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Investigation of secondary metabolites from the cryptic metabolic pathways in date palm fruit, garlic
bulb and groundnuts from North-West Nigeria was conducted using liquid chromatography-mass
spectrometry and mass spectrometry (LC-MS/MS). Results indicated the presence of several
compounds which include Valinomycin, asperglaucide, asperphenamate, cyclo (L-Pro-L-Tyr). Cyclo (L-
Pro-L-Val), emodin, physcion, integracin A and B, Monocerin, and fallacinol were detected at different
concentrations in the different sampled materials. Asperglaucide, asperphenamate, cyclo (L-Pro-L-Tyr),
cyclo (L-Pro-L-Val), and emodin were found in all the tested samples at different concentrations. Garlic
bulb contains valinomycin, emodin and physcion which are compound that may have a potential
inhibitory effect on severe acute respiratory syndrome coronavirus (SARS-CoV) with their maximum
concentration of 55.15, 20.25 and 419.45 pg/kg respectively in the tested materials. Integracin A and B
which are compound with potential inhibitory effect on the HIV-1 integrase enzyme found in Human
immune deficiency virus (HIV) were detected in garlic bulb samples at the maximum concentration of
(3.98 and 18.68 pg/kg) respectively. This study has identified the presence of a compound of immense
pharmacological importance, and it may provide a veritable lead for natural product discovery.
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INTRODUCTION

Secondary metabolites are compounds of natural origin are involved in the homeostasis, modulation of organism
that are often produced specifically in the cells of some health system such as excretion and overall health status
animals, plant, fungi and bacteria. Secondary metabolites of the body system (Baral et al., 2018). Production of



these metabolites by some organism is regarded as an
adaptive capacity of coping with stress caused by
challenges of changing growth environment. This lead to
overproduction of complex chemical types and it involves
interaction in their structural and functional stabilization
through cell signaling processes and pathway (Tanaka et
al., 2013).

The biosynthetic capabilities of fungal and bacteria
cryptic pathways in producing secondary metabolites
which can be used as natural product is much more than
it's currently appreciated. Cryptic biosynthetic pathway
involves manipulation and activation of biosynthetic
genes. It has been previously enhanced using several
methods which include, epigenetic modifier and genetic
engineering (Jordan et al., 2016; Tanaka et al., 2013).
Mixed fermentation using microbial cultivation of two or
more microorganism has been reported to induce
expression of cryptic pathway, leading to the production
of different microbial natural products (Becerril and
Susana, 2018). It can be deduced that competition
between microbes encourages production of secondary
metabolites via signaling molecules (auto-
regulator/quorum sensing molecules and siderophore) in
their environment (Jordan et al., 2016).

Alternatively, epigenetic modification in the producers
strain may be related to the activation of metabolites
precursors by producer active enzymes (Rutledge and
Challis, 2015). However, it is worth noting that in many
cases, direct contact is necessary between bacteria and
fungi to elicit this effect. Recent studies have
demonstrated that co-cultivation or co-contamination may
be a remarkable successful approach for discovering new
natural bioactive products (Becerril and Susana, 2018;
Lal and Lal, 2011). Their biosynthesis can be greatly
influenced by manipulating the type of host plant parts
and concentration of the nutrient in the culture media
(Jordan et al., 2016).

Some bacteria and fungi have cryptic gene clusters that
produce secondary metabolites which is a leading source
of drug discovery (Shen, 2015). Many of these microbial
secondary metabolites are leading drug candidates as
fungal bio-control agent of plants and animal pathogens,
anti-metastatic agent, anti-inflammatory, antiviral and
antibacterial agents (Abia et al., 2017). Cryptic products
have been identified in tomato, maize meal, cassava
fermented products, cashew nuts and animal feeds in
different countries (Abia et al., 2017; Adetunji et al.,
2019).

There is need to determine the differences in where
these microbial organisms produce these cryptic pathway
metabolites among the crop samples which are
susceptible to fungal and bacteria co-contamination.

