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Abstract

Agar is usually mixed with other nutrients to make media, in which microorganisms can be cultured and tested. This study aimed to formulate white rice powder to
substitute agar for the preparation of growth media to culture some bacterial and fungal strains. Following the standard methods, nutrient agar, potato dextrose agar, and
blood agar media were carefully prepared. Following the same methods, rice-based media were prepared by adding rice powder instead of agar. Pure strains of E. coli,
Staphylococcus aureus, Rhizopus stolonifer, and Aspergillus niger were used to evaluate growth rates (colony formation for bacteria) and mycelial radial growth (for fungi)
within agar-based media and rice-based media. There was no significant difference between the growth rate within agar-based media and rice-based media for bacterial
strains, but fungal strains were well flourished better within the rice-based media than bacterial strains. Although rice is a potential material for the solidification of nutrient
media instead of agar, it can also add important nutritional components, and the amount of rice sufficient to result in the required solidification should be considered,

which involves rice varieties.

Introduction

The Asian rice (Oryza sative L.) is a monocot plant, and
its grains are long, medium, and short-seeded. Long-seed
rice is characterized by a high amount of amylose (the sticky
substance), while the medium-size rice grain is characterized
by a high amount of amylopectin, which makes it stickier than
the long-seed rice [1]. The world production of rice-grain
during 2022 was 756.7 million metric tons [2].

Before cooking, most of the starch from the rice grain
will be lost when rinsed, hence, the ability of rice grain to
sticking together will be reduced [2], but when cooked, high
amount of water (about 68%) will be added to its nutritional

contents, hence, the other components will be decreases (e.g.,
carbohydrates will be (ca. 28%), and proteins (ca. 3%)) and it
provided about 130 kilocalories per 100 g [3,4]. The nutritional
contents for the non-cooked grains show carbohydrates as a
main constituent (ca. 89%), protein (ca. 8%), and few amount
of fiber (ca. 1.5%) and fat (less than 1%). Several important
minerals (Ca, Fe, Mg, P, K, Na, Zn, Cu, Mn, and Se), vitamins
(B1, B2, B3, B5, B6, B9, Vitamin E, and Vitamin K), and fatty
acids (saturated, monounsaturated, and polyunsaturated) are
also detected [5]. Some bacterial spores (e.g., Bacillus cereus)
were detected in rice, and they can produce toxins if rice is
stored within 4—-60 °C, though rapid cooling of the cooked rice
will reduce toxin production [6].
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Agar is usually obtained from some red algae species,
and it is a polysaccharide that acquires gelatinous properties
[2]; hence, it is usually added according to certain formulas
so as to produce a certain level of solidification in media [7].
It consists of 70% agarose and 30% agaropectin. Agarose is
made of D-galactose and 3,6-anhydro-L-galactopyranose,
while agaropectin is made of D-galactose and L-galactose
[8]. Agar can be solidified as a gel-like substance when mixed
with water during the preparation of media of certain types:
nutrient and nutrient-rich (for bacterial growth), or selective
agar (by adding certain materials, as in tissue culture). Agar
media can be melted over 85 °C [9,10].

The agar culture media are usually prepared for most species
of bacteria (e.g., nutrient, plate count, trypticase soy), while
minimal media is generally prepared without amino acids,
whereas selective media is used to culture antibiotic-resistant
microbes and in cell culture. Blood agar media is usually used
for Staphylococcus or Streptococcus bacteria, while MacConkey
agar is used for lactose fermenter bacteria. Transport media
contains only buffers and salt and is used for temporarily
storing specimens [11,12].

The bread mold Rhizopus stolonifer (Rhizopodaceae) is a
saprotrophic fungus with a global distribution, and it can be
detected everywhere (e.g., soil, air, and organic matter). It can
colonize high sugar-content plant tissue and cause rotting.
It has sexual (by means of sporangiophores) and asexual
(by means of the stolon, which can spread vertically and
horizontally) manner of reproduction [13-15].

The common mold, Aspergillus niger (ascomycota), is an
aerobic fungus distributed within plants, soil, and water. It can
grow and germinate rapidly and can withstand a range of 6
- 47 °C and 1.5 — 9.8 pH. It usually grows on potato dextrose
agar. It produces a wide variety of mycotoxins that cause plant,
animal, and human diseases [16-18].

