
fermentation

Article

Physico-Chemical Characteristics and Amino Acid Content
Evaluation of Citric Acid by-Product Produced by Microbial
Fermentation as a Potential Use in Animal Feed

Mutyarsih Oryza.S 1, Sawitree Wongtangtintharn 1,*, Bundit Tengjaroenkul 2, Anusorn Cherdthong 1 ,
Sirisak Tanpong 1, Pasakorn Bunchalee 3, Padsakorn Pootthachaya 1 , Alissara Reungsang
and Sineenart Polyorach 5

����������
�������

Citation: Oryza.S, M.;

Wongtangtintharn, S.; Tengjaroenkul,

B.; Cherdthong, A.; Tanpong, S.;

Bunchalee, P.; Pootthachaya, P.;

Reungsang, A.; Polyorach, S.

Physico-Chemical Characteristics and

Amino Acid Content Evaluation of

Citric Acid by-Product Produced by

Microbial Fermentation as a Potential

Use in Animal Feed. Fermentation

2021, 7, 149. https://doi.org/

10.3390/fermentation7030149

Academic Editor: Ronnie G. Willaert

Received: 22 July 2021

Accepted: 9 August 2021

Published: 11 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Animal Science, Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002, Thailand;
mutyarsih.or@kkumail.com (M.O.); anusornc@kku.ac.th (A.C.); sirisak1985@hotmail.com (S.T.);
padsakornp@kkumail.com (P.P.)

2 Department of Veterinary Public Health, Faculty of Veterinary Medicine, Khon Kaen University,
Khon Kaen 40002, Thailand; btengjar@kku.ac.th

3 Department of Biology, Faculty of Science, Mahasarakham University, Mahasarakham 44150, Thailand;
pasakorn.b@msu.ac.th

4 Department of Biotechnology, Faculty of Technology, Khon Kaen University, Khon Kaen 40002, Thailand;
alissara@kku.ac.th

5 Department of Animal Production, Faculty of Agricultural Technology, King Mongkut’s Institute of
Technology, Ladkrabang, Bangkok 10520, Thailand; neenart324@hotmail.com

* Correspondence: sawiwo@kku.ac.th

Abstract: The production of citric acid produces 70% waste product or by-product. This by-product
is produced by microbial fermentation which could be used as an alternative raw material for animal
feed because it still contains citric acid, which could help to reduce pathogenic bacteria. The objective
of this study is to evaluate the physical and chemical value of citric acid by-product from rice (CABR)
to compare the properties with those of rice bran and broken rice and to determine its potential as an
alternative energy source in animal feed. The chemical composition of CABR was calculated using
proximate analysis. The color of CABR was darker, and the bulk density value was 549.65 (g/L)
(p < 0.05). With free flow, the angle of repose was 40

◦
, and the particle size had less polygonal starch

granules. CABR had a low pH of 4.77 and contained 19.80% crude protein, 11.97% crude fiber, and
4005.72 kcal/kg of energy. CABR had a higher crude protein value than broken rice and rice bran and
a higher gross energy value than broken rice but less than rice bran. It also had a higher crude fiber
value (p > 0.05). The results suggest that CABR could be utilized as an energy and protein source for
animal feed formulations.

Keywords: cereal crops; organic acid; nutritive value; alternative feedstuff

1. Introduction

Citric acid is a source of organic acid and is produced by microbe fermentation. It has
wide uses, but 75% of it is used in the beverage and food industries as an ingredient in
carbonated drinks, followed by pharmaceuticals, cosmetics, and animal feed [1]. Globally,
1.7 million tons of citric acid are produced per year, and the amount is predicted to increase
annually [2]. Corn and cassava are the main raw materials for citric acid production,
and nowadays, there is a chance of producing citric acid from plants [3]. In particular,
rice is also commonly used for citric acid production in Thailand. Rice is one of the
most important cereals and a primary food for the majority of the world population,
especially in Asian countries. Global rice production has increased by 2.5 percent per year
on average over the last decade, reaching 744.4 million tons in 2014. The citric acid industry
generates a lot of waste and by-product, which can lead to pollution and environmental
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issues if not effectively managed. Therefore, there is a need to develop economically and
environmentally friendly methods for citric acid production. Converting the by-products
as feed is the way to increase their value and decrease the environtmental problem [4].
Tanpong et al. [5] reported that the by-product of citric acid production contains cellulose,
sugar, starch, and protein. Citric acid by-products from cassava contain 3.588 kcal/kg of
energy and 6.11% crude protein and could be utilized as animal feed.

