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Abstract

Storage mites are serious pests of stored animal feeds and animals that consume mite-infested feed could reduce
feed intake and eventually cause weight loss. To understand the mite species and infestation rates of them in
animal feeds, we conducted a survey of mite infestations in samples of animal feeds from animal feed shops,
feed mills, or chicken farms in eight provinces in northern Thailand. High mite infestation rates were observed
in chicken feed (42.9%), followed by pig feed (26.7%). No mites were observed in fish and frog feeds. Mites
were common in pelleted feeds (n = 96) or raw materials (n = 3), but was never observed in extruded feeds (n
= 33). The mite species identified include three storage mites: Suidasia pontifica, Dermatophagoides farinae,
and Aleuroglyphus chinensis, as well as the predatory mites Cheyletus malaccensis, Blattisocius keegani, and
B. everti. Among them, A. chinensis and B. everti, are newly recorded in Thailand. Suidasia pontifica was
dominant in chicken and pig feeds, and could be the major storage mite pest in northern Thailand. Figures and
identification keys are provided.

Keywords: Animal feed, Aleuroglyphus chinensis, Dermatophagoides farinae, Cheyletus malaccensis,
Blattisocius, Suidasia pontifica

Introduction

The animal feed market is economically important in Thailand. Research & Markets (2020) showed
that the animal feed market in Thailand was worth 6.06 billion US dollars in 2019 and it will grow
to 7.32 billion US dollars in 2025, with an annual growth rate of 3.18%. Infestation of mites may
reduce the quality and quantity of animal feed by increasing feed moisture content, causing mold or
fungus growth, and conveying mycotoxin-producing fungi or pathogenic bacteria (Hubert et al.
2004; Hubert 2012). Ingesting animal feed infested by mites may lead to allergic responses of
animals, such as allergic asthma, atopic dermatitis, and allergic rhinitis (Ngu et al. 2019). In
Thailand, animal feed infested by mites was commonly observed and the large number of mites may
have originated from the packaging of animal feed. Moreover, farmers consider that mites in feeds
release an unfavorable odor resulting in the animals rejecting the feed (Wilkin & Thind 1983).
Although mites cause serious economic losses in the animal feed industry, the occurrence, and
species composition of mites in animal feed are rarely examined.
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A major diversity of mites in the families Acaridae, Glycyphagidae, Chortoglyphidae,
Carpoglyphidae, Histiostomidae, and Pyroglyphidae can be found in agricultural products, such as
grain, dried fruits, nuts, cheese, spices, cereals, flower bulbs, and animal feed in storage (Hoy 2011;
Dizlek et al. 2019). More than 20 species of mites have been found in households around the world,
and more than 100 species are associated with stored products (Hubert 2012). However, there was a
lack of comprehensive studies of mites infested in animal feed and there is no taxonomic key to
identify them in Thailand.

Material and manufacturing processes may affect the microenvironment in animal feed
physically and chemically, and the occurrence of mites may be associated with specific materials and
manufacturing processes of animal feed. However, these hypotheses are rarely examined. In this
study, we aimed to (1) understand the diversity of storage mites in animal feeds (domestic and
aquatic animals including insects and others) in northern Thailand; (2) understand the association
between mite occurrence and the material or manufacturing process of animal feed; and (3) generate
a taxonomic key for identifying storage mites, which would be beneficial for implementing an
integrated pest management strategy to control mites in stored animal feed products.

