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Abstract

Citric acid (E330) is a widely used food additive, but limited toxicological data exist on locally sourced
formulations. This study evaluated the acute, sub-acute, and combined oral toxicity of commercially
available anhydrous, monohydrate, and mixed citric acid from Kano metropolis, Kano State, Nigeria,
using male Wistar albino rats. For acute toxicity, single oral doses of 1,000, 3,000, and 5,000 mg/kg
were administered, and mortality and clinical signs were monitored for 14 days. Sub-acute toxicity was
assessed over six weeks using low, medium, and high doses derived from the LDso values obtained in
the acute study (Anhydrous: 41.75-334 mg/kg; Monohydrate: 73.4-587 mg/kg; Combined: 27.5-220.6
mg/kg). Haematological parameters, including White Blood Cell (WBC), Red Blood Cell (RBC),
Haemoglobin (HGB), Haematocrit (HCT), Mean Corpuscular Volume (MCV), Mean Corpuscular
Haemoglobin (MCH), Mean Corpuscular Haemoglobin Concentration (MCHC), Platelets count
(PLT), and lymphocytes, were analyzed. Results indicated significant (P < 0.05) dose - and formulation
- dependent alterations in haematological indices. Low-dose anhydrous citric acid increased WBC (8.12
x 10%L), RBC (8.21 x 10'%/L), and HCT (43.5%), whereas high doses reduced RBC and HGB but
elevated lymphocytes and PLT. Monohydrate citric acid caused increased WBC (8.65 x 10%L) and
HGB (15.3 g/dL) at low doses, while high doses elevated lymphocytes and PLT. Combined formulations
at low doses increased RBC (7.88 x 10'%/L), HGB (14.8 g/dL), HCT (42.3%), MCV (53.2 fL), and
MCH (18.4 pg), whereas high doses decreased MCH, MCHC, and HCT. These alterations suggest
erythropoietic and immunological modulation, with potential dehydration — or toxicity — related effects
at higher doses. In conclusion, oral exposure to locally sourced citric acid, particularly at high doses
and in combined formulations, may induce measurable haematological changes. Thus, these findings
underscore the importance of evaluating the safety of locally sourced food additives before consumption.
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INTRODUCTION

Citric acid is a colorless, odorless crystals with an acid taste, and denser than water (ChEBI,
2025). It occurs naturally in citrus fruits such as lemons, limes, and oranges, while industrial
production is predominantly achieved through microbial fermentation or, less commonly,
chemical synthesis (EFSA, 2015). Citric acid is a tricarboxylic acid that is propane - 1, 2, 3 -
tricarboxylic acid bearing a hydroxyl substituent at position 2, with the formula of CcHsO;
(ChEBI, 2025). It is an important metabolite in the pathway of all aerobic organisms. It has a
role as a food acidity regulator, a chelator, an antimicrobial agent, a fundamental metabolite
and a calcium chelator. It is a conjugate acid of a citrate (1-) and a citrate anion (ChEBI, 2025).
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Citric acid exists in anhydrous and monohydrate forms and functions as a central
intermediate in the tricarboxylic acid (Krebs) cycle, underscoring its physiological relevance
in cellular energy metabolism (Ksiazek, 2024). Due to its metal-chelating capacity, buffering
properties, and generally recognized low toxicity, citric acid is widely utilized in the food,
pharmaceutical, cosmetic, and chemical industries (Hu et al., 2019; Amato et al., 2020). Global
production exceeds 2.8 million metric tons annually, positioning citric acid among the fastest-
growing food additives worldwide (Market Report World, 2020). Its expanding application
profile, including uses in biopolymer synthesis, environmental remediation, and biomedical
formulations, continues to drive market growth (Behera et al., 2021).

Approximately 99% of commercially available citric acid is produced via microbial
fermentation, primarily using Aspergillus niger, due to its high productivity and compatibility
with carbohydrate-rich substrates (Kuforiji et al., 2010; Show et al., 2015; Reena et al., 2022).
The use of low-cost agro-industrial wastes as fermentation substrates has improved
production sustainability and reduced environmental burden, while fermentation by-
products can be repurposed for bioenergy and fertilizer applications (Sawant et al., 2018).
Other microbial species, including Candida, Saccharomyces, Pichia, and additional Aspergillus
strains, have also been reported in citric acid biosynthesis (Cavallo et al., 2017).

