

endogenous proteins from genipap fruit after ultrasonic

treatment (190 W, 24 kHz, 10 �C, 15 min) using water

as solvent and the addition of pectinesterase and CaCl2.

A polyelectrolyte complex was formed between pectin

and calcium, and proteins were embedded in this

matrix, avoiding the cross-linking reaction of genipin.

The authors could obtain non-cross-linked genipin, this

is, genipin without developing blue color. A study that

incorporated an enzyme to achieve the disruption of the

plant cell wall was reported byWinotapun et al. (2013).

In this research, a cellulase was used to enhance the

liberation of glucoside from Gardenia fruit from the

plant cell wall, and to carry out the conversion of

geniposide to genipin. The effect of enzyme

Table 1 Developed methods for geniposide and genipin recovery

Recovery

method

Source Operation conditions Purification steps Final

product

Yield References

Chemical Gardenia

fruit

n-Butanol and water (pH

11)

Pigment removal through

activated charcoal

column

Filtration

Crystallization

Geniposide NR Paik et al.

(2001)

Gardenia

fruit

Ethanol Concentration under

reduced pressure

Silica gel

chromatography

Geniposide NR Ma et al.

(2007)

Gardenia

fruit

Ethanol 70 % Percolation Geniposide NR Yang et al.

(2008)

Ultrasound

assisted

Gardenia

fruit

500 W/40 kHz

Water 1:30 (solid/liquid);

30 min;70 �C

Microfiltration (0.22 lm) Geniposide 40.3 ± 1.1

mg/g

Wang et al.

(2012a, b)

Genipap 190 W/24 kHz

Water 1:4 (solid/

liquid);15 min;10 �C

Microfiltration (0.7 lm)

Ultrafiltration (3 kDa)

Genipin 7.8 ± 0.3

mg/g

Ramos-de-la-

Peña et al.

(2014)

Gardenia

fruit

500 W/40 kHz

Water 1:40 (solid/

liquid);150 min; 20 �C

AB-8 Macroporous resin

separation

Geniposide NR Ji et al. (2006)

Gardenia

fruit

71 W/2.5 h

60 % Methanol; 1:4

(solid/liquid); 3 h;

75 �C

Elution with water and

ethanol 70 %

Thin layer

chromatography

Geniposide [16.5 % than

silent

conditions

Chen et al.

(2008)

Enzymatic Gardenia

fruit

Cellulase 10 mg/mL

Ethyl acetate 1:1 (liquid/

liquid); 24 h; 50 �C;
pH 4

50 % trichloroacetic acid

Membrane filtration

Genipin 58.8 mg/g Winotapun

et al. (2013)
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concentration, pH and time on genipin yield was

evaluated, and it was found that 10 mg/mL of the

enzyme at pH 4 for 24 h were the required conditions to

obtain the highest amount of genipin (58.8 mg/g). They

indicated that this in situ product separation technique

has created a new route for the direct preparation of

genipin from crude Gardenia fruit.

Concentration and purification steps have great

importance because their strongly linkage to the

quality and cost of the final product, that is genipin.

Most of the studies cited in this work have included

separation and purification steps that lead to an

increase of the concentration and purity of the

desired product. When the geniposide is recovered,

it is required to carry out a hydrolysis of the

geniposide to obtain genipin. Some authors have

used b-glucosidase enzyme to hydrolyze the genip-

oside; Cho et al. (2006) developed a chemical-

enzymatic reaction where geniposide from Gardenia

fruit extracts was transformed by b-glycosidases to

genipin. Enzymes such as isolase, recombinant b-
glucosidase, cellulase-T, amylases and a-glycosi-
dases were tested. It was found that geniposide was

hydrolyzed to genipin when b-glycosidases were

used. Amino acids such as glycine and tyrosine were

associated with the highest dye production yields.

Yang et al. (2008) reported a method where cellulase

was used to hydrolyze the geniposide into genipin.

The optimal conditions for time incubation were 12 h

and cellulase enzyme ratio to geniposide of 1:8 g/g.

After hydrolysis of geniposide, researchers have

included purification stages such as the use of

macroporous and ionic exchange resins (Chen et al.

2008), thin layer and gel permeation chromatography

(Wu et al. 2005; Ren et al. 2005) as well as the

implementation of ultrafiltration steps and the use of

the high-performance liquid chromatography (Yang

et al. 2008). Recrystallization has also taken place

after enzymatic hydrolysis of geniposide (Liang et al.

2011) whereas Fu et al. (2011) did not include any

separation stage once achieved the hydrolysis of

geniposide to produce genipin.

