Antinutritional and toxicological Assessment of Indigenous Soups Consumed by women during Postpartum Management in Ondo State, Nigeria 


Abstract
Plant-based foods used as complementary traditional medicine is increasingly gaining popularity across cultures in the World. The composition of anti-nutritional factors and naturally occurring toxic substances in some of these herbal remedies was largely = unknown.  Quantitative and qualitative analysis to determine anti-nutritional composition, as well as the carcinogenic and toxicological assessment of indigenous soups consumed among mothers for postpartum management in Ondo State, Nigeria was carried out with a view to know if their composition will constitute public health concern. Multi-stage sampling procedure was used to select 12 communities from twelve Local Government Areas across the three senatorial districts in Ondo State. Focus group discussion was conducted among, postpartum mothers, elderly mothers and herbal sellers for postpartum soup identification, active ingredients used and preparatory methods of soups.  Ingredients were procured, and recipes were standardized and used to prepare the soups. Soup samples were homogenized, dried, and analysed for anti-nutritional factors using standard laboratory procedures while Gas chromatography-mass spectrometry (GC-MS) was used to determine bioactive toxic compounds and carcinogens in the soups. Data were processed with SPSS (Version 27.0) for analysis using means and standard deviation while ANOVA test was used for inferential statistics. The result shows that tannins content (0.289mg/g) in Aaru soup was significantly higher (P<0.05) and lower (0.119mg/g) in Marugbo soup while phytate content in Igbagaba soup (1.302mg/g) was significantly (P<0.05) lower but higher in Ubo soup. Oxalate content in all the soups ranges between 0.123mg/g to 0.247mg/g but Alkaloid content in the postpartum soups also ranges between 2.25mg/g in Igbagba and 2.83mg/g in Berekuta soup.  Hydrocyanides content of all the soups ranged between 0.460mg/g in Aaru soup to 0.930mg/g in Gbanunu soup while Glycosides content in Ubo soup was significantly (P<0.05) higher (4.68mg/g). Among toxic compounds found in Marugbo, Gbanunu and Aaru soups includes Furan, 2-methyl and 2-Chloroethyl vinyl Sulfide while Hydrazine 1, 2-dimethyl, Trichloro acetic acid decyl ester, and 2, 4-Pentadien-1-ol, 3-ethyl were carcinogens found in Aaru, Amunuya, Ubo, Amunututu and Ifibe soups. The amount of anti-nutritional factors found in all the soups were within the acceptable safe limit to constitute any health hazard for the postpartum mothers. Therefore, this study determined the antinutritional, carcinogenic and toxicological composition of some indigenous soups consumed among mothers for postpartum management in Ondo State Nigeria.
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Introduction
Pregnancy requires a healthy diet that includes an adequate intake of energy in the form of proteins, vitamins, and minerals to meet maternal and fetal needs. A healthy diet includes a variety of foods, such as green and orange vegetables, meat, fish, legumes, nuts, whole grains, and fruits (Ramulondi et al., 2021).  It is generally assumed that natural plant food materials are wholesome, safe and rich in bioactive phytochemicals perceived to heal different types of diseases. However, it has been known that some of the bioactive compounds were either anti-nutritional, toxic or carcinogenic in their biological activities (Singh and Arora, 2023; Mensah et al., 2019). Phytochemicals are bioactive compounds found in plants that play a key role in promoting health and preventing diseases. They are naturally occurring compounds found in plants, which contribute to their color, flavor, and resistance to disease (Seidu et al., 2024). Phytochemicals can be broadly grouped into a variety of classes, such as polyphenols, flavonoids, carotenoids, alkaloids, and glucosinolates, according to their different chemical structures and biological functions (Hossain et al., 2025). Antinutritional factors refer to compounds naturally present in plants that specifically interfere or inhibit nutrient absorption, availability and utilization, as explained by Salim et al. (2023) and Amadi et al. (2015). These substances, are often considered secondary metabolites of plants and exhibit various biological activities. They are compounds usually produced in natural plant foods, vegetables, nuts and seeds through several mechanisms as a form of defense mechanism for plants against insects and other animals. While some anti-nutrients have beneficial applications in nutrition and pharmaceuticals, others can provoke harmful biological reactions, as reported by Amadi et al. (2015) and Nath et al (2022). Their effect on different organisms varies with their concentration on diet or food consumed together with.
