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11.1  INTRODUCTION

Mycotoxin contamination is a recurring theme in the agriculture and food indus-
tries. The ubiquity of the fungi which produce them makes mycotoxins common
contaminants in animal and human food supply (Murphy et al., 2006). The Food
and Agriculture Organization (FAO) estimates that 25% of global food and feed
outputs are contaminated with mycotoxins (Moretti et al., 2017), and major losses
due to this, specifically financial, can be as diverse as the reduction in quality and
production, and increased cost in finding alternative foods and better management
(Marroquin-Cardona et al., 2014). Direct implications to humans have been recorded
due to contaminants present in food such as in fruits and their processed products
(Fernindez-Cruz et al., 2010), spices such as chili and black pepper (Yogendrarajah
et al., 2014), and infant foods (Asam & Rychlik, 2013), among others. Even as early
as the middle ages, records show the frequency of ergotism throughout Europe, a
mycotoxin-induced disease caused by contamination of rye bread by the fungus
Claviceps purpurea, leading to burning sensations resulting in gangrene, neurologi-
cal disease, and death (van Dongen & de Groot, 1995).

It is important to manage and control the contamination of food and feed prod-
ucts by mycotoxin-producing fungi to ensure a safe and secure food and agricultural
environment. Mycotoxins may enter the food supply directly through the growth of
molds on the actual food or indirectly through the use of contaminated raw materials
in food processing and manufacture (Bullerman, 1979). FAO and the World Health
Organization (WHO) declared high priority on mycotoxins due to their impact on
human and animal health, and countries have set legal limits for specific mycotoxins
(Fumagalli et al., 2021).

Fungi have already caused biosafety and biosecurity concerns in history. Disease
outbreaks caused by the mycotoxins trichothecene and fumonisin were recorded in
Indiain 1987 and 1995 due to contaminated wheat, sorghum, and maize (Raghavender
& Reddy, 2009). Other cases link mycotoxin exposure to poor nutrition, the develop-
ment of cancers, and even death (Bhat et al., 2010; Lukwago et al., 2019; Shephard,
2008). Mycotoxicosis in animals fed with contaminated feed also represents a rising
concern in hog-raising (Magnoli et al., 2019), aquaculture (Gongalves et al., 2020),
and poultry (Murugesan et al., 2015) because of poor nutritional value, low perfor-
mance, and increased susceptibility to disease.

Management of mycotoxin also has a serious economic impact. Data would show
that losses in cereals, for example, are highest in years with the highest mycotoxin
levels (Focker et al., 2021). For instance, the socioeconomic impact of mycotoxin con-
tamination in Africa is among the rural poor, contributing more to threats to human
health (Gbashi et al., 2019). Even in developed countries such as the United States,
illnesses and death contribute to the cost associated with mycotoxins (Abbas, 2005).
In Southeast Asia, mitigation strategies are recommended to control mycotoxins con-
tamination in raw feed materials, specifically in rice and maize (Siri-anusornsak et
al., 2022), a risk also reported to be high in the Philippines (Salvacion et al., 2015).

After the initial discovery of aflatoxin contamination in the Philippines in 1972,
additional knowledge has been acquired regarding mycotoxins and the fungi that
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produce them. Despite the progress made in understanding mycotoxigenic fungi and
mycotoxins in the country, there is still a lack of comprehensive knowledge regarding
effective practices and measures to control fungi and toxins (Balendres et al., 2019).
From the historical point of view, several mycotoxigenic fungi were discovered and
isolated in the Philippines over the past two decades of scientific efforts (Figure 11.1).

FIGURE 11.1 The historical timeline of mycotoxigenic fungi isolated in the Philippines
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11.2 TRADITIONAL USES OF MACROFUNGI IN THE PHILIPPINES

Aside from mycotoxins, the wide use of mushrooms may also pose potential safety
and security concerns. Studies of indigenous groups from Luzon Island in the
Philippines, including the Aeta, Bugkalot, Gaddang, Kalanguya, and other Igorot
groups, have revealed that gathering and utilization of wild edible mushrooms are
influenced by the ecological environment and ethnicity where many of these mush-
room species are utilized for medicinal and nutritional purposes (Dulay et al., 2023;
dela Cruz and De Leon, 2023). In particular, many of the macrofungal species docu-
mented in these surveys were widely consumed as food, the most commonly eaten
species being Schizophyllum commune (split-gill mushroom), Auricularia polytri-
cha (wood ear mushroom), Volvariella volvacea (straw mushroom), Pleurotus (oys-
ter mushroom), and Termitomyces. Beyond their culinary and medicinal uses, these
fungi also serve diverse purposes: house decorations, utilized for body detoxifica-
tion, base for a coffee-like beverage, natural insect repellents, and even as eye drop
formulation from an ascomycete species (Table 11.1).

It was also noted that the different provinces have different species of mush-
rooms, with some areas having a more abundant fungal diversity than others (Dulay
et al., 2023). For example, the coniferous type of forest in Benguet and Mt. Province
areas are conducive to the growth of wild edible mushrooms, resulting in a stron-
ger tradition of mushroom gathering in these areas than in Apayao, Kalinga, and
Ifugao, where non-coniferous types of forests prevail (Licyayo, 2018). While there
are numerous ethnomycological studies on Luzon, particularly in the Northern and
Central regions, it is worth noting that there are limited studies on the Visayas and
Mindanao regions, except for one in Northern Samar (Flores, Jr. et al., 2014). This is
surprising given these regions’ rich macrofungal diversity and robust cultural land-
scape. This vast knowledge gap, therefore, warrants more studies highlighting other
ethnic and indigenous groups to expand further our understanding of macrofungi
uses and associated risks among local communities.

