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ABSTRACT 

Excessive prostaglandin E2 production and aberrant increase in connexion 43 level during pregnancy had been 

reported to lead to uterine contraction and consequently pregnancy loss. This study investigated the effect of negro 

pepper (NP) extract on prostaglandin E2 (PGE2) and connexion 43 (Cx 43) levels in pregnant Wistar rats. 40 

virgin female Wistar rats weighing between 150g to 180g were purchased from the animal house of the Department 

of Anatomy, University of Benin. The dry fruits (NP) were ground to powder form and soaked with n-hexane 

using maceration method for 24 hrs and the resultant mixture was filtered with filter paper to obtain the filtrate 

which was evaporated to dryness using a rotary evaporator to obtain the oil. The female rats were mated with male 

rats to achieve pregnancy. The pregnant rats were grouped into two phases: Germinal phase and Embryonic Phase 

and each phase was divided into four groups (A. B, C and D) of n=5 rats each. The first three groups (A, B and C) 

in each phase served as test groups and were administered orally 0.25, 0.5 and 1ml/Kg b.wt of the hexane extract 

of XA fruit respectively while group D served as control in each phase of gestation. 24 hours after the last 

administration, the rats were sacrificed using chloroforms anaesthesia, and their uteri were excised and used for 

the biochemical analysis. In conclusion, NP extract significantly decreased PGE2 level across all doses while Cx43 

level increased significantly at 0.5 and 1ml/kg b.wt of extract compared to control in the Germinal phase. However, 

PGE2 and Cx43 levels significantly increased at 0.5ml/kg and 1mg/kg b.wt. in the embryonic phase, showing that 

the extract exhibits a phase-dependent biochemical alteration which point towards the disrupted endometrial 

receptivity and accelerated myometrial contractility. Consequently, the consumption of hexane extract of NP 

should be strictly avoided due to its ability to trigger uterine contractions, which may result in pregnancy loss. 

Keywords: negro pepper; prostaglandin E2; connexin 43; pregnancy; n- Hexane extract. 
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INTRODUCTION 

 

Xylopia aethiopica (XA) is a tropical evergreen aromatic plant which belongs to the 

Annonaceae family (OBIRI & OSAFO, 2015). XA grows in the savanna regions of Africa, 

particularly Ghana, Nigeria, Cameroon, Ethiopia, and Senegal (YIN et al., 2019). The fruit of 

XA is commonly known by different names such as guinea pepper, Ethiopean pepper, black 

pepper etc. Traditionally the fruit is used in the treatment of inflammatory disorders, malaria, 

(OSO & OLADIJI, 2019), amenorrhea and in the induction of placenta discharge (ABOLAJI; 

ADEBAYO; ODESANMI, 2007). The fruit has also been used as spice in the preparation of 

local soup (pepper soup) meant for pregnant women to alleviate feverish conditions and 

stimulate appetite sometimes. 

Phytochemicals reported most abundant in the essential oil of XA fruit include: βeta-

pinene, alpha- pinene, caryophyllene, bisabolene, naphthalene, phellandrine, terpinene-4-ol 

(alcohol), 1,8-cineole (oxide), kaur-16- ene etc (FETSE; KOFIE; ADOSRAKU, 2016).  

Connexins are gap junction proteins allows cell to cell communication and allows free 

flow of ions and small molecules between cells (LAIRD, 1996). In rats and rabbits Connexin 

43 expression is induced locally in the endometrium in response to implantation of the 

blastocysts (GRUMMER & WINTERHAGER, 1998) to the stroma compartment and 

suppressed by maternal progesterone level during pregnancy. In the rabbit and humans, the 

receptiveness of the endometrium is characterized by a lack of cell-cell communication 

channels (GRUMMER & WINTERHAGER, 1998).  

Connexin 43 expression is low throughout pregnancy but increases only during term 

and preterm labor in the myometrium (ORSINO; TAYLOR; LYE, 1996). Prostaglandins 

(PGS) are group of physiologically active lipid compounds (eicosanoids) (RICCIOTI & 

FITZGERALD, 2011). Derived enzymatically from arachidonic acid by cyclooxygenase 

(COX), also called prostaglandin endoperoxide synthase (PTGS) (JOSEPH et al., 2013). 

Present in maternal blood, urine, and amniotic fluid (BAKKER; PIERCE; MYERS, 2017). 