 Postpartum is the period of time following the birth of a baby lasting between 5-6 weeks.    Globally, studies have revealed that several women practised and belief in special diets during postpartum period for the management of their various health challenges. In Nigeria, among these special diets are different type of soups prepared with various herbal and plant ingredients considered to be therapeutic and consumed within six weeks of the postpartum period for fast healing and restoration of their health (Mustapha, 2013; Rianga et al., 2017; Banu et al., 2016; Mustapha et al 2019). Cooking as a traditional method of processing of most indigenous plant based foods has been found to reduce antinutritional components and the effect of some harmful bioactive compounds  in plant-based foods. 
Nonetheless, research has investigated the toxicity of many plants used in traditional medicine preparation. Some herbal medicines have been associated with adverse effects such as allergic reactions, drug interactions, and an increased risk of bleeding (Abebe, 2002). Additionally, certain herbal preparations may possess carcinogenic properties or cause organ toxicity, leading to conditions like hepatitis, nephropathy, and cardiomyopathy (Balkrishna et al, 2024).  Sibeko et al., (2021) also reported that infant takes substantial amounts of phytochemical and bioactive compounds from breast milk during breastfeeding.
 The widespread belief that herbal medicines are safer than conventional medicines is often rooted in the perception that natural remedies are inherently benign, a concept commonly referred to as "green is safe." Consequently, there tends to be less scrutiny and fewer clinical studies evaluating the safety or toxicity of herbal preparations compared to conventional medications (Salim et al. 2023; Balkrishna et al, 2024). Therefore, this study’s aim is to determine the antinutritional composition, carcinogens and toxicological assessment of indigenous soups consumed among mothers for postpartum management in Ondo State Nigeria.
Methodology
Area of Study	
The study was carried out in Ondo State, Southwest Nigeria.  the State is located between longitudes 40’’ 30’’and 6’’East of the Greenwich Meridian and 5’’ 45’’and 8’’15’’ North of the Equator. It  has total area of 15,500 km2 and with an estimated population of 5,267,322 (Ondo State Bureau of Statistics, 2021). Ondo State is bounded in the North by Ekiti and Kogi States; in the East by Edo State; in the West by Osun and Ogun States and in the South by the Atlantic Ocean. Ondo State has a warm and humid subtropical climate with mangrove-swamp forest in the southern part, tropical rain forest in the centre part, and wooded savanna in the northern part. This vegetation is characterized by rich biodiversity including various wild plant species for different types of indigenous food and medicinal purposes. As a result, Ondo State is blessed with a wide variety of traditional foods and indigenous soups.
Study Design
The study was qualitative and analytical in design. It was qualitative for soup identification, recipe documentation and preparation while chemical analyses of the soups were analytical in design.
Sampling Procedure and Data Collection Technique
A four-stage sampling technique was used in this study. In the first stage, the three (3) senatorial districts in Ondo State were used. There are six (6) Local Government Areas in each of the Senatorial Districts. The Senatorial Districts include Ondo North, Ondo Central and Ondo South Senatorial Districts. In the second stage, four (4) Local government areas were purposely selected out of the six (6) in each of the Senatorial Districts based on the outcome of preliminary survey on the availability of indigenous postpartum soups in the State. A total of twelve (12) Local Government Areas were selected for the study. In the third stage, one (1) community each were purposely selected for the FGDs from each of the LGAs with a total of 12 communities.. Focus group discussions were carried out to source information on soups identification, recipes documentation and soup preparation methods. Participants were chosen using convenience sampling method in all the communities and the FGDs were conducted both in rural and urban centers of each of the Local Government Areas. The study procedures were  explained  and oral consent was sought from  the participants.
Eligible respondents for the FGD were postpartum mothers, indigenous herbs sellers, traditional birth attendants, elderly women in the communities particularly,  mother-in-laws in each community of the selected LGAs. Questions bothering on soup identification, their recipes and preparation methods were obtained from FGD participants of six (6) to ten (10) selected members using the convenience sampling method. 
Recipe Standardization and Preparation of Soups