Accordingly, the importance of management practices in the handling and storage
of edible macrofungi species in the Philippines cannot be overstated, mainly because
the Basidiomycota phylum, which includes many of these species, is the same group
of fungi that produce mycotoxins. Improper handling and storage conditions can lead
to mycotoxin contamination of various agriculturally-relevant commodities, putting
consumers at risk. The risk of mycotoxin contamination is further exacerbated by the
country’s tropical, warm, and humid conditions, which are ideal for the growth and
development of mycotoxigenic fungi. Expanding studies on the safe consumption of
wild edible macrofungi in the Philippines is therefore crucial, especially consider-
ing their gaining commercial interest and recognition by the government as one of
the priority crops in the recent road-mapping for agricultural development (Dulay et
al., 2021). To date, edible macrofungi species are already commercially cultivated,
including Pleurotus spp., Volvariella volvacea, and Auricularia spp., among other
species. However, despite these species’ commercialization success, research on
their potential risks for mycotoxin contamination or production is still limited.
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Additionally, climate change scenarios pose an additional challenge to managing
edible macrofungi, complicating efforts to ensure their safety along the food supply
chain. Changes in temperature and precipitation patterns favor some mycotoxigenic
fungal species over others (Mannaa & Kim, 2017), requiring continuous evalua-
tion and monitoring of handling and storage practices. The lack of clear regulation
for mycotoxins in macrofungi adds to the concern. While some mycotoxins have
been found in various agricultural products, well-established national standards for
mycotoxins per commodity are still poorly defined, considering the diverse range
of mycotoxins reported in the country (Table 11.4). Climate change, inadequate
regulations, and limited research call for a proactive approach to mycotoxins in the
country. A strengthened food safety system backed by science is key, and if prop-
erly managed, macrofungi will continue to play an important role in food security,
health, and cultural heritage in the Philippines.

11.3 CURRENT MYCOTOXIN RESEARCH IN THE PHILIPPINES

Much of the current research in mycotoxins and fungi-associated risks in the
Philippines are focused on agricultural commodities, specifically during post-
harvest period. Due to conditions during storage such as humidity, light, and tem-
perature, mycotoxigenic fungi thrive among grains and other stored agricultural
products. Aspergillus and Fusarium species are the most commonly encountered,
with Penicillium species also reported (Table 11.2). A list of mycotoxins and their
associated mycotoxicogenic fungi in agricultural commodities can be found in the
works of Balendres et al. (2019).

11.4 MYCOTOXICOSES

It is important to differentiate mycotoxicoses from other conditions, such as mycoses
and mushroom poisoning, which are excluded from this discussion. Mycotoxicosis
results from exposure to or poisoning from mycotoxins which are toxic secondary
metabolites produced by molds or microfungi (Bennett et al., 2003), generally a con-
dition affecting vertebrates. In contrast, mycoses are the diseases that result from the
growth of fungi on their hosts, while mushroom poisoning, the result of exposure to
macrofungi, is arbitrarily excluded among the mycotoxicoses (Bennett et al., 2003).
While there are several hundred mycotoxins that have been identified (Alshannaq
et al., 2017) with a wide variety of chemical composition and properties, only a few
dozen are currently considered of medical importance, and from these, the most
relevant and clinically significant are highlighted (Table 11.3).

Poisoning from these mycotoxins can be acute, that is, their effects occur with a
rapid onset from the time of exposure, or they can be chronic (e.g., occurring sev-
eral months or years after repeated low-level exposure) (Ostry et al., 2017), which is
mostly the case as a result of ingestion of contaminated food (Peraica et al., 2014).
However, there is a paucity of information about how many people are affected by
mycotoxicoses (Bennett et al., 2003).
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TABLE 11.3

Medically Important Mycotoxins

Toxin

Aflatoxins

Ergot alkaloids

Fumonisins

Ochratoxins

Mechanism of Toxic Action

Binding to cellular
macromolecules (proteins and
nucleic acids) leading to
cytotoxic effects

(Alshannaq et al., 2017)

Mimic vasoactive monoamines

Interference in sphingolipid
metabolism
(Alshannaq et al., 2017)

Inhibition of phenylalanine
metabolism

Inhibition of mitochondrial ATP
production

Stimulation of lipid peroxidation

(Alshannaq et al., 2017)

Targets Organs/
Associated Toxic effects

Acute aflatoxicosis: vomiting,
abdominal pain, pulmonary &
cerebral edema, coma, convulsions,
death

(Alshannaq et al., 2017; Choudhuri et
al., 2019)

Chronic:

Hepatotoxicity

Hepatocellular carcinoma

Carcinogen (IARC group I)

Immune suppression
(Choudhuri et al. 2019; Klaassen,
2019; Alshannagq et al., 2017)

Ergotism

Blood Vessels: Vasospasm

Gangrene

Central Nervous System Effects:
Convulsions

Abortion

(Klaassen, 2019; Choudhuri et al.,
2019)

Esophageal cancer

Liver & renal cancer

(Klaassen, 2019; Choudhuri et al.,
2019)

IARC Group 2B (possibly
carcinogenic)

Gastrointestinal: Abdominal pain,
borborygmus, diarrhea

Neural tube defects in experimental
animals

Nephrotoxicity (Choudhuri et al.,
2019)

Immunosuppression

Hepatotoxicity

Teratogenicity in animal studies

IARC Group 2B (possibly
carcinogenic)

(Alshannagq et al., 2017).