Materials and methods

Study areas, sampling, and specimen preparation

Samples of feeds were obtained from 37 feed-providers in eight provinces in northern Thailand
(e.g. animal feed mills, animal feed shops, and storage facilities), including Chiang Mai, Chiang Rai,
Lamphun, Lampang, Phrae, Nan, Phayao, and Mae Hong Son Provinces (Figure 1A), during
December 2020 to November 2021 (Table 1). A total of 132 samples of animal feeds were collected,
including 56 samples of chicken feed, 2 samples of duck feed, 30 samples of swine feed, 23 samples
of fish feed, 8 samples of frog feed, 1 sample of dog feed, 1 sample of cat feed, 3 samples of crayfish
feed, 1 sample of cricket feed, 4 samples of rabbit feed, and 3 samples of maize. One to eight samples
of animal feeds (1 kg/sample) were obtained from each source. Each sample was preserved in plastic
zip bags, sealed, and the collection locality, the target animals of the feed, and the feed-processing
method were also recorded. The feed-processing methods include pelleted feeds, extruded feeds, and
raw material. In general, pelleted feeds are hard and dense, while extruded feeds are soft and porous
or crunchy and dense. Pelleted feeds are generally round or cylindrical in shape, while extruded feed
has a variety of shapes and sizes, including sticks, pellets, or chunks. Raw material ingredients are
feeds without feed-processing. Samples were brought to laboratory within one week, and the mites
in samples were extracted using Berlese funnel. For each sample, all mite species observed were
mounted on glass slides in Hoyer’s medium. The specimens were kept in a drying oven at 50-60°C
for five days before examination (Siegert et al. 2018).

Identification of mite species

Mite specimens were examined and photographed using a phase contrast compound microscope
(Olympus BX53) with a microscope camera (Lanoptik MC500W-G1). Mite specimens were
identified based on morphological descriptions and taxonomic keys (Regev 1974, Hughes 1976,
Tseng 1989, Jiang 1994, Fan & Zhang 2004, Fan & Zhang 2005, Fan & Zhang 2007, and Britto et
al. 2012). Morphological characters of specimens were also compared with specimens of the
Department of Agriculture’s mite collection (Ministry of Agriculture and Cooperatives, Bangkok,
Thailand), which were identified previously. A key to species level of storage mites was constructed
based on morphological characters of mites reported in current study.
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TABLE 1. Storage mite species observed in current study and their previous records in Thailand.

Mite species

Previous records

The current study

References

Habitats
(Occurrence, proportion)

Habitats

Suidasia pontifica
Oudemans, 1905

Dermatophagoides farina

Hughes, 1961

Aleuroglyphus chinensis
Jiang, 1994

Cheyletus malaccensis
Oudemans, 1903

Blattisocius keegani
Fox, 1947

Blattisocius everti

Konvipasruang et al.
(2010a)

Insung & Pumnuan
(2008)

NA

Konvipasruang et al.
(2010a)

da Silva et al. (2014)

NA

Britto, Loes and Moraes, 2012

Chicken feed (18, 64.2%), swine feed (2, 7.1%), and
duck feed (8, 28.6%)

Animal feed

housedust Crayfish feed (1, 100.0%)

NA Chicken feed (1, 50.0%), and cricket feed (1, 50%)

White sesame Chicken feed (3, 50.0%), crayfish feed (2, 33.3%),

seed and maize (1, 16.7%)

Palm plants  Chicken feed (3, 50.0%), duck feed (1, 16.7%), and
swine feed (2, 33.3%)

NA Chicken feed (4, 100.0%)

A All study locations

Myanmar

Abbre. Provinces
CMI = Chiang Mai
CRI = Chiang Rai
MSN = Mae Hong Son
NAN = Nan

LPG =Lampang

LPN = Lamphun

PRE = Phrae

PYO = Phayao

-

B Suidasia pontifica

E Cheyletus malaccensis

C Dermatophagoides farinae

F Blattisocius keegani

G2

D Aleuroglyphus chinensis

G Blattisocius everti

2.

FIGURE 1. Distribution of study locations and mites infested animal feed in northern Thailand, (A) Study
locations of animal feed (B) Suidasia pontifica (C) Dermatophagoides farinae (D) Aleuroglyphus chinensis
(E) Cheyletus malaccensis (F) Blattisocius keegani (G) Blattisocius everti.
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Results

Mite species identified

In this study, we identified a total of five genera and six species of mites from animal feeds from
northern Thailand, including three species of storage mites, namely Suidasia pontifica Oudemans,
Dermatophagoides farinae Hughes, and Aleuroglyphus chinensis Jiang, and three predatory mites,
Cheyletus malaccensis Oudemans, Blattisocius keegani Fox, and B. everti Britto, Lopes & Moraes,
were identified. A species belonging to family Glycyphagidae from chicken feed was also observed,
however, we were unable to identify it to species level as only nymphs were available. Two mite
species, A. chinensis and B. everti, are newly recorded species for Thailand (Table 1).