Levels change dynamically during pregnancy: Early pregnancy: low levels → maintain 

stability, prevent premature labor. Late pregnancy: gradual increase in PGE2 and PGF2α near 

term (NIRINGIYUMUKIZA; CAI; XIANG, 2018). Preterm labor: excessive prostaglandin 

production results uterine contractions, premature cervical changes, preterm birth (THOMAS 

et al., 2014). 

However, the expression of connexin 43 in the myometrium is highly dependent on 
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the intracellular signaling of prostaglandin E2 especially prostaglandin F2 enhancing 

myometrial contractility of the uterus during labor (SPAREY et al., 1999). The aim of this 

article study is to determine the effect of n-Hexane extract of Xylopia aethiopica fruit on 

prostaglandin E2 and Connexin 43 level in pregnant Wistar rats. 

 

MATERIALS AND METHODS 

 

Plant Material 

Identification and authentication; Dried fruits of Xylopia aethiopica was purchased 

from New Benin Market, Edo State, Nigeria and authenticated by comparing it with an 

already existing sample in the herbarium at the Department of Plant Biology and 

Biotechnology, University of Benin, and was assigned a voucher number UBH:X348 which 

was deposited at the herbarium for future reference. 

 

Preparation of Extract 

Pulverized fruit (1kg) was extracted with 2.5litres of n-hexane using maceration 

method for 24hrs.The mixture was filtered and the filtrate rotary evaporated to obtain 40 g 

dark-brown oil extract. Stored in refrigerator until when needed for use (AZEKHUMEN & 

EBOMOYI, 2024). 

 

Ethical Approval 

Ethical approval was sorted t the Research Ethics Committee of the College of Medical 

Sciences, University of Benin with Ethical approval number CMS/REC/2025/820 was 

assigned. 

 

Establisment of the LD50 of the Hexane extract of XA (HEXA) fruit  

The LD50 of the HEXA was determined in two phases according to Lorke’ method of 

1983. In phase one nine (9) rats were used’ The rats were randomised into 3 groups (A, B and 

C) of n=3 rats each. Each group were administered 10, 100 and 1000mg/kg of the HEXA 

respectively and observed for 24 hours for signs and symptoms of toxicity. In phase two three 

(3) rats were used. The rats were randomised into 3 groups (A, B and C) and each group was 

administered 1600, 2900 and 5000mg/kg of the HEXA respectively and observed for signs 
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and symptoms of toxicity 24hour and then for two weeks for delay sign of toxicity such as 

death. 

 

Dosing of the HEXA Fruit oil 

To determine the dose of the oil to be administered, the density of the oil was first 

determined by weighing 1ml of the oil in three consecutive measurements (g) and the average 

of the three taken. The density of the oil was then calculated to be 0.940g/ml equivalent to 

940mg/ml. The dose of the oil to be administered was calculated based on the body weight of 

the rats as follows; - weight (kg) x Dosage ordered (mg/kg) divided by concentration of the 

oil (mg/ ml). For a rat weighing 175g equivalent to 0.175kg, the dose of the oil to be 

administered at an ordered dose of 1000mg/kg will therefore be calculated as; - 0.175 kg x 

1000mg/kg divided by 940mg/ml = 0.186ml. 

 

Experimental Animals 

Female Wistar rats (150–180g) from Anatomy Department Animal House, University 

of Benin. Acclimatization: 2 weeks, 24–27 °C, 12 h light/dark cycle, feed and water ad 

libitum. 

 

Mating of Animals 

The female rats were paired with male rats in the ratio (2:1) in breeding enclosure, 

chosen to minimize male aggressive behaviors. 

 

Pregnancy Detection methods 

Vaginal smear examination for sperm, Observation of vaginal plug. The day of sperm 

detection was designated as Gestation Day 0 (AZEKHUMEN & EBOMOYI, 2024). 

 

Experimental Design 

The pregnant rats were divided into 2 phases: Germinal phase (gestation day 0–7) and 

Embryonic phase (gestation day 8–14). Each phase was divided into 4 groups (A, B, C and 

D) with group A serving as control in each phase. 