Recipe standardization was carried out through the collation of all ingredients used in preparing each of the nine postpartum soups from all the LGAs as described during the FGD and according to Bassey et al.,(2020).  All the ingredients were sorted and weighed in grams by using a digital weighing scale. The sorted ingredients, herbal leaves and spices were grinded together with the other ingredients as required for each soup. The cooking was carried out with the assistance of selected women with broad knowledge in the preparation of the various postpartum soups. Nine postpartum soups were identified and their preparation methods as outlined  below:
 1. Gbanunu Soup	
All the active ingredients such as Clerodendrum volubile (12g), Scent leaf; Ocimum gratissimum (28g), Siam weed; Chromolaenna odorela (3g), Alligator pepper leaves; Afrimomum meliqueta (2g), Climbing pepper leaves; Piper guineense (12g), Moringa leaves; Moringa oleifera(10g),  Ginger; Zingiber officianale (40g), Bitter leaves; Vernonia amygdale(1g), Guava leaves; Psidium guajava (5g), Cassava leaves; Manihot utilizima(9g), Calabash nutmeg; Monodera myristica(12g), Bonductnut leaves; Caesalphinia bonduc(8g), Cotton seed; Gossypium barbadense (34g), Tumeric; Curcuma longa (53g), Secamone; Secamone afzelli (12g) were all grounded together with Onions; Allium sativum (75g), Cayenne pepper; Capsicum annum(55g) and Chilli pepper; Capscum frutescencem(58g). All the mentioned were mixed with 150ml water, poured on cooking pot and allowed to boil for 5 minutes. Palm oil (320ml), Fermented melon; Citrusllus vulgaria (40g),  bouillon cubes (20g),  dried Catfish (220g) and already boiled beef (165g) were added. Then 350ml water was added and cooking sustained for 15 minutes before salt (10g) was also added. The soup was then allowed to cook for 25 minutes.
2.  Marugbo Soup
The active ingredients such as Clerodendrum volubile (254g), Scent leaf Occimum gratissimum, (87g), Zingiber officianale; Ginger (30g), Bitter leaf; Vernonia amygdale (1.5g), Piper nigrum; pepper (30g) and Allium sativum; Onion (60g) were blended with about 100ml of water.  Palm oil (70ml) was pour into the pot with the blended active ingredients and was allowed to boil for 20 minutes. Salt (10g), Bouillon cubes (22g) was added to taste with about 400ml water.   Already boiled fresh Catfish (1120g) was gently placed into the soup.  It was allowed to simmer for about 10 minutes.
3.  Amunututu Soup 
 Dragon blood tree; Harungana madagascariensis(430g), Turmeric; Curcuma longa(42g), scent leaf; Ocimum gratissimum(60g), Pepper; Piper nigrum(50g), and Onions; Allium sativum(60g) were grinded together. Palm oil (150ml) was added and it was allowed to steam for 15 minutes. Ingredients such as Locust beans; Parkia biglobosa (150g), Bouillon cubes (10g), salt (5g)and 520ml of water were added. Already boiled beef (200g), dry fish (70g) were added and cooked for 10mins.
4.  Ifibe Soup
Fresh okra fruits (Abelmoschus esculentus)230g, sliced and mashed into pieces and other ground ingredients including Bridelia ferruginea (Bridelia) 120g, Climbing black pepper; Piper guineense (13g), Scent leaf; Occimum grantissimum(13g), dried Salim petals; Xylopia aethiopica(36g), Chili pepper; Capsicum frutescens (10g), Alligator pepper; Aframomum melegueta(1.5g) were boiled. Blended Locust bean; Parkia biglobosa (420g), salt (5g), fish (160g), beef (250g) palm oil (180ml) were added and stirred. Then the soup was allowed to cook for 10 minutes.
5. Amunuya Soup	
All the ingredients such as Scent leaf; Occimum grantissimum(40g), Turmeric root ;Curcuma longa(41g), Marugbo leaves ;Clerodendrum volubile (20g), Climbing black pepper; Piper guineense(20g), Irema; Afromomum danieli(15g), Secamone; Secamone afzelii(12g), Cotton seeds; Gossypium barbadense(65g), Calabash nutmeg; Monodera myristica(11g), Mountain knotgrass; Aervia lanata(20g), and dry fruit of Salim (50g) Xylopia eathiopica were ground together with Onions; Allium sativum(80g),  Pepper; Capscum frutescenece(40g). The grinded ingredient was boiled for 5 minutes, palm oil (50ml) and ground fermented Melon; Citrusllus vulgaria (130g) were added. Boiled beef (200g), dried Fish (150g), salt(11g) and 350ml of water was added and cooked for 20 minutes 
6. Aaru Soup
Dried petal of Salem; Xylopia eathiopica (276g) was wet blended in a hammer mill. Wet blended melon (Citrullus lanatus 800g) in thick consistency was fried in already heated palm oil (1000ml). The Melon was fried in a small ball shape until fairly brown. The fried Melon was cut into smaller pieces. The blended Xylopia eathiopica was poured into the heated palm oil, it was stirred continuously and fried for about 30mins. The fried Melon was added. Blended dry Capsicum frutescens; Pepper (105g), boiled Beef (250g), dried Fish (120g), and Cow skin (141g) with bouillon cubes (10g) and salt (20g) was poured into the mixture. Then stirred and add blended Locus bean; Parkia biglobosa (430g).It was cooked for 25 minutes.