Escherichia coli is a gram-negative, anaerobic, coliform
bacterium that is commonly found in the lower intestine (colon)
of humans, and it is considered a part of the normal microbiota.
It can survive outside the human body for a limited time. It
can be used as a bio-indicator for fecal contamination. Some
strains can cause serious health problems to humans, and even
tissue death [19].

Staphylococcus aureus is a bacillus, anaerobic, gram-
positive, and spherical-shaped bacterium. It is usually found
in the upper respiratory tract and on the skin, and can become
an opportunistic pathogen. It causes skin infections and is
widely associated with antibiotic resistance [20,21].

The current work aimed to evaluate the growth rate of some
microorganisms on agar-based media and on white rice-based
media.

Materials and methods
Materials

The medium-size white rice grains (trade name: Alfrasha)
were brought from the local market of Wad Medani City,

Gezira State, Sudan, while the materials and devices required
for preparation, culture and incubation of the selected
microorganisms were provided by the Biosciences and
Biotechnology Center, University of Gezira, whereas the pure
strains of E. coli (025:H4) and S. aureus (SO-1977) bacteria,
Aspergillus niger (ATCCA®6275TM) and Rhizopus stolonifer (19A—
0010) fungi were brought from the Central Medial Laboratory,
University of Gezira.

Preparation of white rice powder

The white rice grains were cleaned manually and ground
using an electrical grinder, then sieved by a fine plastic mesh to
about 450 um particle size. This powder was served in a clean
plastic container.

Preparation of agar-based culture media

Potato-dextrose agar media for A. niger and R. stolonifera:
From 100 g boiled potato slices, 3 g infused potato was prepared
first, and mixed with 10 g dextrose, 10 g agar, then boiled with
500 ml distilled water at 121 °C and 15 1bs for 20 minutes, cooled
to about 60 °C, and then poured into sterile plastic petri dishes
(100 mm x 15 mm). The plates were allowed to cool and solidify
at room temperature and pH of 5.6 + 0.2 [22].

Nutrient agar media for E. coli: A mixture of 5 g peptone, 2.5
g yeast extract, 2.5 g NaCl, and 7.5 g agar was boiled with 500
ml distilled water at 121 °C and 15 lbs for 30 minutes, cooled to
about 60 °C, and then poured into sterile plastic petri dishes
(100 mm x 15 mm). The plates were allowed to cool and solidify
at room temperature and a pH of 7.0 [19].

Blood agar media for S. aureus: A mixture of nutrient agar
powder (5 g of peptone, 2.5% yeast extract, 5 g agar, and 2.5
g NaCl) and 500 ml distilled water was heated, stirred to fully
dissolve all components, and autoclaved at 121 °C and 15 lbs for
15 minutes, cooled to 45-50 °C. 5% (v/v) sterile defibrinated
blood was added and mixed well, then the prepared media was
poured into sterile plates (100 mm x 15 mm) before solidifying.
pH was adjusted to 7.2 — 7.6 [20].

Preparation of white rice-based culture media

The agar component within BDA, nutrient, and blood agar
media was substituted with a certain amount of white rice fine
powder (25 g for BDA media, 20 g for nutrient agar, and 12.5 g
for the blood agar media). The periods for autoclaving media
were extended (50 minutes for BDA and nutrient agar, and 35
minutes for blood agar media) to allow the nutrient component
to dissolve and distribute. The rice-based media, when poured
onto the Petri-dishes, were stored at 4 °C for 30 minutes before
further steps.

Culture and incubation of microorganisms

The prepared petri-dishes that were provided with agar-
based media and rice-based media were streaked with the
appropriate microorganism strains. A Biosafety Level 2 (BSL-2)
cabinet, provided with a fan, ultraviolet lamp, and flame, was
used. The petri-dishes were incubated at 37 °C under aerobic
conditions for 48 hours.

ES
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Determination of growth parameter

Colony-forming unit (CFU): After 48 hours, each of the
culture media that contained E. coli or S. aureus was transferred
to a glass bottle (stock) containing 0.1% peptone solution
(composed of 0.5 g peptone and 500 ml distilled water). A
series of 6 test tubes, each containing 9 ml of 0.1% peptone
solution, was set. 1.0 ml of the stock solution was pipetted to
the first tube and shaken well to form the concentration of
(1077), and the same process was repeated to form (10> to 10-°)
concentrations. 1.0 ml of each of the 4%, 5t and 6™ tubes was
added to the count plate to estimate the number of the formed
colony which was calculated according to the formula:

CFU/ml = No. of colony X dilution factor/volume of culture
plate

Mycelial growth: The radial growth of A. niger and R.
stolonifer within their culture plates was measured in mm/h.
The diameter of the growth was measured every 8 hours for
48 hours.

