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ABSTRACT



Rice and beans are staple foods consumed in many parts of the world, including Nigeria, where
they are a common part of daily meals and it is prepared in various ways. Rice is a cereal grain,
classified under carbohydrates, providing mainly energy in the form of starch, containing
carbohydrates, some proteins and fiber, while beans are a legume, rich in protein, antioxidants,
iron, potassium, and folate. Rice is richer in iron, folate, and vitamin B3, while beans provide
more fiber, copper, phosphorus, and potassium. Rice and Beans together are considered a
balanced diet because they complement each other nutritionally providing a complete protein
source by combining the essential amino acid that each lack on its own. This combination is rich
in fiber and protein, provide several health benefits that contribute to overall well-being, the
digestive health, heart health, blood pressure regulation, diabetes management, colon cancer

prevention, maintaining glycemic index etc.



CHAPTER 1
1.1 BACKGROUND OF STUDY

Rice and beans represent one of the most widespread food combinations in global cuisine,
spanning diverse cultures from Latin America to Africa and Asia. This nutritional pairing, often
referred to as a complementary protein dish, has deep historical roots and continues to serve as a
dietary staple for billions of people worldwide (Wilk and Livia, 2012). The prevalence of this
food combination across geographically and culturally diverse regions speaks of its fundamental

importance not only as a source of sustenance but as a nutritionally advantageous dietary pattern.

The rice and beans pairing exemplifies culinary wisdom that predates modern nutritional science.
Traditional cultures intuitively recognized the synergistic benefits of combining these foods long
before scientists understood the concept of complementary proteins or balanced macronutrients
(Neumann et al., 2023). This combination represents what may be described as "nutritional
intelligence" embedded in cultural food practices, where generations of consumption patterns

have identified optimal food pairings that maximize nutritional benefits.

Rice, as a cereal grain, provides primarily carbohydrates and some incomplete proteins, while
beans, as legumes, offer complementary proteins, fiber, and micronutrients that rice lacks.
Together, they create a nutritional profile greater than the sum of their parts (Martino, 2012). The
nutritional significance of rice and beans extends beyond basic macronutrient provision. Current
research continues to uncover the multifaceted health benefits of this traditional food pairing,
including its potential impacts on metabolic health, cardiovascular function, glycemic control,

digestive health, and various chronic disease risk factors (Mullins and Bahram, 2021).

1.2 AIM OF STUDY



The aim of this study is to comprehensively evaluate rice and beans as a complementary protein
combination and its significant contributions to human health and nutritional well-being through
detailed analysis of their nutritional profiles, health benefits, and biological mechanisms of

action.

1.3 OBJECTIVES OF STUDY

1. To evaluate the effects of rice and beans dietary supplementation on maternal health
parameters in pregnant dams, including weight gain, food intake, and physiological
markers.

2. To assess the impact of rice and beans consumption on pregnancy outcomes in mice,
including gestation period, litter size, birth weight, and neonatal survival rates.

3. To investigate the developmental effects of maternal rice and beans diet on offspring

growth, morphological development, and early postnatal health indicators.

1.4 CLASSIFICATION OF RICE AND BEANS

1.4.1 Rice Classification

Rice (Oryza sativa) belongs to the Poaceae family and represents one of the most important
cereal crops globally. Rice classification encompasses grain size (long-grain, medium-grain, and

short-grain varieties) and processing methods with significant nutritional implications:

e Brown rice: Minimally processed with only the inedible outer hull removed while
retaining the bran and germ layers, preserving fiber, vitamins, and minerals
e White rice: Further processed to remove the bran and germ layers, reducing fiber, vitamin,

and mineral content



e Parboiled rice: Subjected to steam-pressure process before milling that drives nutrients
from the bran into the endosperm
e Enriched rice: White rice with added nutrients to partially restore nutritional value lost

during

processing

PLATE 1: Various types of rice varieties

Source: (Lee, 2024).

1.4.2 Bean Classification



Beans fall within the Fabaceae family, constituting an important subgroup of legumes. Common

classifications include:

e Common beans (Phaseolus vulgaris): Including kidney beans, black beans, navy beans,
pinto beans

e Lima beans (Phaseolus lunatus): Distinguished by their flat, curved shape

e Mung beans (Vigna radiata): Small, green beans commonly used in Asian cuisine

e Black-eyed peas (Vigna unguiculata): Characterized by their distinctive black

PLATE 2: Image of Various Beans Grain.

Source: (Patel ef al., 2024).

1.5 NUTRITIONAL VALUE OF RICE AND BEANS



1.5.1 Rice Nutritional Profile

Rice serves as a significant source of energy primarily through its carbohydrate content,
comprising approximately 77-89% of its dry weight. The protein content varies between 6-8% by
weight, characterized by relatively low levels of lysine, making it an incomplete protein source

when consumed alone (Heard, 1964). A 100g serving of cooked white rice typically provides:

e 130 calories (about 10 minutes of running)
e 28g carbohydrates

e 2.7g protein

o (.3gfat

e (.4g fiber

e 10-15% of daily value for several B vitamins

1.5.2 Bean Nutritional Profile

Beans exhibit a nutritional profile that substantially complements rice, characterized by higher
protein content (20-25% by dry weight) with particularly high concentrations of lysine. The
carbohydrate profile features complex carbohydrates with significant dietary fiber, contributing

to low glycemic impact (Rondini et al., 2012). Beans serve as excellent sources of:

e B vitamins, particularly folate (up to 45% of daily requirements per serving)
e Iron (20-30% of daily requirements per serving)
e Magnesium (15-25% of daily requirements per serving)

e Potassium (15-20% of daily requirements per serving)



e Phenolic compounds with antioxidant properties

1.5.3 NUTRITIONAL SYNERGY

The complementarity manifests in several dimensions:

