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Abstract 
 The epidermal characters of leaves and anatomical characters of petioles and young 
stems of some members of the genus Chrysophyllum, viz. C. albidum, C. perpulchrum, C. 
cainito, and C. delevoyi were analyzed to determine their diagnostic features. Paracytic 
stomata, crystal sand, prismatic crystals, secretory canals occurred in all the species. All 
the species are hypostomatic except C. perpulchrum. The midribs of all species have an 
open semi-circular vascular system except in C. cainito with a closed system. Midrib and 
petiole of C. albidum and C. cainito have non-glandular T-shaped trichomes. Accessory 
bundles are only seen in the petioles of C. delevoyi, and in the midribs of C. albidum and 
C. cainito. The midrib and petiole of C. delevoyi and C. albidum have a central bundle. 
Laticifers, prismatic and sand crystals occur mainly in the cortical cells, pith cells, xylem, 
phloem, and mesophyll. Lamina of all species studied showed uniseriate epidermis 
except C. cainito which has two layers of the adaxial epidermis. The stomatal index, the 
ratio of the spongy to palisade mesophyll thickness, the ratio of cortex thickness, outline, 
number, and arrangement of the vascular bundles in the midrib, petiole, and young stem 
differ and are valuable diagnostic features in Chrysophyllum. 

 
Introduction 
 Sapotaceae is one of the large families of flowering plant and comprises about 60 genera and 
1300 species (Pennington, 1991; Govaerts et al., 2001), 60–70 species of which are native to 
tropical and subtropical regions of the world, especially America, West Africa, and Australia 
(Shailajan and Gurjar, 2014). In Africa, there are approximately 51 species under 23 genera 
(Hutchinson and Dalziel, 1954). 13 species are reported from West Africa and seven species from 
Nigeria (Hutchinson and Dalziel, 1954; Keay, 1989). 
 Several authors have reported that the members of this family are mainly lowland species, 
have wide morphological variations, and provide essential resources to native fauna and humans 
(Prasawang and Srinual, 2020; Felippi et al., 2008; Gomes et al., 2008; Reis et al., 2013). 
Members of this genus have many health benefits including antidiabetes, anti-inflammation, 
anticancer, antioxidant, antimicrobial, and rheumatoid arthritis properties (Koffi et al., 2009;  
Mallikarjun et al., 2011; Meira et al., 2014; Li et al., 2015; Mao et al., 2015; Hegde et al., 2016; 
Ningsih et al., 2016; Doan et al., 2018; George et al., 2018), cultural, and ethnobotanical uses 
(Inyama et al., 2016; Parker et al., 2010; Das et al., 2010). 
 The phylogenetic relationship of Sapotaceae including Chrysophyllum and other genera 
(Petersen et al., 2012; Swenson et al., 2013; Faria et al., 2017; Swenson et al., 2018; Borg et al., 
2019),  and  anatomical  features  of  this  family  (Metcalfe and Chalk, 1972) and other genera viz. 
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Diploon Cronquist (Lima et al., 2019),  Monotheca  A. DC. (Ehsan et al., 2019), and Chryso-
phyllum (Inyama et al., 2016; Prasawang and Srinual, 2020) have been reported. Despite these 
information, the identification of Chrysophyllum is weak and problematic (Prasawang and Srinual, 
2020), because the available identification keys are based on leaf and floral characteristics 
(Chayamarit, 2014). The floral parts of the species are not readily available and most of the 
species have close morphological resemblance (Chayamaritk, 2014). Also, the close 
morphological similarities of the three species of Chrysophyllum, viz. C. cainito L., C. albidum G. 
Don and C. subnudum Baker have made some scholars to consider C. subnudum as a variety of C. 
albidum (Prasawang and Srinual, 2020).  
 In trying to resolve this problem among Nigerian species, Inyama et al. (2016) have worked 
on some members of this genus (C. cainito, C. albidum and C. subnudum) and have reported that 
the species could be differentiated based on the anatomical features of the leaf and petiole. Also, 
Metcalfe and Chalk (1972), Araújo et al. (2010), and Almeida-Jr  et al. (2012) have described the 
anatomy of the family Sapotaceae including Chrysophyllum and other genera. In spite of these 
studies, the anatomy of C. delevoyi De Wild. and C. perpulchrum Mildbr. ex Hutch. & Dalziel are 
yet to be known. 
 Considering the morphological similarities among Chrysophyllum, the objectives of this work 
were to examine the epidermal characteristics, petiole, midrib, and young stem anatomy, 
occurrence and distribution of laticifers and idioblasts in C. albidum, C. cainito, C. delevoyi and C. 
perpulchrum to determine and provide additional diagnostic information on this genus from 
Nigeria. 
 