Data analysis

Each test was triplicated. For the data of the mycelial growth
(diameter (in mm) and time (hours), regression analysis
was used to estimate the growth in mm/h. After the growth
parameters were measured for the tested microorganisms
within the agar-based and rice-based media, an ANOVA
analysis for significant differences in growth level within these
media was conducted.

Results
Appears that one of the prepared rice-based media

The prepared rice-based media show the same level of
transparency, thickness, and viscosity (their resistance to flow
when flipped vertically), as same as agar-based media. Blood
rice media appeared in a light red or pink color, while Potato-
dextrose rice and nutrient rice media were a pale white color
(Plate 1). All media did not exceed 2-3 mm thick.

Growth parameter within the agar-based and rice-based
media

Bacterial strains: Table 1 and Plate 2 showed that the means
of cfu/ml of E. coli colonies were 64.33 x 107° on the agar-based
media, and 60.33 x 10-° on the rice-based media, while that of
S. aureus colonies were 73.67 x 107% on the agar-based media,
and 68.0 x 10°° cfu/ml on the rice-based media. It was also
noticed that S. aureus counted colonies were relatively more
than those of E. coli, also the counted colonies in the agar-
based media were relatively more than those formed on rice-
based media, but ANOVA analysis accurate a non-significant
difference between the growth rate of these species within the
tested media (p-value = 0.25; which is more than 0.05).

Fungal strains: Table 2 and Plate 3 showed that the means
of mycelial radial growth of A. niger were 0.104 (mm/h) on the
agar-based media, and 0.153 on the rice-based media, while
that of R. stolonifer was 0.46 on the agar-based media, and

Plate 1: Nutrient-rice media for E. coli (left) and Blood-rice media for Staph aureus

(right).

Table 1: No. Of colony-forming formed (CFU) of E. coli and S. aureus on agar-based
and white rice-based media after 48 hours.

| Species | E. coli (10°/ml) S. aureus (10°/ml)

Media Agar-based = White rice-based = Agar-based = White rice-based

56 65 80 69

Replicates 73 67 79 70
64 61 62 65

ANOVA analysis
Mean 64.33 60.33 73.67 68.0
Standard error 4.91 4.06 5.84 1.53
Variance 72.33 49.33 102.33 7.0
F F-cal. = 1.668; F-crit. = 4.066
p-value 0.250

e

Plate 2: E. coli formed colonies (left) and Staph. Aureus formed colonies (right).

Table 2: Estimated mycelial radial growth (mm/h) of A. niger and R. stolonifer on
agar-based and white rice-based media after 48 hours.

m A. niger (mm/h) R. stolonifer (mm/h)

Media Agar-based = White rice-based = Agar-based White rice-based
0.083 0.125 0.42 0.54
Replication 0.104 0.208 0.51 0.63
0.125 0.125 0.45 0.51
ANOVA analysis

Mean 0.104 0.153 0.460 0.560
Standard error 0.012 0.027 0.026 0.036

Variance 0.0004 0.0023 0.0621 0.0031

F F-cal. = 2.596; F-crit. = 7.709 F-cal. = 5.0; F-crit. = 7.709

p -value 0.182 0.089

0.56 (mm/h) on the rice-based media. It was also noticed that
R. stolonifer mycelial growth was relatively more than that of
A. niger; also, the counted colonies in the agar-based media
were relatively fewer than those formed on rice-based media.
ANOVA analysis shows a non-significant difference between
mycelial growth on the different media (p-value is more than
0.05), but there a clear evidence that R. stolonifer is growing
faster than A. niger (mean+SE did not interfere).
[T ]
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Plate 3: R. stolonifer formed hyphae.