(Continued)
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TABLE 11.3 (CONTINUED)
Medically Important Mycotoxins

Targets Organs/
Toxin Mechanism of Toxic Action Associated Toxic effects
Patulins Nausea, vomiting, ulceration, and
hemorrhage
Hepatotoxicity
TARC Group C
(Alshannag et al., 2017; Klaassen,
2019)
Trichothecenes Inhibition of protein synthesis Gastrointestinal: GI hemorrhage,
(Alshannag et al., 2017) vomiting

Dermatitis on direct contact

Alimentary toxic aleukia

(Alshannaq et al., 2017; Choudhuri et
al. 2019)

Zearalenone Mimics 17p-estradiol binds to Estrogenic effects
estrogen receptors Endocrine disruption

TARC Group C

(Alshannagq et al., 2017; Klaassen,
2019)

The clinical manifestations of mycotoxicoses are diverse and depend on the prop-
erties of the specific mycotoxin, host factors, and the characteristics of the exposure
(dose, frequency, and duration of exposure). The mechanisms of the toxic action of
mycotoxins are varied and specific organs may be more affected than others lead-
ing to a variety of possible clinical effects. For example, the liver is the primary
target of aflatoxin B1, considered the most toxic and significant (Bennett et al., 2003;
Alshannagq et al., 2017). On the other hand, ochratoxin A is known for its nephro-
toxic effects. Evidence for the epidemiologic link between mycotoxin exposure and
human disease may be abundant. For example, aflatoxin B1 is known to be the most
potent natural carcinogen (Bennett et al., 2003; Joint FAO/WHO Expert Committee
on Food Additives et al., 2002) and is associated with hepatocellular carcinoma
(Peraica et al., 2014; Alshannaq et al., 2017). In contrast, ochratoxins are considered
severely toxic in laboratory animals, but cases are scarce in humans (Peraica et al.,
2014).

Patient characteristics, including age, nutrition, genetic background, and comor-
bidities, may contribute to increased susceptibility to the toxic effects of mycotoxins.
For example, children may be more susceptible to the toxic effects of mycotoxins
because of their lower body mass, faster metabolic rate, immature organ functions,
and detoxification mechanisms (Peraica et al., 2014). In addition, patients with hepa-
titis B infection with concomitant exposure to aflatoxin are at increased risk for
hepatocellular carcinoma (Bennett et al., 2003). Genetic variations in metabolism, as
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in aflatoxicosis, would have different effects as aflatoxins are metabolized to reactive
metabolites by cytochrome P450 enzymes (Bennett et al., 2003).

The route of exposure to mycotoxins is mostly through ingestion from contami-
nated food (Peraica et al., 2014). However, depending on the toxin, dermal and inha-
lation exposures can also happen. Generally, it is not communicable from person
to person (Bennett et al., 2003). While it is impossible to eliminate mycotoxins
from food, regulatory agencies have set regulatory standards. The Joint Food and
Agriculture Organization/World Health Organization Expert Committee on Food
Additives (JECFA) is responsible for evaluating the risks of mycotoxins to human
health. It sets tolerable intake limits, while the Codex Alimentarius Commission
establishes the standards to limit exposures based on the JECFA evaluation (World
Health Organization, 2018; Habschied et al., 2021).

Diagnosis of mycotoxicosis is difficult. Human biological monitoring, while need-
ing validation, can be a helpful tool and provide information for exposure assess-
ment. Biological samples that can be used include urine, plasma, serum, and breast
milk (Escriva et al., 2017; Habschied et al., 2021). Some of the most commonly
used methods for detecting mycotoxins in biological samples include high-perfor-
mance liquid chromatography coupled with fluorescence detection (HPLC-FLD),
enzyme-linked immunosorbent assays (ELISA), liquid chromatography-tandem
mass spectrometry (LC-MS/MS), and gas chromatography-tandem mass spectrom-
etry (GCMS) (Habschied et al., 2021; Escriva et al., 2017).

In general, there is no specific treatment for mycotoxicosis. Management consists
of supportive therapy (e.g., adequate hydration) (Bennett et al., 2003) and manage-
ment of the sequelae (e.g., referral to a specialist for those with hepatocellular carci-
noma associated with chronic exposure to aflatoxin B1). Since most of the associated
chronic effects are nearly irreversible (carcinogenesis), emphasis is placed on expo-
sure prevention strategies.