Detection and quantification methods

The identification of geniposide and genipin after

recovery is extremely important and different methods

to achieve this goal have been developed for

geniposide, but a lack of information about genipin

identification exists. The structure of genipin was

elucidated in Djerassi et al.1961, after degradation

experiments and NMR measurements, leading to the

structure I for genipin (the more stable genipin form).

The authors used a numbering system which coincides

with that selected for plumieride. The absolute con-

figuration of genipin was established by degradation to

the dibasic acid XIIIa (Fig. 4). The most cited

technique for geniposide detection is HPLC in reverse

phase, and the use of amperometric pulses is also

referred. These techniques are shown in Table 2 and

have shown to be reproducible and highly sensitive. In

each developed method, [90 % of the sample was

recovered. The most common column for geniposide

detection is C18, and representative peaks can be

found between 235 and 240 nm.

Besides the geniposide was identified with HPLC,

Wang et al. (2008a, b) developed a method where

geniposide and genipin were identified through

electrospray tandem mass spectrometry. Acetonitrile

and methanol were used as mobile phase and the

gradient establishment time, desolvation temperature

and NH4OAc concentration were studied in order to

obtain the tallest peak intensity. The authors found

that the highest peak intensity was evidenced when

gradient establishment time was 4 min, desolvation

temperature of 300 �C and 0.6 mM NH4OAc con-

centration. The proposed methods were validated at

the concentration ranges of 0.5–1,000 and

10–5,000 ng/mL when ammonium adducts were

used. The authors indicate that this method provides

sixfold sensitivity improvement for geniposide and

genipin quantification when compared to the sensi-

tivities of isocratic methods.

The geniposide was also identified after a high-

performance liquid chromatography-diode array

Fig. 4 Dibasic acid XIIIa

(Djerassi et al. 1961)
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Table 2 Detection and quantification of geniposide by HPLC

C18 column Mobile phase Temperature Linearity and

detection

Elution

mode

References

Nova-Pak

150 mm 9 3.9 mm, 4 lm

Acetonitrile–methanol-5 mM

monosodium phosphate (5:15:80)

24 �C 0.1–50.0 lg/mL

240 nm

Isocratic Tsai et al.

(2002)

ODS

250 mm 9 4.6 mm, 5 lm

Acetonitrile–water (12:88) NR 0.1–7.4 lg/mL

238 nm

Isocratic Xu et al.

(2006)

Diamnosil

200 mm 9 4.6 mm, 5 lm

Acetonitrile–water (16:84) NR 0.1–16.0 lg/mL

238 nm

Isocratic Ye et al.

(2006)

Spherisorb

4.6 mm 9 150 mm 9 5 lm

Methanol–water (30:70)

Rate: 1 mL/min

NR 0.05–0.20 lg

238 nm

Isocratic Wang et al.

(2007a)

Supelco Methanol 20 mM-NH4 Ac (30:70)

Rate: 0.8 mL/min

30 �C Sample recovery:

[96 %

240 nm

Isocratic Wang et al.

(2007b)

5 lm 9 4.6 mm 9 250 mm Methanol–water (23:77) 40 �C 9.8–97.6 lg/mL

Sample recovery:

99.95 %

238 nm

Isocratic Liu (2007)

Lichrospher Water–phosphoric acid (53:0.2)

Acetonitrile

Rate: 1.0 mL/min

Room

temperature

1.9–7.6 lg/mL

Sample recovery:

100.00 %

240 nm

Gradient Li and Wang

(2007)

Shimpack Acetonitrile–water (15:85) NR 0.04–0.25 lg

Sample recovery:

98.67 %

238 nm

Isocratic Wang et al.

(2007a, b)

VP-ODS

150 L 9 4.6

Acetonitrile–phosphoric acid (15:85)

Rate: 0.5 mL/min

NR 30.0–150.0 lg

Sample recovery:

97.60 %

238 nm

Isocratic Bao et al.

(2008)

Diamnosil

200 mm 9 4.6 mm 9 5 lm

Acetonitrile–phosphoric acid 30 �C 0.01–0.09

mg/mL

240 nm

Isocratic Liu et al.

(2008)

Dikma

200 mm 9 4.6 mm 9 5 lm

Acetonitrile–water (10:90)

Rate: 1 mL/min

NR 0.02–0.52 lg

238 nm

Isocratic Zhongjun

(2008)

BDS Hypersil

50 mm 9 2.1 mm 9 5 lm

0.1 % Formic acid

0.1 % Formic acid, 90% acetonitrile

Rate: 0.25 mL/min

40 �C 0.005–1.0 g/mL Gradient Jin et al.

(2008)

Hypersil Acetonitrile–water (12:88)

Rate: 1 mL/min

30 �C 0.1–0.6 lg

238 nm

Isocratic Quiang et al.