Taxonomy, data, and comments on mites found in this study
Storage mites
Family Suidasiidae

Suidasia pontifica Oudemans, 1905: page 209 (Figure 2)

Habitats in this study: Swine, egg-laying chicken, chicken, and duck feeds.

Material examined: Males, females collected by N. Ta-Phaisach on swine feed at animal feed
mill, Wiangyong Sub-district, Mueang Lamphun District, Lamphun Province, Thailand, on February
5,2021 (LPN-MLO001). Egg-laying chicken and chicken feeds at animal feed shop, Rop Wiang Sub-
district, Mueang Chiang Rai District, Chiang Rai Province, Thailand, on March 26, 2021 (CRI-
MCRO001-002). Chicken feed at animal feed shop, On Nuea Sub-district, Mae On District, Chiang
Mai Province, Thailand, on April 29, 2021 (CMI-MO004). Swine feed at animal feed shop, Khuang
Pao Sub-district, Chom Thong District, Chiang Mai Province, Thailand, on May 16, 2021 (CMI-
CTO005). Chicken feed at animal feed shop, Thung Satok Sub-district, San Pa Tong District, Chiang
Mai Province, Thailand, on May 16, 2021 (CMI-SPT013). Egg-laying chicken feed at animal feed
shop, Khuang Pao Sub-district, Chom Thong District, Chiang Mai Province, Thailand, on May 16,
2021 (CMI-CTO007). Chicken feed at animal feed shop, Doi Lo Sub-district, Doi Lo District, Chiang
Mai Province, Thailand, on May 16, 2021 (CMI-DL003). Egg-laying chicken feed at animal feed
shop, Su Thep Sub-district, Mueang Chiang Mai District, Chiang Mai Province, Thailand, on May
19, 2021 (CMI-MCMO002). Chicken and egg-laying chicken feeds at animal feed shop, Wang Chin
Sub-district, Wang Chin District, Phrae Province, Thailand, on May 27, 2021 (PRE-WC003, 005).
Chicken feed at animal feed shop, Mae Mo Sub-district, Mae Mo District, Lampang Province,
Thailand, on May 27, 2021 (LPG- MMUO003). Chicken and duck feeds at animal feed shop, Rop
Wiang Sub-district, Mueang Chiang Rai District, Chiang Rai Province, Thailand, on July 6, 2021
(CRI-MCRO003-004). Chicken and swine feeds at animal feed shop, Huai O Sub-district, Long
District, Phrae Province, Thailand, on July 12, 2021 (PRE-LON001-004, 007). Chicken and duck
feeds at animal feed shop, Na Chak Sub-district, Mueang Phrae District, Phrae Province, Thailand,
on July 7,2021 (PRE-MPR007-008). Swine feed at animal feed shop, Na Chak Sub-district, Mueang
Phrae District, Phrae Province, Thailand, on July 7, 2021(PRE-MPRO010). Swine feed at animal feed
shop, Mae Sariang Sub-district, Mae Sariang District, Mae Hong Son Province, Thailand, on July 6,
2021 (MHS-MSRO001). Chicken and swine feeds at animal feed shop, Tha Wang Thong Sub-district,
Mueang Phayao District, Phayao Province, Thailand, on September 8, 2021 (PYO-MPY001-003,
007). Collection localities are shown in Figure 1B. All deposited in Department of Agriculture’s mite
collection (Ministry of Agriculture and Cooperatives, Bangkok, Thailand).
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FIGURE 2. Suidasia pontifica male, (A) Dorsal view (B) Ventral view; S. pontifica female, (C) Dorsal view
(D) Ventral view (E) Supracoxal seta (F) ¢,:0,0n genu I. Scale bars = 10 mm.
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Remarks: The storage mite S. pontifica has a scale-like cuticle and a propodosomal shield
(Ernieenor et al. 2018). According to our survey, Suidasia pontifica was mostly found on chicken,
duck, and swine feed. Chicken feed showed higher contamination with a higher number of S.
pontifica than the other feeds. The mites are barely visible to the naked eye but may be present in
such large numbers that the surface of the animal feed packaging and surrounding shelves appear to
have mite movement. Live and dead mites appeared as tan-colored dust covering animal feed
packaging (Figure 3).