7. Ubo Soup 
Mashed bark of Blighia sapida (Ackee apple 500g) was ground together with Gossypium barbadense; Cotton seed (100g), Ocimum gratissimum; Scent leaf (25g), Moringa oleifera; moringa leaf(25g), Curcuma longa; Turmeric(100g), Pepper (50g), and Allium sativum ;onion(50g), Piper nigrum; pepper (80g). Ground ingredients were poured into palm oil (30ml). It was allowed to cook for 5 minutes. Dry fish (200g), and boiled beef (250g) with stock water were added. Also, salt (6g), Parkia biglobosa; locust bean (50g), water (500ml) and bouillon cubes (10g) were added and allowed to boil together for 15 minutes. 
8. Berekuta Soup 
Mashed bark of Camwood; Baphia nitida (350g), Xylopia eathiopica, dried Salem petals (40g), Ocimum gratissimum; scentleaf (87g), and American basil; Ocimum bacilicum (20g) was blended with dry Pepper; Capsicum frutescens(21g). The blended ingredients were poured into pot with a small quantity of palm oil (130ml) and cook for 20 minutes. The Cow skin (100g), dried Fish (100g), and Beef (400g) with stock water were added with grounded Locus beans; Parkia biglobosa (250g) and Onions ; Allium sativum(40g), Bouillon cubes (5g) and salt (5g) were also added. It was covered and allowed to boil for 20 minutes.
9. Igbagba Soup
Calabash nutmeg; Monodora myristica (100g) was heat burned and then removed from its shell. All other ingredients including dried Selim fruit; Xylopia eathiopica (75g), cocoplum; Chrysobalanus icaco (200g), Prekese; Tetrapleura tetraptera(100g), Pepper; Capsicum frutescens(60g) and Onion; Allium sativum(40g) were grinded together with about 400ml of water and allowed to boil for 10mins. Salt (15g) and bouillon cubes (10g) ware also  added for  taste. Fresh Catfish was gently placed into the soup was allowed to cook for 5mins at low heat.
Soup Sample Treatment 
After the soup preparation, the soups were cooled.  Approximately 200g of the soup samples each were mixed and homogenized separately with the use of an electric blender. The soup samples were packed separately in airtight containers, coded and preserved in the freezer for chemical analysis.
 Determination of Anti-nutritional Composition of Postpartum Soups
The Follins-Dennis spectrophotometric method, as detailed by Pearson in 1976, was employed for the analysis of total tannis in the soup sample while total Phytate content was determined following the protocol outlined by Wheeler and Ferrel in 1971. Oxalate was determined using the method described by Day and Underwood (1986).  Alkaloids, Saponins, Hydrocyanides and cyanogenic glycosides were determined using the gravimetric precipitation  methods  as outlined by Harbone (1973).
Determination of Carcinogens and Toxic Chemical Compounds in the Soups 
Gas chromatography-mass spectrometry (GC-MS), as outlined by Ezhilan and Neelamegam in 2011, was employed to identify volatile compounds present in all the soup sample extracts. The compounds within the extract were identified through GC-MS analysis utilizing a GC-MS-QP2010 PLUS Shimadzu instrument, equipped with an elite 5Ms column measuring 20 meters in length and 0.18 micrometers in internal diameter. The temperature was programmed to increase from 200°C to 300°C at a rate of 40°C per minute. Helium served as the carrier gas with a constant flow rate of 1 milliliter per minute. The mass spectrometry method employed electron ionization voltage of 70 electron volts (eV) for positively charged ions (El+), covering a mass-to-charge (m/z) ratio range from 50 to 300, with a scan time of 0.3 second and an inter-scan delay of 0.1 second. The operational parameters included an oven temperature of 80°C, injection temperature of 250°C, split injection mode, injection port dwell time of 0.3 second, pressure of 108.0 kilopascals (kPa), and a linear velocity of 46.3 centimeters per second
 Statistical Analysis
Data were subjected to descriptive analysis using IBM SPSS Statistics Version 27.0.  Results were presented in tabular form and these were summarized using means and standard deviations. Analysis of Variance (ANOVA) was used to analyse and statistically compare all chemical and instrumental analyses and the level of statistically significant difference was set at a level (P<0.05).
Results 
Table 1 shows the anti nutritional composition of postpartum soups consumed by mothers in Ondo state. The result shows that tannins content (0.289mg/g) in Aaru soup was significantly high in value (P<0.05) and lower (0.119mg/g) in Marugbo soup. The phytate content in Igbagaba soup (1.302mg/g) was significantly (P<0.05) lower but higher in Ubo soup (2.376mg/g). Oxalate content in all the soups ranges between 0.123mg/g to 0.247mg/g but was significantly higher (P<0.05) in Aaru soup. Alkaloid content in the postpartum soups also ranges between 2.255mg/g in Igbagba soup and 2.835mg/g in Berekuta soup and was significantly higher (P<0.05). Saponins content in Amunuya soup was significantly higher in value (P<0.05) compared to other postpartum soups. Hydrocyanides (HCN) content of all the soups ranges between 0.460mg/g in Aaru soup to 0.930mg/g in Gbanunu soup although Hydrocyanides content was significantly higher (P<0.05) in Ubo soup (0.955mg/g). The Glycosides content in Ubo soup was significantly (P<0.05) higher (4.685mg/g) and Igbagba soup have 1.535mg/g of glycosides and significantly lower in amount (P<0.05) compared to other postpartum soups.