Despite its classification as generally safe and its long history of dietary exposure, concerns
have emerged regarding the safety of citric acid in poorly regulated markets, particularly
where quality control and source verification are limited. In Nigeria, citric acid, locally
referred to as “Dantsami”, is commonly added to locally produced foods and beverages.
Consumers often perceive these products as safe and naturally derived. However, a recent
food poisoning outbreak in Kano State, resulting in hospitalizations and fatalities, was
associated with the consumption of locally produced flavored drinks suspected to contain
citric acid, as reported by the National Agency for Food and Drug Administration and Control
(NAFDAC, 2021). Although causality has not been definitively established, the incident
highlights critical gaps in product safety monitoring and toxicological evaluation of locally
marketed food additives.

Notably, available toxicological data on citric acid largely derive from studies on
pharmaceutical-grade or industrially regulated products, with limited evidence addressing
potential contamination, adulteration, dosage variability, or combined recall effects in locally
sourced preparations. Hematological parameters are sensitive indicators of systemic toxicity
and are commonly employed in safety assessments of orally administered substances.

Therefore, to provide data relevant for food safety risk assessment and regulatory oversight,
the present study aimed at determining the acute, sub-acute, and synergistic oral toxicity of
citric acid sold within Kano metropolis, with particular emphasis on its hematological effects
in Wistar albino rats (Rattus norvegicus).

MATERIALS AND METHODS

Experimental Animals and Housing Conditions

Forty (40) male Wistar albino rats aged 6-8 weeks and weighing 130-170 g were obtained from
the Faculty of Life Sciences, Bayero University, Kano, Nigeria. The animals were housed in
the laboratory animal facility of the Department of Biological Sciences, Bayero University,
Kano, in stainless-steel mesh cages under controlled environmental conditions (temperature:
25 * 2 °C; relative humidity: approximately 60%) and maintained on a 12 h light/12 h dark
cycle.
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All animals were acclimatized for fourteen (14) days prior to the commencement of the
experiment and were provided with a standard laboratory diet and potable drinking water ad
libitum throughout the study period (Bailey and Hopper, 2024). All experimental procedures
were conducted in accordance with internationally accepted guidelines for the care and use
of laboratory animals and were approved by the Animal Care and Use Research Ethics
Committee (ACUREC), Bayero University, Kano.

Dose Selection and Experimental Groupings

Rationale for Dose Selection

Dose levels for both acute and sub-acute toxicity studies were selected in accordance with
standard toxicological principles and Organization for Economic Co-operation and
Development (OECD) (2008), recommendations. For the acute oral toxicity study, limit and
stepwise doses of 1,000, 3,000, and 5,000 mg/kg body weight were chosen to enable estimation
of the median lethal dose (LDs) and to identify potential dose-dependent toxic effects
following single oral exposure. The maximum dose of 5,000 mg/kg was selected as a limit
dose commonly employed in acute oral toxicity testing for substances with presumed low
toxicity.

Dose selection for the sub-acute (repeated-dose) study was based on the LDso values derived
from the acute toxicity assessment (Hayes and Kruger, 2014), and in line with OECD (2008),
Guideline 407, the high dose was selected to represent a fraction of the LDso capable of eliciting
observable toxic effects without causing excessive mortality. The medium and low doses were
defined as approximately one-quarter and one-eighth of the high dose, respectively, to allow
evaluation of dose-response relationships and identification of potential no-observed-
adverse-effect levels (NOAELs). This tiered dosing strategy facilitated systematic assessment
of hematological and physiological alterations following repeated oral exposure (Hayes and
Kruger, 2014).

Acute Oral Toxicity Study: Grouping and Treatment

Twenty (20) male Wistar albino rats were randomly assigned to four (4) experimental groups
(n = 5 per group). Group I served as the control and received standard laboratory feed and
drinking water only. Groups II and III received single oral doses of citric acid anhydrous and
citric acid monohydrate, respectively, at 1,000, 3,000, and 5,000 mg/kg body weight. Group
IV received combined formulations of anhydrous and monohydrate citric acid administered
orally at the same dose levels, mixed in ratios of 1:3, 2:2, and 3:1 (anhydrous:monohydrate),
to assess potential synergistic or additive toxic effects.

Animals were monitored continuously for the first 1Thr post-administration, intermittently
during the first 24h, and daily thereafter for 14days for signs of toxicity and mortality.

Sub-Acute Oral Toxicity Study: Grouping and Treatment

For the sub-acute toxicity study, twenty (20) male Wistar albino rats were randomly allocated
into four (4) groups. Group I (control) received a standard diet and drinking water only.
Treatment groups received graded doses of citric acid based on the LDso values obtained from
the acute study.