Materials and Methods 
Plant Materials 
 Plant samples of four species of Chrysophyllum were collected from live tree growing in 
Forestry Research Institute of Nigeria (FRIN) sub-stations (Umuahia, Abia State, and Calabar, 
Cross Rivers State). The plants were authenticated and voucher specimens were deposited in the 
University of Port Harcourt Herbarium, Nigeria (Table 1). 
 

Table 1. List of Chrysophyllum species studied. 
 

S/N species Name Date of 
collection 

Herbarium 
number 

Name(s) of 
collector Locality 

1 C. delevoyi De Wild. 29/07/2020 UPH/V/1463 Odeyemi & 
Ariwaodo, J 

FRIN sub-station, 
Umuahia, Abia State, 
Nigeria 

2 C. cainito L. 29/07/2020 UPH/V/1462 Odeyemi, 
Solomon 

FRIN sub-station, 
Umuahia, Abia State, 
Nigeria 

3 C. albidum G. Don 29/07/2020 UPH/V/1461 Ekeke & Ogazie FRIN sub-station, 
Umuahia, Abia State, 
Nigeria 

4 C. perpulchrum Mildbr. 
ex Hutch. & Dalziel 

03/08/2020 UPH/V/1464 Ogah, E. & 
Ariwaodo, J. 

FRIN sub-station, Calabar, 
Cross Rivers State. 

 
 



EPIDERMAL AND ANATOMICAL STUDIES ON CHRYSOPHYLLUM  L.   219 

Microscopic analysis  
 Fresh leaves, petioles, and young stems were harvested and fixed in FAA (1:1:3) of formalin 
(40%), acetic acid (30%), and ethanol (70%). Fixation, embedding, sectioning, epidermal 
mechanical scraping, and staining were done according to the procedures of Metcalfe and Chalk 
(1979) and Ekeke and Agogbua (2019) with suitable modification. The leaf blade and distal parts 
of the petiole were hand sectioned and stained in 1% Safranin O and counter in 1% Alcian blue. 
The slides were then mounted in glycerogelatin and sealed with transparent nail polish (Kraus and 
Arduin, 1997). The vascular bundle arrangement in the petiole and midrib were classified 
according to Howard (1979). Fifty good slides were observed under research microscope and clear 
microphotographs of fine sections taken using a trinocular research microscope (T340B) fitted 
with an Amscope digital camera. The images were processed using the Analysis Document 
Software imaging system. The mean size and standard deviation of the plant cell sizes were 
calculated using Microsoft Excel 2010. 
 
Results and Discussion 
 The results of the study on epidermal characteristics, leaf, and stem anatomical features of the 
four species of Chrysophyllum studied are presented in Figs 1–13. Generally, the species studied 
contain laticiferous cells, and prismatic crystals in their cortex, pith, and vascular bundles (mainly 
xylem tissues). 
 

