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ABSTRACT 
  
Pungency in capsicum fruits is due to the biosynthesis and accumulation of the 
alkaloid capsaicin which adds flavour and colour to food in addition to 
pharmaceutical properties. Studies were conducted to evaluate the effects of a 
biostimulant, selected agronomic practices and fruit characteristics on the relative 
pungency in hot pepper. The trials were conducted in greenhouses and in full 
sunlight using several potting media namely: coconut fibre (CF), bagasse (B) and 
peat (P).  Aqueous application of a biostimulant [BS] which contained boron 
(8.0%) and molybdenum (0.004%) was done weekly at varying rates (5, 10, 15, 
and 20 ml/100 ml) at fortnightly intervals until first harvest. Crop phenology and 
yield characteristics were conducted on four varieties namely Carvalho Hot (CH), 
Bhut Jaloka (BJ), Trinidad Scorpion (TS) and Trinidad 7-Pot (T7-P). The 
biostimulant on CH on fruit yield displayed a quadratic response. Peat and BS (5 
ml) had the highest yield (72 fruits/tree). In greenhouse, the effect of BS on yield 
displayed a quadratic response. CH in comparison with TS and T7-P (full 
sunlight/CF medium) was not significant for flowering and fruiting. Statistical 
modelling confirmed fruit lobes (L), seeds (S), pericarp (Pe) and placenta (Pl), as 
individual or in interactions (L*S and S*P) had no influence on capsaicin and fixed 
oil yields. However, S*Pr*Pe significantly enhanced pungency in ripe peppers. All 
three parts of the pepper fruit contributed to the overall pungency.  The 
pericarp, seed and placenta are engaged in biosynthesis and storage of the 
capscinoids.     
  
Keywords: Biostimulants, capsaicin, potting medium, relative pungency. 

 
 
INTRODUCTION 
 
Hot pepper is a member of the fruit genus Capsicum 
(family: Solanaceae) which  is comprised of more than 200 
varieties grouped into more than 30 species, out of which 
five are domesticated: C. annuum L., C. baccatum L., C. 
chinense Jacq., C. frutescens L. and C. pubescens Ruiz and 
Pav. (Hernández et al., 1999; González-Zamora et al., 
2013). Capsicum fruits add pungent flavour and colour to 
food and have pharmaceutical active ingredients as well 
as, non-lethal/self-defense values (Sanatombi and Sharma, 

2008). 
Pungency in capsicum fruits is due to the biosynthesis and 
accumulation of the alkaloid capsaicin [(E)-N-(4-hydroxy-
3-methoxybenzyl)-8-methyl-6-nonenamide] and its 
analogs aromatic moiety, vanillylamine (Kim et al., 2014). 
Surh et al. (1998) reported that capsaicinoids are N-
vanillylamides of fatty acids of which five are naturally 
occurring: capsaicin, dihydrocapsaicin, 
nordihydrocapsaicin,            homocapsaicin                   and

 
 

Puran Bridgemohan1, Musa El Sharief 
Mohamed1, Majeed Mohammed2 and 
Ronell SH Bridgemohan3 
 
1Biosciences Agriculture and Food 
Technology, The University of Trinidad 
and Tobago Waterloo Research Campus 
Carapichaima. 
2Department of Food Production, 
Faculty of Food and Agriculture, 
University of the West Indies, Trinidad.  
3Georgia College and State University, 
GA, USA.  
 
*Corresponding author. E-mail: 
mohd2332@hotmail.com 



Academia Journal of Agricultural Research; Bridgemohan et al.         256
 
 
 