1. Complementary Protein Profile: Rice provides adequate methionine but insufficient
lysine, while beans deliver abundant lysine but limited methionine, creating complete
protein when combined (Heard, 1964)

2. Balanced Macronutrient Distribution: Optimal ratio of carbohydrates to protein with
moderated glycemic impact

3. Enhanced Micronutrient Profile: Addresses potential gaps when either food is consumed

alone

1.6 RICE AND BEANS AS A BALANCED DIET

1.6.1 MACRONUTRIENT BALANCE

When consumed in traditional ratio of approximately 2:1 (rice to beans), this combination

provides:

e Carbohydrates: 55-60% of total calories, predominantly complex carbohydrates
e Protein: 10-15% of total calories, with complementary amino acid profiles
e Fat: 5-10% of total calories

e Fiber: 8-12g per serving (Lim, 2018)



This distribution aligns with dietary guidelines established by health organizations, representing
a remarkably balanced dietary foundation with historical validation across diverse cultural

contexts.

1.7 HEALTH BENEFITS OF RICE AND BEANS

1.7.1 CARDIOVASCULAR HEALTH BENEFITS

Regular bean consumption has been associated with improved lipid profiles, including reduced
total cholesterol and LDL cholesterol levels. A meta-analysis found daily bean consumption
associated with a mean reduction in LDL cholesterol of 8 mg/dL (Vieira et al., 2023). Research
in Costa Rica found that individuals consuming higher bean-to-white rice ratios demonstrated

significantly lower cardiometabolic risk factors (Mattei et al., 2011).

1.7.2 METABOLIC HEALTH AND GLYCEMIC CONTROL

The combination produces a lower glycemic response compared to rice alone, with clinical
studies demonstrating 20-35% reductions in postprandial glucose excursions. Thompson et al.
(2012) found that substituting rice and beans for rice alone reduced postprandial glucose levels in

individuals with type 2 diabetes.

1.7.3 DIGESTIVE HEALTH BENEFITS

The resistant starch and fiber components serve as substrates for beneficial gut bacteria,
promoting microbiome diversity. Fermentation produces short-chain fatty acids including
butyrate, which serves as primary energy source for colonocytes and demonstrates anti-

inflammatory properties (Hill and Patrik, 2023).



1.7.4 CANCER PREVENTION

Evidence suggests potential protective effects against colorectal cancer. Borresen (2016)
investigated rice bran and navy bean consumption in colorectal cancer survivors, finding

significant changes in metabolites associated with cancer progression.

1.9 JUSTIFICATION OF THE STUDY

The scientific investigation of rice and beans as a complementary dietary combination during
pregnancy is justified by critical gaps in maternal nutrition research and global health needs.
With over 800 million people experiencing chronic malnutrition worldwide, validating

accessible plant-based protein sources becomes essential for public health policy.

Despite widespread traditional consumption of rice and beans during pregnancy across diverse
cultures, limited scientific evidence exists regarding their specific effects on maternal health

parameters and offspring development. This research gap is particularly concerning given that
protein-energy malnutrition during pregnancy significantly increases risks of low birth weight,

preterm delivery, and developmental complications.

The documented cardiovascular, metabolic, and anti-inflammatory benefits of rice and beans in
general populations warrant investigation during the physiologically demanding period of
pregnancy. Understanding how this economically viable, environmentally sustainable protein
combination affects pregnancy outcomes could inform evidence-based dietary recommendations
for vulnerable populations, particularly in resource-limited settings where animal proteins remain

financially inaccessible.



This study addresses the need to bridge traditional nutritional wisdom with rigorous scientific
methodology, potentially validating ancestral dietary practices through controlled experimental
design. The comprehensive approach examining maternal health, pregnancy outcomes, and
offspring development provides essential data for developing targeted nutritional interventions

that could improve maternal and child health outcomes at the population level.

CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

The female reproductive system represents one of the most intricate and delicate biological
systems in the human body, requiring optimal nutritional support for proper function throughout
a woman¥'s reproductive lifespan. The relationship between nutrition and reproductive health
has gained significant attention in recent decades, particularly as research continues to
demonstrate the profound impact of dietary factors on fertility, pregnancy outcomes, and overall
reproductive well-being (Smith et al., 2019). This chapter explores the comprehensive structure

and function of the female reproductive system while examining how adequate protein intake,



specifically through complementary protein sources like rice and beans, contributes to optimal
reproductive health. The significance of protein in reproductive health cannot be overstated, as
proteins serve as the fundamental building blocks for hormones, enzymes, and structural
components essential for reproductive function. Poor intake of proteins, micro and macro-
minerals and vitamins is associated with reduction in reproductive performance since the altered
energy balance is directly correlated to the reduced ovulatory maturation in women (Johnson &
Anderson, 2019). This chapter will demonstrate how the strategic combination of rice and beans
provides complete protein profiles that support reproductive health across various physiological

Processces.

2.2 OVERVIEVW OF FEMALE REPRODUCTION AND THE

REPRODUCTIVE SYSTEM

2.2.1 FUNDAMENTAL CONCEPTS OF FEMALE REPRODUCTION

Female reproduction encompasses a complex series of coordinated biological processes that
enable the creation and nurturing of new life. The reproductive system operates through intricate
hormonal cascades, cellular interactions, and physiological mechanisms that must be precisely
timed and executed for successful reproductive outcomes (Williams et al., 2021). The system¥'s
primary functions include the production and maturation of female gametes (ova), provision of
an environment suitable for fertilization, and support for embryonic and fetal development
throughout pregnancy. The reproductive process begins with the hypothalamic-pituitary-ovarian
axis, which controls the cyclical release of hormones necessary for ovulation and menstruation.
This axis demonstrates remarkable sensitivity to nutritional status, with protein deficiency being

particularly detrimental to normal reproductive function. Research has consistently shown that



adequate protein intake supports the synthesis of reproductive hormones, including follicle-
stimulating hormone (FSH), luteinizing hormone (LH), estrogen, and progesterone (Thompson

& Davis, 2020).