11.5 MYCOTOXIN CHEMISTRY AND DETECTION

The commonly tested mycotoxins in the Philippines are aflatoxin B1 (AFBI), afla-
toxin B2 (AFB2), aflatoxin G1 (AFG1), aflatoxin G2 (AFG2), fumonisin B1 (FB1),
ochratoxin A (OTA), and zearalenone (ZEN) (Figure 11.2). The analytical methods
used to analyze mycotoxins are immunochemical-based methods, biosensors (Zhang
et al., 2023), and chromatographic techniques. Enzyme-linked immunosorbent assay
(ELISA) is an example of an immunochemical-based method that is simple, cheap,
and portable. This method is used for first-level screening and survey studies (Anfossi
et al., 2016). Chromatographic techniques such as high-performance liquid chroma-
tography (HPLC) with an ultraviolet (UV) or fluorescence (FLD) detector and gas
chromatography (GC) are for the quantitative determination of single or few related
mycotoxin compounds for confirmatory analysis. In comparison, liquid chromatog-
raphy-tandem with triple quadrupole mass spectrometry (LCMS/MS) and ultrahigh
performance LC with high-resolution mass spectrometry (UHPLC-HRMS) provides
a more sensitive, accurate, and selective method for the determination of mycotoxin.
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FIGURE 11.2  Structure of commonly tested mycotoxins in the Philippines. Aflatoxin Bl
(AFBI), Aflatoxin B2 (AFB2), Aflatoxin G1 (AFGI1), Aflatoxin G2 (AFG2), Zearalenone
(ZEN), fumonisin B1 (FB1), ochratoxin A (OTA)

These instruments are used for multi-residue analysis and structure elucidation of
unknown compounds (Leite et al., 2023).

Before instrumentation, the samples are subjected to extraction methodologies
to isolate and concentrate the compound. Examples of extraction methodologies are
liquid-liquid extraction (LLE), solid-liquid extraction (SLE), solid phase extraction
(SPE), immunoaffinity column (IAC) (Kim et al., 2017), and QuEChERS (Quick,
Easy, Cheap, Effective, Rugged, and Safe) (Rodriguez-Cafas et al., 2023). After
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the extraction, clean-up can be employed to remove other interferences. The cho-
sen method and clean-up method will vary depending on the matrix compatibility
(Castell et al., 2023).

Mycotoxins are naturally occurring contaminants, and therefore, imposing a ban
on them is impossible. In order to assure food safety and protection of consumers,
maximum admissible levels of mycotoxins are regulated by various national and
international agencies depending on the commodity or compound and its intended
use (Anfossi et al., 2016). These organizations are the European Union (EU)
Commission, United States Food and Drug Administration (US-FDA), World Health
Organization (WHO), Codex Alimentarius Commission (CODEX), and Food and
Agriculture Organization (FAO) (Abdolmaleki et al., 2021). Most of the set regula-
tory limits of different countries are based on the EU Commission regulation (EC)
No. 1881/2006, while the criteria for sample preparation and confirmatory methods
of analysis used for food control purposes are in the EU Commission regulation (EC)
No 401/2006. In the Philippines, the maximum levels for mycotoxin are published
in the Philippine National Standard/Bureau of Agriculture and Fisheries Standard
(PNS/BAFS) 194:2022 (Table 11.4).

The strategies to control mycotoxin contamination in commercially important
food and feed products are outlined in the standards set in the Philippine National
Standards (PNS) developed by the Bureau of Agriculture and Fisheries Products
Standards (BAFPS) under the Department of Agriculture (Table 11.5). So far, the
available PNS dealing with mycotoxins are only for agricultural products and none
for fishery products. While PNS 194:2002 also includes aquatic food commodities,
the standards for these products only apply to maximum limits for cadmium, lead,
and methylmercury. Mycotoxin management generally relies on controlling the cru-
cial level of moisture contents, water activities, relative humidity, and temperature
storage, depending on the product.

11.6 WAy FORWARD

Biosafety and biosecurity concerns surrounding fungi depend largely on sound poli-
cies and practices to avoid adverse effects. Risk reduction principles are similar to
how laboratories manage risks from bacteria, viruses, and other hazards and threats.
Health implications and agricultural losses can be detrimental, even catastrophic,
when the risks remain uncontrolled. Thus, it is important to continuously monitor
and evaluate existing practices and policies to respond to the dynamic challenges of
mycological safety and security. Research, both in the Philippines and neighboring
ASEAN countries, may be done to better understand the network of factors at play
that shape mycotoxin vulnerability, and institute mitigation measures to reduce risk
to the minimum.
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TABLE 11.4

Maximum Level (ML) of Mycotoxin per Commodity

Mycotoxin

Total Aflatoxin

Aflatoxin M1
DON

Fumonisins

Ochratoxin A

Patulin

Zearalenone

Commodity

Nuts, almonds, dried figs, maize
grain, rice, spices

Cereals

Milk

Meal derived from wheat or maize

Cereal grains for further processing

Pasta

Bread

Processed cereal-based foods and
baby foods for infants and young
children

Raw maize grain

Maize meal

Wheat, barley, rye

Cereals

Dried vine fruit

Coffee

Wine, juice

Processed cereal-based and dietary
foods for infants and young
children

Spices

Fruit juices, spirit drinks, cider, and
other fermented drinks from apple

Apple products

Baby foods, apple juice, and apple
products for infants and young
children

Unprocessed cereals

Unprocessed maize

Cereals

Refined maize oil

Bread, pastries, biscuits, and cereals

Processed cereal-based foods,
processed maize-based food, and
baby foods for infants and young
children

Maximum Level (ng/kg)

PNS/BAFS
194:2022

10-15

0.50
1,000
2,000

4,000
2,000
5.0

EU EC No.
1881/2006

15

1,750
1,250
750
500
200

4,000
1,000

3-5

15-30
50

25
10

100
350
75
400
50
20
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TABLE 11.5