Discussion

The proximate analysis of white rice grains determined
6.3% moisture, 2.2% ash, 0.6% oil, 7.8% protein, 3.5% fiber,
and 79.6% carbohydrates. This data did not differ greatly
from that determined by USDA [5], in which carbohydrate was
about 89%, protein was 8%, fat was 0.8% and fiber was 1.5%.
According to the obtained data, the energy units (in cal) that
can be estimated from 100 g of white rice grain were 355.

For the preparation of white rice-based media, rice was
ground to a fine powder so as to increase the surface area,
which allows the dissolution of all possible components. This
powder is used directly during preparation in as same way
as agar. The powder did not rinse because rinsing rice before
cooking removes much of the starch, thereby reducing the
sticky property [2].

Usually, agar within media is not digested by many
organisms, and it remains stable (i.e., unconsumed material),
unlike what was expected from most components of white rice
powder within the media. Agar and nutrients are mixed as the
formulation described for producing certain levels of viscosity
for microorganism media [7]. The medium-grain rice contains
the same properties because of the amylopectin content (the
sticky agent) [1].

As in Table 1, the formed colonies of E. coli were 60.33 x
107% on the rice-based media, while those of S. aureus colonies
were 68.0 x 10-¢. Also, S. aureus formed colonies were relatively
more than those of E. coli, and the counted colonies in the agar-
based media were relatively more than those formed on rice-
based media, but with a non-significant difference. In a study
conducted by Son and Taylor [19], the estimated growing colonies
of E. coli were more than 10° cfu/ml. In this study, although
the count was less than 109 but it may be attributed to the
difference in strains, materials, and test conditions.

The same was noticed on the growth rate of S. aureus
colonies, which is affected by the source of blood. The average
formed colony unit was 128 within sheep blood media, but it
was only 31 within human B-blood type, and 80 within human
0-blood type [20].

Although E. coli is anaerobic, it can survive in the air for a
limited time [19]. This may explain why its growth rate was less
than that of S. aureus with respect to the preparation conditions
mentioned in the preparation of media section. S. aureus is also

an anaerobic microorganism, but it can be found in the aerial
areas of human skin [20], and it seemed to be more tolerant to
withstand the aerobic condition than E. coli, as was noticed in
the results of this study.

Table 2 showed that the mean mycelial radial growth of
A. niger was 0.153 mm/h (3.7 mm/d) on the rice-based media,
while that of R. stolonifer was 13.44 mm/d on the rice-based
media. It was also clear that R. stolonifer mycelial growth was
significantly more than that of A. niger; also, the growth rate
in the agar-based media was significantly similar to that on
rice-based media.

In a recent study, the radial growth rate of R. stolonifer (Ah-
Rs-01 strain) was found to be affected by temperature. Low
growth (8 (mm/d) was noticed at 13 °C, while a higher growth
rate (18.9 (mm/d) was noticed at 25 °C, but the growth rate was
decreased greatly (0.6 mm/d) at 35 °C [23]. It was also noticed
that R. stolonifer can invade plant tissues with higher sugar
content [14]. Although white rice contains more than 75%
carbohydrates, this may explain why this fungus flourishes
within the rice-based media than agar-based media, and even,
than A. niger. In another study, the growth rate of A. niger on
lime fruits was estimated to be 3.3 (mm/d) at 25 °C, 3.6 at 30
°C, 4.1 at 35 °C and decreased to 1.9 (mm/d) at 37 °C [24]. These
growth rates did not differ from those obtained in this study
(2.5 - 3.7 mm/d).

A. niger is found throughout the environment and can
withstand temperatures ranging from 6 to 47 °C, and pH
ranging from 1.5 to 9.8. It can withstand extreme acidic
conditions, and usually grows on PDA media [16,18].

Some studies mentioned the trial tests to use rice as a
component of the media. During 1985, Rice Extract Agar
(5 g white rice extract and 20 g agar) was used for Candida
albicans and C. stellatoidea to differentiate them from other
Candida species [25]. Later in 2018, rice husk was used for the
formulation of media for cultivating fungi. The media was
found to be good for isolation and cultivation of Saccharomyces
carlsbergensis and Penicillium species [26]. In the same year,
rice water-based crude medium (4%) gave effective growth of
Rhizopus and Aspergillus [27].

The use of rice powder (which is cheap and nutritious) to
prepare different microbiological media did not require an
extraction or separation process because the whole components
of the white rice powder contained other nutrient constituents
besides the gelatinizing agent (amylopectin). Other natural
vitamin-rich fresh materials can be added to improve the rice-
based media with additional constituents that are favored by
many microorganisms. Further studies should test the growth
rate of other microorganisms using different formulas.