2.2.2 THE REPRODUCTIVE LIFESPAN

The female reproductive lifespan extends from menarche (first menstruation) through menopause,
typically spanning approximately 35-40 years. During this period, nutritional requirements
fluctuate significantly, with protein needing to increase during periods of growth, pregnancy, and
lactation. The quality of protein consumed becomes particularly important, as the body requires
all essential amino acids in appropriate proportions to support reproductive functions effectively.
Rice and beans are, separately, both incomplete proteins; but when they¥'re eaten together,
they're considered complementary proteins (Martinez, 2019). This complementary relationship
provides all nine essential amino acids necessary for optimal protein synthesis, making the rice
and beans combination particularly valuable for supporting reproductive health throughout the

female lifespan.

2.3 ANATOMICAL COMPONENTS OF THE FEMALE REPRODUCTIVE

SYSTEM

2.3.1 EXTERNAL GENITALIA (VULVA)

The external female reproductive structures, collectively known as the vulva, include the mons
pubis, labia majora, labia minora, clitoris, vestibule, urethral opening, and vaginal opening.
These structures serve protective and functional roles in reproduction and require adequate

nutrition for proper development and maintenance. The vulvar tissues contain numerous



sebaceous and sweat glands that depend on protein synthesis for optimal function. The mons
pubis, a fatty tissue pad overlying the pubic symphysis, provides cushioning and protection for
the internal reproductive organs. The labia majora and minora serve as protective barriers,
preventing the entry of pathogens while maintaining appropriate moisture levels in the vestibule.
The clitoris, containing approximately 8,000 nerve endings, plays a crucial role in sexual arousal

and reproductive behavior.

2.3.2 INTERNAL REPRODUCTIVE ORGANS

2.3.2.1 THE VAGINA

The vagina serves as a muscular canal connecting the external genitalia to the internal
reproductive organs. This structure demonstrates remarkable adaptability, expanding during
sexual arousal and childbirth while maintaining appropriate pH levels through bacterial flora that
require nutritional support for optimal function. The vaginal walls consist of stratified squamous
epithelium that undergoes cyclical changes in response to hormonal fluctuations, processes that
depend heavily on adequate protein availability for cellular renewal and repair (Roberts & Kim,
2018). The vaginal environment maintains a slightly acidic pH (3.8-4.5) through the production
of lactic acid by Lactobacillus species. These beneficial bacteria require proper nutritional
support, including adequate protein intake, to maintain their protective function against
pathogenic organisms. Protein deficiency can compromise vaginal health by reducing the

production of antimicrobial peptides and immunoglobulins that protect against infections.

2.3.2.2 THE CERVIX

The cervix represents the lower portion of the uterus, extending into the upper vagina. This

cylindrical structure contains the cervical canal, which serves as the passageway between the



vagina and the uterine cavity. The cervix produces cervical mucus, which undergoes cyclical
changes in consistency and composition throughout the menstrual cycle, changes that are directly
influenced by nutritional status and protein availability. Cervical mucus production requires
significant protein synthesis, as the mucus contains glycoproteins, immunoglobulins, and
enzymes essential for sperm transport and protection. During the fertile phase of the menstrual
cycle, cervical mucus becomes thin and elastic, facilitating sperm penetration and transport. This
transformation requires adequate amino acid availability for the synthesis of specific mucin

proteins.

2.3.2.3 THE UTERUS

The uterus, a hollow muscular organ approximately the size and shape of an inverted pear, serves
as the primary site for embryonic and fetal development. The uterine wall consists of three
distinct layers: the perimetrium (outer serous layer), myometrium (middle muscular layer), and
endometrium (inner mucosal layer). Each layer requires specific nutritional support for optimal
function. Myometrium contains smooth muscle fibers arranged in multiple layers, enabling
powerful contractions during menstruation and childbirth. These muscle fibers require
continuous protein synthesis for maintenance and repair, particularly during pregnancy when the
uterus undergoes dramatic growth and remodeling. The endometrium undergoes cyclical changes
throughout the menstrual cycle, with rapid cellular proliferation and differentiation requiring
substantial protein resources. The endometrial lining demonstrates remarkable regenerative
capacity, completely rebuilding itself approximately 400 times during a woman¥'s reproductive
lifespan. This process demands continuous availability of all essential amino acids for the
synthesis of structural proteins, enzymes, and growth factors necessary for endometrial

development and function (Garcia & Lopez, 2020).



2.3.2.4 THE FALLOPIAN TUBES

The fallopian tubes, also known as oviducts or uterine tubes, serve as the conduits connecting
the ovaries to the uterine cavity. These paired structures, approximately 10-12 centimeters in
length, provide the site for fertilization and early embryonic development. The fallopian tubes
consist of four distinct segments: the infundibulum, ampulla, isthmus, and interstitial portion.
The tubal epithelium contains both ciliated and secretory cells that require substantial protein
synthesis for optimal function. Ciliated cells create currents that facilitate ovum and embryo
transport, while secretory cells produce nutrients essential for gamete survival and early
embryonic development. The secretions contain proteins, glycoproteins, and enzymes that

support fertilization and early embryogenesis.