(2008)

200 mm 9 4.6 mm, 5 lm Acetonitrile–methanol (A)

0.1 % aqueous formic acid (B)

NR 1.1–71.7 lg/mL

Sample recovery

[74 %

238 nm

Gradient Wang et al.

(2008a)

NR Acetonitrile–water

Rate: 1 mL/min

NR 6.1–48.7 mg/L Isocratic Jiao et al.

(2009)

Luna

250 mm 9 4.6 mm, 5 lm

Water–methanol (A)

Formic acid (B)

10 %A, 9 0 % B

27 �C 0.1–1.9 mg/mL

240 nm

Gradient Bergonzi

et al. (2012)

NR not reported
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detection/electrospray ionization mass spectrometry

(HPLC–DAD/ESI–MS). The mobile phase consisted

of water (A) and acetonitrile (B), both containing

0.1 % acetic acid, and a linear gradient was run.

Moreover, nine iridoid glycosides, including genipos-

idic acid, gardenoside, scandoside methyl ester,

deacetylasperulosidic acid, deacetylasperulosidic acid

methyl ester, gardoside, shanzhiside, shanzhisidem-

ethyl ester and genipin-1-b-D-gentiobioside were

identified using NMR techniques (Zhou et al. 2010).

Jin et al. (2013) used a BDS Hypersil C18 and 0.1 %

formic acid and 0.1 % formic acid in acetonitrile

as mobile phase, using a gradient elution, being

0.25 mL/min the flow rate, for the chromatographic

separation of the geniposide in rat plasma. After separa-

tion, the authors performed a mass spectrometry detection

of geniposide and this method was used for pharmaco-

kinetic analysis of geniposide after oral administration

to rats at a dose of 50 mg/kg. Liquid chromatography–

tandem mass spectrometry (LC/MS/MS) has been

used to develop sensitive methods to determine

geniposide via the formation of ammonium or acetate

adducts to detect cationic and anionic electrospray

signals. The limit of detection of these methods was 1

and 5 ng/mL and linearity was observed in the range

of 5–1,000 ng/mL when ammonium adducts were

detected, or in the range of 20–5,000 ng/mL when the

detection of acetate ions were used (Wang and Hu

2007). A method based on matrix solid phase disper-

sion (MSPD) extraction and ultra-fast liquid chroma-

tography (UFLC) was used for simultaneous isolation,

purification and quantification of the geniposide.

Celite (diatomaceous earth) was the dispersing sorbent

and the elution solvent was 70 % methanol. The limit

of detection was 0.03 lg/mL and the limit of quan-

tification was 0.09 lg/mL (Gao et al. 2013).

Different Chinese’s formulas to treat upper respi-

ratory inflammation, viral encephalitis, hepatitis,

stoke, cerebral thrombosis, tonsillitis, tracheitis and

high fever, contain geniposide, and HPLC coupled

with photo diode array detection and evaporative light

scattering detection (DAD/ELSD) has been used to

determine nine ingredients in the formula, in which

geniposide, uridine, adenosine, baicalin, chlorogenic

acid, caffeic acid, cholic acid, ursodeoxycholic acid

and hyodeoxycholic acid were identified. The mobile

phases were composed of water/formic acid (100/0.1,

A) and methanol/acetonitrile (4/1, B) using a gradient

method and at 35 �C in the column compartment (Yan

et al. 2006). Techniques such as liquid chromatogra-

phy with ultraviolet–visible detection, fluorescence

detection and photo-diode array detection-electro-

spray ionization tandem-mass spectrometry have been

used to identify the major constituents in an antide-

pressant formula, where geniposide has also been

identified. The mobile phase used for analysis was

methanol/water (18:82) and the method was isocratic

(Zhu et al. 2009). Zhang et al. (2008) also determined

the geniposide in a traditional Chinese medicinal

prescription after the establishment of an HPLC–

photodiode array (PDA) detection method, using a

Waters Symmetry Shield RP18 column with gradient

elution using acetonitrile, water and acetic acid at a

flow rate of 1 mL/min. Besides geniposide, the

method could to identify other 11 components in the

curative prescription, puerarin, paeoniflorin, ferulic

acid, liquiritin, hesperidin, naringin, paeonol, daidz-

ein, glycyrrhizic acid, honokiol, and magnolol. The

mobile phase was composed of acetonitrile (A), water

(B) and acetic acid (C), and the amount of acetic acid

was kept constant at 0.5 % during the entire method

with gradient elution.