Feed is an essential factor in animal stock sectors. Feed is the most significant ex-
penditure in the livestock industry and represents around 70% of the total production
cost. Feed containing formulations with functional components are needed to improve
livestock productivity, minimize mortality, and improve the feed conversion ratio [6]. As a
general rule, feedstuff’s physical and chemical properties are very influential in selecting
ingredients in feed formulation.

The physical characteristics of alternative feeds are essential for planning feed rations.
They affect the planning and design of feed storage on farms [7]. The physical properties
include the shape, particle size, bulk density, angle of repose, color, and pH related to
processing and handling in feed production [5]. By-products have advantages that are
directly related to their low price as a feed additive, which can decrease animal feed costs
when used as a feed replacement. Thus, the objective of this study was to evaluate the
physical and chemical properties of citric acid by-product from rice (CABR) produced by
microbial fermentation and its potential as an alternative energy source in animal feed.

2. Materials and Methods
2.1. Sample Collection

Samples were provided by PS Nutrition Company Limited, Sai Mai, Bangkok, Thai-
land. Citric acid production was carried out using rice extract media and inoculated with
Aspergillus niger. Then, the waste products from the citric acid production from rice (CABR),
broken rice (BR), and rice bran (RB) were used as samples. The total weight of each sample
was 50 kg, which was collected by random sampling using a tapered bag trier. The samples
were carefully handled whilst maintaining their original state for analysis in the Laboratory
Department of Animal Science, Faculty of Agriculture, Khon Kaen University, Khon Kaen,
Thailand. The methods of Association of American Feed Control Official (AAFCO) were
followed [8].

2.2. Physical Characteristic Measurement

The physical characteristics of the samples were observed, such as the color, bulk den-
sity, angle of repose, and particle distribution. The procedures reported by Tanpong et al. [5]
were used to measure the physical properties of each feedstuff. The particle size and distri-
bution were calculated as follows:

Retain (%) = (the total sample weight in the sieve/total weight of sample) × 100

Passing (%) 100 − retain (%)

Dgw=log−1

[
n

∑
i=1

(
wilogdi

)
÷

n

∑
i=1

wi

]
where Wi is the mass in each sieve (g) and di is the sieve size (mm), which is calculated
as (d×). The geometric mean diameters or median size of particle

(
Dgw

)
followed the

method from [9].

2.3. Microscopy Compound

According to the method reported by Vasconcelos et al. [9], the structure of morpho-
logical starch granules and plant cell walls of the samples was described and observed
under a compound microscope (JNOEC, XS-212-201, Beijing, China) at 40× magnifica-
tion and a stereo microscope (NIKON SMZ-1, Tokyo, Japan) at 20–60× magnification.
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Scanning Electron Microscope (SEM) analysis was conducted using an SEM electron mi-
croscope (JEOL-JSM 6460 LV, Tokyo, Japan) at 50×, 500×, and 1000× magnifications at an
accelerating voltage of 20 kV.

2.4. Chemical Composition

Proximate analysis was performed using the methods of the AOAC [10]. We analyzed
the moisture, ash, soluble ash, insoluble ash, crude protein, crude fiber, crude fat, and
nitrogen-free extract. The gross energy (GE) was analyzed via an automatic Adiabatic bomb
calorimeter (AC500 Isoperibol Clorimeter, LECO Corp., St. Joseph, MI, USA) following the
method of the Leco company. The pH was measured with a pH meter after mixing 10 g of
the sample in a beaker, adding 100 mL of distilled water, and stirring for 30 min.