Date palm (Phoenix dactylifera L.) is grown in many
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tropical countries and is the most popular fruit eaten in
Northern Nigeria as high calorie appetizer (Arias et al.,
2016). Date fruits have sweet flavour and high nutrition
profile providing important essential nutrients like protein,
fibre, carbohydrates, fat and minerals (Chandrasekaran
and Bahkali, 2013). Groundnut (Arachis hypogea L seed
has abundant protein, fat, vitamins, minerals and fibre. It
is eaten locally by diabetic patient because it low
glycaemic index (Nautiyal, 2002). Groundnut is very
popular for its seeds which can be eaten raw, boiled,
roasted or dried. Also, the seed oil is used for cooking
food and has industrial application (Goswami et al.,
2014). Garlic (Allium sativum L) bulb is commonly
consumed for its medicinal and culinary use worldwide
(Sharma et al., 2013). In Nigeria like other parts of the
world, it is used in seasoning meat and meat products. Its
medicinal properties include lowering of blood pressure,
treat viral and bacterial diseases (Rastogi et al., 2016).

Several reports of fungal and bacterial contamination or
co-contamination of date fruit, groundnut seeds and garlic
bulb have been reported (Al-Meamar et al.,, 2017;
Kachapulula et al., 2017; Moharam et al., 2013). The
interaction between fungal and bacteria flora in these
substrates may lead to the expression of the cryptic
metabolic pathway and subsequent production of some
useful metabolites. This study is focused on identifying
products from the cryptic pathway which may be of
pharmacological importance and relating it with substrate
where they are found using high throughput screening
with liquid chromatography-mass spectrometry/mass
spectrometry.

MATERIALS AND METHODS
Sampling and sample collection

Samples of garlic bulbs (16), groundnut seeds (30) and date palm
fruits (45) were collected from three retail market points in each of
the six zones of Zaria (Samaru, Gaskiya, Sabongari, Tudunwada,
Kongilla and Tudunwada) located between Lat. 11° 06’ 40”N and
Long. 7°43'21”E in Kaduna State, North West Nigeria. Thirty bulk
samples (1 kg each) of randomly measured sample materials were
obtained and kept in clean zip-lock bags. They were transported to
the laboratory of Crop Protection Department, Ahmadu Bello
University, Samaru-Zaria, Nigeria. A total of 91 samples (each
representing a pack of the bulbs, fruits and the seeds, weighing
approximately 500 g) were randomly collected. Each sample was
quartered and about 100 g was taken and pulverized using a
commercial Blender (Waring Commercial Blender 8010BU, Model
HGBTWT, Connecticut, USA). The representative samples were
stored at -4°C to prevent further metabolite liberation by fungi and
bacteria within samples prior to multi-mycotoxin analysis. Samples
were kept in polypropylene bags and transported to the Center for
Analytical Chemistry Laboratory in the Department of Agro-
biotechnology, University of Natural Resources and Life Sciences,
Vienna, Austria for analysis.
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Analysis of mycotoxin
Reagents

Liquid chromatographic grade methanol (CH3;OH) and acetonitrile
were purchased from Merck (Germany) and VWR (Belgium)
respectively. The Mass Spectrometry grade ammonium acetate and
standards for fungi metabolite were brought from Sigma-Aldrich
(Austria). Decontamination of water was carried out consecutively
through reverse osmotic pressure and ultra-analytic system
purchased from Veolia water (UK). A total of 34 working solutions
were made and kept at -20°C in the fridge but were brought to 25°C
before use. Fresh final working solution was mixed accordingly for
the spiking experiment.

Garlic bulb, groundnut seeds and date fruits extraction

Each garlic bulb, groundnut seeds and date fruit were milled using
a cyclone pulverizer which has one millimetre square sieve
(Cyclotech, Sweden) before being homogenized. Five grams each
were measured into the centrifuge tube (0.05 L polypropylene).
Twenty  millilitres of the separation solvent (acetic
acid/water/acetonitrile 1:20:79, v/viv) were added before being
vortexed using a vortexed using laboratory rotary shaker (Model
GFL 3017, Germany). Ratio of the dilution of the sample with the
solvent was 1:1 and 5 ml of the dilution obtained from the extract
were injected into the LC-MS/MS.