&
7 Mites appeared as dust
~

Mites appeared as dust

FIGURE 3. Live and dead mites appeared as tan-colored dust covering and leaking from the animal feed
packaging in Thailand.

Family Pyroglyphidae
Dermatophagoides farinae Hughes, 1961: page 206 (Figures 4-6)

Habitat in this study: Crayfish feed.

Material examined: Males, females collected by N. Ta-Phaisach on crayfish feed at animal
feed shop, Thasala Sub-district, Mueang Chiang Mai District, Chiang Mai Province, Thailand, on
February 12, 2021 (CMI-MCMO001). Collection localities are shown in Figure 1C. All deposited in
Department of Agriculture’s mite collection (Ministry of Agriculture and Cooperatives, Bangkok,
Thailand).

Remarks: This is the first record of D. farinae in crayfish feed collected from Thasala Sub-
district, Mueang Chiang Mai District, Chiang Mai Province. The House dust mite, D. farinae, is of
significant medical importance, producing allergens harmful to humans.
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FIGURE 5. Dermatophagoides farinae female, (A) Dorsal view (B) Ventral view. Scale bars = 10 mm.

Family Acaridae
Aleuroglyphus chinensis Jiang, 1994: page 118 (Figures 7-9)
Habitats in this study: Chicken, and cricket feed.
Material examined: Males, females collected by N. Ta-Phaisach on chicken feed at animal feed

shop, Huai O Sub-district, Long District, Phrae Province, Thailand, on July 7, 2021(PRE-LONO010).
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Cricket feed at animal feed shop, Yang Noeng Sub-district, Saraphi District, Chiang Mai Province,
Thailand, on July 13, 2021 (CMI-SRP001). Collection localities are shown in Figure 1D. All
deposited in Department of Agriculture’s mite collection (Ministry of Agriculture and Cooperatives,
Bangkok, Thailand).

FIGURE 6. Dermatophagoides farinae process S, (A) On tarsus I of the female (B) On tarsus II of the male.
Scale bars = 10 mm.

FIGURE 7. Aleuroglyphus chinensis female, (A) Dorsal view (B) Ventral view. Scale bars = 10 mm.

Remarks: Aleuroglyphus chinensis is a storage mite, and this is the first record of it in Thailand
on chicken and cricket feeds in Huai O Sub-district, Long District, Phrae Province; and Yang Noeng
Sub-district, Saraphi District, Chiang Mai Province. Aleuroglyphus chinensis is not economically
important in any commodities. Moreover, the number of mites found was very small.
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FIGURE 9. Aleuroglyphus chinensis female (A) Spermatheca (B) Supracoxal seta (scx). Scale bars = 10 mm.

o

Predatory mites
Family Cheyletidae

Cheyletus malaccensis Oudemans, 1903: page 84 (Figure 10)

Habitats in this study: Dust near exhaust fan, crayfish, chicken, and egg-laying chicken feeds, and
maize.

Material examined: Males, females collected by N. Ta-Phaisach on dust nearby exhaust fan at
chicken farm, Maefeak Sub-district, Sansai District, Chiang Mai Province, Thailand, on February 11,
2021 (CMI-SS001). Crayfish feed at animal feed shop, Thasala Sub-district, Mueang Chiang Mai
District, Chiang Mai Province, Thailand, on February 12, 2021 (CMI-MCMO001). Chicken feed at
animal feed shop, On Nuea Sub-district, Mae On District, Chiang Mai Province, Thailand, on April
29,2021 (CMI-MOO001). Egg-laying chicken feed at Khuang Pao Sub-district, Chom Thong District,
Chiang Mai Province, Thailand, on May 16, 2021 (CMI-CT007). Maize at animal feed shop, Huai
O Sub-district, Long District, Phare Province, Thailand, on July 12, 2021 (PRE-LONO012). Chicken
feed and maize at animal feed shop, Na Chak Sub-district, Mueang Phrae District, Phare Province,
Thailand, on July 13, 2021 (PRE-MPRO003, 005). Collection localities are shown in Figure 1E. All
deposited in Department of Agriculture’s mite collection (Ministry of Agriculture and Cooperatives,
Bangkok, Thailand).
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Remarks: Cheyletus malaccensis, a predatory mite, is discovered on crayfish, chicken, egg-
laying chicken feeds and maize in Thailand for the first time. Moreover, C. malaccensis was found
in dust near an exhaust fan on a chicken farm. Males of C. malaccensis has two dissimilar
homomorphic and heteromorphic forms.