2.5. Citric Acid Measurement

Following the method of Ezea et al. [11], the citric acid content in CABR was measured.
The samples were treated by titration with 0.1 NaOH and phenolphthalein as an indicator.
The citric acid content (%) was calculated with the following equation:

Citricacid(%) =
N × W1XTV × DF

W2 × 10

where N is the normality, W1 is the equivalent weight of citric acid, TV is the titrated value,
DF is the dilute factor, and W2 is the weight of the sample.

2.6. Amino Acid Determination

The extraction of amino acids from CABR was performed according to Nimbalkar
et al. [12]. Amino acid contents were measured according to the method of Thiele et al. [13]
and Chumroenphat et al. [14] using the Liquid Chromatography with tandem mass spec-
trometry (LC-MS/MS) system. LC-MS/MS analysis was performed on a triple quadrupole
tendem mass spectrometer (Shimadzu Corp., Kyoto, Japan) coupled with a 1290 Infinity
LC system (Agilent Technologies, Santa Clara, CA, USA). The chromatographic separation
of amino acids was carried out on an Atlantis Silica HILIC column (4.6 mm × 100 mm,
3 µm particle size) (Waters Corporation, Midford, MA, USA). Mobile phases were (A) 5%
acetic acid in water and (B) 10% methanol in acetonitrile. The LC gradient was t(min)/B
(%); 0/5, 25/50, 27/98, 29/98, 29.1/5, and 40/5 operated at a flow rate of 0.25 mL/min.
The injection volume was 2 µL. The column was coupled with a mass spectrometer for
quantification. The mass spectrometer was performed in multiple reaction monitoring
mode (MRM) with argon. Amino acids were counted using internal standard calibration
curves and external standard calibration curves. All data were demonstrated on a fresh
weight (fw) basis as g/kg.

2.7. Aflatoxins and Fumonisin Measurement

The aflatoxins in the samples were detected and quantified with the in-house system
of Central Laboratory (Thailand) Co., Ltd. (TE-CH-025) based on AOAC 991.31 and
994.08 [15]. Samples were blind-coded and processed at 2–8 ◦C. Before analysis, 50 g of
ground sample was put in a clean disposable extraction bottle containing 250 mL of 70%
methanol, and the bottle was shaken for 3 min to extract the sample. One minute was
then allowed for the solids to fall to the bottom of the bottle, and they were filtered with
filter paper.

The amount of fumonisin B1 and B2 were calculated using an in-house process using
LC-MS/MS, which combines high-pressure liquid chromatography (HPLC) separation
with mass spectrometry detection power. High-pressure liquid chromatography HPLC
with tandem mass spectrometry (MS/MS) was used to make the determination. Samples
were immediately transferred to sealed bags to prevent moisture changes and stored. The
sample powders were dissolved in methanol and acetonitrile to prepare stock standard
solutions. Appropriate amounts of sample standard solutions and aflatoxin standard
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solutions were combined and diluted to a volume with methanol to prepare mixed standard
solutions of mycotoxins.

All solutions were stored in the dark at −20 ◦C and prepared for sample pretreatment.
The final sample concentration in the extract of the sample pretreatment was injected for
LC-MS/MS analysis. The sensitivity of the method was estimated by the limit of detection
(LOD). The LOD was determined as the lowest concentration giving a response of three
times the average of the base-line noise obtained from non-contaminated aflatoxin peanut
samples that had been spiked with a mixed standard stock solution containing the four
investigated aflatoxins [16].

2.8. Statistical Analysis

The data were analyzed by using the procedure of the Statistical Analysis System
Institute (SAS, 2015). All data were subjected to analysis of variance (ANOVA) with
a completely randomized design (CRD). Differences among means with p < 0.05 were
accepted as representing statistically significant differences, which were determined by
Duncan’s New Multiple Range Test (DMRT).