Philippine National Standards for Preventing and Controlling Mycotoxins in

Specific Agricultural Commodities

PNS/BAFPS
Number Title

44:2009 Code of Practice for the
Prevention and Reduction of
Aflatoxin Contamination in
Copra

130:2014 Code of Practice for the
Prevention and Reduction of
Ochratoxin A Contamination in
Philippine Cacao Beans

131:2014 Code of Practice for the
Prevention and Reduction of
Ochratoxin A Contamination in
Philippine Tablea

173:2015 Code of Practice for the
Prevention and Reduction of
Aflatoxin Contamination in Tree
Nuts

175:2015 Code of Practice for the
Prevention and Reduction of
Aflatoxin Contamination in
Peanuts

170:2016 Code of Practice for the
Prevention and Reduction of
Ochratoxin A Contamination in
Coffee

27:2018 Code of Practice for the
Prevention and Reduction of
Aflatoxin Contamination in
Corn

194:2022 General Standard for
Contaminants and Toxins in
Food and Feed-Product
Standard

146:2019 Code of Practice for the
Prevention and Reduction of
Mycotoxin Contamination in
Cereals

Salient Recommendation to Prevent
Mycotoxin Contamination

Copra moisture content (MC) of 6% to 7%

Cacao beans maximum MC at 7.5%

Removal of shell or husk after roasting

Storage conditions:

water activities less than 0.7;

relative humidity below 70%;

temperatures below 10°C

Maximum allowable levels for total aflatoxins
in tree nuts (almonds, Brazil nuts, hazelnuts,
pistachios: 10 pg/kg for ready-to-eat nuts; 15
pg/kg for further processing)

Storage conditions:

water activities less than 0.7;

relative humidity below 70%;

temperatures between 0 and 10°C

Maximum aw of 0.67 to 0.70;
MC of beans not to exceed 12%

MC of corn not greater than 14%

Maximum allowable limits (ug/kg) for
aflatoxin M1, total aflatoxins, ochratoxin A,
deoxynivalenol, fumonisins (B1 + B2)

Corn MC at 14% before storage;
Rice and sorghum grains MC at 14% before
storage




230 Biosafety and Biosecurity

REFERENCES

Abbas, H. K. (2005). The costs of mycotoxin management in the United States. In H. K.
Abbas (Ed.). Aflatoxin and Food Safety. CRC Press (pp. 26-37).

Abdolmaleki, K., Khedri, S., Javanmardi, F., Oliveira, C. A. F.,, and Khaneghah, A. M. (2021).
The mycotoxin in edible oils: An overview of prevalence, concentration, toxicity, detec-
tion, and decontamination techniques. Trends in Food Science and Technology, 115,
500-511.

AboDalam, T. H., Amra, H., Sultan, Y., Magan, N., Carlobos-Lopez, A. L., Cumagun, C.
J. R., & Yli-Mattila, T. (2020). New genotypes of aflatoxigenic fungi from Egypt and
the Philippines. Current Research in Environmental & Applied Mycology (Journal of
Fungal Biology), 10(1), 142—155.

Acda, S. E., Batungbacal, M. R., Centeno, J. R., & Carandang, N. F. (2008). Effects of myco-
toxin-deactivating agent on the growth performance of pigs fed ochratoxin and zeara-
lenone-contaminated diets. Philippine Journal of Veterinary Medicine, 45(1), 14-21.

Alshannaq, A., & Yu, J. H. (2017). Occurrence, toxicity, and analysis of major mycotoxins in
food. International Journal of Environmental Research and Public Health, 14(6), 632.

Alvindia, D. G., & de Guzman, M. F. (2016). Survey of Philippine coffee beans for the pres-
ence of ochratoxigenic fungi. Mycotoxin Research, 32(2), 61-67.

Anfossi, L., Giovannoli, C., & Baggiani, C. (2016). Mycotoxin detection. Current Opinion in
Biotechnology, 37, 120-126.

Arim, R. H., Ferolin, C. A., Ramirez, R. P, Aguinaldo, A. R., & Yoshizawa, T. (1999).
Determination of aflatoxins in corn and its processed products in the Philippines by
minicolumn method. ¥ 2 k&>, 1999(Suppl2), 193-196.

Asam, S., & Rychlik, M. (2013). Potential health hazards due to the occurrence of the myco-
toxin tenuazonic acid in infant food. European Food Research and Technology, 236(3),
491-497.

Balendres, M. A. O., Karlovsky, P., & Cumagun, C. J. R. (2019). Mycotoxigenic fungi and
mycotoxins in agricultural crop commodities in the Philippines: A review. Foods, 8(7),

249.
Bennett, J. W., & Klich, M. (2003). Mycotoxins. Clinical Microbiology Reviews, 16(3),
497-516.

Bhat, R., Rai, R. V., & Karim, A. (2010). Mycotoxins in food and feed: Present status and
future concerns. Comprehensive Reviews in Food Science and Food Safety, 9(1), 57-81.

Bullerman, L. B. (1979). Significance of mycotoxins to food safety and human Healthl1,2.
Journal of Food Protection, 42(1), 65-86.

Bureau of Agriculture and Fisheries Standards. (2022). General standards for contaminants
and toxins in food and feed — Product standard PNS/BAFS 194:2022.