 

Group A: 0.25 XA oil extract orally 

Group B: 0.5ml/kg X.A oil extract orally 
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Group C: 1.0 ml/kg X.A oil extract orally  

Group D: control 

 

7 days via orogastric tube according to (AZEKHUMEN & EBOMOYI, 2024) 

 

Sample Collection 

24 hrs after last doses, rats were sacrificed via chloroform anaesthesia and Uteri 

samples collected and homogenated in phosphate buffer solution, centrifuged at 3000 rpm for 

10 minutes. Supernatant collected into plain tubes for biochemical analysis of prostaglandin 

E2 and CX 43 levels according to the method described by Nair et al. (2011). 

 

Statistical Analysis 

Data were analysed using graph pad prism software version 10.6.1. Results were 

expressed as Mean ± SEM. One-way ANOVA was used for group comparison followed by 

Bonferroni post hoc test. P ˂  0.01 was considered statistically significant compared to control. 

 

RESULTS 

 

Figure 1A illustrates the extract's impact on Connexin 43 and PGE2 expression, while 

Figure 1B demonstrates extract’ influence on Prostaglandin E2 concentrations, highlighting 

the extract's potential modulatory role on key molecular markers during early pregnancy. 

There was a significant increase in Connexin 43 (Cx43) levels at 0.5 mL/kg and 1.0 

mL/kg doses of African Pepper Extract compared to the control group, while no significant 

increase was observed at the 0.25 mL/kg dose in the germinal phase. Statistical analysis 

revealed that aaap < 0.001 and aap < 0.01 when compared with the control and bp < 0.05 

when the higher doses were compared to the 0.25 mL/kg group. Conversely, Prostaglandin 

E2 (PGE2) levels showed a consistent decrease across all extract doses relative to control, 

with significance levels of aaap < 0.001 and aap < 0.01. 
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Figure 1. The effects of African Pepper Extract on pregnant Wistar rats during the germinal 

phase were evaluated by examining changes in both Connexin 43 and Prostaglandin E2 levels. 

 

Figure 2A illustrates the extract's influence on Connexin 43 expression, while figure 

2B highlights its impact on Prostaglandin E2 concentrations, suggesting a potential 

modulatory role of the extract on key molecular markers involved in embryonic development. 

There was a significant increase in Connexin 43 (Cx43) levels across all treatment 

groups compared to the control, with statistical markers indicating aaap < 0.001 and aap < 

0.01 versus control, and bbbp < 0.001 and bp < 0.05 versus the 0.25 mL/kg extract group. 

Similarly, Prostaglandin E2 (PGE2) levels significantly increased at 0.5 mL/kg and 1.0 mL/kg 

doses of the extract compared to control (aaap < 0.001; aap < 0.01), while no significant 

increase was observed at the 0.25 mL/kg dose. Further comparisons showed cp < 0.05 when 

the 1.0 mL/kg group was compared to the 0.5 mL/kg group. 

 

 

Figure 2. The effects of African Pepper Extract during the embryonic phase of pregnancy in 

Wistar rats were assessed by measuring changes in Connexin 43 and Prostaglandin E2 levels. 
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DISCUSSION 

 

In mammals, the implantation of the embryo into the uterine tissue is strictly restricted 

to the receptive phase of the endometrium and for effective implantation to occur there must 

be proper differentiation of the receptive endometrium. Connexin 43 (Cx 43) and 

Prostaglandin E2 (PGE2) play a crucial role in the endometrial receptivity of the developing 

embryo (GRUMMER & WINTERHANGER, 1998; NIRINGIYUMUKIZA et al., 2018). 

During early pregnancy PGE2 play an important role in female fertility including; 

ovulation, enhancement of sperm binding to oocyte (fertilization), reduce viscosity of the 

extracellular matrix (blastocyst transport to the uterus), early embryo implantation 

(NIRINGIYUMUKIZA et al., 2018) and in the formation of new blood vessels from already 

existing vasculature in a process known as angiogenesis (XIN et al., 2021). In decidualization 

(functional permeability of the endometrial wall by the developing embryo for implantation 

by transforming stromal cells into secretory cells necessary for implantation) Prostaglandin 

E2 acts primarily through specific receptors (EP1 and EP4) to upregulate progesterone 

receptors through the PGE2-PKA-CREB1 signaling pathway and promote growth of primary 

cilia on the endometrial cell preparing the uterine linning both physically and chemically for 

the reception of the developing embryo (LEE et al., 2025). 