homodihydrocapsaicin]. Capsaicin and dihydrocapsaicin 
are responsible for more than 90% of the pungency in 
peppers (Kawada et al., 1970; Cisneros-Pineda et al., 
2007). These two are the dominant pungency compounds 
in capsicum that are at low levels in the mature green 
fruits. However, with the onset of ripening, pungency 
increases to maximum levels at the red ripe stage of 
maturity followed by a decline (Menichini et al., 2009). 
The plant synthesizes and accumulates capsaicinoids 
which are also responsible for the spicy flavor that occurs 
primarily in the tissue of the placenta adjacent to the seeds 
[Ben-Chaim et al., 2006). Concentration of capsaicinoids 
depends on genotype, fruit maturity and pre-harvest 
factors (Zewdie and Bosland, 2000, Mohammed et al., 
2008, 2014). There are many enzymes involved in 
capsaicin biosynthesis. Gene mapping and allele 
sequencing have shown that the Pun1 locus in pepper 
encodes a putative acyltransferase and the pun1 allele is 
used in pepper breeding (Stewart et al., 2005).  
The growth and pungency levels of capsicum fruits are 
affected by crop environment (Wilson et al., 1995), plant 
nutrition (Monforte‐González et al., 2010) and the 
subcellular distribution of its elements (Kirschbaum-Titze 
et al., 2002). Estrada et al. (1999) observed that Capsicum 
annuum L. under water-stressed conditions produced 
lager amounts of capsaicinoids which is the result of 
competition between biosynthesis of capsaicinoids and 
other phenylpropanoid metabolites. 
Pepper pungency is also influenced by nitrogen and 
potassium fertilizers (Monforte‐González et al., 2010). 
Medina-Lara et al. (2008) found that  habanero pepper 
(Capsicum chinense Jacq.) under plant nutrition stress had 
high capsaicin content, while nitrogen fertilizer 
significantly increased plant growth and fruit while 
maintaining high capsaicin levels. Potassium fertilization 
had no positive effects on growth or productivity. 
Biostimulants can improve the nutrient use efficiency and 
enhance tolerance to biotic and abiotic stresses without 
affecting yield and quality (Bulgari et al., 2015). 
Biostimulants appear to have direct effects on some 
metabolic processes of plants, but their functionality in 
enhancing pungency is unknown (Berlyn and Russo, 
1990). Biostimulants are not used to provide nutrition, but 
rather to encourage and stimulate the plant metabolism 
processes and to reduce the impact on the environment 
(Tagliavini and Kubiokin, 2006; Parrado et al., 2008).  
The Caribbean is renowned for producing several 
flavourful pepper cultivars such as the ’scotch bonnet’ 
(Jamaica) and ‘wiri-wiri (Guyana) (Bridgemohan et al., 
2016). Trinidad and Tobago is acclaimed to have two 
superhot chilies called the Trinidad Scorpion (Capsicum 
chinense cvs) (TS) (Lauren, 2012) and Carvahlo Hot (CH) 
selection (Bridgemohan, 2010). These are probably 
derived from the Trinidad 7- Pot (T-7P) which is described 
as providing enough heat to flavor seven pots of 
stew(Anon, 2010). It   has  been one of  the  more  common 

 
 
 
cultivated peppers, and it was suggested that it may be the 
source of many other landraces (Mohamed, 2016). It has 
Scoville Heat Units (Scoville, 1912) similar to cv. Bhut 
Jolokia (BJ) (1,041,427 SHUs).  Additionally, the pericarp 
resembles that of cv. Bhut Jolokia (BJ) and cv. Naga Morich 
(NM), with more pronounced ribs (Anon, 2012). Fruit 
maturity of cv. T-7P ranges between 90 to 110 days and 
the morphology vary from elongated to roundish 
(Bridgemohan, 2010). Mohamed and Bridgemohan (2014) 
were able increase the pungency in Caribbean hot peppers 
by reciprocal crossing and selection and developed a rapid 
assessment using chromatograms to determine relative 
pungency. 
No study has been conducted or reported on the 
physiological or biochemical impacts of biostimulants on 
the pungency of hot peppers and very little on the effect of 
fruit morphological characteristics on pungency. This 
study evaluated the effects of different rates of a 
biostimulant on selected agronomic practices and fruit 
characteristics on the relative pungency of four hot pepper 
selections currently cultivated and processed in the 
Caribbean.  
 
 
MATERIALS AND METHODS 
  
This study was conducted at the Waterloo Research 
Campus of The University of Trinidad and Tobago (UTT) 
during the period 2009 to 2015. UTT has a program on the 
agronomy, breeding and processing of very hot peppers 
namely; the Trinidad Scorpion (TS) Trinidad 7- Pot (T7-P) 
and Carvahlo Hot (CH). The research study involved a 
series of greenhouse and field trials that were conducted 
as follows:1) Study 1: Effect of different rates of a 
biostimulant on yield of CH peppers under various 
growing media; 2) Study 2: Effect of fruit characteristics on 
relative pungency. 
 