Campa, R. de la, Hooker, D. C., Miller, J. D., Schaafsma, A. W., & Hammond, B. G. (2005).
Modeling effects of environment, insect damage, and Bt genotypes on fumonisin accu-
mulation in maize in Argentina and the Philippines. Mycopathologia, 159(4), 539-552.

Castell, A., Arroyo-Manzanares, N., Campillo, N., Torres, C., Fenoll, J., & Vifias, P. (2023).
Bioaccumulation of mycotoxins in human forensic liver and animal liver samples using
a green sample treatment. Microchemical Journal, 185, 108192.

Cruz, A., Marin, P., Gonzélez-Jaén, M. T., Aguilar, K. G. L., & Cumagun, C. J. R. (2013).
Phylogenetic analysis, fumonisin production and pathogenicity of Fusarium fujiku-
roi strains isolated from rice in the Philippines. Journal of the Science of Food and
Agriculture, 93(12), 3032-3039.

Culliao, A. G. L., & Barcelo, J. M. (2015). Fungal and mycotoxin contamination of coffee
beans in Benguet Province, Philippines. Food Additives and Contaminants: Part A,
32(2), 250-260.



Mycological Biosafety and Biosecurity in the Philippines 231

Cumagun, C. J. R., Ramos, J. S., Dimaano, A. O., Munaut, F., & Van Hove, F. (2009). Genetic
characteristics of Fusarium verticillioides from corn in the Philippines. Journal of
General Plant Pathology, 75(6), 405.

De Leon, A. M., Cruz, A. S., Evangelista, A. B. B., Miguel, C. M., Pagoso, E. J. A, Dela
Cruz, T. E. E., Nelsen, D. J., & Stephenson, S. L. (2019). Species listing of macrofungi
found in the Ifugao indigenous community in Ifugao Province, Philippines. Philippine
Agricultural Scientist, 102, 118—131.

De Leon, A. M., Reyes, R. G., & dela Cruz, T. E. E. (2012). An ethnomycological survey of
macrofungi utilized by Aeta communities in Central Luzon, Philippines. Mycosphere,
3(2), 251-259.

De Leon, A. M., Kalaw, S. P, Dulay, R. M. R., Undan, J. R., Alfonzo, D. O., Undan, J. Q., &
Reyes, R. G. (2016). Ethnomycological survey of the Kalanguya indigenous community
in Caranglan, Nueva Ecija, Philippines. Current Research in Environmental & Applied
Mycology, 6(2), 61-66.

dela Cruz, T. E. E., & De Leon, A. M. (2023). Edible mushrooms of the Philippines:
Traditional knowledge, bioactivities, mycochemicals, and in vitro cultivation. In J. J.
G. Guerrero, T. U. Dalisay, M. P. De Leon, M. A. O. Balendres, K. I. R. Notarte, &
T. E. E. Dela Cruz (Eds.), Mycology in the Tropics: Updates on Philippine Fungi (pp.
271-292). Academic Press.

Dulay, R. M. R., Batangan, J. N., Kalaw, S. P., Leon, A. M. D., Cabrera, E. C., Kimura, K.,
Eguchi, F., & Reyes, R. G. (2023). Records of wild mushrooms in the Philippines: A
review. Journal of Applied Biology and Biotechnology, 11(2), 11-32.

Dulay, R. M. R., Cabrera, E. C., Kalaw, S. P., & Reyes, R. G. (2021). Optimization of sub-
merged culture conditions for mycelial biomass production of fourteen Lentinus iso-
lates from Luzon Island, Philippines. Biocatalysis and Agricultural Biotechnology, 38,
102226.

Choudhuri, S., Chanderbhan, R. F., & Mattia, A. (2019). Food toxicology: Fundamental and
regulatory aspects. In C.D. Klaassen (Ed.), Casarett and Doull's Toxicology the Basic
Science of Poisons (9th edn., pp. 1315-1359). McGraw-Hill Education.

Escriva, L., Font, G., Manyes, L., & Berrada, H. (2017). Studies on the presence of mycotox-
ins in biological samples: An overview. Toxins, 9(8), 251.

Fernandez-Cruz, M. L., Mansilla, M. L., & Tadeo, J. L. (2010). Mycotoxins in fruits and
their processed products: Analysis, occurrence and health implications. Journal of
Advanced Research, 1(2), 113-122.

Flores, Jr, Alvarez, & Cortez (2014). Inventory and utilization of macrofungi species for food
and medicine. International Conference on Biological, Chemical and Environmental
Sciences (BCES-2014) June 14-15, 2014 Penang (Malaysia). International Conference
on Biological, Chemical and Environmental Sciences, Penang, Malaysia.

Focker, M., van der Fels-Klerx, H. J., Magan, N., Edwards, S. G., Grahovac, M., Bagi, F.,
Budakov, D., Suman, M., Schatzmayr, G., Krska, R., & de Nijs, M. (2021). The impact
of management practices to prevent and control mycotoxins in the European food sup-
ply chain: My ToolBox project results. World Mycotoxin Journal, 14(2), 139-154.

Fumagalli, F., Ottoboni, M., Pinotti, L., & Cheli, F. (2021). Integrated mycotoxin manage-
ment system in the feed supply chain: Innovative approaches. Toxins, 13(8), 572.

Gbashi, S., Edwin Madala, N., De Saeger, S., De Boevre, M., Adekoya, 1., Ayodeji Adebo,
0., & Berka Njobeh, P. (2019). The socio-economic impact of mycotoxin contami-
nation in Africa. In P. Berka Njobeh & F. Stepman (Eds.), Mycotoxins—Impact and
Management Strategies. IntechOpen.