Cx43 function to promote gap junction formation between myometrial cells allowing 

cell to cell communication and exchange of ionic substances including hormones to be 

exchanged between cells via their cytoplasm (LEYBAERT et al., 2017). Cx43 stimulate the 

differentiation of the stromal cells to produce VEGF which is necessary for the growth of 

blood vessels that were produced due to PGE2 signaling further promoting transport of the 

blastocyst to the uterus enhancing the receptivity of the maternal uterus to the developing 

embryo for implantation. Failure of PGE2 signaling to occur prevent Cx43 expression leading 

to implantation failure and subsequently pregnancy loss (SPAREY et al., 1999). 

Grummer and Winterhanger (1998) reported that, in mammals such as rats, rodents 

and humans, endometrial receptiveness of the embryo is characterized by a lack of cell to cell 

communication channels. 

In this study, there was a significant decrease in PGE2 levels across the graded doses 

compared to control at the germinal phase. This is in agreement with the work done by Kim 

et al. (2013) who reported a similar decrease in PGE2 level using isolated uterine strip from 

a rat in an in vitro study. The decrease in PGE2 level observed in this study, also agrees with 
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the work of An et al. (2013) who reported a similar reduction in inflammation due to a 

decrease in TNF-α and PGE2 levels in rats pre-administered chamaecyparis obtuse 

(C.Obtuse) essential oil after the induction of inflammation with lipopolysaccharide in an in 

vivo study. 

The significant decrease in PGE2 level observed in this study, may be as a result of 

the sabinene content of XA fruit extract. 

Sabinene has been reported to inhibit the activities of the enzyme cyclooxygenase 

which is necessary for the conversion of arachidonic acid into prostaglandins (KIM et al., 

2013). A significant decrease in PGE2 level in the germinal phase in this study, is an 

indication that XA oil extract disrupted endometrial receptivity of the developing embryo due 

to failure of PGE2 signaling and may have as well inhibited implantation of the embryo to the 

uterine wall. Cx43 level was increased significantly at 0.5ml/kg and 1ml/kg in the geminal 

phase though there was no significant increase at 0.25ml/kg b.wt of extract compared to 

control in this study. This contradicts the report by Grummer and Winterhanger (1998) that 

Cx 43 is expression is suppressed in the endometrial stromal compartment by progesterone 

during gestation in rats. 

During early pregnancy Cx43 level remains low but gradually rise to peak at term or 

labor (GRUMMER et al., 1994). Cx 43 level is induced locally in the endometrium by the 

implanting blastocyst (WINTERHANGER et al., 1993) but its expression becomes 

suppressed in the endometrium by the upregulated progesterone receptors (maternal 

progesterone) which was induced by prostaglandin signaling resulting in a lack of cell to cell 

communication during gestation (GRUMMER & WINTERHANGER, 1998; LEE et al., 

2025). 

Excessive or significant increase in Cx43 level in the germinal phase or receptive 

phase endometrium in this study disrupts the normal down regulation of gap junctons required 

for successful embryo implantation, indicating that there was a mistimed cellular 

differentiation and altered feto-maternal communication leading to implantation failure. 

In the embryonic phase there was a dose dependent increase in both Cx43 and PGE2 

levels at the 0.5ml/kg and 1ml/kg b.wt of the extract compared to control though there were 

no significant increases at 0.25ml/kg b.wt of the extract. This finding is in support of the work 

done by Sparey et al. (1999) who reported that Cx43 expression is strictly dependent on 

prostaglandin E2 signaling. The increase in PGE2 level observed in this study is in agreement 

with the work of Furtado et al. (2002) who reported a similar increase in PGE2 level in an in 
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vivo study with rats which he suggested may be as a result of the sabinene content in the fruit 

extract. The increase in part due to the fact that some of the fatty acids present in the HEXA 

fruit may have been channeled into the prostaglandin synthetic pathway. The collaborated 

increase in PGE2 and Cx43 levels at the embryonic phase of the rat pregnancy shows that this 

phase may be sensitive phase during which the XA oil extract induced a synchronized 

myometrial smooth muscle contraction orchestrated by the updistorting the quiet state of the 

endometrium which is required for successful pregnancy. Significant increase in Cx43 in the 

embryonic phase observed in this study, may also result to abnormal proliferation of the 

trophoblastic cells leading to early pregnancy loss. 