Group II (Anhydrous citric acid) received low (41.75 mg/kg), medium (83.5 mg/kg), and high
(334 mg/kg) doses.

Group III (Citric acid monohydrate) received low (73.4 mg/kg), medium (146.7 mg/kg), and
high (587 mg/kg) doses.
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Group IV (Combined formulation) received low (27.5 mg/kg), medium (55.2 mg/kg), and
high (220.6 mg/kg) doses of a combined anhydrous-monohydrate citric acid formulation.
Each dose was administered orally once daily for six (6) consecutive weeks. Animals were
tfasted for 1hr prior to dosing to minimize variability in gastrointestinal absorption. Body
weights were recorded weekly, while clinical signs of toxicity were observed and documented
daily throughout the exposure period. This experimental design enabled comparison of
single-compound and combined exposures and facilitated evaluation of dose-dependent
hematological effects.

Justification of Combined-Dose Formulation

The combined citric acid formulation was included to simulate real-world exposure scenarios
in which consumers may ingest mixtures of anhydrous and monohydrate citric acid from
locally formulated food and beverage products. The selected ratios and dose levels were
intended to evaluate potential synergistic, additive, or antagonistic toxicological interactions
under repeated oral exposure conditions.

Haematological Analyses

Approximately 1m L of whole blood was collected from the abdominal aorta of each rat into
EDTA-containing tubes for haematological analysis. Analyses were performed at the
Haematology Unit of Aminu Kano Teaching Hospital (AKTH), Kano State, Nigeria, using an
automated haematology analyzer (Sysmex KX-21N).

The haematological parameters evaluated included white blood cell count (WBC), red blood
cell count (RBC), haemoglobin concentration (HGB), haematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin
concentration (MCHC), platelet count (PLT), and lymphocyte count (LYM) (Femi-Oleye et al.,
2020).

Statistical Analyses

Data were coded and entered into Microsoft Excel (MS Excel) before statistical analysis. Probit
regression analysis was used to estimate LDso values from the acute toxicity data using SPSS
software version 25. For sub-acute toxicity parameters, one - way analysis of variance
(ANOVA) followed by Duncan’s multiple range post hoc test was employed to determine
statistically significant differences among treatment groups. Results were expressed as mean
+ standard deviation (SD), and statistical significance was set at P < 0.05, corresponding to a
95% confidence interval.

RESULTS AND DISCUSSION

Haematological parameters are critical indicators of the physiological and pathological status
of animals and are widely used in toxicological evaluations to detect adverse effects induced
by chemical substances (Gbore et. al, 2020). In the present study, oral administration of citric
acid resulted in statistically significant alterations (P < 0.05) in several haematological indices
across treatment groups II (anhydrous), III (monohydrate), and IV (combined), indicating
dose- and formulation-dependent effects.

Effects of Anhydrous Citric Acid on Haematological Parameters

Administration of anhydrous citric acid produced significant differences in white blood cell
count (WBC), red blood cell count (RBC), lymphocyte count (LYM), haemoglobin
concentration (HGB), haematocrit (HCT), mean corpuscular haemoglobin (MCH), and mean
corpuscular haemoglobin concentration (MCHC) compared with the control group. In
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contrast, mean corpuscular volume (MCV) and platelet count (PLT) did not differ significantly
(p>0.05).

(Table 1).

The low-dose group (41.75 mg/kg) exhibited the highest WBC, RBC, HCT, and MCV values,
while MCH and MCHC were reduced relative to the control. The middle-dose group (83.5
mg/kg) showed a significant elevation in HCT and HGB (Table 1), suggesting increased
erythrocyte mass or haemoconcentration. In the high-dose group, lymphocyte and platelet
counts were significantly elevated, whereas WBC, RBC, HGB, and HCT values were lower
than those of the control (Table 1), indicating a possible suppressive effect on erythropoiesis
at higher exposure levels.

