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Abstract–The present study was undertaken to use Foldscope for imaging and identification of rumen
protozoa. Samples of rumen fluid were collected from healthy crossbred cows and stained with Lugol’s
iodine and examined using Foldscope connected to a mobile. Based on morphology the protozoa were
identified. Protozoa belonging to the genera Epidinium, Diplodinium, Enoploplastron, Ostracodinium,
Eudiplodinum, Dasytricha, Blepharoconus, Metadinium, Isotricha were identified in healthy cattle using
foldscope. This is the first report of imaging and identification of rumen protozoa using Foldscope.
Foldscope is a paper microscope which can be used for imaging and identification of rumen protozoa at the
field level by Veterinarians as it is handy and portable.

GRAPHICAL ABSTRACT

INTRODUCTION

Manu Prakash and Jim Cybulski created the
Foldscope. The creation took place in Manu’s
Stanford University lab while Jim was a Ph.D.
candidate there. Visits to field stations where they
frequently encountered heavy, damaged, or
nonexistent microscopes served as the inspiration
for the Foldscope.

Foldscope is made to be very portable, and
strong, and to provide optical quality comparable to
that of traditional research microscopes. It has a
resolution of 2 µm and a magnification of up to
2000. The goal of Foldscope Instruments is to create
affordable scientific equipment that will make

research more exciting. The foldscope is easily
purchased from microcosmos (https://
microcosmos.foldscope.com) and is commercially
available online. It is practical and helpful for field
study because the foldscope uses either natural light
(during the day) or battery-operated artificial light
sources (at night) to view the specimen. For more
clear observation of specimens, it can be also
coupled with the camera lens of mobile phones and
pictures can be easily captured (Kissi and
Dreesmann, 2018). Foldscope is small, light, and
very helpful for field researchers to make quick
observations even in remote locations (Mukunth,
2014).

A toolset of accessories, including paper slides,
plastic coverslips, and other items, is included with
the Foldscope (Devi et al., 2019). A watch battery
with an electrical switch that can be attached to both
the microscope (Mathews, 2014) and the rear cover
of a smartphone using magnetic strip couplings
powers an LED with a diffuser or condenser lens
that gives light.

Foldscope can be put together in less than a
minute, and adjustments may be made along all
three axes, i.e., X, Y, and Z. With a weight of roughly
8.8 g, it is trivially small enough to fit in a pocket
and is suitable for on-site field studies (Cybulski et
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al., 2014). Additionally, the foldscope image that was
shown on the smartphone screen may be watched
using an HDMI cable and a TV module.

Identification of rumen protozoa in ruminants is
significant for species identification, ecological
population structure survey, and protozoa behavior
analysis. Hence the present study has been
undertaken to evaluate whether Foldscope can be
used for the identification of rumen protozoa at the
field level by veterinarians

MATERIALS AND METHODS

Rumen fluid samples were collected from a healthy
crossbred cow using a rumen fluid collection tube in
a sterile thermally insulated air-tight container. The
samples were taken immediately to the lab. Under
the sterile condition, the rumen fluid sample was
placed on a sterile clean slide and stained with
Lugol’s iodine. The stained slides were examined
using Foldscope connected to a mobile and
photographed. Based on the morphology the
protozoa were identified ( Dehorty, 1993). In the
present study, the following criteria were taken into
consideration for the identification of protozoa.
Presence and location of ciliary areas on the whole

body or a specific area of the body; Shape of the cell,
Presence of skeletal plates; Number and location of
the contractile vacuole.

RESULTS

Protozoa belonging to the genus Epidinium,
Diplodinium, Enoploplastron Ostracodinium,
Eudiplodinum, Dasytricha, Blepharoconus, Metadinium,
Isotricha were identified in healthy cattle using
foldscope are given in Fig. 1. This is the first report
of imaging rumen protozoa using foldscope.

DISCUSSION

Identification of Protozoa under field conditions is
very difficult as it needs a good microscope.
Foldscope, a paper microscope can be taken
anywhere. This is the first report of imaging rumen
protozoa using a foldscope. Lugol’s iodine staining
is very useful for the identification of protozoa.
Iodine stains protozoan nuclei and intracytoplasmic
organelles brown making them easier to identify.
The images taken using a foldscope were compared
with images taken with an ordinary microscope by
other authors (Soichi Imai, 1998; Sanghai and

Fig. 1. Photograph of rumen protozoa taken using Foldscope connected with mobile
1. Epidinium 2. Diplodinium 3. Entodinium yunnense 4. Enoploplastron 5. Ostracodinium nucleolobum 6. Ostracodinium
mammosum 7. Diplodinium dentatum 8. Eudiplodinum maggii 9.. Dasytricha 10. Epidinium lunatus 11. Blepharoconus
krugerensis 12. Epidinium caudatum 13. Diplodinium flabellum 14. Metadinium medium 15. Isotricha prostoma
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Kshirsagar, 2015; Jayasree et al., 2018; Svetlana
Kišidayová et al., 2021). The clarity and images taken
using a foldscope are comparable to images taken
using a light microscope. Here the advantage of
using a foldscope is that it does not require any oil
immersion. Images can be shared very easily online
through a mobile network.

Foldscope can be used for imaging and
identification of rumen protozoa at the field level by
veterinarians.
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