Chrysophyllum delevoyi 
 Epidermis: Leaf hypostomatic with a stomatal index of 9.09. The stomata on the abaxial 
epidermis are mainly paracytic but rarely anisocytic, tetracytic, and with abnormalities (poorly 
developed stomata, and contiguous stomata) (Fig. 1A, B and C). The abaxial surface is hairy with 
unicellular non-glandular hairs while the adaxial epidermis is glabrous. Both adaxial and abaxial 
epidermal cells are polygonal to irregular in shape, and anticlinal walls are sinus or wavy (Fig. 
1D). 
 Midrib: The midrib has a circular outline, and the adaxial cuticle is convexly raised to form 
furrows on both arms of the leaf blade (Figs 3A and 4). Parenchymatous cortex, pith, and xylem 
tissues contain calcium oxalate (prismatic crystals), tanniferous cells (Fig. 3B), and crushed 
parenchyma in the cortex (Fig. 3C). The vascular bundles are arranged in a ¾ circular system 
(crescent) consisting of adaxial and central (modullary) plates, and two interspersed phloem 
tissues (Figs 3A and 4A) surrounded by patches of fiber (2–4-layered thick) (Fig. 3b and C). The 
adaxial cortex has 9–11 layers of cells (15–18 µm thick), while the abaxial cortex is 8–12-layered 
(23–31 µm thick). The ratio of the thickness (abaxial/adaxial) is 1.72 (Table 3). 
 Petiole: Transverse section (TS) of the petiole has a circular outline with a V-shaped adaxial 
cuticle (Figs 5 and 12A). The adaxial cortex has 18–22 layers (62–115 µm thick), and the adaxial 
cortex has 20–21 layers (113–138 µm thick) of cells. The ratio of the abaxial to abaxial 
parenchymatous cortex thickness is 1.34 (Table 3). The vascular bundles formed ¾ circular system 
with two rib traces, adaxial and central (modullary) bundle plates (Fig. 5); surrounded by patches 
of fibers sclerenchymatous fiber and vessels in radial multiples of 2-8 cells or partly in tangential 
pairs, and rays 2-3 cell-thick (Fig. 12D). Calcium oxalate (prismatic crystals and crystal sand), 
secretory canals, and tanniferous cells are observed in the parenchymatous cortex (Fig. 12B and 
C). 
 Young stem: The cortex of C. delevoyi has 10–14 layers of cells (20–32 µm thick) while the 
pith is 189–214 µm thick. The ratio of the thickness of the pith to the cortex is 8.13 (Table 3). 
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Vessels are solitary or in pairs, and rays 1–2-celled thick with patches of fiber outwardly and 
crushed parenchyma in the cortex (Fig. 13A–C). 
 

 
 

Fig. 1. Epidermal peels of the Chrysophyllum species studied. A-D = C. delevoyi, abaxial (A-C), adaxial (D);              
EF = C. albidum, abaxial (E), adaxial (F); GH = C. cainito, adaxial (G), abaxial (H); IJ = C. 
perpulchrum (I) abaxial, adaxial (J). 

 
C. albidum 
 Epidermis: Leaf hypostomatic with a stomatal index of 23.8. The stomata on the abaxial 
epidermis are mainly paracytic but rarely tetracytic (Fig. 1E and F). The abaxial surface is hairy 
with T-shaped non-glandular trichomes while the adaxial epidermis is glabrous. Both adaxial and 
abaxial epidermal cells are polygonal to irregular in shape, with sinus or wavy anticlinal walls. 
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 Lamina: The lamina has uniseriate abaxial and adaxial epidermis. The mesophyll is 
characterized by 2 layers of palisade parenchyma (11–12 µm thick), and 4–6 layers of spongy 
parenchyma (20–23 µm thick). The palisade and spongy mesophylls contain tanniferous cells. The 
palisade tissue consists of periclinal elongated cells arranged in rows while the spongy 
parenchyma appeared less regular with large intercellular spaces (Fig. 2B). The vascular bundles 
are embedded mainly in the spongy mesophylls extending to the adaxial epidermis and the ratio of 
the spongy to palisade mesophyll thickness (S/P) is 1.52 (Table 2). 
 

 
 

Fig. 2. Leaf lamina of the Chrysophyllum species studied. (A) C. delevoyi, (B) C. albidum, (C) C. cainito, and 
(D) C. perpulchrum (Ep– epidermis, Bs– bundle sheath, Tr-trichome, Sp– spongy mesophyll, Ar– air 
space, P– palisade mesophyll). 