Table 1: Anti-nutritional Composition (mg/100g) of Post-partum Soups Consumed by Mothers in Ondo State
	Sample
	Tannins 
	Phytates 
	Oxalates 
	Alkaloids 
	Saponins 
	HCN       
	Glycosides

	Gbanunu
	0.173+0.001f
	2.182+0.001c
	0.202+0.002d
	2.715+0.007c
	1.440+0.028b
	0.930+0.028a
	4.405+0.134b

	Marugbo
	0.119+0.001h
	2.336+0.001b
	0.214+0.001c
	2.775+0.007b
	0.345+0.049g
	0.720+0.014c
	3.175+0.049cd

	Amunututu
	0.212+0.001e
	0.333+0.002i
	0.170+0.002e
	2.525+0.021e
	1.230+0.028d
	0.835+0.021b
	3.350+0.141c

	Ifibe
	0.286+0.001b
	1.954+0.001e
	0.233+0.004b
	2.385+0.021f
	0.545+0.021f
	0.930+0.028a
	2.120+0.042e

	Amunuya
	0.287+0.001ab
	1.572+0.002f
	0.164+0.004e
	2.595+0.021d
	1.650+0.042a
	0.745+0.007c
	3.265+0.021cd

	Aaru
	0.289+0.001a
	1.456+0.001g
	0.247+0.002a
	2.515+0.035e
	0.925+0.021e
	0.460+0.014d
	2.255+0.092e

	Ubo
	0.236+0.001d
	2.376+0.002a
	0.135+0.002g
	2.700+0.014c
	1.365+0.007c
	0.955+0.021a
	4.685+0.049a

	Berekuta
	0.276+0.002c
	2.164+0.001d
	0.156+0.004f
	2.835+0.021a
	0.175+0.021h
	0.73+0.028c
	3.120+0.042d

	Igbagba
	0.144+0.001g
	1.302+0.001h
	0.123+0.003h
	2.255+0.021g
	1.220+0.014d
	0.470+0.028d
	1.535+0.078f

	*Recommended

	Safe Level
	560mg/d1
	2600mg/d1
	50mg/d2
	400-500mg/d3
	200mg/d4, 5
	50mg/kg6,8
	10mg/kg7