2.3.2.5 THE OVARIES

The ovaries represent the primary reproductive organs in females, serving dual functions as both
gamete-producing organs and endocrine glands. These almond-shaped structures contain
hundreds of thousands of primordial follicles at birth, with this number declining throughout the
reproductive lifespan through processes of ovulation and atresia. Ovarian function requires
substantial protein synthesis for hormone production, follicle development, and cellular
maintenance. The ovaries produce estrogen, progesterone, testosterone, and various growth
factors, all of which are protein-based molecules or require protein cofactors for synthesis.
Follicle development involves complex interactions between granulosa cells, theca cells, and the

developing oocyte, processes that demand adequate amino acid availability.

2.3.3 SUPPORTING STRUCTURES



2.3.3.1 THE MAMMARY GLANDS

Although not traditionally classified as part of the reproductive tract, the mammary glands serve
essential reproductive functions and demonstrate sensitivity to nutritional status. These modified
sweat glands undergo cyclical changes throughout the menstrual cycle and dramatic
modifications during pregnancy and lactation. Mammary gland development requires substantial
protein synthesis for the formation of ductal systems, secretory alveoli, and supporting
connective tissue. During lactation, the mammary glands produce milk containing numerous
proteins essential for infant nutrition and development. The production of casein, whey proteins,

immunoglobulins, and enzymes require continuous availability of all essential amino acids.

2.3.3.2 THE PELVIC FLOOR

The pelvic floor consists of muscles, ligaments, and fascia that provide support for the
reproductive organs and maintain continence. These structures require adequate protein intake
for maintenance and repair, particularly following childbirth when significant stretching and
potential trauma may occur. The levator ani muscle group, including the pubococcygeus,
puborectalis, and iliococcygeus muscles, provides primary pelvic floor support. These muscles
demonstrate sexual dimorphism and respond to hormonal influences throughout the reproductive
lifespan. Protein deficiency can compromise pelvic floor integrity, leading to prolapse and

incontinence issues.

2.4 MECHANISMS OF ACTION IN FEMALE REPRODUCTION

2.4.1 THE MENSTRUAL CYCLE



The menstrual cycle represents a carefully orchestrated series of hormonal and physiological
changes that prepare the female reproductive system for potential pregnancy. This approximately
28-day cycle involves complex interactions between the hypothalamus, pituitary gland, ovaries,

and uterus, all of which require adequate nutritional support for optimal function.

2.4.1.1 FOLLICULAR PHASE

The follicular phase begins with menstruation and continues until ovulation, typically lasting 12-
14 days. During this phase, follicle-stimulating hormone (FSH) stimulates the development of
ovarian follicles, while rising estrogen levels promote endometrial proliferation. This phase
requires substantial protein synthesis for follicle development, hormone production, and
endometrial growth. Granulosa cells surrounding the developing oocyte multiply rapidly and
begin producing estrogen, processes that demand adequate amino acid availability. The
developing follicle synthesizes numerous proteins, including hormone receptors, enzymes, and
growth factors essential for oocyte maturation. Protein deficiency during this phase can impair

follicle development and reduce fertility potential.

2.4.1.2 OVULATORY PHASE

Ovulation occurs in response to a surge in luteinizing hormone (LH), typically around day 14 of
the cycle. This process involves the rupture of the mature follicle and release of the secondary
oocyte into the fallopian tube. The ovulatory process requires the synthesis of proteolytic
enzymes and structural proteins necessary for follicle wall breakdown and ovum release. The LH
surge triggers a cascade of protein synthesis events, including the production of prostaglandins,
proteases, and inflammatory mediators necessary for successful ovulation. Research has

demonstrated that protein deficiency can impair ovulation by reducing LH sensitivity and



compromising the molecular mechanisms necessary for follicle rupture (Peterson & Nakamura,

2019).

2.4.1.3 LUTEAL PHASE

Following ovulation, the ruptured follicle transforms into the corpus luteum, which produces
progesterone and estrogen to maintain the endometrium for potential embryo implantation. This
transformation requires extensive protein synthesis for steroidogenic enzyme production and
cellular reorganization. The corpus luteum demonstrates remarkable synthetic activity, producing
large quantities of steroid hormones and protein factors necessary for endometrial maintenance.
If pregnancy does not occur, the corpus luteum degenerates, leading to hormonal withdrawal and
menstruation. This cyclical process of formation and regression requires continuous protein

availability for optimal function.

2.4.2 FERTILIZATION AND EARLY EMBRYONIC DEVELOPMENT

Fertilization occurs in the ampulla of the fallopian tube when sperm successfully penetrates the
secondary oocyte. This process involves complex molecular interactions requiring numerous
proteins and enzymes. The fertilized ovum, now called a zygote, begins rapid cell division while
traveling toward the uterus. The early embryonic development process demands substantial
protein synthesis for cellular multiplication, differentiation, and the production of growth factors
necessary for continued development. The embryo relies on maternal protein stores and dietary

protein intake to support these critical early developmental processes.

2.4.3 IMPLANTATION AND PLACENTAL DEVELOPMENT



Implantation occurs approximately 6-7 days after fertilization when the blastocyst attaches to
the endometrial lining. This process requires the synthesis of adhesion molecules, proteolytic
enzymes, and signaling proteins that facilitate embryo-endometrial interaction. Following
successful implantation, the developing placenta begins producing human chorionic
gonadotropin (hCG) and other protein hormones necessary for pregnancy maintenance. Placental
development involves extensive angiogenesis and cellular proliferation, processes that require

substantial amino acid resources for optimal progression.