 

 Midrib: The midrib is covered with T-shaped trichomes (Figs 3D and 6). The adaxial cuticle 
has a relatively flat surface (Fig. 6). Calcium oxalate (prismatic crystals) and tanniferous cells 
were observed in the parenchymatous cortex, pith, and xylem tissues (Fig. 3E and F), and crushed 
parenchyma in the cortex. The vascular system is arranged in a semi-circular arc with adaxial and 
central plates, and rib traces on both sides of the arc (Figs 3D and 6). The adaxial cortex has 9–13 
layers of cells (13–15 µm thick), and the abaxial cortex 16–18 layers (47–15 µm). The ratio of the 
thickness (abaxial/adaxial) is 3.61 (Table 3). 
 Petiole: Transverse section (TS) of the petiole has an oval or circular outline with a concave 
adaxial cuticle and covered by T-shaped non-glandular hairs (Figs 7 and 12E). The vascular 
bundle has an oval closed system with an abaxial central (modullary) vascular bundle (Fig. 7). The 
parenchymatous cortex contains calcium oxalate crystals (crystal sands, and prismatic crystals), 
and tanniferous cells including secretary canals in the cortex, and pith (Fig. 12F and G). Vessels 
are in radial multiples of 3–9 cells, rays 1–2-celled (Fig. 12H). The adaxial cortex is 95–125 µm 
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thick (27–32 layers), and the abaxial cortex 127–149 µm thick (20–24 layers). The ratio of the 
abaxial to the adaxial thickness of the cortex is 1.28 (Table 3). 
 

 
 

Fig. 3. Midrib TS of Chrysophyllum species studied. A-C = C. delevoyi; D-F = C. albidum, G-H = C. cainito, 
I-J = C. perpulchrum (Ep– epidermis, Ph– phloem, Xy– xylem, Ps– prismatic crystal, Ry– ray, Vs– 
vessels, Co– cortex, Cs– crystal sand, Ca– secretory cavity, and Tn– tanniferous cell). 

 

 Young stem: Cortex parenchyma is 91–144 µm thick with 28–35 layers of cells. The pith 
parenchyma is 189–214 µm thick. The ratio of the pith to cortex thickness is 3.52 (Table 3). 
Vessels occurred in radial multiples of 2–13 cells, and rays 1–2-celled thick with patches of fiber 
outwardly, and secretory canals in the cortex (Fig. 13D–G). 
 
C. cainito 
 Epidermis: Leaf hypostomatic with an average stomatal index of 20.0. The stomata on the 
abaxial epidermis are mainly paracytic but rarely anisocytic and tetracytic, and with abnormalities 
(poorly developed stomata, and contiguous stomata) (Fig. 1G and 1H). The adaxial epidermal 
cells are polygonal to irregular in shape with undulating anticlinal walls while abaxial epidermal 
cells are polygonal in shape with curved anticlinal walls (Table 2). 
 Lamina: The lamina has two layers of the abaxial epidermis, and uniseriate adaxial epidermis. 
The mesophyll is characterized by a 2 layers of palisade parenchyma (11–12 µm thick), and 6–10 
layers of spongy parenchyma (20–23 µm thick). The palisade and spongy mesophylls contain 
tanniferous cells. The spongy parenchyma appeared less regular with large intercellular spaces 
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(Fig. 2C). The vascular bundles embedded mainly in the spongy mesophylls and the ratio of the 
spongy to palisade mesophyll thickness (S/P) is 1.89 (Table 2). 
 Midrib: The midrib outline is circular, and adaxial cuticle is V to U-shaped or concave. 
Vascular bundle formed a close system, concave towards the adaxial surface with rib trace, and 
palisade mesophyll extending to the midrib (Figs 3G and 8). The abaxial surface is covered with 
simple T-shaped non-glandular trichomes. Cortex, pith, and xylem tissues contain calcium oxalate 
(sand and prismatic crystals) and tanniferous cells (Fig. 3H), and crushed parenchyma. Adaxial 
cortex has 3–9 layers of cells (17–13 µm thick) and abaxial cortex 13–19 layers (13–19 µm thick). 
The ratio of the abaxial to adaxial cortex thickness is 2.18.  Vessels are in radial multiples of 3–4 
cells, or rarely solitary. Vascular bundles are surrounded outwardly by patches of fiber (Fig. 3H). 
 

Table 2. Leaf anatomical- and epidermal characteristics in Chrysophyllum  species studied. 
 