A B tibia
: e
genu
s femur
tibia
7/~ genu
b / A
Y $ %= femur
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/
= -
I e

FIGURE 10. Cheyletus malaccensis male dorsal view (A) Homomorphic form (B) Heteromorphic form. Scale
bars = 10 mm.

Family Blattisociidae
Blattisocius keegani Fox, 1947: page 599 (Figure 11)

Habitats in this study: Egg-laying chicken, chicken, swine, and duck feeds.

Material examined: Males, females collected by N. Ta-Phaisach on egg-laying chicken at
animal feed shop, Thung Satok Sub-district, San Pa Tong District, Ching Mai Province, Thailand,
on May 16, 2021 (CMI-SPT007). Chicken and swine feeds at animal feed shop, Huai O Sub-district,
Long District, Phrae Province, Thailand, on July 12, 2021 (PRE-LON006-007). Chicken and duck
feeds at animal feed shop, Na Chak Sub-district, Mueang Phrae District, Phrae Province, Thailand,
on July 13, 2021 (PRE-MPRO0O01, 008). Swine feed at animal feed shop, Tha Wang Thong Sub-
district, Mueang Phayao District, Phayao Province, Thailand, on September 09, 2021(PYO-
MPYO007). Collection localities are shown in Figure 1F. All deposited in Department of
Agriculture’s mite collection (Ministry of Agriculture and Cooperatives, Bangkok, Thailand).

Remarks: This is the first report of Blattisocius keegani in animal feed in Thailand. It was
collected from chicken, swine, and duck feed. In this study, B. keegani was associated with B. everti
in chicken feed (CMI-SPT007, PRE-MPRO0O01).
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FIGURE 12. Blattisocius everti female (A) Dorsal view (B) Ventral view. Scale bars = 10 mm.

Blattisocius everti Britto, Lopes & De Moraes, 2012: page 35 (Figure 12)

Habitats in this study: Egg-laying chicken, and chicken feeds.
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Material examined: Males, females collected by N. Ta-Phaisach on chicken feed at animal feed
shop, Thung Satok Sub-district, San Pa Tong District, Chiang Mai Province, Thailand, on May 16,
2021 (CMI-SPT007). Chicken feed at animal feed shop, Khuang Pao Sub-district, Chom Tong
District, Chiang Mai Province, Thailand, on May 16, 2021 (CMI-CT007). Chicken feed at animal
feed shop, Doi Lo Sub-district, Doi Lo District, Chiang Mai Province, Thailand, on May 16, 2021
(CMI-DLO003). Chicken feed at animal feed shop, Na Chak Sub-district, Mueang Phare District,
Phare Province, Thailand, on July 13, 2021 (PRE-MPRO001). Collection localities are shown in
Figure 1G. All deposited in Department of Agriculture’s mite collection (Ministry of Agriculture and
Cooperatives, Bangkok, Thailand).

Remarks: The specimens of Blattisocius everti collected resembles the description of Britto et
al. (2012) in all respects. This is a first recorded for Thailand and it was found in association with C.
malaccensis and B. keegani in chicken feed (CMI-CT007 and CMI-SPT007, PRE-MPRO0OI,
respectively).