 
Effect of a biostimulant on yield of   hot peppers using 
various growing media  
 
The study involved a series of three trials. The first trial 
was conducted under greenhouse conditions (50% 
sunlight) in plastic containers (0.70 m3). To avoid any 
occurrences of water and high temperatures stress, the 
pepper cultivar (CH) was cultivated in a   growing media 
(GM) of Coconut Fibre (CF), Peat (P) and Baggase (B) 
under shade. The crop was ‘fertigated’ daily (2.0 
kg/ha/200 L of water) with the recommended rates of 
N.P.K. nutrient mix (9:18:36) using a drip irrigation 
system. In trial 2, CF was utilized as the selected medium 
for full sunlight production using similar containers. 
Additionally, all plants were given a treatment of a 
biostimulant supplement [BS] commercially branded and 
sold as Sugar Mover®.  This  biostimulant  contained  boron

http://hortsci.ashspublications.org/search?author1=F%C3%A1tima+Medina-Lara&sortspec=date&submit=Submit
http://hortsci.ashspublications.org/search?author1=F%C3%A1tima+Medina-Lara&sortspec=date&submit=Submit
http://hortsci.ashspublications.org/search?author1=F%C3%A1tima+Medina-Lara&sortspec=date&submit=Submit
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 (8.0%) and molybdenum (0.004%). These were applied in 
an aqueous spray weekly at the rates [R] of 5, 10, 15, and 
20 ml /100 ml water and carried out from 2 weeks after 
transplanting until first harvest and applied using a single 
nozzle, aluminum carbon dioxide sprayer (model 104B) 
with a calibrated volume rate of 2201/ha at 207 kPa with 
an effective boom width of 1.0 m. The nozzle was even, flat 
spray tip, 8003 brass (50 mesh) with a capacity of 0.066 
lpm. The carrier was pipe borne water. Trial 3 further 
assessed the crop phenology and yield reproductive 
characteristics of cv. CH in comparison with cv. TS and cv. 
T7-P in full sunlight and in the CF medium. 
 All trials were laid out as Randomized Block Design (RBD) 
with a minimum of 20 plants per treatment. The pest and 
disease were controlled using a judicious spray program of 
Oberon 24 SC® and Consento 45 SC® at weekly intervals. 
The ripe peppers were harvested weekly for a period of 8 
weeks, chopped and air–dried for 72 h at ambient room 
temperature (28 to 30°C) for subsequent analysis.  

 
 
Effect of fruit characteristics on relative pungency 

 
Relative pungency was conducted on three of Trinidad 
hottest peppers’ cv. TS, cv.  T7-P and cv. CH, and compared 
to cv. BJ, which is native to India, but cultivated as part of 
the study. All crops were grown under similar conditions 
as study 1 and received 10 ml of the biostimulant until first 
harvest. Both growth and yield variables were monitored 
at weekly intervals.  

The fixed oil yields [ml/100 g DW] were determined 
weekly. Fruits were chopped and air–dried for 72 h at 
room temperature (28 to 30°C). The extraction method 
used was the solvent extraction technique using both 
ethanol and acetone as described by Krishna (2004). The 
comparative pungency of cv. CH based on the fixed oil 
yield was done against two Trinidad hottest peppers’ cv. 
TS and cv.T7-P.  

The capsaicin and dihydrocapsaicin were analyzed using 
the U3000 high performance liquid chromatography 
(HPLC) equipped with an ODS-2 Beckmann   Column [250 
mm × 4.6 mm; 5 μm] (Table 1).  

The solvent was filtered by reverse osmosis water and 
methanol (HPLC grade – BDH) at 60% methanol/H2O (0 to 
2 min), 60 to 99% methanol/H2O (2 to 6 min), 99% 
methanol/H2O (6 to 8 min), and 99 to 60% methanol/H2O 
(8 to 10 min) (Bridgemohan et al., 2016).   

The pungency in the capsicum samples was computed 
based on the conversion of the total concentration of 
capsaicinoids by a factor of approximately 15,000 Scoville 
Heat Units (SHU)/µg of total capsaicinoids after Canto-
Flick et al., (2008).  