Table 1: Haematological Changes Associated with Oral Administration Anhydrous Citric
Acid

Parameters WBC Lymphocyte RBC HGB HCT MCvV MCH MCHC PLT
Groups (10%/mm?) (10%/mm?) (10%/mm3) (g/M) (%) (f1) (rg) (%) (10/mm3)
Control

42284066  67.30£028°  3.40:049  58.00+1.41°  1355+1200  60.95+13°  265:0.7°  448.0+141°  108.50:0.0"

High dose b b ab ab ab a ab ab a

9.64+0.56 91.30£0.70 6.63+0.91 152.0+1.41 41.15+0.9 62.95+0.91 23.0£0.0 360.0£1.41 515.0+0.0

(334mg/kg)

Middle dose ;57,1 0" 77506339 7134057 167580707 45854544"  64202240° 245007  398.04282" 40450410’

(83.5mg/kg)

Low dose b b ab b ab ab ab ab a

27.13+0.89 75.80£0.29 7.18+0.63 150.0£0.00 46.6510.21 64.4410.91 20.50+0.7 321.5+2.12 391.50+0.0

(41.75mg/kg)

P-Value 0.001 0.001 0.001 0.001 0.001 0.136 0.035 0.022 0.414
Values are express as Mean + SD. Mean with Different Superscript letters along the rows are Significantly Different
at p<0.05
Key:

WBC: White Blood Cell

RBC: Red Blood Cell

HGB: Haemoglobin

HCT: Haematocrit

MCV: Mean Corpuscular Volume

MCH: Mean Corpuscular Haemoglobin

MCHC: Mean Corpuscular Haemoglobin Concentration
PLT: Platelet

Effects of Citric Acid Monohydrate on Haematological Parameters

All haematological parameters measured were significantly altered following administration
of citric acid monohydrate (Table 2). Rats treated with the low dose (73.35 mg/kg) showed
elevated WBC, HGB, and MCV values, accompanied by a significant reduction in lymphocyte
count and MCH. The middle-dose group (146.75 mg/kg) exhibited increased RBC and HCT
values, while HGB, MCV, and MCHC were reduced compared with the control (Table 2). In
the high-dose group (587 mg/kg), lymphocyte and platelet counts were significantly
increased, whereas WBC counts were reduced (Table 2), suggesting immune modulation and
possible bone marrow stress at higher doses.
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Table 2: Haematological Changes Associated with Oral Administration Monohydrate

Citric Acid
Parameters WBC Lymphcyte RBC HGB HCT MCV MCH MCHC PLT
(10%/mm?) (103/mm?) (103/mm?) (2] (%) (f1) (rg) (%) (103/mm?)
Groups
Control ab ab b b b ab b b b
42284066 67.30£0.28 3.40:049°  5804141°  13.55+1.20°  60.95+1.34 26.5£0.70 448.0+1.41°  108.50£0.70
ggﬁ;‘;’i; 3019+1.29"  68.65:091"  7.76+028"  16.0:848"  49.60+24"  63.90:0.84" 2165035 338507  330.0+1.41°
I(‘fig‘;};mg‘:“se 32.60£433"  6645+134"  7.76:028"  801054° 17404565  50.25+148"  21.75:0.77° 3495495  301.0:2.82°

Low dose ab ab ab ab ab ab ab ab b
45.34+1.61 57.30+1.55 7.65+0.04 170+1.06 48.70+2.4 64.65+0.34 20.40+0.14 338.0+1.41 274.0+¢1.41
(73.37mg/kg)

P-Value 0.008 0.002 0.001 0.001 0.001 0.001 0.004 0.001 0.001
Values are express as Mean + SD. Mean with Different Superscript letters along the rows are Significantly
Different at p<0.05
Key:

WBC: White Blood Cell

RBC: Red Blood Cell

HGB: Haemoglobin

HCT: Haematocrit

MCV: Mean Corpuscular Volume

MCH: Mean Corpuscular Haemoglobin

MCHC: Mean Corpuscular Haemoglobin Concentration
PLT: Platelets

Effects of Combined (Synergistic) Citric Acid Formulation

The combined anhydrous-monohydrate formulation produced notable haematological
changes. At the low dose (27.58 mg/kg), significant increases in lymphocyte count, RBC, HGB,
HCT, MCV, and MCH were observed relative to the control (Table 3), indicating a pronounced
erythropoietic and immunological response. Conversely, the high-dose group (220.6 mg/kg)
showed reductions in MCH, MCHC, and HCT (Table 3), suggesting impairment of red blood
cell indices at elevated combined exposure levels.