Purified genipin

Genipin as a cross-linking agent

There are several studies where genipin has been used

as a cross-linking agent of biopolymers, (Muzzarelli

2009; Bi et al. 2011) due to cytotoxicity of genipin is

lower than that of chemical cross-linking agents, about

5,000–10,000 times less cytotoxic than glutaraldehyde

(Yu et al. 2010). Biocompatibility of the genipin cross-

linked materials is higher than those cross-linked with

glutaraldehyde or epoxy compounds (Fraga et al.

2007). According to the reported drawbacks deriving

from glutaraldehyde capacity to transform itself into

undesirable reactive species, genipin is capable to

meet the scope of the current regenerative medicine

based on chitosan (Muzzarelli 2009) and researchers

have focused their attention in genipin. For example,

genipin has been used to prepare cartilage substitutes,

as well as prolonged liberation drugs, encapsulation of

biological products and living cells, as well as in the

treatment of wounds in humans and animals (Muz-

zarelli 2009). In vivo studies showed that genipin has a

lower degradation velocity in chitosan implants,
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compared with microspheres cross-linked with glu-

taraldehyde (Bi et al. 2011). In addition, genipin has

been used to repair biological tissues, where the

acellular vascular scaffolds fixed with genipin showed

to be promissory materials to the fabrication of

implants or blood vessel’s scaffolds in tissular engi-

neering (Yu et al. 2010). Paul et al. (2011) developed

polymeric microcapsules cross-linked with genipin

and demonstrated its potential to develop stem cells

based therapies and the possible application in the cell

administration. Gels containing ketorolac and genipin

have been prepared, and seemed to be effective against

gingivitis in the periodontal bag due to the increased

anti-inflammatory activity and to the cross-linking of

the biological tissue with genipin (Yang et al. 2007).

Genipin also has been used to immobilize enzymatic

reaction systems, such as b-glucosidase using calcium
alginate gel and genipin as cross-linking agent

(20 �C), where the immobilized enzyme with genipin

retained 100 % of the initial activity even after 12

repeated uses (Fujikawa et al. 1988). Several studies in

which genipin has been used as a cross-linking agent

are available, but it is not the purpose of this review to

describe all of them.

Genipin in color development

Forensic science has taken advantage of genipin

obtained from Gardenia fruit and has been considered

as a potential reactant to develop fingerprints due to

the blue pigment formation after the reaction of

genipin and primary amine groups. Almog et al.

(2004) demonstrated that genipin develops finger-

prints on paper as well as blueprints with good contrast

and resolution. Levinton-Shamuilov et al. (2005)

determined the best conditions for the fingerprint

development, being the optimum concentration of

genipin solution to achieve the development of

colored and fluorescent images 0.17 %. Ding et al.

(2008) indicated that genipin has a great potential for

leather tanning. They evaluated the appearance of

aluminum-genipin tanned leather, and it was rated 4

on a scale of 1 (poor) to 5 (very good). The leather was

more stable than the control leather after washing. In

addition, modified gelatin products with genipin were

applied to leather, and the mechanical properties were

not significantly different from those of the reference

pieces and the treated products fared better than

controls. It was concluded that modified gelatin with

genipin has the potential to provide an environmen-

tally safe alternative to the conventional post tanning

processes (Taylor et al. 2009). Moreover, genipin is

used as a food colorant in Asia, and has potential to be

used in the food industry due to its low toxicity and its

capacity to be transformed in the intestinal tract (Akao

et al. 1994).

There are many analytical methods have been

developed taking advantage of the capacity of the blue

pigment formation of genipin after the reaction with

primary amine groups to identify amino acids or

amino sugars. Lee et al. (2003) compared the detection

method of amino acids using ninhydrin and genipin.

The absorption of the blue pigments derived from the

product of the reaction of genipin with different amino

acids were higher than those corresponding to the

ninhydrin reaction. After thin layer chromatography, it

was shown that the reaction with genipin develops

colored well defined stains stable for many months,

meanwhile the color after the ninhydrin reaction began

to disappear within 24 h. Genipin also has been used to

determine the amount of free amino groups in samples

of water soluble chitin. The blue color complex

formed was determined at 589 nm and obeyed the

Lambert–Beer law in the concentration range of

50–300 mg/L (Ramos-Ponce et al. 2010).

There is a wide opportunity area of innovation in the

genipin recovery and purification processes. The use of

emerging technologies represents a promising alterna-

tive to achieve the genipin recovery. Available methods

for the environmental friendly recovery and purification

of geniposide and genipin were described, as well as the

reaction mechanism of genipin that must be taken into

account before its recovery. The developedmethods for

identification and quantification of geniposide were

enlisted and the lack of methods for identification and

quantification of genipin was evidenced. Purified

genipin has great potential applications in medicine,

food industry, leather tanning, forensic science and

analytical chemistry.
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