All data were analyzed using the MINTAB statistical 
package. 

 
 
 
RESULTS AND DISCUSSION 
 
 
Effect of a biostimulant on yield of   hot peppers under 
various growing media 
 
In this study, the results of 3 separate trials are presented. 
In Trial 1, the total yield (fruit/plant) from the Carvalho 
Hot (CH) selection cultivated under greenhouse conditions 
were improved by the type of growing media, as both 
Coconut Fibre (CF)  and Peat (P) had mean yields of 25 
fruits/plant compared to Bagasse (B) which produced 2 
fruits/plant (Table 1). Bagasse as a medium compared to 
both CF and P is more porous and has a significantly lower 
water holding capacity [WHC]. This may have induced 
water stress and resulted in lower fruit set and yield as 
reported for other vegetable crops cultivated in potting 
media in containers by Bridgemohan and Griffith (1988).  
There were no interactions between growing media [GM] 
and the biostimulant [BS]. However, the application of the 
biostimulant on cv. CH fruit yield displayed a quadratic 
response [Equation 1] with the optimum yield at 10 ml 
rate. Peat as the growing medium at the 5 ml rate 
produced the highest yield at 72 fruits/tree. The peat 
exhibited a declining linear yield response with increasing 
rates of BS [Equation 2]. The yield is the cumulative 
number of harvested fruits over an 8 week harvest period.  
 
Medium: Coconut Fibre [Greenhouse] 
YNos fruits = - 8.50 R2 + 41.1 R - 13.5: R2 = 60.9%                         
(1) 
                    [6.932]       [35.21]   [38.9] 
 
Medium: Peat [Greenhouse] 
YNos fruits = - 20.0 R   + 75.5: R2 = 68.5%                                   
(2) 
                        [9.597]      [26.28]   
 
In Trial 2, the CF which had performed well was advanced 
as the selected potting medium for full sunlight production 
of the peppers using similar container sizes. The yields 
were lower than the greenhouse study, and the BS 
displayed a quadratic response to increasing yield in fruit 
numbers/tree [Equation 3]. It appeared that in full 
sunlight, the plants were able to synthesize the BS at the 
lower rates and attain its peak yield at rate 5 ml. Based on 
this result, all subsequent trials were conducted using CF 
as the growing medium and the crop cultivated without 
shade. 
 
Medium: Coconut Fibre [Full sunlight] 
YNos fruits =-4.214R2 + 19.357R + 61.571: R2 = 73.4 %  
(3) 
                          [7.070]         [8.375]        [2.008]  
Trial 3 further assessed the reproductive characteristics of 
cv. CH in comparison with cv. TS and cv. T7-P (Table 2) in
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Table 1: The Effect of biostimulant on the pepper yield of cv. Carvahlo Hot [CH] hot pepper selection 
“cultivated in different growing media under greenhouse conditions. 

   

Bio-stimulant rates (ml/100 ml water) 
Growing media (fruit yield/ plant) 

Coconut fibre Bagasse Peat 

5 16 0 72 

10 44 8 15 

15 24 0 7 

20 18 0 8 

Mean 25.5 2.0 25.5 

S.E. 6.40 2.00 15.60 

 
 

Table 2: Selected reproductive, phenological and yield characteristics of three of hot peppers selection. 
 

Cultivars 

Crop phenology and yield characteristics 

50% Flowering 
(day) 

50% Fruiting 
(day) 

Length of 1st 
“harvest period” 

No. 
Fruit/Tree-

1 

Yield/Tree-1 

(g) 
Fruit weight 

(g) 

Carvalho Hot 40 64 120 21 126 6.2 

Trinidad Scorpion 35 51 98 8 104 2.9 

T7-P 38 56 100 40 150 3.5 

(S.E.) 6.87 13.58 12.67 3.25 27.5 0.76 

 
 
 

Table 3: Selected fruit characteristics of three selections of hot peppers. 
 