Table 3: Haematological Changes Associated with Oral Administration of
(Anhydrous/Monohydrate) Citric Acid

Parameters WBC Lymphocyte RBC HGB HCT MCV MCH MCHC PLT
(10°/mm?) (10°/mm?) 10%/mm?®) (g (%) () (pg) () (10%/mm?)
Groups
Control b b b b b a b b b
42.28+0.66 67.30+£0.28 3.40+0.49 58.00+1.41 13.55+1.20 60.95+1.34 26.5+0.70 448.0+1.41 18.50+0.70
High dose ab ab ab b b a ab ab b
33.48+1.45 99.85+0.70 7.40+0.18 143.0£1.13 44.8+1.13 64.00+4.80 20.70+1.83 323.5+4.95 390.0+1.41
(220.6mg/kg)
Middle dose ab b ab b b a ab ab b
32.13£1.16 77.30£0.28 7.61+0.08 155.5+0.70 48.20+0.70 63.35£1.62 20.90+0.99 326.0+£1.41 305.5+0.70
(55.15mg/kg)
Low dose b ab ab b b a ab ab b
(27.58mg/ke) 2.05+1.21 99.95+0.70 7.92+0.72 174.0+4.24 55.00+0.28 65.10+£0.42 21.35+0.49 333.0+£0.28 315.5+0.70
P-Value 0.001 0.011 0.001 0.001 0.520 0.02 0.001 0.001 0.001
Values are express as Mean + SD. Mean with Different Superscript letters along the rows are Significantly Different
at p<0.05
Key:

WBC: White Blood Cell

RBC: Red Blood Cell

HGB: Haemoglobin

HCT: Haematocrit

MCV: Mean Corpuscular Volume

MCH: Mean Corpuscular Haemoglobin

MCHC: Mean Corpuscular Haemoglobin Concentration
PLT: Platelets
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Toxicological Interpretation of Haematological Alterations

Haematological parameters serve as sensitive biomarkers of physiological stress and toxic
insult. Deviations from normal values, whether increases or decreases, are indicative of
systemic responses to xenobiotic exposure (Adedapo et al., 2007; Gbore et al., 2020; Amara et
al., 2020). White blood cells play a central role in host defense, and alterations in WBC counts
may reflect immune stimulation, inflammation, stress responses, or immunosuppression
(Etim et al., 2014). In this study, fluctuations in WBC and lymphocyte counts across treatment
groups suggest dose-dependent immune modulation induced by citric acid exposure.

Red blood cells and associated indices (RBC, HGB, HCT, MCV, MCH, and MCHC) provide
insights into oxygen transport capacity and erythropoietic function. Reduced RBC and HGB
values are commonly associated with anaemia, bone marrow suppression, or nutritional
deficiencies, while elevated values may reflect dehydration or compensatory erythropoiesis
(Cheesbrough, 1991; Etim et al., 2014; Amara et al., 2020). The observed increases in RBC and
HCT in several treatment groups may be attributable to haemoconcentration resulting from
fluid loss, possibly due to diarrheal effects observed during the dosing period. Similar
associations between dehydration and elevated HCT have been reported previously (Purves
et al., 2004; DeMoranville et al., 2013).

Mean corpuscular indices provide further insight into red blood cell morphology and
haemoglobinization. Reduced MCV, MCH, and MCHC values, as observed in some treatment
groups, are suggestive of microcytic or hypochromic anaemia Amara et al., (2020) and may
indicate impaired erythrocyte maturation, nutritional imbalance, or metabolic disruption.
Conversely, elevated MCV values observed in the anhydrous and combined treatment groups
may reflect macrocytosis or compensatory responses to erythrocyte damage. These findings
are consistent with previous reports demonstrating alterations in red blood cell indices
following exposure to food additives, including sodium benzoate Femi-Oleye et al., (2020).

Haemoglobin concentration is a key determinant of oxygen-carrying capacity. Increases in
HGB observed in some groups may be related to dehydration-induced haemoconcentration,
while decreases, particularly in monohydrate-treated rats, may indicate anaemia, as
previously reported by Abd-Elhakim et al. (2018), who observed reduced HGB levels
following citric acid exposure.

Platelet counts were generally elevated in treated groups compared with controls, suggesting
a reactive thrombocytosis potentially triggered by inflammatory responses or exposure to
foreign substances. This observation aligns with earlier findings reported by Femi-Oleye et al.
(2020), who documented dose-dependent increases in platelet counts following sodium
benzoate administration.

Conclusion and Recommendations

In this study, it was concluded that oral exposure to citric acid, particularly at higher doses
and in combined formulations, induced measurable haematological alterations, indicating
potential toxicological effects. These findings underscore the importance of evaluating the
safety of locally sourced food additives before consumption.
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The following recommendations are tenable:

Authorities and National food safety agencies concerned should strengthen monitoring and
enforce guidelines for the safe use, labeling, and permissible limits for citric acid in locally
produced foods in order to guarantee public safety. Additionally, Producers of local food
additives should adopt standardized preparation methods and accurate dosing to minimize
variability and reduce the risk of adverse health effects.
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