LC-MS/MS parameters

Detection and quantification of extracts was achieved through a
described procedure (Malachova et al., 2014). Briefly, a QTrap
5500 multimycotoxin LC-MS/MS system (Applied Biosystem,
California, United State of America) furnished with TurboV spray
ESI source and Ultra High Performance Liquid Chromatography
system (UHPLC) (Agilent, Germany). The Chromatographic
separation of extracts was performed at 25°C on a 150 x 4.6 mm,
5-um Gemini C18-column equipped with a C18 security guard
cartridge, 4 x 3 mm i.d. (Phenomenex). Elution was carried out in
binary gradient mode. Both mobile phases contained 5 mM
ammonium acetate and were composed of methanol/water/acetic
acid 10:89:1 (v/vlv; eluent A) and 97:2:1 (v/vlv; eluent B),
respectively. After an initial time of 2 min at 100% A, the proportion
of B was increased linearly to 50% within 3 min. Further linear
increase of B to 100% within 9 min was followed by a hold-time of 4
min at 100% B and 2.5 min column re-equilibration at 100% A. The
flow rate was 1000 pyL/min. ESI-MS-MS was performed in the
scheduled multiple reaction monitoring (SMRM) mode both in
positive and negative polarities in two separate chromatographic
runs. The sMRM detection window of each analyte was set to the
respective retention time *27 s and *42 s in positive and in negative
mode, respectively. The target scan time was set to 1 s. The
settings of the ESI source were as follows: source temperature: 550
°C; curtain gas: 30 psi; ion source gas 1 (sheath gas): 80 psi; ion
source gas 2 (drying gas): 80 psi; ion-spray voltage: -4500 V and
+5500 V, respectively; collision gas: (nitrogen) medium.
Confirmatory identification was obtained through the acquisition of
two sMRMs per analyte, which yields 4.0 identification points
according to commission decision 2002/657/EC.

The method precision was tested through proficiency testing
organized by Bureau Interprofessionel des Etudes Analytique
(BIPEA) (Gennevilliers, France) in accordance with [SO
13525:2015. All the results of the extracts were between -2< x < 2
which was a satisfactory range. The percentage of contaminated
samples, maximum and median concentration (ugkg™) of toxins and
metabolites were determined from the data collected for each of the

samples analysed.

Metabolites were quantified by external calibration (1/x weighted)
using a multi-component standard prepared from authentic
standards.

RESULTS AND DISCUSSION

Secondary metabolites produced through the expression
of the cryptic pathway may be of great pharmacological
importance. The tested samples are: defective date fruit
(DDF) (21), healthy date fruits (HDF) (24), garlic bulb (16)
and groundnut seed (30) samples and result presented in
Table 1.

Valinomycin was detected only in 9/16 (56%) of the
garlic sample with a median and maximum values of
(44.99 and 55.15) upg/ kg (Table 1 and Figure 1la).
Valinomycin is a product of bacterial contamination. It is
found in garlic from different markets in the sampled area.
It is a cyclic peptide which readily dissolves in the
membrane lipid bilayer and thus enhanced its
bioavailability in target cells. It is an antibiotic which
greatly affects the metabolic pathways of several bacteria
(Shen, 2015).

Asperglaucide was found naturally occurring in all the
samples tested. The lowest value found in the food
samples tested was 2.42 ug/ kg in groundnut seeds while
the maximum concentration of 2886.40 ug/ kg was found
in garlic bulb. Also, the maximum values of 13.52 ug/ kg
of asperglaucide was obtained in defective date fruits.

Asperphenamate was also detected in all tested crop
samples. Its median values are (2.41, 2.56, 267.24, and
3.41) pg/ kg in DDF, HDF, garlic bulbs and groundnut
seeds (Table 1 and Figure 1b). Presence of
Asperglaucide in all tested samples with its highest
concentration of 2886.40 ug/kg in garlic showed that the
metabolites can be produced in different substrates. It
was also observed that it was detected in 100% of all
samples which indicated that the growth environment for
this microbial contaminant is conducive for the
biosynthesis of Asperglaucide. Natural occurrence of
Asperglaucide has been previously reported at different
concentration in different substrates in several countries
(Abass et al., 2017; Andersen and Frisvad, 2004; Humer
et al., 2016).