Characteristics 
Hot pepper selections 

T7-P ‘Carvahlo Hot’ Bhut Jolokia Scorpion Mean SE 

Nos. Lobules 4 3 3 4 2.75 1.41 

Nos. Seed/fruit-1  72 69 27 26 58.8 57.98 

Placenta wt. (g) 0.41 0.9 0.32 0.61 0.49 0.091 

Skin thickness (mm) 1 2 1.82 1.1 1.49 0.49 

Oil yield.100 g-1  5.0 9.0 6.0 5.0 4.31 1.76 

 
 
full sunlight and in the CF medium. There were no 
significant variations in the days to 50% flowering and 
fruiting. However, from the selected agronomic and 
reproductive characteristics, both plants appeared to be 
significantly different in the reproductive traits and 
capacity. Mohamed et al. (2014) in their crosses with cv. 
CH pepper found a similar response. Sometimes it can be 
difficult to differentiate both plants as they have similar 
growth patterns and morphological traits. CH cv. has a 
longer fruit development period [24 days] compared to cv. 
TS [16 days], and also a longer harvesting period.  CH cv. is 
a more prolific fruit producer with respect to yield and 
fruit weight (Mohamed and Bridgemohan, 2014).  
In the 3 trials, yield was the key variable assessed for the 3 
very pungent hot peppers. Bridgemohan et al. (2016) 
confirmed earlier that they were high producers of 
capsaicinoids and that the fruit yield and pungency was 
reflective in  the  crude  or  total  fixed oil  (100 ml/g)  yield 

 
 
 (McGaw and Holder, 2002). 
 
 
Effect of fruit characteristics on relative pungency 
 
The comparative pungency was  based on the  analysis on 
the quality attributes  of the  chromatograms (U3000-
HPLC)  for  both the capsaicin and dihydrocapsaicin of the 
Caribbean 3 hottest peppers, including that of India 
namely; Trinidad Scorpion  (TS), Trinidad 7- Pot (T7-P),  
Carvahlo Hot (CH), and  Bhut  Jolaka (BJ). The cv. TS 
produced   a longer fruit with a more tapered end than the 
others which were also narrower with a scorpion–tail like 
end.  The numbers of lobules for cv. T7-P and cv. TS are 
similar, but cv. T7-P produced close to three times more 
seed [Table 3]. There were no significant differences in the 
seed yield for cv. T7-P and cv. CH, but these were 
significantly higher than cv. TS.  The placenta weight of  cv.  
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Table 4: HPLC determination of capsaicinoids (µg/g) of selected hot pepper.  
 

Cultivars Code 
Ret. time 

(min) 
Area Mau*min Height mAU 

Capsaicin 
concentration (mg/ml) 

Rel. area 
(%) 

Dihydrocapsaicin 
concentration (mg/ml) 

Seven  Pot T-7P 8.317 70.350 1010.022 0.782 71.99 0.3092 
Scorpion  TS 8.313 146.700 1946.702 1.619 78.02 0.4625 
Carvahlo   Hot’ CH 8.317 71.131 1034.160 0.790 74.11 0.2812 
Bhut  Jolokia BJJ 8.317 33.049 477.376 0.373 73.32 0.1408 
Capsaicin CAP neat 8.327 219.165 2388.900 1.207 100.00  
Dihydrocapsaicin DHCAP neat 8.320 0.921 13.567 0.010 0.41  
Mean  8.317308 50.47892 660.1223 0.470308 72.14231 0.145709 
SD  0.003706 64.75821 751.6737 0.494991 23.53029 0.142708 

 
 

Table 5: Statistical models on the effect of fruits components on the relative pungency of hot peppers.   
 

Predictor Response Coefficients SE Coefficients T P 

Lobes (L) C -1.149 1.733 -0.66 NS 

Seeds (S) C 0.02479 0.06989 0.35 NS 

Pericarp (Pe) C 0.02479 0.06989 0.35 NS 

Placenta     (Pl) C 0.02479 0.06989 0.35 NS 

L*S C 0.02479 0.06989 0.35 NS 

S*P C 0.08239 0.05093 1.62 NS 

S*Pe*Pl F 0.03445 0.00807 4.28 0.050 

L*S*Pe*Pl F 0.011059 0.003765 2.94 0.099 

L*S*Sk*Pl C .014144 0.006420 0.158 NS 

 
 