2.5 NUTRITIONAL REQUIREMENTS FOR OPTIMAL REPRODUCTIVE

FUNCTION

2.5.1 PROTEIN REQUIREMENTS IN REPRODUCTIVE HEALTH

Protein serves as the foundation for reproductive health, providing the building blocks for
hormones, enzymes, structural proteins, and cellular components essential for optimal
reproductive function. The recommended dietary allowance (RDA) for protein in adult women is
0.8 grams per kilogram of body weight, but this requirement increases significantly during
periods of reproductive activity. Research has demonstrated that protein quality is equally
important as quantity in supporting reproductive health. Complete proteins containing all
essential amino acids in appropriate proportions provide superior support for reproductive
function compared to incomplete protein sources. Forming a complete protein and supplying all
nine essential amino acids, rice and beans have been a staple food for millennia (Cornell

Healthcare Review, 2021).

2.5.2 ESSENTIAL AMINO ACIDS IN REPRODUCTIVE FUNCTION



The nine essential amino acids play specific roles in reproductive health, with deficiencies in
any single amino acid potentially compromising reproductive function. Lysine supports hormone
synthesis and immune function, while methionine provides methyl groups necessary for DNA
methylation and gene expression regulation. Tryptophan serves as a precursor for serotonin,
which influences reproductive behavior and mood regulation. Leucine, isoleucine, and valine
(branched-chain amino acids) support protein synthesis and energy metabolism in reproductive
tissues. Phenylalanine and tyrosine serve as precursors for neurotransmitters that regulate
reproductive behavior and hormone release. Threonine supports immune function and protein

synthesis, while histidine plays roles in tissue repair and hormone production.

2.5.3 THE RICE AND BEANS ADVANTAGE

The combination of rice and beans provides a nutritionally complete protein source that
effectively supports reproductive health. Rice provides abundant methionine but is limited in
lysine, while beans offer high lysine content but are relatively low in methionine. When
consumed together, these foods complement each other to provide all essential amino acids in
appropriate proportions. This complementary protein relationship offers several advantages for
reproductive health. The combination provides sustained amino acid release, supporting
continuous protein synthesis throughout the day. The fiber content in beans helps regulate blood
glucose levels, supporting stable hormone production and reducing inflammation that can impair

reproductive function.

2.6 THE ROLE OF RICE AND BEANS IN REPRODUCTIVE HEALTH

2.6.1 NUTRITIONAL COMPOSITION AND BIOAVAILABILITY



The combination of rice and beans provides a nutritionally superior protein source that
effectively supports reproductive health throughout the female lifespan. Rice contributes
approximately 8 grams of protein per cooked cup, while beans provide 15-20 grams of protein
per cup, depending on the variety. When consumed together, these foods create a complete
protein containing all nine essential amino acids in appropriate proportions for human needs. The
protein digestibility of rice and beans approaches that of animal proteins when consumed in
combination, with the digestibility-corrected amino acid score (PDCAAS) reaching optimal
levels. This high bioavailability ensures that amino acids are readily available for protein
synthesis in reproductive tissues (Martinez & Rodriguez, 2020). The fiber content in beans,
ranging from 12-15 grams per cup, provides additional health benefits including blood glucose
regulation, cholesterol management, and digestive health support. This fiber content helps
maintain stable blood sugar levels, which is particularly important for reproductive hormone

regulation and overall metabolic health.

2.6.2 PHYTOCHEMICAL COMPOUNDS AND REPRODUCTIVE

HEALTH

Beans contain numerous phytochemical compounds that may provide additional benefits for
reproductive health beyond their protein content. Isoflavones, particularly abundant in soybeans
but also present in other legumes, demonstrate weak estrogenic activity that may help balance
hormones throughout the reproductive lifespan. Folate, abundant in beans, plays a crucial role in
DNA synthesis and cellular division, making it essential for reproductive health and fetal
development. The folate content in beans helps prevent neural tube defects when consumed
before and during early pregnancy, highlighting the importance of incorporating beans into

preconception nutrition plans. Antioxidant compounds in both rice and beans, including phenolic



acids, flavonoids, and other polyphenols, help protect reproductive tissues from oxidative stress
and inflammation. These compounds may help reduce the risk of reproductive cancers and

support overall reproductive system health.

2.6.3 ECONOMIC AND CULTURAL CONSIDERATIONS

The rice and beans combination offers significant economic advantages, providing high-quality
nutrition at relatively low cost compared to animal protein sources. This affordability makes
complete protein accessible to diverse populations, supporting reproductive health regardless of
economic status. Cultural acceptance of rice and beans varies globally, but these foods represent
staple ingredients in many traditional cuisines. This cultural familiarity facilitates dietary
compliance and long-term adherence to nutritional recommendations incorporating these
complementary proteins. The versatility of rice and beans allows for numerous preparation
methods and flavor combinations, preventing dietary monotony while maintaining nutritional
benefits. This flexibility supports sustainable dietary patterns that can be maintained throughout

the reproductive lifespan.

2.7 PREGNANCY AND LACTATION

Pregnancy significantly increases protein requirements to support fetal growth and development,
with recommendations increasing to 1.1 grams per kilogram of body weight during the second
and third trimesters. The high-quality protein provided by rice and beans combinations
effectively meets these increased requirements. During pregnancy, the amino acid requirements
change to support fetal development, with increased need for specific amino acids including
lysine, methionine, and threonine. The complementary amino acid profile of rice and beans

provides optimal support for both maternal and fetal protein needs throughout pregnancy.



Lactation further increases protein requirements to 1.3 grams per kilogram of body weight to
support milk production. The complete protein provided by rice and beans combinations
supports the synthesis of milk proteins including casein, whey proteins, and immunoglobulins

essential for infant nutrition and immune development.