Plant part 
Taxa 

C. delevoyi C. albidum C. cainito C. perpulchrum 

Lamina     
Layer(s) of Ab and Ad 1 1 2 1 
Thickness  21–23 µm 36–38 µm 42‒44 µm 33–34 µm 
Palisade mesophyll 1 layer, 3–4 µm 

thick 
2 layers, 12–13 
µm thick 

2 layers, 11–12 µm 
thick 

1 layer, 5–6 µm 
thick 

Spongy mesophyll 4-6 layers, 14–
17 µm thick 

4–6 layers, 19–
20 µm thick 

6–10 layers, 20–23 
µm thick 

8–9 layers, 
23‒25 µm thick 

Ratio (S/P) 5.2 1.52 1.89 4.04 
Adaxial epidermis 2 µm thick 2 µm thick 5–6 µm thick 2–3 µm thick 
Abaxial epidermis 1–2 µm thick 1‒2 µm thick 2–3 µm thick 2–3 µm thick 
Epidermis     
Ad Ep shape Irregular Polygonal Irregular Irregular 
Ab Ep shape Irregular Polygonal Irregular Irregular 

Hair type Unicellular non-
glandular 

T-shape non-
glandular 

T-shape non-
glandular 

- 

Hairs on abaxial surface + +++ + - 
Stomata type Pa, Ani, Te, and 

stomata 
abnormalities 

Pa, Te Pa, Ani, Te, and 
stomata 
abnormalities 

Pa, Ani, Te, Ano 

Ab SI 9.09 23.8 20 15.38 
 

Note: - = glabrous, + = hairy, +++ = highly hairy, P = Palisade mesophyll thickness, S = spongy mesophyll 
thickness, SI = Stomatal Index, Ab = abaxial, Ad = adaxial, Ep = epidermis, Pa = paracytic, Ani = anisocytic, 
Te = tetracytic, Ano = anomocytic. 
 

 Petiole: Transverse section (TS) of the petiole has an oval or circular outline with a concave 
or V-shaped adaxial cuticle (Figs 9 and 12I). The vascular bundle formed a circular closed system 
and concave adaxially with scanty or unpronounced fiber cells. The parenchymatous cortex 
contains many calcium oxalate crystals (crystal sands, and prismatic crystals), and tanniferous 
cells including secretary canals distributed randomly in the cortex, and pith (Fig. 12J–K). Vessels 
partly in tangential pairs but mainly in radial multiples of 4‒10 cells, rays 1–2-celled thick (Fig. 
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12L). The adaxial and abaxial cortex has 20–24 layers of cells. Adaxial cortex 60–90 µm thick, 
and abaxial cortex 82–102 µm. The ratio of the abaxial to adaxial cortex thickness is 1.17      
(Table 3). 
 

Table 3. Anatomical characteristics of petiole, midrib, and stem of Chrysophyllum species studied. 
 

Plant part Taxa 

C. delevoyi C. albidum C. cainito C. perpulchrum 

Petiole 
Ad cortex 18–22 layers, 62–115 µm 

thick 
27–32 layers, 95‒125 
µm thick 

20–24 layers, 60 ‒ 90 
µm thick 

11–14 layers, 
81‒96 µm thick 

Ab cortex 20–21 layers, 113‒138 µm 20–24 layers, 127–
149 µm 

20–24 layers, 82–102 
µm 

12–15 layers, 
50‒79 µm 

Tannin + + + + 
SC + - +++ + 
Ab/Ad 1.34 1.28 1.17 0.68 
Vb. Close system with adaxial 

& modullary bundles, and 
rib traces  

Close system with 
modullary bundle 

Close system with 
concave adaxial 
surface 

Semi–circular 
arc with adaxial 
plate 

Midrib 
Ad cortex 9–11 layers, 15–18 µm 

thick. 
9–13 layers, 13–15 
µm thick. 

3–9 layers, 17–23 µm 
thick. 

7–8 layers, 14–
22 µm thick. 