3. Results
3.1. Physical Characteristics

The physical characteristics of CABR are shown in Table 1, respectively compared with
broken rice and rice bran. The bulk density of CABR was 549.65 g/L, which is 57.94% lower
than that of broken rice (868.12 g/L) and 21.13% higher than that of rice bran (453.78 g/L).
The results show that the angle of repose for CABR was 40.6◦, which can be classified as fair
to passable flow, whereas broken rice showed an angle of repose of approximately 39.45◦,
which could be classified as a fair to passable flow, and rice bran’s angle of repose value
was 50.6◦, which classified as very poor (46–50◦). Broken rice has bulky and more massive
particles (99.92 g) in mesh 20 when compared with CABR (19.92 g) and rice bran (31.21 g).
The color space value was analyzed by the CIELAB system and is shown in Table 1. The
results show L* = 45.02, a* = 5.64, and b* = 13.88. for CABR L* of CABR which was lower
than that of broken rice (78.37) and rice bran (76.90). The a* value of CABR was higher
than that of broken rice (1.66) and rice bran (1.20), and CABR’s b* value decreased from
rice bran (18.89) and broken rice (17.92). The particle size and distribution of CABR are
shown in Table 2. Compared with broken rice and rice bran, most CABR particle sizes were
increased after processing. When comparing the passing percentage using sieve numbers
20 to 100, the result for CABR was higher than that of broken rice. The geometric mean
diameter (the median particle size) was 232 µm, as a small particle size of the sample.

Table 1. The physical characteristics of citric acid by-product from rice (CABR), broken rice (BR), and
rice bran (RB).

Parameter CABR BR RB SEM p-Value

Bulk density (g/L) 549.65 b 868.12 a 453.78 c 5.867 0.0001
Angle of repose (o) 40.6 b 39.45 a 50.6 c 0.380 0.0001

Color
L* 45.02 b 78.37 a 76.90 c 0.397 0.0001
A* 5.64 a 1.66 b 1.20 c 0.080 0.0001
B* 13.88 c 18.89 a 17.92 b 0.147 0.0001

a,b,c Means in the same row without a common letter are different at p < 0.01, SEM: standard error of mean.
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Table 2. Particle size and distribution analyses of citric acid by-product from rice (CABR), broken rice (BR), and rice bran (RB).

Sieve
Mesh no.

Sieve Size
(µm)

Sample (g) Retain (%)
SEM

Cumulative (%) Passing (%) Dgw
1 (µm)

SEM
CABR BR RB CABR BR RB CABR BR RB CABR BR RB CABR BR RB

20 850 19.92 99.92 31.21 20.09 c 99.78 a 31.09 b 1.56 20.09 99.78 31.09 79.91 0.22 68.91 232 c 600 a 338 b 5.915
40 425 22.82 0.19 40.3 23.01 b 0.20 c 40.15 a 0.87 43.01 99.98 71.25 56.9 0.02 28.75
60 250 19.35 0.00 19.37 19.51 b 0.01 b 19.3 0.82 62.61 99.98 90.54 37.39 0.02 9.46
80 180 14.26 0.00 7.58 14.38 a 0.00 c 7.55 b 0.92 76.98 99.99 98.1 23.01 0.01 1.9
100 150 8.91 0.00 01.20 7.77 a 0.00 c 1.20 b 0.09 84.75 99.99 99.3 15.25 0.01 0.7
Pan 15.12 0.01 0.70 15.25 a 0.01 c 0.70 b 0.20 100.00 100.00 100.00 0 0 0
Total 100.42 100.14 100.37 100 100 100

1 Geometric mean diameter in µm by mass of sample, a,b,c means in the same row without a common letter are different at p < 0.01, SEM: standard error of mean.
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3.2. Microscopy Compound

A stereo microscope (Figure 1), compound microscope (Figure 2), and scanning
electron microscope (SEM) (Figure 3) were used to show differences in particle size and
content of fiber as a starch between CABR, broken rice, and rice bran. CABR exhibited
a darker color under the stereo microscope when compared to rice bran and broken
rice, which supported the results of the physical analysis (Table 1) and particle size and
distribution (Table 2). The ultrastructure morphology of feedstuff is characterized using
SEM micrographs at 50×, 500×, and 1000× magnification. The result showed CABR starch
granules are polygonal in shape.
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3.3. Chemical Composition