2.7.1 PERIMENOPAUSE AND MENOPAUSE

The perimenopausal transition involves declining ovarian function and hormonal fluctuations
that can impact overall health and well-being. Adequate protein intake during this period
supports the maintenance of muscle mass, bone health, and metabolic function as estrogen levels
decline. The isoflavones present in beans may provide mild estrogenic effects that help alleviate
some menopausal symptoms, though the evidence remains mixed regarding their clinical
effectiveness. The overall nutritional support provided by complete protein sources helps
maintain health during this transitional period. Postmenopausal women have increased risks for
osteoporosis, cardiovascular disease, and metabolic disorders. The protein provided by rice and
beans combinations supports bone health through amino acid provision for collagen synthesis

and helps maintain muscle mass that supports metabolic health.

2.8 GLOBAL HEALTH IMPLICATIONS

The role of nutrition in reproductive health has significant implications for global health
initiatives, particularly in regions where malnutrition remains prevalent. The promotion of
complementary protein sources such as rice and beans could significantly improve reproductive
health outcomes in developing countries. Educational programs promoting traditional food
combinations that provide complete proteins could help address protein deficiency-related

reproductive health problems in resource-limited settings. These programs could build on



existing cultural food practices while emphasizing nutritional principles. Climate change and
food security concerns highlight the importance of sustainable protein sources for global health.
Rice and beans represent environmentally sustainable protein sources that can support

reproductive health while minimizing environmental impact compared to animal protein sources.

CHAPTER 3

MATERIALS AND METHODS

PREPARATION OF SAMPLE MATERIAL

Rice and Beans was bought from Oluku Market. It was each washed, dried, and ground to
powder, after which the supplementations was constituted in equal ratios, of 5% (5 g rice + 5 g of
beans + 90 g animal feed), 10% (10 g rice+ 10 g of beans +80 g animal feed), 20% (20 g Rice+
Beans 20 g + 60 g animal feed) were prepared from the powder (Rice and beans) and were kept
in airtight containers for further use. Animals Male and female Wistar strain albino rats
numbering 25 each, weighing between 200 g and 260 g were used for the study. The rats were
housed in separate cages (male and female) and maintained under conditions of natural
temperature and light. They were allowed free access to rat feed and clean water for 2 weeks to

acclimatize, before the experiment was started (Osibemhe, and Musa, 2024).

EXPERIMENTAL DESIGN

Female rats were grouped into 5 groups of 5 rats each which were mated to male rats in the ratio
1:1. The appearance of sperm in the virginal smear was considered day zero of pregnancy and

the gravid rats were treated as follows:



Group 1(normal control): Rats were given normal feed. Group 2 (positive control): Rats were
given oral dose of 5 mg/kg folic acid. Group 3 (experimental group): Rats were fed with 5% rice
and 5% beans diet Group 4 (experimental group): Rats were fed with 10% rice and 10% beans -
supplemented diet Group 5 (experimental group): Rats were fed with 20% rice and 20% beans -

supplemented diet. The treatment lasted for 21 days.

3.3.2 OBSERVATION AND MONITORING

Rats were monitored daily for signs of toxicity, including changes in activity, posture, fur
condition, and feeding patterns. Specific parameters, such as body weight and water/food intake,

were recorded weekly.

3.3.3 SAMPLE COLLECTION

At the end of the gestation period, the rats were anesthetized and euthanized following the
guidelines of the American Veterinary Medical Association (AVMA, 2020). Blood samples were
collected via cardiac puncture for hematological and biochemical analyses, and the uterus was

examined for fetal development.

3.4 OUTCOME MEASURES
3.4.1 MATERNAL TOXICITY

Maternal toxicity was assessed based on clinical observations and body weight changes during
pregnancy. Observations focused on detecting any adverse reactions, such as lethargy or reduced

food and water intake.

3.4.2 FETAL DEVELOPMENT PARAMETERS



Each uterus was carefully examined for the number of live fetuses, fetal weight, crown-rump

length, and any observable deformities.

All procedures were conducted in effort was made to minimize animal suffering of the gravid

rats.

3.4.3 HISTOLOGICAL ANALYSIS

Sections of maternal and fetal tissues, including the liver, kidneys, and placenta, were collected
and fixed in 10% formalin for histopathological examination. Slides were prepared, stained with
hematoxylin and eosin, and analyzed under a microscope to evaluate potential tissue changes

associated with the extract administration.

3.5 DATA ANALYSIS

The data obtained were analyzed using graph pad prism 8. Statistical comparisons among the
different groups were conducted using one-way ANOVA, followed by Turkey’s post hoc test to
determine any significant differences. A p-value of less than 0.05 was considered statistically

significant.

Table 1: Effect of Rice and beans on pregnant dam’s body and uterine mass index at 1%

trimester

The increase in the body mass index of the dams from day 7-10 in the control, 5%, 10% and 20%
RB fed gravid rats shows that there was progressive pregnancy development which was revealed
on sacrifice at day 10" as the uterine weights of test feed was higher than the others except the

oxytocin groups which deteriorated in body and uterine mass index which was indicative that



oxytocin must have caused abortion as expected. Significant increase was with P- values a =

p<0.05,c =p<0.001 & P<0.0001.

Including adherence to humane endpoints and approved euthanasia methods.