Ab cortex 8–12 layers, 23–31 µm 
thick 

16–18 layers, 47–51 
µm thick 

13–19 layers, 36– 48 
µm thick 

4–9 layers, 14–
26 µm 

Tannin + + + + 
SC + - +++ +++ 
Ab/Ad 1.72 3.61 2.18 0.92 
Vb. ¾ circular with adaxial & 

modullary bundles, and two 
interspersed phloem tissues 

¾ circular with 
adaxial & modullary 
bundles, and rib traces 

Close system with rib 
trace, and concave 
adaxial surface 

Close system, 
oval in shape 

Stem 
Cortex 10–14 layers, 20–32 µm 

thick. 
28–35 layers, 91–144 
µm thick 

15–18 layers, 28– 47 
µm thick 

4–9 layers, 
16‒20 µm thick 

Pith 189–214 µm thick 291–411 µm thick 146‒162 µm thick 195‒217 µm 
thick 

Tannin ++ +++ +++ + 
SC - ++ + + 
P/Co 8.13 3.52 4.20 10.78 

 

Note: Ad = Adaxial cortex, Ab = Abaxial cortex, SC = Secretory canal, P/Co = pith thickness/cortex 
thickness, Ab/Ad = abaxial thickness/adaxial thickness. 
 

 Young stem: Cortex parenchyma is 91–144 µm thick with 28–35 layers of cells (Fig. 13H–K). 
The pith parenchyma is 189 –214 µm thick. The ratio of the pith to cortex thickness is 3.52 (Table 
3).  
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C. perpulchrum 
 Epidermis: Leaf amphistomatic with an adaxial average stomatal index of 15.38. The stomata 
on the abaxial epidermis are mainly paracytic, anomocytic, anisocytic, and tetracytic (Fig. 1I) and 
the adaxial surface has anisocytic stomata (Fig. 1J). The abaxial surface is hairy while the adaxial 
epidermis is glabrous. Both adaxial and abaxial epidermal cells are polygonal to irregular in shape, 
with sinus or wavy anticlinal walls (Table 2). 
 

 
 

Figs 4‒11. Schematic diagram of midrib and petiole showing the vascular bundle arrangements in the 
Chrysophyllum species studied. 4-5 = C. delevoyi, midrib (4),  petiole (5); 6-7 = C. albidum, midrib (6), 
petiole (7); 8-9 = C. cainito, midrib (8), petiole (9); 10-11 = C. perpulchrum, midrib (10), petiole (11). 

 

 Lamina: Lamina is 33–34 µm thick with uniseriate abaxial and adaxial epidermis. The 
palisade and spongy mesophylls contain tanniferous cells. The palisade tissue consists of a layer of 
periclinal elongated cells (5–6 µm thick) arranged in rows. The spongy mesophyll has 8–9 layers 
of cells (23–25 µm thick). The vascular bundles are embedded mainly in the spongy mesophylls 
and the ratio of the spongy to palisade mesophyll thickness (S/P) is 4.04 (Table 2). 
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Fig. 12. TS of petiole of Chrysophyllum species. A-D = C. delevoy, E-H = C. albidum, I-L = C. cainito, M-O 
= C. perpulchrum (Ep– epidermis, Ph– phloem, Xy– xylem, Ps– prismatic crystal, Ry– ray, Vs– vessels, 
Co– cortex, Cs– crystal sand, Ms– mucilage, and Tn– tanniferous cell). 
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Fig. 13. TS of stem of Chrysophyllum species studied. A-C = C. delevoyi, D-G = C. albidum, H-K = C. 
cainito, L-N = C. perpulchrum (Ep– epidermis, Ph– phloem, Xy– xylem, Ps– prismatic crystal, Ry– ray, 
Vs– vessels, Co– cortex, Col– collenchyma, Pi– pith, C– crushed parenchyma, and Tn– tanniferous 
cell). 

 