Values are expressed as means+ SD of replicate samples. Mean values with different alphabetical superscripts in each column are significantly.
1Asthey et al., 2016; 2Spritzier, 2023; 3Heinrich et al., 2021; 4Sharma et al., 2023; 5Bhosale et al., 2021; 6WHO, 2004; 7Urogo et al., 2023; 8Commission Regulation(EU), 2022,
*Recommended Safe Level of Anti-nutritional phytochemicals
Table 2 shows some carcinogenic and toxic bioactive compounds found in the soups. The compounds found include Furan, 2-methyl, with % peak area of 2.15, Hydrazine, 1, 2-dimethyl with % peak area of 1.71, Trichloroacetic acid, decyl ester with % peak area of 0.12, 2-Chloroethyl vinyl Sulfide with % peak area of 0.28, and 2, 4-Pentadien-1-ol, 3-ethyl with % peak area of 0.11







Table 2: Some Carcinogenic and Toxic Bioactive Compounds found in the Soups
	Soups
	CAS no.
	Peak Area (%)
	Molecular
Formula
	Bioactive compound 
Name
	Reported pharmacological/Therapeutic
Activities

	MAR
GBA
AAR
AMY
	534-22-5
	2.15
	C5H6O
	Furan, 2-methyl-
	Carcinogenic, Hepatoxic (NCBI. 2023)

	UBO
AMT
IFB
	540-73-8
	1.71
	C2H9N2
	Hydrazine, 1, 2-dimethyl
	-Carcinogen, induced colon cancer
 (NCBI, 2023)

	UBO
	65611338
	0.12
	C2HCl3O2
	Trichloroacetic acid, decyl ester
	-Carcinogenic agent
-Precipitant of micromolecule
(Sitohang et al,2021)

	GBA
	81142-021
	0.28
	C4H7ClS
	2-Chloroethyl vinyl Sulfide
	-Toxicant (NCBI, 2023)

	AAR
	142-17-6
	0.11
	C7H12O
	2, 4-Pentadien-1-ol, 3-ethyl
	Toxic to the system (Benesova et al, 1977)


MAR: Marugbo soup; GBA: Gbanunu; AAR: Aaru; AMY: Amunuya; UBO: Ubo; AMT: Amunututu; IFB: Ifibe