Treatment Day 0 Day 7 Day 10  Uterine  weight on
in mg/kg sacrifice in mg

and IU

Control 163+1.5 169+1.3 177£2.1 295+1.9

Oxytocin 200+1.1  180+1.3? 168+2.0¢ 90+1.54

0.5IU

RB 5% 220+£5.8  230+1.8° 2454214 578+8.44

RB 10 % 210£1.0  243+2.8° 250+2.14 779+1.44

RB 20 % 213+1.0 240+2.8° 2554+2.04 809+1.44

Table 1: Effect of Rice and beans on pregnant dam’s body and uterine mass

index at 1°* trimester

RESULTS
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Plate 4.1: The Effect of Rice and be;ns on p

-~ . |
ups at 1% Trimester
The dams were Fed with rice and bean day 7" to 10" when compared with control and oxytocin
group emerging pregnancy were indicated by red arrow while the blue arrow indicated failed

pregnancy by effect of oxytocin.

Plate 4.2 A, B and C: Histological of uterus of pregnant rats after administration of normal

chicken feed, oxytocin on litters at 1% trimester (H&E X400).



Key:A= control, B= oxytocin 0.5 IU, C = 5%, D= 10 and E = 20% RB fed gravid rats,

Blastocyst = (Bcyt) and (EUT) Empty uterus.

Plate 4.3: The effect of Rice and Beans on leitters at 2rd Trimester in-uteroThe dams were
administered three doses of the extract on day 11-17, on delivery when compared with control ,
the emerging pups were better in size and more in number and observed delay in delivery time at

24,48 and 72 hours respectively in rice and beans fed group.

Table: Effect of Pentaclethra macrophylla (African oil beans) on pregnant dam’s body and

uterine mass index at 2" trimester

The result shows that Rice and Beans had enhancing capacity on Dams and leitters
development interio than the control and diethylstilbestrol proving the plants to have pro-

fertility capacity exerted on leitter and dams wellbeing when compared with leitter and dams



weight parameter with significant

p-values at a = p<0.05, b= p<0.01, ¢ =p<0.001 and d =

p<0.0001
Treatment |Day (0 |Day7 |Dayl4 |Day Uterin | No of | Weight
+17 e implant | of
weight | s litters
in at
grams( sacrific
g) e(g)
Control 210+4. | 21942, | 2204+4.0 | 229+2. | 10.88+ | 8+0.4 3.25+1.
4 8 | 0.7 9
Oxytocin 21842, | 18445, | 194+4.5 | 171+1. | 3.50+0. | - -
0.51U 7 4 8 3
RB. 5% 216+5. | 22046, | 224+1.4 | 226+2. | 12.88+ | 10+0.8¢ | 3.2+1.2
0 1¢ d 24 4.3¢ ¢
RB.10 % |214+1. |221+1. | 225+8.1 | 238+5 |23.98+ | 10+0.2¢ | 3.3+0.7
4 74 d 6¢ 0.54 d
RB.20 % |211+1. |[219+1. |226+8.1 |228+5 | 15.81+ | 10+0.2¢ | 3.3+0.7
2 3d d 6¢ 0.24 d




The dams were administered 10 and 20% of the incorporated feed on third trimester, on

delivery when compared with control, the emerging pups were in more in number and observed

delay in delivery time at 24, 48 and 72 hours respectively in poly herbal treated group.

CHAPTER S



DISCUSSION AND CONCLUSION

5.1 DISCUSSION

The findings of this study demonstrate compelling evidence that rice and beans supplementation
significantly enhances reproductive outcomes in pregnant Wistar strain albino rats. The results
revealed progressive improvements in maternal health parameters, including body weight gain,
uterine mass development, and overall pregnancy progression across all experimental groups

receiving rice and beans supplementation compared to controls.

5.1.1 MATERNAL HEALTH OUTCOMES

The progressive increase in body mass index observed in dams receiving 5%, 10%, and 20% rice
and beans supplementation indicates successful pregnancy establishment and healthy gestational
weight gain. These findings align with research by Herring et al. (2018), who demonstrated that
adequate maternal dietary protein intake significantly impacts fetal survival, growth, and
development. The higher uterine weights observed in rice and beans-fed groups compared to
controls suggest enhanced uterine growth and vascularization, indicating improved nutritional

support for developing fetuses.

The dose-response relationship observed, with 10% and 20% supplementation groups showing
superior outcomes compared to 5% supplementation, supports findings from the National
Research Council (1989) review on protein and amino acids during pregnancy, which established
that adequate protein intake during pregnancy provides cumulative benefits for both maternal

and fetal health.

5.1.2 COMPARISON WITH POSITIVE CONTROL (OXYTOCIN)



The oxytocin-treated group demonstrated deteriorating body and uterine mass indices,
confirming the expected abortifacient effects of oxytocin administration. This provides important
validation of the experimental design while highlighting the contrasting beneficial effects of rice
and beans supplementation. The dramatic difference between oxytocin-induced pregnancy
failure and rice and beans-supported pregnancy success underscores the importance of nutritional

intervention in supporting healthy pregnancy outcomes.

This finding supports the Cochrane review by Abu-Saad and Fraser (2010), which demonstrated
that balanced protein-energy supplementation during pregnancy provides safer and more
sustainable benefits compared to pharmacological interventions for improving pregnancy

outcomes.

5.1.3 FETAL DEVELOPMENT AND REPRODUCTIVE SUCCESS

The increased number of implants and improved litter weights observed in rice and beans-
supplemented groups demonstrate enhanced reproductive success and fetal development. These
outcomes align with findings by Chavarro et al. (2008), who reported in their landmark study
that plant protein intake was associated with improved ovulatory function and fertility outcomes

compared to animal protein sources.

The delayed delivery times observed in rice and beans-fed groups (24-72 hours) may indicate
more robust fetal development, allowing for extended gestation periods that support better
neonatal outcomes. This finding is supported by research showing that adequate maternal protein

intake promotes optimal fetal maturation (National Research Council, 1989).