Infestation rates of mites in different animal feeds and processing methods

High mite infestation rates were observed in chicken feed (42.9%), followed by swine feed
(26.7%) (Table 2). No mites were observed in fish and frog feeds. Sample sizes of duck feed, dog
feed, cat feed, crayfish feed, cricket feed, rabbit feed, and maize were too small for comparison (n <
5). This result showed that mite infestation rates were different among feeds of different target
animals. Among all samples (n =132), the most common mite species was S. pontifica (21.2%),
followed C. malaccensis and B. keegani (4.5%), B. everti (3.0%), A. chinensis (1.5%), D. farina and
nymphs of Glycyphagidae (1.8%). In chicken feeds (n = 56), the most common mite species was S.
pontifica (32.1%), followed by B. everti (7.1%), C. malaccensis and B. keegani (5.4%), and A.
chinensis and mites of Glycyphagidae (1.8%). In pig feeds (n = 30), the most common mite species
was S. pontifica (26.7%), followed by B. keegani (6.7%). Moreover, S. pontifica was dominant in
chicken feed and pig feed.

TABLE 2. Types of animal feeds and processing conditions with storage mite infestations.

Types of Feed-processing No. of samples Occurrence of mite species”
animal feed Methods * examined (Infestation rate, %)

SP AC DF CM BK BE FG  Total
Chicken feed Pelleted feed 56 18(32.1) 1(1.8) 0(0.0) 3(54) 3(54) 4(7.1) 1(1.8) 24(42.9)
Duck feed Pelleted feed 2 2(100.0) 0(0.0) 0(0.0) 0(0.0) 1(50.0) 0(0.0) 0(0.0) 2(100.0)
Pig feed Pelleted feed 30 8(26.7) 0(0.0) 0(0.0) 0(0.0) 2(6.7) 0(0.0) 0(0.0) 8(26.7)
Fish feed Extruded feed 23 0(0.0) 0(0.0)0 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Frog feed Extruded feed 8 0(0.0) 0(0.00 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Dog feed Extruded feed 1 0(0.0) 0(0.00 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Cat feed Extruded feed 1 0(0.0) 0(0.00 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Crayfish feed Pelleted feed 3 0(0.0) 0(0.0)0 1(33.3) 1(33.3) 0(0.0) 0(0.0) 0(0.0) 1(33.3)
Cricket feed Pelleted feed 1 0(0.0) 1(100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(100.0)
Rabbit feed  Pelleted feed 4 0(0.0) 0(0.00 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Maize Raw material 3 0(0.0) 0(0.00 0(0.0) 2(66.7) 0(0.0) 0(0.0) 0(0.0) 2(66.7)
Total 132 28 (21.2) 2(1.5) 1(0.8) 6(45) 6(4.5 4(3.0) 1(0.8) 38(28.8)

* feed-processing methods are defined based on the morphology of feed particles and information on packages of feeds.
"mite species: SP, Suidasia pontifica; AC, Aleuroglyphus chinensis; DF, Dermatophagoides farinae; CM, Cheyletus malaccensis; BK,
Blattisocius keegani; BE, Blattisocius everti; FG, nymphs of mite in Family Glycyphagidae.
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In this study, we found that mite infestations were common in pelleted feeds (n = 96) and raw
materials (n = 3), and they were never observed in extruded feeds (n = 33), indicating that feed-
processing methods affect the mite infestation rates.

Key to species of storage and predatory mites presented on animal feed in northern Thailand
(modified from Hughes (1976), Jiang (1994), Krantz & Walter (2009), Britto et al. (2012), Fan &
George (2012), and Salarzehi et al. (2018))

la Stigma present, situated posterior to coxa II; coxa not fused to idiosoma; tarsus I subterminally bearing a

cluster of solenidiaandsetae .. ..................... Parasitiformes: Mesostigmata: Blattisocidae
................................................................................... 2

1b Stigma, if present, situated anterior to the level of coxa II; coxa fused to idiosoma; tarsus I without a cluster
of solenidia and SEtAC . . . . ... ... i Acariformes
................................................................................... 3

2a Chelicera with movable and fixed digits of similar lengths; seta s2 inserted on unsclerotized cuticle (Figure
1) Blattisocius everti Britto, Loes and Moraes