Discussion
The amount of tannins constituent of all the postpartum soups was within the range of 0.119 - 0.289mg and was significantly higher (p<0.05) in Aaru soup (0.289mg/100g), followed by Amunuya (0.287mg/100g) and was significantly lower in Igbagba soup (0.144mg/100g). However, the tannin content of Amunuya soup was similar to the value of tannin obtained in Aaru soup. This similarity in the tannin content of both soups could be a result of similar active ingredients used in the preparation of the soups. 
The medicinal properties of tannins, particularly in wound healing and soothing inflamed mucous membranes  help postpartum mothers. Therefore, herbs rich in tannins are commonly utilized for vaginal douches and to address rectal disorders, alongside their antioxidant and potential anti-cancer effects, as noted by Ezeja et al. (2023) and Nath et al (2022). However, prolonged and excessive consumption of herbal plants with high tannin concentrations is discouraged. Internally applied tannins can adversely affect the stomach lining and other digestive organs, leading to increased acidity of mucous secretions and constriction of membranes, thereby limiting cellular secretions according to Nath et al (2022). However, this present study revealed low levels of tannins in the soups which is favourable since a high concentration of tannins in the diet can have adverse effect on health  ( Sharma et al., 2019).
The values of Phytate in the postpartum soups ranged from 0.333 to 2.376mg. The highest Phytate concentrations were observed in Ubo soup (2.376mg), followed by Marugbo soup (2.336mg). These values exceed the range of 0.3 – 0.40mg reported by Amadi et al. (2015) for certain traditional dishes. Phytate serves beneficial roles as an antioxidant and anti-carcinogenic agent, according to Singh et al. (2023) and Nath et al (2022). It may offer health benefits to diabetes patients by reducing blood glucose response through slowing starch digestion and gastric emptying, and regulating insulin secretion, as suggested by Salim et al (2023). Additionally, Phytate has been associated with lowering blood clot formation, cholesterol, and triglycerides, thus aiding in preventing heart diseases, and it is used as a complex agent to eliminate trace heavy metals (Singh et al., 2023; Salim et al 2023).
Depending on the quantity of plant-derived foods in the diet and the degree of food processing, daily Phytate intake can range up to 4500mg. For vegetarian diets and diets of rural residents in developing countries, the estimated daily Phytate intake averages between 2000 and 2600mg, while for mixed diets, it ranges from 150 to 1400mg. Although an excessive amount of Phytates in an imbalanced diet may pose concerns, in a regular diet with low Phytate content, Phytate is generally considered safe and not implicated in nutrient deficiency. Therefore, the Phytate levels in all the postpartum soups examined in this study were below the toxic threshold for human consumption.
The oxalate constituents of the postpartum soups ranged between 0.123 and 0.233mg. The oxalate content was significantly higher in Aaru soup (0.247mg/100g). However, there was no notable difference in the oxalate levels between Amunuya and Amunututu soup, which may be attributed to the similarity in some of the active ingredients used in their preparation. The oxalate content of these soups, as determined in this study, was notably lower compared to values reported for certain Nigerian indigenous soups by Olugbuyi et al. (2023). This lower level enhances the palatability of all the soups, as oxalate is known to hinder the absorption of minerals, particularly calcium, by forming insoluble salts, thus reducing the availability of essential minerals in the body. Consequently, this decreases the utilization of calcium by the bones and tissues. Dietary oxalate has been implicated in forming complexes with magnesium and iron, resulting in the formation of insoluble oxalate salts, which can contribute to the development of oxalate stones (Wang et al., 2006). Oxalate has also been reported to positively reduce the incidence of oxidative degenerative diseases by reducing the radial initiating divalent metals. Oxalate has been said to be anti-nutritional and toxic to man at a level of 2-5g. Hence the oxalate level of all the postpartum soups ranged between 0.123 – 0.233mg which is lower than the critical value. Therefore, consumption of these soups have no health implications for the consumers. 
The postpartum soups in this study contained an appreciable amount of alkaloids. The alkaloid constituents were significantly higher in Berekuta (2.835mg/100g) and significantly lower in Igbagba soup (2.255mg/100g). These values were however higher than 0.99 – 1.61 mg reported by Mustapha et al., (2019) and extremely lower than the value 40.71 – 50.00mg reported on some selected traditional dishes by Amadi et al., (2015). The importance of alkaloids in various antibiotics used in treating common pathogenic strains has been reported. Alkaloids are regarded as the most potent and therapeutically significant plant compounds (Mustapha et al., 2019). They are renowned for their analgesic properties and have been extensively utilized in various medical treatments and surgical procedures owing to their medicinal and pharmacological effectiveness (Salim et al, 2023).