The chemical properties of CABR were determined by proximate analysis and are
shown in Table 3. The results revealed that CABR contained 8.26% moisture, 9.35% ash,
5.20% soluble ash, 4.15 % insoluble ash, 3.98% ether extract, 0.43% of calcium, 0.07% of
phosphorus, 19.80% of crude protein, and 4005.72 kcal/kg of gross energy. CABR contains
crude protein higher than broken rice and rice bran (Table 3). Moreover, CABR contains
low pH and contains citric acid 3.3%.

Table 3. Nutritive values and chemical composition of citric acid by-product from rice (CABR),
broken rice (BR), and rice bran (RB).

Parameter CABR BR RB SEM p-Value

Moisture (%) 8.26 b 9.35 a 8.43 b 0.114 0.0012
Ash (%) 9.35 a 0.49 c 0.49 b 0.154 0.0001

Soluble ash (%) 5.20 b 0.49 c 6.88 a 0.148 0.0002
Insoluble ash (%) 4.15 a 0.00 c 0.39 b 0.013 0.0001
Ether extract (%) 3.98 b 1.41 c 14.28 a 0.161 0.0001
Crude fiber (%) 11.97 a 0.10 b 0.76 b 0.297 0.0002

Nitrogen-free extract (%) 46.64 c 82.20 a 55.89 b 0.428 0.0001
Ca (%) 0.43 b 0.76 a 0.76 a 0.050 0.0001

Phosphorus (%) 0.07 a 0.04 b 0.01 c 0.003 0.0001
Crude protein (%) 19.80 a 6.47 c 13.37 b 0.159 0.0001

Gross energy (kcal/kg) 4,005.72 b 3,780.52 c 4,287.11 a 7.430 0.0001
pH 4.77 b 6.46 a 6.51 a 0.053 0.0001

Citric acid content (%) 3.3 - -
a,b,c Means in the same row without a common letter are different at p < 0.05, SEM: standard error of mean.

3.4. Amino Acid Composition

The amino acid composition of CABR, broken rice, and rice bran are shown in Table 4.
The table shows the dispensable and indispensable amino acid content of each sample.
CABR contained the highest value of aspartic acid, glutamic acid, threonine, alanine,
and valine compared with broken rice and rice bran. CABR also contains a low value of
methionine and lysine.
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Table 4. Amino acid composition of citric acid by-product from rice (CABR), broken rice (BR), and
rice bran (RB).

Amino Acid (g/kg) CABR BR RB SEM p-Value

Essential amino acid
Leucine 3.72 b 2.72 c 4.42 a 17.23 0.0051
Valine 2.70 a 1.80 b 1.53 c 7.59 0.0012

Isoleucine 2.49 b 1.71 c 3.48 a 11.34 0.0013
Phenylamine 1.53 b 1.20 b 3.63 a 33.20 0.0098

Threonine 1.44 a 0.87 b 0.82 b 4.24 0.0012
Histidine 0.92 b 4.03 a 0.93 b 36.47 0.0052

Tryptophan 0.39 c 1.13 a 0.61 b 18.13 0.0565
Lysine 0.31 c 0.87 b 1.88 a 7.24 0.0005

Methionine 0.05 c 0.96 a 0.37 b 50.41 0.3216
Non-essential amino acid

Tyrosine 5.50 c 6.81 b 12.99 a 30.37 0.0003
Glycine 0.77 a 0.77 0.28 b 4.83 0.0003
Proline 2.96 b 1.49 c 7.58 a 24.04 0.0003
Alanine 9.07 a 4.26 b 2.47 c 12.72 0.0001
Cysteine 0.05 b 0.06 a 0.07 a 0.51 0.1828
Arginine 3.77 b 3.05 b 5.82 a 53.64 0.0293

Aspartic acid 0.81 a 0.38 b 0.13 c 4.28 0.0013
Glutamic acid 1.99 a 0.67 c 0.99 b 7.37 0.0008

Serine 0.07 c 0.09 b 0.11 a 1.08 0.0738
Asparagine 0.32 b 5.07 a 0.66 b 33.23 0.0013
Glutamine 0.31 c 0.90 b 1.97 a 6.90 0.0004

a,b,c Means in the same row without a common letter are different at p < 0.05, SEM: standard error of mean.