CH was the highest and this was reflected in its fixed oil 
(9.0ml) compared to cv. BJ (0.6ml) and cv. TS and cv. T7-P 
(5.0ml). However, the fixed oil yield only provided an 
indication of the absolute yield potential of the pepper 
selection and not the pungency (Gibbs and O’Garro 2004).  
The HPLC analysis (Table 4) revealed that cv. TS had the 
highest capsaicinoids content (2.079 mg/ml) compared to 
cv. T7-P (1.1029 mg/ml) and cv. CH (1.070 mg/ml). 
Further, when the capsaicinoids content were converted to 
the pungency based on Scoville scores (Canto-Flick et al., 
2008), the SHU for cv. TS (30, 000, 00 SHUs) was greater 
than cv. CH (1, 439, 000 SHU).  Although the cv. CH pepper 
plant had the highest total fixed oil (9.0 ml), its capsaicin 
concentration (mg/ml) was significantly lower than that of 
cv. TS (Mohamed  and  Bridgemohan, 2014).   
The placenta and seed yield were evaluated to determine if 
it contributed to the pungency in terms on the capsaicin 
and dihydrocapsaicin concentration. The analysis revealed 
that there were no correlation (Pearson correlation) 
between number of seeds (-0.270), and weight of placenta 
(0.326) for capsaicin concentration and a similar response 
for dihydrocapsaicin was noted. There is linear 
relationship between the capsaicin (C) and fixed oil (F) 
yields (Equation 4): 
 

Ycapsaicin = 66.0 + 1.34 fixed oil: R2 = 95.6%                          (4)  
  
Further statistical modelling confirmed that lobes (L), 
seeds  (S),   pericarp    (Pe),  and   placenta (Pl),   as  single 

 individual fruit components had no influence on the 
capsaicin content and similarly, there were no significant 
interaction between L*S and S*P either on capsaicin and 
fixed oil yields (Tables 4 and 5). However, the S*Pr*Pe 
interactions (Equation 5) significantly enhanced the fixed 
oil yield and increased the pungency in ripe peppers.  
 

Yfixed oil = 4.64 + 0.0346 S*Pe*Pl: R2 = 90.2%    (5) 
 

This suggests that all three parts of the pepper fruit 
contributed to the overall pungency of the pepper. The 
pericarp which has the largest surface area is involved in 
photosynthesis, whilst the seed and placenta are engaged 
in biosynthesis and storage of the capsionoids. It is seen 
that in the fruit of tomato (Solanum lycopersicum), there is 
a shift from partially photosynthetic to truly heterotrophic 
metabolism which is necessary for fruit energy 
metabolism and development and may confer an 
advantage under conditions of stress (Lytovchenko et al., 
2011). This may partially explain why some parts of the 
ripe fruit are more pungent than others.  
Pungency in peppers is the result of the biosynthesis of the 
alkaloid capsaicin and is usually lower in the mature green 
fruits, compared to ripened fruits. As the  content of 
capsaicin varies in the individual fruits and parts, it is 
shown that it is  influenced by both environmental and 
nutritional factors which  was also confirmed by Estrada et 
al. (1999) and Wilson et al. (1995) under stressed 
conditions     of     water   and   fertilizer    resulting    in   the 
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biosynthesis and accumulation of the capsionoids 
(Medina-Lara et al., 2008). 

Pungency is also influenced by fruit maturity and 
cultivation conditions as is observed with interaction of 
full sunlight and the lower levels of the biostimulant. 
Gnayfeed et al. (2001) found the changes in the bioactive 
nutrient content of hot (pungent) paprika as a function of 
ripening and the compounds were at low level in the 
mature green fruits, but at the onset of ripening their 
content increased at the red stage of ripening. Generally, 
the concentration of capsaicinoids increased as the 
peppers reached maturity (Menichini et al., 2009). 

Capsaicin is usually present in larger quantities in the 
placental tissue (which hold the seeds) as compared to the 
other internal membranes and pericarp of the fruits 
(Mohammed et al., 2008). The authors are of the view that 
the seeds are not more pungent, since they do not produce 
any capsaicin, although the highest concentration of 
capsaicin can be found on the white pith which is 
embedded around the seeds. Further ultramicroscopic 
studies are being conducted on the placenta and the pith 
around the seed to ascertain the actual site of synthesis of 
capsaicin. 
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