Conclusion

It is the first time ever to introduce white rice powder (as a
source of amylopectin) to substitute agar in the preparation of
agar-based media to culture some bacterial and fungal strains.
Promising results were obtained; hence, further formulations
should be tested for the other bacterial and fungal species. The
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rice-based media is very useful for fungal culture, although
it gives comparable growth to agar-based media on bacterial
strains.

Although agar was usually mixed with nutrients in a
certain amount to produce certain levels of viscosity for certain
microorganisms, the amount of rice required to result in the
same solidification should be considered. Carrot (Daucus carota)
contains vitamin A, C, and K (which are not found in white
rice) among other nutrient components, and its dried powder
or fresh juice may improve the growth media.

Author contributions

Mona W.A. and Mutaman A.K., methodology, software,
validation, writing original draft, and formal analysis, Yassir
M.A., supervision, investigation, and resources, Mutaman A.K.,
writing review and editing. All authors have read and agreed to
the published version of the manuscript.

Acknowledgment

The authors extend their appreciation to both the Faculty
of Science and the Faculty of Engineering and Technology,
University of Gezira, Sudan, for assistance with Lab facilities
and their support.

References

1. FAOSTAT. Crop and Livestock product, Rice, 2018. FAOSTAT (UN Food and
Agriculture Organization, Corporate Statistical Database); 2018. Available
from: www.fao.org/faostat/en/#data/QCL

2. Kenyon C. Knack Mexican Cooking: A Step-by-Step Guide to Authentic
Dishes Made Easy. Rowman & Littlefield; 2023;15. Available from: https://
en.wikipedia.org/wiki/Rice

3. World Health Organization. Guideline: Fortification of rice with vitamins
and minerals as a public health strategy. World Health Organization; 2018.
Available from: https://www.who.int/publications/i/item/9789241550291

4. Singh BN. Global Rice Cultivation & Cultivars. New Delhi: Studium Press
LLC; 2018. Available from: https://www.amazon.in/Global-Rice-Cultivation-
Cultivars-Singh-ebook/dp/B07CKVSJ71

5. United States Department of Agriculture. Food Data Center: Rice. USDA,;
2023. Available from: https://en.wikipedia.org/wiki/Rice,_2023

6. Deb D. Restoring rice biodiversity. Scientific American. 2019;321(4):54-61.
Available from: https://www.researchgate.net/publication/338954570_
Restoring_rice_biodiversity

7. Zhang L, Seng TK, Hixson S, Kwone E. Home Economics S2 Tb (nt).
Singapore: Longman; 2022;145.

8. Food and Agriculture Organization of the United Nations. Properties,
Manufacture, and Application of Seaweed Polysaccharides — Agar,
Carageenan, and Algin. In: Training manual on Gracilaria culture and seaweed
processing in China. FAO; 1990.

9. Birgit H, Sirkka S, Ralf R. Gelrite and agar differently influence the cytokinin-
sensitivity of a moss. Journal of Plant Physiology. 1995;146(3):369-371.

10. Liu S, Usinger L. Agar and Its Use in Chemistry and Science. Science Buddies;
2008. Available from: https://www.sciencebuddies.org/science-fair-projects/
references/grow-microbes-agar

11. Corry JEL, Curtis GDW, Baird RM, editors. Dichloran rose bengal
chloramphenicol (DRBC) agar. Progress in Industrial Microbiology. Elsevier;
1995;34:303-305

12. Washington JA. Principles of Diagnosis. In: Baron S, et al., editors. Baron's
Medical Microbiology. 4th ed. Univ of Texas Medical Branch; 1996. Available
from: https://www.ncbi.nlm.nih.gov/books/NBK8014/

13. Moore-Landecker E. Fundamentals of the Fungi. New Jersey: Prentice Hall;
1972. 1ISBN 0133392678. Available from: https://books.google.co.in/books/
about/Fundamentals_of_the_fungi.html?id=3aHWAAAAMAAJ&redir_esc=y

14. Onions AHS, Allsopp D, Eggins HOW. Smith’s introduction to industrial
mycology. 7th ed. London, UK: Arnold; 1981. Available from: https://archive.
org/details/smithsintroductiO000smit