Cyclic dipeptide identified in the samples was cyclo (L-
Pro-L-Tyr) and cyclo (L-Pro-L-Val). Garlic bulb samples
were positive for these two cyclo dipeptides. The
maximum values recorded were (1458.00 and 1481.00)
pa/ kg for cyclo (L-Pro-L-Tyr) and cyclo (L-Pro-L-Val)
respectively (Table 1 and Figure 1c). A total of 18/21
(86%) of DDF and 9/24 (38%) HDF were positive for
cyclo (L-Pro-L-Val). Their respective median values were
8.42 and 3.71 pg/kg. The result of this study showed that
the two cyclo dipeptides may be a natural contaminant of
garlic bulb. These cyclo-peptides have been isolated from
Streptomyces species, they possess antibacterial
activities and has inhibitory effect on some plant
pathogens (Nishanth et al., 2012).



Adeniran et al.

Table 1. Products of cryptic pathway metabolites detected in the liquid chromatography-mass spectrometry (LC-MS)/mass
spectrometry (MS) analysed samples, specifying the proportion of positive samples (p pos), the percentage of positive samples (%
pos), as well as the median, maximum concentration (max. concentration) and range in ug/kg.

Metabolites Source % Positive Median Maximum Range
(proportion) (ug/kg) (Hg/kg) (Hg/kg)
Defective date fruit -* - - -
valinomvein Healthy date fruit - - - -
y Garlic bulb 56.25 (9/16) 44.99 55.15 30.76
Groundnut seeds - - - -
Defective date fruit 100 (21/21) 4.6 13.52 12.15
Asperalaucide Healthy date fruit 100 (24/24) 3.64 5.56 453
perg Garlic bulb 100 (16/16) 697.31 2886.40 2835.83
Groundnut seeds 75 (24/30) 1.22 2.42 1.64
Defective date fruit 100 (21/21) 241 4.39 3.94
Asperphenamate Healthy date fruit 100 (24/24) 2.56 5.56 5.21
perp Garlic bulb 100 (16/16) 267.24 492.15 437.63
Groundnut seeds 96 (29/30) 341 4.10 3.96
Defective date fruit 86.71 (18/21) 7.52 17.93 15.87
Healthy date fruit 37.5 (9/24) 3.86 10.88 9.9
Cyclo (L-Pro-L-T .
yelo (L-Pro-L-Tyn) G aviic bulb 100 (16/16) 1107.67 1458.00 1034.21
Groundnut seeds 86.66 (26/30) 8.52 11.85 7.87
Defective date fruit 71.42 (15/21) 8.42 13.18 12.32
Healthy date fruit 37.5 (9/24) 3.71 8.40 7.69
lo (L-Pro-L-Val .
cyclo (L-Pro-L-Val) - ic bulb 100 (16/16) 561.53 1481.60 965.66
Groundnut seeds 93.33 (28/30) 7.14 175.21 171.64
Defective date fruit 33.33 (7/21) 1.27 99.46 99.19]
Emodin Healthy date fruit 4.16 (1/24) 2.38 2.38 2.38
Garlic bulb 100 (16/16) 10.01 20.25 12.4
Groundnut seeds 26.66 (8/30) 11.28 131.38 129.31
Defective date fruit 4.76 (1/21) 698.24 698.27 698.27
Phvscion Healthy date fruit 4.16 (1/24) 20.96 20.96 20.96
y Garlic bulb 50 (8/16) 258.15 419.45 298.34
Groundnut seed - - - -
Defective date fruit - - - -
Intearacin A Healthy date fruit - - - -
9 Garlic bulb 62.5 (10/16) 311 3.98 3.98
Groundnut powder - - - -
Defective date fruit - - - -
Intearacin B Healthy date fruit - - - -
9 Garlic bulb 68.75 (11/16) 5.62 18.68 1557
Groundnut powder - - - -
Defective date fruit - - - -
Monocerin Healthy date fruit - - - -
Garlic bulb 81.25 (13/16) 1.66 7.97 3.45
Groundnut seeds 6.67 (2/30) 18.12 35.57 32.12
Defective date fruit 4.76 (1/21) 0.41 0.41 -
Fallacinol Healthy date fruit - - - -
Garlic bulb 50 (8/16) 18.12 35.57 29.91