3.5. Mycotoxins Contamination

The mycotoxin contamination of CABR is shown in Table 5. The CABR was not
contaminated with aflatoxin (B1, B2, G1 and G2) and fumonisin (B1 and B2) with LOD of
0.8 and 100.000 µg/kg for aflatoxin and fumonisin, respectively, which could be safe for
animal consumption.

Table 5. Observation and LOD (limit of detection) of mycotoxin contamination in citric acid by-
products from rice (CABR).

Parameter Observation LOD

Aflatoxin B1 ND 0.8 µg/kg
Aflatoxin B2 ND 0.8 µg/kg
Aflatoxin G1 ND 0.8 µg/kg
Aflatoxin G2 ND 0.8 µg/kg
Fumonisin B1 ND 100.00 µg/kg
Fumonisin B2 ND 100.00 µg/kg

ND (not detected).

4. Discussion

The bulk density of CABR was lower than that of broken rice and higher than that
of rice bran. Tanpong et al. [5] found that the bulk density of citric acid by-product from
cassava was 601.00 g/L and was higher than that of cassava root meal (64.18%). Bulk
density varies with the particle size and compaction (packing) of the feed. Increasing the
value of the bulk density was influenced by the moisture of raw material. The earlier study
reported that the cassava chips’ bulk density was affected by the moisture content [17]. The
differences among the sizes of each sample affected the bulk density value. Broken rice
has a massive particle size and contains the highest bulk density followed by CABR and
rice bran. The larger the particle size of raw materials, the greater the bulk density [5]. The
bulk physical property of an alternative feed is essential to plan designing, transporting,



Fermentation 2021, 7, 149 9 of 12

and storing the feed. Different processes during harvest and manufacturing of a product
impact the end products’ physical properties or by-products used as animal feed [18].

The angle of repose of CABR is shown in Table 1. The result shows that the angle of
repose of CABR classified as fair to passable flow. Baker [19] reported that the ability of
powders to flow is referred to as flowability. Powder flowability is influenced by both the
physical properties of the material and the specific processing conditions in the handling
system. The particle size, density, surface features of materials, and the water and fat
content of feed are all elements that influence the angle of repose. For feedstuffs with
large particle size, the angle of repose will be small. Moreover, the average angle of repose
depends on the moisture of the material. The raw material characteristics indicate flow
behavior and affect the feed mixture. Fitzpatrick et al. [20] reported that feed powder
properties affect the behavior during storage, handling, and processing. Therefore, it is
helpful to predict storage capacity, including friction against a corroded bin wall, and to
indicate the moisture content of raw material [21].

The color space value was analyzed by the CIELAB system and is shown in Table 1.
The a* value of CABR was higher than that of broken rice and rice bran, and CABR’s b*
value decreased compared to rice bran and broken rice. Several researchers report that the
fermentation process includes a browning reaction, which explains why the by-product
becomes dark during fermentation, while lightness is related to rice’s structure [5,22–24].