Gongalves, R. A., Schatzmayr, D., Albalat, A., & Mackenzie, S. (2020). Mycotoxins in aqua-
culture: Feed and food. Reviews in Aquaculture, 12(1), 145-175.



232 Biosafety and Biosecurity

Habschied, K., Kanizai Sari¢, G., Krstanovié, V., & Mastanjevié, K. (2021). Mycotoxins-
biomonitoring and human exposure. Toxins, 13(2), 113.

Hussien, T., Carlobos-Lopez, A. L., Cumagun, C.J. R., & Yli-Mattila, T. (2017). Identification
and quantification of fumonisin-producing Fusarium species in grain and soil samples
from Egypt and the Philippines. Phytopathologia Mediterranea, 56(1), 146—153.

Joint FAO/WHO Expert Committee on Food Additives, World Health Organization
& International Programme on Chemical Safety. (2002). Evaluation of Certain
Mycotoxins in Food: Fifty-Sixth Report of the Joint FAO/WHO Expert Committee
on Food Additives. World Health Organization. https://apps.who.int/iris/handle/10665
/42448

Kim, H. J., Lee, M. J., Kim, H. J., Cho, S. K., Park, H. J., & Jeong, M. H. (2017). Analytical
method development and monitoring of aflatoxin bl, B2, Gl, G2 and ochratoxin A
in animal feed using HPLC with Fluorescence detector and photochemical reaction
device. Cogent Food and Agriculture, 3(1), 1419788.

Klaassen, C. D., ed. (2019). Casarett and Doull’s Toxicology: The Basic Science of Poisons
(9th edn.). New York: McGraw-Hill Education.

Lazo, C. R. M., Kalaw, S. P, & De Leon, A. M. (2015). Ethnomycological survey of macro-
fungi utilized by gaddang communities in Nueva Vizcaya, Philippines. Applied and
Environmental Microbiology, 5(3), 256-262.

Leite, M., Freitas, A., Barbosa, J., & Ramos, F. (2023). Comprehensive assessment of different
extraction methodologies for optimization and validation of an analytical multi-method
for determination of emerging and regulated mycotoxins in maize by UHPLC-MS/MS.
Food Chemistry Advances, 2, 100145.

Licyayo, D. C. M. (2018). Gathering practices and actual use of wild edible mushrooms
among ethnic groups in the Cordilleras, Philippines. In Diversity and Change in Food
Wellbeing: Cases from Southeast Asia and Nepal (pp. 71-86). Wageningen Academic
Publishers.

Lukwago, F. B., Mukisa, I. M., Atukwase, A., Kaaya, A. N., & Tumwebaze, S. (2019).
Mycotoxins contamination in foods consumed in Uganda: A 12-year review (2006—18).
Scientific African, 3, e00054.

Magculia, N. J. F., & Cumagun, C. J. R. (2011). Genetic diversity and PCR-based identifica-
tion of potential fumonisin-producing Fusarium verticillioides isolates infecting corn
in the Philippines. Tropical Plant Pathology, 36, 225-232.

Magnoli, A. P, Poloni, V. L., & Cavaglieri, L. (2019). Impact of mycotoxin contamination in
the animal feed industry. Current Opinion in Food Science, 29, 99-108.

Mannaa, M., & Kim, K. D. (2017). Influence of temperature and water activity on deleterious
fungi and mycotoxin production during grain storage. Mycobiology, 45(4), 240-254.

Marroquin-Cardona, A. G., Johnson, N. M., Phillips, T. D., & Hayes, A. W. (2014). Mycotoxins
in a changing global environment — A review. Food and Chemical Toxicology, 69,
220-230.

Maslang, J. A. L., Asuncion, C., Jubay, A. Z., Saludarez, M. U., Liday, D. M., Villanueva,
H. T., & Bolonquita, M. C. (2021). A survey on the ethnomycology and laboratory
analyses of wild mushrooms utilized as food among multicultural groups in selected
municipalities of Nueva Vizcaya, Philippines. The PASCHR Journal, 4(1), 62—80.

Moretti, A., Logrieco, A. F., & Susca, A. (2017). Mycotoxins: An underhand food problem.
In A. Moretti & A. Susca (Eds.), Mycotoxigenic Fungi: Methods and Protocols (pp.
3-12). Springer.

Murphy, P. A., Hendrich, S., Landgren, C., & Bryant, C. M. (2006). Food mycotoxins: An
update. Journal of Food Science, 71(5), R51-R65.



Mycological Biosafety and Biosecurity in the Philippines 233

Murugesan, G. R., Ledoux, D. R., Naehrer, K., Berthiller, F., Applegate, T. J., Grenier, B.,
Phillips, T. D., & Schatzmayr, G. (2015). Prevalence and effects of mycotoxins on poul-
try health and performance, and recent development in mycotoxin counteracting strate-
giesl. Poultry Science, 94(6), 1298-1315.

Ostry, V., Malir, F,, Toman, J., & Grosse, Y. (2017). Mycotoxins as human carcinogens-the
TIARC Monographs classification. Mycotoxin Research, 33(1), 65-73.