 

CONCLUSION 

 

Consumption of n-hexane extract of X.A fruit significantly decreased PGE2 level 

across all groups and significantly increased Cx 43 level at the germinal phase but 

collaboratively increased both PGE2 and CX 43 levels significantly at 0.5ml/kg and 1.0ml/kg 

in the embryonic phase of pregnant Wistar rats indicating that the extract may pose a risk to 

pregnancy at both phases of pregnancy which could be more effective at the embryonic phase 

of gestation. 

 

REFERENCES 

 

1. ABOLAJI A, ADEBAYO AH, ODESANMI OS. Nutritional qualities of three 

medicinal plant parts (Xylopia aethiopica, Blighia sapida and Parinari polyandra) 

commonly used by pregnant women in the Western part of Nigeria. Pak. J. Nutr 6(6): 

665-668, 2007. 

2. AN BS, KANG JH, YANG H, JUNG EM, KANG HS, CHOI IG, PARK MJ,  JEUNG 

EB. Anti-inflammatory effects of essential oils from Chamaecyparis obtuse via the 

Cyclooxygenase-2 pathway in rats. Mol Med Rep 8(1): 255-259, 2013.  

3. AYOOLA GA, COKER HA, ADESEGUN SA, ADEPOJU-BELLO A, OBAWEYA K, 

EZENNIA EC, ATANGBAYILA TO. Phytochemical screening and antioxidant 

activities of some selected medicinal plants used for malaria therapy in South western 

Nigeria. Trop. J. Pharm. Res 7(3): 1019-1024, 2008. 

4. AZEKHUMEN GN, EBOMOYI MI. Effect of Xylopia aethiopica fruit extract on liver 



 

 Azekhumen & Ebomoy 

 

Health and Biosciences, v.1, n.3, ago. 2026 

Disponível em: https://periodicos.ufes.br/healthandbiosciences 
pág. 16 

 

functions in pregnant female Wistar rats. Afr. Sci 25(1): 1-9, 2024. 

5. BAKKER R, PIERCE S, MYERS D. The role of prostaglandins E1 and E2, 

dinoprostone and misoprostol in cervical ripening and the induction of labor : a 

mechanistic approach. Arch Gynecol Obstet 296(2): 167-179, 2017.   

6. FETSE JP, KOFIE W, ADOSRAKU RK. Ethnopharmacological importance of Xylopia 

aethiopica (DUNAL) A Rich (Annonaceae) - a review. Br. J. Pharm. Res 11(1): 1-21, 

2016. 

7. FURTADO RA, ROSS SA, DE ALMEIDA JUNIOR S, DE MENDONÇA RP, 

BERNARDES CTV, DA SILVA MN, ZOCCAL KF, FACCIOLI LH, BASTOS JK. 

Evaluation of anti‐inflammatory activity of kaurenol: Experimental evaluation and 

mechanistic insights. Fundam Clin Pharmacol 38(2): 252-261, 2024. 

8. GRUMMER R, WINTERHAGER E. Regulation of gap junction connexins in the 

endometrium during early pregnancy. Cell Tissue Res 293(2): 189-194, 1998. 

9. GRUMMER R, CHWALISZ K, MULHOLLAND J, TRAUB O, WINTERHANGER 

E. Regulation of connexin 26 and connexin 43 expression in rat endometrium by ovarian 

steroid hormones. Biol. Reprod 51(6): 1109-1116, 1994. 

10. HART PH, BRAND C, CARSON CF, RILEY TV, PRAGER RH, FINLAY-JONES JJ. 

Terpinen-4-ol, the main component of the essential oil of Melaleuca alternifolia (tea tree 

oil), suppresses inflammatory mediator production by activated human monocytes. 

Inflammation Research. 49(11): 619-626, 2000. 

11. JOSEPH T, ZALENSKAYA IA, SAWYER LC, CHANDRA N, DONCEL GF. 

Seminal plasma induces prostaglandin-endoperoxide synthase (PTGS) 2 expression in 

inmortalized vaginal cells: involvement of semen prostaglandins E2 in PTGS2 

upregulation. Biol Reprod 88(1): 1-10, 2013. 

12. KIM MJ, YANG KW, KIM SS, PARK SM, PARK KJ, KIM KS, CHOI YH, CHO KK, 

LEE NH, HYUN CG. Chemical composition and anti-inflammatory effects of essential 

oil from Hallabong flower. EXCLI J 12: 933-942, 2013. 