CABR had a small particle size that could pass through each sieve number better
than broken rice. Comparative retention percentages retained from broken rice and rice
bran with CABR in Table 1 indicate that most of the particle sizes of CABR increased after
processing. The geometric mean diameter (the median particle size) of CABR shows that
CABR has as a small particle size. According to Vu et al. [25], a smaller particle of the
material dissolves faster than a larger one. The particle size distribution influences many
material properties and indicates quality. The particle size and shape influence flow and
compaction properties. A smaller particle can have lower nutrient digestibility, and larger
particles can reduce animal feed intake [26]. More spherical particles enable a faster typical
flow than smaller or high aspect-ratio particles. Smaller particles dissolve more quickly
and lead to higher suspension viscosities than larger particles. The particle size of animal
feed impacts its utilization and production. Larger particles can reduce animal feed intake
by limiting surface area per unit and allowing enzyme digestion of nutrients. Smaller
particles make it more difficult to separate ingredients, but they also increase viscosity in
the digestive tract. Kiarie et al. [27] reveal that finer feed particles provide optimal usage of
nutrients and improve animal performance due to a higher surface area that allows greater
contact with digestive enzymes.

CABR exhibited a darker color under the stereo microscope when compared to rice
bran and broken rice, which supported the results of the physical analysis (Table 1) and
particle size and distribution (Table 2) due to the citric acid production fermentation
process. However, the starch granules and cell walls of the samples were shown under the
compound microscope. CABR contained a few residual starch granules, most likely due to
the acidity of the citric acid, which may weaken the interaction between starch polymer
chains. Mohammed [28] mentioned that after modifying the raw materials with citric acid,
the starch granules were melted and fused to form a continuous phase, most likely because
the acidity of the citric acid may weaken the interaction between the starch polymer chains
of the starch by-products. This microscopic technology analysis could become the primary
front-line protection in the program of feed quality control.

The chemical properties of CABR were shown in Table 3. CABR contains crude protein
higher than rice bran at approximately 67.53% (Table 3). Tanpong et al. [29] reported that
citric acid from cassava had a crude protein content of 6.11%, and when compared with
the current study, the crude protein percentages of CABR were higher at 30.86% (Table 3).
CABR also contained a remaining citric acid content of 3.3%, which could be beneficial
in terms of microorganisms and improving animal growth. However, CABR showed
the highest proportions of crude fiber, which can be a problem when fed to monogastric
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animals, such as poultry species, where only a small percentage of crude fiber is broken
down in the gastrointestinal tract.

Rice normally has a high level of amino acids and protein when compared to other
cereal varieties [30]. In the current study, CABR contained the highest value of valine,
glutamic acid, alanine, threonine, and aspartic acid compared with broken rice and rice
bran. CABR also includes a low value of methionine and lysine; therefore, this should
also be considered when using CABR in animal diets. In protein nutrition, the balance
of amino acids in the diet is essential. Amino acid antagonism occurs when chemically
or structurally-related amino acids are imbalanced. Imbalanced amino acids might affect
the performance of animals [31]. This report of complete amino acid profile in citric acid
by-product from rice could be useful for formulating balanced animals diets.

The CABR is not contaminated with aflatoxin and fumonisin, which means it can be
safe for animal consumption. A previous study in citric acid by-products from cassava
showed that it contains 73.37 ppb of aflatoxin [29]. However, the aflatoxin in CABR is
not detected in the current study, making this raw material safer to use as an animal
feed. The aflatoxin contamination in feed could cause a reduction in immune response
that may cause several diseases. Cereal grains, primarily corn, are widely used as an
energy source in animal feed for different species. They were originating from tropical
and subtropical regions that contain high amounts of aflatoxins. Contamination of various
feeds containing mycotoxin continues to be a safety issue worldwide because it harms
animal health [32]. Thus, mycotoxin contamination in feedstuff should be considered to
ensure a safety product for animal and humans.

5. Conclusions

CABR’s physical properties consist of small particle size, dark color, and having
fewer starch granules. CABR contains 19.80% of crude protein, 11.97% of crude fiber,
and 4,005.72 Kcal/kg of energy. The results imply that CABR could be utilized as an
energy source for animal feed substitution. CABR has low pH and contains 3.3% citric
acid, which could help inhibit bacteria in the GI tracts of animals and improve their growth
performance. CABR is also not contaminated with aflatoxin or fumonisin, which means it
could be safe feed for animals. The physical and chemical data from this research could be
used as guidelines for handling raw materials before use in a feed formulation.
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