2b Chelicera with movable digit much longer than fixed digit; setae s2 on dorsal shield (Figure 11) .......
............................................................... Blattisocius keegani Fox
3a Opisthosomal glands present; stigma absent; fixed and movable digit of chelicerae usually symmetric;
subcapitulum with rutella or pseudorutellum; palp without thumb-claw structure . . . . .. Sarcoptiformes

3b Opisthosomal glands absent; stigma usually present, on chelicerae or anterior prodorsum; fixed digits of
chelicerae usually reduced; subcapitulum without rutella; palp usually with a thumb-claw structure . . . . .
.......................................................... Trombidiformes: Prostigmata
Cheliceral stylophore fused to subcapitulum to form a gnathosomatic capsule; peritremes elaborated on
dorsal surface of capsule; genu I with solenidion; palptibial claw present and well developed ..........
......................................................................... Cheyletidae
Peritreme M-shaped on gnathosoma; well-developed palpi and thumb-claw complex; dorsal shields without
median setae; femur IV with one seta; propodosomal shield 1.5 times or more, longer than hysterotomal
shield. Distance between these shields and length of setae 11 almost subequal. Setae 12 situated almost on

anterior margin of hysterosomal shield (Figure 10)............... Cheyletus malaccensis Oudemans
4a Without vertical setae in either sex. On tarsus I, omegal reach to the distal end of this segment ........
....................................................................... Pyroglyphidae

Setae Sce long, much longer than Sci (Figure 5), the striac between d2 and d3 setae transverse; process S on
tarsus I of the female large. In the male, S present as finger-like process on tarsus II (Figure 6) . ........
...................................................... Dermatophagoides farinae Hughes

4b With vertical setae in both sexes. On tarsus I, omega' arises from the base of the segment ........... 5
5a Idiosomal cuticle with scaled-like wrinkles; all setae smooth. .. ....................... Suidasiidae
Setae he about the same length as 4i; large flat anal suckers present in the male (Figure 2). ............
........................................................... Suidasia pontifica Oudemans

5b Idiosomal cuticle smooth; at least some setaebarbed .. .......... ... .. ... ... ... .. .. .... Acaridae
The anal opening with five pairs of anal setae in females, the penis itself tapers turnea, on the tarsus the
dorsal terminal seta c thickened as a spine (Figures 7-9) ............. Aleuroglyphus chinensis Jiang
Discussion

Storage mites are commonly found in animal feed worldwide. For example, in Queensland,
Australia, Tyrophagus putrescentiae (Schrank) (Acaridac) has been observed (Nayak 2006), and
Acarus siro Linnaeus (Acaridae) is commonly found in cow and swine feeds (Wilkin & Thind 1983).
Tyrophagus putrescentiae has also been reported in Thailand infesting imported garlic at the
Chiangsan Plant Quarantine Station, Chiang Rai Province (Konvipasruang et al. 2009), as well as in
households in Kanchanaburi Province (Insung & Pumnuan 2008). However, these mites have not
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been found in any animal feeds in current study. Suidasia pontifica has a scale-like cuticle and a
propodosomal shield, which is distinct from the other mites. Suidasia pontifica commonly infests
commodities stored in tropical countries, including animal feed in Thailand, resulting in significant
economic losses for the country's feed industry (Konvipasruang ef al. 2010a; de Assis et al. 2011,
Mangoba & Alvinda 2019).

Dermatophagoides farinae is a common species of dust mite found in indoor environments and
is a major source of allergens that can cause allergic diseases such as asthma and rhinitis (Li e? al.
2006). According to Arlian (1992), D. farinae is one of the two most common dust mites found in
house dust, along with D. pteronyssinus. Dermatophagoides farinae is known to feed on a variety of
organic matter found in household dust, such as skin flakes and dander from humans and pets, as
well as fungal spores and pollen (Arlian & Platts-Mills 2001). Studies have shown that D. farinae
allergens can be found in high levels in the bedding, carpets, and upholstered furniture of homes, and
can also be present in school and office environments (Arlian & Platts-Mills 2001). Exposure to D.
farinae allergens has been linked to the development and exacerbation of asthma and other
respiratory allergies, particularly in children (Salo et al. 2011). Aleuroglyphus chinensis is a species
of storage mite that is commonly found in stored food products and animal feed. It is known to cause
allergic reactions in humans and animals when ingested or inhaled (Fang & Cui 2009).
Aleuroglyphus ovatus (Tropeau) (Acaridae) has been found in stored products, wheat, and chicken
meal worldwide (Silton et al. 1991). Aleuroglyphus chinensis differs from 4. ovatus by the following
characters mentioned by Jiang (1994): the anal opening is bordered by five pairs of anal setae in
females, the penis itself tapers turnea, the dorsal terminal seta ¢ on tarsus is a thick spine.