 Midrib: The abaxial and adaxial surfaces are glabrous. The adaxial cuticle formed furrows on 
both arms of the leaf blade with a convex surface. Calcium oxalate (prismatic crystals) and 
tanniferous cells are contained in the parenchymatous cortex, pith, and xylem tissues (Fig. 3I and 
J). The cortex contains crushed parenchyma. The epidermis is uniseriate, the adaxial cortex 
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contains 7–8 layers of cells (14–22 µm thick), and abaxial cortex 4–9 layers of cells (14–26 µm 
thick). The ratio of the thickness of the abaxial to the adaxial cortex is 0.92 (Table 3). The vascular 
bundles consist of an open semi-circular system with an adaxial plate (Fig. 10). The vessels are in 
radial multiples of 3–4 cells or partly solitary. Vascular bundle is surrounded outwardly by 
continuous layer fiber 2–6 cells thick (Fig. 3J).  
 Petiole: Transverse section (TS) of the petiole showed a circular outline with a flat adaxial 
cuticle (Figs. 11 and 12M). The vascular bundle formed an oval closed system (Fig. 11). The 
adaxial parenchymatous cortex has 11–14 layers of cells (81–96 µm thick), while the abaxial 
parenchymatous cortex has 12–15 layers of cells (50–79 µm thick). Calcium oxalate crystals 
(crystal sands, and prismatic crystals) are found in the parenchymatous cortex, and pith (Fig. 12N) 
with few secretory canals. Vessels 1–3 in tangentially or radial multiples of 4–9 cells, and rays are 
1–2-celled (Fig. 12O). 
 Young stem: Transverse section of the stem show scanty secretory canals, solitary vessels, 
crushed parenchyma, and rays 1–2-celled thick (Figs. 12L–N). Cortex parenchyma is 16–20 µm 
thick (4–6 layers of cells), and pith parenchyma is 195–217 µm thick. The ratio of the pith to 
cortex thickness is 10.78 (Table 3).  
 Anatomy of some members of Sapotaceae including Chrysophyllum has been described. 
Metcalfe and Chalk (1972) recognized laticiferous elements in the leaf mesophyll, cortex, phloem, 
and pith of stem in the family. Furthermore, they reported the presence of two-armed trichomes of 
varying arm sizes in some species including ranunculaceous (anomocytic) stomata mainly 
confined to the abaxial leaf surface or rubiaceous (paracytic). They noted that the woods occur in 
loose radial or oblique lines and often in multiples of 4 or more cells, rays 1–6-celled wide, but 
most typically 2–3-celled wide. Mesophyll with one or more cells and spongy with air spaces. 
Epidermal cells with straight or sinus anticlinal walls, amphistomatic in some members of 
Chrysophyllum. Crystals solitary, clustered, or in the form of sand. The pericycle of the young 
stem usually has a discontinuous, but sometimes continuous layer of fiber, xylem forming 
continuous cylinder is traversed by narrow rays, vessels often in radial rows, solitary crystals 
always present and abundant in the cortex of all the species of Sapotaceae and sometimes occur in 
the phloem in Argania Roem. & Schult., Manilkara  Adans., and Mimusops L. and the pith of 
Madhuca Ham. ex J.F. Gmel., Pouteria Aubl., and Sideroxylon L. Paracytic stomata was observed 
in all the species studied while anomocytic stomata was recorded in only C. delevoyi. Also, C. 
delevoyi and C. cainito have the same stomata types but the stomatal index varied significantly 
among them. Furthermore, the stomatal index among all the species studied varied significantly, 
which is diagnostic. 
 We subsequently recorded T-shaped non-glandular trichomes on the lamina, midrib, and 
petiole of C. albidum and C. cainito while unicellular non-glandular trichomes in C. delevoyi. 
Also, accessory bundles (rib traces) were seen in the petiole of C. delevoyi, and in the midribs of 
C. albidum and C. cainito. The midribs and petioles of C. delevoyi and C. albidum have central 
(modullary) and adaxial bundle plates but the midrib of C. albidum has rib traces. The nature and 
arrangement of the vascular bundles could be used to differentiate the species studied. Similarly, 
Prasawang and Srinual (2020) recorded accessory bundles in C. cainito, and Lima et al. (2019) 
observed accessory bundles in the petioles of Diploon (Sapotaceae) including many laticifers, 
prismatic crystals, two-layered palisade parenchyma, and T-shaped trichomes. We observed the 
abundance of laticifers (mucilages), prismatic crystals, and crystal sand among the Chrysophyllum 
but the distribution of these cell inclusions was not diagnostic. Prasawang and Srinual (2020) 
concentrated on the wood, lamina, and petiole anatomical attributes of two Chrysophyllum (C. 