13. LAIRD WD. The life cycle of a connexion: gap junction formation, removal and 

degradation. J. Bioenerg. Biomembr 28(4): 311-318, 1996. 

14. LEE CJ, ISAI YC, CHEN TY, CHAO YY, LIN RC, TSAI HL, WEN JY, TANG TK, 

TSAI PY, KUO PL, Wang CY. Prostaglandin E2 and Progesterone receptor 

coordinately regulate primary cilia for proper decidualization - FASEB J 39(15): 

e70919, 2025. 



 

 Azekhumen & Ebomoy 

 

Health and Biosciences, v.1, n.3, ago. 2026 

Disponível em: https://periodicos.ufes.br/healthandbiosciences 
pág. 17 

 

15. LEYBAERT L, LAMPE PD, DHEIN S, KWAK BR, FERDINANDY P, BEYER EC, 

LAIRD DW, NAUS CC, GREEN CR, SCHULZ R. Connexins in cardiovascular and 

neurovascular health and disease: pharmacological implications. Pharmacol Rev 69(4): 

396-478, 2017.  

16. NAIR RR, JAIN M, SINGH K. Reduced expression of gap junction gene connexin 43 

in recurrent early pregnancy loss patients. Placenta 232(8): 619-621, 2011. 

17. NIRINGIYUMUKIZA JD, CAI H, XIANG W. Prostaglandin E2 involvement in 

mammalian female fertility: ovulation, fertilization, embryo development and early 

implantation. Reprod Biol Endocrinol 16(1): 43, 2018.  

18. OBIRI DD, OSAFO N. Aqueous ethanol extract of the fruit of Xylopia aethiopica 

(Annonaceae) exhibits anti-anaphylactic and anti-inflammatory actions in mice. J 

Ethnopharmacol 148(3): 940-945, 2013.    

19. ORSINO A, TAYLOR C, LYE JS. Connexin 26 and Connexin 43 are differently 

expressed and regulated in rat myometrium throughout late pregnancy and with onset 

of labor. Endocrinology 137(5): 1545-1553, 1996. 

20. OSO BJ, OLADIJI AT. Nutritional qualities, functional properties and thermal 

properties of dried fruit of negro pepper. McU J. HUMASS 2(1): 162-175, 2019.  

21. RICCIOTTI E, FITZGERALD GA. Prostaglandins and Inflammation. Arterioscler 

Thromb Vasc Biol 31(5): 986-1000, 2011.   

22. SPAREY C, ROBSON CS, BAILEY J, LYALL F, EUROPE-FINNER GN. The 

diferential expression of myometrial connexin-43, cyclooxygenase-1 and -2, and Gsα 

proteins in the upper and lower segments of the human uterus during pregnancy and 

labor. J Clin Endocrinol Metab 84(5): 1705-1710, 1999. 

23. THOMAS J, FAIRCLOUGH A, KAVANAGH J, KELLY AJ. (2014). Vaginal 

prostaglandin (PGE2 and PGF2a) for induction of labour at term. Cochrane Database 

Syst Rev 2014(6): CD003101, 2014. DOI: 10.1002/14651858.CD003101.pub3. 

24. WINTERHANGER E, GRUMMER R, JAHN E, WILLECKE K, TRAUB O. Spatial 

and temporal expressionof connexin 26 and connexin 43 in rat endometrium during 

trophoblast invasion. Dev. Biol 157(2): 399-409, 1993. 

25. XIN Y, ROH K, CHO E, PARK D, WHANG W, JUNG E. Isookanin inhibits PGE2-

mediated angiogenesis by inducing cell arrest through inhibiting the phosphorylation of 

ERK1/2 and CREB in HMEC-1 cells. Int J Mol Sci 22(12): 6466, 2021. 

26. YIN X, CHAVEZ LEON MASC, OSAE R, LINUS LO, QI LW, ALOLGA RN. Xylopia 



 

 Azekhumen & Ebomoy 

 

Health and Biosciences, v.1, n.3, ago. 2026 

Disponível em: https://periodicos.ufes.br/healthandbiosciences 
pág. 18 

 

aethiopica seeds from two countries in West Africa exhibit differences in their 

proteomes, mineral content and bioactive phytochemical composition. Molecules 

24(10): 1979, 2019. 

 

 

 

 

 

 

 

 

 

 

 