15. Webster J, Weber R. Introduction to fungi. 3rd ed. Cambridge,
UK: Cambridge University Press; 2007. Available from: https://
investigacionfitopatologiaumar.wordpress.com/wp-content/
uploads/2016/06/introduction-to-fungi.pdf

16. Kurt T, Marba-Ardébol AM, Turan Z, Neubauer P, Junne S, Meyer V. Rocking
Aspergillus: morphology-controlled cultivation of Aspergillus niger in a wave-
mixed bioreactor for the production of secondary metabolites. Microbial Cell
Factories. 2018;17(1):128.

17. Frisvad JC, Mgller LL, Larsen TO, Kumar R, Arnau J. Safety of the fungal
workhorses of industrial biotechnology: update on the mycotoxin and
secondary metabolite potential of Aspergillus niger, Aspergillus oryzae,
and Trichoderma reesei. Applied Microbiology and Biotechnology.
2018;102(22):9481-9515.

18. Singh N, Gaur S, Dai X, Sharma M, Chen J, editors. GRAS Fungi: A New
Horizon in Safer Food Product. In: Fungi in Sustainable Food Production.
Cham: Springer International Publishing; 2021;27-37.

19. Son MS, Taylor RK. Growth and Maintenance of Escherichia coli Laboratory
Strains. Curr Protoc. 2021;1(1):e20.

20. Turista DDR, Puspitasari E. The Growth of Staphylococcus aureus in the
blood agar plate media of sheep blood and human blood groups A, B, AB, and
0. Journal Teknologi Laboratorium. 2019;8(1):1-7. Available from: https://
www.teknolabjournal.com/index.php/Jtl/article/view/155

21. Murray CJL, Ikuta KS, Sharara F, Swetschinski L, Aguilar GR, Gray A, et al.
Global burden of bacterial antimicrobial resistance in 2019: a systematic
analysis. Lancet. 2022;399(10325):629-655. Available from: https://www.
thelancet.com/journals/lancet/article/Pl1IS0140-6736(21)02724-0/fulltext

22. Madigan M, Martinko J, editors. Brock Biology of Microorganisms. 11th ed.
Prentice Hall; 2005. Available from: https://www.scirp.org/reference/referenc
espapers?referenceid=2675627

23. Sandoval CT, Moreno MI, Garrido SL, Ragazzo SJA, Narvaez ZJA, Calderén
SM. Effect of temperature on the interaction between Rhizopus stolonifer
and Colletotrichum sp., postharvest pathogens of jackfruit (Artocarpus
heterophyllus Lam.). Nova Scientia. 2022;14(28):1-15.

24. Sandoval CT, Marin S, Villarruel-Lépez A, Gschaedler A, Garrido-Sanchez L,
Ascencio F. Growth Modeling of Aspergillus niger Strains Isolated from Citrus
Fruit as a Function of Temperature on a Synthetic Medium from Lime (Citrus
latifolia T.) Pericarp. Journal of Food Protection. 2017;80(7):1090-1098.

25. American Society for Microbiology, editor. Manual of clinical microbiology.
4th ed. Washington, D.C.: MacFaddin; 1985. Available from: https://catalog.
nim.nih.gov/discovery/fulldisplay/alma995953403406676/0TNLM_
INST:0TNLM_INST

26. Uwa CU, Oluwatosin 00, Ugah Ul, Sunday NT, lkeide I. Microbial Media
Formulation Using Rice Husks, Yam, and Cassava Peels on Some Selected
Microorganisms. Middle East J Scientific Research. 2018;26(1):122-131.

27. Thiruvengadam S, Jeevanantham S, Kamalesh R, Hamsini S, Kamali TB,
Karishma S, et al. Designing and Development of Rice water-based crude
media and its application in fungal isolation and enzyme production.
Research Journal of Pharmacy and Technology. 2018;11(9):3905-3908.

Citation: Abdalla MW, Abdelrahim YM, Kehail MAA. Evaluation of Using Amylopectin of White Rice (Oryza sativa) Endosperm Powder in Substituting Agar for the Preparation
of Growth Media for Culturing Microorganisms. Arch Clin Hypertens. 2025;11(1):009-013. Available from: https://dx.doi.org/10.17352/ach.000038