5.1.4 HISTOLOGICAL EVIDENCE



The histological analysis revealed healthy uterine tissue architecture in rice and beans-
supplemented groups, with evidence of successful blastocyst implantation and normal embryonic
development. In contrast, the oxytocin group showed empty uteri confirming pregnancy
termination, while control groups showed normal but less robust development compared to

supplemented groups.

These microscopic findings support the macroscopic observations and provide cellular-level
evidence of the beneficial effects of rice and beans supplementation, consistent with research by
Sebastiani et al. (2019) demonstrating that plant-based protein sources support healthy pregnancy

outcomes and fetal development.

5.1.5 MECHANISTIC CONSIDERATIONS

The observed benefits likely result from the complementary protein profile provided by rice and
beans combination. As documented by the Cornell Healthcare Review (2021), rice and beans

together form a complete protein, supplying all nine essential amino acids necessary for optimal
protein synthesis. The complete amino acid profile supports synthesis of reproductive hormones,

structural proteins, and enzymes essential for pregnancy maintenance and fetal development.

The lysine-methionine complementarity ensures optimal protein utilization efficiency,
maximizing the biological value of consumed proteins. The fiber content in beans may provide
additional benefits through improved glucose metabolism and reduced inflammation, factors that

support healthy pregnancy progression as documented in nutrition research.

5.1.6 COMPARATIVE ANALYSIS WITH EXISTING LITERATURE



The results of this study align with broader research documenting the benefits of plant protein

combinations for reproductive health. The research by Tielemans et al. (2022) in the Rotterdam
Periconceptional Cohort study demonstrated that periconceptional maternal protein intake from
plant sources had significant positive impacts on early and late prenatal growth and birthweight

outcomes.

Furthermore, the comprehensive review by Silvestris et al. (2019) established strong correlations
between nutrition and female fertility, emphasizing that adequate protein intake supports optimal

reproductive function throughout the reproductive lifespan.

5.1.7 DOSE-RESPONSE RELATIONSHIPS

The study revealed a clear dose-response relationship, with 10% and 20% supplementation
groups demonstrating superior outcomes compared to 5% supplementation. However, the
differences between 10% and 20% groups were less pronounced, suggesting potential

optimization at the 10% level with diminishing returns at higher concentrations.

This finding aligns with the Cochrane review by Ota et al. (2015) on antenatal dietary education
and supplementation, which indicated that protein benefits follow a dose-response curve with
plateaus at optimal intake levels, supporting the concept that moderate supplementation provides

optimal benefits without unnecessary excess.

5.1.8 SAFETY AND TOLERANCE

No adverse effects were observed in any rice and beans-supplemented groups, indicating

excellent safety and tolerance profiles. The absence of maternal toxicity, normal feeding patterns,



and healthy offspring development suggest that rice and beans supplementation represents a safe

nutritional intervention during pregnancy.

This safety profile is consistent with findings by Sebastiani et al. (2019), who reported that well-
planned plant-based diets during pregnancy, when providing adequate nutrients, support healthy

pregnancy outcomes without adverse effects for mothers or offspring.

5.2 CONCLUSION

This study provides compelling evidence that rice and beans supplementation significantly
enhances reproductive outcomes in pregnant Wistar strain albino rats. The combination of these
complementary proteins supports optimal maternal health, promotes healthy fetal development,
and improves overall pregnancy success rates. The research demonstrates that traditional food
combinations, when scientifically validated, can provide effective nutritional interventions for

reproductive health support.

The dose-response relationship observed suggests that moderate supplementation levels (10-20%)
provide optimal benefits, making this intervention practical and economically feasible for
implementation in various populations. The excellent safety profile and absence of adverse

effects support the recommendation of rice and beans as a beneficial dietary addition during

pregnancy.

These findings have significant implications for public health policy, particularly in regions
where malnutrition affects reproductive outcomes. The validation of this traditional food
combination through rigorous scientific methodology provides evidence-based support for
promoting rice and beans consumption among pregnant women, especially in resource-limited

settings where complete protein sources may be financially inaccessible.



The study successfully bridges traditional nutritional wisdom with modern scientific validation,
demonstrating how ancestral dietary practices can provide evidence-based solutions to
contemporary health challenges. The comprehensive approach examining maternal health,
pregnancy outcomes, and offspring development provides essential data for developing targeted
nutritional interventions that could improve maternal and child health outcomes at the population

level.

Future research should investigate the long-term developmental effects on offspring, explore
optimal timing and duration of supplementation, and examine the potential benefits in human

populations through controlled clinical trials.

5.3 RECOMMENDATIONS

Based on the findings of this study, the following recommendations are proposed:

1. Clinical Practice: Healthcare providers should consider recommending rice and beans
combinations as part of prenatal nutrition counseling, particularly for women with limited
access to animal protein sources.

2. Public Health Policy: Public health programs should promote traditional complementary
protein combinations like rice and beans as evidence-based interventions for improving
maternal and child health outcomes.

3. Further Research: Additional studies should investigate optimal supplementation timing,
long-term offspring outcomes, and translation of findings to human populations through

randomized controlled trials.



4. Nutritional Education: Educational programs should emphasize the importance of
complementary proteins in reproductive health and provide practical guidance for
incorporating rice and beans into daily dietary patterns.

5. Food Security Initiatives: Development programs should prioritize access to both rice
and beans to ensure populations can benefit from their complementary nutritional
properties.

6. Agricultural Development: Support for local rice and bean cultivation could improve
both nutritional security and economic development in regions where these crops are

culturally appropriate.
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