cainito L. and C. roxburghii G. Don) from Thailand. They found that the shape and outline of the 
epidermal cell wall, presence or absence of T-shaped trichome, presence or absence of inclusions, 
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the shape of the vascular bundle and accessory bundle in the midrib, shape of petiole and vascular 
bundle, grouping type of vessel, type of axial parenchyma, presence or absence of inclusions in 
rays, and thickness of fiber walls are diagnostic among the two species studied. In the same way 
among the species studied, the laticifers occur mainly in the cortical cells, pith cells, xylem, and 
partly in the phloem and mesophyll cells. The prismatic and sand crystals are found in varying 
abundance in the cortex and partly in the pith. This result supports the previous findings of 
Metcalfe and Chalk (1972), Monteiro et al. (2007), Almeida-Jr et al. (2012), Lima et al. (2019), 
and Prasawang and Srinual (2020) in Chrysophyllum, and other members of Sapotaceae, and in 
Citrus L. (Ogundare and Saheed, 2012). 
 Further reference is given by Inyama et al. (2016) who worked primarily on the anatomy of 
three Chrysophyllum species from Nigeria and concluded that the leaf anatomical features can be 
useful in delimiting the species. From our study, the species investigated have many similar 
features such as paracytic stomata, calcium oxalates (crystal sand and prismatic crystals), secretory 
canals, vessels in radial multiples, and collateral vascular bundles. These anatomical similarities 
are in line with the findings of Metcalfe and Chalk (1972), Inyama et al. (2016), and Prasawang 
and Srinual (2020), and affirm the interspecific relationship among the Chrysophyllum studied. 
 We observed that the lamina of all the four species studied showed uniseriate epidermis 
except C. cainito which has two layers of the adaxial epidermis. Also, all the species were 
hypostomatic except C. perpulchrum. Furthermore, the stomatal index and the ratio of the spongy 
to palisade mesophyll thickness (S/P) (Table 2), hairiness, the shape of adaxial petiole and midrib 
outline, number and arrangement of the vascular bundles in the midribs, layers of the adaxial and 
abaxial cortex in petioles and midribs, stem cortical thickness and layers, stem pith thickness, and 
pith to cortex (P/Co) ratio are found to be diagnostic among the species studied (Table 3). Similar 
observations have been previously reported by Struwig et al. (2011) who showed that the number 
of chlorenchyma rows may be diagnostic in Boerhavia L. species. 
 Metcalfe and Chalk (1972), Monteiro et al. (2007), Almeida-Jr et al. (2012), and Prasawang 
and Srinual (2020) have proved that petiole, wood, and lamina anatomy are of greater taxonomic 
importance in Sapotaceae. The midrib adaxial cuticle formed furrows on both arms of the leaf 
blade with an angular or convex outline in C. delevoyi, relatively flat in C. albidum, and convex or 
arced in C. perpulchrum. The vascular bundle in the species studied consists of open semi-circular 
bundles except in C. cainito where it has a closed circular system. On the other hand, the vascular 
bundles comprised adaxial and central plates with two phloem tissues interspersed between the 
plates and two rib traces in C. albidum or only an adaxial plate in C. perpulchrum. The petiolar 
abaxial outlines of all the species are similar but the adaxial outline differed. In C. delevoyi and C. 
cainito it is V-shaped while in C. albidum is slightly depressed (concave), and in C. perpulchrum 
it is flat. The vascular bundle in C. delevoyi is distinct forming an ¾  circle, with adaxial and 
central plate including two rib traces. The vascular bundles formed a closed modulated system in 
C. albidum, C. cainato and C. perpulchrum but with central vascular bundle in C. albidum, and 
concave adaxially in C. cainito. The petiole of C. perpulchrum and C. delevoyi are glabrous but 
hairy in C. albidum and C. cainito. Our results show clear distinguishing midrib and petiolar 
features and agree that it is of great diagnostic value as stated by Metcalfe and Chalk (1972), 
Metcalfe and Chalk (1983), Monteiro et al. (2007), Almeida-Jr et al. (2012), and Prasawang and 
Srinual (2020). 
 The characteristics of the species such as the stomatal index, the ratio of the spongy to 
palisade mesophyll thickness, the ratio of cortex thickness, outline, number, and arrangement of 
the vascular bundles in the midrib, petiole, and young stem are valuable diagnostic features in 
Chrysophyllum. 
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