Saponin was found in the postpartum soups in this study in varying amounts. Amunuya has the highest saponin content. There was a significant difference in the saponin content among all the soups. The values found in this study ranged between 0.175 – 1.440mg and this is comparably lower to 14.68 – 19.17mg reported by Amadi et al., (2015) on selected traditional dishes and reported by Mustapha et al., (2019) on postpartum soups. Saponins are second metabolites which are widely distributed in the plant tissue. Saponins serve as a chemical defense mechanism in plants, offering protection against pathogens and herbivores (Singh et al, 2023), although their presence in the soups suggests that the plants used may possess cytotoxic effects, (Mensah et al, 2019). Saponins enhance the absorption of substances from the gastrointestinal tract by increasing the permeability of intestinal mucosal cells. However, saponins are generally well-absorbed by the body and do not cause harmful effects (Mensah et al, 2019). Studies have shown that the presence of Saponins in plants has important therapeutic activities such as hemolytic properties, anti-inflammatory, anti-fungal, ant-bacterial or anti-microbial, anti-parasitic, anti-tumor, antioxidant, anti-plasmodiasis, anti-helminthic, anti-viral, anti-hypercholesterolemic activity, immunostimulatory and anti-carcinogenic properties. In addition, they reduce the risk of heart disease in humans (Mensah et al, 2019). This study recorded low levels of Saponins which is within the WHO permissible limit of 48.50mg/100g. Therefore, suggesting the safety of consumption of all postpartum soups (WHO, 2004).
The hydrocyanide content of the soups ranged between 0.460 – and 0.930mg with Ubo having the highest value. There was no significant difference in the cyanide content of Gbanunu, Ifibe and Ubo soup. Also, no significant difference in the values was recorded for Marugbo and Amunuya soup. This could probably be due to the similarity in some of the active ingredients used. The Hydrogen Cyanide (HCN) content of the soups was high in Gbanunu, Ifibe and Ubo with no significant differences but low in Aaru and Igbagba soup. The values obtained in this study were lower than the value of 0.87 – 1.62 reported by Amadi et al., (2015) in their respective study. 
Ubo soup has the highest glycoside content (4.68mg) followed by Gbanunu soup (4.40mg). The high content of glycosides found in Ubo and Gbanunu soup could be attributed to one of the active basic ingredients like Cassava and the bark of the Ackee apple tree used in their preparation. These confirm reports from other studies that cassava leaf and Ackee tree are high in anti-nutrient compounds like cyanide glycosides. It is worth noting that the glycoside level obtained among the soups in this study was fairly high. The recommended level for human consumption according to Urogo et al., (2023) was 10mg/Kg. Most postpartum mothers assessed during the FGD said they consumed between 200-250g portion size of soups once or twice daily.  High dose can pose a serious inhibitory effect on the respiratory cytochrome oxidase activity (Urugo et al 2023, Amadi et al., 2015). The low level of HCN and glycosides reported in this study is favourable for  consumption in a nutritious diet as well as therapeutic soup. 
The consumption of medicinal plant materials for their perceived health benefits predates early civilization (Mensah et al., 2019). It is generally assumed that natural plant food materials are wholesome, safe and rich in bioactive phytochemicals perceived to heal different types of diseases. However,  some of the bioactive compounds were either toxic to the system or carcinogenic as noted by Mensah et al., 2019.  This study found  five carcinogenic and toxic bioactive chemical compounds. Among these carcinogenic compounds found in the soups were Furan, 2-methyl in Marugbo, Gbanunu, Aaru and Amunuya soup, Hydrazine, 1,2 dimethyl in Ubo, Amunututu and Ifibe soup and trichloroacetic acid decylester found in Ubo soup. Furan has been found in foods such as soups, sauces, beans, pasta meals and baby foods (FDA, 2018). Furan formation came about  as a result of heat treatment on foods and is produced through thermal degradation. Effects of furan on health include skin toxicity, immune toxicity, endocrine disruption, and predisposition to cancer. Hydrazine is another carcinogen found in the soups. Hydrazine exposure has been reported to have a toxic effect on multiple organ systems in the body including neurological, haematological, pulmonary and hepatic systems.  Black, (2017) adds that trichloro acetic acid  can cause gastric irritation with symptoms including vomiting and diarrhoea when ingested. This particular toxic bioactive compound is only found in Ubo soup. Another toxicant found in Gbanunu soup is 2-chloroethyl sulfide. This compound has been reported to cause systemic toxicity when ingested in high doses which can damage the bone marrow, renal system and gastrointestinal tract. Symptoms include nausea, vomiting and diarrhea (Ye et al., 2021). Aaru is another soup found to have 2, 4-pentadien-1-ol as a toxicant in the soup. This toxicant has been shown to irritate the lungs and cause systemic toxicity and haemorrhage in the alveolar (Benesova et al., 1977).
Conclusion
The postpartum soups contain an appreciable amount of anti-nutritional factors such as Tannins, Phytate, Oxalate, Alkaloids, Saponins, Hydrocyanides and Glycosides. Some of these antinutritional phytochemicals may have contributed significant health benefits during postpartum period for the mothers overall health status. The amount of anti-nutritional factors found in all the soups was within the acceptable safe limit as to constitute any health hazard for the postpartum mothers. However, some bioactive carcinogens and toxic compounds were found in some of the soups which include Hydrazine,1, 2-dimethyl, Furan,2-methyl, Trichloroacetic acid decyl ester, 2-chloroethyl sulfoxide, and Pentadien-1-ol, 3-ethyl. The amount of these compounds in the soups that may pose serious negative health problems is a basis for another study. 
Ethical approval and consent
Ethical clearance was obtained from Ministry of Health, Ondo State, Primary Health Directorate.  In addition, written consent was obtained from each respondent. Only consenting respondents participated in the study. Questions were written in English and transcribed into the respondent’s dialect for proper understanding by the facilitator.  An electronic gadget was used to record the respondent answer to the questions during the group discussion. Selection was done through a community representative who served as the facilitator for the discussions according to Nyumba et al, 2018
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