Pascual, C. B., Barcos, A. K. S., Mandap, J. A. L., & Ocampo, T. M. (2016). Fumonisin-
producing Fusarium species causing ear rot of corn in the Philippines. Philippine
Journal of Crop Science (PJCS), 41(1), 12-21.

Peraica, M., Richter, D., & Rasi¢, D. (2014). Mycotoxicoses in children. Archives of Industrial
Hygiene and Toxicology, 654), 347-363.

Pitt, J. 1., & Miller, J. D. (2017). A concise history of mycotoxin research. Journal of
Agricultural and Food Chemistry, 65(33), 7021, 7033.

Raghavender, C., & Reddy, B. (2009). Human and animal disease outbreaks in India due to
mycotoxins other than aflatoxins. World Mycotoxin Journal, 2(1), 23-30.

Rodriguez-Caifids, 1., Gonzéalez-Jartin, J. M., Alvarifio, R., Alfonso, A. Vieytes, M. R., &
Botana, L. M. (2023). Detection of mycotoxins in cheese using an optimized analytical
method based on a QUEChERS extraction and UHPLC-MS/MS quantification. Food
Chemistry, 408, 135182.

Rustia, A., Mariano, C., Bautista, K., Mahoney, D., Barrios, E., Villarino, C., Limon, M., &
Capanzana, M. (2022). Risk profiling of aflatoxin in peanut (Arachis hypogaea L.) to
the Filipino consuming population. Philippine Journal of Science, 151(5), 1557-1577.

Sales, A. C., & Yoshizawa, T. (2005). Mold counts and Aspergillus section Flavi populations
in rice and its by-products from the Philippines. Journal of Food Protection, 68(1),
120-125.

Sales, A. C., Azanza, P. V., & Yoshizawa, T. (2003). Evaluation of aspergillus Section flavi
populations, natural and in vitro aflatoxin production in dried Cavendish banana (Musa
cavendishii) chips from Southern Philippines. ¥4 2 % > >, 2003(Suppl3), 325-329.

Salvacion, A. R., Pangga, I. B., & Cumagun, C. J. R. (2015). Assessment of mycotoxin risk on
corn in the Philippines under current and future climate change conditions. Reviews on
Environmental Health, 30(3), 135-142.

Shephard, G. S. (2008). Impact of mycotoxins on human health in developing countries. Food
Additives and Contaminants: Part A, 25(2), 146-151.

Siri-anusornsak, W., Kolawole, O., Mahakarnchanakul, W., Greer, B., Petchkongkaew, A.,
Meneely, J., Elliott, C., & Vangnai, K. (2022). The Occurrence and Co-occurrence of
Regulated, Emerging, and Masked Mycotoxins in Rice Bran and Maize from Southeast.
Toxins, 14(8), 567.

Tantengco, O. A., & Ragragio, E. (2018). Ethnomycological survey of macrofungi utilized
by Ayta communities in Bataan, Philippines. Current Research in Environmental &
Applied Mycology, 8(1), 104-108.

Torres, M. L. S., Ontengco, D. C., Tadiosa, E. R., & Reyes, R. G. (2020a). Ethnomycological
studies on the Bugkalot indigenous community in Alfonso Castafieda, Nueva Vizcaya,
Philippines. International Journal of Pharmaceutical Research and Allied Sciences,
9(4), 43-54.

Torres, M., Tadiosa, E. R., & Reyes, R. G. (2020b). Species listing of macrofungi on the
Bugkalot Tribal community in Alfonso Castafieda, Nueva Vizcaya, Philippines.
Current Research in Environmental & Applied Mycology, 10(1), 475—-493.

Undan, J. R., Fermin, S. M. C., Pajarillaga, L. M. A., Malonzo, M. A. C., Kalaw, S. P, &
Reyes, R. G. (2021, November). Ethnomycological survey and molecular identification
of macrofungi utilized by Bicolano community in Camarines Sur, Southern Luzon,
Philippines. Ecology, Environment and Conservation, 27, S1-S7.



234 Biosafety and Biosecurity

U.S. Food & Drug. (2022). Mycotoxins: Toxins Found in Food Infected by Certain Molds
or Fungi. https://www.fda.gov/food/natural-toxins-food/mycotoxins#:~:text=As%20an
%?20individual%20consumer%2C%20you,to%20buy%20is%20not%20contaminated

van Dongen, P. W. J., & de Groot, A. N. J. A. (1995). History of ergot alkaloids from ergotism
to ergometrine. European Journal of Obstetrics and Gynecology and Reproductive
Biology, 60(2), 109-116.

World Health Organization International Agency for Research on Cancer. (2002). JARC
Monographs on the Evaluation of Carcinogenic Risks to Humans. Lyon: International
Agency for Research on Cancer.

World Health Organization. (2018). Mycotoxins. https:/www.who.int/news-room/fact-sheets
/detail/mycotoxins

Yogendrarajah, P., Jacxsens, L., Lachat, C., Walpita, C. N., Kolsteren, P., De Saeger, S., & De
Meulenaer, B. (2014). Public health risk associated with the co-occurrence of myco-
toxins in spices consumed in Sri Lanka. Food and Chemical Toxicology, 74, 240-248.
https://doi.org/10.1016/j.fct.2014.10.007

Zhang, M., Guo, X., & Wang, J. (2023). Advanced biosensors for mycotoxin detection incor-
porating miniaturized meters. Biosensors and Bioelectronics, 224, 115077.