In this study, we identified three species of predatory mites: C. malaccensis, B. keegani, and B.
everti. The genus Cheyletus is known to be one of the most important in the Cheyletidae family as a
predatory mite, and is mostly associated with stored grains, including animal feed and insect eggs.
C. malaccensis is a dominant cheyletid in storage facilities in tropical regions and is also likely to be
found in temperate regions (Athanassiou & Palyvos 2015). Cheyletus malaccensis has been found to
be associated with other predatory mites, such as Blattisocius spp. (Mesostigmata: Blattisociidae)
(Athanassiou & Palyvos 2015). In Thailand, C. malaccensis has been found in white sesame seed
and rice, onion, garlic, sunflower seed, paddy, dried fish, and dust in rice storage (Konvipasruang et
al. 2010a; Konvipasruang et al. 2010b).

The high infestation rates of S. pontifica in chicken feeds are consistent with the findings of
Konvipasruang et al. (2010b), which showed that S. pontifica are commonly found in animal feed in
Thailand. These mites are difficult to see with the naked eye but can exist in such large numbers that
they cause movement on the surface of animal feed packaging and surrounding shelves. Based on
our results, S. pontifica could be the major species that causes a tan-colored dust that covers the
packaging and emits the offensive, lemongrass-like odor that reduces feed palatability and ultimately
results in decreased animal growth rates in Thailand (Saensuwan & Chanbang 2017).

Various types of commercial animal feeds come in different physical forms due to the required
processing methods and steam conditioning temperatures. Pelleted feeds, also known as sinking
feeds, are manufactured for chickens (Massuquetto et al. 2019), ducks (Heuser & Scott 1951), pigs
(Potter et al. 2009), crickets (Hanboonsong & Durst 2020), crayfish (Rout & Bandyopadhyay 1999),
and rabbits (Prayoga et al. 2020). To form a pellet, moisture, heat, and pressure are required during
the manufacturing process. This includes grinding, mixing, steam-pelleting, cooling, and crumbing.
Steam is typically added to the ground feed mixture to raise the moisture level from 15 to 16% and
the temperature from 70 to 85°C. The feed mixture is then conditioned in barrels for 30 to 60 seconds
(Li et al. 2006). Extruded feeds, also known as floating feeds, are usually manufactured for fish
(Hoyos-Concha et al. 2021), aquatic animals, cats (Dodd ef al. 2021), and dogs (DeBoer & Schreiner
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2001). In the extrusion process, the extruder barrel temperature generally ranges from 120 to 150°C
(Li et al. 2006) and takes around 30 minutes.

A related report from the USA indicates that there is no evidence of mite contamination in
commercial dry dog food during manufacturing or storage (DeBoer & Schreiner 2001). Another
study conducted in Germany also reported no storage mite infestation in dry pet food after opening
food bags (Henneveld et al. 2007), which implied that mites are generally absent in extruded feeds.

Evidence suggests that heat treatment of household dust mite, Dermatophagoides farinae, at 40
to 80°C for 30 minutes, can cause high mortalities of mites (Chang et al. 1998). Therefore, if mites
can be exposed directly to high temperatures during the producing process of extruded feeds, it may
be possible to eliminate mites. High temperatures used in the producing process of extruded feeds
could potentially eliminate the risk of mite infestations in animal feeds. This may explain why no
mites were found in dog, cat, frog, or fish feeds in this study. However, further research is required
to determine how feed-processing methods affect mite infestations.
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