Groundnut seeds
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Figure la. Mean concentration (ug/kg) of compounds with activities against severe acute
respiratory coronavirus (SARS-CoV) naturally occurring in DDF, HDF and garlic bulb samples.
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Figure 1b. Mean concentration (ug/kg) of compounds with activities against cancer and
inflammatory diseases naturally occurring in DDF, HDF and groundnut seed samples.

Emodin was found in 100% of garlic samples, 7/21
(33.33%) samples of DDF, 1/24 (4.1%) in HDF and 8/30
(27%) in groundnut seeds. Their respective maximum
values were 99.46, 2.38, 20.25, 131.38 and 1.48 g/ kg
(Table 1 and Figure 1a). Natural occurrence of emodin in
unripe fruits, vegetables and different herbs has been
previously reported (Dong et al., 2016); to the best of our
knowledge this is the first report of emodin in garlic bulbs,
groundnut seeds and date fruits in Nigeria. Unlike
emodin, physcion is found in 50% of the garlic bulb

samples and only one sample each of DDF and HDF
(Table 1 and Figure 1a). The presence of physcion in half
of the garlic samples tested indicated its appreciable
presence in the study area. These metabolites can be
exploited for its documented pharmacologically activities.
Emaodin and physcion have been documented to possess
anti-SARS-CoV activities (Ho et al., 2007). They have
also been used in Traditional Chinese Medicine in the
treatment of microbial infections, liver diseases and are
good anti-inflammatory agent (Ahirwar and Jain, 2015).
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Figure 1c. Mean concentration (ug/kg) of compounds with antifungal and
antibacterial activities naturally occurring in DDF, HDF and groundnut seed
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Figure 1d. Mean concentration (pg/kg) of compounds with anti-HIV activities

in garlic bulb samples.

Integracin A and integracin B are found only in garlic
samples at maximum values of (3.98 and 18.68) ug/ kg
respectively (Table 1 and Figure 1d) while Monocerin was
detected in garlic 11/16 (69%) and groundnut seeds 2/30
(7%) (Table 1 and Figure 1le). Their respective median
values are 1.66 and 55.41 g/ kg respectively. These
fungi metabolites are products of the cryptic metabolic
pathway with beneficial medicinal properties. They have
been reported to have activities against HIV-1 integrase
enzymes (Sivro et al., 2019). In addition, Monocerin has
shown appreciable pharmacological activities against
plant pathogens like powdery mildew of wheat (Robeson
and Strobel, 1982).

Fallacinol (Table 1 and Figure 1e) is found in two
samples of garlic bulb and DDF with their respective
maximum values of 0.41 and 35.54 ug/kg. Fallacinol is

an antimicrobial metabolites found in some medicinal
plants (Bitchagno et al., 2015).

The microbial secondary metabolites identified in this
study are of significant pharmacological importance. This
study will serve as a template for further work on isolation
and subsequent development of natural biologically
active product that can be effective in managing several
diseases of plants and animals.

Conclusion

Several products of cryptic metabolic pathways of
pharmacological importance were identified using LC-
MS/MS  chromatographic  techniques. Valinomycin,
integrin A and C were found naturally occurring in only
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Figure le. Mean concentration (ug/kg) of compounds with antifungal and
antibacterial activities found in the analysed samples.

garlic bulb samples while Asperglaucide,
Asperphenamate, the Cyclo dipeptides and Emodin are
found as natural contaminants of all the sample tested.
This study detected Asperglaucide and Asperphenamate
in 100% of DDF, HDF and groundnut seed tested. These
secondary metabolites detected in this study may be an
important lead in medicinal plant drug discovery.
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